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NOTES FOR CMOS DEVICES

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

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

® PRECAUTION AGAINST ESD

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

(@ STATUS BEFORE INITIALIZATION
Power-on does not necessarily define the initial status of a MOS device. Immediately after the power
source is turned ON, devices with reset functions have not yet been initialized. Hence, power-on does
not guarantee output pin levels, 1/0O settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

® POWER ON/OFF SEQUENCE

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

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

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

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

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

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.

4 User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

These commodities, technology or software, must be exported in accordance
with the export administration regulations of the exporting country.
Diversion contrary to the law of that country is prohibited.

e The information in this document is current as of August, 2005. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

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

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

e While NEC Electronics endeavors to enhance the quality, reliability and safety of NEC Electronics products,
customers agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To
minimize risks of damage to property or injury (including death) to persons arising from defects in NEC
Electronics products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment and anti-failure features.

e NEC Electronics products are classified into the following three quality grades: "Standard", "Special" and
"Specific".

The "Specific" quality grade applies only to NEC Electronics products developed based on a customer-
designated "quality assurance program" for a specific application. The recommended applications of an NEC

Electronics product depend on its quality grade, as indicated below. Customers must check the quality grade of

each NEC Electronics product before using it in a particular application.

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

"Special": Transportation equipment (automobiles, trains, ships, etc.), traffic control systems, anti-disaster
systems, anti-crime systems, safety equipment and medical equipment (not specifically designed
for life support).

"Specific": Aircraft, aerospace equipment, submersible repeaters, nuclear reactor control systems, life
support systems and medical equipment for life support, etc.

The quality grade of NEC Electronics products is "Standard" unless otherwise expressly specified in NEC
Electronics data sheets or data books, etc. If customers wish to use NEC Electronics products in applications
not intended by NEC Electronics, they must contact an NEC Electronics sales representative in advance to
determine NEC Electronics' willingness to support a given application.

(Note)

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

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).

M8E 02.11-1
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Regional Information

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

« Device availability
« Ordering information

» Product release schedule

« Availability of related technical literature

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

» Network requirements

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

from country to country.

[GLOBAL SUPPORT]

http://www.necel.com/en/support/support.html

NEC Electronics America, Inc. (U.S.)
Santa Clara, California
Tel: 408-588-6000

800-366-9782
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Duesseldorf, Germany
Tel: 0211-65030

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

« Succursale Francaise
Vélizy-Villacoublay, France
Tel: 01-30-67 5800

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

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

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

« United Kingdom Branch
Milton Keynes, UK
Tel: 01908-691-133
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Throughout
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Deletion of the following packages
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PREFACE

Intended Readership
This manual is intended for user engineers who understand the functions of the uPD784038, 784038Y Subseries and
wish to design application systems using these subseries.
* The following are the target products in the uPD784038, 784038Y Subseries.

- Standard grade: uPD784031, 784035, 784036, 784037, 784038, 78P4038, 784031Y, 784035Y, 784036Y,
784037Y, 784038Y, 78P4038Y
» Special grade: uPD784031(A) ,784035(A), 784036(A)

Purpose

The purpose of this manual is to give users an understanding of the various hardware functions of the uPD784038,
784038Y Subseries.

Organization
The uPD784038, 784038Y 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 on-chip peripheral functions
Electrical specifications

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
Readers are required to have a general knowledge of electrical and logic circuits and microcontrollers.

* Unless otherwise specified
The uPD784038 in the uPD784038 Subseries is treated as the representative model of the mask ROM models, the
uPD784031 is treated as the representative model of the ROM-less model, and the uPD78P4038 is treated as the
representative model of the PROM models.

« If there are functional differences
The function of each model is described individually.
Even in this case, the uPD784038 Subseries is treated as the representative model. If you use the uPD784038Y
Subseries, take the uPD784031, 784035, 784036, 784037, 784038, and 78P4038 as the uPD784031Y, 784035Y,
784036Y, 784037Y, 784038Y, and 78P4038Y, respectively.

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

+ Voo and Vss pins
This product is highly immune to noise and its power supply pins are classified into Vop and Vss, as follows. If there
is no need to classify the power supply pins, Voo is used as the representative pin name.
* Positive power supply and GND of ports: Vbpo, Vsso
* Positive power supply and GND of function blocks other than ports: Vo1, Vssi

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

+ To find out about differences from the uPD784026 Subseries:
— See APPENDIX A DIFFERENCES WITH uPD784026 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 check the details of a register when the register name is known:
— Use APPENDIX D REGISTER INDEX.

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

+ To find out about the electrical characteristics:
— Refer to CHAPTER 28 ELECTRICAL SPECIFICATIONS.

+ To find out about application examples of each function:
— Refer to Application Note separately available.
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Differences between PD784038 Subseries and uPD784038Y Subseries
The functions of the uPD784038 Subseries and uPD784038Y Subseries are the same except the clocked serial
interface.

— Caution
The clocked serial interface is described in the following two chapters:

+ CHAPTER 18 3-/2-WIRE SERIAL I/O MODE
+ CHAPTER 19 I°C BUS MODE (uPD784038Y Subseries only)

Also refer to the general explanation on the serial interface in CHAPTER 16.

Legend
Significance in data notation : Higher digit on left, lower digit on right
Active-low notation : XXX (Line above pin or signal name)
Note : Description of note in the text
Caution : Item to be especially noted
Remark . Supplementary information
Numeric notations ©oBinary s X XXX B orxxxx
Decimal .............. X X X X
Hexadecimal....... X XXX H
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 Electronics
EDC B 1 0 X A 1 0 X assembler and is defined as an sfr variable by

the #pragma sfr directive for C compiler.

Write Operation Read Operation

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

0 must be written 0 is read.

1 must be written 1is read.

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

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

Easily confused characters : 0 (Zero), O (Letter O)
: 1 (One), | (Lower-case letter L), | (Upper-case letter |)
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Related Documents The related documents in this publication may include preliminary versions. However, preliminary
versions are not marked as such.

Documents Related to Devices

Document Name Document No.
uPD784038, 784038Y Subseries User's Manual - Hardware This manual
78K/IV Series Application Note - Software Fundamentals U10095E
78K/IV Series User's Manual - Instructions U10905E

Documents Related to Development Tools (User’s Manuals)

Document Name Document No.
RA78K4 Assembler Package Operation U15254E
Language U15255E
Structured Assembler Preprocessor U11743E
CC78K4 C Compiler Operation U15557E
Language U15556E
SM78K Series Ver. 2.30 or Later System Simulator Operation (Windows® Based) U15373E
External Part User Open Interface Specification U15802E
ID78K Series Integrated Debugger Ver. 2.30 or Later Operation (Windows Based) U15185E
RX78K4 Real-time OS Fundamentals U10603E
Installation U10604E
Project Manager Ver 3.12 or Later (Windows Based) U14610E

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

Document Name

Document No.

|IE-78K4-NS In-Circuit Emulator U13356E
|IE-784038-NS-EM1 Emulation Board U13760E
|IE-784000-R In-Circuit Emulator U12903E
|IE-784038-R-EM1 Emulation Board U11383E

Documents Related to PROM Writing (User’s Manuals)

Document Name

Document No.

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

Other Related Documents

Document Name

Document No.

SEMICONDUCTOR SELECTION GUIDE - Products and Packages - X13769X
Semiconductor Device Mount Manual Note

Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Note See the “Semiconductor Device Mount Manual” website (http://www.necel.com/pkg/en/mount/index.html).

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

version of each document for designing.
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CHAPTER 1 GENERAL

The uPD784038 Subseries comprises 78K/IV Series products that can perform input/output directly with analog signals. The
78K/IV Series comprises 16-bit single-chip microcontrollers equipped with a high-performance CPU that has a function such
as accessing a 1-Mbyte memory space. The uPD784038 Subseries is upward-compatible with the 78K/Il Series, and has pin
compatibility with uPD78234 Subseries of the 78K/Il Series.

The uPD784038 incorporates 128-Kbyte mask ROM and 4,352-byte RAM, plus high-performance timer/counters, an 8-bit
A/D converter, 8-bit D/A converter, PWM output function, two independent serial interface channels, etc.

The uPD784031 is a ROM-less model of the uPD784038 but is provided with RAM of 2,048 bytes.

The uPD784035 is based on the uPD784038 but is provided with 48 Kbytes of mask ROM and 2,048 bytes of RAM.
The uPD784036 is based on the uPD784038 but is provided with 64 Kbytes of mask ROM and 2,048 bytes of RAM.
The uPD784037 is based on the uPD784038 but is provided with 96 Kbytes of mask ROM and 3,584 bytes of RAM.

The uPD78P4038 replaces the mask ROM of the uPD784038 with PROM.

The uPD784038Y Subseries is based on the uPD784038 Subseries but is provided with an I12C bus control function.

The relation among these models is as shown below.

PROM models

#PD78P4038Y

Mask ROM models ROM-less models

1 PD784038Y J

1PD78P4038

PROM 128 K
RAM 4,352

1 PD784038

1PD784031Y J

1PD784031

ROM 128K
RAM 4,352

1PD784037Y

1PD784037

ROM 96 K
RAM 3,584

1PD784036Y

1PD784036

ROM 64 K
RAM 2,048

1PD784035Y J

1PD784035

ROM 48K
RAM 2,048

These models can be used in the following fields:

<uPD784038 Subseries>

- LBP

+ Auto-focus camera

- PPC

* Printer

» Electronic typewriter

« Air conditioner

« Electronic musical instruments
* Cellular phone
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CHAPTER 1 GENERAL

*  78K/IV Series Product Development Diagram

:l : Products in mass-production

2
Supports I°C bus Supports multimaster I°C bus

1PD784038Y 1PD784225Y
#PD784038 1PD784225
Standard models Enhanced internal memory capacity 80-pin, ROM correction added
Pin-compatible with the uPD784026 ’
1PD784026

Enhanced Supports multimaster I1>C bus Supports multimaster I1°C bus

A/D converter, uPD784216AY uPD784218AY

16-bit timer, and

power management ﬂPD784216A ﬂPD784218A
100-pin, enhanced 1/O and Enhanced internal memory
internal memory capacity capacity, ROM correction added

uPD784054
uPD784046
ASSP models On-chip 10-bit A/D converter
UPD784956A
. 1 PD784938A
For DC inverter control
Enhanced functions of the
uPD784908, enhanced
}PD784908 internal memory capacity,

On-chip IEBus™ controller ROM correction added.

Supports multimaster I2C bus
uPD784928Y

| uPD7B4e8
1PD784915

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

Enhanced timer

1PD784976A

On-chip VFD controller/driver

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

1.1 FEATURES

e 78K/IV Series
¢ Pin-compatible with uPD78234 Subseries and uPD784026 Subseries
¢ Internal memory of uPD78234 Subseries and uPD784026 Subseries expanded
¢ High-speed instruction execution
» Minimum instruction execution time (32-MHz operation): 125 ns
e Instruction set suitable for control applications
o Data memory extension function (1-Mbyte memory space: 2 bank specification pointers)
o Interrupt controller (4-level priority system)
» Vectored interrupt service/macro service/context switching
e Standby functions: HALT/STOP/IDLE modes
¢ Internal memory: « ROM
Mask ROM : 128 Kbytes (uPD784038)
96 Kbytes (uPD784037)
64 Kbytes (uPD784036)
48 Kbytes (uPD784035)
Not provided (uPD784031)
PROM : 128 Kbytes (uPD78P4038)
+ RAM : 4,352 bytes (uPD784038, 78P4038)
3,584 bytes (uPD784037)
2,048 bytes (uPD784031, 784035, 784036)
¢ |/O pins
- uPD784035, 784036, 784037, 784038, 78P4038: 64
Software programmable pull-up : 54 inputs
Direct LED drive capability : 24 outputs
Direct transistor drive capability : 8 outputs
« uPD784031: 46
Software programmable pull-up : 34 inputs
Direct LED drive capability : 8 outputs
Direct transistor drive capability : 8 outputs
o Serial interface
» UART/IOE (3-wire serial 1/0): 2 channels (with on-chip baud rate generator)
« CSI (3-wire serial I/O, 2-wire serial I/O, I2C bus N°®): 1 channel

Note uPD784038Y Subseries only

e Real-time output ports (combination with timer/counter allows independent control of 2-system stepping motors)
e A/D converter (8-bit resolution x 8 channels)
o D/A converter (8-bit resolution x 2 channels)
e PWM outputs (12-bit resolution x 2 channels)
¢ High-performance timer/counter
* Timer/counter (16 bits) x 3 units
* Timer (16 bits) x 1 unit
e Watchdog timer: 1 channel
e Clock output function: fcLk, fcLk/2, fcik/4, fcLk/8, fck/16 can be selected (other than uPD784031)
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CHAPTER 1 GENERAL

1.2 ORDERING INFORMATION AND QUALITY GRADES

1.2.1 Ordering Information

(1) uPD784038 Subseries

Part Number Package Internal ROM
uPD784031GC-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) None
uPD784031GK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) None
uPD784031GC(A)-3B9 80-pin plastic QFP (14 x 14, 2.7 mm thickness) None
uPD784035GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
1PD784035GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784035GC(A)-xxx-3B9 80-pin plastic QFP (14 x 14, 2.7 mm thickness) Mask ROM
uPD784036GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
1PD784036GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784036GC(A)-xxx-3B9 80-pin plastic QFP (14 x 14, 2.7 mm thickness) Mask ROM
1PD784037GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
uPD784037GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784038GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
1PD784038GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM

1PD78P4038GC-8BT
LPD78P4038GK-9EU

80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)

One-time PROM
One-time PROM

uPD784031GC-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) None

1PD784031GK-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) None

1PD784035GC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
1PD784035GK-xxx-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784036GC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
uPD784037GC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
uPD784037GK-xxx-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784038GC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
uPD784038GK-xxx-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM

1PD78P4038GC-8BT-A
uPD78P4038GK-9EU-A

80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)

One-time PROM
One-time PROM

Remark 1. xxx indicates ROM code suffix.
2. Products that have the part numbers suffixed by “-A” are lead-free products.
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CHAPTER 1 GENERAL

(2) uPD784038Y Subseries

Part Number Package Internal ROM
uPD784031YGC-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) None
uPD784031YGK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) None
uPD784035YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
uPD784035YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784036YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
1PD784036YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784037YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
uPD784037YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784038YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Mask ROM
1PD784038YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM

1PD78P4038YGC-8BT
1PD78P4038YGK-9EU
1PD784031YGC-8BT-A
uPD784031YGK-9EU-A
1PD784035YGC-xxx-8BT-A
1PD784036YGC-xxx-8BT-A
1PD784037YGC-xxx-8BT-A
1PD784037YGK-xxx-9EU-A
1PD784038YGC-xxx-8BT-A
1PD784038YGK-xxx-9EU-A
1PD78P4038YGC-8BT-A
uPD78P4038YGK-9EU-A

80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)
80-pin plastic QFP (14 x 14, 1.4 mm thickness)
80-pin plastic TQFP (fine pitch) (12 x 12)

Remark 1. xxx indicates ROM code suffix.

2. Products that have the part numbers suffixed by “-A” are lead-free products.
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CHAPTER 1 GENERAL

1.2.2 Quality Grades

(1) pPD784038 Subseries

Part Number Package Quality Grades
uPD784031GC-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
uPD784031GK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
uPD784031GC(A)-3B9 80-pin plastic QFP (14 x 14, 2.7 mm thickness) Special
uPD784035GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784035GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
uPD784035GC(A)-xxx-3B9 80-pin plastic QFP (14 x 14, 2.7 mm thickness) Special
uPD784036GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784036GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
uPD784036GC(A)-xxx-3B9 80-pin plastic QFP (14 x 14, 2.7 mm thickness) Special
1PD784037GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784037GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
uPD784038GC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
uPD784038GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
uPD78P4038GC-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
uPD78P4038GK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
uPD784031GC-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784031GK-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD784035GC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
uPD784035GK-xxx-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD784036GC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
uPD784037GC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
uPD784037GK-xxx-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
uPD784038GC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
uPD784038GK-xxx-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
uPD78P4038GC-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD78P4038GK-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Standard

Please refer to the document "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by NEC
Corporation for the specification of the quality grades of the devices and their recommended applications.

Remark 1. xxx indicates ROM code suffix.
2. Products that have the part numbers suffixed by “-A” are lead-free products.
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CHAPTER 1 GENERAL

(2) uPD784038Y Subseries

Part Number Package Quality Grades
uPD784031YGC-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784031YGK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD784035YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784035YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD784036YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784036YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD784037YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784037YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD784038YGC-xxx-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784038YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD78P4038YGC-8BT 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD78P4038YGK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD784031YGC-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
uPD784031YGK-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD784035YGC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784036YGC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784037YGC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784037YGK-xxx-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD784038YGC-xxx-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
1PD784038YGK-xxx-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Standard
1PD78P4038YGC-8BT-A 80-pin plastic QFP (14 x 14, 1.4 mm thickness) Standard
uPD78P4038YGK-9EU-A 80-pin plastic TQFP (fine pitch) (12 x 12) Standard

Remark 1. xxx indicates ROM code suffix.
2. Products that have the part numbers suffixed by “-A” are lead-free products.
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CHAPTER 1 GENERAL

1.3 PIN CONFIGURATION (TOP VIEW)
1.3.1 Normal Operating Mode
- 80-pin plastic QFP (14 x 14, 2.7 mm thickness)

+ 80-pin plastic QFP (14 x 14, 1.4 mm thickness)
- 80-pin plastic TQFP (fine pitch)(12 x 12)
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P32/SCKO0/SCL
P33/SO0/SDA
P34/TO0
P35/TO1
P36/TO2
P37/TO3
RESET

VbD1

X2

X1

Vssi1

P00

PO1

P02

P03

P04

P05

P06

P07
P67/REFRQ/HLDAK

Note Connect the TEST pin directly to Vsso.

NTP4/ASCK/SCK1

NTP2/CI

éb:') el ™ - o

=5 o o oo _ N~ © 0

SReEEEEEE ZzZz

ECQZEZEZZ22Z2 859 ,5,<<<

T RO ITNANA—~oorr00 8rRomd

DOEPANANANANANNSSZZ>>S>SNNKN

o Y W Y W e Y W o MY W o Y W~ = = = = = =l - W W o

807978777675747372717069 68 67 66 65 64 63 62 61
1@ 60
2 59
3 58
4 57
5 56
6 55
7 54
8 53
9 52
10 51
11 50
12 49
13 48
14 47
15 46
16 45
17 44
18 43
19 42
20 41

2122 2324 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

om‘gmwmomvmm:oggagggg

E‘§§$S$$$S$$$S>s<<<<<

0 T A A -ONOWUTAAULLRIOB T O

gﬁﬂ-ﬁﬁﬁﬁﬁiﬁﬁb‘.’iln‘iiiﬁﬁ

<

=

S

©

a

P74/ANI4
P73/ANI3
P72/ANI2
P71/ANI
P70/ANIO

Voo

P17

P16

P15
P14/TxD2/S02
P13/RxD2/SI2
P12/ASCK2/SCK2
P11/PWMA1
P10/PWMO
TEST Note

Vsso
ASTB/CLKOUT
P40/ADO
P41/AD1
P42/AD2

Caution With the uPD784031 and 784031Y, CLKOUT, P40 to P47, P50 to P57, P64, and P65 cannot be used.
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P00 to P07
P10 to P17
P20 to P27
P30 to P37
P40 to P47
P50 to P57
P60 to P67
P70 to P77
TOO to TO3

Cl

RxD, RxD2
TxD, TxD2
SCKO to SCK2
SCL

ASCK, ASCK2
SDA

SI0 to SI2
SO0 to SO2
PWMOQ, PWMA1
NMI

INTPO to INTP5

48

: Port0

: Port1

: Port2

: Port3

. Port4

: Porth

: Port6

: Port7

: Timer Output

: Clock Input

. Receive Data

: Transmit Data

. Serial Clock

: Serial Clock

: Asynchronous Serial Clock
: Serial Data

. Serial Input

: Serial Output

: Pulse Width Modulation Output
: Non-maskable Interrupt

. Interrupt from Peripherals

ADO to AD7
A8 to A19
RD

WR

WAIT
HLDRQ
HLDAK
CLKOUT
ASTB
REFRQ
RESET

X1, X2

ANIO to ANI7
ANOO, ANO1
AVREF1 to AVREF3
AVpD

AVss

Vo, VDD1
Vsso, Vss1
TEST
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: Read Strobe

: Write Strobe

: Wait

: Hold Request
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: Analog Input

. Analog Output

. Reference Voltage
. Analog Power Supply
: Analog Ground
. Power Supply
: Ground

: Test
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CHAPTER 1 GENERAL

1.3.2 PROM Programming Mode (Vrp > +5 V/+12.5 V, RESET = L)

- 80-pin plastic QFP (14 x 14, 1.4 mm thick)
- 80-pin plastic TQFP (fine pitch) (12 x 12)

c

©

o
]

Open
Vss
Open

@ 1%
% %
> > )

A —— S —

LT

807978777675747372717069 68 67 66 65 64 63 62 61
o—11() 60—o
L o———2 5—oO
O—3 58 ———0O » Open
Open Oo———-d4 57F—oO
O—5 56 —O
O——]6 55F——O Vop
RESET O——7 541—0 (L)
Voo O——1 8 53—0)
Open O—9 52 —O
Ly o—10 51}—o
Vss O—— 11 50 ——O » Open
DO O=——f12 49—->O
D1 O=——>{13 48—0O
D2 O=—14 47—o0 ]
D3 O=—> 15 46— O Vi
D4 O=—] 16 45— O Vss
D5 O=——{17 44 ——0O Open
D6 O=——{18 43—0O A0
D7 O=— 19 42 f«—0O A1
Ly o—20 40 A2
2122 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
BBl T 2z23z222%223R
Caution L : Connect to Vss individually via a 10 kQ pull-down resistor.
Vss : Connect to ground.

Open : Do not make any connection.
RESET : Drive low.

Vpp : Programming Power Supply PGM : Program

RESET  : Reset

A0 to A16 : Address Bus
DO to D7 : Data Bus
CE : Chip Enable

OE : Output Enable
Voo : Power Supply
Vss : Ground
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1.4 APPLICATION SYSTEM CONFIGURATION EXAMPLE (PPC)

uPD784038
P11 fe— i
Serial —  J R« Paper Detection
Communication D P15 j«———— Paper Feed Detection
I X
P16 j«—— Paper Out Detection
P17 ~——— Document Base (Scanner)
Position Detection
SCKA1
Paper Transport S Control Panel
Detection INTFO SO1
P04 High-Voltage Drum, Toner
P06 Control Circuit Transfer Charge
Fixing Heater s
P07 <= |— Fixing Roller
Fixing Heater Control Circuit
T % ANIO
emperature
I p Lamp Document lllumination Lamp
66 Regulator Discharge Lamp
Lamp
Brightness W ANI
I PWMO (DC, Stepping)
P00 to P03 4@ Main Motor
Copy Density .
Adjustment T ANI2
Lever [l Document Base (Scanner)
1 P33 Stop Clutch
. Document Base (Scanner)
Copy Density P34 Driver [l Advance Clutch
Correction = I = ANI3
Lever
T [I[sL ] Resist Shutter Clutch
P35
[l Manual Paper
Feed Clutch
P36
Cassette Paper
geseﬂ RESET Feed Clutch
ircui P37 .
Solenoids
50 User's Manual U11316EJ4V2UD
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1.5 BLOCK DIAGRAM
NMI P bl [ ] UART/IOE2 AXD/SI1
—~lProgrammable
— TxD/SO1
Interrupt K-> K= g
INTPO to INTP5 — aud-Rate |
Controller Generator ASCK/SCK1
~—— RxD2/SI2
INTP3 — | +
Too T|mer/Coynter0 ) UART/IOET | . TxD2/SO2
TO1 ~—| (16 Bits) K Baud-Rate ASCK2/SCK2
Generator
Timer/Counter 1 ClockedNete 1 [«—= SCKO0/SCL
INTPO —— . s
(16 Bits) K->  Serial ~—= SO0/SDA
Interface |« gjo
INTP1 ——=] _ N
INTP2/Cl ——={ Timer/Counter 2 ) Clock Output |—= ASTB/CLKOUT Nete2
TO2 =— (16 Bits) 78K/IV K —> ADO to AD7
TO3 =~ CPUC ROM
ore ——> A81to A15
. K> Bus I/F ——> A16to A19
Timer 3 ) — RD
(16 Bits) @ @ L~ WR
~—— WAIT/HLDRQ
REFRQ/HLDAK
P00 to P03 <— T
Real-Time | ] @ <> Poto K> Pooto Po7
P04 to P07 <——{ Output Port
<> Pott K> P10t0 P17
PWMOQ —-—
PWM kK> RAM <> Ptz k——=p2otop27
PWM1 «—]
Port 3
s [ Pots o paotorar
ANOT=— DA | < Porta KD Paoto Pa7et:
AV Rer2 Converter
AV RerF3 00 P50 to P57 Nete2
ANIO to ANI7 ——> <> <~ P60 to P67 "ete2
AVob AD K >| Port 7 |< > P70 to P77
AV ReFs Converter =
1« RESET
AVss Watchdog System e TEST
INTP5 — Timer Control ~ |=— X1
L] X2
—— Vooo, Vo1
——— Vsso, Vsst

1. The uPD784038Y Subseries supports the I12C bus mode.
2. When the uPD784031, CLKOUT, P40 to P47, P50 to P57, P64, and P65 cannot be used.

Notes

Remark The capacities of the internal ROM and RAM differ depending on the model.
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CHAPTER 1 GENERAL
1.6 LIST OF FUNCTIONS
(1/2)

Part Number | uPD784031 uPD784035 uPD784036 uPD784037 uPD784038 | uPD78P4038
Item uPD784031Y | uPD784035Y | uPD784036Y | uPD784037Y | uPD784038Y | uPD78P4038Y
Number of basic instructions 113
(mnemonics)
General-purpose register 8 bits x 16 registers x 8 banks, or 16 bits x 8 registers x 8 banks (memory mapping)
Minimum instruction execution time | 125 ns (at 32 MHz operation)
Internal ROM None 48 Kbytes 64 Kbytes 96 Kbytes 128 Kbytes 128 Kbytes
memory (mask ROM) (mask ROM) (mask ROM) (mask ROM) | (one-time PROM)

RAM 2,048 bytes 3,584 bytes 4,352 bytes

Memory space

1 Mbyte with program and data memories combined

1/O port Total 46 lines 64 lines
Input 8 lines
I/0 34 lines 56 lines
Output 4 lines 0 line
Pins with | Pin with pull-up resistor | 32 pins 54 pins
ancillary | | £p direct drive output | 8 pins 24 pins
func“?::,fﬂ Transistor direct drive | 8 pins

Real-time output port

4 bits x 2, or 8 bits x 1

Timer/counter

Timer/counter 0 (16 bits) : Timer register x 1
Capture register x 1

Compare register x 2

Pulse output
» Toggle output
+ PWM/PPG output
» One-shot pulse output

Timer/counter 1 (8/16 bits): Timer register x 1
Capture register x 1
Capture/compare register x 1
Compare register x 1

Pulse output
* Real-time output (4 bits x 2)

Timer/counter 2 (8/16 bits): Timer register x 1
Capture register x 1
Capture/compare register x 1
Compare register x 1

Pulse output
« Toggle output
* PWM/PPG output

Timer 3 (8/16 bits) : Timer register x 1

Compare register x 1

PWM output

12-bit resolution x 2 channels

Serial interface

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

CSl (3-wire serial I/0, 2-wire serial I/0, I°C bus Net¢2): 1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Notes

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

2. uPD784038Y Subseries only.

52
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(2/2)

Part Number

Item

uPD784031 uPD784035 uPD784036 uPD784037 uPD784038 | uPD78P4038
uPD784031Y | uPD784035Y | uPD784036Y | uPD784037Y | uPD784038Y | uPD78P4038Y

Clock output

— Selectable from feik, fewk/2, fok/4, fouk/8, feuk/16 (also can be used as 1-bit output port)

Watchdog timer

1 channel

Standby

HALT/STOP/IDLE mode

Interrupt (uPD784038 Subseries)

Hardware causes

23 (Internal: 16, External: 7 (sampling clock variable input: 1))

Software

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal : 1, External : 1

Maskable

Internal : 15, External: 6

Interrupt (uPD784038Y Subseries)

* 4 levels of programmable priority
» 3 processing types: vector interrupt/macro service/context switching

Hardware causes

24 (Internal: 17, External: 7 (sampling clock variable input: 1))

Software

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal : 1, External : 1

Maskable Internal: 16, External: 6
* 4 levels of programmable priority
» 3 processing types: vector interrupt/macro service/context switching
Supply voltage Vob=2.7t055V

Package

80-pin plastic QFP (14 x 14, 2.7 mm thick)Nete
80-pin plastic QFP (14 x 14, 1.4 mm thick)
80-pin plastic TQFP (fine pitch) (12 x 12)

Note 1PD784031(A), 784035(A), and 784036(A) only

User's Manual U11316EJ4V2UD 53

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 1 GENERAL

*x 1.7 DIFFERENCES BETWEEN STANDARD-GRADE PRODUCTS AND SPECIAL-GRADE PRODUCTS

Part Number | ©PD784031(A), uPD784035(A), uPD784036(A)

1PD784031, uPD784035, uPD784036

ltem
Quality grade Special Standard
Package 80-pin plastic QFP (14 x 14, 2.7 mm thick) 80-pin plastic QFP (14 x 14, 1.4 mm thick)

80-pin plastic TQFP (fine pitch, 12 x 12)

1.8 MAJOR DIFFERENCES WITH 1PD784026 SUBSERIES

Series Name . . .
ltem uPD784038 Subseries uPD784038Y Subseries uPD784026 Subseries
Minimum instruction execution time 125 ns (32-MHz operation) 160 ns (25-MHz operation)
Serial interface UART/IOE (3-wire serial 1/0) x 2 channels

CSlI x 1 channel CSI x 1 channel CSlI x 1 channel
« 3-wire serial I/O « 3-wire serial I/O « 3-wire serial I/O
« 2-wire serial /O * 2-wire serial /0  SBI
* |2C bus
Interrupts 23 + BRK instruction 24 + BRK instruction 23 + BRK instruction
(Internal: 16, External: 7) (Internal: 17, External: 7) (Internal: 16, External: 7)
Packages » 80-pin plastic QFP (14 x 14, 2.7 mm thick)Nete + 80-pin plastic QFP
+ 80-pin plastic QFP (14 x 14, 1.4 mm thick) (14 x 14, 2.7 mm thick)
+ 80-pin plastic TQFP (fine-pitch) (12 x 12) + 80-pin plastic TQFP
(fine-pitch) (12 x 12):
1PD784021 only

Note uPD784031(A), 784035(A), and 784036(A) only

54
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2.1 PIN FUNCTION TABLES

2.1.1 Normal Operating Mode

(1) Port pins (1/2)

CHAPTER 2 PIN FUNCTIONS

Pin Name Input/Output Alternate Function Functions
P00 to P07 Input/output — Port 0 (P0):
» 8-bit input/output port
» Can be used as real-time output ports (4 bits x 2)
« Input/output specifiable bit-wise
» For input mode pins, on-chip pull-up resistor connection can be
specified at once by a software setting
» Transistor drive capability
P10 Input/output PWMO Port 1 (P1):
P11 PWM1 » 8-bit input/output port
» Input/output specifiable bit-wise.
P12 ASCK2/SCK2 » For input mode pins, on-chip pull-up resistor connection can be
P13 RxD2/SI2 specified at once by a software setting
» LED drive capability
P14 TxD2/S02
P15 to P17 —
P20 Input NMI Port 2 (P2):
P21 INTPO » 8-bit input/output port
» P20 cannot be used as a general-purpose port (non-maskable
P22 INTP1 interrupt). Input level can be confirmed in the interrupt routine.
P23 INTP2/CI » For P22 to P27, on-chip pull-up resistor connection can be specified
by a software setting in 6-bit units
P24 INTP3 « The P25/INTP4/ASCK/SCK1 pin operates as the SCK1 I/O pin in
P25 INTP4/ASCK/SCK1 accordance with the CSIM1 register specification
P26 INTPS
P27 SIo
P30 Input/output RxD/SI Port 3 (P3):
P31 TXD/SO1 » 8-bit input/output port
» Input/output specifiable bit-wise
P32 SCKo/SCL « For input mode pins, on-chip pull-up resistor connection can be
P33 SO0/SDA specified at once by a software setting
P34 to P37 TOO to TO3

User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor

55



http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 2 PIN FUNCTIONS

(1) Port pins (2/2)

Pin Name Input/Output Alternate Function Functions

P40 to P47Nete 1| Input/output ADO to AD7 Port 4 (P4):

+ 8-bit input/output port

 Input/output specifiable bit-wise

» For input mode pins, on-chip pull-up resistor connection can be
specified at once by a software setting

» LEDs drive capability

P50 to P57 Nete 1| Input/output A8 to A15 Port 5 (P5):

+ 8-bit input/output port

 Input/output specifiable bit-wise

» For input mode pins, on-chip pull-up resistor connection can be
specified at once by a software setting

» LEDs drive capability

P60 to P63 Nete2|  Input/output A16 to A19 Port 6 (P6):
Pg4 Note 1 RD  8-bit input/output port

p— * Input/output specifiable bit-wise
PS5 Note 1 WR

» For input mode pins, on-chip pull-up resistor connection can be

P66 WAIT/HLDRQ specified at once by a software setting
P67 REFRQ/HLDAK
P70 to P77 Input/output ANIO to ANI7 Port 7 (P7):

+ 8-bit input/output port
 Input/output specifiable bit-wise

Notes 1. With the uPD784031, P40 to P47, P50 to P57, P64, and P65 cannot be used as port pins.
2. These pins of the uPD784031 are output port pins.
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(2) Non-port pins (1/2)

Pin Name Input/Output Alternate Function Functions

TOO/TO3 Output P34 to P37 Timer output

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

RxD Input P30/SI1 Serial data input (UARTO)

RxD2 P13/SI2 Serial data input (UART2)

TxD Output P31/SO1 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)

SDA Input/output P33/SO0 Serial data input/output (2-wire serial I/0, I°C bus Net¢)

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

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

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

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

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

SO2 P14/TxD2 Serial data output (3-wire serial 1/02)

SCKO Input/output P32/SCL 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)

SCL P32/SCKO Serial clock input/output (2-wire serial 1/0, 12C bus Net)

NMI Input P20 External interrupt requests —

INTPO P21 » Count clock input to timer/counter 1
+ CR11 or CR12 capture trigger signal

INTP1 P22 » Count clock input to timer/counter 2
+ CR22 capture trigger signal

INTP2 P23/ClI » Count clock input to timer/counter 2
» CR21 capture trigger signal

INTP3 P24 » Count clock input to timer/counter 0
+ CRO02 capture trigger signal

INTP4 P25/ASCK/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)

A16 to A19 Output P60 to P63 Upper address with address extension (external memory connection)

RD Output P64 External memory read strobe

WR Output P65 External memory write strobe

WAIT Input P66/HLDRQ Wait insertion

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

HLDRQ Input P66/WAIT Bus hold request input

HLDAK Output P67/REFRQ Bus hold response output

Note u©PD784038Y Subseries only

User's Manual U11316EJ4V2UD 57

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 2 PIN FUNCTIONS

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

AVRer2, AVRer3

Pin Name Input/Output Alternate Function Functions

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

CLKOUT Note1 Output ASTB Clock output

RESET Input — Chip reset

X1 Input — System clock oscillation crystal connections

X2 _ (clock can also be input to X1)

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

ANOO, ANO1 Output — D/A conversion analog voltage outputs

AVReF1 — — A/D converter reference voltage application

D/A converter reference voltage application

AVop A/D converter positive power supply
AVss A/D converter GND
Vppo Note 2 Positive power supply pin of ports
Vpp1 Note 2 Positive power supply pin of function blocks other than ports
Vsso Note 3 GND pin of ports
Vsgi Note 3 GND pin of function blocks other than ports
TEST Connect directly to Vsso (IC test pin).
Notes 1. With the uPD784031, CLKOUT cannot be used.

2. Keep Vpoo and Vop1 at the same potential.
3. Keep Vsso and Vss1 at the same potential.

2.1.2 PROM Programming Mode (uPD78P4038 Only: Vep > +5 V/+12.5 V, RESET = L)

Pin Name Input/Output Functions
Vep Input PROM programming mode setting
High-voltage application pin in program write/verify
RESET PROM programming mode setting
A0 to A16 Address bus
DO to D7 Input/output Data bus
CE Input PROM enable input/program pulse input
OE PROM read strobe input
PGM PROM program/program inhibit input
Vop — Positive power supply
Vss GND
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CHAPTER 2 PIN FUNCTIONS

2.2 PIN FUNCTIONS

2.2.1 Normal Operating Mode

(1) P00 to P07 (Port 0) ... 3-state input/output
PortQis an 8-bitinput/output port with an output latch, and has direct transistor drive capability. Input/output can be specified
bit-wise by means of the port 0 mode register (PMO0). Each pin incorporates a software programmable pull-up resistor.
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 anormal
output port or a real-time output port.
When RESET is input, port 0 is set as an input port (output high-impedance state), and the output latch contents are
undefined.

(2) P10 to P17 (Port 1) ... 3-state input/output
Port 1 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 1 mode
register (PM1). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.
Pins P10 and P11 are also made to function as PWM output pins by means of the PWM control register (PWMC), and pins
P12 to P14 can also be made to function as serial input/output pins by means of 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 Operating Modes
Pin Name Port Mode Control Signal Input/Output Mode Operation to Operate as Control Pin
P10 Input/output port PWMO output Set (to 1) ENO bit of PWMC
P11 PWMT1 output Set (to 1) EN1 bit of PWMC
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
P15to P17 — —

(a) Port mode
P10 and P11 operate as port mode pins when the ENO and EN1 bits of the PWM control (PWMC) register are cleared
(to 0), and P12 to P14 do the same when the relevant bits of the port 1 mode control (PMC1) register are cleared (to
0), and P15 to P17 always operate as port mode pins. Input/output can be specified bit-wise by means of the port
1 mode register (PM1).

(b) Control signal input/output mode
P10 and P11 operate as PWM signal output pins when the ENO and EN1 bits, respectively, of the PWM control
(PWMC) register are set (to 1).
P12 to P14 can be set as control pins bit-wise by setting the port 1 mode control (PMC1) register.

(i) PWMO, PWMA1
PWMO0 and PWM1 are PWM output pins.

(ii) ASCK2/SCK2
ASCK2 is the asynchronous serial interface baud rate clock input pin.
SCK2 is the serial clock input/output pin (in 3-wire serial 1/02 mode).
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(iii) RxD2/SI2
RxD2 is the asynchronous serial interface serial data input pin.
SI2 is the serial data input pin (in 3-wire serial I/02 mode).

(iv) TxD2/SO2
TxD2 is the asynchronous serial interface serial data output pin.
S02 is the serial data output pin (in 3-wire serial /02 mode).

(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 malfunction 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 Operating Modes

Port Functions

P20 Input port / NMI input Nete

P21 Input port / INTPO input / CR11 capture trigger input /
timer/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 / CR0O2 capture trigger
timer/input/counter 0 count clock

P25 Input port / INTP4 input / ASCK input / SCK1 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.

(a) Function as port pins
The pin level can always be read or tested regardless of the dual-function pin 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 means of the external interrupt mode register 0 (INTMO).
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(i) INTPO to INTP5 (Interrupt from Peripherals)

External interrupt request input pins. When the valid edge specified by the external interrupt mode register 0,
(INTMO/INTM1) is detected by pins INTPO to INTP5, an interrupt is generated (see CHAPTER 21 EDGE

DETECTION FUNCTION).

Inaddition, pins INTPOto INTP3 and INTP5 are also used as external trigger input pins with the various functions

shown below.

* INTPO ....... Timer/counter 1 capture trigger input pin
Timer/counter 1 external count clock input pin
Real-time output port trigger input pin

zZ z
35 5
T T
nNn —

....... Timer/counter 2 capture trigger input pin to capture register (CR22)
....... Timer/counter 2 external count clock input pin

Capture trigger input pin to capture/compare register (CR21)

z
=
)
w

....... Timer/counter 0 capture trigger input pin

Timer/counter 0 external count clock input pin

(iii) CI (Clock Input)

The timer/counter 2 external clock input pin.

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

(v) SCK1 (Serial Clock)

INTP5 ....... A/D converter external trigger input pin

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 I/O0 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 means of the port 3 mode
register (PM3). Each pin incorporates a software programmable pull-up resistor.

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

The operating mode can be specified bit-wise by means of the port 3 mode control register (PMC3), as shown in

Table 2-3. The pin level of any pin can always be read or tested regardless of the alternate-function pin operation.

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

Table 2-3 Port 3 Operating 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 / SCL input/output
P33 SO0 output / SDA input/output
P34 TOO output
P35 TO1 output
P36 TO2 output
P37 TO3 output
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(a) Port mode
Each port specified as port mode by the port 3 mode control (PMC3) register can be specified as input/output bit-wise
by means of the port 3 mode register (PM3).

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

(i) RxD (Receive Data)/SI1 (Serial Input 1)
RxD is the asynchronous serial interface serial data input pin.
Sl is the serial data input pin (in 3-wire serial I/O1 mode).

(ii) 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 I/O1 mode).

(iii) SCKaO (Serial Clock 0)/SCL (Serial Clock)
SCKaO is the clocked serial interface serial clock input/output pin (in 3-wire serial I/O 0 mode).
SCListhe synchronous serial interface serial clock input/output pin (in 2-wire serial /0O mode/I2C bus mode Nete),

Note uPD784038Y Subseries only

(iv) SO0 (Serial Output 0)/SDA (Serial Data)
SO0 is the serial data output pin (in 3-wire serial I/O 0 mode), and SDA is the serial data input/output pin (in 2-
wire serial /0 mode/I2C bus mode Note),

Note uPD784038Y Subseries only

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

(5) 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 bit-wise by means of the port 4 mode
register (PM4). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.
Port4 also functions as the time division address/data bus (ADO to AD7) by the memory extension mode register (MM) when
external memory or I/Os are extended.
With the uPD784031, P40 to P47 cannot be used as port pins. These pins function only as the time division address/data
bus pins (ADO to AD7).
When RESET is input, port 4 is set as an input port (output high-impedance state), and the output latch contents are
undefined.

(6) P50 to P57 (Port 5) ... 3-state input/output
Port 5 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 5 mode
register (PM5). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.
In addition, P50 to P57 can be selected by means of the memory extension 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 extended.
With the uPD784031, P50 to P57 cannot be used as port pins. These pins function only as the address bus pins (A8 to

A15).
When RESET is input, port 5 is set as an input port (output high-impedance state), and the output latch contents are
undefined.
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(7) P60 to P67 (Port 6) ... 3-state input/output
- With uPD784031
P60 to P63 are output port pins and P66 and P67 are input/output port pins with output latch.
P64 to P67 incorporate a software programmable pull-up resistor.
In addition to the functions as port pins, these pins also have various alternate-function control signal pin functions, as
shown in Table 2-4. Operations as control pins are performed by the respective function operations.
P64 and P65 cannot be used as port pins and function only as RD and WR output pins.
When RESET is input, the level of the above pins are set as follows:
» P60 to P63: Low
» P64, P65:  High
* P66, P67:  Input port (output high impedance)
The higher 4 bits of the contents are undefined, and the lower 4 bits are reset to OH.

With other than uPD784031

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 Operating Modes

Pin Name Port Mode Control Signal Input/Output Mode Operation to Operate as Control Pin
P60 to ?%331 Input/output ports A16 to A19 output Specified in 2-bit units by bits MM3 to MMO of the MM
PG4 Note 2 RD output With the uPD784031, or when external memory extension
Pe5 Note 2 WR output mode is specified by bits MM3 to MMO of the MM
P66 WAIT input Specified by setting bits PWn1 & PWn0 (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

Notes 1. These pins of the uPD784031 are output port pins only.
2. With the uPD784031, this pin cannot be used as a port pin.

Caution P60 to P63 of the uPD784031 are in the output high-impedance state while the RESET signal is input, but
output a low level after the RESET signal has been cleared. Therefore, design the external circuit so that
the low level may be output as the initial status.

Remark For details, refer to CHAPTER 23 LOCAL BUS INTERFACE FUNCTION.

(a) Port mode
» With uPD784031
Each port not specified as control mode, P66 and P67 serve as output port pins, and P66 and P67 can be specified
as input/output bit-wise by means of the port 6 mode register (PM6).

- With other than uPD784031
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).
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(b) Control signal input/output mode

(i) A16to A19 (Address Bus)
Upper address bus output pins in case of external memory space extension (10000H to FFFFFH).
These pins operate in accordance with the memory extension mode register (MM).

(ii) RD (Read Strobe)
Pin that outputs the strobe signal for an external memory read operation.
Operates in accordance with the memory extension mode register (MM).
With the uPD784031, this pin always serves as an RD pin.

(ili) WR (Write Strobe)
Pin that outputs the strobe signal for an external memory write operation.
Operates in accordance with the memory extension mode register (MM).
With the uPD784031, this pin always serves as a WR pin.

(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
externally. Operates in accordance with the refresh mode register (RFM).

(8) 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 bit-wise by means of the port 7 mode register (PM7).
The levels of these pins can always be read or tested, regardless of the operation of the multiplexed pins.
When RESET is input, port 7 is set as an input port (output high-impedance state), and the output latch contents are
undefined.

(9) 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.
With the uPD784031, CLKOUT cannot be used.

(10) 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 oscillation circuit).
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(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

RESET (Reset) ... Input
The active-low reset input.

ANOO, ANO1 ... Output
The D/A converter analog voltage output pins.

AVREF1
The A/D converter reference voltage input pin.

AVREF2
The D/A converter reference voltage input (+ side) pin.

AVREF3
The D/A converter reference voltage input (- side) pin.

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

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

Vbbo
Positive power supply pins of the ports. These pins should be made at the same potential as the Voos.

Vb1
Positive power supply pins of the function blocks other than ports. These pins should be made at the same potential as
the Vopo.

Vsso
GND potential pins of the ports. These pins should be made at the same potential as the Vssi.

Vss1
GND potential pins of the function blocks other than ports. These pins should be made at the same potential as the Vsso.

TEST
Pin used by NEC Electronics for IC testing. Must be directly connected to Vsso.

Caution In the uPD78233 and 78237, the TEST pin is the MODE pin and is fixed high. When changing over from

the uPD78233, 78237, the circuitry can be modified so that this pin is directly connected to Vsso.
Modification as shown below is needed if the uPD78234, 78238 was used with switching between the on-
chip ROM mode and ROM-less mode performed by MODE pin switching (the TEST pin must be directly
connected to Vsso).

Modification examples:

+ Incorporate all programs in ROM.

» Store all programs in external ROM.

» Change the location address of a program previously held in external ROM, shift the address to avoid
overlapping internal ROM, and execute this program from the program internal ROM.
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2.2.2 PROM Programming Mode (uPD78P4038)

M

(2

©)

@
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6)

@

@®

©

66

Vpep (Programming Power Supply) ... Input

Input pin that sets the uPD78P4038 to the PROM programming mode. When the input voltage of this pin is +5 V or more
and the RESET input is driven low, the uPD78P4038 switches to the PROM programming mode.

If CE = L is set when Vep = +12.5 V and OE = H, the program data on DO to D7 can be written in the internal PROM cell
selected by A0 to A16.

RESET (Reset) ... Input

Input pin that sets the uPD78P4038 to the PROM programming mode. When the input voltage of the Vrpr pin reaches +5
V or more and the input of this pin is low, the uPD78P4038 switches to the PROM programming mode.

A0 to A16 (Address Bus) ... Input
The address bus. Selects an internal PROM address (00000H to 1FFFFH).

DO to D7 (Data Bus) ... Input/Output
The data bus. Internal PROM program reads and writes are performed via this bus.

CE (Chip Enable) ... Input

Inputs the internal PROM enable signal. When this signal is active, program writing/reading is enabled.

'OE (Output Enable) ... Input

Inputs the internal PROM read strobe signal. When this signal is activated while CE = L, the program data (1 byte) in the
internal PROM cell selected by A0 to A16 can be read onto DO to D7.

PGM (Program) ... Input

The internal PROM operating mode control signal input pin.
When this signal is active, it is possible to write to internal PROM.
When this signal is inactive, it is possible to read from internal PROM.

Vop
Positive power supply pins.

Vss
GND potential pins.

User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

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 When Not Used (1/2)

Oreut Typs | uvOupu T Mban ot U

P00 to P07 5-H Input/output Input : Connect to Vooo
Output: Leave open

P10/PWMO

P11/PWM1

P12/ASCK2/SCK2 8-C

P13/RxD2/SI2 5-H

P14/TxD2/SO2

P15 to P17

P20/NMI 2 Input Connect to Vooo or Vsso

P21/INTPO

P22/INTP1 2-C Connect to Vooo

P23/INTP2/CI

P24/INTP3

P25/INTP4/ASCK/SCK1 8-C Input/output Input : Connect to Vooo

Output : Leave open

P26/INTP5 2-C Input Connect to Vooo

P27/SI10

P30/RxD/SIH 5-H Input/output Input : Connect to Vooo

P31/TxD/SO1 Output: Leave open

P32/SCK0/SCL 10-B

P33/SO0/SDA

P34/TOO0 to P37/TO3 5-H

P40/ADO to P47/AD7

P50/A8 to P57/A15

P60/A16 to ROM:-less version 4-B Output Leave open

P63/A19 Mask ROM version 5-H Input/output Input  : Connect to Vooo

P64/RD Output : Leave open

P65/WR

P66/WAIT/HLDRQ

P67/REFRQ/HLDAK
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Table 2-5 Pin Input/Output Circuit Types and Recommended Connection When Not Used (2/2)

Pin Name Input/putput Input/Output Recommended Connection
Circuit Type When Not Used
P70/ANIO to P77/ANI7 20-A Input/output Input : Connect to Voo or Vsso
Output: Leave open
ANOO, ANO1 12 Output Leave open
ASTB/CLKOUT 4-B
RESET 2 Input —
TEST 1-A Directly connect to Vsso
AVrer1 to AVRers — Connect to Vsso
AVss
AVop Connect to Vooo

Caution If the input/output mode is undefined for an input/output alternate-function pin, it should be connected
to Vooo via a resistor of several tens of kQ (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

Type 1-A
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Type 2-C

Type 2

IN O b@

Vbbo

P |—O<17 Pullup
Enable

Schmitt-triggered input with hysteresis characteristics.

Schmitt-triggered input with hysteresis characteristics.
Type 5-H
Type 4-B Vbbo
Voo
Pullu
Data P Do P
jj}" P Enable v
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2.4 CAUTIONS

(1) When connecting unused pins, if the input/output mode is undefined for an input/output alternate-function pin, it should be
connected to Voo 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.)

(2) P60to P63 ofthe uPD784031 are in the output high-impedance state while the RESET signal is input, but output a low level
after the RESET signal has been cleared. Therefore, design the external circuit so that the low level may be output as the
initial status.

(3) Inthe uPD78233 and 78237, the TEST pin is the MODE pin and is fixed high. When changing over from the uPD78233/
78237, the circuitry must be modified so that this pin is directly connected to Vsso.
Modification as shown below is needed if the uPD78234/78238 was used with switching between the on-chip ROM mode
and ROM-less mode performed by MODE pin switching (the TEST pin must be directly connected to Vsso).

Modifications examples:

* Incorporate all programs in ROM

«  Store all programs in external ROM

»  Change the location address of a program previously held in external ROM, shift the address to avoid overlapping on-
chip ROM, and execute this program from the program in on-chip ROM
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3.1 MEMORY SPACE

The uPD784038 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 0H instruction is executed

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

Parts Number Internal Data Area Internal ROM Area
uPD784031 O0F700H to OFFFFH —
uPD784035 00000H to OBFFFH
uPD784036 00000H to OF6FFH
uPD784037 0F100H to OFFFFH 00000H to OFOFFH

10000H to 17FFFH
uPD784038 OEEOOH to OFFFFH 00000H to OEDFFH
uPD78P4038 10000H to 1FFFFH

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

Parts Number Area That Cannot Be Used
uPD784035 —
uPD784036 OF700H to OFFFFH (2,304 Bytes)
uPD784037 OF100H to OFFFFH (3,840 Bytes)
uPD784038 OEEOOH to OFFFFH (4,608 Bytes)
uPD78P4038

External memory

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

(2) When LOCATION OFH instruction is executed

72

Internal memory

The internal data area and internal ROM area are follows:

Parts Number Internal Data Area Internal ROM Area
uPD784031 FF700H to FFFFFH —
uPD784035 00000H to 0BFFFH
uPD784036 00000H to OFFFFH
uPD784037 FF100H to FFFFFH 00000H to 17FFFH
uPD784038 FEEOOH to FFFFFH 00000H to 1FFFFH
uPD78P4038

External memory

The external memory is accessed in the external memory expansion mode.
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When LOCATION 0H Instruction Is Executed
FFFFFH

00000H

Figure 3-1 ;PD784031

Memory Map

When Location OFH Instruction Is Executed

FFFFFH

FEFDFH _Special Function Registers (SFRs) _|
FEroon| ~~~~ @Behies
FFFOOH
OFEFFH FFEFFH FFEFFH
General-Purpose Internal RAM
External Memory Registers (2,048 bytes)
(960 Kbytes) (128 bytes) )
OFEBOH FFEBOH FF700H
OFE7FH FFE7FH [FF6FFH
Note 2
OFE2FH MacroSen/iceComro\m ) FRE2FH
ote
oFEoes n| WordArea (42 Kbytes) FFEO6H
Data Area (512 bytes)
0FDOOH FFDOOH
OFCFFH FFROFFH External Memor
Internal RAM Program/Data Area (997,120 bytes)y
(2,048 bytes) (1,536 bytes) '
0F700H FF700H
External ROM -
(63,232 bytes) g
777777777777 _ 10000H
00FFFH 00FFFH\ OFFFFH
CALLF Entry Area s
(2 Kbytes) 2
,,,,,,,,,,,, _ 00800H |~
007FFH
coosomf 000000 000000t . _____ __
0007FH] CALLT Table Area
777777777777 - 00040H (64 bytes) I
0003FH
Vector Table Area
00000H (64 bytes) 00000H

Notes 1. Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
2. OFE31H (44 B) for the uPD784031Y.
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v.

Figure 3-2 ;PD784035 Memory Map

When LOCATION 0H Instruction Is Executed When Location OFH Instruction Is Executed
FFFFFH F F F FF H[ Sosoa Fomoion Reaeiers (SFRe
FE ; g E n WSp\eclal Function Registers (SFRs) |
FrrooH| —  (256bytes) |
OFEFFH FFEFFH FFEFFH
General-Purpose
: Internal RAM
External Memory Nete ! Registers (2,048 bytes)
(960 Kbytes) (128 bytes) 3
OFEBOH FFEBOH FF700H
OFE7FH FFE7FH [FF6FFH
Note 3
FFE2FH
s 2 Egg : OFE2FH Macro Service Control Notes
OFFDEH 0FE o6 | WordArea (42 Kbytes) "' FFEO6H
OFFDOH 255 b
SEEEEE (256 byfes) Data Area (512 bytes) frboon
0FDOOH
OFCFFH FFCFFH External Memory Nete 1
& Internal RAM Program/Data Area (997,120 bytes)
g (2,048 bytes) (1,536 bytes) ’
@ 0F700H 0F700H FF700H
= OF6FFH
O
2
g . OBFFFH
c 2 Program/Data Area
= External ROMNete (48 bytes)
3 (14,080 bytes) 01000H
m 00FFFH 1oo00o0Hf_____________]
2 CALLF Entry Area OFFFFH o~
e (2 Kbytes) 3
o 0C000H 00800H 0C000H
0BFFFH 007FFH 0BFFFH
00080H
0007FH
Internal ROM CALLT Table Area Internal ROM
(48 Kbytes) 00040 H | (64 bytes) (48 Kbytes)
0003FH
Vector Table Area
00000H 00000 (64DYtes) 00000H

Notes 1. Accessed in external memory extension mode.
2. Base area, reset or interrupt entry area, excluding internal RAM in the case of reset.
3. OFE31H (44 B) for the uPD784035Y.
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Figure 3-3 ;PD784036 Memory Map

When LOCATION OH Instruction Is Executed When Location OFH Instruction Is Executed
FFFFFH FFFFFH S oo Forsos SFe ]
FFFDFH lon Registers (SFRs) |
FFFDOH
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
Gen_eral—Purpose Internal RAM
External Memory et Registers (2,048 bytes)
(960 Kbytes) (128 bytes) 4
OFE8O0H FFE8O0H FF700H
OFE7FH FFE7FH [FF6FFH
Note 5
jogooH O FE2F M Macro Service Control FRE2FH
0
OFFDFH oFE o6 1| WordArea (42 bytes) M'e® FFEO6H
oFEooH (256 bytes,
SFERRH 256 bytes) Data Area (512 bytes)
0FDOOH FFDOOH
OFCFFH FFCFFH External Memory Notet
c
? Ig‘gT;LHtAM Program/Data Area (980,736 bytes)
o (2,048 bytes) (1,536 bytes)
= OF700H 0F700H FF700H
5 0F6FFH
5
5 Now 2 OFFFFH
=3 0F6FFH| T T 7777
@ H Program/Data Area™°?
> z
m 01000H
i Internal ROM 00FFFH
N (63,232 bytes) CALLF Entry Area
= (2 Kbytes)
© 00800H 10000H
007FFH OFFFFH
00080H
0007FH CALLT Table Area Internal ROM |3
00040 | (64Dbytes) (64 Kbytes) 2
0003 FH Vector Table Area
00000H 00000 1| (B4Dbytes) 00000H

Notes 1. Accessed in external memory extension mode.
2. The 2,304 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.
3. 63,232 bytes when the LOCATION OH is executed, and 65,536 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. OFE31H (44B) for the uPD784036Y.
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Figure 3-4 1PD784037 Memory Map

9.

When LOCATION 0H Instruction Is Executed When Location OFH Instruction Is Executed
FFFFFH FFFFFH o]
FFFDFH TS'E'ec\a\ Function Registers (SFRs) |
FFFDOH| - _ _ _ __ _ _____|
FFFOOH (256 bytes)
OFEFFH FFEFFH  FFEFFH
External Memory Nete? General-Purpose Internal RAM
(928 Kbytes) Registers (3,584 bytes)
(128 bytes)
OFE80H FFEBOH FF100H
OFE7FH FFE7FH FOFFH
18000H
17FFFH
Internal ROM Note 5
10000H (32,768 bytes) O FE2FH Macro Service Control [FE2FH
g E E ;E : %E:e?@\ Function Registers (SFRs) | oFE o6 n| WordArea (42 bytes) NSl rEoeH
OFFDOH| - - - - - __
SFEpeH {256 bytes) Data Area (512 bytes)
0OFDOOH FFDOOH
OFCFFH FCFFH
Internal RAM Program/Data Area
S (3,584 bytes) (3,072 bytes) External Memory Nete t
] 0F100H OF100H FF100H (946,432 bytes)
» OFOFFH
5 17FFFH [[7FFFH
2 10000Mf
=N Note 2
c OFOFFHl ~~~~ "~~~ "7 °7°7°
= % Program/Data Area Note?
> Internal ROM = 01000H
2] 00FFFH
< (61,696 bytes) CALLF Entry Area
5 OOBOOH(szyteS) 18000H
% 007FFH T7FFFH
00080H
0007FHICALLT Table Area Internal ROM :
00040 1| (64bytes) (96 Kbytes) z
0003FH
Vector Table Area
00000H 00000 | (64bytes) 00000H
Notes 1. Accessed in external memory extension mode.
2. The 3,840 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.
3. 94,464 bytes when the LOCATION OH 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.
5. OFE31H (44B) for the uPD784037Y.
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When LOCATION OH Instruction Is Executed

FFFFFH

Figure 3-5 ;PD784038 Memory Map

When Location OFH Instruction Is Executed

FFFFFH

Speci Registers (SFRs) |
FREBGM[Mer — ]
FFFOOH (256 bytes)
OFEFFH FFEFFH  FFEFFH
External Memory Nete! General-Purpose Internal RAM
(896 Kbytes) Registers (4,352 bytes)
(128 bytes)
OFE8OH FFE8OH FEEOOH
OFE7FH FFE7FH EDFFH
20000H
TFFFFH
Internal ROM Note 5
- FFE2FH
toooon|  (65536bytes) | O FE2F I Macro Service Control
g E ; ; E : Special Function Registers (SFRs) | oFEoen| WordArea (42bytes)™e |k rpoqy
OFFDOH|Met __________ |
9EEQeeH (256 bytes) Data Area (512 bytes)
0FDOOH FFDooH
OFCFFH FCFFH
IT;?zaletAM Program/Data Area
S (4 ytes) (3,840 bytes) External Memory Nete !
e 0EEOOH 0EEOOH FEEOOH (912,896 bytes)
@ 0EDFFH
=
o TFFFFH FFFFA
2 10000H|
2 Note 2
< OEDFFH| ~~~~ "7 TTTT77
> . Program/Data Area™°te?
> £ 01000H
B oo bye |
42 (60, ytes) CALLF Entry Area
e 00800 H|(2Kbytes) 0000H
51 007FFH TFFFFH
00080H
0007FHICALLT Table Area Internal ROM 3
00040 n|(64bytes) (128 Kbytes) 2
0003FH
Vector Table Area
00000H 00000 n|(64Dbytes) 00000H

Notes 1. Accessed in external memory extension mode.
2. The 4,608 bytes of this area can be used as internal ROM only when the LOCATION OFH instruction is executed.
3. 126,464 bytes when the LOCATION OH is executed, and 131,072 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. OFE31H (44 B) for the uPD784038Y.
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CHAPTER 3 CPU ARCHITECTURE

3.2 INTERNAL ROM AREA

The uPD784038 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 OH instruction is executed, the internal data
area is accessed, and the overlapping part of the internal ROM area cannot be accessed.

Address Space

Product Name Internal ROM
LOCATION OH Instruction | LOCATION OFH Instruction
uPD784035 48 K x 8 bits 00000H to O0BFFFH 00000H to OBFFFH
uPD784036 64 K x 8 bits 00000H to OF6FFH 00000H to OFFFFH
uPD784037 96 K x 8 bits 00000H to OFOFFH 00000H to 17FFFH
10000H to 17FFFH
uPD784038 128 K x 8 bits 00000H to OEDFFH 00000H to 1FFFFH
uPD78P4038 10000H to 1FFFFH

The internal ROM can be accessed at high speed. Normally, fetches are performed at the same speed as external ROM,
but if the IFCH bit of the memory extension mode register (MM) is set (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. However, do not set external
wait to the internal ROM area. Otherwise, the CPU may be in the deadlock status which can be cleared only by reset input.

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

Remark This address space of the uPD784031 is in an external memory.
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CHAPTER 3 CPU ARCHITECTURE

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

* CALLT instruction entry address

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

» 16-bit 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 OH 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.

3.3.1 Vector Table Area

The 64-byte area from 00000H to 0003FH is reserved as the vector table area. The vector table area stores the program
start addresses used when a branch is made as the result of RESET input or generation of an interrupt request. When context
switching is used by an interrupt, the number of the register bank to be switched to is stored here.

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

16-bit values can be written to the vector table. Therefore, branches can only be made within the base area.
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Table 3-1 Vector Table

Vector Table Address Interrupt Cause
0003CH Operand error
0003EH BRK
00000H Reset (RESET input)
00002H NMI
00004H WDT
00006H INTPO
00008H INTP1
0000AH INTP2
0000CH INTP3
0000EH INTCO0
00010H INTCO1
00012H INTC10
00014H INTC11
00016H INTC20
00018H INTC21
0001AH INTC30
0001CH INTP4
0001EH INTP5
00020H INTAD
00022H INTSERH1
00024H INTSR1/INTCSI1
00026H INTSTH
00028H INTCSI
0002AH INTSER2
0002CH INTSR2/INTCSI2
0002EH INTST2
00030H INTSPC Note

Note uPD784038Y Subseries only

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 with a large

number of subroutines.
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3.4 INTERNAL DATA AREA

The internal data area consists of the internal RAM area and special function register area (see Figures 3-1 to 3-5).

The final address of the internal data area can be specified by means of the LOCATION instruction as either OFFFFH (when
a LOCATION OH instruction is executed) or FFFFFH (when a LOCATION OFH instruction is executed). Selection of the
addresses of the internal data area by means of the LOCATION instruction must be executed once immediately after reset
release, and once the selection is made, it cannot be changed. The program after reset release must be as shown in the example
below. [f 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 OH instruction is executed, it is nhecessary to ensure that the program after reset
release does not overlap the internal data area. It is also necessary to make sure that the entry addresses
of the 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.

3.4.1 Internal RAM Area
The uPD784038 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
Product Name Peripheral RAM: PRAM Internal High-Speed RAM: IRAM
uPD784031 2,048 bytes 1,536 bytes 512 bytes
1PD784035 (OF700H to OFEFFH) (OF700H to OFCFFH) (OFDOOH to OFEFFH)
uPD784036
uPD784037 3,584 bytes 3,072 bytes
(OF100H to OFEFFH) (OF100H to OFCFFH)
1PD784038 4,352 bytes 3,840 bytes
uPD78P4038 (OEEOOH to OFEFFH) (OEEOOH to OFCFFH)

Remark The addresses in the table are the values that apply when the LOCATION OH instruction is executed. When the
LOCATION OFH instruction is executed, 0FO000H should be added to the values shown above.
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The internal RAM memory map is shown in Figure 3-6.

Figure 3-6 Internal RAM Memory Map

O00FEFFH
General-Purpose
Register Area
00FE80H
Short Direct Addressing 1
Permissible Range
OOFE2FH Note

Macro Service
Control Word Area

00FEO6H

0OFEOOH | Internal High-Speed RAM

00FDFFH
Short Direct Addressing 2
Permissible Range
00FD20H
00FD1FH
00FDOOH
00FCFFH

Peripheral RAM

Differs depending on product Note2

Notes 1. O0FE31H for uPD784038Y Subseries.
2. uPD784031, 784035, 784036 : 00F700H
uPD784037 : 00F100H
uPD784038, 78P4038 : 00OEEOOH

Remark The addresses in the figure are the values that apply when the LOCATION OH instruction is executed. When the
LOCATION OFH instruction is executed, OFO000H 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 function is the same in both of these
addressing modes. With some instructions, the word length is shorter with short direct addressing 2 than with short direct
addressing 1. See the 78K/IV Series User’s Manual Instruction Volume 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: FEO06H to FE2FH (excluding OFE22H, OFE23H, OFE2AH, OFE2BH)
» 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 OH instruction is executed. When the
LOCATION OFH instruction is executed, OFO000H should be added to the values shown in the text.

(2) Peripheral RAM (PRAM)
The peripheral RAM (PRAM) is used as ordinary program memory or data memory. When used as program memory, the
program must be written to the peripheral RAM beforehand by a program.
Program fetches from peripheral RAM are fast, with a 2-byte fetch being executed in 2 clocks.

3.4.2 Special Function Register (SFR) Area

The on-chip peripheral hardware special function registers (SFRs) are mapped onto the area from OFFO0H to OFFFFH (see
Figures 3-1 to 3-5).

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 extension mode (specified by the memory extension 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 OH instruction is executed. When the
LOCATION OFH instruction is executed, 0FO000H should be added to the values shown in the text.

3.4.3 External SFR Area

In uPD784038 Subseries products, the 16-byte area from OFFDOH to OFFDFH in the SFR area (when the LOCATION OH
is executed; OFFFDOH to OFFFDFH when the LOCATION OFH instruction is executed) is mapped as an external SFR area.
When the external memory extension mode is set in a ROM-less product or on-chip ROM product, externally connected
peripheral I/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.
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3.5 EXTERNAL MEMORY SPACE

The external memory space is a memory space that can be accessed in accordance with the setting of the memory extension
mode register (MM). It can store programs, table data, etc., and can have peripheral I/O devices allocated to it.

3.6 uPD78P4038 MEMORY MAPPING

The uPD78P4038 incorporates 128-Kbyte internal ROM and 4,352-byte internal RAM. Therefore, the memory mapping of
the uPD78P4038 is slightly different from that of the uPD784035, 784036, and 784037. In order to mask this difference, the
uPD78P4038 has a function (the memory size switching function) which prevents part of the internal memory from being used
by software.

Memory size switching is performed by means of the internal memory size switching register (IMS). To make the memory
mapping of the uPD78P4038 the same as that of the uPD784035, 784036, and 784037, be sure to write this registerimmediately
after reset. Do not change the written value.

The IMS can be written to with an 8-bit manipulation instruction. The IMS format is shown in Figure 3-7.

'RESET input sets the IMS register to FFH.

Figure 3-7 Internal Memory Size Switching Register (IMS) Format

Address After Reset R/W
IMS IMS7 | IMS6 | IMS5 | IMS4 | IMS3 | IMS2 | IMS1 | IMSO OFFFCH FFH R/W

IMSO0 to 7 Memory Size

FFH Same as uPD784038

EEH Same as uPD784037

DCH Same as yPD784036

CCH Same as uPD784035

IMS is not provided to the uPD784035, 784036, 784037, and 784038. However, the operation is not affected even if an
instruction to write IMS is executed with these models.

Caution Ifthe uPD78P4038 is selected as the emulation CPU when the in-circuit emulator is used, the memory size
is always the same as the uPD784038 even if a write instruction other than FFH (EEH, DCH, or CCH) is
executed to the IMS.
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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 3-8).

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 3-8 Program Counter (PC) Format

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 3-9. The contents of bits written as “-” are undefined when read.

Figure 3-9 Program Status Word (PSW) Format

Symbol 7 6 5 4 3 2 1 0

PSWH UF RBS2 RBS1 RBS0 - — - —
7 6 5 4 3 2 1 0

PSWL S Z RSS AC IE PNV 0 CcY

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 (to 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,

E1H is -31.
78H (+120) = 0,111 1,000
+) B9H (+105) = +) 0,110 1,001
0 1,110 0,001 = -31 PNV=1
T
cY

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) - 1,111 1,011
+) FOH(-16) = +) 1,111 0,000
1 1,110 1,011 = —21 PN =0
"
cY

(3) Interrupt request enable flag (IE)
This flag controls CPU interrupt request acknowledgment operations.
When “0”, interrupts are disabled, and only non-maskable interrupts and unmasked macro service can be acknowledged.
All other interrupts are disabled.
When “17, 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 Dl instruction or acknowledgment
of an interrupt.

(4) 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.
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®)

(6)

@

@

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/I1l Series, and must be set to 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”.

It is 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.

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

Table 3-3 Register Bank Selection

RBS2 RBS1 RBS0O 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

(9) User flag (UF)

This flag can be set and reset in the user program, and used for program control.
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3.7.3 Use of RSS Bit

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

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

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

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

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

Even when using a program in which the RSS bit 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 bit 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 27.2.)

+ 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—=RP0, BC—RP1

- When RSS =1
A—R5, X—R4, B—»R7, C—»R6, AX—»RP2, BC—RP3
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Registers used other than those mentioned above are always the same irrespective of the value of the RSS bit. With the
NEC Electronics 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 RSSis setto 0

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

« When RSS is set to 1

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

(2) Operation code generation method with RA78K4

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

Example The function is the same when B is used as rin a MOV A, rinstruction, and when A is used as r and B is used
asr'ina MOV, rinstruction, 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.

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

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

» If RO to R7 or RPO to RP4 is written as r, 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.
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(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.

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 3-10). It is 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 3-11 and 3-12).

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, #0FEEOH; SP «— OFEEOH (when used from FEDFH)

Figure 3-10 Stack Pointer (SP) Format
23 0

SP
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Figure 3-11 Data Saved to Stack Area

PUSH sfr Instruction

PUSH sfrp Instruction

} RP3

} P2
} X

Stack Stack
SP =» SP =»
{ {
SP -1 Sf -1 Upper Byte
SP « SP -1 SP-2 Lower Byte
SP «SP-2
PUSH PSW Instruction PUSH rg Instruction
Stack Stack
SP » SP =»
L [PSWH 1o : v
Sf -1 PSWH. | Undefined Sf -1 Upper Byte
SP-2 PSWL SE -2 Middle Byte
SP« SP-2 SP-3 Lower Byte
SP« SP-3
. PUSH post, PUSHU post Instruction
CALL, CALLF, CALLT Instruction Vectored Interrupt (In case of PUSH AX, RP2, RP3)
Stack Stack Stack ,
SE » Sf » SE »
_ , PC19 to _ 4 |PSWH7to| PC19to _
SE 1 |Undefined PC16 Sf 1 PSWH PC16 SE 1 R7
SE -2 PC15to PC8 SE -2 PSWL SE -2 R6
SP-3 PC7 to PCO SE -3 PC15to PC8 SE -3 R5
SP« SP-3 SP-4 PC7 to PCO 85—4 R4
SP « SP-4 SE’ -5 A
SP-6 X
SP« SP-6

Downloaded from Elcodis.com electronic components distributor

User's Manual U11316EJ4V2UD

91


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 3 CPU ARCHITECTURE

92

SP « SP+3
SP +2
T
SP +1
T
SPm»

Figure 3-12 Data Restored from Stack Area

POP sfr Instruction

POP sfrp Instruction

Note This 4-bit data is ignored.

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

follows.

RSTVCT CSEG AT 0
DwW RSTSTRT
to

INITSEG CSEG BASE

RSTSTRT : LOCATION OH

; or LOCATION OFH

MOVG SP, #STKBGN
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Stack Stack
SP « SP+1 SP« SP+2
SPT+ 1 SI?+ 1 Upper Byte
SP = SP» Lower Byte
POP PSW Instruction POP rg Instruction
Stack Stack
SP<_S|:',T+2 SP« SP+3
PSWHy to Note
SPT+ 1" PswHa - SPT+ 2 Upper Byte
Sp=» PSWL SPT +1 Middle Byte
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
_Note | PC19t0 PSWH?- to| PC19 to
PC16 SE+3| PSWH: | Pcis SF+5 R
PC15to PC8 SP+2 PSWL SP +4 R6
T T
PC7 to PCO SP +1 PC15to PC8 SP+3 R5
T T
SP=» PC7 to PCO SP+2 R4
T
SP +1 A
T
SPm X
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3.8 GENERAL REGISTERS

3.8.1 Configuration

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

address extension, and used as 24-bit address specification registers.

General-purpose registers other than the V, U, T, and W registers for address extension are mapped onto internal RAM.
These register sets are provided in 8 banks, and can be switched by means of software or the context switching function.
Upon RESET input, register bank 0 is selected. The register bank used during program execution can be checked by reading

the register bank selection flag (RBS0, RBS1, RBS2) in the PSW.

Figure 3-13 General-Purpose Register Format

7 07 0
AR ' X(RO)
AX (RPO)
BR) | C(R2
BC (RP1)
R5 | R4
RP2
T R7 : R6
] RP3
v | R9 | R8
| VP (RP4)
VVP (RG4)
u | R11 | R10
| UP (RP5)
UUP (RG5)
T ' D(R13) | E(R12)
| DE (RP6)
TDE (RG6)
w . H(R15) | L(R14)
| HL (RP7) -
WHL (RG7)
23 15 0

Remark Absolute names are shown in parentheses.

User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor

8 Banks

93


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 3 CPU ARCHITECTURE

Figure 3-14 General-Purpose Register Addresses

8-Bit Processing 16-Bit Processing

FEFFH Note RBNKO H (R15) /1) | L (R14) @&n) HL (RP7) &n

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

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

RBNK3 R9 (9H) R8 (sH) VP (RP4) @h

RBNK4 R7 (7n) R6 (6H) RP3 H)

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

RBNK6 B (R3) @H) C (R2) (2H) BC (RP1) (2H)
FE8QH Note RBNK7 A (R1) am) X (RO) (o) AX (RPO) (1)

7 07 0 15 0

Note Whenthe LOCATION OH instructionis executed. Whenthe LOCATION OFH instructionis executed, OFOO0O0H 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
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 OFE80H to OFEFFH (when the LOCATION OH 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 (RPO0):
» 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.
» 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), each register can also be described by its absolute name (R0 to R15, RP0 to RP7, RG4 to RG7).
The correspondence between these names is shown in Table 3-4.

Table 3-4 Correspondence between Function Names and Absolute Names

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

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

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

Remark R8to R11 have no function name.
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3.9 SPECIAL FUNCTION REGISTERS (SFRS)

These are registers to which a special function is assigned, such as on-chip peripheral hardware mode registers, control
registers, etc. They are mapped onto the 256-byte space from OFFO0H to OFFFFH Nete,

Note When the LOCATION OH 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 uPD784038 may become deadlocked. A deadlock can only be released by
reset input.

A list of special function registers (SFRs) is given in Table 3-5. The meaning of the items in the table is as explained below.

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

e RMW e Indicates whether the corresponding SFR is read/write enabled.
R/W: Read/write enabled
R : Read-only
W : Write-only
» Manipulable Bit Units ......... Indicates the applicable manipulation bit units when the corresponding SFR is manipulated.

A 16-bit-manipulable SFR can be written in the operand “sfrp”, and when specified by an
address, an even address is specified.
A bit-manipulable SFR can be written in a bit manipulation instruction.

o After Reset....cccooeveiienennne Indicates the status of the register after RESET input.
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Table 3-5 List of Special Function Registers (SFRs) (1/4)

Note 1 Manipulable Bit Units
Address Special Function Register (SFR) Name Symbol R/W 1Bit | 8 Bits 116 Bits After Reset
OFFOOH | Port 0 PO R/W \ y — Undefined
OFFO1H |Port 1 P1 3 J —
OFF02H |Port 2 P2 R V V —
OFFO3H |Port3 P3 RW | J —
OFF04H | Port 4 Note2 P4 V V —
OFFO5H | Port 5 Nete2 P5 v v —
OFF06H |Port 6 P6 V V — 00H
OFFO7H |Port7 P7 3 J — | Undefined
OFFOEH Port 0 buffer register POL v N —
OFFOFH | Port 0 buffer register H POH v v —
OFF10H | Compare register (timer/counter 0) CROO — — \
OFF12H | Capture/compare register (timer/counter 0) CRO1 — — v
OFF14H | Compare register L (timer/counter 1) CR10 | CR1OW — N \
OFF15H | Compare register H (timer/counter 1) — — —
OFF16H | Capture/compare register L (timer/counter 1) CR11 | CR11W — N \
OFF17H | Capture/compare register H (timer/counter 1) — — —
OFF18H | Compare register L (timer/counter 2) CR20 | CR20W — N \
OFF19H | Compare register H (timer/counter 2) — — —
OFF1AH | Capture/compare register L (timer/counter 2) CR21 | CR21W — N \
OFF1BH | Capture/compare register H (timer/counter 2) — — —
OFF1CH | Compare register L (timer 3) CR30 | CR30W — N \
OFF1DH | Compare register H (timer 3) — — —
OFF20H | Port 0 mode register PMO v \ — FFH
OFF21H | Port 1 mode register PM1 v N —
OFF23H | Port 3 mode register PM3 v N —
OFF24H | Port 4 mode register Nete 2 PM4 y N —
OFF25H | Port 5 mode register Note 2 PM5 v N —
OFF26H | Port 6 mode register PM6 v N —
OFF27H | Port 7 mode register PM7 v N —
OFF2EH | Real-time output port control register RTPC y N — 00H
OFF30H | Capture/compare control register 0 CRCO — \ — 10H
OFF31H | Timer output control register TOC v N — 00H
O0FF32H | Capture/compare control register 1 CRC1 — N —
OFF33H | Capture/compare control register 2 CRC2 — N — 10H
Notes 1. Whenthe LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, “FO000H”

should be added to the value shown.
2. Not provided to the uPD784031.
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Table 3-5 List of Special Function Registers (SFRs) (2/4)

Note 1 Manipulable Bit Units
Address Special Function Register (SFR) Name Symbol R/W 1Bit | 8 Bits 116 Bits After Reset
OFF36H | Capture register (timer/counter 0) CR02 R — — N 0000H
OFF38H | Capture register L (timer/counter 1) CR12 | CR12W — R v
OFF39H | Capture register H (timer/counter 1) — — —
OFF3AH | Capture register L (timer/counter 2) CR22 | CR22W — v v
OFF3BH | Capture register H (timer/counter 2) — — —
OFF41H | Port 1 mode control register PMCH RW | R — 00H
OFF43H | Port 3 mode control register PMC3 \ \ —
OFF4EH | Pull-up resistor option register PUO \ v —
OFF50H | Timer register 0 TMQ Note 3 R — — \ 0000H
OFF51H — —
OFF52H | Timer register 1 TM{ Note3 | T\{\y Note3 — \ N
OFF53H — — —
OFF54H | Timer register 2 TM2Note3 | T2\ Note3 — \ N
OFF55H — — —
OFF56H | Timer register 3 TM3 Note3 | TV Note3 — \ N
OFF57H — — —
OFF5CH | Prescaler mode register 0 PRMO R/W — v — 11H
OFF5DH | Timer control register 0 TMCO \ \ — 00H
OFF5EH | Prescaler mode register 1 PRM1W — v — 11H
OFF5FH | Timer control register 1 TMC1 \ \ — 00H
OFFB0H | D/A conversion value setting register 0 DACSO0 — v —
OFF61H | D/A conversion value setting register 1 DACS1 — \ —
OFF62H | D/A converter mode register DAM — v — 03H
OFF68H | A/D converter mode register ADM \ \ — 00H
OFF6AH | A/D conversion result register ADCR R — v — Undefined
OFF70H | PWM control register PWMC R/W \ \ — 05H
OFF71H | PWM prescaler register PWPR — v — 00H
0FF72H | PWM modulo register 0 PWMO — — N Undefined
OFF74H | PWM modulo register 1 PWM1 — — N
OFF7DH | One-shot pulse output control register OSPC \ \ — 00H
OFF80H | I2C bus control register licc \ RN —
OFF81H | Prescaler mode register for serial clock SPRM — \ — 04H
OFF82H | Clocked serial interface mode register CcSIM \ v — 00H
OFF83H | Slave address register SVA RAW | Y hotes |y — 01H

Notes 1. Whenthe LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, “FO000H”
should be added to the value shown.

2. uPD784038Y Subseries only.
3. Use of TMO, TM1/TM1W, TM2/TM2W, and TM3/TM3W is limited. For details, refer to (7) in 3.10 CAUTIONS.
4. Bit 0 is read-only.
5. Only bit 0 can be manipulated.
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Table 3-5 List of Special Function Registers (SFRs) (3/4)

Note 1 Manipulable Bit Units
Address Special Function Register (SFR) Name Symbol RW [ T 6 Bits |16 Bits After Reset
OFF84H | Clocked serial interface mode register 1 CSIM1 R/W N \ — 00H
OFF85H | Clocked serial interface mode register 2 CSIM2 v \ —
OFF86H | Serial shift register SIO — \ — Undefined
OFF88H | Asynchronous serial interface mode register ASIM v \ — 00H
OFF89H | Asynchronous serial interface mode register 2 ASIM2 y J —
OFF8AH | Asynchronous serial interface status register ASIS R v \ —
OFF8BH | Asynchronous serial interface status register 2 ASIS2 N \ —
OFF8CH | Receive buffer: UARTO RXB — \ — Undefined
Transmit shift register: UARTO TXS w — \ —
Shift register: IOE1 SIOf1 RW | — \ —
OFF8DH | Receive buffer: UART2 RXB2 R — \/ — Undefined
Transmit shift register: UART2 TXS2 w — \ —
Shift register: IOE2 Sl02 RW | — \ —
OFF90H | Baud rate generator control register BRGC — \ — 00H
OFF91H | Baud rate generator control register 2 BRGC2 — \ —
OFFAOH | External interrupt mode register 0 INTMO y \ —
OFFA1H | External interrupt mode register 1 INTM1 \ \/ —
OFFA4H | Sampling clock selection register SCS0 — \ —
OFFA8H | In-service priority register ISPR R \ \/ —
OFFAAH | Interrupt mode control register IMC RW v \ — 80H
OFFACH | Interrupt mask register OL MKOL MKO N v v FFFFH
OFFADH | Interrupt mask register OH MKOH N \
OFFAEH | Interrupt mask register 1L MK1L \ Y — FFH
OFFCOH | Standby control register STBC — | Neez| 30H
OFFC2H | Watchdog timer mode register WDM — | Note2 | __ 00H
OFFC4H | Memory extension mode register MM N \ — 20H
OFFC5H | Hold mode register HLDM N v — 00H
OFFC6H | Clock output mode register CLOM N \ —
OFFC7H | Programmable wait control register 1 PWCH1 — v — AAH
OFFC8H | Programmable wait control register 2 PWC2 — — y AAAAH
OFFCCH | Refresh mode register RFM \ RN — 00H

Notes 1. Whenthe LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, “FO000H”
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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CHAPTER 3 CPU ARCHITECTURE

Table 3-5 List of Special Function Registers (SFRs) (4/4)

Note 1 Manipulable Bit Units
Address Special Function Register (SFR) Name Symbol R/W 1Bit | 8 Bits 116 Bits After Reset
OFFCDH | Refresh area specification register RFA R/W \ v — OOH
OFFCEH | Oscillation stabilization time specification register OSTS — v —
OFFDOH to | External SFR area — J \ — —
OFFDFH
OFFEOH | Interrupt control register (INTPO) PICO \ v — 43H
OFFE1H | Interrupt control register (INTP1) PIC1 J \ —
OFFE2H | Interrupt control register (INTP2) PIC2 J y —
OFFE3H | Interrupt control register (INTP3) PIC3 \ v —
OFFE4H | Interrupt control register (INTC00) CIC00 \ v — 43H
OFFES5H | Interrupt control register (INTCO01) clcot \ v —
OFFE6H | Interrupt control register (INTC10) cIc10 \ v —
OFFE7H | Interrupt control register (INTC11) clcii \/ \ —
OFFES8H | Interrupt control register (INTC20) CliC20 \ \ —
OFFEQH | Interrupt control register (INTC21) cic21 \ v —
OFFEAH | Interrupt control register (INTC30) CICc30 J \/ —
OFFEBH | Interrupt control register (INTP4) PIC4 J y —
OFFECH | Interrupt control register (INTP5) PIC5 \ \ —
OFFEDH | Interrupt control register (INTAD) ADIC J y —
OFFEEH | Interrupt control register (INTSER) SERIC J \/ —
OFFEFH | Interrupt control register (INTSR) SRIC J y —
Interrupt control register (INTCSIH) Cslict \ \ —
OFFFOH | Interrupt control register (INTST) STIC \ R —
OFFF1H | Interrupt control register (INTCSI) cslic \ \ —
OFFF2H | Interrupt control register (INTSER2) SERIC2 J y —
OFFF3H | Interrupt control register (INTSR2) SRIC2 \ \ —
Interrupt control register (INTCSI2) cslic2 \ R —
OFFF4H | Interrupt control register (INTST2) STIC2 \ \ —
OFFF5H | Interrupt control register (INTSPC) SPCIC VoV =
OFFFCH | Internal memory size switching register Note3 IMS — R — FFH

Notes 1. Whenthe LOCATION OH instruction is executed. When the LOCATION OFH instruction is executed, “FO000H”
should be added to the value shown.
2. uPD784038Y Subseries only.
3. Writing to this register is valid only when the uPD78P4038 is used.
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CHAPTER 3 CPU ARCHITECTURE

3.10 CAUTIONS

(1) Program fetches cannot be performed from the internal high-speed RAM area (OFDOOH to OFEFFH when the LOCATION
OH instruction is executed; FFDOOH to FFEFFH when the LOCATION OFH instruction is executed).

(2) Special function registers (SFRs)
Addresses onto which SFRs are not assigned should not be accessed in the area OFFOOH to OFFFFH Note_ |f such an
address is accessed by mistake, the uPD784038 may become deadlocked. A deadlock can only be released by resetinput.

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

(3) 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.

(4) 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 0
DW RSTSTRT

to
INITSEG CSEG BASE
RSTSTRT : LOCATION OH ; or LOCATION OFH

MOVG SP, #STKBGN

(5) The internal memory size switching register (IMS) that selects the internal memory size of the uPD78P4038 cannot be
completely emulated by the in-circuit emulator and has the following restrictions. To debug products other than the
uPD784038, select a mask version that performs debugging as the emulation CPU.

For the selection of an emulation CPU to the uyPD78P4038, even if a write instruction other than FFH (EEH, DCH, CCH)
to IMS is executed the memory size (FFH) is always identical to the uPD784038.

(6) Do not set external wait to the internal ROM area. Otherwise, the CPU may be in the deadlock status which can be cleared
only by reset input.

(7) Ifthe value of the timer register is read under the condition indicated by “x” in Table 3-6, the read value may be illegal. Do
not read the timer register under condition “x”.
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Table 3-6 Limits of Reading Timer Register

(\/: Can be read, x: Must not be read)

fok fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Cloc
fxx/8 v v x x
fxx/16 V V J x
fxx/n

Remarks 1. fxx: Oscillation frequency
2. fok: Internal system clock frequency
3. n=32, 64, 128, 256, 512, 1,024, 2,048
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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

S Internal Bus S
, { } 0STS é ; , STBC

EXTC OSTS2|0STS1|0OSTSOp—— RESET | CK1 | CKO STP | HLT b—— RESET

X1 fxx/2
Clock Oscillator bex fxx/4
X2 o0— FrS?l?ﬁQf Y fxx/8 Selector| X _ Internal System Clock
(CPU, Watchdog Timer, Noise Elimination
fxx/16 Circuit, A/D, PWM, Interrupts, Local Bus Interface)
P2 |nternal Clock

(UART/IOE, CSI, Noise Elimination Circuit,
Timer/Counters, Oscillation Stabilization Timer)

Remark fxx : Crystal/ceramic oscillation frequency or internal clock frequency
fcik @ Internal system clock frequency

The clock oscillator oscillates by means of a crystal resonator/ceramic resonator connected to the X1 and X2 pins. When
standby mode (STOP) is set, oscillation stops (see CHAPTER 24 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 1/2, 1/4, 1/8, or 1/16 scaling of the clock oscillator output (fxx)
according to the setting of the standby control register (STBC).
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CHAPTER 4 CLOCK GENERATOR

Figure 4-2 Clock Oscillator External Circuitry

(a) Crystal/ceramic resonator oscillation

1PD784038

T
MLt

(b) External clock

EXTC bit of . OSTS =1 EXTC bit of OSTS =0
1PD784038 1PD784038

X1 —>o——xi

X2 Open — X2

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

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. ltis 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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CHAPTER 4 CLOCK GENERATOR

4.2 CONTROL REGISTERS

4.2.1 Standby Control Register (STBC)

STBC is aregister used to set the standby mode and select the internal system clock. See Chapter 24 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
toby adedicated instruction. Thisinstructionisthe MOV STBC, #byte instruction, and has a special code configuration (4 bytes).
A write is only performed if the 3rd and 4th bytes of the op code are mutual complements. If the 3rd and 4th bytes of the op code
are not mutual complements, a write is not performed, and an op error interrupt is generated. In this case, the return address
saved in the stack area is the address of the instruction which is the source of the error. The error source address can thus be
found from the return address saved on the stack area.

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

Because the operand error interrupt occurs only when the program hangs up (only the correct dedicated instruction is
generated with the NEC Electronics 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.
The STBC can be read at any time with a data transfer instruction.

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

RESET input sets the STBC register contents to 30H.

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

Figure 4-3 Standby Control Register (STBC) Format

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

STBC 0 0 CK1 CKO X 0 STP HLT | OFFCOH 30H R/W

T T

STP | HLT Operating Mode
0 0 Normal mode
0 1 HALT mode
1 0 STOP mode
1 1 IDLE mode

CKA1 CKO | Intermal System Clock Selection

0 0 | fx2 (16 MH2)
0 1| /4 (8 MH2)
1 0 fxx/8 (4 MHz)
1 1 fxx/16 (2 MHz)

Caution If the STOP mode is used when external clock input is used, the EXTC bit of the oscillation stabilization
time specification register (OSTS) must be set (to 1) before setting the STOP mode. If the STOP mode
is used when the EXTC bit of the OSTS is in the cleared (to 0) state when external clock input is used, the
uPD784038 may be damaged or suffer reduced reliability.

When setting the EXTC bit to 1, be sure to input a clock in phase reverse to that of the clock input to the
X1 pin, to the X2 pin.
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4.2.2 Oscillation Stabilization Time Specification Register (OSTS)

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

The OSTS can be written to only by an 8-bit transfer instruction.

RESET input clears the OSTS register contents to 00H.

The format of the 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  After Reset R/W
OSTS | EXTC 0 0 0 0 |OSTS2|0OSTS1|0OSTS0| OFFCFH 00H R/W

Oscillation Stabilization Time Selection
(See Figure 24-4 for details)

EXTC External Clock Selection

0 Crystal/ceramic oscillation used
External clock (drives X1 only)

1 External clock (drives X1 and X2)

Cautions 1. When using a crystal/ceramic oscillation, the EXTC bit must be cleared (to 0). If the EXTC bit is set (to
1), oscillation will stop.
2. If the STOP mode is used with external clock input, the EXTC bit must be set (to 1) before setting the
STOP mode. If the STOP mode is used when the EXTC bit is in the cleared (to 0) state, the uPD784038
may be damaged or suffer reduced reliability.
3. When setting the EXTC bit to 1 during external clock input, be sure to input a clock in phase reverse
to that of the clock input to the X1 pin, to the X2 pin. When the EXTC bit is set to 1, the uPD784038
operates on only the clock input to the X2 pin.
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4.3 CLOCK GENERATOR OPERATION
4.3.1 Clock Oscillator

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

» The clock oscillation circuit is set in the external clock input mode.

» The clock oscillation circuit supplies the clock input to the X2 pin to the internal circuitry.

» The necessary circuit stops operating during the crystal/ceramic oscillation of the clock oscillation circuit, to reduce the
power dissipation.

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

» The oscillation stabilization time is shortened when the system is released from the STOP mode.

Cautions 1. Whenusingacrystal/ceramic oscillation, the EXTC bit of the Oscillation stabilization time specification
register (OSTS) must be cleared (to 0). If the EXTC bit is set (to 1), oscillation will stop.

2. Ifthe STOP mode is used with external clock input, the EXTC bit of the OSTS must be set (to 1) before
setting the STOP mode. If the STOP mode is used when the EXTC bit is in the cleared (to 0) state, not
only will the clock generator consumption current not be reduced, but the uPD784038 may also be
damaged or suffer reduced reliability.

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

4.3.2 Divider

The divider performs 1/2, 1/4, 1/8, or 1/16 scaling of the clock oscillator output, and supplies the resulting clock to the CPU,
watchdog timer, noise elimination circuit, clocked serial interface (CSI), 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 (1/16) 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
1/2 22/fxx
1/4 24/fxx
1/8 16/fxx
1/16 16/fxx
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4.4 CAUTIONS
The following cautions apply to the clock generator.

4.41 When an External Clock is Input

(1) Ifthe STOP mode is used with external clock input, the EXTC bit of the oscillation stabilization time specification register
(OSTS) must be set (to 1). If the STOP mode is used when the EXTC bit is in the cleared (to 0) state, the uyPD784038 may
be damaged or suffer reduced reliability.

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

(3) Even when inputting the external clock by clearing the EXTC bit of the oscillation stabilization time specification register
(OSTS) to 0, input a signal in phase reverse to that of the signal input to the X1 pin, to the X2 pin, whenever possible.
Otherwise, more malfunctioning may occur due to noise.

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

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

Figure 4-5 Signal Extraction with External Clock Input

LPD784038

> »
V

X2

(6) 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.

» The wiring should be kept as short as possible.

» No other signal lines should be crossed.

+ Avoid lines carrying a high fluctuating current.

» The oscillator capacitor grounding point should always be at the same potential as the Vss1 pin. Do not ground
to a ground pattern carrying a high current.

+ A signal should not be taken from the oscillator.

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

is recommended.

Figure 4-6 Cautions on Resonator Connection

uPD784038
X2 X1 Vss1
Tn] |

-

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

(a) Wiring of connected circuits is too long (b) Crossed signal lines
uPD748038 uPD784038
Pnm
X2 X1 Vssi X2 X1 Vssi
7T 7T
(c) Wiring near high alternating current (d) Current flowing through ground line of

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

uPD784038 V-

uPD78038

—_— Pnm
High |:| X2 X1 Vs

Alternating
Current LJ s

- AT BT c

High Current 7~

(e) Signal extracted

11PD784038

X2 X1 Vssi

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

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

<1> When powering-on : RESET input (reset period)
<2> When returning from STOP mode :
(i) RESET input (reset period)
(i) Time of the oscillation stabilization timer that automatically starts at the valid edge of NMI, INTP4, or INTP5
signal Note (set by the oscillation stabilization time specification register (OSTS))

Note For INTP4 and INTP5, when masking is released and macro service is disabled.

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

5.1 DIGITAL INPUT/OUTPUT PORTS
The uPD784038 is provided with the ports shown in Figure 5-1, enabling various kinds of control to be performed. The function
of each port is shown in Table 5-1. For ports 0 to 6, use of an internal pull-up resistor can be specified by software when used

as input ports.

Figure 5-1 Port Configuration

POO [=——

- . (Port0

PO7 [~—

P1O|~—>

- ~ (Port 1

P17 [~—

P20 to P27 Port 2

P30 |[=—
2 Port 3

P37 [+———

P40 [——

Port 4 Nete

P47 [-—=

PS5O |=———=

Port 5 Nete

P57 [~

P60 |+—

Port g Nete

P67 |+——>

P70 [+=———

Port 7

WA A

P77 |+———

Note With the uPD784031, P40 to P47 serve as address/data bus pins, P50 to P57, as address bus pins, P64, as RD pin,
and P65, as WR pin.
P60 to P63 serve as output port pins.
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Table 5-1 Port Functions

Port Name Pin Names Functions Software Pull-up Specification
Port 0 P00 to P07  Input or output specifiable bit-wise. Input mode pins specified at once
+ Can also operate as 4-bit real-time output ports
(POO to P03, P04 to P07).
+ Transistor drive capability.
Port 1 P10 to P17  Input or output specifiable bit-wise.
» LED drive capability.
Port 2 P20 to P27 Input port 6-bit unit (P22 to P27)
Port 3 P30 to P37 Input or output specifiable bit-wise. Input mode pins specified at once
Port 4 P40 to P47 Note  Input or output specifiable bit-wise.
» LED drive capability.
Port 5 P50 to P57 Nete  Input or output specifiable bit-wise.
» LED drive capability.
Port 6 P60 to P67 Note Input or output specifiable bit-wise.
Port 7 P70 to P77 Input or output specifiable bit-wise. —

Note With the uPD784031, P40 to P47 serve as address/data bus pins, P50 to P57, as address bus pins, P64, as RD pin,
and P65, as WR pin. These pins therefore cannot directly drive LEDs or be connected to a pull-up resistor by software.
P60 to P63 serve as output port pins.

Table 5-2 Number of Input/Output Ports

Input/Output Input Mode Output Mode
Ports Total Software Pull-up Resistor Direct LED Drive Direct Transistor Drive
Input ports 8 (8) 6 (6) — —
Input/output ports 56 (34) 48 (26) 24 (8) 0(0)
Output ports 0 (4) — 0 (0) 8 (8)
Total 64 (46) 54 (32) 24 (8) 8 (8)
Remark ( ): uPD784031
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CHAPTER 5 PORT FUNCTIONS

5.2 PORT 0

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

P00 to P03 and P04 to P07 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, port 0is setas aninput port (output high-impedance state), and the output latch contents are undefined.

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

Figure 5-2 Port 0 Block Diagram

Vopo
Pull-Up Resistor Option Register
—__ W,F;\PUO p p d
() PUOO ﬂ I
WRRrTPc  Real-Time Output Port Control Register
,}\ POML
~ (POMH)
WRRrtPc
&
WRemo Port 0 Mode Register
,}\ PMOn
i (PMOm)
RDepmo
&
Trigger
WReoL Buffer Register i‘
,}\ POLN
Internal i (POHmM) ~
Bus RDrpoL Output Latch
Selector POn I\L O POn
N\
WRour (POm) l/ (POm)
n=0,1,2,3
(S m=4,56,7
RDro
N\
R
/_\_/
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5.2.2 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 5-3.

Figure 5-3 Port 0 Mode Register (PM0) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PMO | PM0O7 | PMO6 | PM0O5 | PM04 | PM0O3 | PMO2 | PMO1 | PMOO | OFF20H FFH R/W
\ \ \ \ \ \ \ !
PMON POn Pin Input/Output Mode

Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

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

When POML and POMH 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.

5.2.3 Operating Status
Port 0 is an input/output port

(1) When set as an output port
The output latch is enabled, and data transfers between the output latch and accumulator are performed by means of
transfer instructions. The output latch contents can be freely set by means of logical operation instructions. Once data has
been written to the output latch, it is retained until data is next written to the output latch Note,
Writes cannot be performed to the output latch of a port specified as a real-time output port. However, the output latch
contents can be read even if it is set to the real-time output port mode.

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

Figure 5-4 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 5-5 Port Specified as Input Port

. o—
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Output
A Latch
Internal
Bus
RDin
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—O POn
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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 manipulation instructions.
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CHAPTER 5 PORT FUNCTIONS

5.2.4 Internal Pull-Up Re

sistors

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 internal pull-up resistor is to be used can be specified for each pin by means of the PUOQ bit of the pull-
up resistor option register (PUO) and the port 0 mode register (PM0). When PUOQ is 1, the internal pull-up resistors of the pins
for which input is specified by PMO are enabled (PMOn =1, n =010 7).

Figure 5-6 Pull-Up Resistor Option Register (PUO) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PUO 0 PUO6 | PUO5 | PUO4 | PUO3 | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W
— | PUOO Port 0 Pull-Up Resistor Specification
0 Not used in port 0

Used in port 0

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Internal
Bus

Figure 5-7 Pull-Up Resistor Specification (Port 0)

Input
Buffer
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PUOO 8

L

{}

<
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5.2.5 Transistor Drive
In port O, 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 5-8.

Figure 5-8 Example of Transistor Drive

T Vobo

Load

POn
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5.3 PORT 1

Port 1 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of 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 PWM output pins and serial
interface pins. The operating mode can be specified bit-wise by means of the PWM control register (PWMC) and the port 1 mode
control register (PMC1), as shown in Table 5-3. The level of any pin can be read and tested at any time irrespective of the
alternate-function pin operation.

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

Table 5-3 Port 1 Operating Modes

Pin Name Port Mode Control Signal I/0 Mode Operation to Operate Control Pin
P10 1/0 port PWMO output Setting of ENO bit of PWMC to 1
P11 PWM1 output Setting of EN1 bit of PWMC to 1
P12 ASCK2 I/0/SCK2 1/0 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 — —

(a) Port mode
P10 and P11 operate as port mode pins when the ENO and EN1 bits of the PWM control (PWMC) register are cleared
(to 0), and P12 to P14 do the same when the relevant bits of the port 1 mode control (PMC1) register are cleared (to
0), and P15 to P17 always operate as port mode pins. Input/output can be specified bit-wise by means of the port 1
mode register (PM1).

(b) Control signal input/output mode
P10and P11 operate as PWM signal output pins when the ENO and EN1 bits, respectively, of the PWM control (PWMC)
register are set (to 1).
P12 to P14 can be set as control pins bit-wise by setting the port 1 mode control (PMC1) register.

(i) PWMO, PWM1

(i) ASCK2/SCK2

(iii) RxD2/SI2

(iv) TxD2/S02

Downloaded from Elcodis.com electronic components distributor

PWMO0 and PWM1 are PWM output pins.

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

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

TxD2 is the asynchronous serial interface serial data output pin.
SO02 is the serial data output pin (in 3-wire serial /02 mode).
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5.3.1 Hardware Configuration
The port 1 hardware configuration is shown in Figures 5-9 to 5-13.

Internal
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Figure 5-10 Block Diagram of P12 (Port 1)
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Figure 5-11 Block Diagram of P13 (Port 1)
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WRpuo

Figure 5-12 Block Diagram of P14 (Port 1)
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Figure 5-13 Block Diagram of P15 to P17 (Port 1)
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5.3.2 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 5-14.
In addition to their input/output port function, P10 and P11 also have an alternate function as PWM signal output pins,

and the control mode is specified by means of the PWM control register (PWMC) as shown in Table 5-4.

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 means of the port 1 mode control register (PMC1) as shown in Figure 5-15.

Figure 5-14 Port 1 Mode Register (PM1) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PM1 PM17 | PM16 | PM15 | PM14 | PM13 | PM12 | PM11 | PM10 | OFF21H FFH R/W
\ \ \ \ \ \ \ !
PM1n P1n Pin Input/Output Mode

Specification (n = 0 to 7)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)

Table 5-4 Method of Setting P10 & P11 PWM Signal Output Function

Pin Name Function Method of Setting PWM Signal Output Function

P10 PWMO Set (to 1) ENO bit of PWMC
P11 PWM1 Set (to 1) EN1 bit of PWMC

Figure 5-15 Port 1 Mode Control Register (PMC1) Format

7 6 5 4 3 2 1 0 Address After Reset 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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5.3.3 Operating Status

Port 1 is an input/output port. Pins P10 and P11 have an alternate function as PWM signal output pins, and 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 latch Note,

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

Figure 5-16 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 5-17 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 abit manipulation instruction is used on a port that has the /O mode or port mode and control
mode, the contents of the output latch of the pin set in the input mode or control mode become undefined
(excluding bits manipulated with a SET1 or CLR1 instruction, etc.). Particular care is required when there
are bits which are switched between input and output.

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

(3) When specified as control signal input/output
P10 and P11 (by setting (to 1) the ENn bit (n = 0 or 1) of the PWM control register (PWMC)) and 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 5-18 Control Specification

Control (Input) =—

Control N o Pin
(Output) L~ n=0to4
PMin=0
RD ~ PM1n = 1
Internal fi\ ri\
O O

Bus

(a) 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 PM1 isreset (to 0), the uPD784038 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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5.3.4 Internal 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 internal pull-up resistor is to be used can be specified for each pin by means of the PUO1 bit of the pull-
up resistor option register (PUO) and the port 1 mode register (PM1). When PUO1 is 1, the internal pull-up resistors of the pins
for which input is specified by PM1 are enabled (PM1n=1,n =010 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 5-19 Pull-Up Resistor Option Register (PUO) Format

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

PUO 0 PUO6 | PUO5 | PUO4 | PUOS | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W

PUO1 Port 1 Pull-Up Resistor Specification

0 Not used in port 1

1 Used in port 1

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Figure 5-20 Pull-Up Resistor Specification (Port 1)
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5.3.5 Direct LED Drive
Inport 1, the output buffer low-level side drive capability has been reinforced allowing active-low direct LED drive. Anexample
of such use is shown in Figure 5-21.

Figure 5-21 Example of Direct LED Drive
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5.4 PORT 2
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 5-5). All 8 pins

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

Table 5-5 Port 2 Operating Modes

Port Name Function

P20 Input port/NMI input Nete

P21 Input port/INTPO input/CR11 capture trigger input
Timer/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/count O count clock

P25 Input port/INTP4 input/ASCK input/flﬁ 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.

(a) 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

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

(ii) 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 21 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/counter 1 capture trigger input pin
External count clock input pin
Real-time output port trigger input pin

« INTP1 ....... Timer/counter 2 capture register (CR22) capture trigger input pin
* INTP2 ....... Timer/counter 2 external count clock input pin
Capture/compare register (CR21) capture trigger input pin
« INTP3 ....... Timer/counter 0 capture trigger input pin
Timer/counter 0 external count clock input pin
* INTP5 ....... A/D converter external trigger input pin
132 User's Manual U11316EJ4V2UD
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(iiii) CI (Clock Input)

The timer/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 /0 1 mode).

(vi) SIO (Serial Input 0)
The serial data input pin (in 3-wire serial I/O 0 mode).

5.4.1 Hardware Configuration
The port 2 hardware configuration is shown in Figure 5-22.

Figure 5-22 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 dotted line.
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Figure 5-23 Block Diagram of P25 (Port 2)
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5.4.2 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.

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

Figure 5-24 Port Specified as Input Port
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5.4.4 Internal 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 internal pull-up resistor is to be used can be specified for all six pins, P22 to P27, together by means of
the PUO2 bit of the pull-up resistor option register (PUO) (bit-wise specification is not possible).

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

Figure 5-25 Pull-Up Resistor Option Register (PUO) Format

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

PUO 0 PUOS6 | PUO5 | PUO4 | PUOS | PUO2 | PUO1 | PUOO | OFF4EH 00H RW

PUO2 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 00H in PUQO is effective in reducing the power consumption.
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Figure 5-26 Pull-Up Specification (Port 2)
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Pull-Up Resistor Option Register (PUO)

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 pins (INTP1 to INTP5). Therefore, the interrupt request flags
should be cleared after specifying pull-up in the initialization routine.
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5.5 PORT 3

Port 3 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 3 mode
register (PM3). Each pin incorporates a software programmable pull-up resistor.

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

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

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

Table 5-6 Port 3 Operating Modes

(n=0t07)
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/SCL input/output
P33 SO0 output/SDA input/output
P34 TOO output
P35 TO1 output
P36 TO2 output
P37 TO3 output

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

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

(i) RxD (Receive Data)/SI1 (Serial Input 1)
RxD is the asynchronous serial interface serial data input pin. Sl1 is the serial data input pin (in 3-wire serial
I/O 1 mode).

(ii) 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
I/O 1 mode).

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

SCL is the serial clock I/O pin of the clocked serial interface (in 2-wire serial I/O mode/I?C bus mode Nete),
Note ©PD784038Y Subseries only

Remark Bit2 (P32) of port 3 is reserved for the NEC Electronics assembler package as “SCL”. Itis also defined
as a bit type sfr variable by the #pragma sfr command of the C compiler.
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(iv) SO0 (Serial Output 0)/SDA (Serial Data)
SO0 is the serial data output pin (in 3-wire serial I/O 0 mode), and SDA is the serial data input/output pin (in 2-wire
serial /0 mode/I?C bus mode Note),

Note uPD784038Y Subseries only

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

5.5.1 Hardware Configuration
The port 3 hardware configuration is shown in Figures 5-27 to 5-30.

Figure 5-27 Block Diagram of P30 (Port 3)
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Pull-Up Resistor Option Register
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Figure 5-28 Block Diagram of P31 and P34 to P37 (Port 3)
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Figure 5-29 Block Diagram of P32 (Port 3)
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Figure 5-30 Block Diagram of P33 (Port 3)

Note Always 0 in the I12C bus mode
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5.5.2 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 5-31.

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 means of the port 3 mode control register (PMC3) as shown in Figure 5-32.

Figure 5-31 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 R/W

P3n Pin Input/Output Mode

PM3n Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Intput mode (output buffer off)

Figure 5-32 Port 3 Mode Control Register (PMC3) Format

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

PMC3 |PMC37|PMC36/PMC35|PMC34|PMC33 | PMC32|PMC31|PMC30| OFF43H 00H R/W

i

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 SCKO0/SCL Input/output mode

PMC33 P33 Pin Control Mode Specification

0 Input/output port mode

1 SOO0/SDA output mode

PMC3n P3n Pin Control Mode Specification
(n=4107)

0 Input/output port mode

1 TOm output mode (m =0 to 3)
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5.5.3 Operating Status
Port 3 is an input/output port, with an alternate function as various control

(1) When set as an output port

pins.

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 latch Note,

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

Figure 5-33 Port Specified as Output Port

(2) When set as an input port

 ~—
WRPporT
,J\ Output
4 Latch |> O P3n
Internal
Bus RDout
/L e
\
o

n=0to7

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 t

he output buffer of a bit specified as an input port

is highimpedance, 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 |
loaded into an accumulator.

atch of a bit specified as an input port cannot be

Figure 5-34 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 manipulation instructions.

(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 5-35 Control Specification

Control (Input) =—

Control N~
(Output) L~
PM3n =0
é
RD PM3n =1
Internal Bus g g

(a) When port is control signal output

P3n
n=0to7

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 PM3is reset (to 0), the uPD784038 internal control signal status can be read by executing a port read instruction.

Remark For bit 2 (P32) of port 3, the name “SCL” is a reserved word in the NEC Electronics assembler package.
In the C compiler, it is defined as a bit-type sfr variable by the # pragma sfr directive.

(b) When port is control signal input

Only the port 3 mode register (PM3) is set (to 1), control signal pin levels can be read by executing a portread instruction.
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5.5.4 Internal 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 internal pull-up resistor is to be used can be specified for each pin by means of the PUO3 bit of the pull-
up resistor option register (PUO) and the port 3 mode register (PM3). When PUOS is 1, the internal 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 5-36 Pull-Up Resistor Option Register (PUO) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PUO 0 PUO6 | PUO5 | PUO4 | PUO3 | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W
PUO3 Port 3 Pull-Up Resistor Specification

Not used in port 3

Used in port 3

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Internal
Bus

Figure 5-37 Pull-Up Specification (Port 3)
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5.6 PORT 4

Port 4 is an 8-bit input/output port with an output latch. Input/output can be specified bit-wise by means of the port 4 mode
register (PM4). Each pin incorporates a software programmable pull-up resistor. This port has direct LED drive capability.

Port 4 also functions as the time division address/data bus (ADO to AD7) by the memory extension mode register (MM) when
external memory or I/Os are extended.

With the uPD784031, P40 to P47 cannot be used as port pins. These pins function only as address/data bus pins (ADO to
AD7).

When RESET isinput, port4 is set as an input port (output high-impedance state), and the output latch contents are undefined.

Table 5-7 Port 4 Operating Modes

MM Bits Operating Mode
MM3 MM2 MM1 MMO

0 0 0 0 Port

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

0 1 0 1

0 1 1 0

0 1 1 1

1 0 0 0

1 0 0 1

5.6.1 Hardware Configuration
The port 4 hardware configuration is shown in Figure 5-38.
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Internal
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Bus

Figure 5-38 Port 4 Block Diagram
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5.6.2 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 5-39.
When port 4 is used as the address/data bus, it is set by means of the memory extension mode register (MM: See Figure
23-1) as shown in Table 5-8.
With the uPD784031, this port functions only as the address/data bus (ADO to AD7).

Figure 5-39 Port 4 Mode Register (PM4) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PM4 | PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PM40 | OFF24H FFH R/W
\ \ \ \ \ \ \ !
PM4n P4n Pin Input/Output Mode

Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Table 5-8 Port 4 Operating Modes

MM Bits Operating Mode
MM3 MM2 MM1 MMO

0 0 0 0 Port

0 0 1 1 Address/data bus (ADO to AD7)
0 1 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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5.6.3 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 latch Note,

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

Figure 5-40 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 5-41 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 manipulation instructions.

(3) When used as address/data bus (ADO to AD7)
Used automatically when an external access is performed.
Input/output instructions should not be executed on port 4.
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5.6.4 Internal Pull-Up Resistors

Port 4 incorporates pull-up resistors. Use of these internal resistors when pull-up is necessary enables the number of parts
and the mounting area to be reduced.

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUO4 bit of the pull-
up resistor option register (PUO) and the port 4 mode register (PM4).

When PUO4 is 1, the internal 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 5-42 Pull-Up Resistor Option Register (PUO) Format

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

PUO 0 PUO6 | PUO5 | PUO4 | PUOS | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W

PUO4 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 uPD784038 as an address/data bus pin, and with the uPD784031, be sure to
clear PUO4 to 0 to disconnect the internal pull-up resistor.

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Figure 5-43 Pull-Up Specification (Port 4)
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5.6.5 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 5-44.

Figure 5-44 Example of Direct LED Drive

Vobo
uPD784038 \
P4n
(n=0to7)

5.7 PORT 5

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

In addition, P50 to P57 function as the address bus (A8 to A15) when external memory or 1/Os are extended.

With the uPD784031, P50 to P57 cannot be used as port pins. These pins function only as address bus pins (A8 to A15).

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

Table 5-9 Port 5 Operating Modes

MM Bits Operating Mode
MM3 MM2 MMA1 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 A10 A1l Port
0 1 1 0 A8 A9 A10 A1 A12 A13 Port
0 1 1 1 A8 A9 A10 A1 A12 A13 Al4 A15
1 0 0 0
1 0 0 1

5.7.1 Hardware Configuration
The port 5 hardware configuration is shown in Figure 5-45.

152 User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 5 PORT FUNCTIONS

WRPpuo

Figure 5-45 Port 5 Block Diagram
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5.7.2 1/0 Mode/Control Mode Setting
The port 5 input/output mode is set for each pin by means of the port 5 mode register (PM5) as shown in Figure 5-46.
When port 5 pins can be used as port or address pins in 2-bit units, the setting is performed by means of the memory extension
mode register (MM: See Figure 23-1) as shown in Table 5-10.
With the uPD784031, this port functions only as the address bus (A8 to A15).

Figure 5-46 Port 5 Mode Register (PM5) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PM5 | PM57 | PM56 | PM55 | PM54 | PM53 | PM52 | PM51 | PM50 | OFF25H FFH R/W
\ \ \ \ \ \ \ !
PM5n P5n Pin Input/Output Mode

Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Table 5-10 Port 5 Operating Modes

MM Bits Operating Mode
MM3 | MM2 | MMA MMO pso | pst | ps2 | Pss | psa | Pss | pse | ps7
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 A10 A1 Port
0 1 1 0 A8 A9 A10 A1 A12 A13 Port
0 1 1 1 A8 A9 A10 A1 A12 A13 A4 A15
1 0 0 0
1 0 0 1
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5.7.3  Operating Status

Port 5 is an input/output port, with 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

latch Note,

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

Figure 5-47 Port Specified as Output Port
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(2) When set as an input port

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

loaded into an accumulator.

Figure 5-48 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 operation instructions.

(3) When used as address bus (A8 to A15)
Used automatically when an external address is accessed.
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5.7.4 Internal Pull-Up Resistors

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

Whether or not an internal pull-up resistor is to be used can be specified for each pin by means of the PUO5 bit of the pull-
up resistor option register (PUO) and the port 5 mode register (PM5).

When PUOS is 1, the internal 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 5-49 Pull-Up Resistor Option Register (PUO) Format

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

PUO 0 PUO6 | PUO5 | PUO4 | PUOS | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W

PUO5 Port 5 Pull-Up Resistor Specification

0 Not used in port 5

1 Used in port 5

Caution When using the port 5 of the yPD784038 as an address bus, and with the yPD784031, be sure to clear PUO5
to 0 to disconnect the internal pull-up resistor.

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Figure 5-50 Pull-Up Specification (Port 5)
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5.7.5 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 5-51.

Figure 5-51 Example of Direct LED Drive

Vopo
uPD784038 \
P5n
(n=0to07)
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5.8 PORT

6

- With uPD784031
P60 to P63 are output port pins and P66 and P67 are input/output port pins with output latch.
P64 to P67 incorporate a software programmable pull-up resistor.

In addition to the functions as port pins, these pins also have various alternate-function control signal pin functions, as

shown in Table 5-11. Operations as control pins are performed by the respective function operations.
P64 and P65 cannot be used as port pins and function only as RD and WR output pins.

When RESET is input, the level of the above pins are set as follows:

+ P60 to P63: Low

- P64,
- P66,

P65:  High

P67:  Input port (output high impedance)
The higher 4 bits of the contents are undefined, and the lower 4 bits are reset to OH.

- With other than uPD784031
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
5-11. 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 5-11 Port 6 Operating Modes

Pin Name

Port Mode
Output Mode

Control Signal Input/

Operation to Operate as Control Pins

P60 to P63

Input/output ports Nete

P64

P65

P66

P67

A16 to A19 outputs

Specified by bits MM3 to MMO of the MM in 2-bit units

RD output With the ©PD784031, or when external memory extension

WR output mode is specified by bits MM3 to MMO of the MM

WAIT input Specified by bits PWn1 & PWn0 (n = 0 to 7) of the PWC1 &
PWC2 or setting P66 in the input mode

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

HLDAK output

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

Notes

Caution

Remark

Downloaded from Elcodis.com electronic components distributor

1. These pins of the uPD784031 are output port pins.

2. With the uPD784031, this pin cannot be used as a port pin.

P60 to P63 of the uPD784031 are in the output high-impedance state while the RESET signal is input, but
output a low level after the RESET signal has been cleared. Therefore, design the external circuit so that

the low level may be output as the initial status.

For details, refer to CHAPTER 23 LOCAL BUS INTERFACE FUNCTION.
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Table 5-12 P60 to P65 Control Pin Specification

MM Bits Operating Mode
MM3 MM2 MM 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 A16 A17 Port
1 0 0 1 Al6 A17 A18 A19

(a) Port mode
« With uPD784031
Each port not specified as control mode, P66 and P67 serve as output port pins, and P66 and P67 can be specified
as input/output bit-wise by means of the port 6 mode register (PM6).

« With other than uPD784031
Each port not specified as in control mode can be specified as input/output bit-wise by means of the port 6 mode
register (PM6).

(b) Control signal input/output mode

(i) A16 to 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 extension mode register (MM).

(ii) 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).
With the uPD784031, this pin always serves as an RD pin.

(iii) 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).
With the uPD784031, this pin always serves as a WR pin.

(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).
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(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).

5.8.1 Hardware Configuration
The port 6 hardware configuration is shown in Figures 5-52 to 5-55.

Figure 5-52 Block Diagram of P60 to P63 (Port 6)

WRPpuo
(> l Pull-Up Resistor Option Register

O PUOG D

RDepuo

—+— Voo

O MMO to MM3

WRpms .
)\ Port 6 Mode Register

L\ PM6n
RDpwms

1 —[

WRes
Internal l Output Latch ~O P6n

Data n=0to3
Bus O P6n

RDrs
A\
Y
A\

N

Input/
Output
Control
Circuit

Internal
Address
Bus

/_\/

Remark The uPD784031 does not have a function for input operation.
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Figure 5-53 Block Diagram of P64 and P65 (Port 6)
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Figure 5-54 Block Diagram of P66 (Port 6)

> WRrwo Pull-Up Resistor Option Register
é PUOB
RDruo
S
W?F’MG Port 6 Mode Register FDQi
O PM66 Vbbo
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Figure 5-55 Block Diagram of P67 (Port 6)
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5.8.2 1/0 Mode/Control Mode Setting
The port 6 input/output mode is set by means of the port 6 mode register (PM6) as shown in Figure 5-56.
Operations for operating port 6 as control pins are shown in Table 5-13.

With the uPD784031, P64 functions only as RD signal output pin, and P65, as WR signal output pin.

Table 5-13 Port 6 Operating Modes

Pin Name Control Signal /0 Mode Port Mode Operation to Operate as Control Pins
P60 A16 Input/output port™°*® | External memory extension mode specified by bits MM3 to MMO of
P61 A17 the MM (see Table 5-14)
P62 A18
P63 A19
P64 RD Input/output port With the uPD784031, external memory extension mode specified by
PG5 WR bits MM3 to MMO of the MM (see Table 5-14)
P66 WAIT External wait input is specified by setting bits
PWn1 and PWnO (n = 0 to 7) and P66 of the PWC1 and PWC2
HLDRQ Bus hold enabled by the HLDE bit of the HLDM
P67 HLDAK
REFRQ Set (to 1) the RFEN bit of the RFM
Note These pins of the uPD784031 are output port pins.

Table 5-14 P60 to P65 Control Pin Specification

Downloaded from Elcodis.com electronic components distributor

MM Bits Operating 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 A16 A17 Port
1 0 0 1 A16 A17 A18 A19
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Figure 5-56 Port 6 Mode Register (PM6) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PM6 | PM67 | PM66 | PM65 | PM64 | PM63 | PM62 | PM61 | PM60 | OFF26H FFH R/W
\ \ \ \ \ \ \ !
PM6n P6n Pin Input/Output Mode

Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Remark The lower 4 bits (P60 to P63) of the uPD784031 are output port pins.

5.8.3 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 latch Nete,

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

{>—o P6N

n=0to7

Note
Figure 5-57 Port Specified as Output Port
. —
WReProRrT

l Output
Latch

Internal

Bus RDour

i <
~

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

latch contents are output to the port pin). Also, the contents of the output latch of a bit specified as an input port cannot be
loaded into an accumulator.

Figure 5-58 Port Specified as Input Port

 ~—
WRPpoRT
\ Output
Latch O Pén
n=4to7
Internal
Bus
RDN
\
o

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 manipulation instructions.

(3) When used as control pins
Cannot be manipulated or tested by software.
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5.8.4 Internal Pull-Up Resistors

P60 to P67 (P64 to P67 with the uPD784031) 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 internal pull-up resistor is to be used can be specified for each pin by means of the PUOS bit of the pull-
up resistor option register (PUO) and the port 6 mode register (PM6).

When PUOE6 is 1, the internal pull-up resistors of the pins for which input is specified by the PM6 (PMén=1,n=0to 7) are
enabled .

P60 to P63 of the uPD784031 are not connected to a pull-up resistor.

Figure 5-59 Pull-Up Resistor Option Register (PUO) Format

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

PUO 0 PUO6 | PUO5 | PUO4 | PUO3 | PUO2 | PUO1 | PUOO | OFF4EH 00H R/W

PUO6 Port 6 Pull-Up Resistor Specification

0 Not used in port 6

1 Used in port 6

Remark When STOP mode is entered, setting 00H in PUQ is effective in reducing the power consumption.

Figure 5-60 Pull-Up Specification (Port 6)
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1 1
1 1
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A :
1 1
1 1
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5.9 PORT 7

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 bit-wise by means of the port 7 mode register (PM7).
Pin levels can be read or tested at any time irrespective of alternate-function pin operations.
When RESET isinput, port 7 is set as an input port (output high-impedance state), and the output latch contents are undefined.

5.9.1 Hardware Configuration
The port 7 hardware configuration is shown in Figure 5-61.

Figure 5-61 Port 7 Block Diagram
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5.9.2 1/0 Mode/Control Mode Setting
The port 7 input/output mode is set for each pin by means of the port 7 mode register (PM7) as shown in Figure 5-62.

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 14 A/D Converter

for details).
Figure 5-62 Port 7 Mode Register (PM7) Format
7 6 5 4 3 2 1 0 Address After Reset R/W
PM7 PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | OFF27H FFH R/W
\ \ \ \ \ \ \ !
PM7n P7n Pin Input/Output Mode

Specification (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

5.9.3 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 latch Note,

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

Figure 5-63 Port Specified as Output Port
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o
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(2) When set as an input port

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

loaded into an accumulator.

Figure 5-64 Port Specified as Input Port

—O P7n
n=0to7

. ~—
WReoRrT
\ Output
Latch
Internal
Bus
RDiN
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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 operation instructions.

5.9.4 Internal Pull-Up Resistors
Port 7 does not incorporate pull-up resistors.

5.9.5 Caution

A voltage outside the range AVss to AVRer1 must not be applied to pins for which P70 to P77 are used as ANIO to AN17.
See 14.5 CAUTIONS in CHAPTER 14 “A/D CONVERTER?” for details.
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5.10 PORT OUTPUT CHECK FUNCTION

The uPD784038 has a function for reading and testing output port pin levels in order to improve the reliability of application
systems. Itistherefore possible to check the output data and the actual pin status as required. Ifthere is a mismatch, 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 is shown below of a program that checks the pin status and output latch contents using the CHKL
instruction and CHKLA instruction.

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 ; Bit6?
BT A.1, $BITO1 ; Bit1?
BR $BIT00 ; If none of the bits, bit 0 is faulty

Cautions 1. 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.

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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5.11 CAUTIONS

(1)

All port pins become high-impedance after RESET signal input (internal 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 (PUO) that sets the internal 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 RESET input. When a port is used as an output port, the output latch must
be initialized without fail before turning on the output buffer. Ifthe outputlatch is 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 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 pins (INTP1 to 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 uPD784038,
and with the uPD784038 bits PUO4 and PUOS5 of the pull-up resistor option register (PUO) must be set to “0” so that
internal pull-up resistor connection is not performed.

P60 to P63 of the uPD784031 are in the output high-impedance state while the RESET signal is input, but output a low
level after the RESET signal has been cleared. Therefore, design the external circuit so that the low level may be output
as the initial status.

A voltage outside the range AVss to AVRer1 must not be applied to pins for which P70 to P77 are used as ANIO to ANI7.
See 14.5 CAUTIONS in CHAPTER 14 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 operation 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 6 REAL-TIME OUTPUT FUNCTION

6.1 CONFIGURATION AND FUNCTION

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

The real-time output function refers to the transfer to the output latch by hardware of data prepared in the POH and POL
beforehand, simultaneously with the generation of an interrupt from timer/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 6-1 shows the block diagram of the real-time output port.
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Figure 6-1 Real-Time Output Port Block Diagram
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CHAPTER 6 REAL-TIME OUTPUT FUNCTION

6.2 REAL-TIME OUTPUT PORT CONTROL REGISTER (RTPC)

The RTPC is an 8-bit register that specifies the function of port 0.
RTPC canbe read or written to by an 8-bit manipulation instruction or bit-manipulation instruction. Figure 6-2 shows the format

of RTPC.
RESET input clears the RTPC register to 00H.

Figure 6-2 Real-Time Output Port Control Register (RTPC) Format

7 6 5 ) 3 2 1 (00  Address After Reset R/W

RTPC | BYTE 0 0 POMH | EXTR 0 |TRGPO| POML | OFF2EH 00H R/W

QQL

POML P00 to P03 Function Specification

0 Port mode

1 Real-time output port mode
Enabling of Data Transfer to Output
EXTR [TRGPO| | 3tch from POH, POL by INTPO
Not enabled
0 0 (data transfer by INTC10 only)
) Enabled
1 0 Transfer by either | . gyTE=( :
INTPO or INTC10 POL only
transferred
Transfer b "BYTE=1:
1 1 y POL/POH
INTPO only transferred
0 1 Setting prohibited
POMH P04 to P07 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 ports

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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CHAPTER 6 REAL-TIME OUTPUT FUNCTION

6.3 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
6-3.

When the 4-bit x 2-channel real-time output function is specified, data can be set in 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 6-1 shows the operations when port 0, the POH and POL are manipulated.

Figure 6-3 Port 0 Buffer Register (POH, POL) Configuration

High-Order 4 Bits Low-Order 4 Bits

OFFOEH

POL

OFFOFH

POH

Table 6-1 Operations When Port 0 and Port 0 Buffer Registers (POH, POL) are Manipulated

Operating 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 register Nt — Buffer register
POH Buffer register Nete 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 PoOL Buffer register Nt — Buffer register
POH Buffer register Note Buffer register —
P00 to P03: Ports PO Output latch — Output latch
P04 to P07: Real-time POL Buffer register Nete — Buffer register
output port mode POH Buffer register Nt Buffer register —
P00 to P03: Real-time PO Output latch Output latch —
output port mode POL Buffer register Nt — Buffer register
P04 to PO7: Ports POH Buffer register Not 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
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CHAPTER 6 REAL-TIME OUTPUT FUNCTION

<Examples of setting data in port 0 buffer registers>

 4-bit x 2-channel operation

MOV POL, #05H ; Sets 0101B in POL
MOV POH, #0COH ; Sets 1100B in POH

 8-bit x 1-channel operation

MOV POL, #O0C5H ; Sets0101Bin 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/counter 1 (INTC10 or INTC11)

» INTPO external interrupt
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CHAPTER 6 REAL-TIME OUTPUT FUNCTION

6.4 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 6-2.

For example, the timer/counter 1 timer register 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 setinthe 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
22.8 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 6-2 Real-Time Output Port Output Triggers (When POMH = POML = 1)

RTPC
BYTE EXTR TRGFO Output Mode POH POL
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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CHAPTER 6 REAL-TIME OUTPUT FUNCTION

Figure 6-4 Real-Time Output Port Operation Timing

FFH

CR11

Timer/Counter 1

CR11

~—CR11
OH /

A
Timer Start

INTC11
Interrupt Request /

CPU Operation ( ( (

Port 0 Buffer Register DO4 DO2 DO3 DO4
POH \

Output Latches
P07 to P04 D00 DO1 D02 D03

7 Port 0 buffer register and compare register overwrite by software servicing or macro
% service (see 22.8 MACRO SERVICE FUNCTION)
A
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Figure 6-5 Real-Time Output Port Operation Timing (2-Channel Independent Control Example)

FFH

CR10
R11
Timer/Counter 1 CR10

OH — | l_______ Z ,,,,,,,,

A
Timer Start
INTC11
Interrupt Request ¢
)
INTC10
Interrupt Request
/ ( / |
CPU Operation

Port 0 Buffer Register
POH D01 X D02 >< D03

POL D11 X D12 >< D13 >< D14

D04

>

>~
- L~ L~ L~ L —

Output Latches
P07 to P04 D00 DO1 D02 D03
P03 to P00 D10 D11 D12 >< D13

7 Port 0 buffer register and compare register overwrite by software servicing or macro
% service (see 22.8 MACRO SERVICE FUNCTION)
A
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CHAPTER 6 REAL-TIME OUTPUT FUNCTION

6.5 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/counter 1 timer register 1 (TM1) and compare register (CR10) match, the contents of port
0 buffer register (POL) are output to P00 to P03. 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 6-6).

See CHAPTER 9 TIMER/COUNTER 1 for the method of using timer/counter 1.

The control register settings are shown in Figure 6-7, the setting procedure in Figure 6-8, and the processing in the interrupt
service routine in Figure 6-9.

Figure 6-6 Real-Time Output Port Operation Timing

FFH

CR10

Timer/Counter 1

CR10

~TR10 %

OH

INTC10
Interrupt Request

Port 0 Buffer Register
POL DO1 D02 D03 D04
Output Latches
POO 1o P03 D00 Do1 Do2 D03 S
Output Pins  Hi-Z
POO to P03 D00 DO1 D02 D03 S
A POL and CR10 overwritten by INTC10 interrupt
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 6-7 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 6-8 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/counter 1

Timer start

INTC10 Interrupt

=
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Figure 6-9 Interrupt Request Servicing when Real-Time Output Function is Used

( Timer interrupt )

Interval time setting

Set next value to be output
in POL

( Return )

6.6 CAUTIONS

(1) 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.

(2) 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 7 OUTLINE OF TIMER/COUNTER

The uPD784038 incorporates three timer/counter units and one timer unit.
These timer/counter and timer units can be used as seven units of timer/counters because the uPD784038 supports seven

interrupt requests.

Table 7-1 Operations of Timer/Counters

ltem Name Timer/Counter 0 Timer/Counter 1 Timer/Counter 2 Timer 3
Count 8 bits — J J J
width 16 bits N v v v
Operation| Interval timer 2ch 2ch 2ch 1ch
mode External event counter y J J —

One-shot timer — — J —
Function | Timer output 2ch — 2ch —
Toggle output v — \ —
PWM/PPG output v — \ —
One-shot pulse output Nete v — — —
Real-time output — \ — —
Pulse width measurement 1 input 1 input 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/counter 2.
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Timer/Counter 0

fxx/8

INTP3

Timer/Counter 1

fxx/8

INTPO

Timer/Counter 2

Figure 7-1 Timer/Counter Block Diagram

Clear Control

Prescaler

Selector

Software Trigger

OVF

Timer Re%ister 0
(TMO)

T

Match

—-OTO0

Compare Register
(CR00)

g

Match

Pulse
Output
Control

—~—OTO1

Compare Register
(CRO1)

Edge Detection

L» INTP3

Capture Register
(CR02)

—=INTCO00

INTCO1

Clear Control

¢

Prescaler

Selector

Timer Register 1

(TM1/TM1W)

Event Input

Edge

I

Compare Register

Match

OVF

INTC10

(CR10/CR10W)

Capture/Compare Register

Match

L.
—

To Real-Time
Output Port

)

Detection

L»INTPO

(CR11/CR11W)

Capture Register
(CR12/CR12W)

INTC11

Clear Control

¢

fxx/8 Prescaler

Timer Register 2
(TM2/TM2W)

Selector

OVF

INTP2/CI

Edge
Detection

INTP1

Timer 3

L INTP2

>~

(CR20/CR20W)

Compare Register

Match | . oTO2

T

Pulse
Output

Edge

(CR21/CR21W)

Capture/Compare Register

Match

Control|l=0O TO3

Capture Register

Detection

|

(CR22/CR22W)

—=INTC20
INTC21

INTP1

Timer Register 3 |Match

fxx/8

Prescaler

(TM3/TM3W)

L

Compare Register

Match
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(CR30/CR30W)
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Remark OVF: Overflow flag
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CHAPTER 8 TIMER/COUNTER 0

8.1 FUNCTIONS

Timer/counter 0 is a 16-bit timer/counter.
In addition to its basic functions of interval timer, programmable square-wave output, pulse width measurement and event
counter, timer/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 8-1 Timer/Counter 0 Interval Time

Minimum Interval Time | Maximum Interval Time Resolution
8/fxx 216 x 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 us)
16/fxx 216 x 16/fxx 16/fxx
(0.50 us) (32.80 ms) (0.50 us)
32/fxx 216 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 us)
64/fxx 216 x 64/fxx 64/fxx
(2.00 us) (131 ms) (2.00 us)
128/fxx 216 % 128/fxx 128/fxx
(4.00 us) (262 ms) (4.00 us)
256/fxx 216 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx 216 x 512/fxx 512/fxx
(16.00 us) (1.05s) (16.00 us)
1,024/fxx 216 % 1,024/fxx 1,024/fxx
(32.00 us) (2.10s) (32.05 us)
2,048/fxx 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19s) (64.00 us)

(): When fxx = 32 MHz
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CHAPTER 8 TIMER/COUNTER 0

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

Table 8-2 Timer/Counter 0 Programmable Square-Wave Output Setting Range

Minimum Pulse Width Maximum Pulse Width
8/fxx 216 x 8/fxx
(0.25 us) (16.40 ms)
16/fxx 216 % 16/fxx
(0.50 us) (32.80 ms)
32/fxx 216 x 32/fxx
(1.00 us) (65.50 ms)
64/fxx 216 x 64/fxx
(2.00 us) (131 ms)
128/fxx 216 x 128/fxx
(4.00 us) (262 ms)
256/fxx 216 x 256/fxx
(8.00 us) (524 ms)
512/fxx 216 x 512/fxx
(16.00 us) (1.05s)
1,024/fxx 216 x 1,024/fxx
(32.00 us) (2.10s)
2,048/fxx 216 x 2,048/fxx
(64.00 us) (4.19s)

(): When fxx = 32 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 8-3 Timer/Counter 0 Pulse Width Measurement Range

Measurable Pulse Width Nete Resolution
8/fxx to 216 x 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 us)
16/fxx  to 219 x 16/fxx 16/fxx
(0.50 us) (32.80 ms) (0.50 us)
32/fxx  to 218 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 us)
64/fxx  to 218 x 64/fxx 64/fxx
(2.00 us) (131 ms) (2.00 us)
128/fxx  to 276 x 128/fxx 128/fxx
(4.00 us) (262 ms) (4.00 us)
256/fxx  to 216 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx to 218 x 512/fxx 512/fxx
(16.00 us) (1.05s) (16.00 us)
1,024/fxx to 26 x 1,024/fxx 1,024/fxx
(32.00 us) (2.10s) (32.00 us)
2,048/fxx to 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19's) (64.00 us)

( ): When fxx = 32 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 4/fcLk 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 (TOO, TO1) independently.

Caution The software triggered one-shot pulse output function is different in nature from the one-shot timer
function of timer/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/counter 0 are shown in Table 8-4.

Table 8-4 Timer/Counter 0 Pulse Width Measurement Time

When Counting One Edge When Counting Both Edges
Maximum frequency feLk/8 (2.00 MHz) fcLk/8 (2.00 MHz)
Minimum pulse width 4/fck (0.25 us) 4/fck (0.25 us)
(High and low levels)

(): When fcik = 16 MHz
8.2 CONFIGURATION
Timer/counter 0 consists of the following registers:
» Timer register (TMO x 1)
» Compare register (CR00, CR01) x 2

 Capture register (CR02) x 1

The block diagram of timer/counter 0 is shown in Figure 8-1.
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Figure 8-1 Timer/Counter 0 Block Diagram
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CHAPTER 8 TIMER/COUNTER 0

(1) Timer register 0 (TMO)
TMO is a timer register that counts up using the count clock specified by the low-order 4 bits of prescaler mode register 0
(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.

Caution If the value of the timer register is read under the condition indicated by “x” in Table 8-5, the read value
may be illegal. Do not read the timer register under condition “x”.

Table 8-5 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

fork fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 N y X X
fxx/16 v v ol x
fxx/n N v v

Remarks 1. fxx: Oscillation frequency
2. fok: Internal system clock frequency
3. n=32,64, 128, 256, 512, 1,024, 2,048

(2) Compare registers (CR00/CR01)
CRO00 and CRO01 are 16-bit registers that hold the values that determine the interval timer frequency.
If the CRO0/CRO1 contents match the contents of TMO, an interrupt request (INTCOO/INTCO01) and timer output control
signal are generated. Also, the count value can be cleared by a content match (CRO01).
CRO00 and CRO01 can be read or written with a 16-bit manipulation instruction. The contents of these registers are undefined
after RESET input.

(3) Capture register (CR02)
CRO02 is a 16-bit 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. RESET input clears CR02 to 0000H.

(4) 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 21-2 for details
of the INTM1).
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(5) Output control circuit
It is possible to invert the timer output when the compare register (CR00, CRO1) register contents and the contents of the
timer register (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
TOO0 and TO1 pins (the output level is set by the TOC).

(6) 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 register 0 (TMO0) to perform count operations.

(7) 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 register 0 (TMO).
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8.3 TIMER/COUNTER 0 CONTROL REGISTERS

(1) Timer control register 0 (TMCO)
The timer/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 the TMCO

is shown in Figure 8-2.
RESET input clears TMCO to 00H.

Figure 8-2 Timer Control Register 0 (TMCO) Format

Address  After Reset R/W

o

@ 6 5 4 ® @ 1

TMCO | CE3 0 0 BW3 | CEO | OVFO 0 0 OFF5DH 00H R/W

OVFo TMO Overflow Flag

0 No overflow

1 Overflow (count up from FFFFH to 0000H)

CEO TMO Count Operation Control

Count operation stopped with count
cleared

1 Count operation enabled

Controls count operation of the TM3/TM3W of the
timer 3 (see Figure 11-2).

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/counter 0, TMO, is specified by the low-order 4 bits of the 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 the PRMO is shown in Figure 8-3.
RESET input sets PRMO to 11H.

Figure 8-3 Prescaler Mode Register 0 (PRM0) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
PRMO | PRS3 | PRS2 | PRS1 | PRS0 [PRS03|PRS02|PRS01|PRS00| OFF5CH 11H R/W
\ \ \ | \ \ \ |
(fxx = 32 MHz)
Timer/Counter 0 TMO Count
PRS03|PRS02| PRS01| PRS00 Clack Specification
Count Clock [Hz] Resolution
Specification [us]
0 0 0 0 Setting prohibited -
0 0 0 1 fxx/8 0.25
0 0 1 0 fxx/16 0.50
0 0 1 1 fxx/32 1.00
0 1 0 0 fxx/64 2.00
0 1 0 1 fxx/128 4.00
0 1 1 0 |fxx/256 8.00
0 1 1 1 fxx/512 16.00
1 0 0 0 fxx/1,024 32.00
1 0 0 1 xx/2,048 64.00
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 11-3).

Remark fxx: X1 input frequency or oscillation frequency
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(3) Capture/compare control register 0 (CRCO)

The CRCO specifies the enabling conditions for the TMO clear operation by a match signal between the contents of the

compare register (CR01) and the timer register 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 the CRCO is shown in Figure 8-4.

RESET input sets CRCO to 10H.

Figure 8-4 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 0 OFF30H 10H R/W
\
\
Timer Output TMO Clear
MoD1 |MoDo | cLRO Mode Specification O;\)A(Ierr]:;tri]on
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 (TO0 and TO1) by the timer/counter 0 is controlled by the low-order 4 bits (the high-
order 4 bits control the operation of the timer output pins (TO2 and TOS by the timer/counter 2).
TOC can be written to or read with an 8-bit manipulation instruction or bit manipulation instruction. The format of the TOC
is shown in Figure 8-5.
RESET input clears TOC to 00H.

Figure 8-5 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 RW
\ \ \ !

TOO Pin Active Level

ALVO Toggle output PWM/PPG
specification or one-shot output
pulse output specification|  specification

0 Low level High level
1 High level Low level
ENTOO TOO Pin Operation Specification

0 ALVO output

1 Pulse output enabled

TO1 Pin Active Level

ALVA Toggle output PWM/PPG
specification or one-shot output
pulse output specification| specification

0 Low level High level
1 High level Low level
ENTO1 TO1 Pin Operation Specification

0 ALV1 output

1 Pulse output enabled

Controls timer output pins (TO2, TO3) by timer/
counter 2 (see Figure 10-6).
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(5) One-shot pulse output control register (OSPC)
The 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 the OSPC is shown in Figure 8-6.

RESET input clears OSPC to 00H.

Figure 8-6 One-Shot Pulse Output Control Register (OSPC) Format

@ 5 4 ® @ 1 0  Address After Reset R/W
OSPC | ST1 RT1 0 (OR] STO RTO 0 OS0 | OFF7DH 00H R/W
L L]
L OSO0 TOO Pulse Output Type Selection
0 Toggle output/PWM output/PPG output
selectable

1 Software triggered 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

OS1 TO1 Pulse Output Type Selection
0 Toggle output/PWM output/PPG output

selectable

1 Software triggered 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 output disabling/enabling and active level setting are performed by means of the timer output control

register (TOC).
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8.4 16-BIT TIMER REGISTER 0 (TM0) OPERATION

8.4.1 Basic Operation

In the timer/counter 0 count operation, an up-count 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 (CEQ) 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 up-count operation is 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 bit is set (to 1) again when it is already set (to 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 8-7 Basic Operation of Timer Register 0 (TMO0)

(a) Count started — count stopped — count started

== JUUUL UL UL
NEECDEE 3

TMO
D)
(4
CEO
D)
€9
A A A
Count Started Count Stopped Count Started
CEO « 1 CE0« 0 CEO « 1

(b) When “1” is written to the CEO bit again after the count starts

Count Clock
foLk/8

S 00000 00N
o | |

A A
Count Started Rewrite
CEO « 1 CEQ « 1

(c) Operation when TMO = FFFFH

Count Clock
fok/8
))
(C
TMO0 FFFEH X:FFFHX OH X 1H SS X

OVFO0

A
Cleared by Software
OVF0 <0

200 User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 8 TIMER/COUNTER 0

8.4.2 Clear Operation

(1) Clear operation after a match with the compare register
The timer register 0 (TMO0) 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 8-8 TMO Clearance by Match with Compare Register (CR01)

Count Clock |_| |_| | |
TMO n-1 n 0 X 1

Compare Register
(CRO1)

A A
TMO and CRO1 Match  Cleared Here

(2) Clear operation by the CEO bit of the timer control register 0 (TMCO)
The timer register 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 CEOQ bit.
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Figure 8-9 Clear Operation When CEO Bit is Cleared (0)

(a) Basic operation

Gount Clock H H H H
™o ot >< >< 0

CEO

(b) Restart before count clock input after clearance

S I
TMOn-1><E><oo><1><2

CEO

P E—

If the CEOQ 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

Count Clack H _| H H
w T

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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8.5 EXTERNAL EVENT COUNTER FUNCTION

The timer/counter 0 can count clock pulses input from the external interrupt request input pin (INTP3).

No special selection method is needed for the external event counter operating mode. When the timer register 0 (TMO) count
clock is 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 2.00 MHz (fcLk
= 16 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 4 system clocks (0.25 us: fcLk = 16 MHz) for both the high level and low
level. If the pulse width is shorter than this, the pulse may not be counted.

The timer/counter 0 external event counter timing is shown in Figure 8-10.

Figure 8-10 Timer/Counter 0 External Event Count Timing (1/2)
(1) Counting one edge (maximum frequency = fcLk/8)

4/fcik (MIN.) 4/fcik (MIN.)  8/fcik (MIN.)

_ N |

3to 4/‘fCLK

S I M
™o oo >< on + 1 >< on2 >< on+3 ><

Remark ICI: INTP3 input signal after passing through edge detection circuit

INTP3
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Figure 8-10 Timer/Counter 0 External Event Count Timing (2/2)

(2) Counting both edges (maximum frequency = fcLx/8)

4/fcik (MIN.) | 4/fck (MIN.) 8/fcik (MIN.)

INTP3

3 to 4/fcik

ICI \<_|
T™MO Dn >< Dn+1 >< Dn +2 >< Dn+3 >< Dn+4 ><

Remark ICI: INTP3 input signal after passing through edge detection circuit

Dn+5 ><

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 bit is set (to 1) by software, the contents of TMO are set to 0000H and the up-count 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/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 register 0 (TMO) alone (see Figure 8-11), 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. An example is shown
in Figure 8-12.

Figure 8-11 Example of the Case Where the External Event Counter Does Not Distinguish Between One
Valid Edge Input and No Valid Edge Input

|
SIS S S €

N

No Distinction Made

A
Count Start
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Figure 8-12 Methods of Enabling the External Event Counter to Distinguish No Valid Edge Input

(a) Processing when count is started

C Start count )

Clear INTP3 interrupt
request flag
PIF3 « 0

Start count : Set CEO to 1
CEO 1

|
TS

(b) Processing when count value is read

( Count value read )

; Clear PIF3to 0

Read TMO contents
AX « TMO
YES
AX=07 ; Check TMO value
If 0, check interrupt
request flag
NO
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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R0

8.6 COMPARE REGISTER AND CAPTURE REGISTER OPERATION

8.6.1 Compare Operations

Timer/counter 0 performs compare operations in which the value set in compare registers (CR00, CR01) are compared with

the timer register 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 (INTCO0/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 8-13 Compare Operation

FEFFH

TMO
Count Value

Value

OH

CROO+Va|ue

CRO1

Value

FFFFH

A I
Count Start Match Match
CEOQ « 1

INTCO0
Interrupt Request

|
Match

|

Match

Interrupt Request

INTCO1 ]

OVFO0

Cleared by Software

Remark CLRO01 =0

206 User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 8 TIMER/COUNTER 0

Figure 8-14 TMO Clearance After Match Detection

CRo1 CRoO1
TMO CRO00 CROO
Count Value
OH
AN A A
Count Start Clear Clear
CEO « 1

INTCO00
Interrupt Request

INTCO1
Interrupt Request

Remark CLRO1=0

User's Manual U11316EJ4V2UD 207

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 8 TIMER/COUNTER 0

8.6.2 Capture Operations

Timer/counter 0 performs capture operations in which the timer register 0 (TMO0) 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 21-2 in CHAPTER 21 EDGE DETECTION FUNCTION for details of the INTM1.

Figure 8-15 Capture Operation

FFEFH

i

TMO
Count Value

Do D2

OH %

Count Start
CEQ « 1

INTP3
Pin Input

INTP3
Interrupt Request

Capture Register

(CR02) DO D1 D2
OVFO0
Remark Dn: TMO countvalue (n=0, 1,2, ...)
CLRO1 =0
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8.7 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 circuit is 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 8-6).

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 8-6 Timer Output (TO0/TO1) Operations

TOC OSPC CRCO
TO1 TOO
ENTO1 | ALV1 | ENTOO | ALVO 0s1 0so0 MOD1 | MODO | CLRO1
0 on 0 on X X X X X High/low level fixed High/low level fixed
0 on 1 o X 0 0 0 X High/low level fixed Toggle output (active-low/high)
0 01 1 01 X 0 0 1 0 High/low level fixed PWM output (active-high/low)
0 01 1 0/1 X 0 1 0 0 High/low level fixed PWM output (active-high/low)
0 01 1 0/1 X 0 1 1 1 High/low level fixed PPG output (active-high/low)
0 01 1 0/1 x 1 x x x High/low level fixed One-shot pulse output (active-low/high)
1 on 0 01 0 X 0 X X Toggle output (active-low/high) High/low level fixed
1 on 0 on 0 X 1 0 0 PWM output (active-high/low) High/low level fixed
g 1 0/1 0 0/1 0 X 1 1 X Toggle output (active-low/high) High/low level fixed
% 1 01 0 01 1 X X X X One-shot pulse output (active-low/high) High/low level fixed
§_, 1 01 1 0/1 0 0 0 0 X Toggle output (active-low/high) Toggle output (active-low/high)
g 1 on 1 o1 0 0 0 1 0 Toggle output (active-low/high) PWM output (active-high/low)
§ 1 on 1 0N 0 0 1 0 0 PWM output (active-high/low) PWM output (active-high/low)
% 1 on 1 on 0 0 1 1 1 Toggle output (active-low/high) PPG output (active-high/low)
5 1 0/ 1 0/1 0 1 0 X X Toggle output (active-low/high) One-shot pulse output (active-low/high)
1 o/ 1 0/1 0 1 1 0 0 PWM output (active-high/low) One-shot pulse output (active-low/high)
1 VAl 1 0/1 0 1 1 1 1 Toggle output (active-low/high) One-shot pulse output (active-low/high)
1 01 1 0/1 1 0 0 0 X One-shot pulse output (active-low/high) Toggle output (active-low/high)
1 on 1 o1 1 0 0 1 0 One-shot pulse output (active-low/high) PWM output (active-high/low)
1 on 1 on 1 0 1 0 0 One-shot pulse output (active-low/high) PWM output (active-high/low)
1 01 1 0/1 1 0 1 1 1 One-shot pulse output (active-low/high) PPG output (active-high/low)
1 0/ 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.

The “x” mark indicates that the operation is the same for either 0 or 1, but some prohibited combinations are included (see Figure 8-4).

Use with combinations not shown in this table is prohibited.
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8.7.1 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 at a timing in accordance with the settings of MODO, MOD1, and CLRO1 bits of capture/compare control register 0 (CRCO0)
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.

8.7.2 Toggle Output

Toggle output is an operating mode in which the output level is inverted each time the compare register (CR00/CR01) value
coincides with the timer register 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/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 8-16 Toggle Output Operation

FFFFH FFFFH FFFFH FFFFH FFFFH

/

TMO
Val
Count Value CRO1 Value CRO1 Value CRO1 Value CRO1 Value
CROO0 Value CROO0 Value CROO0 Value CROO0 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 8-7 TOO0, TO1 Toggle Output (fxx = 32 MHz)

Count Clock Minimum Pulse Width Maximum Interval Time
8/fxx 0.25 us 16.40 ms
16/fxx 0.50 us 32.80 ms
32/fxx 1.00 us 65.50 ms
64/fxx 2.00 us 131 ms
128/fxx 4.00 us 262 ms
256/fxx 8.00 us 524 ms
512/fxx 16.00 us 1.05s
1,024/fxx 32.00 us 2.10s
2,048/fxx 64.00 us 419s

8.7.3 PWM Output

(1) Basic operation of PWM output
In this mode, a PWM signal with the period in which timer register 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/fxx N°te; x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048

Note 0 cannot be set in the CROnN.

PWM pulse width ~ CROn
PWM cycle 65,536

* Duty =

Remark n=0,1
Figure 8-17 PWM Pulse Output

cRroo ]
CRO00
Timer Count CROQ

FFFFH FFEFH FFFFH

OH
Interrupt
TOO
Pulse Pulse Width
= Width ~ < Fulse Widih —~

~——Pulse Cycle ——=——Pulse Cycle—

Remark ALVO=0
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Table 8-8 TOO0, TO1 PWM Cycle (fxx = 32 MHz)

Count Clock Minimum Pulse Width [us] PWM Cycle [s] PWM Frequency [Hz]
fxx/8 0.25 0.02 61.0
fxx/16 0.50 0.03 30.5
fxx/32 1.00 0.07 15.3
fxx/64 2.00 0.13 7.6
fxx/128 4.00 0.26 3.8
fxx/256 8.00 0.52 1.9
fxx/512 16.00 1.05 0.8
fxx/1,024 32.00 2.10 0.5
fxx/2,048 64.00 419 0.2

Figure 8-18 shows an example of 2-channel PWM output, and Figure 8-19 shows the operation of the case where FFFFH

is set in the CROO0.

FFFFH

T™MO
Count Value

OH

Figure 8-18 Example of PWM Output Using TMO

FFFFH

/ 4
CROO

FFFFH

INTCO0

INTCO1

TOO

TOA

Remark ALVO=0,ALV1=0
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Figure 8-19 Example of PWM Output When CR00 = FFFFH

FFFFH FFFFH FFFFH

| FFFEH FFFEH
T™O

Count Value |2 2

Count Clock Cycle T

INTCO0

D) D)
(¢ €S

OVF Flag

)) ))
(¢ (¢

Too —l_l (S | I S | |

Pulse Width

“*T"' 65,535
65.536

Duty = x 100 = 99.998 (%)

~—Pulse Cycle = 65,536T

Remarks 1. ALV0O=0
2. T=x/fxx(x=8, 16, 32, 64, 128, 256, 512, 1,024, 2,048)
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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
register 0 (TMO) value more than once during one PWM output cycle.

Figure 8-20 Example of Compare Register (CR00) Rewrite

FFFFH FFFFH

e e
T™MO /
T1 T1 T

Count Value
OH
CR00O T1 T2
TOO
A
CRO00
Rewrite
A
CRO00 and TMO values match, but TOO0 does not change here.
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Ifavalue smallerthan that of the TMO is set as the CROn value, a 100% duty PWM signal will be output. CROn rewriting should
be performed by the interrupt due to a match between TMO and the CROn on which the rewrite is performed.

Figure 8-21 Example of 100% Duty With PWM Output

FFFFH FFFFH FFFFH FFEFFH
ni /
n1
TMO
Count Value n3
n2 n2 n2
OH
CRO00 ni n2
TOO
A

When value n2 which is smaller than the TMO value n3 is
written to CROO, the duty of this period will be 100%.

Remark ALV0=0
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(3) Stopping PWM output
If timer/counter 0 is stopped by clearing (to 0) the CEOQ bit of the timer control register 0 (TMCO0) during PWM signal output,
the active level is output.

Figure 8-22 When Timer/Counter 0 is Stopped During PWM Signal Output

FFFFH FFFFH
z’ !
’ 1
CRO00 CROO;'* :
T™MO .’ :
Count Value :
:
1
1
1
OH
EEEEE -
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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8.7.4 PPG Output

(1) Basic Operation of PPG Output
This function outputs a square-wave with the time determined by compare register CR01 value as one cycle, and the time
determined by compare register CR0O0 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 CLRO1 bit of capture/compare control register 0 (CRCO) must be set to 1.
The pulse cycle and pulse width are as shown below.

* PPG cycle = (CRO1 + 1) x x/fxx; x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
* PPG pulse width = CR00 x x/fxx
where 1 < CR0O0 < CR01 Note
PPG pulse width CROQ Note

e Duty = =
PPG cycle CRO1 + 1

Note Both CR00 and CR0O1 cannot be cleared to “0”.

Figure 8-23 shows an example of PPG output using timer register 0 (TMO0), Figure 8-24 shows an example of the case where
CRO00 = CRO1.

Figure 8-23 Example of PPG Output Using TMO

CRof CRof CRof

™O /
Count Value —~CR00 ROO ROO

Count ?V
OH

INTCO00

INTCO1

TOO —_— ) (

(PPG Output) Pulse
Width
TO1
(Timer Output)

——Pulse Cycle—

Remark ALV0=0,ALV1=0
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Table 8-9 TO0 PPG Output (fxx = 32 MHz)

Count Clock Minimum Pulse Width PPG Cycle PPG Frequency
fxx/8 0.25 us 0.50 us to 16.40 ms 2,000 kHz to 61.0 Hz
fxx/16 0.50 us 1.00 us to 32.80 ms 1,000 kHz to 30.5 Hz
fxx/32 1.00 us 2.00 us to 65.50 ms 500 kHz to 15.3 Hz
fxx/64 2.00 us 4.00 ust0 0.13 s 250 kHz to 7.6 Hz
fxx/128 4.00 us 8.00 usto 0.26 s 125 kHz to 3.3 Hz
fxx/256 8.00 us 16.00 us to 0.52 s 62.5 kHz to 1.9 Hz
fxx/512 16.00 us 32.00 usto 1.05 s 31.3kHz to 1.0 Hz

fxx/1,024 32.00 us 64.00 usto 2.10 s 15.6 kHz t0 0.5 Hz
fxx/2,048 64.00 us 128.00 usto 4.19s 7.8kHzt0 0.2 Hz

Figure 8-24 Example of PPG Output When CR00 = CRO1

n
| n-1

Count Cycle T
TMO
Count Value | 2 2

INTCO0

n-1

o

INTCO1 ( !ﬂ
\

=

Pulse Width = nT 4>‘

TOO

<« Pulse Cycle=(n+1) T ——

Remark ALV0O=0
T = x/fxx (x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048)

User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor

219


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 8 TIMER/COUNTER 0

(2) Rewriting compare register (CR00)
The output level of the timer output (TO0) does not change even if the CR00 value matches the timer register 0 (TMO) value
more than once during one PPG output cycle.

Figure 8-25 Example of Compare Register (CR00) Rewrite

CRO1 CRO1

J Z
TMO /
T1 T1 l

Count Value

OH

CRo00O T1 >< T2

oo | ] ' |

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 CR00 before the CR00 and 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 8-26 Example of 100% Duty With PPG Output

CRO1

TMO
Count Value

OH

ni

n3

n2

CRO1

n2

n2

CRO00

ni

n2

TOO

Remark ALV0O=0

A
When value n2 which is smaller than the TMO value n3
is written to CROO0 here, the duty of this period will be 100%.

Caution If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt, the
value of CR00 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 register
0 (TMO0) 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 CR00 and TMO match. If CR00 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 8-27 Example of Extended PPG Output Cycle

Full Count Value _—

nl —— ni

nt——
n3 /

7
n5 /4
TMO n2 24—
Count Value /
n4
OH
’
CRO00 n3 (\ n4
CRo1 n1 n2
TOO

A A
If CRO0 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
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Caution If the PPG cycle is extremely short as compared with the time required to acknowledge an interrupt, the
value of CR01 cannot be rewritten by interrupt processing that is performed on coincidence between the
timer register (TMO0) and compare register (CR01). Use another method (for example, to poll the interrupt
request flags by software with all the interrupts masked).

(4) Stopping PPG output
If timer/counter 0 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 8-28 When Timer/Counter 0 is Stopped During PPG Signal Output

CRof CRof
z’ !
’ 1
CRO00 CROO;'* :
TMO .’ :
Count Value :
:
1
1
1
OH '
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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8.7.5 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 (to 1), timer output pin (TOn: n =0,
1) is set to the active level. TOn then remains at the active level until the timer register 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 bit is 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.

TOO0 and TO1 can be controlled independently.

An example of software triggered one-shot pulse output is shown in Figure 8-29.

When timer/counter 0 is stopped by clearing (to 0) the CEO bit of the TMCO, the level at the time was stopped is retained.

Figure 8-29 Example of Software Triggered One-Shot Pulse Output

FFFFH

Software Trigger
Count Start
OH l
STO —|
INTCO0 |_| |_|
ALVO } \\ \
] /
TOO Active Period Inactive Level Output

Caution “1” should not be written to STn and RTn simultaneously.

224 User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 8 TIMER/COUNTER 0

8.8 EXAMPLES OF USE

8.8.1 Operation as Interval Timer (1)

When timer register 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 8-30).

This interval timer can count within the range shown in Table 8-1 (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 8-31, the setting procedure in Figure 8-32, and the processing in the interrupt
service routine in Figure 8-33.

Figure 8-30 Interval Timer Operation (1) Timing

FFFFH FFFFH
MOD (3n) /]
n
T™MO
Count Value
MOD (2n)
OH
A
Timer Start
Compare Register
(CR00) n X MOD (2n) X MOD (3n) X MOD (4n)
INTCOO Rewritten by Rewritten by Rewritten by
Interrupt Request Interrupt Program Interrupt Program Interrupt Program
Interval Interval Interval
Remark Interval = n x 8/fxx, 1 <n < FFFFH
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Figure 8-31 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 8-32 Interval Timer Operation (1) Setting Procedure

C Interval timer (1) )
l

Set count value in CR0O0
CR00 < n

Set CRCO
CRCO « 10H

Start count ; Set 1 in bit 3 of TMCO
CEOQ « 1

=

Figure 8-33 Interval Timer Operation (1) Interrupt Request Servicing

( INTCOO interrupt )

Calculate timer value that will
generate next interrupt
CRO00 <~ CR00 +n

INTCOO Interrupt

Other interrupt service program
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8.8.2 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

8-34).

This interval timer can count within the range shown in Table 8-1 (internal system clock fxx = 32 MHz).
The control register settings are shown in Figure 8-35, and the setting procedure in Figure 8-36.

TMO

Count Value

OH

Compare Register
(CRoO1)

INTCO1
Interrupt Request

Remark Interval = (n + 1) x 8/fxx, 0 <n < FFFFH

Figure 8-34 Interval Timer Operation (2) Timing

Count Start

Clear

Clear

X

i

i

~——— Interval

)

Interrupt Acknowledged

Interval ——
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Figure 8-35 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 CRO1 & TMO contents

TOO & TO1 both toggle outputs

Figure 8-36 Interval Timer Operation (2) Setting Procedure

C Interval timer (2) )
l

Set count value in CRO1
CRO1 «<n

Set CRCO
CRCO « 18H

Start count ; Set 1 in bit 3 of TMCO
CEOQ «1

=

INTCO1 Interrupt
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8.8.3 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 (0.19 us: fcLk
= 16 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 8-3 (fcx = 16 MHz).

As shown in Figure 8-37, the timer register 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 = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048).

The control register settings are shown in Figure 8-38, and the setting procedure in Figure 8-39.

Figure 8-37 Pulse Width Measurement Timing

FFFF FFFFH

1 /

TMO
Count Value D1 D3
g
DO 2
OH i |
A Capture Capture Capture Capture
Count Start
INTP3

External Input Signal

-~ (D1 to DO) x 8/fxx —~=—(10,000H to—~~— (D3 to D2)

D1+ D2) X 8/fxx
INTP3 % 8/fxx
Interrupt Request
Capture Register
(CR02) DO D1 D2 D3

OVFO0

1
Cleared by Software

Remark Dn: TMO countvalue (n=0, 1,2, ..)
x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 8-38 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

INTM1 0 0 X X X X 1 1

\_|_—l> Both rising & falling edges

specified as INTP3 input valid edges

x : Don’t care

Figure 8-39 Pulse Width Measurement Setting Procedure

C Pulse width measurement)

Set CRCO
CRCO « 10H
; Specify both edges as
Set INTM1, ; >
Set MKOL INTP3 input valid edges,

release interrupt masking

Initialize capture value buffer memory
Xo« 0

Start count ; Set 1 in bit 3 of TMCO
CEQ « 1

Enable interrupt

=

INTPS3 Interrupt
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Figure 8-40 Interrupt Request Servicing that Calculates Pulse Width

(

INTP3 interrupt

)

i

Calculate pulse width

Yn=CR02 - Xn

Store capture value in memory

Xn+1< CR02

(

8.8.4  Operation as PWM Output

i

RETI

)

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 8-41).

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 register 0 (TMO) has two compare registers, two different PWM signals can be output.
The control register settings are shown in Figure 8-42, the setting procedure in Figure 8-43, and the procedure for varying

the duty in Figure 8-44.

Figure 8-41 Example of Timer/Counter 0 PWM Signal Output

TMO CRO00
Count Value

OH

FFFFH

7

CRo00O

FFFFH

7

CR00

FFFFH

e

A
Timer Start

TOO
(When Active-Low)
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Figure 8-42 Control Register Settings for PWM Output Operation

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

CRCO 1 0 0 1 0 0 0 0

TMO clearing disabled
= TOO0 & 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
TOO0 PWM output enabled

(c) Port 3 mode control register (PMC3)

7 6 5 4 3 2 1 0
PMC3 X X X 1 X X X X
P34 pin set as TOO output
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Figure 8-43 PWM Output Setting Procedure

( PWM output )

Set CRCO
CRCO « 90H

Set TOC

Set P34 pin to control mode
PMC3.4 « 1

Set initial value in CR00, CRO01

Start count
CEOQ « 1
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Figure 8-44 Changing PWM Output Duty

(Duty change preprocessing)

Clear INTCOO interrupt request flag
CIFO0 « 0

Enable INTCOO interrupts
CMKO00 « 0

=

( Duty change processing )

!

Set duty value in CR00

Disable INTCOO interrupts
CMKO00 « 1

i
C RETI )
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8.8.5  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 8-45).

The control register settings are shown in Figure 8-46, the setting procedure in Figure 8-47, and the procedure for varying

the duty in Figure 8-48.

Figure 8-45 Example of Timer/Counter 0 PPG Signal Output

T™MO CRO0
Count Value

OH

CRO1 CRO1

CRO00

A
Timer Start

TOO
(When Active-Low)
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Figure 8-46 Control Register Settings for PPG Output Operation

(a) Capture/compare control register 0 (CRCO)

7 6 5 4 3 2 1 0
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

P34 pin set as TOO output
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Figure 8-47 PPG Output Setting Procedure

( PPG output )

Set CRCO
CRCO « D8H

Set TOC

Set P34 pin to control mode
PMC3.4 « 1

Set cycle in CRO1

Set duty in CR0O

Start count
CEOQ « 1
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Figure 8-48 Changing PPG Output Duty

(Duty change preprocessing)

Clear INTCOO interrupt request flag
CIF00 « 0

Enable INTCOO interrupts
CMKO00 « 0

=

C Duty change processing )

i

Set duty value in CR0O

Disable INTCOO interrupts
CMKO00 « 1

l
( RETI )
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8.8.6  Example of Software Triggered One-Shot Pulse Output

In the software triggered one-shot pulse output mode, a one-shot pulse is output in response to a trigger activated by software
(see Figure 8-49).

The control register settings are shown in Figure 8-50, and the setting procedure in Figure 8-51.

Figure 8-49 Example of Timer/Counter 0 One-Shot Pulse Output

FFFFH FFFFH
TMO
Count Value
CRO00
OH
A
Count Start
TOO
A
Set Trigger
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Figure 8-50 Control Register Settings for One-Shot Pulse Output

(a) 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)

7 6 5 4 3 2 1 0
PMC3 X X X 1 X X X X
P34 pin set as TOO output
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Figure 8-51 One-Shot Pulse Output Setting Procedure

( 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
PMC 3.4 « 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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8.9 CAUTIONS

(1) While timer/counter 0 is operating (while the CEOQ 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 itis 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 0 (PRMO)
» Capture/compare control register 0 (CRCO)
» Timer output control register (TOC)
(2) Ifthe contents of the compare register (CROn: n =0 or 1) coincide with those of TMO operation when an instruction that stops
timer register 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

OR MKOL, #30H « Interrupt request CLR1 CEO « Disables interrupt
from timer/counter 0 CLR1 CIFo00 from timer/counter 0

occurs between CLR1 CIFO1 « Clears interrupt request
these instructions : flag for timer/counter O
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(3) Upto 1 countclockis required after an operation to start timer/counter 0 (CEO «— 1) has been performed before timer/counter
0 actually starts (refer to Figure 8-52).
For example, when using timer/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 8-52 Operation When Counting is Started

nces [T LT
NI €5 &8 £ &

CEO A
Timing to Start Actual Counting

Count Start Command (CEOQ « 1) by Software

(4) 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 register 0 (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/counter 0 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 TM0 and CROn have coincided).

(5) Coincidence between timer register 0 (TM0) 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.

(6) Ifthe 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 the timer register 0 (TMO0) 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).
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(7) 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 set to 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.

(8) Ifthe value of the timer register is read under the condition indicated by “x” in Table 8-10, the read value may be illegal. Do
not read the timer register under condition “x”.

Table 8-10 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

fork fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 \ y X X
fxx/16 v v ol x
fxx/n v v v \

Remarks 1. fxx: Oscillation frequency
2. fcwk: Internal system clock frequency
3. n=232, 64,128, 256, 512, 1,024, 2,048

(9) When timer/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 register 0 (TMO) alone
(refer to Figure 8-53), 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

8-54.
Figure 8-53 Example of the Case Where the External Event Counter Does Not Distinguish
Between One Valid Edge Input and No Valid Edge Input
INTP3
™0 O X 0 X 1 X 2
Cannot be
Distinguished
A
Count Start
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Figure 8-54 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 ; Set CE3to 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.

AX  AX + 1 NO If 1, valid edge is input.

End Number of input valid edges is set to AX register
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*  (10) If the count operation of TMO stops at the timing at which compare register (CR00) and timer register 0 (TMO0) match, the
CRO00/TMO0 match interrupt may not be generated after timer/counter 0 is next started.
If the TMO count operation is stopped within 1.5 count clocks after a match between CR00 and TMO, the first match interrupt
after timer/counter 0 is next started will not be generated. The second and subsequent interrupts operate normally. Note
that the timer output is unaffected by this bug.
This bug occurs because the timer interrupt controller inadvertently masks interrupts if timer/counter 0 is stopped in the
period indicated by the shaded area in the figure below.
The interrupt controller is initialized by an overflow of timer/counter 0 or a match between CR01 and TMO.

1.5 count clocks
DA
™o 0 XXX X< <>
[ M

CR00 M
CRO1 N . N
)]
CEO | | i
J Not generated
CRO0/TMO I_l
match interrupt ) HE
Remark M <N

Do not stop timer/counter 0 within 1.5 count clocks after a match between CR00 and TMO.
Disable all interrupt requests (including macro servicing), read the value of the timer to be stopped, and wait until at least
1.5 count clocks have elapsed after a match between CR00 and TMO before stopping timer/counter 0.
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9.1 FUNCTIONS

Timer/counter 1 is 16-bit or 8-bit timer/counter.

In addition to its basic functions of interval timer, pulse width measurement and event counter, timer/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 9-1 Timer/Counter 1 Intervals

Minimum Interval Maximum Interval Resolution
8/fxx 216 x 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 us)
16/fxx 216 % 16/fxx 16/fxx
(0.50 us) (32.80 ms) (0.50 us)
32/fxx 216 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 us)
64/fxx 216 x 64/fxx 64/fxx
(2.00 us) (131 ms) (2.00 us)
128/fxx 216 % 128/fxx 128/fxx
(4.00 us) (262 ms) (4.00 us)
256/fxx 216 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx 216 % 512/fxx 512/fxx
(16.00 us) (1.05s) (16.00 us)
1,024/fxx 216 % 1,024/fxx 1,024/fxx
(32.00 us) (2.10s) (32.00 us)
2,048/fxx 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19's) (64.00 us)

( ): When fxx = 32 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 9-2 Timer/Counter 1 Pulse Width Measurement Range

Measurable Pulse Width Note Resolution
8/fxx to 21 x 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 us)
16/fxx  to 2% x 16/fxx 16/fxx
(0.50 us) (32.80 ms) (0.50 us)
32/fxx to 216 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 us)
64/fxx  to  2'% x 64/fxx 64/fxx
(2.00 us) (131 ms) (2.00 us)
128/fxx to 2'® x 128/fxx 128/fxx
(4.00 us) (262 ms) (4.00 us)
256/fxx to 26 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx to 2% x 512/fxx 512/fxx
(16.00 us) (1.05s) (16.00 us)
1,024/fxx to 216 x 1,024/fxx 1,024/fxx
(32.00 us) (2.10s) (32.00 us)
2,048/fxx to 216 x 2,048/fxx 2,048/fxx
(64.00 us) (419 s) (64.00 us)

( ): When fxx = 32 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.

Sampling Clock Minimum Pulse Width

fork fork = fx/2 4/fcik = 8/fxx (0.25 us)
fork = f/4 4/fcik = 16/fxx (0.50 us)
fork = fx/8 4/fcik = 32/fxx (1.00 us)
fork = /16 4/fcik = 64/fxx (2.00 us)

fxx/64 256/fxx (8.00 us)

fxx/28 512/fxx (16.00 us)

fxx/256 1,024/fxx (32.00 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/counter 1 are shown in Table 9-3.

Table 9-3 Timer/Counter 1 Pulse Width Measurement Time
(): When fcik = 16 MHz and fxx = 32 MHz

Sampling Clock Note When Counting One Edge When Counting Both Edges

fok Maximum frequency fck/8 (2.00 MHz) fck/8 (2.00 MHz)
Minimum pulse width 4/fcik (0.25 us) 4/fcik (0.25 us)
(High and low levels)

fxx/64 Maximum frequency fxx/512 (62.50 kHz) fxx/512 (62.50 kHz)
Minimum pulse width 256/fxx (8.00 us) 256/fxx (8.00 us)
(High and low levels)

fxx/128 Maximum frequency fxx/1,024 (31.30 kHz) fxx/1,024 (31.30 kHz)
Minimum pulse width 512/fxx (16.00 us) 512/fxx (16.00 us)
(High and low levels)

fxx/256 Maximum frequency fxx/2,048 (15.60 kHz) fxx/2,048 (15.60 kHz)
Minimum pulse width 1,024/fxx (32.00 us) 1,024/fxx (32.00 us)
(High and low levels)

Note Selected by means of the sampling clock selection register (SCS0)

9.2 CONFIGURATION

Timer/counter 1 consists of the following registers:

» Timer register (TM1/TM1W) x 1
» Compare register (CR10/CR10W) x 1

+ Capture/compare register (CR11/CR11W) x 1

» Capture register (CR12/CR12W) x 1

The block diagram of timer/counter 1 is shown in Figure 9-1.
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0S¢

External Interrupt
Mode Register 0

(INTMO)

Figure 9-1 Timer/Counter 1 Block Diagram
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fxx —=|Prescaler|= fxx/128

Prescaler

Mode Register 1

(PRM1)

8 Internal Bus
8/16
Compare Register Capture/Compare
CR10/CR10W. C'-R”C'-Rm Control Register 1 (CRC1)
i 8/16
Edge 16—
P21/INTPO  O—|Detection Maich | Selector [ INTC10
Circuit IN*TPO =
16
CaptLﬁre/Compare Clear
egister Real-Time Output Port
(CR11ICR11W) C}— RESET P
16
=~ fxx/1,024 — Selector ™\ INTC11
= fxx/512 —
[ fxx/256 Capture Trigger
—~|Selector \
= fxx/64  — CM
= /32—~ Timer Register 1 | Overflow
= fxx/16 (TM1/TMIW) |
[ Bod8 ™ Capture Trigger
16
—~ Timer Control
|PRS13‘PRS12‘PRS1 1 ‘PRS10| ?SQ%%R;EZ'%' | Register 1 (TMC1)
8 8/16 8/16

Internal Bus
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(1) Timer register 1 (TM1/TM1W)
TM1/TM1W is a timer register 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.

Caution If the value of the timer register is read under the condition indicated by “x” in Table 9-4, the read value
may be illegal. Do not read the timer register under condition “x”.

Table 9-4 Limits of Reading Timer Register

(\: Can be read, x: Must not be read)

fouk fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v J x x
fxx/16 V J J
fxx/n

Remarks 1. fxx: Oscillation frequency
2. fcik: Internal system clock frequency
3. n=32,64,128, 256,512, 1,024, 2,048

(2) Compare register (CR10/CR10W)
CR10/CR10W is an 8/16-bit register that holds the value that determines the interval timer operation cycle.
If the contents of the 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 operating mode, and CR10W in the 16-bit operating 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.

(3) Capture/compare register (CR11/CR11W)
CR11/CR11W is an 8/16-bit 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 operating mode, and CR11W in the 16-bit operating 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.

(a) 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 the CR11/CR11W register and the
contents of TM1/TM1W.
Also, the count value can be cleared by a match. This match signal is also a real-time output port trigger signal.
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(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 of the CR11/CR11W are retained until the next capture trigger is generated. TM1/TM1W can be cleared
after a capture operation.

(4) 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 (INTP0). 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 operating mode, and CR12W in the 16-bit operating mode.
CR12/CR12W can be read only with an 8/16-bit manipulation instruction. RESET input clears this register to 0000H.

(5) Edge detection circuit
The edge detection circuit detects an external input valid edge.
When the valid edge set by external interrupt mode register 0 (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 21-1 for details
of the INTMO).

(6) 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 register 1 (TM1/TM1W) to perform count operations.

(7) 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 register 1 (TM1/TM1W).
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9.3 TIMER/COUNTER 1 CONTROL REGISTERS

(1) Timer control register 1 (TMC1)

TMC1 controls the timer/counter 1, TM1/TM1W, count operation by the low-order 4 bits (the high-order 4 bits control the
count operation of timer/counter 2, TM2/TM2W).

TMC1 can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format of the TMC1
is shown in Figure 9-2.

RESET input clears TMC1 to 00H.
Figure 9-2 Timer Control Register 1 (TMC1) Format

@ @ s s B @ 1 0  Address After Reset R/W
TMC1 | CE2 | OVF2 [cMD2 | BW2 | CE1 |OVF1| 0 | BW1 | OFF5FH  OOH RIW

BW1 Timer Counter 1 Bit Length Specification

0 8-bit operating mode

1 16-bit operating mode

OVF1 TM1/TM1W Overflow Flag

0 No overflow

1 Overflow Nete

Note In 8-bit operating mode:
count up from FFH to 00H
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

Controls count operation of timer/counter 2
(TM2/TM2W) (see Figure 10-2).

Remark The OVF1 bit is reset by software only.
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(2

Prescaler mode register 1 (PRM1)

The count clock of PRM1 to timer/counter 1, TM1/TM1W, is specified by the low-order 4 bits (the high-order 4 bits specify
the count clock to timer/counter 2, TM2/TM2W).

PRM1 can be read or written to with an 8-bit manipulation instruction. The format of the PRM1 is shown in Figure 9-3.
RESET input sets PRM1 to 11H.

Figure 9-3 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| OFF5EH 11H R/W
\ \ \ | \ \ \ |
(fxx = 32MHz)
16-Bit Timer/Counter 1 TM1/
PRs13|PRs 12l PRS11|PRS 10 TM1W Count Clock Specification
Count Clock [Hz] Resolution
Specification [us]

0 0 0 0 Setting prohibited -

0 0 0 1 fxx/8 0.25

0 0 1 0 fxx/16 0.50

0 0 1 1 fxx/32 1.00

0 1 0 0 fxx/64 2.00

0 1 0 1 fxx/128 4.00

0 1 1 0 fxx/256 8.00

0 1 1 1 fxx/512 16.00

1 0 0 0 fxx/1,024 32.00

1 0 0 1 fxx/2,048 64.00

1 1 1 1 External clock (INTPO) -

Other than the above Setting prohibited
Specifies count clock to TM2/TM2W of timer/counter 2
(see Figure 10-3).

Remark fxx: X1 input frequency or oscillation frequency

254

User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 9 TIMER/COUNTER 1

(3) Capture/compare control register 1 (CRC1)
The CRC1 specifies the operation of the capture/compare register (CR11/CR11W) and the enabling condition for a timer
register 1 (TM1/TM1W) clear operation.
CRC1 can be read or written to with an 8-bit manipulation instruction. The format of the CRC1 is shown in Figure 9-4.
RESET input clears CRC1 to 00H.

CRCH1

Figure 9-4 Capture/Compare Control Register 1 (CRC1) Format

7 6 5 4 3 2 1 0 Address After Reset R/W
0 0 0 0 CLR11| CM |CLR10| O OFF32H 00H R/W
L]
CLR TM1 Clear Operation when TM1 = CR10
10f TM1W Clear Operation when TM1W = CR10W
0 Disabled
1 Enabled
CR11/CR11W TM1/TM1W
CLR11| CM Operation Clearance
Specification Operation
0 0 Compare Disabled
1 0 operation Enabled (when
TM1 & CR11 or
TM1W &CR11W
contents match)
0 1 Capture Disabled
1 ;| operaton Enabled (when
TM1 contents
are captured in
CR11 or when
TM1W contents
are captured in
CR11W)

Caution Even if an attempt is made to clear the timer register by inputting the capture request signal when the
capture function of the timer is used, the timer register momentarily counts up immediately before it is
cleared. Consequently, if a value greater than the value of the timer register by 1 is set to the compare
register when the capture request signal is input, the values of the compare register and timer register
coincide, and an unnecessary interrupt will be generated (refer to Figure 9-5). Therefore, take the

following operation into consideration when creating a program.
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<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N”whenthe value “N + 1”is set to the compare register, no interrupt request is generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As aresult, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 9-5 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

\ Clears timer register by input of capture
'request signal

Timer Register N-1 >< N >< 0

Compare Register Value N+ 1

Interrupt Request Signal
Issued as Result of Coincidence |_|

Between Compare Register
This phenomenon

and Timer Register
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9.4 TIMER REGISTER 1 (TM1) OPERATION

9.4.1 Basic Operation

8-bit operating mode/16-bit operating mode control can be performed for timer/counter 1 by means of bit 0 (BW1) of timer
control register 1 (TMC1), Note

In the timer/counter 1 count operation, an up-count 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 TMC1 (timer/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 up-count operation is performed.

When the CE1 bit is cleared (to 0), TM1 becomes OH immediately, and capture operations and match signal generation are
stopped.

If the CE1 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 input when TM1 is FFH in 8-bit operating mode and when TM1W is FFFFH in 16-bit operating 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 register 1 in the 8-bit operating mode are described hereafter. In
the 16-bit operating mode, TM1, CR10, CR11, and CR12 operate as TM1W, CR10W, CR11W, and CR12W,
respectively.

User's Manual U11316EJ4V2UD 257

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 9 TIMER/COUNTER 1

Figure 9-6 Basic Operation in 8-Bit Operating Mode (BW1 = 0)

(a) Count started — count disabled — count started

S 0 8 A
i 000 8 2 S W O

(s
CE1 J
))

¢

A A A
Count Started Count Stopped Count Started
CE1 1 CE1«0 CE1 «1

(b) When “1” is written to the CE1 bit again after the count starts

N | [ I
er | |

A A
Count Started Rewrite
CE1 «1 CE1 1

(c) Operation when TM1 = FFH

Count Clock | | | | | | | |
=Y

OVF1

A
Cleared by Software
OVF1 <0
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Figure 9-7 Basic Operation in 16-Bit Operating Mode (BW1 = 1)

(a) Count started — count disabled — count started

/ﬂ I
o S HEECDEEE 0

CEf

)
(¢

A A A
Count Started Count Stopped Count Started
CE1 «1 CE1«0 CE1 «1

(b) When “1” is written to the CE1 bit again after the count starts

eamces |||

R (0.0 € 60,60 E.C0 &
' ¢
CEf J 1
1

A A
Count Started Rewrite
CE1 1 CE1 1

(c) Operation when TM1W = FFFFH

Count Clock | | | | | | | |
TM1W FFFEHXFFFFHX OH x 1Hgs ><

OVF1

A
Cleared by Software
OVF1 «0
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9.4.2 Clear Operation

(1) Clear operation after match with compare register and after capture operation
Timer register 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 9-8 TM1 Clearance by Match With Compare Register (CR10, CR11)

Count Clock ‘ \ ‘ \ ‘ \

™1 n-1 N 0 X ]

Compare Register
(CR1n) n

A A
TM1 and CR1n Match Cleared Here

Figure 9-9 TM1 Clearance after Capture Operation

e [T ML ]
m o e

INTPO \

A
TM1 is captured

in CR11 here A
Cleared Here

(2) Clear operation by CE1 bit of timer control register 1 (TMC1)
Timer register 1 (TM1) is also cleared when the CE1 bit of TMC1 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 9-10 Clear Operation When CE1 Bit is Cleared (0)
(a) Basic operation

S I
™ net XX 0

CE1

— !

(b) Restart before count clock is input after clearance

Count Clock |_| —| |_| |_|
TM1 n-1 0 0 X 1 X 2

CE1

P E—

If the CE1 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
SN 03 0 i i

CE1

——

If the CE1 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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9.5 EXTERNAL EVENT COUNTER FUNCTION

Timer/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 operating mode. When the timer register 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 (SCS0) as shown in Table 9-5.

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 SCSO0, regardless of whether the level
is high or low. If the width is shorter than this, the pulse may not be counted.

Figure 9-11 shows the timing of the external event count by timer/counter 1.

Table 9-5 Maximum Input Frequency and Minimum Input Pulse Width That Can be Counted as Events
(): fxx = 32 MHz, fck = 16 MHz

Sampling Clock Selected by SCSO Maximum Input Frequency Minimum Pulse Width
fork fewk/8 (2.00 MHz) 4/fcik (0.25 ps)
foLk/64 fok/512 (31.30 kHz) 256/fxx (8.00 us)
fok/128 fouk/1,024 (15.60 kHz) 512/fxx (16.00 us)
feLk256 fcLk/2,048 (7.81 kHz) 1,024/fxx (32.00 us)

Figure 9-11 Timer/Counter 1 External Event Count Timing

(1) Counting one edge (maximum frequency = fcLk/8)

4/fsmp (MIN.)4/fsve (MIN.) 8/fsmp (MIN.)

INTPO

3 to 4/fsmp

S A I
m o X e X o X we X

Remarks 1. ICI: INTPO input signal after passing through edge detection circuit
2. fswp is selected by the sampling clock selection register (SCS0).
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(2) Counting both edges (maximum frequency = fcLk/8)

4/fsmp (MIN.) | 4/fsmp (MIN.)

8/fswe (MIN.)

INTPO

ICI

3 to 4/fsmp

\

TMA Dn >< Dn+1 >< Dn+2 >< Dn+3 >< Dn+4

!
=X

Remarks 1. ICI: INTPO input signal after passing through edge detection circuit
2. fswr is selected by the sampling clock selection register (SCSO0).

The TM1 count operation is controlled by the CE1 bit of the timer control register 1 (TMC1) in the same way as with the basic

operation.

When the CE1 bit is set (to 1) by software, the contents of TM1 are set to OH and the up-count operation is started on the

initial count clock.

When the CE1 bitis 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/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 register 1 (TM1) alone (see Figure 9-12), 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 9-13.

Figure 9-12 Example of the Case Where the External Event Counter Does Not Distinguish Between One
Valid Edge Input and No Valid Edge Input

INTPO ‘

TM1 0

A

No Distinction Made

A
Count Start
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Figure 9-13 Methods of Enabling the External Event Counter to Distinguish No Valid Edge Input

(a) Processing when count is started

( Start count )

Clear INTPO interrupt
request flag
PIFO < 0

Start count ; Set CE1to 1
CE1 « 1

|
=

(b) Processing when count value is read

( Count value read )

Read TM1 contents

; Clear PIFOto O

A« TM1
YES
-0?
A=0" ; 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+1
C End ) ; Number of input valid edges is set in A register
264 User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 9 TIMER/COUNTER 1

9.6 COMPARE REGISTER, CAPTURE/COMPARE REGISTER, AND CAPTURE REGISTER OPERATION

9.6.1 Compare Operations

Timer/counter 1 performs compare operations in which the value setin a compare register (CR10), capture/compare register
(CR11), specified for compare operation is compared with the timer register 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 9-14 Compare Operation in 8-Bit Operating Mode

/FH
TM1
Count Value CR10 Value
CR11 Value
OH =
Count Start Match Match
CE1 1
INTC10
Interrupt Request
INTC11 []
Interrupt Request
OVF1
Remark CLR10=0,CLR11=0,CM=0,BW1=0
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Figure 9-15 Compare Operation in 16-Bit Operating Mode

FFEFH FFFFH

TM1W
Count Value

CR11W Value CR11W Value

CR10W Value CR10W Value
OH

A ! \
Count Start ~ Match Match Match Match

CE1 «1

INTC10
Interrupt Request

INTC11
Interrupt Request

OVF1

Cleared by Software

Remark CLR10=0,CLR11=0,BW1 =1

Figure 9-16 TM1 Clearance after Match Detection

CR11
CR10 CR10 CR10
T™1
Count Value
OH
A A A A A A
Count Start Clear ‘ Count Start Clear Clear
CE1 « 1 ) CE1«0
CLR10 <0 Count Disabled| C| R10 « 1
CLR11 « 1 CE1«0 CLR11 <0
INTC10
Interrupt Request
INTC11
Interrupt Request
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9.6.2  Capture Operations

Timer/counter 1 performs capture operations in which the timer register 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 21-1 in CHAPTER 21 EDGE DETECTION FUNCTION 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 9-17 Capture Operation in 8-Bit Operating Mode
FFH
T™M1
Count Value
D1
DO D2
OH =
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 9-18 Capture Operation in 16-Bit Operating Mode

T™M1W
Count Value

Do
OH

FFFFH

/

D2

A
Count Start
CE1 «1

INTPO
Pin Input

INTPO
Interrupt Request

Capture Register DO
(CR12W)

D1

D2

OVF1

Remark Dn: TM1W countvalue (n=0,1,2, ...)
CLR10=0,CLR11=0,CM =1, BW1 =1
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Figure 9-19 TM1 Clearance after Capture Operation

™1
Count Value 5= N3

OH

Capture Capture Capture Capture Capture

INTPO
Pin Input

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

Caution Even if an attempt is made to clear the timer register by inputting the capture request signal when the
capture function of the timer is used, the timer register momentarily counts up immediately before it is
cleared. Consequently, if a value greater than the value of the timer register by 1 is set to the compare
register when the capture request signal is input, the values of the compare register and timer register
coincide, and an unnecessary interrupt will be generated (refer to Figure 9-20). Therefore, take the
following operation into consideration when creating a program.
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<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N” when the value “N + 1” is set to the compare register, no interrupt request is generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As a result, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 9-20 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

Clears timer register by input of capture
' request signal

Timer Register N-1 >< N \ 0

Compare Register Value N+ 1

Issued as Result of Coincidence
Between Compare Register

Interrupt Request Signal |—|
and Timer Register T

This phenomenon
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9.7 EXAMPLES OF USE

9.7.1 Operation as Interval Timer (1)

When timer register 1 (TM1) is made free-running and a fixed value is added to the compare register (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 9-21).

Since TM1 has two compare registers, two interval timers with different intervals can be constructed.

The control register settings are shown in Figure 9-22, the setting procedure in Figure 9-23, and the processing in the interrupt
service routine in Figure 9-24.

Figure 9-21 Interval Timer Operation (1) Timing

FFH FFH
MOD (3n) /]
n
TM1
Count Value
MOD (2n)
OH
A
Timer Start
Compare Register
(CR10) n >< MOD (2n) >< MOD (3n) >< MOD (4n)
Interrupt FI"::S ejs(i Rewritten by Rewritten by Rewritten by
Interrupt Program Interrupt Program Interrupt Program
Interval Interval Interval
Remark Interval = n x x/fxx, 1 <n <FFH
x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 9-22 Control Register Settings for Interval Timer Operation (1)

(a) Prescaler mode register 1 (PRM1)

PRM1 X X X X PRS13|PRS12| PRS11| PRS10

Count clock specification
(x/fxx ; x = 8, 16, 32, 64, 128, 256,
512, 1,024, 2,048)

(b) Capture/compare control register 1 (CRC1)

7 6 5 4 3 2 1 0

CRCH1 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 9-23 Interval Timer Operation (1) Setting Procedure

( Interval timer (1) )
!

Set PRM1

Set count value in CR10
CR10 «n

Set CRC1
CRC1 « 00H

Start count
CE1 1

=

; Set 1 in bit 3 of TMC1

INTC10 Interrupt

Figure 9-24 Interval Timer Operation (1) Interrupt Request Servicing

( INTC10 interrupt )

Calculate timer value that will
generate next interrupt
CR10« CR10 +n

Other interrupt service program
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9.7.2  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
9-25).
The control register settings are shown in Figure 9-26, and the setting procedure in Figure 9-27.

Figure 9-25 Interval Timer Operation (2) Timing (When CR11 is Used as Compare Register)

n n
T™1
Count Value
OH
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 =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 9-26 Control Register Settings for Interval Timer Operation (2)

(a) 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 = 8, 16, 32, 64, 128, 256,
512, 1,024, 2,048)

(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 9-27 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
CE1 <1

=

INTC11 Interrupt
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9.7.3 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

SCSO; if shorter than this, the valid edge will not be detected and a capture operation will not be performed.

As shown in Figure 9-28, the timer register 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 = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048).
The control register settings are shown in Figure 9-29, and the setting procedure in Figure 9-30.

Figure 9-28 Pulse Width Measurement Timing (When CR11 is Used as Capture Register)

FEH

d

FEH

d

TM1
Count Value D1 D3
D2
Do
OH ‘
A Capture Capture Capture Capture
Count Start
CE1 «1
INTPO
External Input Signal
-— (D1 to DO) x x/fxx ——==— (100H to —==— (D3 to D2) x x/fxx
D1 + D2) x
INTPO _I _I x/fxx _I _I
Interrupt Request
Capture/Compare
Register (CR11) DO D1 D2 D3
OVF1

Remark Dn: TM1 countvalue (n=0, 1,2, ...)
x =8, 16, 32, 64, 128, 256, 512, 1,024, 2,048
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Figure 9-29 Control Register Settings for Pulse Width Measurement

(a) 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 = 8, 16, 32, 64, 128, 256,
512, 1,024, 2,048)

(b) Capture/compare control register 1 (CRC1)

CRCH1 0 0 0 0 0 1 0 0

——— TM1 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)

INTMO X X X X 1 1 0 X

Both rising & falling edges

specified as INTPO input valid edges
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Figure 9-30 Pulse Width Measurement Setting Procedure

( 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 1in bit 3 of TMCH
CE1 « 1

Enable interrupts

=

INTPO Interrupt

Figure 9-31 Interrupt Request Servicing that Calculates Pulse Width

C INTPO interrupt )

Calculate pulse width
Yn=CR11 = Xn

Store capture value in memory
Xn+1 < CR11

:
( RETI )
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9.8 CAUTIONS

(1)

While timer/counter 1 is operating (while the CE1 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)
* 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
register 1 (TM1) operation is executed, the counting operation of TM1 stops, but an interrupt request is generated.

In order not to generate the interrupt when stopping the operation of TM1, mask the interrupt in advance by using the
interrupt mask register before stopping TM1.

Example
Program that may generate interrupt request Program that does not generate interrupt request
CLR1 CEt « Interrupt request OR MKOL, #COH « Disables interrupt
OR MKOL, #COH from timer/counter 1 CLR1 CE1 from timer/counter 1
: occurs between CLR1 CIF10 « Clears interrupt request
these instructions CLR1 CIF11 flag from timer/counter 1
User's Manual U11316EJ4V2UD 279

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 9 TIMER/COUNTER 1

(3) Upto 1 countclockisrequired after an operation to starttimer/counter 1 (CE1 « 1) has been performed before timer/counter
1 actually starts (refer to Figure 9-32).
For example, when using timer/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 9-32 Operation When Counting is Started

nces [T LT
"N €5 &8 £ &

CET1 A
Timing to Start Actual Counting

Count Start Command (CE1 « 1)
by Software

(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 register 1 (TM1) is not detected.
Write data to CR1n when timer/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 timer register 1 (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) Ifthe value of the timer register is read under the condition indicated by “x” in Table 9-6, the read value may be illegal. Do
not read the timer register under condition “x”.

Table 9-6 Limits of Reading Timer Register

(V: Can be read, x: Must not be read)

foLk fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v v X X
fxx/16 v v v x
fxx/n y y \/ \/

Remarks 1. fxx: Oscillation frequency
2. fcwk: Internal system clock frequency
3. n=232,64, 128, 256, 512, 1,024, 2,048
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(7) When timer/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 register 0 (TMO) alone
(refer to Figure 9-33), 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 INTPO, as shown in Figure
9-34.

Figure 9-33 Example of the Case Where the External Event Counter Does Not Distinguish
Between One Valid Edge Input and No Valid Edge Input

INTPO

w X G

Cannot be
Distinguished

A
Count Start
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Figure 9-34 To Distinguish Whether One or No Valid Edge Has Been Input with External Event Counter

(a) Processing on starting counting

Start count

Clear INTPO
interrupt request flag | ; Clear PIFO to O
PIFO « 0

Start count
CE1 « 1 ; Set CE1to 1

End

(b) Processing on reading count value

Count value
read

Read TM1 contents
A« TM1

; Check TM1 value.
If 0, check interrupt
request flag.

; Check PIFO contents.
If 1, valid edge is input.

End ; Number of input valid edges is set to A register
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(8) Even if an attempt is made to clear the timer register by inputting the capture request signal when the capture function of
the timeris used, the timer register momentarily counts up immediately before itis cleared. Consequently, if a value greater
than the value of the timer register by 1 is set to the compare register when the capture request signal is input, the values
of the compare register and timer register coincide, and an unnecessary interrupt will be generated (refer to Figure 9-35).
Therefore, take the following operation into consideration when creating a program.

<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N”whenthe value “N + 1” is set to the compare register, no interrupt requestis generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As a result, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 9-35 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

\\ Clears timer register by input of capture
'request signal

Timer Register N-1 >< N >< 0

Compare Register Value N +1

Issued as Result of Coincidence
Between Compare Register

Interrupt Request Signal |—|
and Timer Register T

This phenomenon
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*x  (9) If the count operation of TM1 stops at the timing at which compare register (CR10) and timer register 1 (TM1) match, the
CR10/TM1 match interrupt may not be generated after timer/counter 1 is next started.
Ifthe TM1 count operation is stopped within 1.5 count clocks after a match between CR10 and TM1, the first match interrupt
after timer/counter 1 is next started will not be generated. The second and subsequent interrupts operate normally. Note
that the timer output is unaffected by this bug.
This bug occurs because the timer interrupt controller inadvertently masks interrupts if timer/counter 1 is stopped in the

period indicated by the shaded area in the figure below.
The interrupt controller is initialized by an overflow of timer/counter 1 or a match between CR11 and TM1.

1.5 count clocks

‘ ‘

Count clocks wm
D E O G D G ID (B I

CR10 M /| M
\
CR11 N /| N
\
))
CE1 T
I—I J Not generated
CR10/TMH1 I_l P
match interrupt ) HE

Remark M<N

Do not stop timer/counter 1 within 1.5 count clocks after a match between CR10 and TM1.
Disable all interrupt requests (including macro servicing), read the value of the timer to be stopped, and wait until at least
1.5 count clocks have elapsed after a match between CR10 and TM1 before stopping timer/counter 1.
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10.1 FUNCTIONS

CHAPTER 10 TIMER/COUNTER 2

Timer/counter 2 is 16-bit or 8-bit timer/counter, and has the following function which the other three timer/counters do

not have:

« One-shot timer Note

Note The one-shot timer function is a count operation of timer/counter 2 (TM2/TM2W), and is thus different in nature
from the one-shot pulse output function of timer/counter 0.

In this section, the following four basic functions are described in order:

e Interval timer

* Programmable square-wave output

* Pulse width measurement
» External event counter

(1) Interval timer

Generates internal interrupts at preset intervals.

Table 10-1 Timer/Counter 2 Intervals

Minimum Interval Maximum Interval Resolution
8/fxx 216 % 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 us)
16/fxx 216 % 16/fxx 16/fxx
(0.50 us) (32.80 ms) (0.50 us)
32/fxx 216 5 32/fxx 32/fxx
(1.60 us) (65.50 ms) (1.00 us)
64/fxx 216 % 64/fxx 64/fxx
(2.00 us) (131 ms) (2.00 us)
128/fxx 216 % 128/fxx 128/fxx
(4.00 us) (262 ms) (4.00 us)
256/fxx 216 % 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx 216 % 512/fxx 512/fxx
(16.00 us) (1.05 s) (16.00 us)
1,024/fxx 216 % 1,024/fxx 1,024/fxx
(32.00 us) (2.10 s) (32.00 us)
2,048/fxx 216 % 2 048/fxx 2,048/fxx
(64.00 us) (4.19 s) (64.00 us)

( ): When fxx = 32 MHz

User's Manual U11316EJ4V2UD

Downloaded from Elcodis.com electronic components distributor

285


http://elcodis.com/parts/6094935/upd78p4038ygk-9eu-a.html

CHAPTER 10 TIMER/COUNTER 2

(2) Programmable square-wave output
Outputs square waves independently to the timer output pins (TO2 and TO3).

Table 10-2 Timer/Counter 2 Programmable Square-Wave Output Setting Range

Minimum Pulse Width Maximum Pulse Width
8/fxx 216 x 8/fxx
(0.25 us) (16.40 ms)
16/fxx 216 % 16/fxx
(0.50 us) (32.80 ms)
32/fxx 216 % 32/fxx
(1.00 us) (65.50 ms)
64/fxx 216 % 64/fxx
(2.00 us) (131 ms)
128/fxx 216 % 128/fxx
(4.00 us) (262 ms)
256/fxx 216 % 256/fxx
(8.00 us) (524 ms)
512/fxx 216 % 512/fxx
(16.00 pus) (1.05 s)
1,024/fxx 216 % 1,024/fxx
(32.00 us) (2.10 s)
2,048/fxx 216  2,048/fxx
(64.00 pus) (4.19 s)

( ): When fxx = 32 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/INTP2).

Table 10-3 Timer/Counter 2 Pulse Width Measurement Range

Measurable Pulse Width Note Resolution
8/fxx to 216 % 8/fxx 8/fxx
(0.25 us) (16.40 ms) (0.25 us)
16/fxx to 216 x 16/fxx 16/fxx
(0.50 us) (32.80 ms) (0.50 us)
32/fxx to 216 x 32/fxx 32/fxx
(1.00 us) (65.50 ms) (1.00 us)
64/fxx to 216 x 64/fxx 64/fxx
(2.00 us) (131 ms) (2.00 us)
128/fxx to 216 x 128/fxx 128/fxx
(4.00 us) (262 ms) (4.00 us)
256/fxx to 216 x 256/fxx 256/fxx
(8.00 us) (524 ms) (8.00 us)
512/fxx to 216 x 512/fxx 512/fxx
(16.00 us) (1.05 s) (16.00 us)
1,024/fxx ~ to 216 x 1,024/fxx 1,024/fxx
(32.00 pus) (2.10 s) (32.00 pus)
2,048/fxx  to 216 x 2,048/fxx 2,048/fxx
(64.00 us) (4.19 s) (64.00 us)

(): When fxx = 32 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 4/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) (Cl pin input pulses). The clocks

that can be input to timer/counter 2 are shown in Table 10-4.

Table 10-4 Clocks Enabled to be Input to Timer/Counter 2

When Counting One Edge When Counting Both Edges

Maximum frequency

fork/8 (2.00 MHz) foLk/8 (2.00 MHz)

Minimum pulse width
(High and low levels)

4/fck (0.25 u

s) 4/fck (0.25 us)
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10.2 CONFIGURATION
Timer/counter 2 consists of the following registers.
« Timer register (TM2/TM2W) x 1
» Compare register (CR20/CR20W) x 1
» Capture/compare register (CR21/CR21W) x 1

» Capture register (CR22/CR22W) x 1

The block diagram of timer/counter 2 is shown in Figure 10-1.
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Figure 10-1 Timer/Counter 2 Block Diagram
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(1) Timer register 2 (TM2/TM2W)
TM2/TM2W is a timer register 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 register 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.

Caution If the value of the timer register is read under the condition indicated by “x” in Table 10-5, the read
value may be illegal. Do not read the timer register under condition “x”.

Table 10-5 Limits of Reading Timer Register

(\: Can be read, x: Must not be read)

foik fxx/2 fxx/4 fxx/8 fxx/16
Timer Count Clock
fxx/8 v v x x
fxx/16 y y \ X
fxx/n

Remarks 1. fxx: Oscillation frequency
2. fck: Internal system clock frequency
3. n=232, 64, 128, 256, 512, 1,024, 2,048

(2) 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.

(3) 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.

(a) 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.
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(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.
Also, TM2/TM2W can be cleared after a capture operation.

(4) 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. RESET input clears this register to 0000H.

(5) 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).

(6) 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/TO83) 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).

(7) 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 register 2 (TM2/TM2W) to perform count operations.

(8) 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 register 2 (TM2/TM2W).
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10.3 TIMER/COUNTER 2 CONTROL REGISTERS

(1) Timer control register 1 (TMC1)
In TMC1 the timer/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/counter 1, TM1/TM1W).
TMC1 can be read or written to with an 8-bit manipulation instruction or bit manipulation instruction. The format of the
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  After Reset R/W

TMC1 | CE2 | OVF2 |CMD2 | BW2 | CE1 |OVFi | 0 | BW1 | OFF5FH 00H RW
\ \ \ !

Controls count operation of timer/counter 1
(TM1/TM1W) (see Figure 9-2).

BW2 | Timer/Counter 2 Bit Length Specification

0 8-bit operating mode

1 16-bit operating mode

CMD2 | TM2/TM2W Operating Mode Specification

0 Normal mode

1 One-shot mode

QVF2 TM2/TM2W Overflow Flag
0 No overflow
1 Overflow Nete

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/counter 2, TM2/TM2W, is specified by the high-order 4 bits (the low-order 4 bits specify

the count clock to timer/counter 1, TM1/TM1W).

PRM1 can be read or written with an 8-bit manipulation instruction.

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

PRM1 | PRS23| PRS22|PRS21| PR20 |PRS13|PRS12| PRS11|PRS10

Address

OFF5EH

After Reset

R/W

11H R/W

Specifies count clock to timer/counter 1 (TM1/TM1W)
(see Figure 9-3).
(fxx = 32MHz)
Timer/Counter 2 (TM2/TM2W)
PRS23|PRS22l PRS21| PRS20 Count Clock Specification
Count Clock [Hz] Resolution
Specification [us]
0 0 0 0 Setting prohibited -
0 0 0 1 fxx/8 0.25
0 0 1 0 fxx/16 0.50
0 0 1 1 fxx/32 1.00
0 1 0 0 fxx/64 2.00
0 1 0 1 fxx/128 4.00
0 1 1 0 fxx/256 8.00
0 1 1 1 fxx/512 16.00
1 0 0 0 fxx/1,024 32.00
1 0 0 1 fxx/2,048 64.00
1 1 1 1 External clock (CI/INTP2) -
Other than the above Setting prohibited
Remark fxx: X1 input frequency or oscillation frequency
User’s Manual U11316EJ4V2UD
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(3) Capture/compare control register 2 (CRC2)
The CRC2 specifies the enabling condition for a timer register 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 the CRC2 is shown in Figure 10-
4.
RESET input sets CRC2 to 10H.

Figure 10-4 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
CR2f Mode Speciieaton
MOD1 | MODO | CLR22| CLR21| CMz2t | Operation oce Specticatio TM2 Clear Operation
ificati
pecification T02 103
0 0 0 0 0 Compare Toggle output | Toggle output | Not cleared
operations .
0 0 0 1 0 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
0 0 1 1 Toggle output Cleared after TM2
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 operating mode are shown in this figure. In the 16-bit operating mode, the
register names TM2, CR20, CR21, and CR22 are TM2W, CR20W, CR21W, and CR22W, respectively.

Even if an attempt is made to clear the timer register by inputting the capture request signal when the
capture function of the timer is used, the timer register momentarily counts up immediately before it
is cleared. Consequently, if a value greater than the value of the timer register by 1 is set to the compare
register when the capture request signal is input, the values of the compare register and timer register
coincide, and an unnecessary interrupt will be generated (refer to Figure 10-5). Therefore, take the
following operation into consideration when creating a program.

Caution
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<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N”whenthe value “N + 1”is setto the compare register, no interrupt request is generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As a result, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 10-5 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

\\ Clears timer register by input of capture
'request signal

Timer Register N-1 >< N >< 0

Compare Register Value N +1

Interrupt Request Signal
Issued as Result of Coincidence |_|

Between Compare Register
This phenomenon

and Timer Register
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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 and TO3) by timer/counter 2 is controlled by the high-order 4 bits (the low-
order 4 bits control the operation of the timer output pins (TOO and TO1) by timer/counter 0).
TOC can be read or written with an 8-bit manipulation instruction or bit manipulation instruction. The format of the TOC
is shown in Figure 10-6.
RESET input clears TOC to 00H.

Figure 10-6 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 0000H  R/W
\ \ \ !

Control operation of timer output pins (TO0 & TO1)
by timer/counter O (see Figure 8-5).

TO2 Pin Active Level

ALV2 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

TOS3 Pin Active Level

ALV3 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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10.4 TIMER REGISTER 2 (TM2) OPERATION

10.4.1 Basic Operation

8-bit operating mode/16-bit operating mode control can be performed for timer/counter 2 by means of bit 0 (BW2) of
timer control register 2 (TMC2). Note

In the timer/counter 2 count operation, an up-count 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/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 up-count 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 10-
7 (b)).

TM2/TM2W is cleared to OH when the count clock is input while the value of TM2 is FFH in the 8-bit operating mode
or while the value of TM2W is FFFFH in the 16-bit operating 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 register 2 in the 8-bit operating mode are described hereafter.
In the 16-bit operating mode, TM2, CR20, CR21, and CR22 operate as TM2W, CR20W, CR21W, and CR22W,
respectively.
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Figure 10-7 Basic Operation in 8-Bit Operating Mode (BW2 = 0)

(a) Count started — count disabled — count started

w181
v T EEECDEEN e

D)

CE2

D)

[€§

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

cnees LA ILLIL
00000008
ce2 J A

A
Count Started Rewrite

CE2 «1 CE2 « 1
(c) Operation when TM2 = FFH

= L]
e w0

OVF2

A
Cleared by Software
OVF2 -0
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Figure 10-8 Basic Operation in 16-Bit Operating Mode (BW2 = 1)

(a) Count started — count disabled — count started

=== S UL UL
rer I EECDEEA A

)

CE2

D)
4§

A A A
Count Started Count Stopped Count Started
CE2 «1 CE2 <0 CE2 «1

(b) When “1” is written to the CE2 bit again after the count starts

e UL
00000008
ce2 J

A A
Count Started Rewrite
CE2 1 CE2 1

(c) Operation when TM2W = FFFFH

Count Clock
fox/8
))
CC
TM2W FFFEHXFFFFHX OH X 1H SS X

OVF2

A
Cleared by Software
OVF2 « 0
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10.4.2 Clear Operation

(1) Clear operation after match with compare register and capture operation
Timer register 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 10-9 TM2 Clearance by Match With Compare Register (CR20/CR21)

Count Clock | | | | | |
T™2 n-1 n 0 X 1

Compare Register n
(CR2n)

A A
TM2 and CR2n Match ~ Cleared Here

Figure 10-10 TM2 Clearance after Capture Operation

Gount ook |_| |_| |_| |_|
me a1 o O
- )

A
TM2 is captured
in CR22 here A

Cleared Here

(2) Clear operation by CE2 bit of timer control register 2 (TMC2)
Timer register 2 (TM2) is also cleared when the CE2 bit of the TMC1 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 10-11 Clear Operation When CE2 Bit is Cleared (to 0)

(a) Basic operation

o L]
we e koo :

CE2

(b) Restart before count clock is input after clearance

S
SR 0 €3 S S

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 LN ]|
SN O 0 8 N

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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10.5 EXTERNAL EVENT COUNTER FUNCTION

Timer/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 operating mode. When the timer register 2 (TM2)
count clock is specified as external clock input by the setting of the high-order 4 bits of prescaler mode register 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 2.00 MHz
(feik = 16 MHz) irrespective of whether only one edge or both edges are counted on INTP2/CI input.

The pulse width of INTP2/Cl input must be at least 4 system clocks (0.25 us: fc.k = 16 MHz) for both the high level and
low level. If the pulse width is shorter than this, the pulse may not be counted.

The timer/counter 2 external event count timing is shown in Figure 10-12.

Figure 10-12 Timer/Counter 2 External Event Count Timing (1/2)

(1) Counting one edge (maximum frequency = fcLk/8)

4/fci (MIN.) 4/fcik (MIN.)  8/fcik (MIN.)

Cl

3 to 4/fcik

S ) I S 1
we o X or Y oz X s X

Remark ICI: Cl input signal after passing through edge detection circuit
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Figure 10-12 Timer/Counter 2 External Event Count Timing (2/2)
(2) Counting both edges (maximum frequency = fcLk/8)

4/fork (MIN.) | 4/foik (MIN.) 8/fork (MIN.)

. ]

3to 4/fcu<‘

IR
e o Wones Woner Xonos X onee X omes X

Remark ICl: Cl input signal after passing through edge detection circuit

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 up-count operation is started on
the initial count clock.

When the 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/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 register 2 (TM2) alone (see Figure 10-13), since the contents of TM2 are 0 in both cases.
If it is 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 10-14.

Figure 10-13 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 10-14 Methods of Enabling the External Event Counter to Distinguish No Valid Edge Input

(a) Processing when count is started

( Start count )

Clear INTP2 interrupt
request flag
PIF2 « 0

Start count ; Set CE2 to 1
CE2 « 1

|
= O

(b) Processing when count value is read

C Count value read )

; Clear PIF2to 0

Read TM2 contents
A« TM2
YES
A=07? : Check TM2 value
If 0, check interrupt
request flag
NO
YES PIF2=17
; Check PIF2 contents
If 1, there is a valid edge
A—A+1
( End ) ; Number of input valid edges is set in A register
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10.6 ONE-SHOT TIMER FUNCTION

Timer/counter 2 has an operating mode in which it stops automatically when a full count value is reached (FFH/FFFFH)
as a result of counting by timer register 2 (TM2/TM2W).

Figure 10-15 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 10-15, the respective one-shot interrupt is generated when the value (OH to FFH/FFFFH) set
beforehand in the CR20, CR21/CR21W or CR21W and the timer register 2 (TM2/TM2W) value match.

The one-shot timer operating 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 up-count operation is started
on the initial count clock.

When the contents of TM2/TM2W reach FFH/FFFFH (full count) as a result of the up-count 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 up-count 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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10.7 COMPARE REGISTER, CAPTURE/COMPARE REGISTER, AND CAPTURE REGISTER OPERATION

10.7.1 Compare Operations

Timer/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 register 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 signalis sent to the output control circuit, and an interrupt request signal (INTC20
or 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 10-16 Compare Operation in 8-Bit Operating Mode

FFH FFH

T™M2
Count Value

Value CR21 Value

CR20 Value CR20 Value
Y i
A \ \
Count Start ~ 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 -
<ENT02 -1 > Inactive Level
ALV3 =0

OVF2

Cleared by Software

Remark CLR21 =0, CLR22 =0, BW2 =0
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Figure 10-17 Compare Operation in 16-Bit Operating Mode

FFFFH FEFFH
TM2W
Count Value
CR21W Value CR21W Value
CR20W Value CR20W Value
OH Y !
A ! \
Count Start Match Match Match Match
CE2 «1
INTC20
Interrupt Request
INTC21
Interrupt Request
TO2 Pin Output
<ENT02 = 1> )
ALV2 = 1/ Inactive Level
TO3 Pin Output Inactive Level
<ENT02= 1> nactive Leve
ALV3 =0
OVF2

Cleared by Software

Remark CLR21 =0, CLR22 =0, BW2 = 1
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Figure 10-18 TM2 Clearance after Match Detection

FFH
CR20
M2 CR21 CR21 CR21
Count Value —
OH
N ~ % e s
Count Start Count Disabled Count Start ~ Clear Clear
(SE21 ) CE2¢-0  (CE2c1 )
CLR21 <0 CLR21 «1
INTC20
Interrupt Request
INTC21
Interrupt Request
TO2 Pin Output
ENTO2 « 1 ]
< ALV2 « 1 > Inactive Level
TOS Pin Output —
ENTO3 « 1 ]
< ALV3 « 1 > Inactive Level
OVF2

Cleared by Software

Remark CLR22 =0

10.7.2 Capture Operations

Timer/counter 2 performs capture operations in which the timer register 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 21-1 in CHAPTER 21 EDGE DETECTION FUNCTION 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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Figure 10-19 Capture Operation in 8-Bit Operating Mode

T™2
Count Value

Do

D1

D2

D3

FEH

A

D7
D6

O0H —*
Count Starts
CE 1
INTP2
Pin Input

INTP2
Interrupt Request

Capture Register
(CR21)

D1

D2

D4

D5

D7

INTP1
Pin Input

INTP1
Interrupt Request

Capture Register
(CR22)

Do

D3

Dé

OVF2

Remark Dn: TM2 countvalue (n=0, 1, 2, ...)

CM21 =1, CLR21 =0, CLR22 = 0, BW2 =0
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Figure 10-20 Capture Operation in 16-Bit Operating Mode

FFFFH

s

T™2W D3
Count Value D2

D1
DO D6

OH

A
Count Starts
CE «1
INTP2
Pin Input

INTP2
Interrupt Request

fe
Capt“re(ogg'f\tﬁ; D1 D2 D4 D5

INTP1
Pin Input

INTP1
Interrupt Request

Capture Register
(CR22W) Do D3

OVF2

Remark Dn: TM2W count value (n =0, 1, 2, ...)
CM21 =1, CLR21 =0, CLR22 =0,BW2 =0
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Figure 10-21 TM2 Clearance after Capture Operation

N1
/ N4
T™M2 N2
Count Value == 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

Caution Even if an attempt is made to clear the timer register by inputting the capture request signal when the
capture function of the timer is used, the timer register momentarily counts up immediately before it
is cleared. Consequently, if a value greater than the value of the timer register by 1 is set to the compare
register when the capture request signal is input, the values of the compare register and timer register
coincide, and an unnecessary interrupt will be generated (refer to Figure 10-22). Therefore, take the
following operation into consideration when creating a program.
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<Operation>

Because the timer register is cleared at the next count if the capture request signal is generated when the value of timer
registeris “N”whenthe value “N + 1”is set to the compare register, no interrupt request is generated by the compare register.
Actually, however, the timer register momentarily counts “N + 1” when the timer register is cleared. As aresult, the values
of the timer register and compare register coincide, and an interrupt request signal is generated by the compare register.

Figure 10-22 Example of Generation of Unnecessary Interrupt Request by Compare Register

Capture Request Signal ”

\\ Clears timer register by input of capture
\request signal

Timer Register N-1 >< N . 0

Compare Register Value N +1

Issued as Result of Coincidence
Between Compare Register

Interrupt Request Signal |—|
and Timer Register T

This phenomenon
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10.8 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 10-6). 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 10-6 Timer Output (TO2/TO3) Operations

Remarks 1.
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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.

Note CLR22 is normally set to 0 in this case.

TOC CRC2 TMCA1
TO3 TO2
ENTO3| ALV3 | ENTO2 | ALV2 | MOD1, | MOD1, | CLR22 | CLR21 | CMD2
0 0/1 0 01 X X X X X High/low level fixed High/low level fixed
0 0/1 1 0/1 0 0 x Note X X High/low level fixed Toggle output (active-low/high)
1 0/1 0 0/1 0 0 x Note X X Toggle output (active-low/high) High/low level fixed
1 0/1 1 0/1 0 0 x Note 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 01 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 01 0 01 1 0 0 0 0 PWM output (active-high/low) High/low level fixed
”gf 1 0/1 1 0/1 1 0 0 0 0 PWM output (active-high/low) PWM output (active-high/low)
O
§ 0 01 1 0/1 1 1 0 1 0 High/low level fixed PPG output (active-high/low)
c 1 01 0 01 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)
a
£
<
n
[
o

¢ H3LNNOJ/d3AWIL O0F Y3ILdVHO
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10.8.1 Basic Operation

Setting (to 1) the ENTOn (n = 2, 3) bit of the timer output control register (TOC) enables timer output (TOn: n =2, 3)
to be varied at a timing 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.

10.8.2 Toggle Output

Toggle output is an operating mode in which the output level is inverted each time the compare register (CR20/CR21)
value coincides with the timer register 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/counter 2 is stopped by clearing (to 0) the CE2 bit of the timer control register 1 (TMC1), the inactive level

(ALVn: n =0, 1) is output.

Figure 10-23 Toggle Output Operation

FFH FFH FFH FFH FFH
T™M2
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 10-7 TO2/TO3 Toggle Output (fxx = 32 MHz)

Count Clock Minimum Pulse Width Maximum Pulse Width
xx/8 8/fxx 216 5 8/fxx
(0.25 us) (16.40 ms)
fxx/16 16/fxx 216 % 16/fxx
(0.50 us) (32.80 ms)
fxx/32 32/fxx 216 5 32/fxx
(1.00 us) (65.50 ms)
fxx/64 64/fxx 216 % 64/fxx
(2.00 us) (131 ms)
fxx/128 128/fxx 216 5« 128/fxx
(4.00 us) (262 ms)
fxx/256 256/fxx 216 % 256/fxx
(8.00 us) (524 ms)
fxx/512 512/fxx 216 « 512/fxx
(16.00 us) (1.05 s)
fxx/1024 1,024/fxx 216 % 1,024/fxx
(32.00 us) (2.10°s)
fxx/2048 2,048/fxx 216 5« 2,048/fxx
(64.00 us) (419 s)
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10.8.3 PWM Output

(1) Basic operation of PWM output
In this mode, a PWM signal with the period in which timer register 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.

(a) BW2=0

« PWM cycle = 256 x x/fxx
« PWM pulse width = CR2n x x/fxx Note: x = 8,16, 32, 64, 128, 256, 512, 1,024, 2,048

Note 0 cannot be set in the CR2n.

. Duty = PWM pulse width _ CR2n
PWM 256

(b) BW2 =1

+ PWM cycle = 65,536 x x/fxx
« PWM pulse width = CR2n x x/fxx Note; x — 8 16, 32, 64, 128, 256, 512, 1,024, 2,048

Note 0 cannot be set in the CR2n.

PWM pulse width _ CR2n
PWM cycle 65,536

* Duty =
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Figure 10-24 PWM Pulse Output (BW2 = 0)

FEH FEH FFH
cR20 ]
CR20
T™2 CR20
Count Value
Count Start
OH
Interrupt
TO2
= Pulse Width = t=— Pulse Width —
«—— Pulse Cycle —{-«—— Pulse Cycle —»

Remark ALV2 =0

Table 10-8 TO2/TO3 PWM Cycle (fxx = 32 MHz, BW2 = 0)

Count Clock Minimum Pulse Width [us] PWM Cycle [ms] PWM Frequency [Hz]
fxx/8 0.25 0.06 15,625
fxx/16 0.50 0.13 7,813
fxx/32 1.00 0.26 3,906
fxx/64 2.00 0.51 1,953

fxx/128 4.00 1.02 977

fxx/256 8.00 2.05 488

fxx/512 16.00 410 244

fxx/1,024 32.00 8.19 122

fxx/2,048 64.00 16.40 61
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T™M2
Count Value

OH

Interrupt

TO2

Remark ALV2 =0

Figure 10-25 PWM Pulse Output (BW2 = 1)

FFEFH FEFFH FEFFH
cR20
CR20
CR20
Count Start
= Pulse Width = ~— Pulse Width —
-~——Pulse Cycle —|=——-Pulse Cycle —

Table 10-9 TO2/TO3 PWM Cycle (fxx = 32 MHz, BW2 = 1)

Count Clock Minimum Pulse Width [us] PWM Cycle [s] PWM Frequency [Hz]
fxx/8 0.25 0.02 61.0
fxx/16 0.50 0.03 30.5
fxx/32 1.00 0.07 15.3
fxx/64 2.00 0.13 7.6
fxx/128 4.00 0.26 3.8
fxx/256 8.00 0.52 1.9
fxx/512 16.00 1.05 1.0
fxx/1,024 32.00 2.10 0.5
fxx/2,048 64.00 4.19 0.2
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Figure 10-26 shows an example of 2-channel PWM output, and Figure 10-27 shows the case where FFFFH is set in
the CR20W.

Figure 10-26 Example of PWM Output Using TM2W

FFFFH FFFFH FFFFH
/ / CR21W /
CR21W /
Count / CR20W CR2OW
Count Value CR20W

OH
INTC20
INTC21
TO2
TO3

Remark ALV2 =0, ALV3 =0

Figure 10-27 Example of PWM Output When CR20W = FFFFH

FFFFH FFFFH FFFFH
FFFEH FFFEH

S S

Count Value | 2 2

Count Clock Cycle T

TO2 (¢ (( | I

-« Pulse Width

T

. 255
Duty = 255 100 = 99.6 (%
uty = 556 (%)

<——— Pulse Cycle = 256T

Remarks 1. ALV2=0
2. T =x/fxx (x = 8, 16, 32, 64, 128, 256, 512, 1,024, 2,048)
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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 register 2 (TM2) value more than once during one PWM output cycle.

Figure 10-28 Example of Compare Register (CR20W) Rewrite

FEFFH FEFFH

g < d
™MW / -
|

Count Value
OH

CR20W T T2

TO2 |

CR20wW
Rewrite

A
CR20W and TM2W values match, but TO2 does not change here.

Remark ALV2 =1
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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 10-29 Example of 100% Duty With PW