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NOTES FOR CMOS DEVICES

(@ PRECAUTION AGAINST ESD FOR SEMICONDUCTORS

Note:

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

@ HANDLING OF UNUSED INPUT PINS FOR CMOS

Note:

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

® STATUS BEFORE INITIALIZATION OF MOS DEVICES

Note:

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

EEPROM and IEBus are trademarks of NEC Corporation.

Windows is either a registered trademark or trademark of Microsoft Corporation in the United States and/
or other countries.

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

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

HP9000 series 700 and HP-UX are trademarks of Hewlett-Packard Company.
NEWS and NEWS-0S are trademarks of Sony Corporation.

Ethernet is a trademark of Xerox Corporation.

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

TRON is the abbreviation for the Realtime Operating system Nucleus.
ITRON is the abbreviation for Industrial TRON.
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The export of these products from Japan is regulated by the Japanese government. The export of some or all of these
products may be prohibited without governmental license. To export or re-export some or all of these products from a

country other than Japan may also be prohibited without a license from that country. Please call an NEC sales
representative.

License not needed: uPD78F4225, 78F4225Y
The customer must judge the need for license: uPD784224, 784225, 784224Y, 784225Y

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

Purchase of NEWS I2C components conveys a license under the Philips I2C Patent Rights to use these components
in an 12C system, provided that the system conforms to the I2C Standard Specification as defined by Philips.

User’s Manual U12697EJ3VOUM




The information in this document is current as of January, 2001. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC's data sheets or
data books, etc., for the most up-to-date specifications of NEC semiconductor products. Not all
products and/or types are available in every country. Please check with an NEC sales representative
for availability and additional information.
No part of this document may be copied or reproduced in any form or by any means without prior
written consent of NEC. NEC assumes no responsibility for any errors that may appear in this document.
NEC does not assume any liability for infringement of patents, copyrights or other intellectual property rights of
third parties by or arising from the use of NEC semiconductor products listed in this document or any other
liability arising from the use of such products. No license, express, implied or otherwise, is granted under any
patents, copyrights or other intellectual property rights of NEC or others.
Descriptions of circuits, software and other related information in this document are provided for illustrative
purposes in semiconductor product operation and application examples. The incorporation of these
circuits, software and information in the design of customer's equipment shall be done under the full
responsibility of customer. NEC assumes no responsibility for any losses incurred by customers or third
parties arising from the use of these circuits, software and information.
While NEC endeavours to enhance the quality, reliability and safety of NEC semiconductor products, customers
agree and acknowledge that the possibility of defects thereof cannot be eliminated entirely. To minimize
risks of damage to property or injury (including death) to persons arising from defects in NEC
semiconductor products, customers must incorporate sufficient safety measures in their design, such as
redundancy, fire-containment, and anti-failure features.
NEC semiconductor products are classified into the following three quality grades:
"Standard", "Special" and "Specific". The "Specific" quality grade applies only to semiconductor products
developed based on a customer-designated "quality assurance program" for a specific application. The
recommended applications of a semiconductor product depend on its quality grade, as indicated below.
Customers must check the quality grade of each semiconductor product before using it in a particular
application.

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

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

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

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

(Note)

(1) "NEC" as used in this statement means NEC Corporation and also includes its majority-owned subsidiaries.
(2) "NEC semiconductor products" means any semiconductor product developed or manufactured by or for

NEC (as defined above).

MSE 00.4
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Regional Information

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

« Device availability
« Ordering information

o Product release schedule

« Availability of related technical literature

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

» Network requirements

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

from country to country.

NEC Electronics Inc. (U.S.)

Santa Clara, California

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

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

NEC Electronics (Germany) GmbH
Duesseldorf, Germany

Tel: 0211-65 03 02

Fax: 0211-65 03 490

NEC Electronics (UK) Ltd.
Milton Keynes, UK

Tel: 01908-691-133

Fax: 01908-670-290

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

Tel: 02-66 75 41

Fax: 02-66 75 42 99

NEC Electronics (Germany) GmbH
Benelux Office

Eindhoven, The Netherlands

Tel: 040-2445845

Fax: 040-2444580

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

Tel: 01-3067-5800

Fax: 01-3067-5899

NEC Electronics (France) S.A.
Madrid Office

Madrid, Spain

Tel: 091-504-2787

Fax: 091-504-2860

NEC Electronics (Germany) GmbH
Scandinavia Office

Taeby, Sweden

Tel: 08-63 80 820

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

Tel: 2886-9318

Fax: 2886-9022/9044

NEC Electronics Hong Kong Ltd.
Seoul Branch

Seoul, Korea

Tel: 02-528-0303

Fax: 02-528-4411

NEC Electronics Singapore Pte. Ltd.
Novena Square, Singapore

Tel: 253-8311

Fax: 250-3583

NEC Electronics Taiwan Ltd.
Taipei, Taiwan

Tel: 02-2719-2377

Fax: 02-2719-5951

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

Fax: 11-6462-6829
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Major Revisions in This Edition

Page

Description

Throughout

The following products have been developed.
® IPD78F4225GC-8BT, 78F4225GK-9EU, 78F4225YGC-8BT, 78F4225YGK-9EU

CHAPTER 8 16-BIT TIMER/EVENT COUNTER

p.174 e Addition of Caution related to operation in one-shot pulse output mode
CHAPTER 11 WATCH TIMER
p.223 ® Change of watch timer interrupt interval from 0.5 second to “214/fw or 25/fw”
CHAPTER 18 12C BUS MODE (uPD784225Y SUBSERIES ONLY)
p.340 ® Modification of Figure 18-17 Communication Reservation Procedure
CHAPTER 23 LOCAL BUS INTERFACE FUNCTIONS
p.450 ® Modification of Figure 23-8 Read Modify Write Timing for External Memory in External
Memory Expansion Mode
CHAPTER 27 uPD78F4225 AND uPD78F4225Y PROGRAMMING
p.518 27.2 Flash Memory Overwriting
® Deletion of self overwrite mode
p.518 27.3 On-Board Overwrite Mode
® Deletion of dedicated flash programmer (Flashpro I1)
p.519 ® Modification of Table 27-3 Communication Modes
p.520 ® Modification of Figure 27-2 Format of Communication Mode Selection
p.520 ® Modification of Table 27-4 Major Functions of On-Board Overwrite Mode

¢ Deletion of batch erase, batch blank check, and batch verify
* Change of “block” to “area”
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Target Readers

Purpose

Organization

INTRODUCTION
This manual is intended for user engineers who wish to understand the functions of the
uPD784225 and 784225Y Subseries and design its application systems.
This manual describes the hardware functions of the uPD784225 and 784225Y Subseries.

The uPD784225 and 784225Y Subseries User’s Manual is divided into two parts: Hardware
(this manual) and Instruction.

Hardware Instruction

Pin functions CPU functions
Internal block functions Addressing
Interrupts Instruction set

Other on-chip peripheral functions

There are cautions associated with using this product.
Be sure to read the cautions in the text of each chapter and summarized at the end
of each chapter.

How to Read This Manual

It is assumed that the readers of this manual have general knowledge about electrical
engineering, logic circuits, and microcontrollers.

« If there are no particular differences in the function
The uPD784225 in the uPD784225 Subseries is described as the representative mask
ROM version, and the uPD78F4225 is described as the representative flash memory
version.

* If there are differences in the function
Each product name is presented and described separately.
Since uPD784225 Subseries products are described as representative even this case,
for information on the operation of uPD784225Y Subseries products, read the sections
on the uPD784224Y, 784225Y, and 78F4225Y instead of the uPD784224, 784225, and
78F4225.
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¢ To understand the overall functions
— Read in the order of the contents.

* To debug when the operation is unusual
— Since the cautions are summarized at the end of each chapter, see the cautions
associated with the function.

¢ For detailed explanations of registers whose names are known
— See APPENDIX D REGISTER INDEX.

¢ For detailed explanations of the instruction functions
— Refer to the other manual 78K/IV Series User’s Manual Instruction (U10905E).

¢ For explanations of the application examples of the functions
— Refer to the Application Note.

Differences Between the (PD784225 Subseries and the yPD784225Y Subseries

Conventions

The only functional difference between the uPD784225 Subseries and uPD784225Y
Subseries is the clocked serial interface. The two subseries share all other functions.

— Caution
The clock serial interface is described in the following two chapters.

e CHAPTER 17 3-WIRE SERIAL I/O MODE
e CHAPTER 18 I2C BUS MODE (:PD784225Y SUBSERIES only)

For an overview of the serial interface, also read CHAPTER 15.

Data significance: Higher digits on the left and lower digits on the right
Active low representation: Xxx (overscore over pin or signal name)

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention

Remark: Supplementary information

Numerical representation: Binary --- xxxxB or xxxx
Decimal -+ xxxx
Hexadecimal --- xxxxH
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Register Representation

7 6 5 4 @ 2 1 0 — Bits whose numbers are circled are reserved
words in NEC’s assembler or are defined as sfr
EDC | B 1 0 X A 1 0 X variables by the #pragma sfr directive in the C
compiler.
When writing When reading

10

Write 0 or 1. The operation| Read 0 or 1.
is not affected by either

value.

Must write 0.

Must write 1.

Write the value for the Read the value that
function be used. conforms to the

operating state.

Never write a combination of codes that have “Setting prohibited” written in the
register description in this manual.

Characters that are confused: 0 (zero), O (capital 0)
1 (one), | (letter 1), | (capital i)
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Related Documents The related documents indicated in this publication may include preliminary versions. How-
ever, preliminary versions are not marked as such.

Documents related to devices

Document Name Document No.
uPD784224, 784225, 784224Y, 784225Y Data Sheet To be prepared
uPD78F4225, 78F4225Y Data Sheet U12499E
uPD784225, 784225Y Subseries User's Manual Hardware This document
78K/IV Series Application Note Software Basics U10095E
78K/IV Series User's Manual Instruction U10905E

Documents related to development tools (user’s manuals)

Document Name Document No.
RA78K4 Assembler Package Operation U11334E
Language U11162E
Structured Assembler Preprocessor U11743E
CC78K4 C Compiler Operation U11572E
Language U11571E
IE-78K4-NS In-Circuit Emulator U13356E
IE-784000-R In-Circuit Emulator U12903E
|IE-784225-NS-EM1 Emulation Board U13742E
SM78K4 System Simulator Windows™ Based Reference U10093E
ID78K4-NS Integrated Debugger Windows Based Reference U12796E
ID78K4 Integrated Debugger Windows Based Reference U10440E
Project Manager Ver. 3.12 or Later Windows Based U14610E

Documents related to embedded software (user’s manual)

Document Name Document No.
78K/IV Series Real-Time OS Fundamental U10603E
Installation U10604E
78K/IV Series OS MX78K4 Fundamental U11779E
Other documents
Document Name Document No.
SEMICONDUCTOR SELECTION GUIDE Products & Packages (CD-ROM) X13769X
Semiconductor Device Mounting Technology Manual C10535E
Quality Grades on NEC Semiconductor Devices C11531E
NEC Semiconductor Device Reliability/Quality Control System C10983E
Guide to Prevent Damage for Semiconductor Devices by Electrostatic Discharge (ESD) C11892E

Caution Therelated 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 OVERVIEW

The uPD784225 Subseries is a member of the 78K/IV Series, and is an 80-pin general-purpose microcontroller
in which the functions of the uPD784216 Subseries have been limited and to which a ROM correction function has
been added. The 78K/IV Series includes 8-/16-bit single-chip microcontrollers and provides a high-performance CPU

with functions such as 1 MB memory space access.

The uPD784225 has a 128 KB ROM and 4,352-byte RAM on chip. In addition, it has high-performance timer/

counter, an 8-bit A/D converter, an 8-bit D/A converter, and an independent 2-channel serial interface.

The uPD784224 is the uPD784225 with a 96 KB mask ROM and a 3,584-byte RAM.
The uPD78F4225 is the uPD784225 with the mask ROM replaced by a flash memory.

The uPD784225Y Subseries is the uPD784225 Subseries with an added I2C bus control function.

The relationships among the products are shown below.

On-chip flash memory version

Mask ROM version

RAM 4352 bytes

uPD78F4225Y uPD784225Y
1PD78F4225 uPD784225
Flash memory 128 KB ROM 128 KB

RAM 4352 bytes

These products have applications in the following fields.
e Car audio, portable audio, telephones, etc.

uPD784224Y
uPD784224
ROM 96 KB

RAM 3584 bytes
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CHAPTER 1 OVERVIEW

* 78K/IV SERIES LINEUP

I:l: Products in mass-production

2
Supports I°C bus Supports multimaster 12C bus

e HPD784038Y 1PD784225Y
#PD784038 PD784225
Standard models Enhanced internal memory capacity 80-pin. ROM correction added
Pin-compatible with the uPD784026 ’
uPD784026
Enhanced Supports multimaster I°C bus Supports multimaster I°C bus

A/D converter, 1PD784216AY HPD784218AY
16-bit timer, and
power management /.tPD78421 B6A ‘UPD78421 8A
100-pin, enhanced I/O and Enhanced internal memory
internal memory capacity capacity, ROM correction added
uPD784054
1PD784046 P
ASSP models On-chip 10-bit A/D converter | HPDTBI%6T

Enhanced functions of the
uPD784956A 1PD784938A, enhanced /O

- uPD784938A and internal memory capacity.
For DC inverter control ! Enhanced peripheral functions
Enhanced functions of the
uPD784908, enhanced

#PD784908 internal memory capacity,
ROM correction added.

On-chip IEBus™ controller

Supports multimaster 1°C bus
uPD784928Y

- 1PD784928
uPD784915

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

Enhanced timer

1PD784976A

On-chip VFD controller/driver

Remark Although VFD (Vacuum Florescent Display) is generally used, in some documents, the display is
described as FIP™ (Florescent Indicator Panel). VFD and FIP are functionally equivalent.
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CHAPTER 1 OVERVIEW

.1 Features

Inherits the peripheral functions of the uPD780058 Subseries
Minimum instruction execution time
* 160 ns (main system clock: @ fxx = 12.5 MHz operation)
e 61 us (subsystem clock: @ fxt = 32.768 kHz operation)
Instruction set suited to control applications
Interrupt controller (4-level priority)
e Vectored interrupt servicing, macro service, context switching
Standby function
e HALT, STOP, IDLE modes
¢ In the low power consumption mode: HALT, IDLE modes (subsystem clock operation)
On-chip memory: Mask ROM 128 KB (uPD784225)

96 KB (uPD784224)

Flash memory 128 KB (uPD78F4225)
RAM 4,352 bytes (uPD784225, 78F4225)

3,584 bytes (uPD784224)
I/0O pins: 67
* Software-programmable pull-up resistors: 57 inputs
e LED direct drive possible: 16 outputs
Timers: 16-bit timer/event counter x 1 unit

8-bit timer/event counter x 2 units
8-bit timer x 2 units
Watch timer: 1 channel
Watchdog timer: 1 channel
Serial interfaces
¢ UART/IOE (3-wire serial I/0): 2 channels (on-chip baud rate generator)
» CSl/liCoNete (3-wire serial I/O, multimaster supporting 12C busNote): 1 channel
A/D converter: 8-bit resolution x 8 channels
D/A converter: 8-bit resolution x 2 channels
Real-time output port (by combining with the timer/counters, two stepper motors can be independently controlled.)
Clock frequency division function
Clock output function: Select from fxx, fxx/2, fxx/22, fxx/23, fxx/24, fxx/25, fxx/28, fxx/27, fxT
Buzzer output function: Select from fxx/210, fxx/211, fxx/212, fxx/213
Power supply voltage: Voo = 1.8 to 5.5 V (uPD784224, 784225, 784224Y, 784225Y)
Vob = 1.9 to 5.5V (uPD78F4225, 78F4225Y only)

Note Only in the uPD784225Y Subseries
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CHAPTER 1 OVERVIEW

1.2 Ordering Information

* (1)

()

34

uPD784225 Subseries
Part Number Package Internal ROM

uPD784224GC-xxx-8BT 80-pin plastic QFP (14 x 14) Mask ROM
UPD784224GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784225GC-xxx-8BT 80-pin plastic QFP (14 x 14) Mask ROM
uPD784225GK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
UPD78F4225GC-8BT 80-pin plastic QFP (14 x 14) Flash memory
uPD78F4225GK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Flash memory

Note Under development

Remark xxx indicates ROM code suffix.

uPD784225Y Subseries

Part Number Package Internal ROM
uPD784224YGC-xxx-8BT 80-pin plastic QFP (14 x 14) Mask ROM
uPD784224YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM
uPD784225YGC-xxx-8BT 80-pin plastic QFP (14 x 14) Mask ROM
uPD784225YGK-xxx-9EU 80-pin plastic TQFP (fine pitch) (12 x 12) Mask ROM

uPD78F4225YGC-8BT 80-pin plastic QFP (14 x 14)
uPD78F4225YGK-9EU 80-pin plastic TQFP (fine pitch) (12 x 12)

Remark xxx indicates ROM code suffix.
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CHAPTER 1 OVERVIEW

1.3 Pin Configuration (Top View)

e 80-pin plastic QFP (14 x 14)
UPD784224GC-xxx-8BT, 784225GC-xxx-8BT, 784224YGC-xxx-8BT,
uPD784225YGC-xxx-8BT, 78F4225GC-8BT, 78F4225YGC-8BT

e 80-pin plastic TQFP (fine pitch) (12 x 12)
UPD784224GK-xxx-9EU, 784225GK-xxx-9EU, 784224Y GK-xxx-9EU,
uPD784225YGK-xxx-9EU, 78F4225GK-9EU, 78F4225YGK-9EU

~ =

2 =2

2 DT OA - O
I2g8c8 3 EEERERER
22222 >
LTI 4 = _ _ESE££££
TS - S S Bl B83838858
oo <<>X XEXX>>0o0o000a0
TTTTTTTTTTOTOT??TTTT
80 797877 76 7574 73 72 71 70 69 68 67 66 65 64 63 62 61

P15/ANI5 O—={ 1 60 =—O RESET
P16/ANI6 O— 2 O 59 |=—0O P127/RTP7
P17/ANI7 O—~| 3 58 [=—=O P126/RTP6
AVss O— 4 57 [=—=O P125/RTP5
P130/ANO0 O=~—~] 5 56 [«—=O P124/RTP4
P131/ANO1 O=—+] 6 55 [«—=O P123/RTP3
AVrerr O—— 7 54 |«—=O P122/RPT2
P70/SI2/RxD2 O=—>| 8 53 |«—=O P121/RTP1
P71/S02/TxD2 O=—> 9 52 [«—=(O P120/RTPO
P72/SCK2/ASCK2 O 10 51 [=—O P37/EXA
P20/SI1/RxD1 O 11 50 =—=0 P36/TI01
P21/SO1/TxD1 O 12 49 |=—=0 P35/TI00
P22/SCK1/ASCK1 O 13 48 |=—=O P34/TI2
P23/PCL O=—+{ 14 47 |«——=O P33/TH
P24/BUZ O=—-=] 15 46 [«—=O P32/TO2
P25/S10/SDAQNete ! O=—] 16 45 |«——=(O P31/TO1
P26/S00 O=—| 17 44 |«——=() P30/TO0
P27/SCKO/SCLONtet O=—»1 18 43 |«—=( P67/ASTB
P40/AD0 O~—+ 19 42 |«—=( P66/WAIT
P41/AD1 O=—{ 20 41 |=~—O P65/WR
21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
bbbl
A NI W OO~ ANM 7 F 10O O NN 0 A
888880322 222220

Notes 1. The SDAO and SCLO pins are provided only for the uPD784225Y Subseries.
2. The Vprp pin is provided only for the uPD78F4225 and 78F4225Y.
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36

Cautions 1. Connect the TEST pin directly to a Vsso or pull down. For the pull-down connection, use of
a resistor with a resistance between 470 Q2 and 10 kQ is recommended.

2. Connect the Vrp pin directly to Vsso or pull down during normal operation. When using a
system in which on-chip flash memory is overwritten on board, connect the Vrr pin via a pull-
down resistor.

For the pull-down connection, use of a resistor with a resistance between 470 Q and 10 kQ2
is recommended.

3. Connect the AVop pin to Vbbo.

4. Connect the AVss pin to Vsso.

Remark Whenthe uPD784225and 784225Y Subseries are used in applications where the noise generated inside
the microcontroller needs to be reduced, the implementation of noise reduction measures, such as
supplying voltage to Vboo and Vob1 individually and connecting Vsso and Vss1 to different ground lines,
is recommended. Always use Vppo and Vbb1, and Vsso and Vss1 at the same potential.
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CHAPTER 1 OVERVIEW
A8 to A19: Address bus P130, P131: Port 13
ADO to AD7: Address/data bus PCL: Programmable clock
ANIO to ANI7:  Analog input RD: Read strobe
ANOO, ANO1: Analog output RESET: Reset
ASCK1, ASCK2: Asynchronous serial clock RTPO to RTP7: Real-time output port
ASTB: Address strobe RxD1, RxD2: Receive data
AVob: Analog power supply SCKO to SCK2: Serial clock
AVREF1: Analog reference voltage SCLQNote 1 Serial clock
AVss: Analog ground SDA(QNote 1. Serial data
BUZ: Buzzer clock SI0 to Sl2: Serial input
EXA: External access status output SO0 to SO2: Serial output
INTPO to INTP5: Interrupt from peripherals TEST: Test
NMI: Non-maskable interrupt TIOO, TI01, TIH, TI2: Timer input
P00 to PO5: Port 0 TOO to TO2: Timer output
P10 to P17: Port 1 TxD1, TxD2: Transmit data
P20 to P27: Port 2 Vbpo, Vob1: Power supply
P30 to P37: Port 3 VppNote 2. Programming power supply
P40 to P47: Port 4 Vsso, Vssi: Ground
P50 to P57: Port 5 WAIT: Wait
P60 to P67: Port 6 WR: Write strobe
P70 to P72: Port 7 X1, X2: Crystal (Main system clock)
P120 to P127:  Port 12 XT1, T2: Crystal (Subsystem clock)

Notes 1. The SDAO and SCLO pins are provided only for the uPD784225Y Subseries.
2. The Vrp pin is provided only for the uPD78F4225 and 78F4225Y.
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CHAPTER 1

OVERVIEW

1.4 Block Diagram

INTP2/NMI

INTPO, INTP1,
INTP3 to INTP5

TIOO
TIO1
TOO

T
TO1

TI2
TO2

RTPO to RTP7
NMI/INTP2

ANOO
ANO1
AVReF1

AVss

ANIO to ANI7
AVop

AVss
PO3/INTP3

PCL

BUZ

E——

Programmable
interrupt
controller

Timer/event
counter (16 bits)

B E—

Timer/event
counter 1 (8 bits)

B

Timer/event
counter 2 (8 bits)

Timer/event
counter 5 (8 bits)

Timer/event
counter 6 (8 bits)

Watch timer

78KV

CPU core ROM

(]

Watchdog
timer

Real-time
output port

D/A
converter

A/D
converter

U O YA S VA VA VA A VA A

Clock output
control

!

Buzzer output

{

RAM

<—— RxD1/SI1

<i> UART/IOE1 | . T4D1/SOf1
Baud-rate -
generator +—= ASCK1/SCK1
UART/IOE2 |, PXD2iSEe
Baud-rate -
generator [~ ASCK2/SCK2
Clocked «—— S|0/SDAQNete !
<i> serial L . soo
interface SCKO/SCLONe 1
(> ADO 1o AD7
) ABt0A15
) A1610 A19
(— BusF | —~mD
T WR_
~—— WAIT
— ASTB
— EXA
(_Pott K—IPtotop17
(—__Pot2 (=) Pa0top27
(—__Pot3 (=) PaotoPa7
(—I__Pota () PaotoPa7
(—)__Pots (=) Psotops7
(—)_Pots [~ Peotope7
(—_Pot7 =) Protopr2
(—)__Porti2 P120 to P127
(—_Pot13 P130,P131
~—— RESET
-~ X1
System control —— X2
~—— XT1
—— XT2
— Vobo, Vbb1
— Vsso, Vsst
—— TEST/VppNote2

Notes 1. The SDAO and SCLO pins are provided only for the uPD784225Y Subseries.
2. The Vprp pin is provided only for the uPD78F4225 and 78F4225Y.

Remark The internal ROM and RAM capacity varies depending on the product.
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CHAPTER 1 OVERVIEW

1.5 Function List

(1/2)
Product Name uPD784224 uPD784225 uPD78F4225
ltem uPD784224Y uPD784225Y uPD78F4225Y
Number of basic instructions (mnemonics) 113
General-purpose registers 8 bits x 16 registers x 8 banks or 16 bits x 8 registers x 8 banks (memory mapping)
Minimum instruction execution time * 160 ns, 320 ns, 640 ns, 1,280 ns, 2,560 ns
(@ 12.5 MHz operation with main system clock)
e 61 us (@ 32.768 kHz operation with subsystem clock)
Internal memory ROM 96 KB 128 KB 128 KB
(mask ROM) (mask ROM) (flash memory)
RAM 3,584 bytes 4,352 bytes
Memory space 1 MB of combined program and data space
1/0 ports Total 67
CMOS input 8
CMOS 1/0 59
Pins with added Pins with pull-up 57
functionsNote resistors
LED direct drive outputs | 16
Real-time output ports 4 bits x 2 or 8 bits x 1
Timers Timer/event counter: Timer counter x 1 Pulse output possible
(16 bits) Capture/compare ¢ PPG output
register x 2 e Square wave output
* One-shot pulse output
Timer/event counter 1: Timer counter x 1 Pulse output possible
(8 bits) Compare register x 1« PWM output
e Square wave output
Timer/event counter 2: Timer counter x 1 Pulse output possible
(8 bits) Compare register x 1« PWM output
e Square wave output
Timer 5: Timer counter x 1
(8 bits) Compare register x 1
Timer 6: Timer counter x 1
(8 bits) Compare register x 1

Note The pins with added functions are include in the I/O pins.
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CHAPTER 1 OVERVIEW
(2/2)
Product Name 1PD784224 1PD784225 UPD78F4225
Item uPD784224Y uPD784225Y UPD78F4225Y

Serial interfaces

* UART/IOE (3-wire serial I/0): 2 channels (on-chip baud rate generator)
 CSI 12CNote (3.yire serial 1/O, multimaster-supporting 12C busNote):
1 channel

A/D converter

8-bit resolution x 8 channels

D/A converter

8-bit resolution x 2 channels

Clock output

Select from fxx, fxx/2, fxx/22, xx/23, fxx/24, fxx/22, fxx/28, fxx/27, fxT

Buzzer output

Select from fxx/210, fxx/211, fxx/212, fxx/213

Watch timer

1 channel

Watchdog timer

1 channel

Standby e HALT, STOP, IDLE modes
¢ In the low power consumption mode
(CPU operation by subsystem clock): HALT/IDLE mode
Interrupts Hardware sources 25 (internal: 18, external: 7)

Software sources

BRK instruction, BRKCS instruction, operand error

Non-maskable

Internal: 1, external: 1

Maskable

Internal: 17, external: 6

* 4-level programmable priority
* Three processing formats: Vectored interrupt, macro service, context switching

Power supply voltage

Voo =1.8t0 55V Voo=19t055V

Package

* 80-pin plastic TQFP (fine pitch) (12 x 12)
¢ 80-pin plastic QFP (14 x 14)

Note Only in the uPD784225Y Subseries
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OVERVIEW

An overview of the timers is shown below. (For details, refer to CHAPTER 8 16-BIT TIMER/EVENT COUNTER,
CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 1, 2, and CHAPTER 10 8-BIT TIMERS 5, 6.)

Name 16-Bit Timer/ | 8-Bit Timer/ 8-Bit Timer/ | 8-Bit Timer 5 | 8-Bit Timer 6
ltem Event Counter | Event Counter 1 | Event Counter 2
Count width 8 bits - v V N N
16 bits ~ +/Note +/Note
Operation mode | Interval timer 1ch 1ch 1ch 1ch 1ch
External event counter \/ \ < - _
Functions Timer output 1ch 1ch 1ch - -
PPG output N - - - _
PWM output - ~ ~ _ _
Square-wave output v \ < - _
One-shot pulse output \/ - - - _
Pulse width measurement 2 inputs - - - -
Number of interrupt requests 2 1 1 1 1

Note Can also be used as 16-bit timer/event counter or 16-bit timer when connected in cascade. When

as a 16-bit timer/event counter, the following functions are available.

¢ Interval timer
e External event counter
e Square-wave output

using

An overview of the serial interfaces is shown below. (For details, refer to CHAPTER 16 ASYNCHRONOUS
SERIAL INTERFACE/3-WIRE SERIAL I/0, CHAPTER 17 3-WIRE SERIAL I/0 MODE, and CHAPTER 18 12C BUS

MODE (uPD784225Y SUBSERIES ONLY).)

Function UART1/IOE1 UART2I/IOE2 CSlI 11CO
Operation stop mode R N N _
Asynchronous serial interface mode \ N - -
3-wire serial 1/0 mode - - \ (Fixed to MSB) -
I2C bus mode - - _ \J Note

Note uPD784225Y Subseries only
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1.6 Differences Between uPD784225 Subseries Products and yPD784225Y Subseries Products

Product Name uPD784224 uPD784225 uPD78F4225
ltem uPD784224Y uPD784225Y uPD78F4225Y
Internal ROM 96 KB 128 KB 128 KB

(mask ROM) (mask ROM) (flash memory)
Internal RAM 3,584 bytes 4,352 bytes

Power supply voltage

Voo =1.8t0 5.5V

Voo =19to 55V

Internal memory size switching register None Provided
(|MS)Note

TEST pin Provided None
Vep pin None Provided

Note Internal flash memory capacity and internal RAM capacity can be changed with the internal memory size

switching register (IMS).
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2.1 Pin Function List

(1) Port pins (1/2)

CHAPTER 2 PIN FUNCTIONS

Pin Name 1/0 Alternate Function Function
POO 1/0 INTPO Port 0 (PO):
PO1 INTP1 e 6-bit I/O port
P02 INTP2/NMI ¢ |nput/output can be specified in 1-bit units.
* Regardless of whether the input or output mode is specified, use of
Po3 INTP3 an on-chip pull-up resistor can be specified by software in 1-bit units.
P04 INTP4
P05 INTP5
P10 to P17 Input ANIO to ANI7 Port 1 (P1):
e 8-bit input-only port
P20 1/0 RxD1/SIH Port 2 (P2):
P21 TXD1/SO1 * 8-bit I/O port
poo ASCKA1/SCKi ¢ |nput/output can be specified in 1-bit units.
* Regardless of whether the input or output mode is specified, use of
P23 PCL an on-chip pull-up resistor can be specified by software in 1-bit units.
P24 BUZ
P25 SI0/SDAQNete
P26 SO0
P27 SCK0/SCLQNote
P30 1/0 TOO Port 3 (P3):
P31 TO1 ¢ 8-bit I/O port
P32 TO2 ¢ Input/output can be specified in 1-bit units.
* Regardless of whether the input or output mode is specified, use of
P33 L an on-chip pull-up resistor can be specified by software in 1-bit units.
P34 TI2
P35 TIOO
P36 TIOA
P37 EXA
P40 to P47 1/0 ADO to AD7 Port 4 (P4):
e 8-bit I/O port
¢ Input/output can be specified in 1-bit units.
e For input mode pins, use of on-chip pull-up resistors can be
specified for all pins by software.
e LEDs can be driven directly.

Note The SDAO and SCLO pins are provided only for the uPD784225Y Subseries.
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CHAPTER 2 PIN FUNCTIONS

(1) Port pins (2/2)

Pin Name 1/0 Alternate Function Function
P50 to P57 I/0 A8 to A15 Port 5 (P5):
¢ 8-bit I/O port
¢ Input/output can be specified in 1-bit units.
¢ For input mode pins, use of on-chip pull-up resistors can be specified
for all pins by software.
* LEDs can be driven directly.
P60 I/0 A16 Port 6 (P6):
P61 A17 e 8-bit I/O port
P62 A1S ¢ Input/output can be specified in 1-bit units.
e For input mode pins, use of on-chip pull-up resistors can be specified
P63 A19 for all pins by software.
P64 RD
P65 WR
P66 WAIT
P67 ASTB
P70 I/0 RxD2/SI12 Port 7 (P7):
e 3-bit I/O port
P71 TxD2/S02 ¢ Input/output can be specified in 1-bit units.
* Regardless of whether the input or output mode is specified, use of
P72 ASCK2/SCK2 an on-chip pull-up resistor can be specified by software in 1-bit units.
P120 to P127 1/0 RTPO to RTP7 Port 12 (P12):
¢ 8-bit /0O port
¢ Input/output can be specified in 1-bit units.
* Regardless of whether the input or output mode is specified, use of
an on-chip pull-up resistor can be specified by software in 1-bit units.
P130, P131 I/0 ANOO, ANO1 Port 13 (P13):

e 2-bit I/O port
¢ Input/output can be specified in 1-bit units.

44

User’s Manual U12697EJ3VOUM
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(2) Non-port pins (1/2)

Pin Name 110 Alternate Function Function
TIOO Input P35 External count clock input to 16-bit timer counter
TI01 P36 Capture trigger signal input to capture/compare register 00
TH P33 External count clock input to 8-bit timer counter 1
TI2 P34 External count clock input to 8-bit timer counter 2
TOO Output P30 16-bit timer output (TMO) (also used as 14-bit PWM output)
TO1 P31 8-bit timer output (TM1) (also used as 8-bit PWM output)
TO2 P32 8-bit timer output (TM2) (also used as 8-bit PWM output)
RxD1 Input P20/SI1 Serial data input (UART1)
RxD2 P70/SI2 Serial data input (UART2)
TxD1 Output P21/SO1 Serial data output (UARTT)
TxD2 P71/S0O2 Serial data output (UART2)
ASCK1 Input P22/SCK1 Baud rate clock input (UART1)
ASCK2 P72/SCK2 Baud rate clock input (UART2)
SI0 Input P25/SDAQNote Serial data input (3-wire serial 1/00)
SH P20/RxD1 Serial data input (3-wire serial 1/01)
SI2 P70/RxD2 Serial data input (3-wire serial 1/02)
SO0 Output P26 Serial data output (3-wire serial 1/00)
SO1 P21/TxD1 Serial data output (3-wire serial 1/01)
S02 P71/TxD2 Serial data output (3-wire serial 1/02)
SDAQNote I/0 P25/SI10 Serial data input/output (12C bus)
SCKO P27/SCLQNote Serial clock input/output (3-wire serial 1/00)
SCK1 P22/ASCK1 Serial clock input/output (3-wire serial 1/01)
SCK2 P72/ASCK2 Serial clock input/output (3-wire serial 1/02)
SCLQNote P27/SCKO Serial clock input/output (I2C bus)
NMI Input PO2/INTP2 Non-maskable interrupt request input
INTPO P00 External interrupt request input
INTP1 PO1
INTP2 PO2/NMI
INTP3 P03
INTP4 P04
INTP5 P05

Note The SDAO and SCLO pins are provided only for the uPD784225Y Subseries.
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(2) Non-port pins (2/2)

Pin Name 110 Alternate Function Function

PCL Output P23 Clock output (for main system clock, subsystem clock trimming)

BUZ P24 Buzzer output

RTPO to RTP7 P120 to P127 Real-time output port that outputs data synchronized with the trigger

ADO to AD7 1/0 P40 to P47 Lower address/data bus when the memory is externally expanded

A8 to A15 Output P50 to P57 Middle address bus when the memory is externally expanded

A16 to A19 P60 to P63 Higher address bus when the memory is externally expanded

RD P64 Strobe signal output for external memory read

WR P65 Strobe signal output for external memory write

WAIT Input P66 Wait insertion during external memory access

ASTB Output P67 Strobe output that externally latches the address information that is
output to ports 4 to 6 in order to access external memory

EXA P37 External access status output

RESET Input — System reset input

X1 —_ Crystal connection for main system clock oscillation

X2 —

XT1 Input — Crystal connection for subsystem clock oscillation

XT2 —

ANIO to ANI7 Input P10 to P17 Analog voltage input for A/D converter

ANOO, ANO1 Output P130, P131 Analog voltage output for D/A converter

AVREeF1 — — Reference voltage applied for D/A converter

AVoD Positive power supply for A/D converter. Connect to Vooo.

AVss Ground for A/D converter and D/A converter. Connect to Vsso.

Vopo Positive power supply for ports

Vsso Ground potential for ports

Vo1 Positive power supply (excluding ports)

Vsst Ground potential (excluding ports)

TEST VppNote Connect directly to Vsso or pull down (IC test pin). For the pull-down
connection, use of a resistor with a resistance between 470 Q and 10
kQ is recommended.

VppNote TEST Flash memory programming mode setting

High voltage application pin during program write/verify

Connect via a pull-down resistor in flash memory programming mode.
For the pull-down connection, use of a resistor with a resistance
between 470 Q and 10 kQ is recommended.

Note The Vpp pin is provided only for the uPD78F4225 and 78F4225Y.
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2.2 Pin Function Description

(1) POO to P05 (Port 0)
These pins constitute a 6-bit I/O port. In addition to I/O port pins, they also function as external interrupt request
inputs. The following operation modes can be specified in 1-bit unit.

(a) Port mode
These pins function as a 6-bit I/0 port. Input or output can be specified in 1-bit units by means of the port
0 mode register. Regardless of whether the input mode or output mode is specified, pull-up resistors can
be connected in 1-bit units using pull-up resistor option register 0.

(b) Control mode
These pins function as external interrupt request inputs.

(i) INTPO to INTP5
INTPO to INTP5 are external interrupt request input pins for which the valid edge can be selected (rising
edge, falling edge, or both rising and falling edges). The valid edge can be specified by the external
interrupt rising edge enable register and the external interrupt falling edge enable register. INTP2 also
becomes the external trigger signal input pin of the real-time output port via valid edge input.

(i) NMmI

This is the external non-maskable interrupt request input pin. The valid edge can be specified by the
external interrupt rising edge enable register and the external interrupt falling edge enable register.
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(2) P10 to P17 (Port 1)
These pins constitute an 8-bit input-only port. In addition to general-purpose input port pins, they also function
as the analog inputs for the A/D converter.
On-chip pull-up resistors are not available.

(a) Port mode
These pins function as an 8-bit input-only port.

(b) Control mode
These pins function as the analog input pins (ANIO to ANI7) of the A/D converter. The values are undefined
when the pins specified for analog input are read.

(3) P20 to P27 (Port 2)
These pins constitute an 8-bit 1/0 port. In addition to 1/0 port pins, they also function as the data I/O, clock
I/0, clock output, and buzzer output of the serial interface.
The following operation modes can be specified in 1-bit units.

(a) Port mode
These pins function as an 8-bit I/O port. Input or output can be specified in 1-bit units by means of the port
2 mode register. Regardless of whether the input mode or output mode is specified, pull-up resistors can
be connected in 1-bit units using pull-up resistor option register 2.

(b) Control mode
These pins function as the data 1/0 pins, clock I/O pins, clock output pins, and buzzer output pins of the serial
interface.
Pins P25 to P27 can be specified as N-channel open drain by the port function control register (PF2) (only
in the uPD784225Y Subseries).

(i) sSlo, SI1, SO0, SO1, SDAQN°
These pins are the I/O pins for serial data in the serial interface.

(ii) SCKO0, SCK1, SCLOQNew
These pins are the I/O pins for the serial clock of the serial interface.

(iii) RxD1, TxD1
These pins are the I/O pins for serial data in the asynchronous serial interface.

Note Only in the uPD784225Y Subseries
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(iv) ASCK1
This is the input pin for the baud rate clock of the asynchronous serial interface.

(v) PCL
This is the clock output pin.

(vi) BUZ
This is the buzzer output pin.

(4) P30 to P37 (Port 3)
These pins constitute an 8-bit /O port. In addition to 1/0 port pins, they also function as timer 1/O.
The following operation modes can be specified in 1-bit units.

(a)

(b)

Port mode

These pins function as an 8-bit I/O port. Input of output can be specified in 1-bit units by means of the port
3 mode register. Regardless of whether the input mode or output mode is specified, pull-up resistors can
be connected in 1-bit units using pull-up resistor option register 3.

Control mode
These pins function as timer I/0O.

(i) TIOO
This is the external clock input pin to the 16-bit timer/event counter.
This is also used as the capture trigger signal input pin to capture/compare registers 00 and 01.

(i) TIO1
This is the capture trigger signal input pin to capture/compare register 00.

(iii) TH, TI2
These are external clock input pins to the 8-bit timer counter.

(iv) TOO to TO2
These are timer output pins.

(5) P40 to P47 (Port 4)
These pins constitute an 8-bit I/O port. In addition to 1/0 port pins, they also function as an address/data bus.
LEDs can be directly driven.
The following operation modes can be specified in 1-bit units.

(a)

(b)

Port mode

These pins function as an 8-bit I/O port. Input or output can be specified in 1-bit units by means of the port
4 mode register. When used as aninput port, pull-up resistors can be connected in 8-bit units with bit 4 (PUO4)
of the pull-up resistor option register.

Control mode

These pins function as the lower address/data bus pins (ADO to AD7) when in the external memory expansion
mode. If PUO4 = 1, pull-up resistors can be connected.
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(6)

)

®

50

P50 to P57 (Port 5)

These pins constitute an 8-bit /0 port. In addition to I/0 port pins, they also function as an address bus. LEDs
can be directly driven.

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

(a) Port mode
These pins function as an 8-bit I/O port. Input or output can be specified in 1-bit units by means of the port
5mode register. When used as aninput port, pull-up resistors can be connected in 8-bit units with bit 5 (PUO5)
of the pull-up resistor option register.

(b) Control mode
These pins function as the middle address bus pins (A8 to A15) in the external memory expansion mode.
If PUOS5 = 1, pull-up resistors can be connected.

P60 to P67 (Port 6)

These pins constitute an 8-bit I1/0O port. In addition to I/O port pins, they also function as an address bus and
control signal outputs in the external memory expansion mode.

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

(a) Port mode
These pins function as an 8-bit I/O port. Input or output can be specified in 1-bit units by means of the port
6 mode register. When used as aninput port, pull-up resistors can be connected in 8-bit units with bit 6 (PUO6)
of the pull-up resistor option register.

(b) Control mode
These pins function as the higher address bus pins (A16 to A19) in the external memory expansion mode.
P64 to P67 function as the control signal output pins (RD WR WAIT ASTB) in the external memory
expansion mode. If PUOG = 1 in the external memory expansion mode, pull-up resistors can be connected.

Caution When external waits are not used in the external memory expansion mode, P66 can be used
as an /O port pin.

P70 to P72 (Port 7)

These pins constitute a 3-bit I/O port. In addition to 1/0 port pins, they also function as the data 1/0 and clock
I/0O of the serial interface.

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

(a) Port mode
These pins function as a 3-bit /0 port. Input or output can be specified in 1-bit units by means of the port
7 mode register. Regardless of whether the input mode or output mode is specified, pull-up resistors can
be connected in 1-bit units using pull-up resistor option register 7.

(b) Control mode
These pins function as data I/O and clock I/O for the serial interface.
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(i) SI2,S02
These are the 1/O pins for serial data in the serial interface.

(ii) SCK2
This is the 1/O pin of the serial clock in the serial interface.

(iii) RxD2, TxD2
These are the serial data I/O pins in the asynchronous serial interface.

(iv) ASCK2
This is the baud rate clock input pin in the asynchronous serial interface.

(9) P120 to P127 (Port 12)
These pins constitute an 8-bit I/O port. In addition to I/O port pins, they also function as a real-time output port.
The following operation modes can be specified in 1-bit units.

(a) Port mode
These pins function as an 8-bit I/O port. Input or output can be specified in 1-bit units by means of the port
12 mode register. Regardless of whether the input mode or output mode is specified, pull-up resistors can
be connected in 1-bit units using pull-up resistor option register 12.

(b) Control mode
These pins function as a real-time output port (RTPO to RTP7) that outputs data synchronized with a trigger.
When the pins specified as the real-time output port are read, 0 is read.

(10) P130, P131 (Port 13)
These pins constitute a 2-bit I/O port. In addition to I/0 port pins, they also function as the analog outputs of
the D/A converter.
The following operation modes can be specified in 2-bit units.

(a) Port mode
These pins function as a 2-bit I/0 port. Input or output can be specified in 1-bit units by means of the port
13 mode register. On-chip pull-up resistors are not available.

(b) Control mode
These pins function as the analog outputs (ANOO, ANO1) of the D/A converter. The values are undefined

when the pins specified as analog outputs are read.

Caution If the D/A converter uses only one channel when AVRrer1 < Vb, use either of the following
processes at pins that are not used for analog output.
¢ Set the port mode register (PM13X) to 1 (input mode) and connect to Vsso.
¢ Set the port mode register (PM13X) to 0 (output mode). Set the output latch to 0 and
output a low level.
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(11) AVReF1
This is the reference power input pin of the D/A converter.
If the D/A converter is not used, connect to the Vooo pin.

(12) AVoo
This is the analog power supply pin of the A/D converter. Even if the A/D converter is not used, always use this
pin at the same potential as the Vboo pin. AVbp functions alternately as the reference voltage input pin of the
A/D converter.

(13) AVss
This is the ground potential pin of the A/D converter. Even if the A/D converter is not used, always use this pin
at the same potential as the Vsso pin.

(14) RESET
This is the active low system reset input pin.

(15) X1, X2
These are the crystal resonator connection pins for main system clock oscillation.
When an external clock is supplied, input this clock signal at X1, and its inverted signal at X2.

(16) XT1, XT2
These are the crystal resonator connection pins for subsystem clock oscillation.
When an external clock is supplied, input this clock signal at XT1, and its inverted signal at XT2.

(17) Vooo, Vob1
Voo is the positive power supply pin for the ports.
Vop1 is the positive power supply pin for other than the ports and analog pins.
Always use this pin at the same potential as pin Vboo and Vob1.

(18) Vsso, Vss1
Vsso is the ground potential pin for the ports.
Vsst is the ground potential pin for other than the ports and analog pins.
Always use this pin at the same potential as pin Vsso and Vssi.

(19) Ver (uPD78F4225, 78F4225Y only)
This is the high-voltage application pin when setting the flash memory programming mode and writing or verifying
the program.
In the normal operation mode, connect directly to Vsso or pull down.
For the pull-down connection, use of a resistor with a resistance between 470 Q and 10 kQ is recommended.

(20) TEST

This is the pin used in the IC test. Connect directly to Vsso or pull down.
For the pull-down connection, use of a resistor with a resistance between 470 Q and 10 kQ is recommended.
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2.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

The input/output circuit type of each pin and recommended connection of unused pins are shown in Table 2-1.

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

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

Pin Name 1/0O Circuit Type 1/0 Recommended Connection of Unused Pins
POO/INTPO 8-K 110 Input:  Independently connect to Vsso via a resistor.
PO1/INTP1 Output: Leave open.

PO2/INTP2/NMI

PO3/INTP3 to PO5/INTP5

P10/ANIO to P17/ANI7 | 9 Input Connect to Vsso or Vooo.
P20/RxD1/SI1 10-1 110 Input:  Independently connect to Vsso via a resistor.
P21/TxD1/SO1 10-d Output: Leave open.
P22/ASCK1/SCK1 10-1

P23/PCL 10-J

P24/BUZ

P25/SDAONete/S|0 10-I

P26/S00 10-J

P27/SCLONOte/SCKO | 10|

P30/TOO0 to P32/TO2 8-M

P33/TI1, P34/TI2 8-K

P35/T100, P36/TI01 8-L

P37/EXA 8-M

P40/ADO to P47/AD7 5-H

P50/A8 to P57/A15

P60/A16 to P63/A19

P64/RD

P65/WR

P66/WAIT

P67/ASTB

P70/RxD2/SI12 8-K

P71/TxD2/S0O2 8-L

P72/ASCK2/SCK2 8-K

Note The SDAO and SCLO pins are

provided only for the uPD784225Y Subseries.
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Table 2-1. Types of Pin I/O Circuits and Recommended Connection of Unused Pins (2/2)

Pin Name 1/0O Circuit Type 1/0 Recommended Connection of Unused Pins
P120/RTPO to P127/RTP7 | 8-K 1/0 Input:  Independently connect to Vsso via a resistor.
P130/ANOO, P131/ANO1 | 12-D Output: Leave open.

RESET 2-G Input —

XT1 16 Connect to Vsso.

XT2 — Leave open.

AVREF1 — Connect to Vooo.

AVop

AVss Connect to Vsso.

TEST/VeeNote Connect directly to Vsso or pull down. For the pull-down
connection, use of a resistor with a resistance between 470 Q
and 10 kQ is recommended.

Note The Vpp pin is provided only for the uPD78F4225, 78F4225Y.

Remark Since the type numbers are unified in the 78K Series, they are not always sequential in each product
(not all the circuits are incorporated).
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Figure 2-1. Pin I/O Circuits (1/2)
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Figure 2-1. Pin I/O Circuits (2/2)
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3.1 Memory Space

The uPD784225 can access a 1 MB space. The mapping of the internal data area differs depending on LOCATION
instruction (special function registers and internal RAM). The LOCATION instruction must always be executed after
releasing reset and cannot be used more than once.

The program after releasing reset must be as follows.

RSTVCT CSEG ATO

DW RSTSTRT

to

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG  SP, #STKBGN
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(1) When the LOCATION OH instruction is executed

¢ Internal memory
The internal data area and internal ROM area are as follows.

Part Number Internal Data Area Internal ROM Area
uPD784224 OF100H to OFFFFH | 00000H to OFOFFH
10000H to 17FFFH
uPD784225 OEEOOH to OFFFFH | 00000H to OEDFFH
10000H to 1FFFFH

Caution The following area, which is overlapped with the internal data area in the on-chip ROM,
cannot be used while the LOCATION OH instruction is executed.

Part Number Unused Area

uPD784224 OF100H to OFFFFH (3,840 bytes)

uPD784225 | OEEQOH to OFFFFH (4,608 bytes)

e External memory
External memory is accessed in the external memory expansion mode.

(2) When the LOCATION OFH instruction is executed

¢ Internal memory
The internal data area and internal ROM area are as follows.

Part Number Internal Data Area Internal ROM Area

nuPD784224 FF100H to FFFFFH 00000H to 17FFFH

uPD784225 FEEOOH to FFFFFH | 00000H to 1FFFFH

e External memory
External memory is accessed in the external memory expansion mode.
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10000H
OFFFFH
0FFDFH

OFFDOH
OFFOOH
OFEFFH
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OFOFFH
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On execution of
LOCATION OH instruction

Figure 3-1

. uPD784224 Memory Map

FFFFFH
FFFDFH

On execution of
LOCATION OFH instruction

[Special function registers (SFR

FFFDOHF 2% - — ]
FFFOOH (256 bytes)
OFEFFH FFEFFH FFEFFH
Note 1 General-purpose Internal RAM
(%)ggr}régl)memory registers (128 bytes) (3,584 bytes)
OFE8OH FFE8OH FF100H
OFE7FH FFE7FH FFOFFH
Internal ROM
(32,768 bytes) OFE39H| pacro service controlword | | oo
%Eﬁg?!un@@ﬂ}g@ﬁ?@j§ﬁﬁ, oFE0eH| area (52 bytes) FFEOGH
(256 bytes) Data area (512 bytes)
0FDOOH FFDOOH
Internal RAM OFCFFH FFCFFH External memoryNote 1
(3,584 bytes) Program/data area (980,736 bytes)
’ (3,072 bytes)
0F100H FF100H
17FFFH 17FFFH
1io0o00H| __ _____________]
Note 2
CoFoFFH[ T T T '; ; 737 ]
Note 4 Program/data area’ ©©
01000H
00FFFH
Internal ROM CALLF entry
(61,696 bytes) area (2 KB)
00800H 18000H
007FFH 17FFFH
00080H
FH
0007FH CALLT table area Internal ROM ~ Note 4
00040H| (64 bytes) (96 KB)
0003FH Vector table area
00ooon| (64 bytes) 00000H

Access in the external memory expansion mode.
The 3,840 bytes in this area can be used as the internal ROM only when the LOCATION OFH instruction is executed.
LOCATION OH instruction execution: 94,464 bytes; LOCATION OFH instruction execution: 98,304 bytes

This is the base area and the entry area based on resets or interrupts. However, the internal RAM is excluded in a reset.
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On execution of
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,,,,,, 558 Bl =~~~ 1
208 200 Data area (512 bytes)
0FDOOH FFDOOH
Internal RAM OFCFFH FFCFFH External memory"°*®
(4,352 bytes) Program/data area (912,896 bytes)
(3,840 bytes)
0EEO0OH FEEOOH
1FFFFH 1FFFFH
10000H| _ _ _____________|
Note 2
oOEDFFH| &;‘;77
Note 4 Program/data area’ ©©
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00800H 20000H
007FFH 1FFFFH
00080H
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CALLT table area Internal ROM  Note 4
00040H| (64 bytes) (128 KB)
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Vector table area
00000H| (64 bytes) 00000H

Access in the external memory expansion mode.
The 4,608 bytes in this area can be used as the internal ROM only when the LOCATION OFH instruction is executed.
LOCATION OH instruction execution: 126,464 bytes; LOCATION OFH instruction execution: 131,072 bytes

This is the base area and the entry area based on resets or interrupts. However, the internal RAM is excluded in a reset.
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3.2 Internal ROM Area

The following products in the uPD784225 Subseries have on-chip ROM that can store the programs and table data.
If the internal ROM area and internal data area overlap when the LOCATION OH instruction is executed, the internal
data area becomes the access target. The overlapped internal ROM area cannot be accessed.

Access Space
Part Number Internal ROM

LOCATION OH Instruction LOCATION OFH Instruction

uPD784224 96 KB x 8 bits 00000H to OFOFFH 00000H to 17FFFH
10000H to 17FFFH

uPD784225 128 KB x 8 bits 00000H to OEDFFH 00000H to 1FFFFH

uPD78F4225 10000H to 1FFFFH

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

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

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

The area from 0 to FFFFH becomes the base area. The base area is used for the following.

¢ Reset entry address

¢ Interrupt entry address

e Entry address for CALLT instruction

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

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

¢ 16-bit register indirect addressing mode

* Short direct 16-bit memory indirect addressing mode

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

area.

When the LOCATION OH instruction is executed, the internal data area is placed in the base area. Be aware that

the program is not fetched from the internal high-speed RAM area and special function register (SFR) area in the

internal data area. Also, use the data in the internal RAM area after initialization.

62
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3.3.1 Vector table area

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

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

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

Table 3-1. Vector Table Address

Interrupt Source Vector Table Address Interrupt Source Vector Table Address
BRK instruction 003EH INTSTH 001CH
Operand error 003CH INTSER2 001EH
NMI 0002H INSR2 0020H
INTWDT (non-maskable) 0004H INTCSI2
INTWDT (maskable) 0006H INTST2 0022H
INTPO 0008H INTTM3 0024H
INTP1 000AH INTTMOO 0026H
INTP2 000CH INTTMO1 0028H
INTP3 000EH INTTMA1 002AH
INTP4 0010H INTTM2 002CH
INTP5 0012H INTAD 002EH
INTIICQNote 0016H INTTM5 0030H
INTCSIO INTTM6 0032H
INTSERT1 0018H INTWT 0038H
INTSR1 001AH
INTCSIH

Note Only in the uPD784225Y Subseries
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3.3.2 CALLT instruction table area

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

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

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

3.3.3 CALLF instruction entry area

The area from 00800H to 00FFFH can be for direct subroutine calls in the 2-byte call instruction (CALLF).

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

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

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

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

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

Example RSTVCT CSEGATO
DW  RSTSTRT

to

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

Caution When the LOCATION 0OH instruction is executed, the program after clearing the reset must not
overlap the internal data area. In addition, make sure the entry address of the servicing routine
for a non-maskable interrupt such as NMI does not overlap the internal data area. The entry area
for a maskable interrupt must be initialized before referencing the internal data area.
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3.4.1 Internal RAM area
The uPD784225 has an on-chip general-purpose static RAM.
This area has the following configuration.

Peripheral RAM (PRAM)
Internal RAM area |:

Internal high-speed RAM (IRAM)

Table 3-2. Internal RAM Area List

Internal RAM Internal RAM Area

Product Name Peripheral RAM: PRAM | Internal High-Speed RAM: IRAM
uPD784224 3,584 bytes 3,072 bytes 512 bytes

(OF100H to OFEFFH) (OF100H to OFCFFH) (OFDOOH to OFEFFH)
uPD784225 4,352 bytes 3,840 bytes
uPD78F4225 (OEEOOH to OFEFFH) (OEEOOH to OFCFFH)

Remark The addresses in the table are the values when the LOCATION OH instruction is executed. When
the LOCATION OFH instruction is executed, OFO000H is added to the above values.
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Figure 3-3 is the internal RAM memory map.

Figure 3-3. Internal RAM Memory Map

0OFEFFH

OOFE80H

General-purpose
register area

OOFE39H

OOFEOGH

Macro service
control word area

00FEOOH
0OFDFFH

00FD20H
O00FD1FH

00FDOOH

Internal high-speed RAM

00FCFFH

Differs according to the productN°te

Peripheral RAM

Note uPD784224: OOF100H
uPD784225, 78F4225: O00EEOOH

Available range for short
direct addressing 1

Available range for short
direct addressing 2

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

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

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

The following areas are reserved in IRAM.

¢ General - purpose register area: FE80H to FEFFH
e Macro service control word area: FEO6H to FE39H
e Macro service channel area: FEOOH to FEFFH (The address is set by a macro service control word.)

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

Remark The addressesin thistextarethe addresses whenthe LOCATION OH instruction is executed. When
the LOCATION OFH instruction is executed, OFOO00H is added to the values in this text.

Peripheral RAM (PRAM)

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

A program fetch from the peripheral RAM is high speed and can occur in two clocks in 2-byte units.
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3.4.2 Special function register (SFR) area

The special function register (SFR) of the on-chip peripheral hardware is mapped to the area from OFFOOH to
OFFFFH (Refer to Figures 3-1 and 3-2).

The area from OFFDOH to OFFDFH is mapped as the external SFR area. Peripheral I/0O externally connected in
the external memory expansion mode (set by the memory expansion mode register (MM)) can be accessed.

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

Remark The addresses in this text are the addresses only when the LOCATION OH instruction is executed. If
the LOCATION OFH instruction is executed, OFO000H is added to the values in the text.

3.4.3 External SFR area

In the products of the uyPD784225 Subseries, the 16-byte area of the OFFDOH to OFFDFH area (during LOCATION
OH instruction execution, or OFFFDOH to OFFFDFH area during LOCATION OFH instruction execution) in the SFR
area is mapped as the external SFR area. In the external memory expansion mode, the address bus and address/
data bus are used and the externally attached peripheral I/O can be accessed.

Since the external SFR area can be accessed by SFR addressing, the features are that peripheral 1/0 operations
can be simplified; the object size can be reduced; and macro service can be used.

The bus operation when accessing an external SFR area is the same as a normal memory access.

3.5 External Memory Space

The external memory space is the memory space that can be accessed based on the setting of the memory
expansion mode register (MM). The program and table data can be stored and peripheral I/O devices can be assigned.
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3.6 uPD78F4225 Memory Mapping

The uPD78F4225 has a 128 KB flash memory and 4,352-byte internal RAM.

The uPD78F4225 has a function (memory size switching function) so that a part of the internal memory is not used
by the software.

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

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

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

RESET input sets IMS to FFH.

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

Address: OFFFCH After reset: FFH W

Symbol 7 6 5 4 3 2 1 0
IMS 1 1 ROM1 ROMO 1 1 RAMA1 RAMO
ROM1 ROMO Internal ROM capacity selections
0 0 48 KB
0 1 64 KB
1 0 96 KB
1 1 128 KB
RAM1 RAMO Internal RAM capacity selections
0 0 1,536 bytes
0 1 2,304 bytes
1 0 3,072 bytes
1 1 3,840 bytes

Caution Mask ROM versions (uPD784224, 784225) do not have an IMS. Even if a write instructio is
executed to IMS in mask ROM versions, the instruction will be invalid.

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

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

Target Mask ROM Versions IMS Settings
uPD784224 EEH
uPD784225 FFH
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3.7 Control Registers
The control registers are 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 saves address information about the program to be executed next (see Figure
3-5).

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

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

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

19 0
PC|

3.7.2 Program status word (PSW)

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

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

The contents of the PSW are automatically saved on the stack when a vectored interrupt request is accepted and
when a BRK instruction is executed, and are automatically restored when a RETI or RETB instruction is executed.
When context switching is used, the contents are automatically saved to PR3, and automatically restored when a
RETCS or RETCSB instruction is executed.

RESET input resets all of the bits to 0.

Always write 0 in the bits indicated by “0” in Figure 3-6. The contents of bits indicated by “-” are undefined when
read.
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Figure 3-6. Format of Program Status Word (PSW)

Symbol 7 6 5 4 3 2 1 0

PsSWH | uf | mes2 | mest | meso | — | — | — | — |
5 4 3 2 1 0

pswe | s | z | ms | ac | E | pv | o | cv |

Each flag is described below.

Carry flag (CY)

This is the flag that stores the carry or borrow of an operation result.

When a shift rotate instruction is executed, the shifted out value is stored. When a bit manipulation instruction
is executed, this flag functions as the bit accumulator.

The CY flag state can be tested by a conditional branch instruction.

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

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

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

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

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

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

FBH (-5 = 1111 1011
+) FOH (-16) = +)_1111_0000
1 1110 1011 =-21 PV =0
1
cY

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

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

This flag sets the general-purpose registers that function as X, A, C, and B and the general-purpose register pairs
(16 bits) that function as AX and BC.

This flag is used to maintain compatibility with the 78K/Ill Series. Always set this flag to 0 except when using
a 78K/Ill Series program.

Zero flag (2)

This flag indicates that the operation result is 0.

If the operation result is 0, this flag is set to 1. Otherwise, it is reset to 0. The state of the Z flag can be tested
by conditional branch instructions.

Sign flag (S)

This flag indicates that the MSB in the operation result is 1.

The flag is set to 1 when the MSB of the operation result is 1. If 0, the flag is reset to 0. The S flag state can
be tested by the conditional branch instructions.

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

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

Table 3-4. Register Bank Selection

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

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

User’s Manual U12697EJ3VOUM



CHAPTER 3 CPU ARCHITECTURE

3.7.3 Using the RSS bit

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

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

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

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

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

Even if a program where the RSS bit is set to 1 is used, when possible, it is recommended to use the program
after modifying the program so that the RSS bit is not set to 1.

(1) Using the RSS bit
* Registers used in instructions where the A, X, B, C, and AX registers are directly described in the operand
column of the operation list (see 28.2)

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

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

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

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

e When RSS =1
A—R5, X—R4, B»R7, C—»R6, AX—>RP2, BC—»RP3
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The registers used in other cases always become the same registers regardless of the contents of the RSS bit.
For registers A, X, B, C, AX, and BC in NEC assembler RA78K4, instruction code is generated for any register

described by name or for registers set by an RSS quasi directive in the assembler.
When the RSS bit is set or reset, always specify an RSS quasi directive immediately before (orimmediately after)
that instruction (see the following examples).

<Program examples>

When RSS =0

RSS 0 ; RSS quasi directive

CLR1 PSWL. 5

MOV B, A ; This description corresponds to “MOV R3, R1”.
When RSS =1

RSS 1 ; RSS quasi directive

SET1 PSWL. 5

MOV B, A ; This description corresponds to “MOV R7, R5”.

(2) Generation of instruction code in the RA78K4

76

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

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

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

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

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

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

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

The 24-bit register saves the starting address of the stack (LIFO: 00000H to FFFFFFH) (refer to Figure 3-7). The
stack is used for addressing during subroutine processing or interrupt servicing. Always set the higher four bits to
zero.

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

SP is accessed by special instructions.

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

Example Initializing SP
MOVG SP,#0FEEOH ; SP « OFEEOH (when used from FEDFH)
Figure 3-7. Format of Stack Pointer (SP)

23 0
sP |
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Figure 3-8. Data Saved to the Stack

PUSH sfr instruction

PUSH sfrp instruction

Stack Stack
SP mp SP m»
d 2
SP-1 Sf-1 Higher byte
SP « SP-1 SP-2 Lower byte
SP « SP-2

PUSH PSW instruction

PUSH rg instruction

Stack Stack
Sf - Sf -
4+ |PSWH7to . i .
Sf 1 PSWH. |Undefined Sf 1 Higher byte
SP-2 PSWL Sf-Z Middle byte
SP « SP-2 SP-3 Lower byte
SP « SP-3
CALL, CALLF, CALLT instructions Vectored interrupt PUSH post, PUSHU post instructions
(for PUSH AX, RP2, RP3)
Stack Stack
Stack
Sf - Sf - Sf -
SP-1 | Undefined |PC19t0PC16 sP-1 [PSWH7 10l pyg 10 pet SP-1 R7
1 1 PSWHa4 1 RP3
Sf-2 PC15 to PC8 Sf-2 PSWL Sf-2 R6
SP-3 PC7 to PCO Sf-s PC15 to PC8 Sf-S R5
RP2
SP « SP-3 SP-4 PC7 to PCO Sf-4 R4
SP « SP-4 SP-5
l AX
SP-6
SP « SP-6
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Figure 3-9. Data Restored from the Stack

POP sfr instruction

POP sfrp instruction

RP3

RP2

AX

Stack Stack
SP « SP+1 SP « SP+2
SP+1 S+3+1 Higher byte
T
SP m» SP = Lower byte
POP PSW instruction POP rg instruction
Stack Stack
SP « STP+2 SP « SP+3
PSWH7t0| _ note .

STI?+1 PSWH: S+°+2 Higher byte

SP m» PSWL S+3+1 Middle byte

SP m» Lower byte

RET instruction RETI, RETB instructions POP post, POPU post instructions
Stack Stack (for POP AX, RP2, RP3)

Stack

SP « SP+3 SP « SP+4 SP « SP+6

PSWH?- to
—_ Not P
S$+2 ote | PC19t0 PC16 ST +3 PSWHs PC19to PC16 S+3+5 R7
SP+1 PC15 to PC8 S+3+2 PSWL S+9+4 R6
T

SP m» PC7 to PCO Sr+1 PC15 to PC8 S+3+3 R5
SP m» PC7 to PCO S+3+2 R4

SP+1

T
SP m»

Note This 4-bit data is ignored.
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Cautions 1. In stack addressing, the entire 1 MB space can be accessed, but the stack cannot be
guaranteed in the SFR area and internal ROM area.

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

RSTVCT CSEG AT O
DW  RSTSTRT
to

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

3.8.1 Structure

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

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

These register sets provide eight banks and can be switched by the software or context switching.

RESET input selects register bank 0. In addition, the register banks that are used in an executing program can
be verified by reading the register bank selection flags (RBS0, RBS1, RBS2) in the PSW.

Figure 3-10. Format of General-Purpose Register

7 | 07 0
A (R1) ! X (RO)
AX (RPO)
B (R3) 3 C (R2)
BC (RP1)
R5 ] R4
RP2
o R7 ; R6
= RP3
Vv ! R9 } R8
VVP (RG4) VP (RP4)
U } R11 } R10
UUP (RG5) UP (RP5)
T . D(R13) | E (R12)
TDE (RG6) DE (RP6)
w . H(R15) L (R14)
! ! 8 banks
WHL (RG7) HL (RP7) —
23 15 0

Remark The parentheses enclose the absolute names.
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Figure 3-11. General-Purpose Register Addresses

8-bit processing 8-bit processing

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

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

RBNK2 R11 n) R10 an) UP (R5) (an)

RBNK3 R9 (o) R8 (sn) VP (R4) @H)

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

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

RBNK6 B (R3) &H) | C (R2) @H) BC (RP1) n)
FE8QHNote) RBNK7 A (R1) any | X (RO) (on) AX (RPO) (©on)

7 07 0 15 0

Note These are the addresses when the LOCATION OH instruction is executed. The addresses when the
LOCATION OFH instruction is executed are the sum of the above values and OFOO00H.

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

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

Example When register bank 2 is specified

PUSH PéW
SEL RB2
Operation in register bank 2

POP PSW
Operation in original register bank
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3.8.2 Functions

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

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

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

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

Each register has the unique functions shown below.

A (R1):

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

¢ This register can be used to store bit data.

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

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

AX (RPO0):
e This register is primarily for 16-bit data transfers and operation results. It can be combined with all of the
addressing modes for 16-bit data.

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

B (R3):

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

e This register can store the offset in indexed addressing and based indexed addressing.
e This register is used as the data pointer in a MACW or MACSW instruction.
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C (R2):

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

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

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

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

RP3:
¢ When context switching is used, this register saves the higher 4 bits of the program counter (PC) and the program
status word (PSW) (except bits 0 to 3 in PSWH).

VVP (RG4):
e This register functions as a pointer and specifies the base address in register indirect addressing, based
addressing, and based indirect addressing.

UUP (RG5):

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

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

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

TDE (RG6):

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

* This register functions as a pointer in string and SACW instructions.
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WHL (RG7):

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

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

addressing.

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

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

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

(a) 8-bit registers

Absolute Name

Function Name

RSS

=0 | RSS= {Note

RO

X

(b) 16-bit registers

R1

R2

R3

A
C
B

R4

R5

R6

R7

w|O|>»|X

R8

Function Name
Absolute Name
RSS =0 RSS = 1Note

RPO AX

RP1 BC

RP2 AX
RP3 BC
RP4 VP VP
RP5 UpP up
RP6 DE DE
RP7 HL HL

R9

R10

R11

(c) 24-bit registers

R12

R13

R14

R15

I (r|O|m

I (r|O|m

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

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

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

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

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

Caution In this area, do not access an address that is not allocated by an SFR. If erroneously accessed,
the uPD784225 enters the deadlock state. The deadlock state is released only by reset input.

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

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

¢ R/W e Indicates whether the corresponding SFR can be read or written.

R/W: Can read/write
R: Read only
W:  Write only

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

An SFR that can manipulate one bit can be described in bit manipulation instructions.
After Reset .....ccccevieeenee Indicates the state of each register when RESET is input.
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Table 3-6. Special Function Register (SFR) List (1/4)

Bit Manipulation Unit
AddressNete 1| Special Function Register (SFR) Name Symbol R/W After Reset
1 Bit | 8 Bits |16 Bits
OFFOOH | Port 0 PO RW | x/ — | 0QHNote 2
OFFO01H | Port 1 P1 R J J —
OFF02H | Port 2 P2 RW | x/ —
OFFO3H | Port 3 P3 J J —
OFF04H | Port 4 P4 N N _
OFF05H | Port 5 P5 J J —
OFFO06H | Port 6 P6 x/ x/ —
OFFO7H | Port 7 P7 J J —
OFFOCH | Port 12 P12 x/ x/ —
OFFODH | Port 13 P13 J J —
OFF10H | 16-bit timer counter 0 TMO R — — v | 0000H
OFF11H
OFF12H | Capture/compare register 00 CRO00O RW | — — R
OFF13H | (16-bit timer/event counter)
OFF14H | Capture/compare register 01 CRO1 — — R
OFF15H | (16-bit timer/event counter)
OFF16H | Capture/compare control register 0 CRCO R R — | OOH
OFF18H | 16-bit timer mode control register 0 TMCO \ \ —
OFF1AH | 16-bit timer output control register 0 TOCO \ \ —
OFF1CH | Prescaler mode register 0 PRMO \ \ —
OFF20H | Port 0 mode register PMO R R — | FFH
OFF22H | Port 2 mode register PM2 \ \ —
OFF23H | Port 3 mode register PM3 \ \ —
OFF24H | Port 4 mode register PM4 \ \ —
OFF25H | Port 5 mode register PM5 \ \ —
OFF26H | Port 6 mode register PM6 \ \ —
OFF27H | Port 7 mode register PM7 \ \ —
OFF2CH | Port 12 mode register PM12 \ \ —
OFF2DH | Port 13 mode register PM13 \ \ —
OFF30H | Pull-up resistor option register 0 PUO S S — | 0OH
OFF32H | Pull-up resistor option register 2 PU2 R R —
OFF33H | Pull-up resistor option register 3 PU3 \ S —
OFF37H | Pull-up resistor option register 7 PU7 R R —

Notes 1. These values are when the LOCATION OH instruction is executed. When the LOCATION OFH
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instruction is executed, FOOOOH is added to these values.
Since each port is initialized in the input mode by a reset, in fact, 00H is not read out. The output latch
is initialized to 0.
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Table 3-6. Special Function Register (SFR) List (2/4)

Bit Manipulation Unit

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

OFF3CH | Pull-up resistor option register 12 PU12 RW | A RN — | OOH

OFF40H | Clock output control register CKS \ \ —

OFF42H | Port function control register 2Note 2 PF2 \ \ —

OFF4EH | Pull-up resistor option register 0 PUO \ \ —

OFF50H | 8-bit timer counter 1 TM1 TW1W R — J v | 0000H

OFF51H | 8-bit timer counter 2 T™2 — J

OFF52H | Compare register 10 (8-bit timer/event counter 1) | CR10 | CR1W RW | — RN RN

OFF53H | Compare register 20 (8-bit timer/event counter 2) | CR20 — \

OFF54H | 8-bit timer mode control register 1 TMC1 | TMC1W \ \ \

OFF55H | 8-bit timer mode control register 2 TMC2 \ \

OFF56H | Prescaler mode register 1 PRM1 | PRM1W v v v

OFF57H | Prescaler mode register 2 PRM2 \ \

OFFB0H | 8-bit timer counter 5 TM5 TM5W R — x/ x/

OFF61H | 8-bit timer counter 6 T™M6 — J

OFF64H | Compare register 50 (8-bit timer 5) CR50 | CR5W RW | — R R

OFF65H | Compare register 60 (8-bit timer 6) CR60 — S

OFF68H | 8-bit timer mode control register 5 TMC5 | TMC5W R R R

OFF69H | 8-bit timer mode control register 6 TMC6 \ \

OFF6CH | Prescaler mode register 5 PRM5 | PRM5W R R R

OFF6DH | Prescaler mode register 6 PRM6 \ \

OFF70H | Asynchronous serial interface mode register 1 ASIM1 R R — 00H

OFF71H | Asynchronous serial interface mode register 2 | ASIM2 \ \ —_

OFF72H | Asynchronous serial interface status register 1 | ASIS1 R \ \ —

OFF73H | Asynchronous serial interface status register 2 | ASIS2 \ \ —

OFF74H | Transmission shift register 1 TXS1 w — \ — FFH
Reception buffer register 1 RXB1 R — \ —

OFF75H | Transmission shift register 2 TXS2 w — \ —
Reception buffer register 2 RXB2 R — \ —

OFF76H | Baud rate generator control register 1 BRGC1 RW | A R — | OOH

OFF77H | Baud rate generator control register 2 BRGC2 \ \ —

OFF7AH | Oscillation mode selection register cc R R —

OFF80H | A/D converter mode register ADM \ \ —

OFF81H | A/D converter input selection register ADIS \ \ —

OFF83H | A/D conversion result register ADCR R — \ — Undefined

Notes 1. These are the values when the LOCATION OH instruction is executed. When the LOCATION OFH

instruction is executed, FOOOOH is added to this value.

2. Only for the uPD784225Y Subseries
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Table 3-6. Special Function Register (SFR) List (3/4)

AddressNote 1| Special Function Register (SFR) Name Symbol R/W Bit Manipulation Uni After Reset
1 Bit | 8 Bits |16 Bits
OFF84H | D/A conversion value setting register 0 DACS0 RW | A RN — | OOH
OFF85H | D/A conversion value setting register 1 DACS1 \ \ —
OFF86H | D/A converter mode register 0 DAMO \ \ —
OFF87H | D/A converter mode register 1 DAM1 \ \ —
OFF88H | ROM correction control register CORC \ \ —
OFF89H | ROM correction address register H CORAH — \ —
OFF8AH | ROM correction address register L CORAL — — RN 0000H
OFF8BH
OFF8DH | External access status enable register EXAE RN RN — | OOH
OFF90H | Serial operation mode register 0 CSIMO \ \ —
OFF91H | Serial operation mode register 1 CsIM1 \ \ —
OFF92H | Serial operation mode register 2 CsIM2 \ \ —
OFF94H | Serial I/O shift register 0 SI00 — R —
OFF95H | Serial I/O shift register 1 SI01 — \ —
OFF96H | Serial I/O shift register 2 Sl02 — R —
OFF98H | Real-time output buffer register L RTBL — \ —
OFF99H | Real-time output buffer register H RTBH — R —
OFF9AH | Real-time output port mode register RTPM S S —
OFF9BH | Real-time output port control register RTPC \ \ —
OFF9CH | Watch timer mode control register WTM \ \ —
OFFAOH | External interrupt rising edge enable register 0 | EGPO \ \ —
OFFA2H | External interrupt falling edge enable register 0| EGNO \ \ —_
OFFA8H | In-service priority register ISPR R \ \ — | OOH
OFFA9H | Interrupt selection control register SNMI RW | \ —
OFFAAH | Interrupt mode control register IMC \ \ — | 80H
OFFACH | Interrupt mask flag register OL MKOL | MKO \ \ \ FFFFH
OFFADH | Interrupt mask flag register OH MKOH \ \
OFFAEH | Interrupt mask flag register 1L MK1L | MK1 \ \ \
OFFAFH | Interrupt mask flag register 1H MK1H \ \
OFFBOH | I2C bus control register QNote 2 1ICCO \ \ — | OOH
OFFB2H | Serial clock prescaler mode register ONote 2 | SPRMO \ \ —
OFFB4H | Slave address register QNote 2 SVAO — \ —
OFFB6H | I12C bus status register QNote 2 1ICS0 R R R —
OFFB8H | Serial shift register gNote 2 11co R/W \ —
Notes 1. These are the values when the LOCATION OH instruction is executed. When the LOCATION OFH
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instruction is executed, FOOOOH is added to this value.

2. Only in the uPD784225Y Subseries
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Table 3-6. Special Function Register (SFR) List (4/4)

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

OFFCOH | Standby control register STBC RW | — \ — 30H
OFFC2H | Watchdog timer mode register WDM — RN — 00H
OFFC4H | Memory expansion mode register MM \ \ — | 20H
OFFC7H | Programmable wait control register 1 PWC1 \ \ — | AAH
OFFC8H | Programmable wait control register 2 PWC2 w — — \ AAAAH
OFFC9H
OFFCEH | Clock status register PCS R \ \ — | 32H
OFFCFH | Oscillation stabilizing time selection register | OSTS R/W RN RN — 00H
OFFDOH to| External SFR area — \/ \/ — —
OFFDFH
OFFEOH | Interrupt control register (INTWDTM) WDTIC S S — | 43H
OFFE1H | Interrupt control register (INTPO) PICO \ \ —
OFFE2H | Interrupt control register (INTP1) PIC1 S S —
OFFE3H | Interrupt control register (INTP2) PIC2 \ \ —
OFFE4H | Interrupt control register (INTP3) PIC3 \ \ —
OFFE5H | Interrupt control register (INTP4) PIC4 \ \ —
OFFE6H | Interrupt control register (INTP5) PIC5 \ S —
OFFES8H | Interrupt control register (INTIICONOte 2/[NTCSI0) | CSIICO \ \ —
OFFE9H | Interrupt control register (INTSER1) SERICH S S —
OFFEAH | Interrupt control register INTSR1/INTCSI1) | SRIC1 \ \ —
OFFEBH | Interrupt control register (INTST1) STICH S S —
OFFECH | Interrupt control register (INTSER2) SERIC2 \ \ —
OFFEDH | Interrupt control register (INTSR2/INTCSI2) | SRIC2 \ \ —
OFFEEH | Interrupt control register (INTST2) STIC2 \ \ —
OFFEFH | Interrupt control register (INTTM3) TMIC3 \ S —
OFFFOH | Interrupt control register (INTTMOO) TMIC00 R R —
OFFF1H | Interrupt control register (INTTMO1) TMICO1 S S —
OFFF2H | Interrupt control register (INTTM1) TMIC1 \ \ —
OFFF3H | Interrupt control register (INTTM2) TMIC2 \ S —
OFFF4H | Interrupt control register (INTAD) ADIC \ \ —
OFFF5H | Interrupt control register (INTTMS5) TMIC5 S S —
OFFF6H | Interrupt control register (INTTM6) TMIC6 \ \ —
OFFF9H | Interrupt control register (INTWT) WTIC S S —
OFFFCH | Internal memory size switching registerNote 3 IMS W — \ — | FFH

Notes 1. These values are when the LOCATION OH instruction is executed. When the LOCATION OFH
instruction is executed, FOOOOH is added to these values.
2. Only in the uPD784225Y Subseries
3. Only in the uPD78F4225 and 78F4225Y
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3.10 Cautions

(1)

()

3)

92

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

Special function register (SFR)
Do not access an address that is allocated to an SFR in the area from OFFOOH to OFFFFHNote  |f mistakenly
accessed, the uPD784225 enters the deadlock state. The deadlock state is released only by reset input.

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

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

Stack pointer (SP) initialization

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

RSTVCT CSEG AT O
DW  RSTSTRT
to

INITSEG CSEG BASE
RSTSTRT: LOCATION OH; or LOCATION OFH
MOVG SP, #STKBGN
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4.1 Functions

The clock generator generates the clock to be supplied to the CPU and peripheral hardware. The following two
types of system clock oscillators are available.

(1) Main system clock oscillator
This circuit oscillates at frequencies of 2 to 12.5 kHz. Oscillation can be stopped by setting the standby control
register (STBC) to STOP mode (bit 1 (STP) = 1, bit 0 (HLT) = 0) or to stop main system clock (bit 2 of STBC
(MCK) = 1) after switching to the subsystem clock.

(2) Subsystem clock oscillator
This circuit oscillates at the frequency of 32.768 kHz. Oscillation cannot be stopped. If the subsystem clock
oscillator is not used, not using the internal feedback resistance can be set by STBC. This enables the power
consumption to be decreased in the STOP mode.

4.2 Configuration

The clock generator includes the following hardware.

Table 4-1. Clock Generator Configuration

ltem Configuration

Control registers Standby control register (STBC)

Oscillation mode selection register (CC)

Clock status register (PCS)

Oscillation stabilization time specification register (OSTS)

Oscillators Main system clock oscillator
Subsystem clock oscillator
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Figure 4-1. Block Diagram of Clock Generator

XT1 O—=
Subsystem | fxr Watch timer,
T2 cIoc_Il? X clock output function
O— oscillator
Prescaler
X1 0 Main system fx §
clock —IDLE e[ 8 Prescaler Clock to
X2 O— oscillator controller L 3 Fex peripheral hardware
Divider [
iy fxx | fxx | fxx
2 2| 22| 23 -
STOP or bit 2 of STBC
(MCK) = 1 when 8 STOP, CPU
selecting subsystem ‘é .| IDLE | HALT | _ clock
clock as CPU clock 8 g’,}ﬁ[;’ - controller]  (fcpy)
Internal
= system
clock (fcw)

Note This controller secures the oscillation stabilization time after releasing STOP mode.
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4.3 Control Registers

(1) Standby control register (STBC)
This register is used to set the standby mode and select internal system clock. For the details of the standby
mode, refer to CHAPTER 24 STANDBY FUNCTION.
The write operation can be performed only using dedicated instructions to avoid entering into the standby mode
due to an inadvertent program loop. These dedicated instructions, MOV STBC and #byte, have a special code
structure (4 bytes). The write operation is performed only when the OP code of the 3rd byte and 4th byte are
complements of each other. When the 3rd byte and 4th byte are not complements of each other, the write operation
is not performed and an operand error interrupt is generated. In this case, the return address saved in the stack
area indicates the address of the instruction that caused an error. Therefore, the address that caused an error
can be determined from the return address that is saved in the stack area.
If a return from an operand error is performed simply with the RETB instruction, an infinite loop will be caused.
Because the operand error interrupt occurs only in the case of an inadvertent program loop (if MOV STBC or
#byte is described, only the correct dedicated instruction is generated in NEC’s RA78K4 assembler), initialize
the system for the program that processes an operand error interrupt.
Other write instructions such as MOV STBC, A, AND STBC, #byte, and SET1 STBC.7 are ignored and no
operation is performed. In other words, neither is a write operation to STBC performed nor is an interrupt such
as an operand error interrupt generated. STBC can be read out any time by means of a data transfer instruction.
RESET input sets STBC to 30H.
Figure 4-2 shows the format of STBC.
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96

Figure 4-2. Format of Standby Control Register (STBC)

Address: OFFCOH After reset: 30H R/W

Symbol
STBC

7 6 5 4 3 2 1 0
SBK CK2 CK1 CKoO 0 MCK STP HLT
SBK Subsystem clock oscillation control
0 Use oscillator (Internal feedback resistor is used.)
1 Stop oscillator (Internal feedback resistor is not used.)
CK2 CK1 CKO CPU clock selection
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 1 1 fxr (Recommendation)
1 — — fxr
MCK Main system clock oscillation control
0 Use oscillator (Internal feedback resistor is used.)
1 Stop oscillator (Internal feedback resistor is not used.)
STP HLT Operation specification flag
0 0 Normal operation mode
0 1 HALT mode (Automatically cleared upon cancellation of
HALT mode)
1 0 STOP mode (Automatically cleared upon cancellation of
STOP mode)
1 1 IDLE mode (Automatically cleared upon cancellation of
IDLE mode)

Cautions 1. When using the STOP mode during external clock input, make sure to set to 1 the EXTC

bit of the oscillation stabilization time specification register (OSTS) before setting the
STOP mode. If the STOP mode is used during external clock input when the EXTC bit
of OSTS has been cleared (0), the uPD784225 may be damaged or its reliability may be
impaired.

When setting to 1 the EXTC bit of OSTS, the clock with the opposite phase of the clock
input to the X1 pin must be input to the X2 pin.

. Perform the NOP instruction three times after a standby instruction (after standby

release). Otherwise if contention arises between a standby instruction execution and
an interrupt request, the standby instruction is not performed and the interrupt erquest
is accepted after the execution of several instructions. The instructions executed before
the interrupt request is accepted are instructions whose execution is started within 6
clocks maximum following execution of the standby instruction.
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Example MOV STBC #byte
NOP
NOP
NOP

L]
L]
3. When CK2 =0, the oscillation of the main system clock does not stop even if MCK is set
to 1 (Refer to 4.5.1 Main system clock operations).

Remarks 1. fxx: Main system clock frequency (fx or fx/2)
fx: Main system clock oscillation frequency
fx1: Subsystem clock oscillation frequency

2. x: don’t care

(2) Oscillation mode selection register (CC)
This register specifies whether clock output from the main system clock oscillator with the same frequency as

the external clock, or clock output that is half of the original frequency is used to operate the internal circuit.
CC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets CC to 00H.

Figure 4-3. Format of Oscillation Mode Selection Register (CC)

Address: OFF7AH After reset: O0H R/W

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

Cautions 1. If the subsystem clock is selected via the standby control mode register (STBC), the
ENMP bit specification becomes invalid.
2. The ENMP bit cannot be reset by software. This bit is reset performing the system reset.
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(3) Clock status register (PCS)
This register is a read-only 8-bit register that indicates the CPU clock operation status. By reading bit 2 and bits
4 to 7 of PCS, the relevant bit of the standby control register (STBC) can be read.
PCS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PCS to 32H.

Figure 4-4. Format of Clock Status Register (PCS)

Address: OFFCEH After reset: 32H R

Symbol 7 6 5 4 3 2 1 0
PCS SBK CK2 CK1 CKoO 0 MCK 1 HLT
SBK Feedback resistor status of subsystem clock
0 Internal feedback resistor is used.
1 Internal feedback resistor is not used.
CK2 CKA1 CKo CPU clock operating frequency
0 0 0 fxx
0 0 1 fxx/2
0 1 0 fxx/4
0 1 1 fxx/8
1 1 1 fxr (Recommendation)
1 X X fxr
MCK Oscillation status of main system clock
0 Use oscillator
1 Stop oscillator
CST CPU clock status
0 Main system clock operation
1 Subsystem clock operation

Caution [Timing at which bit 0 (CST) changes]
The CPU clock does not switch from the main system clock to the subsystem clock immediately
after the standby control register (STBC) is set, but switches after synchronization of both clocks
(main and subsystem) has been detected. Consequently, CST changes after synchronization
detection. This is the same as when switching from subsystem clock to main system clock.
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(4) Oscillation stabilization time specification register (OSTS)
This register specifies the operation of the oscillator. Either a crystal/ceramic resonator or external clock is set
to the EXTC bit in OSTS as the clock used. The STOP mode can be set even during external clock input only
when the EXTC bit is set 1.
OSTS is set by a 1-bit or 8-bit transfer instruction.
RESET input sets OSTS to 00H.

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

Address: OFFCFH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS EXTC 0 0 0 0 0OSTS2 OSTS1 OSTSO0
EXTC External clock selection
0 Crystal/ceramic resonator is used
1 External clock is used
EXTC 0OSTS2 OSTSH OSTSO0 Oscillation stabilization time
0 0 0 0 2'%/fxx (41.9 ms)
0 0 0 1 2'8/fxx (21.0 ms)
0 0 1 0 2'7/fxx (10.5 ms)
0 0 1 1 2'%/fxx (5.2 ms)
0 1 0 0 2'5/fxx (2.6 ms)
0 1 0 1 2"%/fxx (1.3 ms)
0 1 1 0 2'3/fxx (655 us)
0 1 1 1 2'2/fxx (328 us)
1 X X X 512/fxx (41.0 us)

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

2. When using the STOP mode during external clock input, make sure to set the EXTC bit
to 1 before setting the STOP mode. If the STOP mode is used during external clock input
when the EXTC bit of OSTS has been cleared, the uPD784225 may be damaged or its
reliability may be impaired.

3. If the EXTC bit is set to 1 during external clock input, the opposite phase of the clock
input to the X1 pin must be input to the X2 pin. If the EXTC bit is set to 1, the uPD784225
operates only with the clock input to the X2 pin.

Remark 1. Figures in parentheses apply to operation at fxx = 12.5 MHz.
2. x: don’t care
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4.4 System Clock Oscillator

4.4.1 Main system clock oscillator

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

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

Figure 4-6 shows an external circuit of the main system clock oscillator.

Figure 4-6. External Circuit of Main System Clock Oscillator

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

}—“sz X2

Vsst 7"/7_‘r<
' I . X1 External

Vsst clock

X1

Crystal resonator
or
ceramic resonator

1PD74HCU04
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4.4.2 Subsystem clock oscillator

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

External clocks can be input to the main system clock oscillator. In this case, input a clock signal to the XT1 pin
and an antiphase clock signal to the XT2 pin.

Figure 4-7 shows an external circuit of the subsystem clock oscillator.

Figure 4-7. External Circuit of Subsystem Clock Oscillator

(a) Crystal oscillation (b) External clock

Vss1 XT2

XT2
XT1 External XT1
clock
uPD74HCUO04

Cautions 1. When using a main system clock oscillator and a subsystem clock oscillator, wire as follows
in the area enclosed by the broken lines in Figures 4-6 and 4-7 to avoid an adverse effect from
wiring capacitance.

¢ Keep the wiring length as short as possible.

¢ Do not cross the wiring with the other signal lines. Do not route the wiring near a signal
line through which a high fluctuating current flows.

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

¢ Do not fetch signals from the oscillator.

Take special note of the fact that the subsystem clock oscillator is a circuit with low-level
amplification so that current consumption is maintained at low levels.
Figure 4-8 shows examples of resonators that are connected incorrectly.
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Figure 4-8. Incorrect Examples of Resonator Connection (1/2)

(a) Wiring of connection (b) Signal lines intersect
circuits is too long each other

PORTn

(n=0to 10, 12, 13)

X2 X1 Vssi X2 X1 Vssi
- IH - IH

—
za

Remark When using a subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Further, insert
resistors in series on the side of XT2.
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Figure 4-8. Incorrect Examples of Resonator Connection (2/2)
(c) Fluctuating high current is too near a (d) Current flows through the ground line

signal line of the oscillator (potential at points A, B,
and C fluctuate)

Vobo

Pnm

X2

X1
— X2 X1 Vsst
High >—| [l
current ' [l

Vssi

L 71

T bl e
s High
current
777

(e) Signals are fetched

X2 X1 Vssi

Remark When using asubsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert resistors
in series on the XT2 side.

Cautions 2. When XT2 and X1 are wired in parallel, the crosstalk noise of X1 may increase with XT2,

resulting in malfunctioning. To prevent this from occurring, it is recommended not to wire
XT1 and XT2 in parallel.
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4.4.3 Frequency divider
The frequency divider divides the main system clock oscillator output (fxx) and generates various clocks.

4.4.4 When no subsystem clocks are used
If it is not necessary to use subsystem clocks for low power consumption operations and clock operations,
connect the XT1 and XT2 pins as follows.

XT1: Connect to Vsst
XT2: Leave open

In this state, however, some current may leak via the internal feedback resistor of the subsystem clock oscillator

when the main system clock stops. To minimize leakage current, set 1 bit 7 (SBK) of the standby control register
(STBC). In this case also, connect the XT1 and XT2 pins as described above.

104 User's Manual U12697EJ3VOUM



CHAPTER 4 CLOCK GENERATOR

4.5 Clock Generator Operations

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

* Main system clock (fxx)
e Subsystem clock (fxT)

CPU clock (fcru)

¢ Clock to peripheral hardware

The following clock generator functions and operations are determined with the standby control register (STBC)

and the oscillation mode selection register (CC).

(a)

(c)

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

With the main system clock selected, one of the six CPU clock types (80 ns, 160 ns, 320 ns, 640 ns, 1,280
ns: @ 12.5 MHz operation) can be selected by setting the STBC and CC.

With the main system clock selected, two standby modes, the STOP mode and the HALT mode, are available.
To decrease current consumption in the STOP mode, the subsystem clock feedback resistor can be
disconnected to stop the subsystem clock with bit 7 (SBK) of STBC, when the system does not use a subsystem
clock.

STBC can be used to select the subsystem clock and to operate the system with low current consumption
(30.5 us: @ 32.768 kHz operation).

With the subsystem clock selected, main system clock oscillation can be stopped with STBC. The HALT mode
can be used. However, the STOP mode cannot be used. (Subsystem clock oscillation cannot be stopped.)

The main system clock is divided and supplied to the peripheral hardware. The subsystem clock is supplied
to the 16-bit timer/event counter, the watch timer, and clock output functions only. Thus, the 16-bit timer/event
counter (when watch timer output is selected for count clock during operation with a subsystem clock), the
watch function, and the clock output function can also be continued in the standby state. However, since all
other peripheral hardware operate with the main system clock, the peripheral hardware (except external input
clock operation) also stops if the main system clock is stopped.
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4.5.1 Main system clock operations
During operation with the main system clock (with bit 6 (CK2) of the standby control register (STBC) set to 0), the
following operations are carried out.

(a) Because the operation guarantee instruction execution speed depends on the power supply voltage, the
instruction execution time can be changed by setting bits 4 to 6 (CKO to CK2) of the STBC.

(b) If bit 2 (MCK) of the STBC is set to 1 when operated with the main system clock, the main system clock
oscillation does not stop. When bit 6 (CK2) of the STBC is set to 1 and the operation is switched to subsystem
clock operation (CST = 1) after that, the main system clock oscillation stops (refer to Figure 4-9).

Figure 4-9. Main System Clock Stop Function (1/2)

(a) Operation when MCK is set after setting CK2 during main system clock operation

MCK }>
CK2 L
csT / L
Oscillation does not stop.
Main system clock
oscillation

e LT LI LT LT LI

cevaoc [ LT HLHL

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

MCK 5
CK2 L
csT / L
Oscillation does not stop.
Main system clock
oscillation

S
gt oes N I I S N B

CPU clock ||||||||||||||||||||||||
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Figure 4-9. Main System Clock Stop Function (2/2)

(c) Operation when CK2 is set after setting MCK during main system clock operation

MCK | \\

CK2

CST

Main system clock
oscillation

Subsystem clock
oscillation

CPU clock

4.5.2 Subsystem clock operations
When operated with the subsystem clock (with bit 6 (CK2) of the standby control register (STBC) set to 1), the
following operations are carried out.

(a) The instruction execution time remains constant ((minimum instruction execution time (61 us when operated
at 32.768 kHz)) irrespective of setting bits 4 and 5 (CKO and CK1) of the STBC.

(b) Watchdog timer continues operating.

Caution Do not set the STOP mode while the subsystem clock is operating.
4.6 Changing System Clock and CPU Clock Settings

The system clock and CPU clock can be switched by means of bits 4 to 6 (CKO to CK2) of the standby control
register (STBC).

Whether the system is operating on the main system clock or the subsystem clock can be determined by the value
of bit 0 (CST) of the clock status register (PCS).
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This section describes the switching procedure between the system clock and the CPU clock.

Figure 4-10. System Clock and CPU Clock Switching

Vop
RESET I_I
Interrupt \(
request
signal
System clock ‘ ‘ ‘ fxx ‘ fxx ‘ fxr ‘ fxx
CPU clock
‘ ‘ ‘ Minimum ‘Maximumspeed‘ Subsystem clock ‘ Highest-speed
speed operation operation operation
operation

(1)

()

Wait (41.9 ms: 12.5 MHz)

Internal reset operation

The CPU is reset by setting the RESET signal to low level after power application. After that, when reset is
released by setting the RESET signal to high level, the main system clock starts oscillating. At this time, the
oscillation stabilization time (219/fx) is secured automatically.

After that, the CPU starts operation at the minimum speed of the main system clock (1,280 ns: @ 12.5 MHz
operation).

After the lapse of a sufficient time for the Vob voltage to increase to enable operation at maximum speed, the
STBC and CC are rewritten and maximum-speed operation is carried out.

Upon detection of a decrease in the Vb voltage due to an interrupt, the main system clock is switched to the
subsystem clock (which must be in a stable oscillation state).

Upon detection of Vobp voltage reset due to an interrupt, 0 is set to STBC bit 2 (MCK) and oscillation of the
main system clock is started. After the lapse of time required for stabilization of oscillation, STBC is rewritten
and maximum-speed operation is resumed.

Caution When the main system clock is stopped and the device is operating on the subsystem clock, wait

108

until the oscillation time has been secured by the program before switching back to the main
system clock.
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5.1 Digital I/O Ports

The ports shown in Figure 5-1, which enable a variety of controls, are provided. The function of each port is
described in Table 5-1. On-chip pull-up resistors can be specified for ports 0, 2 to 7, and 12 by software during input.

Figure 5-1. Port Configuration

-—| P50 POO[~—"

Port 5 - 2 . . ( Port0O
- PO5 f+———
- | P57
- | P60 [
-— P10 to P17 8 Port 1

Port 6 - . — |
-~ | P67 P20~
-~ P70 . .

Port 7 {‘—’ ! . rPort2
-~ P72 . .
= P120 P27 f=—

P3O~

Port 12 -~
-— Port 3
-~ P127 . .
~— P130 P37 fe—m—

Port 13 { PO~
-~ P131

Port 4
P47 f—
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Table 5-1. Port Functions

Port Pin Name Function Specification of Software Pull-up Resistor

Port 0 P00 to P05 Input or output can be specified in 1-bit units Specifiable in 1-bit units

Port 1 P10 to P17 ¢ Input port —

Port 2 P20 to P27 *Input or output can be specified in 1-bit units Specifiable in 1-bit units

Port 3 P30 to P37 ¢ Input or output can be specified in 1-bit units Specifiable in 1-bit units

Port 4 P40 to P47 | eInput or output can be specified in 1-bit units Specifiable individually for each port
*Can drive LED directly

Port 5 P50 to P57 ¢ Input or output can be specified in 1-bit units Specifiable individually for each port
*Can drive LED directly

Port 6 P60 to P67 ¢ Input or output can be specified in 1-bit units Specifiable individually for each port

Port 7 P70 to P72 Input or output can be specified in 1-bit units Specifiable in 1-bit units

Port 12 P120 to P127| «Input or output can be specified in 1-bit units Specifiable in 1-bit units

Port 13 P130, P131 ¢ Input or output can be specified in 1-bit units —
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5.2 Port Configuration
Ports include the following hardware.

Table 5-2. Port Configuration

ltem Configuration

Control registers Port mode register (PMm: m =0, 2to 7, 12, 13)
Pull-up resistor option register (PUO, PUm: m =0, 2, 3, 7, 12)

Ports Total: 67 (input: 8, input/output: 59)

Pull-up resistors Total: 57 (software control)

5.2.1 Port0

Port 0 is a 6-bit I/O port with output latch. The P00 to P05 pins can specify the input mode/output mode in 1-bit
units with the port 0 mode register. A pull-up resistor can be connected via pull-up resistor option register 0, regardless
of whether the input mode or output mode is specified.

Port 0 also supports external interrupt request input as an alternate function.

RESET input sets port 0 to the input mode.

Figure 5-2 shows the block diagram of port 0.

Caution Even though port 0 is also used as an external interrupt input, when port 0 is not used as an
interrupt input pin, be sure to set interrupt disabled by using external interrupt rising edge enable
register 0 (EGPO) and external interrupt falling edge enable register 0 (EGNO) or setting the
interrupt enable flag (PMKn: n = 0 to 5) to 1. Otherwise, the interrupt request flag is set and
unintentional interrupt servicing may be executed when specifying prts to output mode and thus
changing the output level.
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Figure 5-2. Block Diagram of P00 to P05

WRepu
[\
o = PUO0O to PUO5 {>o l P-ch
RD Alternate
J function
o -t
~ O<{ Selector
a Y
a WRPpoRT
g POO/INTPO,
k5 .| Output latch © PO1/INTP1,
IS ~ (P0O to P05) PO2/INTP2/NMI to
PO5/INTP5
WRem
\J_‘, »{ PMOO to PM05
N\
PU: Pull-up resistor option register
PM: Port mode register
RD: Port O read signal
WR: Port 0 write signal
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5.2.2 Port 1
This is an 8-bit input-only port with no on-chip pull-up resistor.
Port 1 supports A/D converter analog input as an alternate function.

Figure 5-3 shows a block diagram of port 1.

Figure 5-3. Block Diagram of P10 to P17

N\
Alternate
function
RD
1)
=}
Kol
: |
S
5 & O<I—OC P10/ANIO to
= O
£ o P17/ANI7
N

RD: Port 1 read signal

Caution Do not execute a read instruction for port 1 when it is used as an analog input port (including
bit manipulation instructions) since port 1 can also be used as A/D converter analog input.
If middle voltage is input to an analog input pin while the port is being read, the middle voltage
will be read, possibly impairing the reliability of the device.
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5.2.3 Port 2

Port 2 is an 8-bit I/0O port with output latch. P20 to P27 pins can specify the input mode/output mode in 1-bit units
with the port 2 mode register. A pull-up resistor can be connected via pull-up resistor option register 2, regardless
of whether the input mode or output mode is specified.

The P25 and P27 pins can be specified as N-ch open-drain with a port function control register (only the
uPD784225Y Subseries).

Port 2 supports serial interface data input/output, clock input/output, clock output, and buzzer output as alternate
functions.

RESET input sets port 2 to the input mode.

Figures 5-4 to 5-7 show a block diagram of port 2.

Figure 5-4. Block Diagram of P20 and P22

WRepu
[N\
& ~| PU20, PU22 {>c l P-ch
RD Alternate
J function
- fanY -
~ Selector
3 WRPpoRT
g
9] Output latch P20/SI1/RxD1,
o m @
1S ~ (P20, P22) P22/SCK1/ASCK1
WRpm
J} = PM20, PM22 °
N/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure 5-5. Block Diagram of P21, P23 to P24, and P26

Vob

WRru
'\4 I
Pany _| PU21, PU23, PU24, )
~ PU26 [~ P-ch
RD
© O< ( Selector
3 1
3a WRPpoRT
T
c
3 A . Output Latch Eg; ;ggl /TxD1,
£ © (P21, P23, P24, P26) O pas/paL,
P26/SO0
WRem
/J\ PM21, PM23, PM24, -
~ PM26 *
—~/

Alternate function

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 2 read signal
WR: Port 2 write signal
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Figure 5-6. Block Diagram of P25

o

Alternate
function

Selector

A

L

Note The SDAO pin applies only to the uPD784225Y Subseries.
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PU:
PF:

PM:

RD:

WR:

WRepu
~—1
& - PU25
RD
»
a WRer
©
£
2 < - PF25
WRProRrT
A Output latch
~ (P25)
WRpem
£ PM25
I~

\

Pull-up resistor option register

Port function control register
Port mode register
Port 2 read signal
Port 2 write signal
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Figure 5-7. Block Diagram of P27

Note The SCLO pin applies only to the uPD784225Y Subseries.

PU:
PF:

PM:

RD:

WR:

Pull-up resistor option register
Port function control register

Port mode register
Port 2 read signal
Port 2 write signal
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WRepu
1
o PU27 >o I P-ch
RD Alternate
J function
- Fan) -
e O<{ Selector
. — |
3 WRer
©
£ Voo
g6 - PR27 {>o
WRPpoRT
A Output latch \ AN P-ch
- P2 + i »—© P27/SCKO/SCLO®
WRpm P27/SCK0/SCLO
S > PM27 . °
N
Alternate function
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5.2.4 Port3

Port 3 is an 8-bit I/0 port with output latch. The P30 to P37 pins can specify the input mode/output mode in 1-
bit units with the port 3 mode register. A pull-up resistor can be connected via pull-up resistor option register 3,
regardless of whether the input mode or output mode is specified.

Port 3 supports timer input/output as an alternate function.

RESET input sets port 3 to the input mode.

Figures 5-8 and 5-9 show a block diagram of port 3.

Figure 5-8. Block Diagram of P30 to P32, and P37

Vop
WRpu
[ I
N PU30 to PU32, )
¥ PU37 |[= P-ch
RD
~ O O<{ Selector B
: — |
3 WRPpoRT
©
553 .| Outputlatch P30/TOO0 to
£ ~ (P30 to P32, P37) | o Egggﬁz,
P37/EXA
WRpm
i .| PM30 to PM32, .
~ PM37
N/
Alternate function

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 3 read signal
WR: Port 3 write signal
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WRpru

Figure 5-9. Block Diagram of P33 to P36

©

PU33 to PU36

A

®

>

Alternate

function

e

Output latch

Selector

A

(P33 to P36)

PM33 to PM36

(2]

3 WRProRrT

E

5 Far

= A,

WRem
}
L/

PU:
PM:
RD:
WR:

Pull-up resistor option register

Port mode register
Port 3 read signal
Port 3 write signal
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P-ch
P33/Ti1,
® P34/TI2,
P35/TI00,
P36/TI01
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5.2.5 Port 4

Port 4 is an 8-bit I/0 port with output latch. The P40 to P47 pins can specify the input mode/output mode in 1-
bit units with the port 4 mode register. When the P40 to P47 pins are used as input ports, a pull-up resistor can be
connected in 8-bit units with bit 4 (PUO4) of the pull-up resistor option register.

Port 4 can drive LEDs directly.

Port 4 supports the address/data bus function in the external memory expansion mode as an alternate function.

RESET input sets port 4 to the input mode.

Figure 5-10 shows a block diagram of port 4.
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Internal data bus

Figure 5-10. Block Diagram of P40 to P47

}‘ -  PUO4
) >

}. MMO to MM3

- g

\}.‘/ PM40 to P47 -

-
}. _| Output latch

RDep4

~ (P40 to P47)

1/0O controller

A\
External access data

/_\_/

Internal address bus

.

PUO: Pull-up resistor option register

PM:

RD:

WR:

Port mode register
Port 4 read signal
Port 4 write signal
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5.2.6 Port5

Port 5 is an 8-bit I/0 port with output latch. The P50 to P57 pins can specify the input mode/output mode in 1-
bit units with the port 5 mode register. When the P50 to P57 pins are used as input ports, a pull-up resistor can be
connected in 8-bit units with bit 5 (PUOS5) of the pull-up resistor option register.

Port 5 can drive LEDs directly.

Port 5 supports the address bus function in the external memory expansion mode as an alternate function.

RESET input sets port 5 to the input mode.

Figure 5-11 shows a block diagram of port 5.
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Internal data bus

WReuo

Figure 5-11. Block Diagram of P50 to P57

A

PUO5

RDruo

WRpwms

>

MMO to MM3

J

PM50 to PM75

RDpwms

WRes

Qutput latch

RDps

(P50 to P57)

1/0O controller

Internal address bus

.

PUO: Pull-up resistor option register

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

MMO to MM3: Bits 0 to 3 of the memory expansion mode register (MM)
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5.2.7 Port 6

Port 6 is an 8-bit I/0 port with output latch. The P60 to P67 pins can specify the input mode/output mode in 1-
bit units with the port 6 mode register.

When pins P60 to P67 are used as input ports, a pull-up resistor can be connected in 8-bit units with bit 6 (PUOB)
of the pull-up resistor option register.

Port 6 supports the address bus function and the control signal output function in external memory expansion mode
as alternate functions.

RESET input sets port 6 to the input mode.

Figures 5-12 to 5-14 show block diagrams of port 6.
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Internal data bus

Figure 5-12. Block Diagram of P60 to P63

WRpuo

O PUO6

D

RDeruo

WRewme

MMO to MM3

U

S PM60 to PM63
RDewme

i Output latch

RDrs

~ 1 (P60 to P63)

1/0 controller

A

2 Internal address bus 2 q (:I q

PUOQO: Pull-up resistor option register

PM:
RD:

Port mode register
Port 6 read signal

WR: Port 6 write signal

MMO to MM3: Bits 0 to 3 of the memory expansion mode register (MM)
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Internal bus

Figure 5-13. Block Diagram of P64, P65, and P67

WRPruo
\% > PUO6
RDruo
!
WRepwme — )
,}. PM64, PM65,
~ PM67
RDewve
N\
External expansion mode —cg—\
\
Timing signal for
WRrs external expansion %
<
[0]
i Outputlatch | | @
~ ~|(P64, P65, P67
RDps ( )
e »
S OQ

J

(o)

<

PUO: Pull-up resistor option register
PM:  Port mode register
RD: Port 6 read signal
WR: Port 6 write signal

User’s Manual U12697EJ3VOUM

Vob

P64/RD,
P65/WR,
P67/ASTB




CHAPTER 5 PORT FUNCTIONS

Figure 5-14. Block Diagram of P66

WRPpuo Pull-up resistor option register
é PUO6
RDruo
!
WRpwe Port 6 mode register
é > PM66
RDpwme
- T
External wait mode —&—
(2]
3
o]
e WRprs
8
IS Output latch
~ o (P66)
RDrs
L >
L3 |
| | .
G Wait input -

PUO: Pull-up resistor option register

PM: Port mode register
RD: Port 6 read signal
WR:  Port 6 write signal
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5.2.8 Port7

This is a 3-bit /0 port with output latch. Input mode/output mode can be specified in 1-bit units with the port 7

mode register. A pull-up resistor can be connected via pull-up resistor option register 7, regardless of whether the
input mode or output mode is specified.

Port 7 supports serial interface data input/output and clock input/output as alternate functions.

RESET input sets port 7 to the input mode.

Figures 5-15 to 5-17 show block diagrams of port 7.

Figure 5-15. Block Diagram of P70

Vop
WRpu
N\
& PU70 {>o [~ P-en
RD Alternate
J function
VanY A
~ QQ—OC Selector
.«
2 A
el WRporT
g
3 A Output latch . P70/SI2/RxD2
2 & (P70) O P70/SI2/Rx
WRem
£ PM70
L/
PU: Pull-up resistor option register
PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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Figure 5-16. Block Diagram of P71

WRepu

(¢
y

PU71 {>O I P-ch

N

| 1
~ O<{ Selector

Internal bus

A
WRPpoRT
A .| Output latch
~ (P71) b © P71/S02/TxD2
WRem
£ PM71 .

Alternate function

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal
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Figure 5-17. Block Diagram of P72

Vop
WRepu
N\
o - PU72 {>o | P-ch
RD Alternate
J function
< FanY -
~ O<{ Selector B
4] 1
Ie) WRPpoRT
E -
@ A Output latch P72/SCK2/
= ~ o (P72) ’ O ascke
WRem
JD PM72
L/

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 7 read signal
WR: Port 7 write signal

130 User’s Manual U12697EJ3VOUM



CHAPTER 5 PORT FUNCTIONS

5.2.9 Port 12

This is an 8-bit I/O port with output latch. Input mode/output mode can be specified in 1-bit units with the port 12
mode register. A pull-up resistor can be connected via pull-up resistor option register 12, regardless of whether the
input mode or output mode is specified.

Port 12 supports the real-time output function as an alternate function.

RESET input sets port 12 to the input mode.

Figure 5-18 shows a block diagram of port 12.

Figure 5-18. Block Diagram of P120 to P127

WReu
Y
O = PU120 to PU127 {>Q I P-ch
RD
- Y -
-~ O OQ—OC Selector B
9 )
a WRPpoRT
©
S Output latch
2 S | (P120 10 P127) © P120/RTPOto
- P127/RTP7
WRem
J} PM120 to PM127
L/
Alternate
function

PU: Pull-up resistor option register
PM: Port mode register
RD: Port 12 read signal
WR: Port 12 write signal
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5.2.10 Port 13

This is a 2-bit 1/0 port with output latch. The input mode/output mode can be specified in 1-bit units with the port

13 mode register. Port 13 does not include a pull-up resistor.

Port 13 supports D/A converter analog output as an alternate function.
RESET input sets port 13 to the input mode.
Figure 5-19 shows a block diagram of port 13.

Caution When only either one of the D/A converter channels is used with AVrer1 < Vop, the other pins that

are not used as analog outputs must be set as follows:
e Set the port mode register (PM13x) to 1 (input mode) and connect the pin to Vsso.
¢ Set the port mode register (PM13x) to 0 (output mode) and the output latch to 0 to output low

level from the pin.

Figure 5-19. Block Diagram of P130 and P131

Selector

ra

Qutput latch

(P130, P131)

PM130, PM131

132

Y
RD
-~ O o<
%)
a WReProRT
N
£
o)
< i o
WRpm
£
N/

PM: Port mode register
RD: Port 13 read signal
WR: Port 13 write signal

Alternate
function

©) P130/ANOO,
P131/ANO1
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5.3 Control Registers

The following three types of registers control the ports.

¢ Port mode registers (PM0O, PM2 to PM7, PM12, PM13)

¢ Pull-up resistor option registers (PUO, PU2, PU3, PU7, PU12, PUO)
* Port function control register 2 (PF2)Note

Note Applies only to the uPD784225Y Subseries.

(1) Port mode registers (PM0, PM2 to PM7, PM12, PM13)
These registers are used to set port input/output in 1-bit units.
PMO, PM2 to PM7, PM12, and PM13 are set with a 1-bit or 8-bit memory manipulation instruction, respectively.
RESET input sets port mode registers to FFH.
When port pins are used as alternate function pins, set the port mode registers and output latches according to
Table 5-3.

Caution As port 0 has an alternate function as external interrupt request input, specifying the port
function output mode and changing the output level sets the interrupt request flag. When
the output mode is used, therefore, the interrupt mask flag should be preset to 1.
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Table 5-3. Port Mode Register and Output Latch Settings When Using Alternate Functions

Pin Name Alternate Function PMsox | P Pin Name Alternate Function PMsox| P
Name 110 Name 1/0
P00, PO1 INTPO, INTP1 Input 1 X P35, P36 TI100, TIO1 Input 1 X
P02 INTP2/NMI Input 1 X P37 EXA Output 0 0
P03 to P05 INTP3 to INTP5 Input 1 X P40 to P47 ADO to AD7 I/0 xNote 2
P10 to P17Note 1 | ANIQ to ANI7 Input — P50 to P57 A8 to A15 Output xNote 2
P20 RxD1/SI1 Input 1 X P60 to P63 A16 to A19 Output xNote 2
P21 TxD1/SO1 Output | 0 0 P64 RD Output xNote 2
P22 ASK1 Input 1 X P65 WR Output xNote 2
SCK1 Input 1 x | Pe6 ‘WAIT Input xNote 2
Output | 0 0 P67 ASTB Output xNote 2
P23 PCL Output 0 0 P70 RxD2/SI12 Input 1 X
P24 BUZ Output 0 0 P71 TxD2/S02 Output 0 0
P25 SIo Input 1 X P72 ASCK2 Input 1 X
SDAQNote 3 I/0 0 0 SCK2 Input 1 x
P26 SO0 Output 0 0 Output 0 0
P27 SCKO Input 1 X P120 to P127 RTPO to RTP7 Output | 0 0
Output | 0 0 P130, P131Note 1| ANOO, ANO1 Output | 1 X
SCLQNote 3 1/0 0 0
P30 to P32 TOO to TO2 Output 0 0
P33, P34 TH, TI2 Input 1 X
Notes If the read command is executed for these ports when they are being used as alternate function
pins, the data read will be undefined.
. The function is set with the memory expansion mode register (MM) when the P40 to P47, P50
to P57 and P60 to P67 pins are used as alternate function pins.
. The SDAO and SCLO pins are only available on the uPD784225Y Subseries.
Cautions 1. When not using external wait in the external memory extension mode, the P66 pin can
be used as an I/O port.
2. Specify the SCL0O/P27 and SDAO0/P25 pins in the N-ch open-drain by setting the port
function control register (PF2) when the I2C bus mode is to be used.
Remark x: don’t care (setting is not required)
— Port mode register and output latch do not exist
PMxx: Port mode register
Pxx:  Port output latch
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Figure 5-20. Format of Port Mode Register

Address: OFF20H, OFF22H to OFF27H, OFF2CH, OFF2DH After reset: FFH  R/W

Symbol
PMO

PM2

PM3

PM4

PM5

PM6

PM7

PM12

PM13

7 6 5 4 3 2 1 0
1 | 1 | pPmos | Pmo4a | Pmos | Pmo2 | PMo1 | PMOO
PM27 | PM26 | PM2s | PM24 | PM23 | Pm22 | PM21 | PM20
PM37 | PwM3s | PwMas | PM34 | Pm33 | Pms2 | PM31 | PM30
PMa7 | PM46 | PM4s | PM44 | PMa3 | Pma2 | PMa1 | PM40
PMs7 | PMs6 | PMss | PMs4 | PMs3 | PMs2 | PMs1 | PMSs0
PM67 | PMe6 | PMes | PMe4 | PMe3 | PMe2 | PMe1 | PMeo
1| 1 | 1 ] 1 ] 1 | pwrz | purt | Pumro
PM127 | PM126 | PM12s | Pwm124 | Pm123 | Pmi22 | Pm121 | PMi120
1 | 1 | 1 | 1 | 1 | 1 | PM131 | PM130
PMxn Pxn pin 1/0 mode specification
x=0:n=0to5
x=2t06,122n=01t07
XxX=7:n=0t02
x=13:n=0, 1
0 Output mode (output buffer on)

Input mode (output buffer off)
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(2

Pull-up resistor option registers (PUO, PU2, PU3, PU7, PU12, PUO)

These registers are used to set whether to use an on-chip pull-up resistor at each port or not in 1-bit or 8-bit units.
PUn (n =0, 2, 3, 7, 12) can specify the pull-up resistor connection of each port pin. PUO can specify the pull-
up resistor connection of ports 4, 5, and 6. Pull-up resistors are connected irrespective of whether an alternate
function is used.

These registers are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets these registers to 00H.

Cautions 1. Ports 1 and 13 do not incorporate a pull-up resistor.
2. Ports 4,5, and 6 can connect a pull-up resistor during external memory expansion mode.

Figure 5-21. Format of Pull-Up Resistor Option Register

Address: OFF30H, OFF32H, OFF33H, OFF37H, OFF3CH After reset: 00H R/W

Symbol @ ® ® @ ® @ @ ©

o [ o | o | puss | Puos | puss | Puoz | puot | puoo |

PU2 | Puzz | Puss | puss | Puza | pPuss | puz2 | Pu21t | Puzo |

Pus | Pusr | puss | puss | pusa | puss | puse | puat | puwo |

ez o | o | o | o | o | eu2 | pum | pumo |

Putz | pPutzz | pPuize | Put2s | Pui2a | Put23 | PUt22 | PU121 | PU120 |
PUxn | Pxn pin pull-up resistor specification

x=0:n=0to5
x=2,3,122n=0t0 7
x=7:n=0to2

0 No pull-up resistor connection

1 Pull-up resistor connection

Address: OFF4EH After reset: 00H R/W

Symbol 7 (&) ®) @ 3 2 1 0

PUO o | puos | puos | pPuos | o 0 0 0
PUON Port n pull-up resistor specification (n = 4 to 6)
0 No pull-up resistor connection
1 Pull-up resistor connection

Caution Connecting pull-up resistors unnecessarily may increase the current consumption or latch up

136

other devices, so specify a mode whereby pull-up resistors are only connected to the required
parts. If required and not-required parts exist together, externally connect pull-up resistors to
the required parts and set to the mode that specifies not to connect on-chip pull-up resistors.
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(3) Port function control register 2 (PF2)
This register specifies N-ch open drain for pins P25 and P27.
PF2 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PF2 to 00H.

Caution Only the uPD784225Y Subseries incorporates PF2. When using the 12C bus mode (serial
interface), make sure to specify N-ch open drain for the P25 and P27 pins.

Figure 5-22. Format of Port Function Control Register 2 (PF2)

Address: OFF42H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PF2 PF27 0 PF25 0 0 0 0 0
PF2n P2n pin N-ch open drain specification (n = 5, 7)
0 Don’t set N-ch open drain
1 Set N-ch open drain
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5.4 Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
5.4.1 Writing to 1/O port

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

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

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

5.4.2 Reading from 1/O port

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

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

5.4.3 Operations on 1/O port

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

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

Caution In the case of 1-bit memory manipulation instructions, although a single bit is manipulated,
the port is accessed in 8-bit units. Therefore, on a port with a mixture of input and output
pins, the output latch contents for pins specified as input are undefined, except for the
manipulated bit.
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CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

6.1 Functions

The real-time output function transfers preset data in the real-time output buffer register to the output latch by
hardware synchronized to the generation of a timer interrupt or an external interrupt and outputs it off the chip. Also,
the pins for output off the chip are called the real-time output port.

Since jitter-free signals can be output by using the real-time output port, the operation is optimized for the control
of stepping motors, for example.

The port mode or real-time output mode can be specified in 1-bit units.

6.2 Configuration
The real-time output port includes the following hardware.

Table 6-1. Configuration of Real-Time Output Port

ltem Configuration
Registers Real-time output buffer registers (RTBL, RTBH)
Control registers Real-time output port mode register (RTPM)
Real-time output port control register (RTPC)
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CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

Figure 6-1. Block Diagram of Real-Time Output Port

S Internal bus
AN Real-time output port AN
control register (RTPC)
RTPOE | BYTE EXTR
L 4
INTP2 —— Higher 4 bits of Lower 4 bits of
INTTM1 Output trigger real-time output real-time output
controller buffer register buffer register
INTTM2 —| (RTBH) (RTBL)
Real-time output
port mode register
(RTPM)
:"> Port 12 Real-time output
controller port latch
P127 R120 RTP7 RTPO
= ) = )

RTPOE bit

P12n/RTPn pin output
(n=0t07)

RERRNR

P127/RTP7 P120/RTPO
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CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

¢ Real-time output buffer registers (RTBL, RTBH)

These 4-bit registers save the output data beforehand. RTBL and RTBH are mapped to independent addresses

in the special function register (SFR) as shown in Figure 6-2.
When the 4 bits x 2 channels operation mode is specified, RTBL and RTBH can be independently set with data.
In addition, if the addresses of both RTBL and RTBH are specified, the data in both registers can be read in

a batch.

When the 8 bits x 1 channel operation mode is specified, writing 8-bit data to either RTBL or RTBH can set data
in either register. In addition, if the addresses of either RTBL and RTBH are specified, the data in both can be
read in a batch.
Table 6-2 lists the operations for manipulating RTBL and RTBH.

Table 6-2. Operation for Manipulating Real-Time Output Buffer Registers

Figure 6-2. Configuration of Real-Time Output Buffer Register

r
OFF98H

Higher 4 bits

Lower 4 bits

RTBL

OFF99H

Operation Mode

Manipulated Register

ReadingNote 1

WritingNote 2

Higher 4 Bits Lower 4 Bits Higher 4 Bits Lower 4 Bits
4 bits x 2 channels| RTBL RTBH RTBL Invalid RTBL
RTBH RTBH RTBL RTBH Invalid
8 bits x 1 channel | RTBL RTBH RTBL RTBH RTBL
RTBH RTBH RTBL RTBH RTBL

Notes 1. Only the bits specified in the real-time output port mode can be read. When the bits set in the port mode

are read, zeros are read.

2. After setting the real-time output port, set the output data in RTBL and RTBH until the real-time output
trigger is generated.
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CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

6.3 Control Registers
The real-time output port is controlled by the following two registers.

¢ Real-time output port mode register (RTPM)
¢ Real-time output port control register (RTPC)

(1) Real-time output port mode register (RTPM)
This register sets the real-time output port mode and port mode selections in 1-bit units.
RTPM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets RTPM to 00H.

Figure 6-3. Format of Real-Time Output Port Mode Register (RTPM)

Address: OFF9AH After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
RTPM RTPM7 RTPM6 RTPM5 RTPM4 RTPM3 RTPM2 RTPMA1 RTPMO
RTPMm Real-time output port selection (m = 0 to 7)
0 Port mode
1 Real-time output mode

Caution When used as a real-time output port, set the port for real-time output in the output mode.
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(2) Real-time output port control register (RTPC)
This register sets the operation mode and output trigger of the real-time output port.
Table 6-3 shows the relationships between the operation modes and output triggers of the real-time output port.
RTPC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets RTPC to 00H.

Figure 6-4. Format of Real-Time Output Port Control Register (RTPC)

Address: OFF9BH After reset: O0H R/W

Symbol @ 6 ® @ 3 2 1 0
RTPC | RTPOE | o | BYTE | ExTR | o0 0 0 0
RTPOE Real-time output port operation control
0 Operation disabled
1 Operation enabledNote
BYTE Real-time output port operation mode
0 4 bits x 2 channels
1 8 bits x 1 channel
EXTR Real-time output control by INTP2
0 Do not set INTP2 as real-time output trigger
1 Set INTP2 as real-time output trigger

Note When real-time output operationis enabled (RTPOE = 1), the values of the real-time output buffer registers
(RTBH and RTBL) are transferred to the real-time output port output latch.

Caution WhenINTP2is specified as an output trigger, specify the valid edge using external interruptrising
edge enable register 0 (EGPO0) and external interrupt falling edge enable register 0 (EGNO).

Table 6-3. Operation Modes and Output Triggers of Real-Time Output Port

BYTE EXTR Operation Mode RTBH — Port Output | RTBL — Port Output
0 0 4 bits x 2 channels INTTM2 INTTMA1
0 1 INTTM1 INTP2
1 0 8 bits x 1 channel INTTMA1
1 1 INTP2
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6.4 Operation

When real-time output is enabled by bit 7 (RTPOE) = 1 in the real-time output port control register, data in the
real-time output buffer register (RTBH, RTBL) are transferred to the output latch synchronized to the generation of
the selected transfer trigger (set by EXTR and BYTEN®t€). Based on the setting of the real-time output port mode
register (RTPM), only the transferred data for the bits specified in the real-time output port are output from bits RTPO

to RTP7. A port set in the port mode by RTPM can be used as a general-purpose 1/O port.

When the real-time output operation is disabled by RTPOE = 0, RTP0 to RTP7 output zero regardless of the RTPM

setting.

Note EXTR: Bit 4 of the real-time output port control register (RTPC)
BYTE: Bit 5 of the real-time output port control register (RTPC)

Figure 6-5. Example of Operation Timing of Real-Time Output Port (EXTR = 0, BYTE = 0)

INTTM2

INTTM1

CPU operation

RTBH

RTBL

Output latch
P127 to P124

Output latch
P123 to P120

1

| | |

DO1 E

D02 X D03 X D04

X D12 X D13 X

D14

DO1

] X D02 X D03 X

D04

D11 X D12 X D13

A: Software processing by INTTM2 (RTBH write)
B: Software processing by INTTM1 (RTBL write)
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CHAPTER 6 REAL-TIME OUTPUT FUNCTIONS

6.5 Using This Function

(1)

(5)

Disabling the real-time output operation
Set bit 7 (RTPOE) = 0 in the real-time output port control register (RTPC).

Initial settings

¢ Set 0 in the output latch (since the output latch and real-time output are configured as a logical AND).
¢ Set the port to output mode.

* Set the initial value in the real-time output buffer registers (RTBH, RTBL).

Enable real-time output operation.
RTPOE = 1

After generating the selected transfer trigger, the RTBH and RTBL values are output from the pin. Set the next
real-time output value in RTBH and RTBL by using trigger interrupt servicing, or some other means.

Subsequently, the next real-time output values are sequentially set in RTBH and RTBL by the interrupt servicing
for the selected trigger.

6.6 Cautions

For the initial setting, set bit 7 (RTPOE) in the real-time output port control register (RTPC) to 0 to disable the real-

time output operation.
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CHAPTER 7 TIMER OVERVIEW

There are one on-chip 16-bit timer/event counter, two on-chip 8-bit timer/event counters, and two 8-bit timers.
Since a total of six interrupt requests is supported, these timer/event counters can function as six units of timer/
event counters.

Table 7-1. Timer Operation

Name | 16-Bit Timer/ | 8-Bit Timer/ 8-Bit Timer/
Iltem Event Counter | Event Counter 1 | Event Counter 2 8-Bit Timer 5 | 8-Bit Timer 6
Count width 8 bits — N N N N
16 bits y Y N
Operation mode | Interval timer 1ch 1ch 1ch 1ch 1ch
External event counter N N N — _
Function Timer output 1ch 1ch 1ch — —
PPG output v — — — _
PWM output — \/ N — _
Square wave output N N N — _
One-shot pulse output \/ — — — _
Pulse width measurement 2 inputs — — — —
No. of interrupt requests 2 1 1 1 1
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CHAPTER 7 TIMER OVERVIEW

Figure 7-1. Block Diagram of Timer (1/2)

16-bit timer/event counter

fxx/4 Clear
fxx/16 S
S 16-bit timer counter 0 (TMO)
INTTM3 K
16
TI01 O—{ Edge detector 5 INTTMOO
‘g 16-bit capture/compare register 00 J =
o) (CRO00) 2
2 S
<
16 8 o 100
5
_ _ J INTTMO1 | &
TI00 O—| Edge detector 16-bit capture/(cg)&ﬁ:;re register 01 o)
8-bit timer/event counter 1
fxx/22 ———=
/28— Clear
/24— 5
fxx/25 ] 8-bit timer counter 1 OVF
© (TM1) Output o
TN — controller TO1
8
o/2° ———
TI1 O—| Edge detector 8-bit compare register 10 : % INTTM1
(CR10) 2
n
INTTM2
8-bit timer/event counter 2
T™M1
](XX/Z2 - ™
Clear
fxx/28 ———=
e« |38
fod2 9 8-bit timer counter 2 OVF =
[ T™M2 utput
fxx/25 3 (TM2) controller [© TO2
bos2? ——— {s}
fx/28 ————»
8-bit compare register 20
TI2 O— Edge detector (CR20) INTTM2

Remark OVF: Overflow flag
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8-bit timer 5

8-bit timer 6

fxx/22 ———
fxx/28 ———
fxx/24 ———
fxx/2% ———

fxx/27 ———

fxx/2° ———

Selector

Figure 7-1. Block Diagram of Timer (2/2)

Clear

8-bit timer counter 5

T™M5
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fxx/22
fxx/28
fxx/24

fxx/25

fxx/27

fxx/2°

Selector

(TM5)

1§

8-bit compare register 50
(CR50)

INTTM6

Clear

8-bit timer counter 6

(TM6)

&

Selector

8-bit compare register 60

INTTM5

(CR60)
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CHAPTER 8 16-BIT TIMER/EVENT COUNTER

8.1 Function

M

(2

3)

4

®)

(6)

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

Interval timer

PPG output

Pulse width measurement
External event counter
Square wave output
One-shot pulse output

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

PPG output
The 16-bit timer/event counter can output a square wave whose frequency and output pulse width can be freely
set.

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

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

source.

Square wave output
The 16-bit timer/event counter can output a square wave with any frequency.

One-shot pulse output
The 16-bit timer/event counter can output a one-shot pulse with any output pulse width.
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8.2 Configuration
The 16-bit timer/event counter includes the following hardware.

Table 8-1. Configuration of 16-Bit Timer/Event Counter

Iltem Configuration

Timer counter 16 bits x 1 (TMO0)

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

Timer output 1 (TOO0)

Control registers | 16-bit timer mode control register 0 (TMCO)
Capture/compare control register 0 (CRCO)
16-bit timer output control register 0 (TOCO)
Prescaler mode register 0 (PRMO)

Figure 8-1. Block Diagram of 16-Bit Timer/Event Counter

Internal bus

control register 0

Capture/compare I
(CRCO0)

|crco2|creot]crooo]

S
| lgl INTTMOO
s 16-bi &
Noise < 6-bit capture/compare
TI01©— eliminator ﬁ register 00 (CR0O)
‘ ‘ Match
fxx/4——" _ 16-bit timer counter 0 (TMO)‘—EIearl Output
fxx/16— controller
g ——OTO0
INTTM3—~ 3 ‘ ‘ —
Match
’—>
Noise
Frox— eliminator )
T Noise 16-bit capture/compare
TI00© eliminator register 01 (CRO1) _
L. é INTTMO1
[0
[ |

CRC02 !—H | —
[rmcog[TMco2[TMco1]ovFo| [osPT/oSPE[TOC04) LVSO|LVR0[TOC01 TOEO|

16-bit timer mode
control register 0
(TMCO)

2 Internal bus 2

PRMO01/PRMO00

Prescaler mode
register 0 (PRMO)

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

<1> RESET is input .

<2> TMCO03 and TMCO2 are cleared.

<3> Valid edge of TIOO is input in the clear & start mode by inputting valid edge of TI00.

<4> Match between TMO and CROO in the clear & start mode on match between TMO and CRO0O0.

<5> Bit 6 of TOCO (OSPT) is set or if the valid edge of TIOO is input in the one-shot pulse output mode.
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(2

152

Capture/compare register 00 (CR00)

CROO is a 16-bit register that functions as a capture register and as a compare register. Whether this register
functions as a capture or compare register is specified by using bit 0 (CRCO00) of capture/compare control register
0.

¢ When using CR00 as compare register
The value set to CROO0 is always compared with the count value of 16-bit timer counter 0 (TM0). When the
values of the two coincide, an interrupt request (INTTMOO) is generated. When TMOO is used as an interval
timer, CROO can also be used as a register that holds the interval time.

¢ When using CR00 as capture register
The valid edge of the TI00 or TIO1 pin can be selected as a capture trigger. The valid edges for TIOO and
TIO1 are set with prescaler mode register 0 (PRMO).
Tables 8-2 and 8-3 show the conditions that apply when the capture trigger is specified as the valid edge of
the TI00 pin and the valid edge of the TI01 pin respectively.

Table 8-2. Valid Edge of TIOO Pin and Capture Trigger of CR00

ESO01 ES00 Valid Edge of TI00 Pin Capture Trigger of CR00
0 0 Falling edge Rising edge
0 1 Rising edge Falling edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges No capture operation

Table 8-3. Valid Edge of TI0O1 Pin and Capture Trigger of CR00

ESO1 ES00 Valid Edge of TI01 Pin Capture Trigger of CR00
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CROO is set by a 16-bit memory manipulation instruction.
RESET input sets CR0O0 to 0000H.

Caution Setany value otherthan 0000H in CR00. When using the register as an event counter, a count
for one-pulse can not be operated.
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(3) Capture/compare register 01 (CR01)
This is a 16-bit register that can be used as a capture register and a compare register. Whether it is used as
a capture register or compare register is specified by bit 2 (CRC02) of capture/compare control register 0.

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

When using CR01 as capture register

The valid edge of the TI00 pin can be selected as a capture trigger. The valid edge for TI00 is set with prescaler
mode register 0 (PRMO).

Table 8-4 shows the conditions that apply when the capture trigger is specified as the valid edge of the TI00

pin.

Table 8-4. Valid Edge of TIOO Pin and Capture Trigger of CRO1

ES01 ES00 Valid Edge of TI00 Pin Capture Trigger of CRO1
0 0 Falling edge Falling edge
0 1 Rising edge Rising edge
1 0 Setting prohibited Setting prohibited
1 1 Both rising and falling edges Both rising and falling edges

CRO1 is set by a 16-bit memory manipulation instruction.
RESET input sets CR01 to 0000H.

Caution Setany value otherthan 0000H in CR01. When using the register as an event counter, a count
for one-pulse can not be operated.
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8.3 Control Registers
The following four types of registers control the 16-bit timer/event counter.

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

(1) 16-bit timer mode control register 0 (TMCO)
This register specifies the operation mode of the 16-bit timer; and the clear mode, output timing, and overflow
detection of 16-bit timer counter 0 (TMO).
TMCO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TMCO to 00H.

Caution 16-bit timer counter 0 (TMO) starts operating when a value other than 0, 0 (operation stop
mode) is set to TMC02 and TMCO03. To stop the operation, set 0, 0 to TMC02 and TMCO03.
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Figure 8-2. Format of 16-Bit Timer Mode Control Register 0 (TMCO0)

Address: OFF18H After reset: 00H R/W

Symbol
TMCO

I

3

2 1

©

TMCO03

TMCO2

TMCo1 | ovFo |

TMCO3

TMCO2

TMCO1

Selection of
operation mode/
clear mode

Selection of TOO
output timing

Generation of
interrupt

Operation stop
(TMO is cleared
to 0).

Not affected

Does not
generate.

Free running
mode

Match between
TMO and CR0OO
or match
between TMO
and CRO1

Match between
TMO and CRO0O,
match between
TMO and CRO1,
or valid edge of
TI00

Clears and
starts at valid
edge of TI00.

Match between
TMO and CROO
or match
between TMO
and CRO1

Match between
TMO and CROO0,
match between
TMO and CRO1,
or valid edge of
TI00

Clears and
starts on match
between TMO
and CRO0O.

Match between
TMO and CROO
or match
between TMO
and CRO1

Match between
TMO and CROO0,
match between
TMO and CRO1,
or valid edge of
TI00

Generates on
match between
TMO and CROO
and match
between TMO
and CRO1.

OVFO

Detection of overflow of 16-bit timer counter 0

Overflows.

Does not overflow.
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Cautions 1. Before changing the clear mode and TOO output timing, be sure to stop the timer operation

(reset TMCO02 and TMCO3 to 0, 0).
The valid edge of the TI0O0 pin is selected by using prescaler mode register 0 (PRMO).

2. When a mode in which the timer is cleared and started on match between TM0 and CRO0O,
the OVFO flag is set to 1 when the count value of TMO changes from FFFFH to 0000H with
CROO set to FFFFH.

3. The software trigger (bit 6 (OSPT) of 16-bit timer output control register 0 (TOCO) = 1) and
the external trigger (TI00 input) are always valid in one-shot pulse output mode.
If the software trigger is used in one-shot pulse output mode, the TI00 pin cannot be used
as a general-purpose po