To our customers,

Old Company Name in Catalogs and Other Documents

On April 1!, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.

LENESAS



8.

10.

11.

12.

Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

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

You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. You should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“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.

“High Quality”: 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; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,

especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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NOTES FOR CMOS DEVICES

VOLTAGE APPLICATION WAVEFORM AT INPUT PIN

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the
CMOS device stays in the area between Vi. (MAX) and Vi1 (MIN) due to noise, etc., the device may
malfunction. Take care to prevent chattering noise from entering the device when the input level is fixed,
and also in the transition period when the input level passes through the area between ViL (MAX) and
ViH (MIN).

HANDLING OF UNUSED INPUT PINS

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

PRECAUTION AGAINST ESD

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

STATUS BEFORE INITIALIZATION

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

POWER ON/OFF SEQUENCE

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

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

INPUT OF SIGNAL DURING POWER OFF STATE

Do not input signals or an 1/O pull-up power supply while the device is not powered. The current
injection that results from input of such a signal or 1/0 pull-up power supply may cause malfunction and
the abnormal current that passes in the device at this time may cause degradation of internal elements.

Input of signals during the power off state must be judged separately for each device and according to
related specifications governing the device.
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EEPROM is a trademark of NEC Electronics Corporation.

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

PC/AT is a trademark of International Business Machines Corporation.

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

SPARCstation is a trademark of SPARC International, Inc.

Solaris and SunOS are trademarks of Sun Microsystems, Inc.

TRON is an abbreviation of The Realtime Operating system Nucleus.

ITRON is an abbreviation of Industrial TRON.

SuperFlash® is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.
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Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, inc.

e The information in this document is current as of August, 2007. The information is subject to
change without notice. For actual design-in, refer to the latest publications of NEC Electronics data
sheets or data books, etc., for the most up-to-date specifications of NEC Electronics products. Not
all products and/or types are available in every country. Please check with an NEC Electronics sales
representative for availability and additional information.

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

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

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

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

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

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

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

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

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

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

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

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

(Note)

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

(2) "NEC Electronics products" means any product developed or manufactured by or for NEC Electronics (as
defined above).
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User's Manual U16928EJ2VOUD




Readers

Purpose

Organization

How to Read This Manual

Conventions

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
#PD78F0714 and design and develop application systems and programs for this
device.

The target product is as follows.

uPD78F0714

This manual is intended to give users an understanding of the functions described in the
Organization below.

The 4PD78F0714 manual is separated into two parts: this manual and the instructions
edition (common to the 78K/0 Series).

4PD78F0714 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions

e Pin functions e CPU functions

¢ Internal block functions e Instruction set

e Interrupts e Explanation of each instruction

o Other on-chip peripheral functions

Electrical specifications

It is assumed that the readers of this manual have general knowledge of electrical
engineering, logic circuits, and microcontrollers.
e To gain a general understanding of functions:

— Read this manual in the order of the CONTENTS. The mark “<R>" shows major
revised points. The revised points can be easily searched by copying an “<R>" in
the PDF file and specifying it in the “Find what:” field.

e How to interpret the register format:

— For a bit number enclosed in brackets, the bit name is defined as a reserved word
in the assembler, and is already defined in the header file named sfrbit.h in the C
compiler.

e To check the details of a register when you know the register name.
— See APPENDIX B REGISTER INDEX.
e To know details of the 78K/0 Series instructions.
— Refer to the separate document 78K/0 Series Instructions User’'s Manual

(U12326E).
Data significance: Higher digits on the left and lower digits on the right
Active low representations: XXx (overscore over pin and signal name)
Note: Footnote for item marked with Note in the text.
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary -1 XXXX OF XXxxB
Decimal - XXXX
Hexadecimal ---xxxxH
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<R>

<R>

Related Documents
However, preliminary versions are not marked as such.

Documents Related to Devices

The related documents indicated in this publication may include preliminary versions.

Document Name

Document No.

1PD78F0714 User's Manual

This manual

78K/0 Series Instructions User's Manual

U12326E

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

Document Name

Document No.

RA78KO0 Ver. 3.80 Assembler Package Operation U17199E
Language U17198E
Structured Assembly Language U17197E
CC78K0 Ver. 3.70 C Compiler Operation U17201E
Language U17200E
ID78K0-QB Ver. 2.94 Integrated Debugger Operation U18330E
PM+ Ver. 5.20 U16934E

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

Document Name

Document No.

QB-780714 In-Circuit Emulator U17081E
QB-78KOMINI On-Chip Debug Emulator U17029E
QB-78KOMINI2 On-Chip Debug Emulator with Programming Function U18371E

Documents Related to Flash Memory Programming

Document Name

Document No.

PG-FP4 Flash Memory Programmer User’s Manual

U15260E

Other Documents

Document Name

Document No.

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

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

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

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

version of each document when designing.
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CHAPTER 1 OUTLINE

1.1 Features

O Minimum instruction execution time can be changed from high speed (0.1 us: @ 20 MHz operation with X1 input
clock) to low-speed (8.33 us: @ 240 kHz operation with internal oscillation clock)
O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
O On-chip multiplier/divider
¢ 16 bits x 16 bits = 32 bits (multiplication)
* 32 bits + 16 bits = 32 bits, 16 bits remainder (division)

O ROM, RAM capacities

Item Program Memory Data Memory
Part Number (ROM) (Internal High-Speed RAM)
uPD78F0714 Flash memory 32 KB 1024 bytes

O On-chip single-power-supply flash memory

O Self-programming (with boot swap function)

O On-chip debug function

O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
O Short startup is possible via the CPU default start using the internal oscillator
O On-chip watchdog timer (operable with internal oscillation clock)

O On-chip clock output/buzzer output controller00

O On-chip real-time output ports

O 1/0O ports: 48

O Timer: 7 channels

O Serial interface: 2 channels (UART: 1 channel, CSI: 1 channel)

O 10-bit resolution A/D converter: 8 channels

O Supply voltage: Voo =4.0t0 5.5V

O Operating ambient temperature: Ta =-40 to +85°C
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CHAPTER 1 OUTLINE

<R> 1.2 Applications

O Household electrical appliances

o Refrigerator

e Dish washer

e Washing machine, Dryer

e QOutdoor air conditioner units

o Microwave ovens, electric rice cookers
O Industrial equipment

e Pumps

1.3 Ordering Information

Part Number Package

HuPD78F0714GK-9ET 64-pin plastic TQFP (fine pitch) (12 x 12)
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CHAPTER 1 OUTLINE

1.4 Pin Configuration (Top View)

e 64-pin plastic TQFP (fine pitch) (12 x 12)

S-aOoFTLvLOoN
ZZzzzZzz=Z
LTILIILIILLL
O~ AN NMTOLOMNOANTOINOLW S
AN ANANANANNNANNMNDNMNNIDNWO O O O
[ W o I o T Y o Y o Y o Y T Yo Y o Y n Y WY a T 0 T
TTTTTTTTOOOOOOOT
/?C’)NFOO’@I\ROLOVCV)NFO@
O OO OOWLUOLWWOLWLWLLWLWLW S
AVREF o 11 48 O P47/RTPO7
AVSSo— | 2 (:) 47 O P46/RTP06
FLMDO 0—— 3 46 O P45/RTP05
VDDo—| 4 45 O P44/RTPO4
VSSo— 5 44 O P43/RTP03
Xto——~| 6 43 O P42/RTP02
X2o0——7 42 O P41/RTPO1
RESET o—~| 8 41 O P40/RTP0O0
ADTRG/INTP3/P03 o 9 40 O P17/SO10/FLMD1
INTP2/P02 o 10 39 O P16/SI10
INTP1/P0O1 o 11 38 O P15/SCK10
TWOTOFFP/INTPO/P0O0 © 12 37 O P14/TxD00
BUZ/P30 o 13 36 O P13/RxD00
PCL/P31 o 14 35 O P12
P32 o 15 34 O P11
P33 O 16 33 O P10
NOOOTT AN MTWLONWOWMDO —A
—rrrAlAldlldlllllNNN OO ™M
ooooooooiloooooo
QeB2rT2EY
OOEEOEEOD [a I I s I I I Y
EEZZzEZzZ " MEREREEER
w2888 8E S-ADI O
EE58228 = 000000
—9FES806 FEEEEEE
SLhEESFSRD OO0 o0O0 0o
cag@3wEErs ======
D_Q_D-E,:g FFFFFF
LoDE
225
O_I
o
~N O
ERQ
EE
o

Caution Connect the AVss pin to Vss.
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Pin Identification

ADTRG:

ANIO to ANI7:
AVREF:

AVss:

BUZ:

EVob:

EVss:

FLMDO, FLMD1:
INTPO to INTP7:
P00 to PO3:

P10 to P17:

P20 to P27:

P30 to P33:

P40 to P47:

P50 to P57:

P64 to P67:

P70 to P73:
PCL:

RESET:

RTPOO to RTPO7:
RTP10 to RTP15:

A/D trigger input

Analog input

Analog reference voltage
Analog ground

Buzzer output

Power supply for port
Ground for port

Flash programming mode
External interrupt input
Port 0

Port 1

Port 2

Port 3

Port 4

Port 5

Port 6

Port 7

Programmable clock output
Reset

Real-time output port
Real-time output port

RxDO0O0:

SCK10

SI10:

SO10:

TI1000, TI0O01:

TI50, TI51:
TIT20CLR:
TIT20CUD:
TIT20CCO, TIT20CC1:
TIT201UD:

TIT20TO:

TOO00:

TO50, TO51:

TOHO:

TWOTOO to TWOTOS:
TWOTOFFP:

TxDO0O0:

Vbb:

Vss:

X1, X2:
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Receive data

Serial clock input/output

Serial data input

Serial data output

Timer input

Timer input

Up/down counter clear
Up/down counter clock select
Up/down counter capture input
Up/down counter clock
Up/down counter output

Timer output

Timer output

Timer output

Timer output

Timer output off

Transmit data

Power supply

Ground

Crystal oscillator (X1 input clock)
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1.5 Block Diagram

TWOTOO to TWOTO5 < _6

TWOTOFFP/P00

10-bit INVERTER
CONTROL TIMER
Wo0

TIT20CLR/TIT20CC1/
TIT20TO/P57
TIT20CUD/TIT20CCO/P56 ——=

TIT20IUD/P55 —*

16-bit UP/DOWN
COUNTER
ITENC20

TOO0O0/TI001/P54 ~—
TIO00/P53

16-bit TIMER/
EVENT COUNTER 00

TI50/TO50/P50 ~—|

8-bit TIMER/
EVENT COUNTER 50

TI51/TO51/P51 =—

8-bit TIMER/
EVENT COUNTER 51

TOHO/P52 ~—

8-bit TIMER HO

WATCH TIMER

WATCHDOG TIMER

RTPO00/P40 to RTP0O7/P47 < 8

RTP10to RTP15 <_6_

REAL-TIME
OUTPUT PORT

g a9 e 88 ¢ U g

RxD00/P13 —=
TxDOO0/P14 ——]

SERIAL
INTERFACE UARTO

U

SI10/P16 ——
SO10/P17 =—
SCK10/P15 ~—

SERIAL
INTERFACE CSI10

U

ADTRG/P03 ——»

ANIO/P20 to
ANI7/P27 8 ) A/D CONVERTER
AVRer
AVss
INTPO/POO to
INTP3/P03
INTP4/P52, INTERRUPT
INTP5/P53 CONTROL
INTP6/P55,
INTP7/P56
MULTIPLIER &
DIVIDER

20

7(?PK(JO FLASH
CORE MEMORY

g U

4

INTERNAL
HIGH-SPEED
RAM

Voo, Vss, FLMDO,
EVoo EVss FLMD1
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CHAPTER 1 OUTLINE

1.6 Outline of Functions

Item uPD78F0714
Internal Flash memory (self- 32 KB
memory programming supported)
High-speed RAM 1KB
Memory space 64 KB

X1 input clock (oscillation frequency)

Ceramic/crystal/external clock oscillation
[20 MHz (Vb = 4.0 t0 5.5 V)]

Internal oscillation clock (oscillation
frequency)

Internal oscillator (240 kHz (TYP.))

General-purpose registers

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time

0.1 us/0.2 us/0.4 us/0.8 us/1.6 us (X1 input clock: @ fxer = 20 MHz operation)

8.3 1s/16.6 us/33.2 us/66.4 us/132.8 us (TYP.) ( Internal oscillation clock: @ fr = 240
kHz (TYP.) operation)

Instruction set

* 16-bit operation e Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)
* Bit manipulate (set, reset, test, and Boolean operation) e« BCD adjust, etc.

I/O ports Total: 48
CMOS I/0 40
CMOS input 8

Timers * 10-bit inverter control timer: 1 channel
¢ 16-bit up/down counter: 1 channel
* 16-bit timer/event counter: 1 channel
¢ 8-bit timer/event counter: 2 channels
¢ 8-bit timer: 1 channel
e Watchdog timer: 1 channel

Timer outputs 11 (inverter control output: 6)
Clock output 156.25 kHz, 312.5 kHz, 625 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 20MHz

(X1 input clock: 20 MHz)

Buzzer output

2.44 kHz, 4.88 kHz, 9.77 kHz, 19.5kHz (X1 input clock: 20 MHz)

Real-time output ports

¢ 8 bits x 1 or 4 bits x 2
* 6 bits x 1 or 4 bits x 2

A/D converter

10-bit resolution x 8 channels

Serial interface

* UART mode:
e 3-wire serial I/O mode: 1 channel

1 channel

Multiplier/divider

* 16 bits x 16 bits = 32 bits (multiplication)
* 32 bits + 16 bits = 32 bits remainder of 16 bits (division)

Vectored Internal

Non-maskable: 1, Maskable: 19

interrupt sour
errupt sources External

8

Reset * Reset using RESET pin

¢ Internal reset by watchdog timer

¢ Internal reset by power-on-clear

* Internal reset by low-voltage detector
Supply voltage Voo =4.0t05.5V

Operating ambient temperature

Ta=-40t0 +85°C

Package

64-pin plastic TQFP (fine pitch) (12 x 12)

User's Manual U16928EJ2VOUD
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An outline of the timer is shown below.

10-Bit Inverter | 16-Bit Up/down | 16-Bit Timer/ 8-Bit Timer/ 8-Bit Timer | Watchdog
Control Timer Counter Event Counter Event Counters HO Timer
ITENC20 00 50 and 51
TM50 TM51
Operation | Interval timer 1 channel 1 channel 1 channel 1 channel | 1 channel | 1 channel -
mode External - 1 channel 1 channel 1 channel | 1 channel - -
event counter
Function | Timer output 6 outputs 1 output 1 output 1 output 1 output 1 output -
PPG output - - 1 output - - - -
PWM output 6 outputs 1 output - 1 output | 1 output 1 output -
Pulse width - - 2 inputs - - - -
measurement
Square-wave - 1 output 1 output 1 output 1 output 1 output -
output
Watchdog - - - - - - 1 channel
Timer
Interrupt 4 4 2 1 1 1 -
source
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are three types of pin 1/O buffer power supplies: AVrer, EVpp, and Vop. The relationship between these
power supplies and the pins is shown below.

Table 2-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVRer P20 to P27
EVoo Port pins other than P20 to P27
Vop Pins other than port pins
(1) Port pins (1/2)

Pin Name 110 Function After Reset Alternate Function
P00 I/0 Port 0. Input INTPO/TWOTOFFP
PO1 4-bit I/O port. INTP1

Input/output can be specified in 1-bit units.
P02 Use of an on-chip pull-up resistor can be specified by a INTP2
P03 software setting. INTP3/ADTRG
P10 I/0 Port 1. Input -
P11 8-bit 1/0 port. B
Input/output can be specified in 1-bit units.
P12 Use of an on-chip pull-up resistor can be specified by a -
P13 software setting. RxD00
P14 TxD00
P15 SCK10
P16 S0
P17 SO10/FLMDA1
P20 to P27 Input Port 2. Input ANIO to ANI7
8-bit input-only port.
P30 I/0 Port 3. Input BUZ
P31 4-bit 1/0 port. PCL
Input/output can be specified in 1-bit units.
P32 Use of an on-chip pull-up resistor can be specified by a -
P33 software setting. -
P40 to P47 I/0 Port 4. Input RTPOO to RTPO7
8-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
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(1) Port pins (2/2)

Pin Name /0 Function After Reset Alternate Function
P50 110 Port 5. Input TI50/TO50
P51 8-bit 1/0 port. TI51/TO51
Input/output can be specified in 1-bit units.
P52 Use of an on-chip pull-up resistor can be specified by a TOHO/INTP4
P53 software setting. TIO00/INTP5
P54 T1001/TO00
P55 TIT20IUD/INTP6
P56 TIT20CUD
/TIT20CCO/INTP7
P57 TIT20CLR
/TIT20CC1
/TIT20TO
P64 to P67 /0 Port 6. Input -
4-bit 1/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P70 to P73 110 Port 7. Input -
4-bit 1/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
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(2) Non-port pins (1/2)

Pin Name 1/0 Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising | Input POO/TWOTOFFP
INTP1 edge., 'fallmg edge, or both rising and falling edges) can be PO1

specified
INTP2 P02
INTP3 PO3/ADTRG
INTP4 P52/TOHO
INTP5 P53/T1000
INTP6 P55/TIT201UD
INTP7 P56/TIT20CCO
/TIT20CUD
SO Input Serial data input to serial interface Input P16
SO10 Output Serial data output from serial interface Input P17/FLMD1
SCK10 1/0 Clock input/output for serial interface Input P15
RxDO00 Input Serial data input to asynchronous serial interface Input P13
TxD00 Output Serial data output from asynchronous serial interface Input P14
TWOTOFFP Input External input to stop 10-bit inverter control timer output Input POO/INTPO
TWOTOO- Output 10-bit inverter control timer output Output RTP10-RTP15
TWOTO5
TIT201UD Input External count clock input to 16-bit up/down counter Input P55/INTP6
TIT20CUD Count operation switching input to 16-bit up/down counter P56/TIT20CCO
/INTP7
TIT20CCO External capture trigger input to 16-bit up/down counter P56/TIT20CUD
/INTP7
TIT20CCH P57/TIT20CLR
/TIT20TO
TIT20CLR External clear input to 16-bit up/down counter P57/TIT20CCA
/TIT20TO
TIT20TO Output Pulse signal output of 16-bit up/down counter Input P57/TIT20CLR
/TIT20CCA
TI000 Input External count clock input to 16-bit timer/event counter 00 Input P53/INTP5
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TI001 Capture trigger input to capture register (CR000) of 16-bit P54/TO00
timer/event counter 00
TOO00 Output 16-bit timer/event counter 00 output Input P54/T1001
TI50 Input External count clock input to 8-bit timer/event counter 50 Input P50/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P51/TO51
TO50 Output 8-bit timer/event counter 50 output Input P50/T150
TO51 8-bit timer/event counter 51 output P51/TI51
TOHO 8-bit timer HO output P52/INTP4

User's Manual U16928EJ2VOUD
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(2) Non-port pins (2/2)

Pin Name /0 Function After Reset | Alternate Function
PCL Qutput Clock output (for trimming of X1 input clock) Input P31
BUZ Output Buzzer output Input P30
RTPOO to Output Real-time output port 0 output Input P40 to P47
RTPO7
RTP10 to Output Real-time output port 1 output Output TWOTOO to
RTP15 TWOTO5
ADTRG Input A/D converter trigger input Input PO3/INTP3
ANIO to ANI7 Input A/D converter analog input Input P20 to P27
AVRrer Input A/D converter reference voltage input and positive power supply - -
for port 2
AVss - A/D converter ground potential. Make the same potential as - -
EVss or Vss.
RESET Input System reset input - -
X1 Input Connecting resonator for X1 input clock oscillation - -
X2 - - -
Voo - Positive power supply (except for ports) - -
EVop - Positive power supply for ports - -
Vss - Ground potential (except for ports) - -
EVss - Ground potential for ports - -
FLMDO - Flash memory programming mode setting - -
FLMD1 Input Input P17/SO10
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2.2 Description of Pin Functions

2.2.1 P00 to P03 (port 0)

P00 to PO3 function as a 4-bit I1/0 port. These pins also function as external interrupt request input, timer output
stop external signal, and A/D converter trigger input.

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

(1) Port mode
P00 to PO3 function as a 4-bit I/0 port. P00 to PO3 can be set to input or output in 1-bit units using port mode
register 0 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

(2) Control mode
P00 to PO3 function as external interrupt request input, timer output stop external signal, and A/D converter
trigger input.

(a) INTPO to INTP3
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified. INTP2 also functions as an external trigger signal input pin of the
real-time output port when a valid edge is input.

(b) TWOTOFFP
This is an external input pin to stop timer output (TWOTOO to TWOTOS5).

(c) ADTRG
This is an external trigger signal input pin of the A/D converter.

222 P10to P17 (port1)

P10 to P17 function as an 8-bit I/O port. These pins also function as pins for serial interface data 1/O, clock 1/O,
and flash memory programming mode setting.

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

(1) Port mode
P10 to P17 function as an 8-bit I/O port. P10 to P17 can be set to input or output in 1-bit units using port mode
register 1 (PM1). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1 (PU1).

(2) Control mode
P10 to P17 function as serial interface data 1/0O and clock 1/O.

(a) Si10
This is a serial interface serial data input pin.

(b) So10
This is a serial interface serial data output pin.

(c) SCK10
This is a serial interface serial clock I/O pin.

(d) RxDO00
This is the serial data input pin of the asynchronous serial interface.
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(e) TxDO0O
This is the serial data output pin of the asynchronous serial interface.

(f) FLMD1
This pin sets the flash memory programming mode.

2.2.3 P20 to P27 (port 2)
P20 to P27 function as an 8-bit input-only port. These pins also function as pins for A/D converter analog input.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P20 to P27 function as an 8-bit input-only port.

<R> Caution Use P20 to P27 at EVopo = AVrer when using them in the port mode.

(2) Control mode
P20 to P27 function as A/D converter analog input pins (ANIO to ANI7). When using these pins as analog input
pins, see (5) ANIO/P20 to ANI7/P27 in 15.6 Cautions for A/D Converter.

2.2.4 P30 to P33 (port 3)
P30 to P33 function as a 4-bit I/0 port. These pins also function as pins for clock output, and buzzer output.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P30 to P33 function as a 4-bit I/O port. P30 to P33 can be set to input or output in 1-bit units using port mode
register 3 (PM3). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3 (PU3).

(2) Control mode
P30 to P33 function as clock output, and buzzer output pins.

(a) BUZ
This is a buzzer output pin.

(b) PCL
This is a clock output pin.

Caution Be sure to pull down P31 after reset to prevent malfunction.

Remark The P31 and P32 pins of the 4PD78F0714 can be used to set the on-chip debug mode when the
on-chip debug function is used. For details, sce CHAPTER 26 ON-CHIP DEBUG FUNCTION.
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2.2.5 P40 to P47 (port 4)
P40 to P47 function as an 8-bit I/O port. These pins also function as real-time output port pins.
The following operation modes can be specified.

(1) Port mode
P40 to P47 function as an 8-bit I/0 port. P40 to P47 can be set to input or output in 1-bit units using port mode
register 4 (PM4). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4 (PU4).

(2) Control mode
P40 to P47 function as the pins for the real-time output port (RTPOO to RTPO07) that outputs data in
synchronization with a trigger.

2.2.6 P50 to P57 (port 5)
P50 to P57 function as an 8-bit I/O port. These pins also function as external interrupt request input and timer I/O.
The following operation modes can be specified.

(1) Port mode
P50 to P57 function as an 8-bit I/0 port. P50 to P57 can be set to input or output in 1-bit units using port mode
register 5 (PM5). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 5 (PU5).

(2) Control mode
P50 to P57 function as the pins for the external interrupt request input and timer 1/O.

(a) INTP4 to INTP7
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(b) TI50, TI51
These are the pins for inputting an external count clock to 8-bit timer/event counter 50 and 51.

(c) TO50, TO51
These are timer output pins from 8-bit timer/event counters 50 and 51.

(d) TIooO
This is the pin for inputting an external count clock to 16-bit timer/event counters 00 and is also for inputting a
capture trigger signal to the capture registers (CR00, CRO01).

(e) TIOO1
This is the pin for inputting a capture trigger signal to the capture register (CR00) of 16-bit timer/event
counters 00.

(f) TOO00, TOHO
These are timer output pins from 16-bit timer/event counter 00 and 8-bit timer HO.

(g) TIT20lUD
This is the pin for inputting an external count clock to 16-bit up/down counter ITENC20.

(h) TIT201UD
This is the pin for inputting an count operation switching signal to 16-bit up/down counter ITENC20.
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(i) TIT20CLR
This is the pin for inputting a clear signal to 16-bit up/down counter ITENC20.

(j) TIT20CCO, TIT20CC1
These are the pins for inputting an external capture trigger to 16-bit up/down counter ITENC20.

(k) TIT20TO
This is a 16-bit up/down counter ITENC20 output pin.

2.2.7 P64 to P67 (port 6)

P64 to P67 function as a 4-bit I/0 port. P64 to P67 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6).

Use of an on-chip pull-up resistor can be specified for P64 to P67 by pull-up resistor option register 6 (PUB6).

2.2.8 P70to P73 (port7)
P70 to P73 function as a 4-bit I1/0 port. P70 to P73 can be set to input or output in 1-bit units using port mode
register 7 (PM7). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 7 (PU7).

2.29 TWOTOO/RTP10 to TWOTO5/RTP15
These are 10-bit inverter control timer output pins.
And, these pins function also as real-time output port pins.

2.2.10 AVrreF
This is the A/D converter reference voltage input pin.

Note

When the A/D converter is not used, connect this pin directly to EVob or Vop™ .

Note Connect port 2 directly to EVop when it is used as a digital port.

2.2.11 AVss
This is the A/D converter ground potential pin. Even when the A/D converter is not used, always use this pin with
the same potential as the EVss pin or Vss pin.

2.2.12 RESET
This is the active-low system reset input pin.

2.2.13 X1 and X2
These are the pins for connecting a resonator for the X1 input clock.
When supplying an external clock, input a signal to the X1 pin and input the inverse signal to the X2 pin.

Remark The X1 and X2 pins of the product with an on-chip debug function (part number pending) can be used to
set the on-chip debug mode when the on-chip debug function is used. For details, see CHAPTER 26
ON-CHIP DEBUG FUNCTION.

2.2.14 Voo and EVbp

Vo is the positive power supply pin for other than ports.
EVob is the positive power supply pin for ports.
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2.2.15 Vss and EVss
Vss is the ground potential pin for other than ports.
EVss is the ground potential pin for ports.

2.2.16 FLMDO

This pin sets the flash memory programming mode.

Connect FLMDO to a flash memory programmer in the flash memory programming mode, and to EVss or Vss in the
normal operation mode.
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2.3 Pin I/O Circuits and Recommended Connection of Unused Pins

Table 2-2 shows the types of pin I/O circuits and the recommended connections of unused pins.

See Figure 2-1 for the configuration of the 1/O circuit of each type.

Table 2-2. Pin I/O Circuit Types

Pin Name

I/O Circuit Type I/0 Recommended Connection of Unused Pins

POO/INTPO/TWOTOFFP

PO1/INTP1

PO2/INTP2

PO3/INTP3/ADTRG

P10

P11

P12

P13/RxD00

8-C 110 Input:  Independently connect to EVoo or EVss via a resistor.
Output: Leave open.

P14/TxD00

5-H

P15/ SCK10

P16/SI110

P17/SO10/FLMD1

5-H

P20/ANIO to P27/ANI7

9-C Input Connect to EVop or EVss.

P30/BUZ

P31/PCL

P32

P33

P40/RTP0O0 to P47/RTPOQ7

5-H 110 Input:  Independently connect to EVoo or EVss via a resistor.
Output: Leave open.

P50/T150/TO50

P51/T151/TO51

P52/TOHO/INTP4

P53/TIO00/INTP5

P54/T1001/TO00

P55/TIT20IUD/INTP6

P56/TIT20CUD/TIT20CCO/INTP7

P57/TIT20CLR/TIT20CC1/TIT20TO

P64 to P67

P70 to P73

5-H

TWOTOO/RTP10-TWOTO5/RTP15

4-B Output | Leave open.

RESET

2 Input -

AVRer

AVss

FLMDO

Note

- - Connect directly to EVop or Voo

Connect directly to EVss or Vss.

Connect to EVss or Vss.

Note Connect port 2 directly to EVop when it is used as a digital port.

32
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Figure 2-1. Pin I/O Circuit List

Output
disable

[~-«— N-ch

K

Type 2 Type 8-C
Vob
Pullup
enable D@—l P-ch
IN -
Vob
Data 4»:| )3_| P-ch
Schmitt-triggered input with hysteresis characteristics INJOUT
Output N-ch
disable
- o{}
Type 4-B Type 9-C
1
I EVoo P-ch [ Comparator
IN O s
Data 4‘:& | » pch N-ch [ ¢
AVss ;
&—OO0UT VRer

(threshold voltage)

Input

enable

Type 5-H

EVop
Pullup
enable l'>C ” P-ch

Vop

Data ———+— Y |[~pucn

——O IN/OUT
Output N-ch
disable
Input
enable
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3.1 Memory Space
1PD78F0714 products can access a 64 KB memory space. Figures 3-1 shows the memory map.

Caution Because the initial value of the internal memory size switching register (IMS) is CFH, set to C8H
by initialization.

Figure 3-1. Memory Map (xPD78F0714)

‘ FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Note 1
____________________________ 7FFFH
—L Internal high-speed RAM —— -~ -+
1024 x 8 bits Program area
FBOOH 1000H
FAFFH OFFFH
- CALLF entry area =
Data memory
Space 0800H
Reserved O7FFH
=~ Program area 0=
Note 2
0084H
8000H 0083H Option bite reservation
7FFFH 0081H area (Reserved)
_ ] 0080H Option bite area
T T 007FH
Flash memory
32768 x 8 bits CALLT table area
____________________________ 0040H
003FH
Note 2
0084H | Vector table area
0083H
¥ 0000H 0000H

Notes 1. This area occupies 9 bytes (planned) during on-chip debugging because it is used as a backup area
for user data during communication.
2. This area cannot be used during on-chip debugging because it is used as a communication command
area (256 bytes to 1 KB).
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3.1.1 Internal program memory space

The internal program memory space stores the program and table data. Normally, it is addressed with the program
counter (PC).

HPD78F0714 products incorporate internal ROM (flash memory), as shown below.

Table 3-1. Internal ROM Capacity

Part Number Internal ROM

Structure Capacity
uPD78F0714 Flash memory 32768 x 8 bits (0000H to 7FFFH)

The internal program memory space is divided into the following areas.

(1) Vector table area
The 64-byte area 0000H to 003FH is reserved as a vector table area. The program start addresses for branch
upon reset signal input or generation of each interrupt request are stored in the vector table area.
Of the 16-bit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd

addresses.
Table 3-2. Vector Table
Vector Table Address Interrupt Source Vector Table Address Interrupt Source

0000H RESET input, POC, LVI, 0020H INTCM11

WDT 0022H INTCC10
0004H INTLVI 0024H INTCC11
0006H INTPO 0026H — fee
0008H INTP1 0028H INTTMOO
000AH INTP2 002AH INTTMO1
000CH INTP3 002CH INTSREOO
000EH INTP4 002EH INTSROO
0010H INTP5 0030H INTSTOO
0012H INTP6 0032H INTTM50
0014H INTP7 0034H INTTM51
0016H INTTWOUD 0036H INTTMHO
0018H INTTWOCM3 0038H INTCSI10
001AH INTTWOCM4 003AH INTDMU
001CH INTTWOCM5 003CH INTAD
001EH INTCM10

Note There is no interrupt request corresponding to vector table address 0026H.

(2) CALLT instruction table area
The 64-byte area 0040H to 007FH can store the subroutine entry address of a 1-byte call instruction (CALLT).

(3) Option byte area
The 1-byte area 0080H is reserved as a option byte area. For details, see CHAPTER 24 OPTION BYTE.
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(4) CALLF instruction entry area
The area 0800H to OFFFH can perform a direct subroutine call with a 2-byte call instruction (CALLF).

3.1.2 Internal data memory space
#PD78F0714 products incorporate the following RAMs.

(1) Internal high-speed RAM
The internal high-speed RAM is allocated to the area FBOOH to FEFFH in a 1024 x 8 bits configuration.
The 32-byte area FEEOH to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit
registers per one bank.
This area cannot be used as a program area in which instructions are written and executed.
The internal high-speed RAM can also be used as a stack memory.

3.1.3 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (see
Table 3-3 Special Function Register List in 3.2.3 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.

3.1.4 Data memory addressing

Addressing refers to the method of specifying the address of the instruction to be executed next or the address of
the register or memory relevant to the execution of instructions.

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
1PD78F0714, based on operability and other considerations. For areas containing data memory in particular, special
addressing methods designed for the functions of special function registers (SFR) and general-purpose registers are
available for use. Figure 3-2 shows correspondence between data memory and addressing. For details of each
addressing mode, see 3.4 Operand Address Addressing.
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Figure 3-2. Correspondence Between Data Memory and Addressing (#uPD78F0714)

FFFFH T
Special function registers (SFR) SFR addressing
256 x 8 bits
FF20H
FFOOH *
FEFFH ;
General-purposg registers Register addressing
FEEOH 32 x 8 bits ¢ Short direct
FEDFH addressing
o+ Internal high-speed RAM T
1024 x 8 bits
FE20H | ... Y
FE1FH
Note 1
FBOOH
FAFFH Direct addressing
Register indirect addressing
Based addressing
Based indexed addressing
T Reserved T
8000H
7FFFH
Flash memory
32768 x 8 bits
Note 2
0084H |
0083H
0000H

Notes 1. This area occupies 9 bytes (planned) during on-chip debugging because it is used as a backup area
for user data during communication.
2. This area cannot be used during on-chip debugging because it is used as a communication command
area (256 bytes to 1 KB).
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3.2 Processor Registers
The 4PD78F0714 products incorporate the following processor registers.

3.2.1 Control registers
The control registers control the program sequence, statuses and stack memory. The control registers consist of a
program counter (PC), a program status word (PSW) and a stack pointer (SP).

(1) Program counter (PC)
The program counter is a 16-bit register that holds the address information of the next program to be executed.
In normal operation, the PC is automatically incremented according to the number of bytes of the instruction to be
fetched. When a branch instruction is executed, immediate data and register contents are set.
RESET input sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-3. Format of Program Counter

15 0
PC |PC15‘PC14‘PC13‘PC12‘PC11‘PC10‘ PC9 ‘ PC8 ‘ PC7 ‘ PC6 ‘ PC5 ‘ PC4 ‘ PC3 ‘ PC2 ‘ PCA ‘ PCO |

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.
Program status word contents are automatically stacked upon interrupt request generation or PUSH PSW
instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
RESET input sets the PSW to 02H.

Figure 3-4. Format of Program Status Word

7 0
PSW | IE | 4 |RBS1| AC |RBSO| 0 |ISP|CY|

(a) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupts are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgment is
controlled with an in-service priority flag (ISP), an interrupt mask flag for various interrupt sources, and a
priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.

(b) Zero flag (2)
When the operation result is zero, this flag is set (1). It is reset (0) in all other cases.
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©))

(c)

(d)

(e)

®

Register bank select flags (RBS0 and RBS1)

These are 2-bit flags to select one of the four register banks.

In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction
execution is stored.

Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all other
cases.

In-service priority flag (ISP)

This flag manages the priority of acknowledgeable maskable vectored interrupts. When this flag is 0, low-
level vectored interrupt requests specified by a priority specification flag register (PROL, PROH, PR1L, PR1H)
(see 19.3 (3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)) cannot be acknowledged.
Actual interrupt request acknowledgment is controlled by the interrupt enable flag (IE).

Carry flag (CY)

This flag stores overflow and underflow upon add/subtract instruction execution. It stores the shift-out value
upon rotate instruction execution and functions as a bit accumulator during bit operation instruction
execution.

Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal high-speed RAM

area can be set as the stack area.

Figure 3-5. Format of Stack Pointer

15 0
SP |SP15‘SP14‘SP13‘SP12‘SP11 ‘SP10‘ SP9 ‘ SP8 ‘ SP7 ‘ SP6 ‘ SP5 ‘ SP4 ‘ SP3 ‘ SP2 ‘ SP1 ‘ SPO |

The SP is decremented ahead of write (save) to the stack memory and is incremented after read (restored) from

the stack memory.

Each stack operation saves/restores data as shown in Figures 3-6 and 3-7.

Caution Since RESET input makes the SP contents undefined, be sure to initialize the SP before using

the stack.
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40

SP

SP

Figure 3-6. Data to Be Saved to Stack Memory

(a) PUSH rp instruction (when SP = FEEOH)

— FEEOH

FEDFH

l«—— FEDEH

Register pair higher

Register pair lower

(b) CALL, CALLF, CALLT instructions (when SP = FEEOH)

SP

SP

SP

SP

— FEEOH

FEDFH

l«<—— FEDEH

FEEOH — FEEOH
i FEDFH
3 FEDEH
Y

FEDDH l«—— FEDDH

PC15 to PC8

PC7 to PCO

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-7. Data to Be Restored from Stack Memory

(a) POP rp instruction (when SP = FEDEH)

~<—— FEEOH

FEDFH

—» FEDEH

Register pair higher

Register pair lower

(b) RET instruction (when SP = FEDEH)

<—— FEEOH

FEDFH

- FEDEH

PC15 to PC8

PC7 to PCO

(c) RETI, RETB instructions (when SP = FEDDH)

FEEOH ~—— FEEOH
1
! FEDFH
3 FEDEH
FEDDH — FEDDH

PSW

PC15 to PC8

PC7 to PCO
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FEEOH to FEFFH) of the data memory. The
general-purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

Each register can be used as an 8-bit register, and two 8-bit registers can also be used in a pair as a 16-bit register
(AX, BC, DE, and HL).

These registers can be described in terms of function names (X, A, C, B, E, D, L, H, AX, BC, DE, and HL) and
absolute names (RO to R7 and RPO to RP3).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of
the 4-register bank configuration, an efficient program can be created by switching between a register for normal
processing and a register for interrupts for each bank.

Figure 3-8. Configuration of General-Purpose Registers

(a) Absolute name

16-bit processing 8-bit processing
FEFFH
R7
BANKO RP3
R6
FEF8H
R5
BANK1 RP2
R4
FEFOH
R3
BANK2 RP1
R2
FEE8H
R1
BANK3 RPO
RO
FEEOH
15 0 7 0
(b) Function name
16-bit processing 8-bit processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
C
FEE8H
A
BANK3 AX
X
FEEOH
15 0 7 0
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3.2.3 Special function registers (SFRs)
Unlike a general-purpose register, each special function register has a special function.
SFRs are allocated to the FFOOH to FFFFH area.
Special function registers can be manipulated like general-purpose registers, using operation, transfer and bit
manipulation instructions. The manipulatable bit units, 1, 8, and 16, depend on the special function register type.
Each manipulation bit unit can be specified as follows.

e 1-bit manipulation
Describe the symbol reserved by the assembiler for the 1-bit manipulation instruction operand (sfr.bit).
This manipulation can also be specified with an address.

e 8-bit manipulation
Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (sfr).
This manipulation can also be specified with an address.

e 16-bit manipulation
Describe the symbol reserved by the assembiler for the 16-bit manipulation instruction operand (sfrp).
When specifying an address, describe an even address.

Table 3-3 gives a list of the special function registers. The meanings of items in the table are as follows.

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the RA78K0, and is defined
as an sfr variable by the #pragma sfr directive for the CC78K0. When using the RA78K0 or ID78K0-QB,
symbols can be written as an instruction operand.
L] R/W
Indicates whether the corresponding special function register can be read or written.
R/W: Read/write enable
R:  Read only
W:  Write only
e Manipulatable bit units
Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon RESET input.

User's Manual U16928EJ2VOUD 43



CHAPTER 3 CPU ARCHITECTURE

Table 3-3. Special Function Register List (1/5)

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

FFOOH Port register 0 PO R/W V V - 00H

FFO1H Port register 1 P1 R/W y y - O00H

FFO2H Port register 2 P2 R \/ \/ - Undefined

FFO3H Port register 3 P3 R/W y y - O00H

FFO4H | Port register 4 P4 R/W \/ \/ - OOH

FFO5H | Port register 5 P5 R/W y y - O0H

FFO6H Port register 6 P6 R/W N \ - O0H

FFO7H | Port register 7 P7 R/W V V - O0H

FFO8H 10-bit buffer register 0 TWOBF| TWOBF| R/W - N \/ 0000H
CMo | CMoL

FFO9H - -

FFOAH | 10-bit buffer register 1 TWOBF| TWoBF| R/W - v v 0000H
Cwm1 CMI1L

FFOBH - -

FFOCH | 10-bit buffer register 2 TWOBF| TWOBF| R/W - \/ N 0000H
Ccm2 CM2L

FFODH - -

FFOEH | 10-bit buffer register 3 TWOBF| TWOBF| R/W - \/ \/ OOFFH
CM3 | CM3L

FFOFH - -

FF10H | 16-bit up/down counter IT20 |IT20 | R/W - v v 0000H
UDC | UDCL

FF11H - -

FF12H 16-bit compare register 0 IT20 |IT20 | R'W - v v 0000H
CMO | CMOL

FF13H - -

FF14H 16-bit compare register 1 IT20 |IT20 | RW - v v 0000H
CM1 | CM1IL

FF15H - -

FF16H 16-bit timer counter 00 TMOO R - - v 0000H

FF17H

FF18H Receive buffer register 0 RXB00 R - - FFH

FF19H Transmit shift register 0 TXS00 - - FFH

FF1AH A/D conversion result register ADCR R - - V Undefined

FF1BH

FF1FH | Serial I/O shift register 10 Sl010 R - V - O0H

FF20H Port mode register 0 PMO R/W y y - FFH

FF21H | Port mode register 1 PM1 R/W \/ \/ - FFH

FF23H Port mode register 3 PM3 R/W y y - FFH

FF24H | Port mode register 4 PM4 R/W \/ \/ - FFH

FF25H Port mode register 5 PM5 R/W y y - FFH

FF26H | Port mode register 6 PM6 R/W \/ \/ - FFH

FF27H Port mode register 7 PM7 R/W y y - FFH
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Table 3-3. Special Function Register List (2/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After

1 Bit 8Bits | 16Bits | Heset
FF28H DC control register 00 DCCTLOO R/W v v - 00H
FF2AH 8-bit timer H mode register 0 TMHMDO R/W v v - 00H
FF2CH | 8-bit timer counter 50 TM50 R - v - OO0H
FF2DH 8-bit timer compare register 50 CR50 R/W - v - 00H
FF2EH Timer clock selection register 50 TCL50 R/W - V - 00H
FF2FH 8-bit timer mode control register 50 TMC50 R/W v v - 00H
FF30H Pull-up resistor option register 0 PUO R/W v v - 00H
FF31H Pull-up resistor option register 1 PU1 R/W v v - 00H
FF33H Pull-up resistor option register 3 PU3 R/W v v - 00H
FF34H Pull-up resistor option register 4 PU4 R/W v v - 00H
FF35H Pull-up resistor option register 5 PU5 R/W v v - 00H
FF36H Pull-up resistor option register 6 PU6 R/W V v - 00H
FF37H Pull-up resistor option register 7 PU7 R/W v v - 00H
FF38H | DC control register 01 DCCTLO1 R/W v v - 00H
FF3AH Prescaler mode register IT20PRM R/W v v - 07H
FF3BH | Status register IT20STS v v - 00H
FF3CH | 8-bit timer counter 51 TM51 - v - 00H
FF3DH | 8-bit timer compare register 51 CR51 R/W - v - O0H
FF3EH Timer clock selection register 51 TCL51 R/W - v - 00H
FF3FH 8-bit timer mode control register 51 TMC51 R/W y y - 00H
FF40H Clock output selection register CKS R/W v v - 00H
FF48H External interrupt rising edge enable register EGP R/W v v - 00H
FF49H External interrupt falling edge enable register EGN R/wW 3 3 - 00H
FF50H 10-bit buffer register 4 TWOBF| TWOBF| R/W - N ~ 0000H

CcM4 CM4L
FF51H - _
FF52H | 10-bit buffer register 5 TWOBF| TWOBF| R/W - \ y 0000H
CM5 CM5L
FF53H - -
FF54H 10-bit compare register 0 TWOCMO R/W - - y 0000H
FF55H
FF56H 10-bit compare register 1 TWOCM1 R/W - - y 0000H
FF57H
FF58H 10-bit compare register 2 TWOCM2 R/W - - y 0000H
FF59H
FF5AH 10-bit compare register 3 TWOCM3 R/wW - - y 00FFH
FF5BH
FF5CH 10-bit compare register 4 TWOCM4 R/W - - y 0000H
FF5DH
FF5EH 10-bit compare register 5 TWOCM5 R/W - - y 0000H
FF5FH
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Table 3-3. Special Function Register List (3/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1 Bit 8Bits | 16Bits | Heset
FF60H | Remainder data register 0 SDRo |sbroL | R - v v 00H
FF61H SDROH - v 00H
FF62H | Multiplication/division data register AO MDAOL [MDAOLL | R/W - \/ \/ 0OH
FF63H MDAOLH - v 00H
FF64H MDAOH| MDAOHL| R/W - v v 00H
FF65H MDAOHH - v 00H
FF66H Multiplication/division data register BO MDBO | MDBOL| R/W - v v 00H
FF67H MDBOH - v 00H
FF68H Multiplier/divider control register O DMUCO R/W \/ y - O00H
FF6AH Capture/compare control register 00 CRCO00 R/W v v - 00H
FF6BH 16-bit timer output control register 00 TOCO00 R/W y N - O0H
FF6CH A/D converter mode register ADM R/W y y - O0H
FF6DH | Analog input channel specification register ADS R/W \/ y - O0H
FF6EH Power-fail comparison mode register PFM R/W y y - O0H
FF6FH Power-fail comparison threshold register PFT R/W - \/ - 00H
FF70H Asynchronous serial interface operation mode ASIM00 R/W y y - 01H
register 00
FF71H Baud rate generator control register 00 BRGCO00 R/W - V - 1FH
FF73H Asynchronous serial interface reception error ASIS00 R - y - O00H
status register 00
FF78H Low-voltage detection register LVIM R/W \/ \/ - 00H"™"
FF7AH 16-bit timer capture/compare register 00 CRO00 R/W - - v 0000H
FF7BH
FF7CH 16-bit timer capture/compare register 01 CRoO1 R/W - - v 0000H
FF7DH
FF7EH 16-bit timer mode control register 00 TMCO00 R/W y y - O00H
FF7FH Prescaler mode register 00 PRMO00 R/W \/ \/ - 00H
FF80H Serial operation mode register 10 CSIM10 R/W V V - 00H
FF81H Serial clock selection register 10 CsICc10 R/W N N - O0H
FF84H Transmit buffer register 10 SOTB10 R/W - V - Undefined
FF88H Inverter timer control register TWOC R/W y y - O00H
FF89H Inverter timer mode register TWOM R/W V V - 00H
FF8AH Dead time reload register TWODTIME | R'W - \/ - FFH
FF8BH A/D trigger select register TWOTRGS R/W \/ \/ - 00H
FF8CH Inverter timer output control register TWO0OC R/W y y - O0H
Note  This value is 83H only after a LVI reset.
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Table 3-3. Special Function Register List (4/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After

1 Bit 8 Bits 16 Bits Reset
FF90H 16-bit timer capture/compare register 0 IT20C | IT20C | R/W - v v 0000H

Co coL
FF91H - -
FF92H 16-bit timer capture/compare register 1 IT20C | IT20C | R/W - v v 0000H
C1 CiL
FF93H - -
FF94H Capture/compare control register IT20CCR R/W v v - 00H
FF95H Timer unit mode register IT20TUM R/W y y - O00H
FF96H Timer control register IT20TMC R/W y y - 00H
FF97H Effective edge select register IT20SESA R/W y y - 00H
FF98H Watchdog timer mode register WDTM R/W - \/ - 67H
FF99H Watchdog timer enable register WDTE R/W - y - 9AH
FF9EH 8-bit timer H compare register 00 CMPO00O R/W - y - 00H
FFOFH 8-bit timer H compare register 01 CMPO1 R/W - y - 00H
FFAOH Internal oscillation mode register RCM R/W \/ \/ - 00H
FFA1H Main clock mode register MCM R/W y y - O00H
FFA2H Main OSC control register MOC R/W y y - 00H
FFA3H Oscillation stabilization time counter status register | OSTC R y y - O00H
FFA4H Oscillation stabilization time select register OSTS R/W - y - 05H
FFAAH Noise eliminate time select register NRCA1 R/W y y - O00H
FFACH | Reset control flag register RESF R - y - 00H"""
FFBOH Real-time output buffer register OL RTBLOO R/W y y - 00H
FFB2H Real-time output buffer register OH RTBHOO0 R/W v v - O00H
FFB4H Real-time output port mode register 0 RTPMOO R/W v v - 00H
FFB5H Real-time output port control register O RTPCO00 R/W y v - O00H
FFB8H Real-time output buffer register 1L RTBLO1 R/W y y - 00H
FFBAH Real-time output buffer register 1H RTBHO1 R/W y y - O00H
FFBCH Real-time output port mode register 1 RTPMO1 R/W v v - 00H
FFBDH Real-time output port control register 1 RTPCO1 R/W y y - O00H
FFCOH Flash protect command register PFCMD w - y - Undefined
FFC2H | Flash status register PFS R/W v v - 00H
FFC4H Flash programming mode control register FLPMC R/W y - OXH"*?
Notes 1. This value varies depending on the reset source.
2. Differs depending on the operation mode.
¢ User mode: 08H
¢ On-board mode: OCH
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Table 3-3. Special Function Register List (5/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After

1 Bit 8 Bits 16 Bits Reset
FFEOH Interrupt request flag register OL IFO IFOL | RW \/ \/ V 00H
FFE1H Interrupt request flag register OH IFOH | R/'W V V O00H
FFE2H | Interrupt request flag register 1L IF1 IF1L | RW y y y OOH
FFE3H Interrupt request flag register 1H IF1H | R/'W V V 00H
FFE4H Interrupt mask flag register OL MKO | MKOL | R/W \/ y y FFH
FFE5H Interrupt mask flag register OH MKOH| R/W V V FFH
FFE6H Interrupt mask flag register 1L MK1 | MKIL| RW y y y FFH
FFE7H | Interrupt mask flag register 1H MK1H| R/W \/ y DFH
FFE8H Priority specification flag register OL PRO | PROL | R/W y y y FFH
FFE9H | Priority specification flag register OH PROH| R/W \/ v FFH
FFEAH Priority specification flag register 1L PR1 PR1L | R/W y y y FFH
FFEBH | Priority specification flag register 1H PR1H| R/W V \/ FFH
FFFOH Internal memory size switching register " IMS R/W y - CFH
FFFBH Processor clock control register PCC R/W y y - 00H
FFFDH System wait control register VSWC R/W V V - 00H

Note Because the initial value of the internal memory size switching register (IMS) is CFH, set to C8H by
initialization.
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3.3 Instruction Address Addressing

An instruction address is determined by program counter (PC) contents and is normally incremented (+1 for each
byte) automatically according to the number of bytes of an instruction to be fetched each time another instruction is
executed. When a branch instruction is executed, the branch destination information is set to the PC and branched by
the following addressing (for details of instructions, refer to 78K/0 Series Instructions User’s Manual (U12326E)).

3.3.1 Relative addressing

[Function]
The value obtained by adding 8-bit immediate data (displacement value: jdisp8) of an instruction code to the
start address of the following instruction is transferred to the program counter (PC) and branched. The
displacement value is treated as signed two’s complement data (—128 to +127) and bit 7 becomes a sign bit.
In other words, relative addressing consists of relative branching from the start address of the following
instruction to the —128 to +127 range.
This function is carried out when the BR $addr16 instruction or a conditional branch instruction is executed.

[Mustration]

15 0
PC indicates the start address

PC " of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8

15 0

PC

When S = 0, all bits of « are 0.
When S = 1, all bits of x are 1.
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3.3.2 Immediate addressing

[Function]
Immediate data in the instruction word is transferred to the program counter (PC) and branched.
This function is carried out when the CALL !addr16 or BR !addr16 or CALLF !addr11 instruction is executed.
CALL !addr16 and BR !addr16 instructions can be branched to the entire memory space. The CALLF !addr11
instruction is branched to the 0800H to OFFFH area.

[Mustration]
In the case of CALL !addr16 and BR !addr16 instructions

7 0
CALL or BR
Low Addr.
High Addr.
15 87 0

PC

In the case of CALLF !addr11 instruction

7 6 4 3 0
4{ fato-s CALLF
far-o
15 11 10 87 0

PCfO 0 O 0 1
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<R> 3.3.3 Table indirect addressing

[Function]

Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the
immediate data of an operation code are transferred to the program counter (PC) and branched.

This function is carried out when the CALLT [addr5] instruction is executed.

This instruction references the address stored in the memory table from 0040H to 007FH, which is indicated by
addr5, and allows branching to the entire memory space.

[Mustration]

15 8 7 6 5
addr5 |0 0 0 0 0 0 0O O O f tas-o
7 6 5 l 0
Operation code 1 tas-o 1
15 8 7 6 5 l
Effective address 0O 0 0o 0o 0O OO 0|0 1
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T
15 { 8 7

PC
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3.3.4 Register addressing

[Function]
Register pair (AX) contents to be specified with an instruction word are transferred to the program counter (PC)
and branched.
This function is carried out when the BR AX instruction is executed.

[lllustration]

15 8 7 0

PC
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3.4 Operand Address Addressing

The following methods are available to specify the register and memory (addressing) to undergo manipulation
during instruction execution.

3.4.1 Implied addressing

[Function]
The register that functions as an accumulator (A and AX) among the general-purpose registers is automatically
(implicitly) addressed.
Of the xPD78F0714 instruction words, the following instructions employ implied addressing.

Instruction Register to Be Specified by Implied Addressing
MULU A register for multiplicand and AX register for product storage
DIVUW AX register for dividend and quotient storage

ADJBA/ADJBS A register for storage of numeric values that become decimal correction targets

ROR4/ROL4 A register for storage of digit data that undergoes digit rotation

[Operand format]
Because implied addressing can be automatically employed with an instruction, no particular operand format is
necessary.

[Description example]
In the case of MULU X
With an 8-bit x 8-bit multiply instruction, the product of A register and X register is stored in AX. In this example,
the A and AX registers are specified by implied addressing.
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3.4.2 Register addressing

[Function]
The general-purpose register to be specified is accessed as an operand with the register bank select flags
(RBSO0 to RBS1) and the register specify codes (Rn and RPn) of an operation code.
Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]

Identifier Description
r X,A,CB,E,D,LH
p AX, BC, DE, HL

‘r and ‘rp’ can be described by absolute names (R0 to R7 and RPO to RP3) as well as function names (X, A, C,
B, E, D, L, H, AX, BC, DE, and HL).

[Description example]
MQV A, C; when selecting C register as r

Operation code 011 00 0 1 0|
L] ]

——Register specify code

INCW DE; when selecting DE register pair as rp

Operation code 1000010 0|

LLRegister specify code
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3.4.3 Direct addressing

[Function]

The memory to be manipulated is directly addressed with immediate data in an instruction word becoming an

operand address.

[Operand format]

[Description example]
MOV A, I0FEOOH; when setting !laddr16 to FEOOH

[llustration]

Identifier Description
addr16 Label or 16-bit immediate data
Operation code | 10001110 | OP code
| 00 00O OOTO0OTDP | 00H
| 11111110 | FEH
7 0
OP code

addr16 (lower)

addr16 (upper)

Memory
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3.4.4 Short direct addressing

[Function]

The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal RAM and special function registers
(SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.

The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area.
Ports that are frequently accessed in a program and compare and capture registers of the timer/event counter
are mapped in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.

When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is cleared to 0. When it is at 00H to
1FH, bit 8 is set to 1. Refer to the [lllustration].

[Operand format]
Identifier Description
saddr Immediate data that indicate label or FE20H to FF1FH
saddrp Immediate data that indicate label or FE20H to FF1EH (even address only)

[Description example]

MOV OFE30H, A; when transferring value of A register to saddr (FE30H)

Operation code |1 111 0 0 1 0| OP code
|O 011 000 O| 30H (saddr-offset)
[lllustration]
7 0
OP code

saddr-offset

]

15 8 7 0

Short direct memory

Effective address 11 1 1 1 1 1 |«

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is 00H to 1FH, o= 1
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3.4.5 Special function register (SFR) addressing

[Function]

A memory-mapped special function register (SFR) is addressed with 8-bit immediate data in an instruction word.
This addressing is applied to the 240-byte spaces FFOOH to FFCFH and FFEOH to FFFFH. However, the SFRs

mapped at FFOOH to FF1FH can be accessed with short direct addressing.

[Operand format]

Identifier

Description

sfr

Special function register name

sfrp

16-bit manipulatable special function register name (even address only)

[Description example]

MOV PMO, A; when selecting PMO (FF20H) as sfr

Operation code |1 111 0 1 1 O|
|0 01 00 0O 0|
[llustration]
7 0
OP code
sfr-offset
15 8 7

20H (sfr-offset)

SFR

Effective address 1 1 1
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3.4.6 Register indirect addressing

[Function]
Register pair contents specified by a register pair specify code in an instruction word and by a register bank
select flag (RBSO and RBS1) serve as an operand address for addressing the memory. This addressing can be
carried out for all the memory spaces.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

MOV A, [DE]; when selecting [DE] as register pair

Operation code 1000010 1
[llustration]
16 8 7 0
DE D E
The memory address
specified with the
’ Memory 0 register pair DE
The contents of the memory
addressed are transferred.
7 0
A
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3.4.7 Based addressing

[Function]

8-bit immediate data is added as offset data to the contents of the base register, that is, the HL register pair in

the register bank specified by the register bank select flag (RBS0 and RBS1), and the sum is used to address

the memory. Addition is performed by expanding the offset data as a positive number to 16 bits. A carry from

the 16th bit is ignored. This addressing can be carried out for all the memory spaces.

[Operand format]

Identifier

Description

[HL + byte]

[Description example]

MOV A, [HL + 10H]; when setting byte to 10H

[lllustration]

16

Operation code

HL

The contents of the memory
addressed are transferred.

7 Memory
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3.4.8 Based indexed addressing

[Function]
The B or C register contents specified in an instruction word are added to the contents of the base register, that
is, the HL register pair in the register bank specified by the register bank select flag (RBS0 and RBS1), and the
sum is used to address the memory. Addition is performed by expanding the B or C register contents as a
positive number to 16 bits. A carry from the 16th bit is ignored. This addressing can be carried out for all the
memory spaces.

[Operand format]

Identifier Description

- [HL + B], [HL + C]

[Description example]

In the case of MOV A, [HL + B] (selecting B register)

Operation code 101010 1 1
[lustration]
16 8 7 0
HL H L
+
7 0
B
7 Memory 0
The contents of the memory
addressed are transferred.
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3.49 Stack addressing

[Function]

The stack area is indirectly addressed with the stack pointer (SP) contents.
This addressing method is automatically employed when the PUSH, POP, subroutine call and return

instructions are executed or the register is saved/reset upon generation of an interrupt request.
With stack addressing, only the internal high-speed RAM area can be accessed.

[Description example]

In the case of PUSH DE (saving DE register)

[lustration]

SP

SP
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7 Memory 0
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Y
FEDEH l«—— FEDEH E
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CHAPTER 4 PORT FUNCTIONS

There are two types of pin 1/O buffer power supplies: AVRer and EVop. The relationship between these power

supplies and the pins is shown below.

Table 4-1. Pin I/O Buffer Power Supplies

Power Supply Corresponding Pins
AVrer P20 to P27""*
EVop Port pins other than P20 to P27

Note Connect AVRer to EVob when port 2 is used as a digital port.

uPD78F0714 products are provided with the ports shown in Figure 4-1, which enable variety of control operations.

The functions of each port are shown in Table 4-2.

In addition to the function as digital /O ports, these ports have several alternate functions.

alternate functions, see CHAPTER 2 PIN FUNCTIONS.
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Port 5

Port 6

Port 7

Figure 4-1. Port Types

~— 1 P50

~—~ P57

-~ P64

-~ P67

-—— 1 P70

- P73

P00

P03

P10

P17

P20

P27

P30

P33

P40

P47
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Table 4-2. Port Functions

Pin Name 110 Function After Reset | Alternate Function
P00 110 Port 0. Input INTPO/TWOTOFFP
PO1 4-bit I/O port. INTP1

Input/output can be specified in 1-bit units.
P02 . . . INTP2
Use of an on-chip pull-up resistor can be specified by a
P03 software setting. INTP3/ADTRG
P10 1/0 Port 1. Input -
P11 8-bit 1/0 port. _
P12 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a _
P13 software setting. RxD00
P14 TxD00
P15 SCK10
P16 S0
P17 SO10/FLMD1
P20 to P27 Input Port 2. Input ANIO to ANI7
8-bit input-only port.
P30 110 Port 3. Input BUZ
P31 4-bit I/O port. PCL
b Input/output can be specified in 1-bit units.

32 Use of an on-chip pull-up resistor can be specified by a _
P33 software setting. -
P40 to P47 110 Port 4. Input RTPOO to RTPO7

8-bit 1/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P50 110 Port 5. Input TI50/TO50
P51 8-bit I/O port. TI51/TO51
Input/output can be specified in 1-bit units.
P52 . . - TOHO/INTP4
Use of an on-chip pull-up resistor can be specified by a
P53 software setting. TIO00/INTP5
P54 TI001/TO00
P55 TIT20IUD/INTP6
P56 TIT20CUD
/TIT20CCO/INTP7
P57 TIT20CLR
/TIT20CC1
/TIT20TO
P64 to P67 110 Port 6. Input -
4-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P70 to P73 1/0 Port 7. Input -
4-bit I/0 port.

Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
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4.2 Port Configuration

Ports consist of the following hardware.

Table 4-3. Port Configuration

Item Configuration
Control registers Port mode register (PMO, PM1, PM3 to PM7)
Port register (PO to P7)
Pull-up resistor option register (PUO, PU1, PU3 to PU7)
Port Total: 48 (CMOS 1/O: 40, CMOS input: 8)
Pull-up resistor Total: 40 (software control: 40)
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421 Port0
Port 0 is a 4-bit I/0O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units

using port mode register 0 (PM0). When the P00 to PO3 pins are used as an input port, use of an on-chip pull-up

resistor can be specified by pull-up resistor option register 0 (PUO).
This port can also be used for external interrupt request input, timer output stop external signal, and A/D converter

trigger input.
RESET input sets port 0 to input mode.
Figure 4-2 shows a block diagram of port 0.

Figure 4-2. Block Diagram of P00 to P03

EVoo
™1 WRe
l PUO
© PUOO to PUO3
P-ch
Alternate
function

RD
2 o<]—o@]7
° 5 .
5, & | 2
3 I 3
IS »

WRepoRT
Output latch POO/INTPO/TWOTOFFP,
& PO1/INTP1,
(P00 to PO3) O poziinTP.
WRem PO3/INTP3/ADTRG
PMO
S PMO00 to PM03
%
PUO: Pull-up resistor option register 0
PMO: Port mode register 0
RD: Read signal
WRxx: Write signal
65
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42.2 Port1i
Port 1 is an 8-bit I/O port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units

using port mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up

resistor can be specified by pull-up resistor option register 1 (PU1).
This port can also be used for serial interface data 1/O, clock I/0, and flash memory programming mode setting.

RESET input sets port 1 to input mode.
Figures 4-3 to 4-6 show block diagrams of port 1.

Caution When P15/SCK10, P16/SI10, and P17/SO10 are used as general-purpose ports, do not write to
serial clock selection register 10 (CSIC10).

Figure 4-3. Block Diagram of P10 toP13 and P16

EVoo
™1 WReu
l PU1
& PU10 to PU13,
PU16 b—l P-ch
Alternate
function
RD
a | ‘8’
© A\ =
c [0
8 | @
£ WRProRT
Output latch P1010 P12,
1 P13/RxD00,
~ (P10 to P13, P16) ) P16/SIX10
WRem
l PM1
& PM10 to PM13,
PM16
—~_

PU1: Pull-up resistor option register 1
PM1: Port mode register 1

RD: Read signal

WRxx: Write signal
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Internal bus

Figure 4-4. Block Diagram of P14

EVoo

WReu
PU1
S PU14 ) | poch
-C
RD
S
L ~—
| o
n
WRPpoRT
A Qutput latch
O (P14) —© P14/TxD00
WRem
PM1
S PM14
Alternate
function

PU1: Pull-up resistor option register 1
PM1: Port mode register 1

RD:  Read signal
WRxx: Write signal
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68

Internal bus

Figure 4-5. Block Diagram of P15

EVop
WReu
l PU1
vapt PU15 )O Al P-ch
-C
Alternate
function
RD
5 M‘
S | o
| ©
n
WRPpoRT
A Output latch ZTY
< (P15) ] ——© P15/SCK10
WRem
PM1
S PM15
Alternate
function

PU1:  Pull-up resistor option register 1
PM1: Port mode register 1

RD: Read signal

WRxx: Write signal
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Figure 4-6. Block Diagram of P17

EVoo

<o

Selector

—© P17/SO10/FLMD1

WRxx: Write signal

M WReu
l PU1
< PU17
Alternate
function
RD
5 |
2 |
=
el
T WRPporT
£
2
=
- A Qutput latch
~ (P17)
WRem
PMH1
S PM17
Alternate
function
N
PU1: Pull-up resistor option register 1
PM1: Port mode register 1
RD:  Read signal
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423 Port2
Port 2 is an 8-bit input-only port.
This port can also be used for A/D converter analog input.
Figure 4-7 shows a block diagram of port 2.

Figure 4-7. Block Diagram of P20 to P27

RD
~_

(2]

3

Qo

©

c

2

£ A/D converter © P20/ANIO to P27/ANI7
~

RD: Read signal

<R> Caution Use P20 to P27 at EVobo = AVrer when using them in the port mode.
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424 Port3
Port 3 is a 4-bit I/0 port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units

using port mode register 3 (PM3). When used as an input port, use of an on-chip pull-up resistor can be specified by

pull-up resistor option register 3 (PU3).
This port can also be used for buzzer output, and clock output.

RESET input sets port 3 to input mode.
Figures 4-8 and 4-9 show block diagrams of port 3.

Caution Be sure to pull down P31 after reset to prevent malfunction.

Remark The P31/INTP2 and P32/INTP3 pins of the 4PD78F0714 can be used to set the on-chip debug mode
when the on-chip debug function is used. For details, see CHAPTER 26 ON-CHIP DEBUG FUNCTION.

Figure 4-8. Block Diagram of P30 and P31

EVoo
] WRPru
PU3
&S PU30, PU31
P-ch
RD
(2]
>3
2 S 3(
g = | 8
5 | 2
€ [}
WRPpoRT
Output latch
&S P30/BUZ,
© (P30, P31) —O oaipeL
WRem
PM3
S PM30, PM31
—~_
Alternate
function

PUS3: Pull-up resistor option register 3
PM3: Port mode register 3

RD:  Read signal

WRxx: Write signal
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Figure 4-9. Block Diagram of P32 and P33

EVop

© P32, P33

WReu
PU3
S PU32, PU33
P-ch
RD
[2]
=}
= 1 g C
g o | ks
o [0}
E n
WRprorT
A Output latch
~ (P32, P33)
WRem
PM3
S PM32, PM33
~_/

PU3: Pull-up resistor option register 3
PM3: Port mode register 3

RD: Read signal
WRxx: Write signal
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42,5 Port4
Port 4 is an 8-bit /0 port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units

using port mode register 4 (PM4). Use of an on-chip pull-up resistor can be specified in 1-bit units with pull-up resistor

option register 4 (PU4).
This port can also be used as real-time output ports.
RESET input sets port 4 to input mode.
Figure 4-10 shows a block diagram of port 4.

Figure 4-10. Block Diagram of P40 to P47

PM4:
RD:

Port mode register 4
Read signal

WRxx: Write signal
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EVop
™1 WReu
PU4
S PU40 to PU47
P-ch

RD
(2]
=}
5 | 5 :C
€ S 3
3 | z
IS n

WRPpoRT
8 Output latch
V (P40 to P47) —O
WRpem
PM4
S PM40 to PM47
%
Alternate
function
PU4: Pull-up resistor option register 4

P40/RTPOO-
P47/RTPO7
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42.6 Porth
Port 5 is an 8-bit I/0O port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units

using port mode register 5 (PM5). Use of an on-chip pull-up resistor can be specified in 1-bit units using pull-up
resistor option register 5 (PU5).
This port can also be used as external interrupt request input, timer 1/0.

RESET input sets port 5 to input mode.
Figures 4-11 and 4-12 show block diagrams of port 5.

Figure 4-11. Block Diagram of P50 to P52, P54, and P57

EVob
M\ WRPru
L PU5
PU50 to PU52,
~ PU54, PU57 )O—| P-ch
Alternate
function
RD
L | 2 Oﬂ OQ |
[&]
S | s
2 (%]
g WRPpoRT
£ P50/TI50/TO50,
L Output latch P51/TI51/TO51,
© (P50 to P52, P54, P57) ——©O P52/TOHO/INTP4,
P54/T1001/TO00,
WRpm P57/TIT20CLR/
PM5 TIT20CC1/TIT20TO
N PM50 to PM52,
~ PM54, PM57
Alternate
function
A

PUS5:  Pull-up resistor option register 5
PM5: Port mode register 5

RD: Read signal

WRxx: Write signal
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Internal bus

Figure 4-12. Block Diagram of P53, P55, and P56

EVoo
WRpu
l PU5
PU53, PU55,
~ PU56 )c | booh
Alternate
function
RD
5 o<]—o@]7
b :
! 3
WReoRrT
Output latch P53/TI000/INTPS5,
S P55/TIT20IUD/INTPSG,
- (PSS, PS5, P59 O psgrmiTaocuny
WRem TIT20CCO/INTP7
PM5
& PM53, PM55,
PM56

PU5:  Pull-up resistor option register 5
PM5: Port mode register 5

RD: Read signal

WRxx: Write signal

User's Manual U16928EJ2VOUD

75



CHAPTER 4 PORT FUNCTIONS

427 Portb
Port 6 is a 4-bit I/O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units

using port mode register 6 (PM6). When used as an input port, use of an on-chip pull-up resistor can be specified by
pull-up resistor option register 6 (PUB6).

RESET input sets port 6 to input mode.

Figure 4-13 shows a block diagram of port 6.

Figure 4-13. Block Diagram of P64 to P67

EVoo
] WRepu
PU6
S PU64 to PU67 ) | boch
-C
RD
[2]
>
= 5 A
gl Ak I g
2 ~ | 5
£ n
WRPoRT
A Output latch
~ (P64 to P67) © P64 to P67
WRem
PM6
S PM64 to PM67
~_

PU6: Pull-up resistor option register 6
PM6: Port mode register 6

RD:  Read signal

WRxx: Write signal
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428 Port7
Port 7 is an 4-bit 1/0 port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units

using port mode register 7 (PM7). When the P70 to P73 pins are used as an input port, use of an on-chip pull-up
resistor can be specified by pull-up resistor option register 7 (PU7).

RESET input sets port 7 to input mode.

Figure 4-14 shows a block diagram of port 7.

Figure 4-14. Block Diagram of P70 to P73

EVop
N\
WRpru
PU7
S PU70 to PU73 ) | boch
-C

RD
)
3
2 5 O(
£ & | 38
g | 3
S »

WReporT
Vany Output latch
~ (P70 to P73) © P70 to P73
WRpm
PM7
& PM70 to PM73
NS

PU7: Pull-up resistor option register 7
PM7: Port mode register 7

RD: Read signal

WRxx: Write signal
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4.3 Registers Controlling Port Function

Port functions are controlled by the following three types of registers.

¢ Port mode registers (PMO, PM1, PM3 to PM7)
e Port registers (PO to P7)
o Pull-up resistor option registers (PUO, PU1, PU3 to PU7)

(1) Port mode registers (PMO0, PM1, PM3 to PM7)
These registers specify input or output mode for the port in 1-bit units.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets these registers to FFH.

When port pins are used as alternate-function pins, set the port mode register and output latch as shown in Table

4-4.
Figure 4-15. Format of Port Mode Register
Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
mo | 1+ | 1 | 1 | 1 | Pmos | Pmo2 | Pmo1 | Pmoo | Fr2oH FFH R/W
7 6 5 4 3 2 1 0
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | Pmi2 | Pm11 | Pm1o | FF21H FFH R/W
7 6 5 4 3 2 1 0
Pms | 1 | 1 | 1 | 1 | Pvss | pms2 | Pms1 | Pmao | FrasH FFH RIW
7 6 5 4 3 2 1 0
PM4 | PM47 | PMas | PMas | PM44 | PM4as | Pm42 | PMat | Pmao | Fraan FFH R/W
7 6 5 4 3 2 1 0
PMs | PM57 | PMs6 | PMs5 | PMs4 | PMs3 | PMs2 | PMmst | Pmso | FFesH FFH R/W
7 6 5 4 3 2 1 0
PMe | PMe7 | Pmes | Pmes | Pmesa | 1 | 1 | 1 | 1 | Freen FFH R/W
7 6 5 4 3 2 1 0
vz | 1 | 1 | 1 | 1 | pwra | pvr2 | M7t | Pm7o | FRe7H FFH R/W
PMmn Pmn pin I/O mode selection

(m=0,1,3t07;n=0t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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Table 4-4. Settings of Port Mode Register and Output Latch When Using Alternate Function

Pin Name Alternate Function PMxx Pxx
Function Name 110

P00 INTPO Input 1 x
TWOTOFFP Input 1 X
PO1 INTP1 Input 1 x
P02 INTP2 Input 1 X
P03 INTP3 Input 1 X
ADTRG Input 1 X
P13 RxD00 Input 1 X
P14 TxDO0O0 Output 0 1
P15 SCK10 Input 1 X
Output 0 1
P16 SI10 Input 1 X
P17 SO10 Output 0 0
FLMD1 Input 1 X
P20-P27 ANIO-ANI7 Input 1 X
P30 BUZ Output 0 0
P31 PCL Output 0 0
P40-P47 RTPO0-RTPO7 Output 0 0
P50 TI50 Input 1 X
TO50 Output 0 0
P51 TI51 Input 1 x
TO51 Output 0 0
P52 INTP4 Input 1 X
TOHO Output 0 0
P53 INTP5 Input 1 X
TI000 Input 1 X
P54 TI001 Input 1 X
TO00 Output 0 0
P55 INTP6 Input 1 X
TIT201UD Input 1 X
P56 INTP7 Input 1 X
TIT20CUD Input 1 X
TIT20CCO Input 1 X
P57 TIT20CCA1 Input 1 X
TIT20CLR Input 1 X
TIT20TO Output 0 0

Remark x: Don’t care

PMxx: Port mode register

Pxx:

Port output latch
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(2) Port registers (PO to P7)
These registers write the data that is output from the chip when data is output from a port.
If the data is read in the input mode, the pin level is read. If it is read in the output mode, the value of the output
latch is read.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H (but P2 is undefined).

Figure 4-16. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
po| o | o | o | o | poa | P2 | Po1 | Poo | FFOOH  0OH (outputlatch) RMW
7 6 5 4 3 2 1 0
Pt | P17 | P16 | P15 | P4 | P13 | P12 | P11 | P10 | FFOIH  0OH (outputlaich) RW
7 6 5 4 3 2 1 0
P2 | P27 | P26 | P2s | P24 | P23 | P22 | P21 | P20 | FFozH Undefined R
7 6 4 3 2 1 0
P o | o | o | o | pss | P2 | Pa1 | Ps0 | FFOBH  0OH (outputlaich) RMW
7 6 5 4 3 2 1 0
Pa | P47 | Pas | Pas | Pas | Pas | Pa2 | P41 | P40 | FFO4H  OOH (outputlatch) RMW
7 6 5 4 3 2 1 0
Ps | P57 | Pse | Pss | Psa | P53 | Ps2 | P51 | P50 | FFOSH  OOH (outputlatch) R/
7 6 5 4 3 2 1 0
P6 | P67 | Pes | Pes | Pesa | o | o | o | o | FFOBH  0OH (outputlatch) RMW
7 6 5 4 3 2 1 0
P o | o | o | o | P | P2 | Pr1 | Pro | FFO7H  00H (outputlatch) RMW
Pmn m=0to7;n=0to7
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

80 User's Manual U16928EJ2V0UD



CHAPTER 4 PORT FUNCTIONS

(3) Pull-up resistor option registers (PUO, PU1, and PU3 to PU7)
These registers specify whether the on-chip pull-up resistors of P00 to P03, P10 to P17, P30 to P33, P40 to P47,
P50 to P57, P64 to P67, P70 to P73 are to be used or not. On-chip pull-up resistors can be used in 1-bit units
only for the bits set to input mode of the pins to which the use of an on-chip pull-up resistor has been specified.
On-chip pull-up resistors cannot be connected for bits set to output mode and bits used as alternate-function
output pins, regardless of the settings of PUO, PU1, and PU3 to PU7.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears these registers to 00H.

Figure 4-17. Format of Pull-up Resistor Option Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
oo [ o | o | o | o | Puos | Puoz | Puot | Puoo | FFaoH  ooH RIW
7 6 5 4 3 2 1 0
PUt | PU17 | Pute | Puts | Puta | Puts | Putz | Putt | Put0 | FFatH 00H R/W
7 6 5 4 3 2 1 0
Pus | o | o | o | o | puss| pus2 | Pust | PUsD | FF3aH 00H R/W
7 6 5 4 3 2 1 0
PU4 | Pu47 | Puss | Puas | Puss | Puss | Puse | Pust | Puso | Fraan 00H RIW
7 6 5 4 3 2 1 0
PUs | Pus7 | Puse | Puss | Pusa | Puss | Pus2 | Pust | Puso | FrasH 00H RIW
7 6 5 4 3 2 1 0
Pus | Pus7 | Puss | Puss | Pusa | o | o | o | o | Fraen 00H RIW
7 6 5 4 3 2 1 0
Piz | o | o | o | o | purms | pura | purt | Puro | Fra7H 00H R/W
PUmn Pmn pin on-chip pull-up resistor selection

(m=0,1,3t07;n=0t07)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.

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

4.41 Writing to I/O port

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

(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.

4.4.2 Reading from I/O port

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

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

4.4.3 Operations on /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.
The data of the output latch is cleared by reset.

(2) Input mode

The pin level is read and an operation is performed on its contents. The result of the operation is written to the
output latch, but since the output buffer is off, the pin status does not change.
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<R>

4.5 Cautions on 1-Bit Manipulation Instruction for Port Register n (Pn)

When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the
output latch value of an input port that is not subject to manipulation may be written in addition to the targeted bit.
Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

<Example>  When P10 is an output port, P11 to P17 are input ports (all pin statuses are high level), and the port
latch value of port 1 is O0H, if the output of output port P10 is changed from low level to high level
via a 1-bit manipulation instruction, the output latch value of port 1 is FFH.

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the
output latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the 4PD78F0714.
<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.
In step <1>, the output latch value (0) of P10, which is an output port, is read, while the pin statuses
of P11 to P17, which are input ports, are read. If the pin statuses of P11 to P17 are high level at
this time, the read value is FEH.
The value is changed to FFH by the manipulation in <2>.
FFH is written to the output latch by the manipulation in <3>.

Figure 4-18. Bit Manipulation Instruction (P10)
1-bit manipulation
P10 @ instruction P10 @
g (set1 P1.0) —
Low-level output is executed for P10 High-level output
bit.
P11to P17 O :> P11 to P17 O

Pin status: High-level

Port 1 output latch

[ofofofoefo]ofo]

Pin status: High-level

Port 1 output latch

EEENERENERERENED

<2> Set the P10 bitto 1.

in 8-bit units.

1-bit manipulation instruction for P10 bit

<1> Port register 1 (P1) is read in 8-bit units.
e In the case of P10, an output port, the value of the port output latch (0) is read.
e In the case of P11 to P17, input ports, the pin status (1) is read.

<3> Write the results of <2> to the output latch of port register 1 (P1)
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CHAPTER 5 CLOCK GENERATOR

Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.

The following two system clock oscillators are available.

e X1 oscillator
The X1 oscillator oscillates a clock of fxr = 5.0 to 20.0 MHz. Oscillation can be stopped by executing the STOP
instruction or setting the main OSC control register (MOC) and processor clock control register (PCC).

e Internal oscillator

The Internal oscillator oscillates a clock of fr = 240 kHz (TYP.). Oscillation can be stopped by setting the

internal oscillation mode register (RCM) when “Can be stopped by software” is set by an option byte and the X1

input clock is used as the CPU clock.

Remarks 1. fxr: X1 input clock oscillation frequency

2. fr:

internal oscillation clock frequency

5.2 Configuration of Clock Generator

84

The clock generator consists of the following hardware.

Table 5-1. Configuration of Clock Generator

ltem

Configuration

Control registers

Processor clock control register (PCC)

Internal oscillation mode register (RCM)

Main clock mode register (MCM)

Main OSC control register (MOC)

Oscillation stabilization time counter status register (OSTC)
Oscillation stabilization time select register (OSTS)

System wait control register (VSWC)

Oscillator

X1 oscillator
Internal oscillator
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Figure 5-1. Block Diagram of Clock Generator

g Internal bus
Main OSC Main clock Oscillation Processor clock
. stabilization time )
ﬁ ?ggigtoelr mode register select register control register
(MOC) (MCM) (OSTS) (PCC)
MSTOP MCS [MCMO 0STS2|0STS1|0STSO PCC2|PCC1|PCCO
——z— e
X1 oscillation 8
STOP ™| stabilization time counter Controller
‘—;—t—;—l Oscillation
tabilization
MOST|MOST [MOST | MOST|MOST ftime counter
113 ] 14| 15| 16 |stats
? T ¥ ¥ ¥ register
(OSTC)
X1 ©—
; fx
X206 X1 oscillator | Operation Prescaler
clock switch
N [T 0 B
2| 22| 22 2 fepu
S
Internal g
oscillator R @
. (/J
Prescaler
Clock to peripheral
hardware
Option byte
(LSROSC) .
1: Cannot be stopped Prescaler
0: Can be stopped 8-bit timer 51,

Internal oscillation
mode register (RCM)

RSTOP

—

watchdog timer

Internal bus
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5.3 Registers Controlling Clock Generator
The following seven registers are used to control the clock generator.

e Processor clock control register (PCC)

e Internal oscillation mode register (RCM)

e Main clock mode register (MCM)

e Main OSC control register (MOC)

e Oscillation stabilization time counter status register (OSTC)
¢ Oscillation stabilization time select register (OSTS)

e System wait control register (VSWC)

(1) Processor clock control register (PCC)
The PCC register is used to set the CPU clock division ratio.
The PCC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears PCC to 00H.

Figure 5-2. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
PCC 0 0 0 0 0 PCC2 PCC1 PCCO
PCC2 PCCA1 PCCO CPU clock (fcru) selection
MCMO =0 MCMO = 1
0 0 0 fx fr fxp
0 0 1 fx/2 fr/2 fxp/2
0 1 0 fx/2? e fxp/2*
0 1 1 fx/2° e fxp/2°
1 0 0 fx/2* e fxp/2'
Other than above Setting prohibited

Note Setting prohibited.
Caution Be sure to clear bit 3 to 7 to 0.

Remarks 1. MCMO: Bit 0 of main clock mode register (MCM)
2. fx: Main system clock oscillation frequency (X1 input clock oscillation frequency or internal
oscillation clock frequency)
3. fr: Internal oscillation clock frequency
4. fxp: X1 input clock oscillation frequency
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The fastest instruction can be executed in 2 clocks of the CPU clock in the yPD78F0714. Therefore, the
relationship between the CPU clock (fcpu) and minimum instruction execution time is as shown in the Table 5-2.

Table 5-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcru) Minimum Instruction Execution Time: 2/fcru
X1 Input Clock™*" Internal Oscillation Clock™™"
At 20 MHz Operation | At 16 MHz Operation At 240 kHz (TYP.) Operation
fx 0.1 us 0.125 us 8.3 us (TYP.)
fx/2 0.2 us 0.25 us 16.6 us (TYP.)
fx/2? 0.4 us 0.5 us Note2
fx/2° 0.8 us 1.0 us Mote
fx/2* 1.6 us 2.0 us Mote

Notes 1. The main clock mode register (MCM) is used to set the CPU clock (X1 input clock/internal oscillation
clock) (see Figure 5-4).
2. Setting prohibited.

(2) Internal oscillation mode register (RCM)
This register sets the operation mode of internal oscillator.
This register is valid when “Can be stopped by software” is set for internal oscillator by an option byte, and the X1
input clock is selected as the CPU clock. If “Cannot be stopped” is selected for internal oscillator by an option
byte, settings for this register are invalid.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Figure 5-3. Format of Internal Oscillation Mode Register (RCM)

Address: FFAOH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
RCM 0 0 0 0 0 0 0 RSTOP
RSTOP Internal oscillator oscillating/stopped
0 Internal oscillator oscillating
1 Internal oscillator stopped

Caution Make sure that the bit 1 (MCS) of the main clock mode register (MCM) is 1 before
setting RSTOP.
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(3) Main clock mode register (MCM)

88

This register sets the CPU clock (X1 input clock/internal oscillation clock).
MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 5-4. Format of Main Clock Mode Register (MCM)

Address: FFA1H  After reset: 00H R/W"™*

Symbol 7 6 5 4 3 2 <1> <0>
MCM 0 0 0 0 0 0 MCS MCMO
MCS CPU clock status
0 Operates with internal oscillation clock
1 Operates with X1 input clock
MCMO Selection of source clock to CPU
0 Internal oscillation clock
1 X1 input clock

Note Bit 1 is read-only.

Caution When internal oscillation clock is selected as the source clock to the CPU, the
divided clock of the internal oscillator output (fx) is supplied to the peripheral

hardware (fx = 240 kHz (TYP.)).

Operation of the peripheral hardware with internal oscillation clock cannot be
guaranteed. Therefore, when internal oscillation clock is selected as the source
clock to the CPU, do not use peripheral hardware. In addition, stop the peripheral
hardware before switching the source clock to the CPU from the X1 input clock to
the internal oscillation clock. Note, however, that the following peripheral hardware
can be used when the CPU operates on the internal oscillation clock.

e Watchdog timer
e 8-bit timer 51 when fr/2’ is selected as count clock

e Peripheral hardware selecting external clock as the clock source
(Except when external count clock of 16-bit up/down counter ITENC20 or 16-

bit timer/event counter 00 is selected)
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(4) Main OSC control register (MOC)
This register selects the operation mode of the X1 input clock.
This register is used to stop the X1 oscillator operation when the CPU is operating with the internal oscillation
clock. Therefore, this register is valid only when the CPU is operating with the internal oscillation clock.
MOC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 5-5. Format of Main OSC Control Register (MOC)

Address: FFA2H  After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 0 0 0
MSTOP Control of X1 oscillator operation
0 X1 oscillator operating
1 X1 oscillator stopped

Caution Make sure that bit 1 (MCS) of the main clock mode register (MCM) is 0 before setting
MSTOP.
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(5) Oscillation stabilization time counter status register (OSTC)
This is the status register of the X1 input clock oscillation stabilization time counter. If the internal oscillation clock
is used as the CPU clock, the X1 input clock oscillation stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset is released (reset by RESET input, POC, LVI, and WDT), the STOP instruction, MSTOP = 1 clear
OSTC to 00H.

Figure 5-6. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0
OSTC 0 0 0 MOST11 MOST13 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status

fxr = 20 MHz

1 0 0 0 0 2"/fxp min, 102.4 us min.

1 1 0 0 0 2"/fxp min. 409.6 us min.

1 1 1 0 0 2"/fxp min, 819.2 us min.

1 1 1 1 0 2"/fxe min. 1.64 ms min.

1 1 1 1 1 2"/fxp min, 3.27 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.
2. If the STOP mode is entered and then released while the internal oscillation clock
is being used as the CPU clock, set the oscillation stabilization time as follows.
e Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
The X1 oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. Note, therefore, that only the status up to the
oscillation stabilization time set by OSTS is set to OSTC after STOP mode is
released.
3. The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether
STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pin voltage l
waveform

Remark fxp: X1 input clock oscillation frequency
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(6) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 oscillation stabilization wait time when STOP mode is released.

The wait time set by OSTS is valid only after STOP mode is released with the X1 input clock selected as CPU
clock. After STOP mode is released with internal oscillation clock selected as CPU clock, the oscillation
stabilization time must be confirmed by OSTC.

OSTS can be set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 05H.

Figure 5-7. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTSH1 OSTS0
0OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection

fxr = 20 MHz
0 0 1 2" /ixp 102.4 us
0 1 0 2%/fxp 409.6 us
0 1 1 2"/xp 819.2 us
1 0 0 2%fxp 1.64 ms
1 0 1 2"/fxp 3.27 ms
Other than above Setting prohibited
Cautions 1. If the STOP mode is entered and then released while the internal oscillation

clock is being used as the CPU clock, set the oscillation stabilization time as
follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time

set by OSTS

The X1 oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. Note, therefore, that only the status up to the
oscillation stabilization time set by OSTS is set to OSTC after STOP mode is
released.
The wait time when STOP mode is released does not include the time after STOP
mode release until clock oscillation starts (“a” below) regardless of whether
STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pinvoltage | l
waveform

Remark fxp: X1 input clock oscillation frequency
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(7) System wait control register (VSWC)
This register is used to control wait states when a high-speed CPU and a low-speed peripheral I/O are connected.
VSWC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Figure 5-8. Format of System Wait Control Register (VSWC)

Address: FFFDH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
VSWC 0 0 0 0 0 0 PDW1 0
PDW1 Control of system clock data wait
0 No wait
1 Two wait states inserted

Cautions 1. Be sure to insert two wait states if the minimum instruction execution time is
0.125 us or less (fxr = 16 MHz or more).
2. Be sure to clear bits 0 and 2 to 7 to 0.
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5.4 System Clock Oscillator

5.4.1 X1 oscillator
The X1 oscillator oscillates with a crystal resonator or ceramic resonator (Standard: 20 MHz) connected to the X1

and X2 pins.

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

inverse signal to the X2 pin.
Figure 5-9 shows examples of the external circuit of the X1 oscillator.

Caution

Figure 5-9. Examples of External Circuit of X1 Oscillator

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

Vss

1

' 1 X External

' — clock X1
a T

X2

Crystal resonator or X2
ceramic resonator

When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the

Figure 5-9 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.

e Always make the ground point of the oscillator capacitor the same potential as VSS. Do not

ground the capacitor to a ground pattern through which a high current flows.
¢ Do not fetch signals from the oscillator.
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5.4.2 Examples of Incorrect Resonator Connection
Figure 5-10 shows examples of incorrect resonator connection.

Figure 5-10. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line

PORT

X2

= =

(c) Wiring near high alternating current (d) Current flowing through ground line of oscillator

(potential at points A, B, and C fluctuates)

Vop

Pmn
X2

PD% — v
4 N

Vs

S X1 X2
-
A TB TC
7-7-l High current

A

A

High current
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Figure 5-10. Examples of Incorrect Resonator Connection (2/2)

(e) Signals are fetched

Vs! X2

Vo
T

[

5.4.3 Internal oscillator

Internal oscillator is incorporated in the xPD78F0714.

“Can be stopped by software” or “Cannot be stopped” can be selected by an option byte. The internal oscillation
clock always oscillates after RESET release (240 kHz (TYP.)).

5.4.4 Prescaler
The prescaler generates various clocks by dividing the X1 oscillator output when the X1 input clock is selected as

the source clock to the CPU.

Caution When the internal oscillation clock is selected as the source clock to the CPU, the prescaler
generates various clocks by dividing the internal oscillator output (fx = 240 kHz (TYP.)).
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5.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode.

e X1 input clock fxp

¢ Internal oscillation clock fr

e CPU clock fcru

o Clock to peripheral hardware

The CPU starts operation when the on-chip internal oscillator starts outputting after reset release in the
uPD78F0714, thus enabling the following.

(1) Enhancement of security function
When the X1 input clock is set as the CPU clock by the default setting, the device cannot operate if the X1 input
clock is damaged or badly connected and therefore does not operate after reset is released. However, the start
clock of the CPU is the on-chip internal oscillation clock, so the device can be started by the internal oscillation
clock after reset release. Consequently, the system can be safely shut down by performing a minimum operation,
such as acknowledging a reset source by software or performing safety processing when there is a malfunction.

(2) Improvement of performance
Because the CPU can be started without waiting for the X1 input clock oscillation stabilization time, the total
performance can be improved.
A timing diagram of the CPU default start using internal oscillator is shown in Figure 5-11.
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X1 input clock

(fxp)

Internal oscillation | | |
clock (fr) -
RESET _| i

Figure 5-11. Timing Diagram of CPU Default Start Using Internal Oscillator

Switched by software

i

CPU clock —< Internal oscillation clock ; X1 input clock >

' Operation
stopped: 17/fr

' X1 oscillation stabilization time: 2'"/fxe to 2'¢/fxee®

Note Check using the oscillation stabilization time counter status register (OSTC).

(a)

()

(e)

When the RESET signal is generated, bit 0 of the main clock mode register (MCM) is cleared to 0 and the
internal oscillation clock is set as the CPU clock. However, a clock is supplied to the CPU after 17 clocks of
the internal oscillation clock have elapsed after RESET release (or clock supply to the CPU stops for 17
clocks). During the RESET period, oscillation of the X1 input clock and internal oscillation clock is stopped.
After RESET release, the CPU clock can be switched from the internal oscillation clock to the X1 input clock
using bit 0 (MCMO) of the main clock mode register (MCM) after the X1 input clock oscillation stabilization
time has elapsed. At this time, check the oscillation stabilization time using the oscillation stabilization time
counter status register (OSTC) before switching the CPU clock. The CPU clock status can be checked using
bit 1 (MCS) of MCM.

Internal oscillator can be set to stopped/oscillating using the internal oscillation mode register (RCM) when

“Can be stopped by software” is selected for the internal oscillation clock by an option byte, if the X1 input
clock is used as the CPU clock. Make sure that MCS is 1 at this time.

When internal oscillation clock is used as the CPU clock, the X1 input clock can be set to stopped/oscillating
using the main OSC control register (MOC). Make sure that MCS is 0 at this time.

The oscillation stabilization time (2"'/ixe, 2"/fxp, 2"/fxp, 2"/fxp, 2'°/fxF) selected by the oscillation stabilization
time select register (OSTS) is secured when releasing STOP mode while the X1 input clock is being used as
the CPU clock.

In addition, when RESET is released, and when the STOP mode is released while the internal oscillation
clock is being used as the CPU clock, there is no oscillation stabilization time wait.

When switching to the X1 input clock as the CPU clock, check the oscillation stabilization time by using the
oscillation stabilization time counter status register (OSTC).
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A status transition diagram of this product is shown in Figure 5-12, and the relationship between the operation
clocks in each operation status and between the oscillation control flag and oscillation status of each clock are shown
in Tables 5-3 and 5-4, respectively.

Figure 5-12. Status Transition Diagram (1/2)

(1) When “Internal oscillator can be stopped by software” is selected by option byte

HALTNote 4
HALT instruction

Interrupt
Interrupt Interrupt :::tﬂction
HALT HALT Interrupt

instruction instruction

Status 4
CPU clock: fxp

RSTOP =0 Status 3 MCMO =0 Status 2 MSTOP = 1Vote? Status 1

- clock: | CPU clock: fxp CPU clock: fa CPU clock: fa
fie: Oscillating fxe: Oscillating fxp: Oscillating fxe: Oscillation stopped
fr: Oscillation stopped RSTOP = 1Note! fR: Oscillating MCMO = 1Nete2 fa: Oscillating MSTOP =0 fr: Osci”ating
STOP
instruction

Interrupt

Interrupt STOP
nterupt STOP instruction
instruction Interrupt
STOP

instruction
STOPNote4

Reset release

ResetM°tes

Notes 1. When shifting from status 3 to status 4, make sure that bit 1 (MCS) of the main clock mode register
(MCM) is 1.

2. Before shifting from status 2 to status 3 after reset and STOP are released, check the X1 input clock
oscillation stabilization time status using the oscillation stabilization time counter status register
(OSTC).

3. When shifting from status 2 to status 1, make sure that MCS is 0.

4. When “Internal oscillator can be stopped by software” is selected by an option byte, the watchdog
timer stops operating in the HALT and STOP modes, regardless of the source clock of the watchdog
timer. However, oscillation of internal oscillator does not stop even in the HALT and STOP modes if
RSTOP = 0.

5. All reset sources (RESET input, POC, LVI, and WDT)
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Notes 1.

Figure 5-12. Status Transition Diagram (2/2)

(2) When “Internal oscillator cannot be stopped” is selected by option byte

HALT ; i
Interrupt Interrupt instruction HALT instruction

HALT Interrupt
instruction

Status 3 MCMO = 0 Status 2 MSTOP = {Note2 Status 1
CPU clock: fxp CPU clock: fr CPU clock: fr
fxp: Oscillating fxe: Oscillating fxe: Oscillation stopped
fr: Oscillating MCMOQ = {Nete fr: Oscillating MSTOP =0 fr: Oscillating
STOP
Int ; instruction
nterrup
STOP sToP| |Interrupt Interrupt
instruction instruction

STOPNete3 Reset release

Before shifting from status 2 to status 3 after reset and STOP are released, check the X1 input clock

oscillation stabilization time status using the oscillation stabilization time counter status register

(OSTC).
2. When shifting from status 2 to status 1, make sure that MCS is 0.

3. The watchdog timer operates using Internal oscillation clock even in STOP mode if “Internal oscillator
cannot be stopped” is selected by an option byte. Internal oscillation clock division can be selected

as the count source of 8-bit timer 51 (TM51), so clear the watchdog timer using the TM51 interrupt
request before watchdog timer overflow. If this processing is not performed, an internal reset signal

is generated at watchdog timer overflow after STOP instruction execution.
4. All reset sources (RESET input, POC, LVI, and WDT)
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Table 5-3. Relationship Between Operation Clocks in Each Operation Status

Status X1 Oscillator Internal Oscillator CPU Clock After Prescaler Clock
o ) MSTOP = 0|/MSTOP = 1| Note 1 Note 2 Release Supplied to Peripherals
peration
Mode RSTOP = 0|RSTOP =1 MCMO =0 | MCMO =1
Reset Stopped Stopped Internal oscillation Stopped
clock
STOP Oscillating | Oscillating | Stopped Note 5 Stopped
HALT Oscillating | Stopped ot Note 6 Internal X1
Note oscillation
clock
Notes 1. When “Cannot be stopped” is selected for internal oscillator by an option byte.
2. When “Can be stopped by software” is selected for internal oscillator by an option byte.
3. Only when internal oscillator is oscillating.
4. Only when X1 oscillator is oscillating.
5. Operates using the CPU clock at STOP instruction execution.
6. Operates using the CPU clock at HALT instruction execution.
Caution The RSTOP setting is valid only when “Can be stopped by software” is set for internal oscillator by
an option byte.
Remark MSTOP: Bit 7 of the main OSC control register (MOC)
RSTOP: Bit 0 of the internal oscillation mode register (RCM)
MCMO: Bit 0 of the main clock mode register (MCM)
Table 5-4. Oscillation Control Flags and Clock Oscillation Status
X1 Oscillator Internal Oscillator
MSTOP =1 RSTOP =0 | Stopped Oscillating
RSTOP =1 Setting prohibited
MSTOP =0 RSTOP =0 | Oscillating Oscillating
RSTOP =1 Stopped
Caution The RSTOP setting is valid only when “Can be stopped by software” is set for internal
oscillator by an option byte.
Remark MSTOP: Bit 7 of the main OSC control register (MOC)
RSTOP: Bit 0 of the internal oscillation mode register (RCM)
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5.6 Time Required to Switch Between Internal Oscillation Clock and X1 Input Clock

Bit 0 (MCMO) of the main clock mode register (MCM) is used to switch between the internal oscillation clock and
X1 input clock.

In the actual switching operation, switching does not occur immediately after MCMO rewrite; several instructions
are executed using the pre-switch clock after switching MCMO (see Table 5-5).

Bit 1 (MCS) of MCM is used to judge that operation is performed using either the internal oscillation clock or X1
input clock.

To stop the original clock after switching the clock, wait for the number of clocks shown in Table 5-5.

Table 5-5. Maximum Time Required to Switch Between Internal Oscillation Clock and X1 Input Clock

PCC Time Required for Switching
PCC2 PCC1 PCCO X1— Internal Oscillation Clock Internal
Oscillation
Clock — X1
0 0 0 fxe/fa + 1 clock 2 clocks
0 0 1 fxe/2fr + 1 clock

Caution To calculate the maximum time, set fr = 120 kHz.

Remarks 1. PCC: Processor clock control register
2. fxp: X1 input clock oscillation frequency
3. fr: Internal oscillation clock frequency
4. The maximum time is the number of clocks of the CPU clock before switching.
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5.7 Time Required for CPU Clock Switchover

The CPU clock can be switched using bits 0 to 2 (PCCO to PCC2) of the processor clock control register (PCC).
The actual switchover operation is not performed immediately after rewriting to the PCC; operation continues on
the pre-switchover clock for several instructions (see Table 5-6).

Table 5-6. Maximum Time Required for CPU Clock Switchover

Set Value Before Set Value After Switchover
Switchover
PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO | PCC2 | PCC1 | PCCO
0 0 0 0 0 1 0 1 0 0 1 1 1 0 0

0 0 0 16 clocks 16 clocks 16 clocks 16 clocks

0 0 1 8 clocks 8 clocks 8 clocks 8 clocks

0 1 0 4 clocks 4 clocks 4 clocks 4 clocks

0 1 1 2 clocks 2 clocks 2 clocks 2 clocks

1 0 0 1 clock 1 clock 1 clock 1 clock

Caution Setting the following values is prohibited when the CPU operates on the internal oscillation

clock.

e PCC2, PCC1,PCC0=0,1,0
e PCC2, PCC1,PCC0=0,1,1
e PCC2, PCC1,PCC0=1,0,0

Remark The maximum time is the number of clocks of the CPU clock before switching.
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5.8 Clock Switching Flowchart and Register Setting

5.8.1 Switching from internal oscillation clock to X1 input clock

Figure 5-13 Switching from Internal Oscillation Clock to X1 Input Clock (Flowchart)

Register initial
value after reset

Internal oscillation
clock operation

X1 input clock
operation

After reset release

PCC = 00H
RCM = 00H
MCM = 00H
MOC = 00H
OSTC = 00H
OSTS = 05H""

Each processing

X1 oscillation stabilization
time has not elapsed

OSTC checkN®

PCC setting

Internal oscillation
clock operation
(dividing set PCC)

MCMO « 1

X1 input clock operation

; fopu =1r

; Enable internal oscillator oscillation

; Internal oscillation clock operation

; X1 oscillation

; Oscillation stabilization time status register
; Oscillation stabilization time fxe/2'®

; X1 oscillation stabilization time status check

X1 oscillation stabilization time has elapsed

< ———— MCM.1 (MCS) is changed from 0 to 1

Note Check the oscillation stabilization wait time of the X1 oscillator after reset release using the OSTC register
and then switch to the X1 input clock operation after the oscillation stabilization wait time has elapsed. The
OSTS register setting is valid only after STOP mode is released by interrupt during X1 input clock operation.
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5.8.2 Switching from X1 input clock to internal oscillation clock

Figure 5-14 Switching from X1 Input Clock to Internal Oscillation Clock (Flowchart)

X1 input
clock operation

Internal oscillation
clock operation

Register setting
in X1 input
clock operation

Yes: RSTOP =1

MCM = 03H

RCM.oNete
(RSTOP) = 12

MCMO « 0

; X1 input clock operation

; Internal oscillator oscillating?

No: RSTOP =0

; Internal oscillation clock operation

< ————3 MCM.1 (MCS) is changed from 1 to 0

Internal oscillation clock operation

Note Required only when “clock can be stopped by software” is selected for internal oscillator by an option byte.
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5.8.3 Register settings

The table below shows the statuses of the setting flags and status flags when each mode is set.

Table 5-7. Clock and Register Setting

feeu Mode Setting Flag Status Flag
MCM Register | MOC Register | RCM Register | MCM Register
MCMO MSTOP RSTOP"*! MCS
X1 input clock™*? Internal oscillator oscillating 1 0 0 1
Internal oscillator stopped 1 0 1 1
Internal oscillation X1 oscillating 0 0 0 0
clock X1 stopped 0 1 0 0
Notes 1. Valid only when “clock can be stopped by software” is selected for internal oscillator by an option byte.

2. Do not set MSTOP = 1 during X1 input clock operation (even if MSTOP = 1 is set, the X1 oscillation does

not stop).
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6.1 Outline of 10-Bit Inverter Control Timer

The 10-bit inverter control timer makes inverter control possible. It consists of an 8-bit dead-time generation timer,

and allows non-overlapping active-level output.

6.2 Function of 10-Bit Inverter Control Timer

The 10-bit inverter control timer realizes inverter control. It incorporates an 8-bit timer for dead time generation and
can output waveforms that do not overlap active levels. A total of six positive phase and negative phase channels are
output. In addition, an active level change function and output off function by external input (TWOTOFFP) are

provided.

6.3 Configuration of 10-Bit Inverter Control Timer

The 10-bit inverter control timer includes the following hardware.

Table 6-1. Configuration of 10-Bit Inverter Control Timer

Iltem

Function

Timer counter

10-bit up/down counter x 1 (TWOUDC)
Dead-time timers x 3 (DTMO, DTM1, DTM2)
Buffer transfer control timer x 1 (RTMO)

Register

10-bit compare registers x 6 (TWOCMO to TWOCMS5)
10-bit buffer registers x 6 (TWOBFCMO to TWOBFCM5)
Dead-time reload register x 1 (TWODTIME)

Timer output

6 (TWOTOO, TWOTO1, TWOTO2, TWOTO3, TWOTO4, TWOTOS)

Control registers

Inverter timer control register (TWOC)

Inverter timer mode register (TWOM)

A/D trigger selection register (TWOTRGS)
Inverter timer output control register (TWO0OC)
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Figure 6-1. Block Diagram of 10-Bit Inverter Control Timer
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(1)
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4
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10-bit up/down counter (TWOUDC)

TWOUDC is a 10-bit up/down counter that counts count pulses in synchronization with the rising edge of the
count clock. When the timer starts, the number of count pulse count is incremented from 0, and when the value
preset to compare register 3 (TWOCM3) and TWOUDC count value match, it is switched to the count down
operation.

An underflow signal is generated if the value becomes 000H during the count down operation and interrupt
request signal INTTWOUD is generated. When an underflow occurs, it is switched from the count down operation
to the count up operation. INTTWOUD is normally generated at every underflow but the number of occurrences
can be divided by the IDEV0O to IDEVO02 bits of inverter timer control register (TWOC).

TWOUDC cannot be read/written.

The cycle of TWOUDC is controlled by TMOCMS3.

The count clock can be selected from 6 types: fx, fx/2, fx/4, fx/8, fx/16, fx/32.

RESET input or clearing the CEO bit of TWOC7 sets TWOUDC to 000H.

10-bit compare registers 0 to 2 (TWOCMO to TWO0CM2)

TWOCMO to TWOCM2 are 10-bit compare registers that always compare their own value with that of TWOUDC,
and if they match, the contents of the flip-flops are changed.

Each of TWOCMO to TWOCM2 are provided with a buffer register (TWOBFCMO to TWOBFCM2), so that the
contents of the buffer can be transferred to TWOCMO to TWOCM2 at the timing of interrupt request signal
INTTWOUD generation.

A write operation to TWOCMO to TWOCM2 is possible only while TWOUDC is stopped.

To set the output timing, write data to TWOBFCMO to TWOBFCM2.

RESET input or clearing the CEO bit of TWOC sets these registers to 000H.

10-bit compare register 3 (TWOCM3)

TWOCMS3 is a 10-bit compare register that controls the high limit value of TWOUDC. If the count value of
TWOUDC matches the value of TWOCMS or 0, count up/down is switched at the next count clock.

TWOCM3 provides a buffer register (TWOBFCM3) whose contents are transferred to TWOCMS3 at the timing of
interrupt request signal INTTWOUD generation.

TWOCM3 can be written to only while TWOUDC is stopped.

To set the cycle to TWOUDC, write data to TWOBFCM3.

RESET input sets TWOCM3 to OFFH.

Do not set TWOCM3 to 000H.

10-bit compare registers 4, 5 (TW0OCM4, TWOCM5)

TWOCM4 and TWOCMS are 10-bit compare registers that always compare their own value with that of TWOUDC,
and if they match, interrupt request signal is generated.

Each of TWOCM4 and TWOCM5 are provided with a buffer register (TWOBFCM4, TWOBFCM5), so that the
contents of the buffer can be transferred to TWOCM4 to TWOCMS at the timing of interrupt request signal
INTTWOUD generation.

A write operation to TWOCM4 and TWOCMS5 is possible only while TWOUDC is stopped.

To set the output timing, write data to TWOBFCM4 and TWOBFCM5.

RESET input or clearing the CEO bit of TWOC sets these registers to 000H.
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)

(6)

@)

(®)

10-bit buffer registers 0 to 5 (TWOBFCMO0 to TWOBFCMS5)

TWOBFCMO0 to TWOBFCMS5 are 10-bit registers. They transfer data to the compare register (TWOCMO to
TWOCMS5) corresponding to each buffer register at the timing of interrupt request signal INTTWOUD generation.
TWOBFCMO to TWOBFCMS5 can be read/written irrespective of whether TWOUDC count is stopped or operating.
RESET input sets TWOBFCMO0 to TWOBFCM2, TWOBFCM4 and TWOBFCMS5 to 000H, and TWOBFCM3 to
OFFH.

These registers can be read/written in word and byte units. For read/write operations of less than 8 bits,
TWOBFCMOL to TWOBFCMS5L are used.

Dead-time reload register (TWODTIME)

TWODTIME is an 8-bit register to set dead time and is common to three dead-time timers (DTMO to DTM2).
However, the data load timing from TWODTIME to DTMO, DTM1 and DTM2 is independent.

TWODTIME can be written only while TWOUDC counting is stopped. Data does not change even if an instruction
to rewrite TWODTIME is executed during timer operation.

RESET input sets TWODTIME to FFH.

Even if TWODTIME is set to 00H, an output with the dead time of 1/fx is performed.

Dead-time timers 0 to 2 (DTMO to DTM2)

DTMO to DTM2 are 8-bit down counters that generate dead time.

Count down is performed after the value of the dead-time reload register (TWODTIME) is reloaded with the timing
of a compare match between TWOCMO to TWOCM2 and TWOUDC. DTMO to DTM2 generate an underflow signal
when 00H changes to FFH and stop with FFH.

The count clock is fX.

DTMO to DTM2 cannot be read/written.

RESET input or clearing the CEO bit of TWOC sets these registers to FFH.

Buffer transfer control timer (RTMO0)

RTMO is a 3-bit up counter. It has the function of dividing interrupt request signal INTTWOQUD.

Incrementing is performed with the TWOUDC underflow signal and INTTWOUD is generated when the value
matches the number of divisions set with bits IDEV0O to IDEV02 of TWOC.

RTMO cannot be read/written.

RESET input sets RTMO to 7H. Generating INTTWOUD and clearing the CEO bit of TWOC also sets RTMO to 7H.
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6.4 Registers Controlling 10-Bit Inverter Control Timer
The following four registers control the 10-bit inverter control timer.

e Inverter timer control register (TWOC)

e Inverter timer mode register (TWOM)

¢ A/D trigger selection register (TWOTRGS)

e Inverter timer output control register (TW0OC)

(1) Inverter timer control register (TWOC)
TWOC controls the operation of TWOUDC, dead-time timers 0 to 2 (DTMO to DTM2), and the buffer transfer
control timer (RTMO), specifies the count clock of TWOUDC, and selects the compare register transfer cycle.
TWOC is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TWOC to O0H.
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Figure 6-2. Format of Inverter Timer Control Register

Address: FF88H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TWO0C CEO 0 TCL02 TCLO1 TCLOO IDEV02 IDEVO1 IDEVOO
CEO TWOUDC, DTMO to DTM2, RTMO operation control
0 Clear and stop (TWOTOO to TWOTOS are Hi-Z)
1 Count enable
TCLO2 | TCLO1 | TCLOO Count clock selection
At fx = 20 MHz
0 0 0 fx 20 MHz
0 0 1 fx/2 10 MHz
0 1 0 fx/2? 5 MHz
0 1 1 fx/2° 2.5 MHz
1 0 0 fx/2* 1.25 MHz
1 0 1 fx/2° 625 kHz
Other than above Setting prohibited
IDEVO2 | IDEVO1 | IDEVOO INTTWOUD occurrence frequency selection
0 0 0 Occurs once every TWOUDC underflow.
0 0 1 Occurs once every two TWOUDC underflows.
0 1 0 Occurs once every three TWOUDC underflows.
0 1 1 Occurs once every four TWOUDC underflows.
1 0 0 Occurs once every five TWOUDC underflows.
1 0 1 Occurs once every six TWOUDC underflows.
1 1 0 Occurs once every seven TWOUDC underflows.
1 1 1 Occurs once every eight TWOUDC underflows.

Remark fx: System clock oscillation frequency
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(2) Inverter timer mode register (TWOM)
TWOM controls the operation of and specifies the active level of the TWOTOO0 to TWOTOS5 outputs, and sets the
valid edge of TWOTOFFP.
TWOM is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TWOM to 00H.

Figure 6-3. Format of Inverter Timer Mode Register

Address: FF89H Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TWOM 0 0 0 PNOFFBO™* ALVO TOEDGO TOSPPO 0
PNOFFBON*® Control status flag output to TWOTOO to TWOTO5

0 Output disabled status (TWOTOO to TWOTOS5 are Hi-Z)
1 Output enabled status
ALVO TWOTOO to TWOTOS5 output active level specification

0 Low level
1 High level

TOEDGO TWOTOFFP valid edge specification
0 Falling edge
1 Rising edge

TOSPPO TWOTOO to TWOTOS5 output stop control by valid edge of TWOTOFFP
0 Output not stopped.
1 Output stopped (TWOTOO to TWOTOS5 are Hi-Z).

Note The PNOFFBO bit is a read-only flag. This bit cannot be set or reset by software.
The PNOFFBO bit is reset in following cases.
e When TWOUDC is stopped (CEO = 0)
e When an output stop is generated by TWOTOFFP and INTWDT while TWOUDC is operating
(CEO =1).

Caution Always set bits 0, 5 to 7 of TWOM to 0.
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Remarks 1. TWOTOO to TWOTO5 become Hi-Z state in the following cases. However, the TWOUDC, DTMO to
DTM2, and RTMO timers do not stop if CEQ = 1 is set.

¢ A valid edge is input to the TWOTOFFP pin while TOSPPO = 1.

To restore the output of TWOTOO to TWOTO5, perform the procedure below.

<1> Write 0 to CEO and stop the timer.
<2> Write 0 to the output stop function flag that is used.
<3> Reset the registers to their default values.

2. PNOFFBO, ALVO0, CEO, and TWOTOO to TWOTOS5 are related as follows.

PNOFFBO | ALVO CEO TWO0TOO0, TWOTO2, TWOTO4 | TWOTO1, TWOTO3, TWOTO5
0 0 0 Hi-Z Hi-Z
0 1 0 Hi-Z Hi-Z
0 0/1 1 Hi-Z Hi-Z
1 01 1 PWM wave output PWM wave output
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(3) A/D trigger selection register (TWOTRGS)

TWOTRGS is a register used to select the A/D converter trigger signal from INTTWOCM4 and INTTWOCMS5,
which are generated upon a match between the compare register (TWOCM4, TWOCM5) and timer counter

(TWOUDC).
TWOTRGS can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TWOTRGS to 00H.

Figure 6-4. Format of A/D Trigger Selection Register

Address: FF8BH  After reset: 0O0OH R/W

Symbol 7 6 5 4 3 2 1 0
TWOTRGS 0 0 0 0 0 0 TRSW1 TRSWO
TRSW1 TRSWO Selection of A/D trigger
0 0 No output (INTADTR is kept "Low" level)
0 1 INTTWOCM4
1 0 INTTWOCM5
1 1 INTTWOCM4 or INTTWOCMS
(4) Inverter timer output control register (TW0OC)
TWOOC sets timer output stop in phase (U-phase/V-phase/W-phase) units.
TWOOC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets TWO0OC to 00H.
Figure 6-5. Format of Inverter Timer Output Control Register
Address: FF8CH  Afterreset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
TWO0OC 0 0 0 0 0 0 TOSPW1 | TOSPWO
TOSPW1 TOSPWO Output control for PWM output
0 0 TWOTOO to TWOTOS5 output are permited
0 1 TWOTOO0 and TWOTO1 output are prohibited (U phase off)
1 0 TWO0TO2 and TWOTOS3 output are prohibited (V phase off)
1 1 TWOTO4 and TWOTOS5 output are prohibited (W phase off)
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6.5 Registers Controlling 10-Bit Inverter Control Timer

(1) Setting procedure

(a)

(b)

()

(d)

(e)

(h)

The TWOUDC count clock is set with the TCLOO to TCLO2 bits of inverter timer control register (TWO0C) and
the occurrence frequency of interrupt request signal INTTWOUD is set with the IDEV0O to IDEV02 bits.

The active level of the TWOTOO to TWOTO5 pins is set with the ALVO bit of inverter timer mode register
(TWOM).

Set the half width of the first PWM cycle to 10-bit compare register 3 (TWOCM3).

o PWM cycle = TWOCMS value x 2 x TWOUDC clock rate
(The clock rate of TWOUDC is set with the TWO0C)

Set the half width of the second PWM cycle to 10-bit buffer register 3 (TWOBFCM3).
Set the dead time width to the dead time reload register (TWODTIME).
e Dead time width = (TWODTIME + 1) x 1/fx

fx: Internal system clock

Set the F/F set/reset timing that is used during the first cycle to 10-bit compare registers 0 to 2 (TWOCMO to
TWOCM2).

Set the F/F set/reset timing that is used during the second cycle to TWOBFCMS3.

After the CEO bit of TWOC is set (1), the operation of TWOUDC, dead-time timers 0 to 2 (DTMO to DTM2),
and buffer transfer control timer (RTMO) is enabled.

Caution Always use a bit manipulation instruction to set the CEO bit.

Set the F/F set/reset timing that is used for the next cycle to TWOBFCMO to TWOBFCMS during TWOUDC
operation.

To stop the TWOUDC operation, set the CEOQ bit of the TWOC to 0.

Caution Another bit cannot be rewritten at the same time that the CEOQ bit is being rewritten.

User's Manual U16928EJ2VOUD 115



CHAPTER 6 10-BIT INVERTER CONTROL TIMER

(2) Output waveform widths corresponding to set values

PWM cycle = TWOCM3 x 2 x Ttwo

Dead-time width = Totm = (TWODTIME + 1) x 1/fx

Active width of positive phase (TWOTOO0, TW0TO2, TWOTO4 pin)

= {(TWOCM3 — TWOCMup) + (TWOCM3 — TWOCMdown)} X Ttwo — Tot™m
Active width of negative phase (TWO0TO1, TWOTO3, TWOTOS5 pin)

= (TWOCMdown + TWOCMup) X Ttwo — TpT™

fx: System clock oscillation frequency

Ttwo: TWOUDC count clock

TWOCMup:  Set value of TWOCMO to TWOCM2 during TWOUDC count up
TWOCModown: Set value of TWOCMO to TWOCM2 during TWOUDC count down

Caution If a value whose active width in the positive phase or negative phase becomes 0 or negative via
the above calculation, TWO0TOO0 to TWOTOS5 output a waveform fixed at the inactive level with an

active width of 0 (refer to Figure 6-7).
However, if TWOCMn = 0 and TWOBFCMn = TWOCMS3 are set, TWO0TOO to TWOTO5 output a
waveform at the active level.
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(3) Operation timing

Figure 6-6. TWOUDC Operation Timing (Basic Operation)
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TWO0TO4

TWOTO1, TWOTOS,
TWOTOS5

Remarks 1. n=0to 2

2. t: Dead time = (TWODTIME + 1) x 1/fx
(fx: System clock oscillation frequency)

3. The above figure assumes an active high and undivided INTTWOUD occurrence.
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Figure 6-7. TWOUDC Operation Timing (TWOCMn (TWOBFCMn) = TWOCM3 (TWOBFCM3))

TWOUDC
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TWOTO4

TWOTO1, TWOTOS,
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Remarks 1. n=0to 2

2. t: Dead time = (TWODTIME + 1) ) x 1/fx
(fx: System clock oscillation frequency)

3. The above figure assumes an active high and undivided INTTWOUD occurrence.

If a value higher than TWOCMS3 is set to TWOBFCMn, low-level output in the positive phases (TWOTOO,
TWO0TO2, TWOTO4 pins), and high-level output in the negative phases (TWOTO1, TWOTO3, TWOTO5 pins) are
continued. This setting is effective to output signals whose low and high widths are longer than the PWM cycle
when controlling an inverter, etc.
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TWOUDC
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Figure 6-8. TWOUDC Operation Timing (TWOCMn (TWOBFCMn) = 000H)
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. The above figure assumes an active high and undivided INTTWOUD occurrence.
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Figure 6-9. TWOUDC Operation Timing
(TWOCMn (TWOBFCMn) = TWOCM3 — 1/2DTM, TWOCMn (TWOBFCMn) > TWOCM3 —

1/2DTM)
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2. The above figure assumes an active high and undivided INTTWOUD occurrence.
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Figure 6-10. TWOUDC Operation Timing (IDEV02 to IDEV00 = 000B, TWOTRGS = 03H)
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Functions of 16-Bit Up/Down Counter ITENC20

16-bit up/down counter ITENC20 has the following functions.

122

General-purpose timer mode
Free-running timer

PWM output

Up/down counter mode

UDC mode A

UDC mode B

16-bit 2-phase encoder input up/down counter & general-purpose timer (IT20UDC): 1 channel

Compare registers: 2

Capture/compare registers: 2

Interrupt request sources

o Capture/compare maitch interrupt: 2

o Compare match interrupt request: 2

Capture request signal: 2 types

e The IT20UDC value can be latched using the valid edge of the TIT20CCO0 and TIT20CC1 pins corresponding to
the capture/compare register as the capture trigger.

Count clock selectable through division by prescaler (set the frequency of the count clock to 10 MHz or less)

Timer/count clock source: 2 types

(external pulse input or internal system clock division)

2-phase encoder input

The 2-phase external encoder signal is used as the count clock of the timer/counter via the external clock input

pins (TIT20IUD, TIT20CUD). The counter mode can be selected from among the following four modes.

Mode 1: Counts the input pulses of the count pulse input pin (TIT20IUD).
Up/down is specified by the level of the other input pin (TIT20CUD).
Mode 2: Counts up/down using the respective input pulses of the up count pulse input pin and down count

pulse input pin.
Mode 3: Counts up/down using the phase relationship of the pulses input to the 2 pins.

Mode 4: Counts up/down using the phase relationship of the pulses input to the 2 pins. Counting is done
using the respective rising and falling edges of the pulses.

PWM output function
In the general-purpose timer mode, 16-bit resolution PWM can be output from the TIT20TO pin.
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e Timer clear

The following timer clear operations are performed according to the mode that is used.

(a) General-purpose timer mode: Timer clear operation is possible upon occurrence of match with IT20CMO0 set

value.

(b) Up/down counter mode: The timer clear operation can be selected from among the following four conditions.

V)

Timer clear performed upon occurrence of match with IT20CMO set value during IT20UDC up count

operation, and timer clear performed upon occurrence of match with IT20CM1 set value during

IT20UDC down count operation.

(i) Timer clear performed only by external input.
(ii) Timer clear performed upon occurrence of match between IT20UDC count value and IT20CMO set value.
(iv) Timer clear performed upon occurrence of external input and match between IT20UDC count value and

IT20CMO set value.

e External pulse output (TIT20TO): 1

Figure 7-1 shows the block diagram of 16-bit up/down counter ITENC20.

Figure 7-1. Block Diagram of 16-bit Up/Down Counter ITENC20

S Internal bus S
TIT20CCO Edge detection/
© Noise eliminate IT20CCO INTCC10
; IT20UBD
TIT200C1 O +[Edge detecion IT20CC1 ﬂ T205WD DSEIM INTCCH1
G Edge detection/
TIT20CLR Noise eliminate IT20UDC ‘—‘
Clear L | clear f=—
— { | circuit | IT200VF IT20UDF
ge aetection, "
TIT20CUD ©—— Noise eliminate Clock div. | L]
and IT20UDC
Selector
P p— 1L
T J oupt | =@ TIT20TO
© Edge detection/ m'20MSEL
TIT201UD Noise eliminate IT20CMO0 IT20ENMD IT20ALVT INTCM10
IT20CM1 INTCM11
IT20RLEN ‘ ‘ ﬂ s
N~
S Internal bus
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7.2 Configuration of 16-bit Up/Down Counter ITENC20

16-bit Up/Down Counter ITENC20 consists of the following hardware.

124

Table 7-1. Configuration of 16-bit Up/Down Counter ITENC20

ltem Configuration Generated Capture Trigger
Interrupt Signal
Timer counter 16-bit Up/Down Counter (IT20UDC) - -
Register 16-bit timer compare register 0 (IT20CMO0) INTCM10 -
16-bit timer compare register 1 (IT20CM1) INTCM11 -
16-bit timer capture/compare register 0 (IT20CCO) INTCC10 TIT20CCO
16-bit timer capture/compare register 1 (IT20CC1) INTCC11 TIT20CCA
Timer input TIT201UD, TIT20CUD, TIT20CCO, TIT20CCA1, - -

TIT20CLR

Timer output

TIT20TO

Control registers

Timer unit mode register (IT20TUM)

Timer control register (IT20TMC)

Capture/compare control register (IT20CCR)

Valid edge select register (IT20SESA)

Prescaler mode register (IT20PRM)

Status register (IT20STS)

Noise eliminate time select register 1 (NRC1)

Port mode register 5 (PM5)

Port register 5 (P5)
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(1) 16-bit up/down counter (IT20UDC)
IT20UDC is a 2-phase encoder input up/down counter and general-purpose timer.
It can be read or written by a 16-bit memory manipulation instruction.

And, the lower 8 bits can be read or written with IT20UDCL by an 8-bit memory manipulation instruction.
RESET input sets I[T20UDC to 0000H.

Address: FF11H, FF10H After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
movoc| | [ [ [ [ [ [ [T

Address: FF10H After reset: 0OH R/W
Symbol 7 6 5 4 3 2 1 0
IT20UDCL L1 [T T ]

Cautions 1. Writing to IT20UDC is enabled only when the IT20CE bit of the IT20TMC register is 0 (count

operation disabled).

2. It is prohibited to set the IT20CMD bit (general-purpose timer mode) and the IT20MSEL bit
(UDC mode B) of the IT20TUM register to 0 and 1, respectively.

3. Continuous reading of IT20UDC is prohibited. If IT20UDC is continuously read, the second
read value may differ from the actual value. If IT20UDC must be read twice, be sure to read
another register between the first and the second read operation.

4. Writing the same value to the IT20UDC, IT20CCO, and IT20CC1 registers, and the IT20STS
register is prohibited.

Writing the same value to the IT20CCR, IT20TUM, IT20TMC, IT20SESA, and IT20PRM registers,
and IT20CMO and IT20CM1 registers is permitted (writing the same value is guaranteed even
during a count operation).

IT20UDC start and stop is controlled by the IT20CE bit of timer control register (IT20TMC).
The IT20UDC operation consists of the following two modes.

(a) General-purpose timer mode

(b)

In the general-purpose timer mode, IT20UDC operates as a 16-bit interval timer, free-running timer, or
PWM output.

Counting is performed based on the clock selected by software.

Division by the prescaler can be selected for the count clock from among fx/2, fx/4, fx/8, fx/16, fx/32, fx/64,
or fx/128, using the IT20PRM2 to IT20PRMO bits of prescaler mode register (IT20PRM) (fx: Internal
system clock).

Up/down counter mode (UDC mode)

In the UDC mode, IT20UDC functions as a 16-bit up/down counter that performs counting based on the
TIT20CUD and TIT20IUD input signals.

Two operation modes can be set by the IT20MSEL bit of the IT20TUM register for this mode.

(i) UDC mode A (when IT20CMD bit = 1, IT20MSEL bit = 0)
IT20UDC can be cleared by setting the IT20CLR1 and IT20CLRO bits of the IT20TMC register.
(i) UDC mode B (when IT20CMD bit = 1, IT20MSEL bit = 1)
IT20UDC is cleared upon a match with IT20CMO during an IT20UDC up count operation.
IT20UDC is cleared upon a match with IT20CM1 during an IT20UDC down count operation.
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When the IT20CE bit of the IT20TMC register is 1, IT20UDC counts up when the operation mode is the
general-purpose mode, and counts up/down when the operation mode is the UDC mode.

Cautions 1. TIT20CUD and TIT20CCO are alternate-function pins. Therefore, when the TIT20CUD pin is
used in the UDC mode, the external capture function of the TIT20CCO pin cannot be used.
2. TIT20CLR and TIT20CC1 are alternate-function pins. Therefore, when the TIT20CLR input is
used in UDC mode A, the external capture function of the TIT20CC1 pin cannot be used.

The conditions for clearing IT20UDC are as follows, according to the operation mode.

Table 7-2. Clear Conditions of 16-bit up/down counter (IT20UDC)

Operation Mode IT20TUM Register IT20TMC Register IT20UDC Clear
IT20CMD | IT20MSEL | IT20ENMD | IT20CLR1 | IT20CLRO
Bit Bit Bit Bit Bit
General-purpose 0 0 0 X X Clearing not performed
timer mode 1 X X Cleared upon match with IT20CMO set value
UDC mode A 1 0 X 0 0 Cleared only by TIT20CLR input
X 0 1 Cleared upon match with IT20CMO set value
during up count operation
X 1 0 Cleared by TIT20CLR input or upon match
with IT20CMO set value during up count
operation
X 1 1 Clearing not performed
UDC mode B 1 1 X X X Cleared upon match with IT20CMO set value
during up count operation or upon match with
IT20CM1 set value during down count
operation
Other than above Setting prohibited

Remark x: Indicates that the set value of that bit is ignored.
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(2) Compare register 0 (IT20CMO0)

IT20CMO is a 16-bit register that always compares its value with the value of IT20UDC. When the value of the
compare register matches the value of IT20UDC, an interrupt signal is generated. The interrupt generation timing in
the various modes is described below.

¢ In the general-purpose timer mode (IT20CMD bit of IT20TUM register = 0) and UDC mode A (IT20MSEL bit of
IT20TUM register = 0), an interrupt signal (INTCM10) is always generated upon occurrence of a match.
¢ In UDC mode B (IT20MSEL bit of IT20TUM register = 1), an interrupt signal (INTCM10) is generated only upon

occurrence of a match during a down count operation.

IT20CMO can be read or written by a 16-bit memory manipulation instruction.
And, the lower 8 bits can be read or written with IT20CMOL by an 8-bit memory manipulation instruction.
RESET input sets IT20CMO0 to 0000H.

Address: FF13H, FF12H After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IT20CMo |

Address: FF12H  After reset: 00H R/W

Symbol
IT20CMoL [ | | [ | |

Caution When the IT20CE bit of the IT20TMC register is 1, it is prohibited to overwrite the value of the
IT20CMO register.
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(3) Compare register 1 (IT20CM1)
IT20CM1 is a 16-bit register that always compares its value with the value of IT20UDC. When the value of the

compare register matches the value of IT20UDC, an interrupt signal is generated. The interrupt generation timing in

the various modes is described below.

¢ In the general-purpose timer mode (IT20CMD bit of IT20TUM register = 0) and UDC mode A (IT20MSEL bit of
IT20TUM register = 0), an interrupt signal (INTCM11) is always generated upon occurrence of a match.
¢ In UDC mode B (IT20MSEL bit of IT20TUM register = 1), an interrupt signal (INTCM11) is generated only upon

occurrence of a match during a down count operation.

IT20CM1 can be read or written by a 16-bit memory manipulation instruction.
And, the lower 8 bits can be read or written with IT20CM1L by an 8-bit memory manipulation instruction.
RESET input sets IT20CM1 to 0000H.

Address: FF15H, FF14H After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
moowt | | [ [ [ [ [ [ [ [ [T ]

Address: FF14H  After reset: 00H R/W

Symbol
IT20CMAL |

Caution When the IT20CE bit of the IT20TMC register is 1, it is prohibited to overwrite the value of the
IT20CM1 register.
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(4) Capture/compare register 0 (IT20CCO0)
IT20CCO is a 16-bit register. It can be specified as a capture register or as a compare register using
capture/compare control register (IT20CCR).

IT20CCO can be read or written by a 16-bit memory manipulation instruction.
And, the lower 8 bits can be read or written with IT20CCOL by an 8-bit memory manipulation instruction.

RESET input sets IT20CCO to 0000H.

Address: FF91H, FFOOH After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mocco| [ | [ [ [ [ [ [ [ [ [ ]

Address: FFOOH  After reset: 0000H R/W

Symbol 7 6 5 4 3 2 1 0
m20ccoL L1 PPl T

Cautions 1. When used as a capture register (IT20CMSO0 bit of IT20CCR register = 0), write access from

(@)

(b)

the CPU is prohibited.

2. When used as a compare register (IT20CMSO bit of IT20CCR register = 1) and the IT20CE bit
of the IT20TMC register is 1, overwriting the IT20CCO register values is prohibited.

3. When the IT20CE bit of the IT20TMC register is 0, the capture trigger is disabled.

4. When the operation mode is changed from capture register to compare register, set a new
compare value.

5. Continuous reading of IT20CCO is prohibited. If IT20CCO is continuously read, the second
read value may differ from the actual value. If IT20CCO must be read twice, be sure to read
another register between the first and the second read operation.

When set as a capture register

When IT20CCO is set as a capture register, the valid edge of the corresponding TIT20CCO signal is detected
as the capture trigger. 1T20UDC latches the count value in synchronization with the capture trigger (capture
operation). The latched value is held in the capture register until the next capture operation.

The valid edge of external interrupts (rising edge, falling edge, both edges) is selected by valid edge select
register (IT20SESA).

When the IT20CCO register is specified as a capture register, interrupts are generated upon detection of the
valid edge of the TIT20CCO signal.

Caution TIT20CUD and TIT20CCO are alternate-function pins. Therefore, when the TIT20CUD pin is
used in the UDC mode, the external capture function of the TIT20CCO pin cannot be used.

When set as a compare register

When IT20CCO is set as a compare register, it always compares its own value with the value of IT20UDC. If
the value of IT20CCO matches the value of the IT20UDC, IT20CCO generates an interrupt signal (INTCC10).
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(5) Capture/compare register 1 (IT20CC1)
IT20CC1 is a 16-bit register. It can be specified as a capture register or as a compare register using
capture/compare control register (IT20CCR).

IT20CC1 can be read or written by a 16-bit memory manipulation instruction.
And, the lower 8 bits can be read or written with IT20CC1L by an 8-bit memory manipulation instruction.

RESET input sets IT20CC1 to 0000H.

Address: FF93H, FF92H After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
mocer|] | [ 0 [ [ [ [ P T[T

Address: FF92H  After reset: 0000H R/W

Symbol 7 6 5 4 3 2 1 0
m20cC1L L1 [T [ [ ]|

Cautions 1. When used as a capture register (IT20CMS1 bit of IT20CCR register = 0), write access from

C)

(b)

130

the CPU is prohibited.

2. When used as a compare register (IT20CMS1 bit of IT20CCR register = 1) and the IT20CE bit
of the IT20TMC register is 1, overwriting the IT20CC1 register values is prohibited.

3. When the IT20CE bit of the IT20TMC register is 0, the capture trigger is disabled.

4. When the operation mode is changed from capture register to compare register, newly set a
compare value.

5. Continuous reading of IT20CC1 is prohibited. If IT20CC1 is continuously read, the second
read value may differ from the actual value. If IT20CC1 must be read twice, be sure to read
another register between the first and the second read operation.

When set as a capture register

When IT20CC1 is set as a capture register, the valid edge of the corresponding TIT20CC1 signal is detected
as the capture trigger. 1T20UDC latches the count value in synchronization with the capture trigger (capture
operation). The latched value is held in the capture register until the next capture operation.

The valid edge of external interrupts (rising edge, falling edge, both edges) is selected by valid edge select
register (IT20SESA).

When the IT20CC1 register is specified as a capture register, interrupts are generated upon detection of the
valid edge of the TIT20CC1 signal.

Caution TIT20CLR and TIT20CC1 are alternate-function pins. Therefore, when the TIT20CLR input is
used in UDC mode A, the external capture function of the TIT20CC1 pin cannot be used.

When set as a compare register

When IT20CC1 is set as a compare register, it always compares its own value with the value of IT20UDC. If
the value of IT20CC1 matches the value of the IT20UDC, IT20CC1 generates an interrupt signal (INTCC11).
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7.3 16-Bit Up/down Counter ITENC20 Control Registers
The 16-Bit Up/down Counter ITENC20 is controlled by the following nine registers.

® Timer unit mode register (IT20TUM)

® Timer control register (IT20TMC)

® Capture/compare control register (IT20CCR)
® Valid edge select register (IT20SESA)

® Prescaler mode register (IT20PRM)

® Status register (IT20STS)

® Noise eliminate time select register 1 (NRC1)
® Port mode register 5 (PM5)

® Port register 5 (P5)
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(1) Timer unit mode register (IT20TUM)

The IT20TUM register is an 8-bit register used to specify the IT20UDC operation mode or to control the operation
of the PWM output pin.

This register can be read or written by a 1-bit or 8-bit memory manipulation instruction.

Winput sets IT20TUM to OOH.

Figure 7-2. Format of Timer Unit Mode Register (IT20TUM)

Address: FF95H After reset: 00H R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
imoTuM [im2ocMDl 0 | 0 | 0 |IT20TOE|T20ALVT| 0  [T20MSEL
IT20CMD IT20UDC operation mode specification
0 General-purpose timer mode (up count)

1 UDC mode (up/down count)

IT20TOE Specification of timer output (TIT20TO) enable

0 Timer output disabled

1 Timer output enabled

When IT20CMD bit = 1 (UDC mode), timer output is not performed regardless of the
setting of the IT20TOE bit. At this time, timer output is the inverted phase level of the
level set by the IT20ALVT bit.

IT20ALVT Specification of timer output (TIT20TO) active level
0 Active level is high level
1 Active level is low level

When IT20CMD bit = 1 (UDC mode), timer output is not performed regardless of the
setting of the IT20TOE bit. At this time, timer output is the inverted phase level of the
level set by the IT20ALVT bit.

IT20MSEL Specification of operation in UDC mode (up/down count).

0 UDC mode A
IT20UDC can be cleared by setting the IT20CLR1 and IT20CLRO bits of
the IT20TMC register.

1 UDC mode B
IT20UDC is cleared in the following cases.
e Upon match with IT20CMO during IT20UDC up count operation
e Upon match with IT20CM1 during IT20UDC down count operation

When UDC mode B is set, the IT20ENMD, IT20CLR1, and IT20CLRO bits of the
IT20TMC register become invalid.

Cautions 1. Changing the value of the IT20TUM register during IT20UDC operation (IT20CE bit of IT20TMC
register = 1) is prohibited.
2. When the IT20CMD bit = 0 (general-purpose timer mode), setting IT20MSEL = 1 (UDC mode B)
is prohibited.
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(2) Timer control register (IT20TMC)
The IT20TMC register is used to enable/disable IT20UDC operation and to set transfer and timer clear operations.
This register can be read or written by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets IT20TMC to 00H.

Figure 7-3. Format of Timer Control Register (IT20TMC)

Address: FF96H After reset: 0OH R/W

Symbol 7 <6> 5 4 3 2 1 0
motMC [ o [ m2ocE| o | o [IT20RLEN|IT20ENMD|IT20CLR1]IT20CLR0|
IT20CE IT20UDC operation control
0 Count operation disabled
1 Count operation enabled
IT20RLEN Specification of transfer operation from IT20CMO0 to IT20UDC
0 Transfer operation disabled
1 Transfer operation enabled

e When IT20RLEN = 1, the value set to IT20CMO is transferred to IT20UDC upon
occurrence of a IT20UDC underflow.

e When the IT20CMD bit of the IT20TUM register = 0 (general-purpose timer mode),

the IT20RLEN bit setting becomes invalid.

The IT20RLEN bit is valid only in UDC mode A (IT20TUM register’s IT20CMD bit

=1, IT20MSEL bit = 0). In the general-purpose timer mode (IT20CMD bit = 0) and

in UDC mode B (IT20CMD bit = 1, IT20MSEL bit =1), a transfer operation is not

performed even if the IT20RLEN bit is set (1).

IT20ENMD Control of IT20UDC clear operation in general-purpose timer mode

0 Clear disabled (free-running mode)
Clearing is not performed even when IT20UDC and IT20CMO values match

1 Clear enabled
Clearing is performed when IT20UDC and IT20CMO values match.

When the IT20CMD bit of the IT20TUM register = 1 (UDC mode), the IT20ENMD bit
setting becomes invalid.

IT20CLR1|IT20CLRO IT20UDC clear source specification
0 0 Cleared only by external input (TIT20CLR)
0 1 Cleared upon match of IT20UDC count value and IT20CMO set
value
1 0 Cleared by TIT20CLR input or upon match of IT20UDC count
value and IT20CMO set value
1 1 Not cleared

e Clearing by match of the IT20UDC count value and IT20CMO set value is valid only
during a IT20UDC up count operation (IT20UDC is not cleared during a
IT20UDC down count operation).

e When the IT20CMD bit of the IT20TUM register = 0 (general-purpose timer mode),
the IT20CLR1 and IT20CLRO bit settings are invalid.

e When the MSELO bit of the IT20TUM register = 1 (UDC mode B), the IT20CLR1
and IT20CLRO bit settings are invalid.

e When clearing by TIT20CLR has been enabled by bits IT20CLR1 and IT20CLRO,
clearing is performed regardless of whether the value of the IT20CE bit is 1 or 0.
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Caution Changing the values of the IT20TMC register bits other than the IT20CE bit during IT20UDC
operation (IT20CE = 1) is prohibited.

(3) Capture/compare control register (IT20CCR)
The IT20CCR register specifies the operation mode of the capture/compare registers (IT20CCO, IT20CC1).
This register can be read or written by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets IT20CCR to 00H.

Figure 7-4. Format of Capture/Compare Control Register (IT20CCR)

Address: FF94H After reset: 00H R/W

Symbol 7 6 5 4 3 2 <1> <0>
moccR | o | o | o | o | o | o |meocmst|im2ocmsol
IT20CMSH IT20CC1 operation mode specification
0 Operates as capture register
1 Operates as compare register
IT20CMS0 IT20CCO operation mode specification
0 Operates as capture register
1 Operates as compare register

Cautions 1. Overwriting the IT20CCR register during IT20UDC operation (IT20CE bit = 1) is prohibited.
2. TIT20CUD and TIT20CCO are alternate-function pins. Therefore, when the TIT20CUD pin is
used in the UDC mode, the external capture function of the TIT20CCO pin cannot be used.
3. TIT20CLR and TIT20CC1 are alternate-function pins. Therefore, when the TIT20CLR input is
used in UDC mode A, the external capture function of the TIT20CC1 pin cannot be used.
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(4) Valid edge select register (IT20SESA)
The IT20SESA register is used to specify the valid edge of external interrupt requests from the external pins
(TIT20CCO, TIT20CCH1, TIT20IUD, TIT20CUD, TIT20CLR).

The valid edge (rising edge, falling edge, or both edges) can be specified independently for each pin.

This register can be read or written by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets IT20SESA to 00H.

Figure 7-5. Format of Valid Edge Select Register (IT20SESA)

Address: FF97H

Symbol

IT20SESA | IT20TESUD1‘ IT20TESUDO‘ IT20()ESUD1‘ITEOCESUDO‘ IT20IEST1 ‘ITEOIES10 \ IT20IESO1 \ IT20IESOO|

7

After reset: 00H R/W

6

5 4 3 2 1 0

TIT201UD, TIT20CUD

TIT20CLR TIT20CC1 TIT20CCO

IT20TESUD1|IT20TESUDO|  Specification of valid edge of TIT20IUD and TIT20CUD pins
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited

1

1

Both rising and falling edges

e The set values of the IT20TESUD1 and IT20TESUDO bits are only valid in UDC
mode A and UDC mode B.

¢ If mode 4 is specified as the operation mode of IT20UDC (specified by the
IT20PRM2 to IT20PRMO bits of the IT20PRM register), the valid edge specifications
for the TIT20IUD and TIT20CUD pins (IT20TESUD1 and IT20TESUDO bits) are not

valid.
IT20CESUD1|IT20CESUDO Specification of valid edge of TIT20CLR pin
0 0 Falling edge (IT20UDC cleared after edge detection)
0 1 Rising edge (IT20UDC cleared after edge detection)

1

0

Low level (IT20UDC cleared status held)

1

1

High level (IT20UDC cleared status held)

e The set values of the IT20CESUD1 andIT20CESUDO bits are valid only in UDC mode A.

IT20IES11|IT20IES10 Specification of valid edge of TIT20CC1 pin
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both rising and falling edges
IT20IESO1| IT201ES00 Specification of valid edge of TIT20CCO pin
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited

Both rising and falling edges

Caution Changing the values of the IT20SESA register bits during IT20UDC operation (IT20CE = 1) is

prohibited.
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(5) Prescaler mode register (IT20PRM)
The IT20PRM register is used to perform the following selections.
e Selection of count clock in general-purpose timer mode (IT20CMD bit of IT20TUM register = 0)
e Selection of count operation mode in UDC mode (IT20CMD = 1)
This register can be read or written by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets IT20PRM to 07H.

Figure 7-6. Format of Priscaler Mode Register (IT20PRM)

Address: FF3AH After reset: 07H R/W

Symbol 7 6 5 4 3 2 1 0
mopRM [ o | o | o | o | o [r2oPRM2|im20PRM1|IT20PRMO|
IT20PRM2| IT20PRM1| IT20PRMO| IT20CMD =0 IT20CMD = 1
Count clock Count clock ‘ Up/down count
0 0 0 Setting prohibited | Setting prohibited (Mode 4)
o | o | v fwe | nsine pe s
0 1 0 fx/4
0 1 1 x/8
1 0 0 fx/16 TIT201UD Mode 1
1 0 1 x/32 Mode 2
1 1 0 x/64 Mode 3
1 1 1 x/128 Mode 4

Cautions 1.
2.

Remark fx: Internal system clock

Overwriting the IT20PRM register during IT20UDC operation (IT20CE bit = 1) is prohibited.
When the IT20CMD bit of the IT20TUM register = 1 (UDC mode), setting the values of the
IT20PRM2 to IT20PRMO to 000, 001, 010, and 011 bits is prohibited.

When IT20UDC is in mode 4, specification of the valid edge for the TIT20IUD and TIT20CUD
pins is invalid.

(a) In general-purpose timer mode (IT20CMD bit of IT20TUM register = 0)
The count clock is fixed to the internal clock. The clock rate of IT20UDC is specified by the IT20PRM2 to
IT20PRMO bits.

(b) UDC mode (IT20CMD bit of IT20TUM register = 1)
The IT20UDC count triggers in the UDC mode are as follows.

Operation Mode IT20UDC Operation

Mode 1

Down count when TIT20CUD = high level
Up count when TIT20CUD = low level

Mode 2 Up count upon detection of valid edge of TIT20IUD input
Down count upon detection of valid edge of TIT20CUD input
Mode 3 Automatic judgment by TIT20CUD input level upon detection of valid edge of TIT20IUD input
Mode 4 Automatic judgment upon detection of both edges of TIT20IUD input and both edges of TIT20CUD input

136
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(6) Status register (IT20STS)
The IT20STS register indicates the operating status of IT20UDC.
This register can be read by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets IT20STS to 00H.

Figure 7-7. Format of Status Register (IT20STS)

Address: FF3BH After reset: 0OH R

Symbol 7 6 5 4 3 <2> <1> <0>
mosts | o | o | o | o | o [ir2oupF|im200vF|iT20uBD|
IT20UDF IT20UDC underflow flag
0 No IT20UDC count underflow
1 IT20UDC count underflow

The IT20UDF bit is cleared (0) upon completion of a read access to the IT20STS
register from the CPU.

IT200VF IT20UDC overflow flag
0 No IT20UDC count overflow
1 IT20UDC count overflow

The IT200VF bit is cleared (0) upon completion of a read access to the IT20STS
register from the CPU.

IT20UBD IT20UDC up/down count operation status

0 IT20UDC up count in progress

1 IT20UDC down count in progress

The state of the IT20UBD bit differs according to the mode as follows.

e The IT20UBD bit is fixed to 0 by hardware when the IT20CMD bit of the IT20TUM
register = 0 (general-purpose timer mode).

e The IT20UBD bit indicates the IT20UDC up/down count status when the IT20CMD
bit of the IT20TUM register = 1 (UDC mode).

Caution Overwriting the IT20STS register during IT20UDC operation (IT20CE bit = 1) is prohibited.
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(7) Noise eliminate time select register 1 (NRC1)
The NRC1 register selects the sampling clock that is used to eliminate digital noise on the TIT20IUD,
TIT20CUD, TIT20CCO, TIT20CC1, or TIT20CLR pin. If a level is not detected on these pins five times in a row
at the clock selected by the NRC1 register, the signal is eliminated as noise.
This register can be read or written by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 7-8. Format of Noise Eliminate Time Select Register 1 (NRC1)

Address: FFAAH After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
NRCT [ o | o | o | o | o | o |NRct1 | NRCio |
NRC11 NRC10 Sampling clock selection
0 0 fx/28
0 1 fx/22
1 0 fx/2
1 1 fx

Remark fx: Internal system clock

Cautions 1. If the input pulse lasts for the duration of 4 to 5 clocks, it is undefined whether the pulse
is detected as a valid edge or eliminated as noise. So that the pulse is actually detected
as a valid edge, a pulse level must be input for the duration of 5 clocks or more.

2. If noise is generated in synchronization with the sampling clock, eliminate the noise by
attaching a filter to the input pin.
3. Noise is not eliminated if the pin is used as a normal input port pin.

(8) Port mode register 5 (PM5)

This register sets port 5 input/output in 1-bit units.

When using the P57/TIT20CLR/TIT20CC1/TIT20TO pin for timer output, clear PM57 and the output latch of P57 to 0.

When using the P55/TIT20IUD/INTP6, P56/TIT20CUD/TIT20CCO/INTP7, and P57/TIT20CLR/TIT20CC1/TIT20TO
pins for timer input, set PM55, PM56, and PM57 to 1. The output latches of P55, P56, and P57 at this time may be 0
or1.

PM5 can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets this register to FFH.

Figure 7-9. Format of Port Mode Register 5 (PM5)

Address: FF25H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PMs | PMs7 | PMs6 | PMs5 | PMs4 | PMs3 | PMs2 | PMst | PMso |

PM5n PM5n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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7.4 16-Bit Up/down Counter ITENC20 Operations

7.41

Basic operation

The following two operation modes can be selected for 16-bit up/down counter ITENC20.

(1)

(2

General-purpose timer mode (IT20CMD bit of IT20TUM register = 0)

In the general-purpose timer mode, this counter operates either as a 16-bit interval timer or as a PWM output
timer (the count operation is up count only).

The count clock to IT20UDC is selected by prescaler mode register (IT20PRM).

Up/down counter mode (UDC mode) (IT20CMD bit of IT20TUM register = 1)

In the UDC mode, this counter operates as a 16-bit up/down counter.

The external clock input (TIT20IUD, TIT20CUD pins) by IT20PRM register setting is used as the IT20UDC
count clock.

The UDC mode is further divided into two modes according to the IT20UDC clear conditions.

e UDC mode A (IT20TUM register’s IT20CMD bit = 1, IT”20MSEL bit = 0)
The IT20UDC clear source can be selected as only external clear input (TIT20CLR), a match signal between
the IT20UDC count value and the IT20CMO set value during up count operation, or the logical sum (OR) of
the two signals, using the IT20CLR1 and IT20CLRO bits of the IT20TMC register. IT20UDC can reload the
value of IT20CMO0 upon occurrence of an IT20UDC underflow.

¢ UDC mode B (IT20TUM register’s IT20CMD bit = 1, IT”20MSEL bit = 1)
The status of IT20UDC after a match of the IT20UDC count value and IT20CMO set value is as follows.
<1> In the case of an up count operation, IT20UDC is cleared (0000H), and the INTCM10 interrupt is
generated.
<2> Inthe case of a down count operation, the IT20UDC count value is decremented (-1).

The status of IT20UDC after a match of the IT20UDC count value and IT20CM1 set value is as follows.

<1> In the case of an up count operation, the IT20UDC count value is incremented (+1).

<2> In the case of a down count operation, IT20UDC is cleared (0000H), and the INTCM11 interrupt is
generated.

Users Manual U16928EJ2V0UD 139



CHAPTER 7 16-BIT UP/DOWN COUNTER ITENC20

7.4.2

Operation in general-purpose timer mode

16-bit up/down counter ITENC20 can perform the following operations in the general-purpose timer mode.

(1

)

@)

140

Interval operation

IT20UDC and IT20CMO always compare their values and the INTCM10 interrupt is generated upon occurrence
of a match.

IT20UDC is cleared (0000H) at the count clock following the match.

Furthermore, when one more count clock is input, IT20UDC counts up to 0001H. The interval time can be
calculated with the following formula.

|Interva| time = (IT20CMO value + 1) x IT20UDC count clock rate|

Caution Interval operation can be achieved by setting the IT20ENMD bit of the IT20TMC register to 1.

Free-running operation

IT20UDC performs a full count operation from 0000H to FFFFH, and after the IT200VF bit of the IT20STS
register is set (to 1), IT20UDC is cleared and resumes counting. The free-running cycle can be calculated by
the following formula.

|Free-running cycle = 65,536 x IT20UDC count clock rate|

Caution The free-running operation can be achieved by setting the IT20ENMD bit of the IT20TMC
register to 0.

Compare function

IT20UDC connects two compare register (IT20CMO, IT20CM1) channels and two capture/compare register
(IT20CCO, IT20CC1) channels.

When the IT20UDC count value and the set value of one of the compare registers match, a match interrupt
(INTCM10, INTCM11, INTCC10"", INTCC11"") is output.

Particularly in the case of interval operation, IT20UDC is cleared upon generation of the INTCM10 interrupt.

Note This match interrupt is generated when IT20CCO and IT20CC1 are set to the compare register mode.
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(4) Capture function
IT20UDC connects two capture/compare register (IT20CCO, IT20CC1) channels.
When IT20CCO and IT20CC1 are set to the capture register mode, the value of IT20UDC is captured in
synchronization with the corresponding capture trigger signal.
Furthermore, an interrupt request (INTCC10, INTCC11) is generated by the TIT20CCO and TIT20CC1 input
signals.

Table 7-3. Capture Trigger Signal to 16-Bit Capture Register

Capture Register Capture Trigger Signal
IT20CCO TIT20CCO
IT20CCH TIT20CC1

Remark IT20CCO and IT20CC1 are capture/compare registers. Which of these registers is used is
specified by capture/compare control register (IT20CCR).

The valid edge of the capture trigger is specified by valid edge select register (IT20SESA). If both the rising
edge and the falling edge are selected as the capture triggers, it is possible to measure the input pulse width
externally. If a single edge is selected as the capture trigger, the input pulse cycle can be measured.

(5) PWM output operation
PWM output operation is performed from the TIT20TO pin by setting IT20UDC to the general-purpose timer
mode (IT20CMD bit = 0) using timer unit mode register (IT20TUM).
The resolution is 16 bits, and the count clock can be selected from among seven internal clocks (fx/2, fx/4, fx/8,
fx/16, fx/32, fx/64, fx/128).

Figure 7-10. Block Diagram During PWM Output Operation

fx/2 —=
fx/4 —=
§ — INTCM10
x/8 —= Clear
16— IT20UDC (16 bits) [~
£/32 —= Te ¢+ [[T20ALVT | IT20TUM register
fx/64 —=
fx/128 —= Compare register e
(IT20CMo) © TIT20TO
j\ 16 g
Compare register INTCM11
(IT20CM1)

Caution Be sure to set the count clock of IT20UDC to 10 MHz or lower.

Remark fx: Internal system clock
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(a) Description of operation
The IT20CMO register is a compare register used to set the PWM output cycle. When the value of this
register matches the value of IT20UDC, the INTCM10 interrupt is generated. The compare match is
saved by hardware, and IT20UDC is cleared at the next count clock after the match.
The IT20CM1 register is a compare register used to set the PWM output duty. Set the duty required for
the PWM cycle.

Figure 7-11. PWM Signal Output Example (When IT20ALVT Bit = 0)

IT20CMO set value -------5 R
IT20UDC IT20CM1 set value -----

TIT20TO

INTCM10

INTCM11

Cautions 1. Changing the values of the IT20CM0 and IT20CM1 registers is prohibited during IT20UDC
operation (IT20CE bit of IT20TMC register = 1).
2. Changing the value of the IT20ALVT bit of the IT20TUM register is prohibited during
IT20UDC operation.
3. PWM signal output is performed from the second PWM cycle after the IT20CE bit is set (to

1).
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7.4.3 Operation in UDC mode

(1) Overview of operation in UDC mode
The count clock input to IT20UDC in the UDC mode (IT20CMD bit of IT20TUM register = 1) can only be

externally input from the TIT20IUD and TIT20CUD pins.

Up/down count judgment in the UDC mode is

determined based on the phase difference of the TIT20IUD and TIT20CUD pin inputs according to the
IT20PRM register setting (there is a total of four choices).

Table 7-4. List of Count Operations in UDC Mode

IT20PRM Register Operation IT20UDC Operation
IT20PRM2 | IT20PRM1 | IT20PRMo | Mode

1 0 0 Mode 1 Down count when TIT20CUD = high level
Up count when TIT20CUD = low level

1 0 1 Mode 2 Up count upon detection of valid edge of TIT20IUD input
Down count upon detection of valid edge of TIT20CUD input

1 1 0 Mode 3 Automatic judgment by TIT20CUD input level upon detection of
valid edge of TIT20IUD input

1 1 1 Mode 4 Automatic judgment upon detection of both edges of TIT20lUD
input and both edges of TIT20CUD input

The UDC mode is further divided into two modes according to the IT20UDC clear conditions (a count operation
is performed only with TIT201UD and TIT20CUD input in both modes).

e UDC mode A (IT20TUM register’s IT20CMD bit = 1, IT”20MSEL bit = 0)
The IT20UDC clear source can be selected as only external clear input (TIT20CLR), a match signal between
the IT20UDC count value and the IT20CMO set value during up count operation, or the logical sum (OR) of
the two signals, using bits IT20CLR1 and IT20CLRO of the IT20TMC register. IT20UDC can transfer the
value of IT20CMO upon occurrence of an IT20UDC underflow.

e UDC mode B (IT20TUM register’s IT20CMD bit = 1, IT”20MSEL bit = 1)
The status of IT20UDC after a match of the IT20UDC count value and IT20CMO set value is as follows.
<1> In the case of an up count operation, IT20UDC is cleared (0000H), and the INTCM10 interrupt is
generated.
<2> In the case of a down count operation, the IT20UDC count value is decremented (—1).

The status of IT20UDC after a match of the IT20UDC count value and IT20CM1 set value is as follows.

<1> In the case of an up count operation, the IT20UDC count value is incremented (+1).

<2> In the case of a down count operation, IT20UDC is cleared (0000H), and the INTCM11 interrupt is
generated.
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(2) Up/down count operation in UDC mode
IT20UDC up/down count judgment in the UDC mode is determined based on the phase difference of the
TIT20IUD and TIT20CUD pin inputs according to the IT20PRM register setting.

(a) Mode 1 (IT20PRM2 bit = 1, IT20PRM1 bit = 0, IT20PRMO bit = 0)
In mode 1, the following count operations are performed based on the level of the TIT20CUD pin upon

detection of the valid edge of the TIT20IUD pin.

¢ |IT20UDC down count operation when TIT20CUD pin = high level
¢ IT20UDC up count operation when TIT20CUD pin = low level

Figure 7-12. Mode 1 (When Rising Edge Is Specified as Valid Edge of TIT201UD Pin)

TIT201UD

TIT20CUD J

IT20UDC A 0007H X 0006H .X OOOSHEX 0004H X OOOSHX OOOGHX 0007H

\ | |
\ \ \
Down count Up count

Figure 7-13. Mode 1 (When Rising Edge Is Specified as Valid Edge of TIT20IUD Pin):
In Case of Simultaneous TIT201UD, TIT20CUD Pin Edge Timing

TIT201UD

TIT20CUD 5 5 5 : :

IT20UDC X 0007H X 0006H X 0005H X 0004H X ooosHD( 0006H X 0007H
| |
| [

Down count Up count
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(b) Mode 2 (IT20PRM2 bit = 1, IT20PRM1 bit = 0, IT20PRMO bit = 1)
The count conditions in mode 2 are as follows.

¢ |IT20UDC up count upon detection of valid edge of TIT20IUD pin
¢ [T20UDC down count upon detection of valid edge of TIT20CUD pin

Caution If the count clock is simultaneously input to the TIT201UD pin and the TIT20CUD pin, a
count operation is not performed and the immediately preceding value is held.

Figure 7-14. Mode 2 (When Rising Edge Is Specified as Valid Edge of TIT201UD, TIT20CUD Pins)

TIT201UD

TIT20CUD : : :

IT20UDC X 0006H XOOO7H X 0008H X OOO7HX OOOGHX 0005H
|
|

\ \
Up count Hold value Down count

(c) Mode 3 (IT20PRM2 = 1, IT20PRM1 = 1, IT20PRMO = 0)
In mode 3, when two signals 90 degrees out of phase are input to the TIT20lUD and TIT20CUD pins, the
level of the TIT20CUD pin is sampled at the input of the valid edge of the TIT20IUD pin (see Figure 7-15).
If the TIT20CUD pin level sampled at the valid edge input to the TIT20IUD pin is low, IT20UDC counts
down when the valid edge is input to the TIT20IUD pin.
If the TIT20CUD pin level sampled at the valid edge input to the TIT20IUD pin is high, IT20UDC counts up
when the valid edge is input to the TIT20IUD pin.

Figure 7-15. Mode 3 (When Rising Edge Is Specified as Valid Edge of TIT20IUD pin)

TIT20IlUD

TIT20CUD J |_

IT20UDC X 0007H EXOOOBH I OOOQHEX 000AH I OOOQHX 0008H X 0007H

\ il \
Up count Down count
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Figure 7-16. Mode 3 (When Rising Edge Is Specified as Valid Edge of TIT20IUD Pin):
In Case of Simultaneous TIT20IUD, TIT20CUD Pin Edge Timing

TIT201UD

TIT20CUD E |

IT20UDC X 0007H EXOOOSH X OOOQHX 000AH X OOOQHX 0008H X 0007H
| |

|
| \ \
Up count Down count

(d) Mode 4 (IT20PRM2 = 1, IT20PRM1 = 1, IT20PRMO = 1)
In mode 4, when two signals out of phase are input to the TIT20IUD and TIT20CUD pins, the up/down
operation is automatically judged and counting is performed according to the timing shown in Figure 7-17.
In mode 4, counting is executed at both the rising and falling edges of the two signals input to the
TIT20IUD and TIT20CUD pins. Therefore, IT20UDC counts four times per cycle of an input signal (x4

count).

Figure 7-17. Mode 4

TIT201UD

TIT20CUD | ! !

IT20UDC

Up count Down count

Cautions 1. When mode 4 is specified as the operation mode of IT20UDC, the valid edge specifications
for the TIT20IUD and TIT20CUD pins are not valid.
2. If the TIT20IUD pin edge and TIT20CUD pin edge are input simultaneously in mode 4,
IT20UDC continues the same count operation (up or down) it was performing immediately
before the input.
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(3) Operation in UDC mode A

(@

(b)

(c)

Interval operation
The operations at the count clock following a match of the IT20UDC count value and the IT20CMO set
value are as follows.

¢ In case of up count operation: IT20UDC is cleared (0000H) and the INTCM10 interrupt is generated.
e In case of down count operation: The IT20UDC count value is decremented (-1) and the INTCM10
interrupt is generated.

Remark The interval operation can be combined with the transfer operation.

Transfer operation
The operations at the next count clock after the count value of IT20UDC becomes 0000H during an
IT20UDC count down operation are as follows.

e In case of down count operation: The data held in IT20CMO is transferred.
¢ In case of up count operation: The IT20UDC count value is incremented (+1).

Remarks 1. Transfer enable/disable can be set using the IT20RLEN bit of the IT20TMC register.
2. The transfer operation can be combined with the interval operation.

Figure 7-18. Example of IT20UDC Operation When Interval Operation and
Transfer Operation Are Combined

IT20CMO set valug -----------of-----------------K-----------

IT20UDC count value

0000H -

[T20UDC and IT20CM0 IT20UDC underflow
match & timer clear & IT20CMO data transfer

[
Up count Down count

Compare function

IT20UDC connects two compare register (IT20CMO, IT20CM1) channels and two capture/compare
register (IT20CCO, IT20CC1) channels.

When the IT20UDC count value and the set value of one of the compare registers match, a match
interrupt INTCM10, INTCM11, INTCC10""*, INTCC11""*) is output.

Note This match interrupt is generated when IT20CCO and IT20CC1 are set to the compare register
mode.

(d) Capture function

IT20UDC connects two capture/compare register (IT20CCO, IT20CC1) channels.

When IT20CCO and IT20CC1 are set to the capture register mode, the value of IT20UDC is captured in
synchronization with the corresponding capture trigger signal.

When IT20CCO and IT20CC1 are set to the capture register mode, a capture interrupt (INTCC10,
INTCC11) is generated upon detection of the valid edge.
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(4) Operation in UDC mode B

(a) Basic operation
The operations at the next count clock after the count value of IT20UDC and the IT20CMO set value match
when IT20UDC is in UDC mode B are as follows.

¢ In case of up count operation: IT20UDC is cleared (0000H) and the INTCM10 interrupt is generated.
e In case of down count operation: The IT20UDC count value is decremented (-1).

The operations at the next count clock after the count value of IT20UDC and the IT20CM1 set value match
when IT20UDC is in UDC mode B are as follows.

¢ In case of up count operation: The IT20UDC count value is incremented (+1).
¢ In case of down count operation: [T20UDC is cleared (0000H) and the INTCM11 interrupt is generated.

Figure 7-19. Example of IT20UDC Operation in UDC Mode

IT20CMO set valug -----------f---=-- "= A """ --- === ---m--ommsoomeeooeoooooooooooooo

IT20UDC not cleared
if count clock counts
Clear up following match

IT20UDC count value

IT20UDC not cleared
if count clock counts
down following match

Clear

IT20CM1 set valug ----------------=-------------------oomoe - N e Voo

(b) Compare function
IT20UDC connects two compare register (IT20CMO, IT20CM1) channels and two capture/compare
register (IT20CCO, IT20CC1) channels.
When the IT20UDC count value and the set value of one of the compare registers match, a match
interrupt (INTCM10 (only during up count operation), INTCM11 (only during down count operation),
INTCC10™", INTCC11"") is output.

Note This match interrupt is generated when IT20CCO and IT20CC1 are set to the compare register
mode.

(c) Capture function
IT20UDC connects two capture/compare register (IT20CCO, IT20CC1) channels.
When IT20CCO and IT20CC1 are set to the capture register mode, the value of IT20UDC is captured in
synchronization with the corresponding capture trigger signal.
When IT20CCO and IT20CC1 are set to the capture register mode, a capture interrupt (INTCC10,
INTCC11) is generated upon detection of the valid edge.
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7.5 Internal Operation of 16-Bit Up/down Counter ITENC20

7.5.1 Clearing of count value in UDC mode B
When IT20UDC is in UDC mode B, the count value clear operation is as follows.

¢ In case of IT20UDC up count operation: IT20UDC is cleared upon match with IT20CMO
¢ In case of IT20UDC down count operation: 1T20UDC is cleared upon match with IT20CM1

Figure 7-20. Clear Operation upon Match with IT20CM0 during IT20UDC Up Count Operation

IT20UDC cleared
(IT20UDC not cleared)

Count clock J |_
IT20UDC X FFFEH XFFFFH X(E,E’E%';) (,988,13',1))(

IT20CMO

FFFFH

Up count —— Up count —_—

(Down count)

Remarks 1. Rising edge of count clock set as valid edge.
2. The items in parentheses in the above figure apply to down count operations.

Figure 7-21. Clear Operation upon Match with IT20CM1 during IT20UDC Down Count Operation

IT20UDC cleared
(IT20UDC not cleared)

Count clock J |_
IT20UDC x 00FFH XOOFEH X(ggggﬂ)X(E':gan)X

IT20CM1 ' 00FEH

Down count R —
(Up count)

Down count —

Remarks 1. Rising edge of count clock set as valid edge.
2. The items in parentheses in the above figure apply to up count operations.
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7.5.2 Clearing of count value upon occurrence of compare match
The internal operation during an IT20UDC clear operation upon occurrence of a compare match is as follows.

Figure 7-22. Count Value Clear Operation upon Compare Match

IT20UDC cleared
(IT20UDC not cleared)

Count clock J |_

IT20UDC X FFFEH XFFFFH X 922&':, (SSQ,BF,I,)X

IT20CMO 3 FFFFH

Up count ——! Up count —_—

(Down count)

Caution The operations at the next count clock after the count value of IT20UDC and the IT20CMO set

value match are as follows.
¢ In case of up count: Clear operation is performed.
¢ In case of down count: Clear operation is not performed.

Remarks 1. Rising edge of count clock set as valid edge.
2. The items in parentheses in the above figure apply to down count operations.

7.5.3 Transfer operation
The internal operation during IT20UDC transfer operation is as follows.

Figure 7-23. Internal Operation During Transfer Operation

Transfer operation performed.
(Transfer operation not performed)

Count clock J |_
IT20UDC x 0001H XOOOOH X ESS?HH 'E)'(:)SEHH)X

IT20CMO 3 FEFFH

Down count ——=! Down count —_—
(Up count)

Caution The count operations after the IT20UDC count value becomes 0000H are as follows.
¢ In case of down count: Transfer operation is performed.

¢ In case of up count: Transfer operation is not performed.

Remarks 1. Rising edge of count clock set as valid edge.
2. The items in parentheses in the above figure apply to up count operations.

150 User's Manual U16928EJ2V0UD



CHAPTER 7 16-BIT UP/DOWN COUNTER ITENC20

7.5.4 Interrupt signal output upon compare match
An interrupt signal is output when the count value of IT20UDC matches the set value of the IT20CMO0, IT20CM1,
IT20CCO0"™", or IT20CC1"" register. The interrupt generation timing is as follows.

Note When IT20CCO and IT20CC1 are set to the compare register mode.

Figure 7-24. Interrupt Output upon Compare Match
(IT20CM1 with Operation Mode Set to General-Purpose Timer Mode and Count Clock Set to fx/2)

- JUUuduuyy
Count clock —l |_

IT20UuDC  0007H X 0008H X 0009H X 000AH X 000BH X

IT20CM1 0009H

Internal match signal

INTCM11

Remark fx: Internal system clock

An interrupt signal such as the one illustrated in Figure 7-24 is output at the next count following a match of the
IT20UDC count value and the set value of the corresponding compare register.

7.5.5 IT20UBD flag (bit 0 of IT20STS register) operation
In the UDC mode (IT20CMD bit of IT20TUM register = 1), the IT20UBD flag changes as follows during an

IT20UDC up/down count operation at every internal operation clock.

Figure 7-25. IT20UBD Flag Operation

Count clock J |_
IT20UDC OOOOHX 0001H XOOOOH X 0001H X 0000H X 0001H

IT20UBD
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8.1 Functions of 16-Bit Timer/Event Counter 00

16-bit timer/event counter 00 has the following functions.

e Interval timer

e PPG output

e Pulse width measurement
o External event counter

e Square-wave output

e One-shot pulse output

(1) Interval timer
16-bit timer/event counter 00 generates an interrupt request at the preset time interval.

(2) PPG output
16-bit timer/event counter 00 can output a rectangular wave whose frequency and output pulse width can be set

freely.

(3) Pulse width measurement
16-bit timer/event counter 00 can measure the pulse width of an externally input signal.

(4) External event counter
16-bit timer/event counter 00 can measure the number of pulses of an externally input signal.

(5) Square-wave output
16-bit timer/event counter 00 can output a square wave with any selected frequency.

(6) One-shot pulse output
16-bit timer/event counter 00 can output a one-shot pulse whose output pulse width can be set freely.
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8.2 Configuration of 16-Bit Timer/Event Counter 00

16-bit timer/event counter 00 consists of the following hardware.

Table 8-1. Configuration of 16-Bit Timer/Event Counter 00

ltem

Configuration

Timer counter

16 bits (TM0O)

Register

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

Timer input

TI000, TI001

Timer output

TOO00, output controller

Control registers

Port register

5 (P5)

16-bit timer mode control register 00 (TMCO00)
16-bit timer capture/compare control register 00 (CRCO00)
16-bit timer output control register 00 (TOCO00)
Prescaler mode register 00 (PRMO00)
Port mode register 5 (PM5)

Figures 8-1 shows the block diagrams.

Figure 8-1. Block Diagram of 16-Bit Timer/Event Counter 00

S Internal bus S
Capture/compare control
register 00 (CRCO00)
5
3 INTTMOO
} [ — &
Noise 2 16-bit timer capture/compare
TI001/TO00/P54 @—— elirtni- ﬁ register 00 (CRO0)
nator
U Match
fx/2 ﬁ
fx/22 g —
fx/28 2 16-bit timer counter 00 Clear
3| (TM0O) ~—[Cear Output
controller
Noise Match
fx—=1 elimi- | 12
nator
TI000/INTP5/P53 © I El(i)rifi? | o 16-bit timer capture/compare
nator register 01 (CRO1)
AE‘ ! INTTMOT
2] —
CRC002 [—
PRMO01|PRMO00 [mcoosimmeoo2 mcootlovroo] [osproolospeno[TocoaqLvsoo]LvRoolTocoo1TOEQ0|
16-bit timer mode 16-bit timer output
Prescaler mode control register 00 control register 00
register 00 (PRMO00) 1y (TMCO00) (TOCO00)
S Internal bus
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(1) 16-bit timer counter 00 (TMO00)
TMOO is a 16-bit read-only register that counts count pulses.
The counter is incremented in synchronization with the rising edge of the input clock.

Figure 8-2. Format of 16-Bit Timer Counter 00 (TM0O)

Address: FF16H, FF17H After reset: 0000H R

Symbol
FF17H FF16H

wo | | [ L P PP P

The count value is reset to 0000H in the following cases.

<1> At RESET input

<2> If TMC003 and TMCO002 are cleared

<3> If the valid edge of the TIO00 pin is input in the mode in which clear & start occurs upon input of the valid
edge of the TI000 pin

<4> If TMOO and CRO0O match in the mode in which clear & start occurs on a match of TM0O and CR0O

<5> OSPTO0O0 is set in one-shot pulse output mode

(2) 16-bit timer capture/compare register 00 (CR00)
CROO is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is
used as a capture register or as a compare register is set by bit 0 (CRC000) of capture/compare control register
00 (CRCO00).

CROO can be set by a 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 8-3. Format of 16-Bit Timer Capture/Compare Register 00 (CR00)

Address: FF7AH, FF7BH After reset: 0000H R/W

Symbol
FF7BH FF7AH

oo | | | [ [ [ [P

e When CRO0O is used as a compare register
The value set in CROO is constantly compared with 16-bit timer counter 00 (TMO0O) count value, and an
interrupt request (INTTMOO) is generated if they match. The set value is held until CROO is rewritten.

o When CROO is used as a capture register

It is possible to select the valid edge of the TI000 pin or the TI001 pin as the capture trigger. The TI000 or
TI001 pin valid edge is set using prescaler mode register 00 (PRMO00) (see Table 8-2).
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Table 8-2. CR00 Capture Trigger and Valid Edges of TI000 and TI001 Pins

(1) TI0O0O0 pin valid edge selected as capture trigger (CRC001 = 1, CRC000 = 1)

CROO Capture Trigger TIO00 Pin Valid Edge
ES001 ES000
Falling edge Rising edge 0 1
Rising edge Falling edge 0 0
No capture operation Both rising and falling edges 1 1

(2) TI0O01 pin valid edge selected as capture trigger (CRC001 = 0, CRC000 = 1)

CROO0 Capture Trigger TI001 Pin Valid Edge
ES101 ES100
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ES001, ES000 = 1, 0 and ES101, ES100 = 1, O is prohibited.
2. ES001, ES000: Bits 5 and 4 of prescaler mode register 00 (PRMO0O0)
ES101, ES100: Bits 7 and 6 of prescaler mode register 00 (PRMO00)
CRCO001, CRCO000: Bits 1 and 0 of capture/compare control register 00 (CRCO00)

Cautions 1.

Set a value other than 0000H in CR0OO in the mode in which clear & start occurs on a match
of TM00 and CRO0O.

In the free-running mode and in the clear mode using the valid edge of the TI000 pin, if CR00
is cleared to 0000H, an interrupt request (INTTMOO) is generated when the value of CR00
changes from 0000H to 0001H following overflow (FFFFH). INTTMOO is generated after TM0O
and CR00 match, after the valid edge of the TI0O00 pin is detected, or after the timer is
cleared by a one-shot trigger.

When P54 is used as the valid edge input of the TI001 pin, it cannot be used as the timer
output (TO00). Moreover, when P54 is used as TOOO, it cannot be used as the valid edge
input of the TI001 pin.

When CRO0O is used as a capture register, read data is undefined if the register read time
and capture trigger input conflict (the capture data itself is the correct value).

If count stop input and capture trigger input conflict, the captured data is undefined.

Do not rewrite CR00 during TM0O operation.
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(3) 16-bit timer capture/compare register 01 (CR01)
CRO1 is a 16-bit register that has the functions of both a capture register and a compare register. Whether it is
used as a capture register or a compare register is set by bit 2 (CRC002) of capture/compare control register 00
(CRCO00).
CRO01 can be set by a 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 8-4. Format of 16-Bit Timer Capture/Compare Register 01 (CR01)
Address: FF7CH, FF7DH After reset: 0000H R/W

Symbol
FF7DH FF7CH

cor | | 0 L [ PP

e When CRO1 is used as a compare register

The value set in the CRO1 is constantly compared with 16-bit timer counter 00 (TMOO) count value, and an
interrupt request (INTTMO1) is generated if they match. The set value is held until CRO1 is rewritten.

e When CRO1 is used as a capture register
It is possible to select the valid edge of the TI0O00 pin as the capture trigger. The TI000 pin valid edge is set by
prescaler mode register 00 (PRMO0O) (see Table 8-3).

Table 8-3. CR0O1 Capture Trigger and Valid Edge of TI000 Pin (CRC002 = 1)

CRO1 Capture Trigger TIOO0O0 Pin Valid Edge
ES001 ES000
Falling edge Falling edge 0 0
Rising edge Rising edge 0 1
Both rising and falling edges Both rising and falling edges 1 1

Remarks 1. Setting ES001, ES000 = 1, 0 is prohibited.
2. ESO001, ES000: Bits 5 and 4 of prescaler mode register 00 (PRMO00)
CRCO002: Bit 2 of capture/compare control register 00 (CRC00)

Cautions 1. If the CRO1 register is cleared to 0000H, an interrupt request (INTTMO1) is generated after

the TMOO register overflows, after the timer is cleared and started on a match between the
TMOO register and the CR0OO register, or after the timer is cleared by the valid edge of the
TI0O00 pin or a one-shot trigger.

2. When CRO1 is used as a capture register, read data is undefined if the register read time
and capture trigger input conflict (the capture data itself is the correct value).
If count stop input and capture trigger input conflict, the captured data is undefined.

3. CRO1 can be rewritten during TMOO operation. For the details of how to rewrite CR01, see
Caution 2 of Figure 8-15.
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8.3 Registers Controlling 16-Bit Timer/Event Counter 00
The following six registers are used to control 16-bit timer/event counter 00.

¢ 16-bit timer mode control register 00 (TMCO00)
e Capture/compare control register 00 (CRCO00)
e 16-bit timer output control register 00 (TOCO00)
e Prescaler mode register 00 (PRMO00)

e Port mode register 5 (PM5)

e Port register 5 (P5)

(1) 16-bit timer mode control register 00 (TMCO00)
This register sets the 16-bit timer operating mode, 16-bit timer counter 00 (TM0O) clear mode, and output timing,
and detects an overflow.
TMCOO can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears TMCOO to OOH.

Caution 16-bit timer counter 00 (TM0O) starts operation at the moment TMC002 and TMCO003 are set to

values other than 0, 0 (operation stop mode), respectively. Clear TMC002 and TMCO003 to 0, 0 to
stop the operation.
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Figure 8-5. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address: FF7EH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO00 0 0 0 0 TMCO003 ‘ TMC002 ‘ TMCO001 ‘ OVF00
TMCO003 | TMCO002 | TMCO001 Operating mode and clear TOO0O0 inversion timing selection Interrupt request generation

mode selection

0 0 0 Operation stop No change Not generated

0 0 1 (TMOO cleared to 0)

0 1 0 Free-running mode Match between TM00O and Generated on match between
CROO0 or match between TM0OO | TMOO and CROO, or match
and CRO1 between TM00 and CRO1

0 1 1 Match between TM00 and
CRO00, match between TM0O
and CRO1 or TIO0O pin valid
edge

1 0 0 Clear & start occurs on TI000 -

1 0 1 pin valid edge

1 1 0 Clear & start occurs on match Match between TM00 and

between TM0O and CR00 CROO0 or match between TMOO
and CRO1

1 1 1 Match between TM0O and
CRO00, match between TMOO
and CRO1 or TI000 pin valid
edge

OVF00 16-bit timer counter 00 (TM0O) overflow detection

0 Overflow not detected

1 Overflow detected

Cautions 1. Timer operation must be stopped before writing to bits other than the OVF00 flag.
2. Set the valid edge of the TI000/P53 pin using prescaler mode register 00 (PRM0O).

3. If any of the following modes is selected: the mode in which clear & start occurs on match
between TM00 and CR00, the mode in which clear & start occurs at the TI000 pin valid edge,
or free-running mode, when the set value of CR00 is FFFFH and the TM0O value changes from
FFFFH to 0000H, the OVFO0O flag is set to 1.

Remarks 1. TO00: 16-bit timer/event counter 00 output pin
2. TIO0O: 16-bit timer/event counter 00 input pin
3. TMOO: 16-bit timer counter 00
4. CR0O: 16-bit timer capture/compare register 00
5. CRO1: 16-bit timer capture/compare register 01
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(2) Capture/compare control register 00 (CRC00)

This register controls the operation of the 16-bit timer capture/compare registers (CR00, CR01).

CRCOO0 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CRC00 to 00H.

Figure 8-6. Format of Capture/Compare Control Register 00 (CRC00)

Address: FF6AH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 CRC002 CRCO001 CRCO000
CRCO002 CRO1 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO001 CROO capture trigger selection
0 Captures on valid edge of TI001 pin
1 Captures on valid edge of TI000 pin by reverse phase
CRCO000 CROO0 operating mode selection
0 Operates as compare register
1 Operates as capture register

Cautions 1. Timer operation must be stopped before setting CRC00.
2. When the mode in which clear & start occurs on a match between TM00 and CROO is selected
with 16-bit timer mode control register 00 (TMC00), CR00 should not be specified as a capture

register.

3. The capture operation is not performed if both the rising and falling edges are specified as
the valid edge of the TI000 pin.
4. To ensure that the capture operation is performed properly, the capture trigger requires a
pulse two cycles longer than the count clock selected by prescaler mode register 00

(PRMOO).

(3) 16-bit timer output control register 00 (TOC00)

This register controls the operation of 16-bit timer/event counter 00 output controller.

It sets/resets the timer

output F/F, enables/disables output inversion and 16-bit timer/event counter 00 timer output, enables/disables the
one-shot pulse output operation, and sets the one-shot pulse output trigger via software.
TOCO0O0 can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears TOCOO0 to O0H.
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Note The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which
clear & start occurs at the TI0O00 pin valid edge. In the mode in which clear & start occurs on a match
between the TMOO register and CROO register, one-shot pulse output is not possible because an overflow

Figure 8-7. Format of 16-Bit Timer Output Control Register 00 (TOC00)

Address: FF6BH  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPTO0 OSPE00 TOCO004 LVS00 ‘ LVROO ‘ TOCO001 ‘ TOEO00

OSPTO0 One-shot pulse output trigger control via software
0 No one-shot pulse trigger
1 One-shot pulse trigger

OSPEOO One-shot pulse output operation control
0 Successive pulse output mode
1 One-shot pulse output mode"™*

TOCO004 Timer output F/F control using match of CR01 and TM0OO
0 Disables inversion operation
1 Enables inversion operation

LVSO00 LVR00O Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TOCO001 Timer output F/F control using match of CR00 and TM0OO
0 Disables inversion operation
1 Enables inversion operation

TOEOO Timer output control
0 Disables output (output fixed to level 0)
1 Enables output

does not occur.

Cautions 1. Timer operation must be stopped before setting other than TOC004.

160

If LVS00 and LVROO are read, 0 is read.
OSPTO00 is automatically cleared after data is set, so 0 is read.
Do not set OSPTO00 to 1 other than in one-shot pulse output mode.

a ks web

00 (PRMOO) is required to write to OSPT00 successively.

6. Do not set LVS00 to 1 before TOE00, and do not set LVS00 and TOEQO to 1 simultaneously.
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(4) Prescaler mode register 00 (PRMO00)
This register is used to set the 16-bit timer counter 00 (TMOO) count clock and valid edges of the TI000 and TI001

pin inputs.

PRMOO0 can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears PRMO0O to 00H.

Figure 8-8. Format of Prescaler Mode Register 00 (PRMO00)

Address: FF7FH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
PRMO00 ES101 ES100 ES001 ES000 0 | 0 | PRMO001 | PRMO000
ES101 ES100 TI001 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ES001 ES000 TI000 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO0O1 PRMO000 Count clock selection™*"
0 0 fx/2 (10 MHz)
0 1 x/2° (5 MHz)
1 0 fx/2° (78.125 kHz)
1 1 TI000 pin valid edge™™**
Notes 1. Be sure to set the count clock so that the following condition is satisfied.

e Vop =4.0to 5.5 V: Count clock < 10 MHz
2. The external clock requires a pulse two cycles longer than internal clock (fx).

Remarks 1. fx: X1 input clock oscillation frequency
2. TIOO0O, TIO01: 16-bit timer/event counter 00 input pin
3. Figures in parentheses are for operation with fx = 20 MHz.
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Cautions 1. When the internal oscillation clock is selected as the source clock to the CPU, the clock of
the internal oscillator is divided and supplied as the count clock. If the count clock is the
internal oscillation clock, the operation of 16-bit timer/event counter 00 is not guaranteed.
When an external clock is used and when the internal oscillation clock is selected and
supplied to the CPU, the operation of 16-bit timer/event counter 00 is not guaranteed, either,
because the internal oscillation clock is supplied as the sampling clock to eliminate noise.

2. Always set data to PRMO0O after stopping the timer operation.

3. If the valid edge of the TI0O00 pin is to be set for the count clock, do not set the clear & start
mode using the valid edge of the TI000 pin and the capture trigger.

4. If the TIO00 or TIOO1 pin is high level immediately after system reset, the rising edge is
immediately detected after the rising edge or both the rising and falling edges are set as the
valid edge(s) of the TI000 pin or TIOO1 pin to enable the operation of 16-bit timer counter 00
(TMO00). Care is therefore required when pulling up the TI000 or TI0O01 pin. However, when re-
enabling operation after the operation has been stopped once, the rising edge is not
detected.

5. When P54 is used as the TI001 pin valid edge, it cannot be used as the timer output (TO00),
and when used as TOO0O, it cannot be used as the TI001 pin valid edge.

(5) Port mode register 5 (PM5)
This register sets port 5 input/output in 1-bit units.
When using the P54/TO00/T1001 pin for timer output, clear PM54 and the output latch of P54 to 0.
When using the P54/TO00/TI001 and P53/TI000/INTP5 pins for timer input, clear PM54 and PM53 to 1. At this
time, the output latches of P54 and P53 may be 0 or 1.
PMS5 can be set by a 1-bit or 8-bit memory manipulation instruction.
minput sets PM5 to FFH.

Figure 8-9. Format of Port Mode Register 5 (PM5)

Address: FF25H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM5 PM57 PM56 PM55 PM54 PM53 PM52 PM51 PM50
PM5n P5n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.4 Operation of 16-Bit Timer/Event Counter 00

8.4.1 Interval timer operation
Setting 16-bit timer mode control register 00 (TMCO00) and capture/compare control register 00 (CRC00) as shown
in Figure 8-10 allows operation as an interval timer.

The basic operation setting procedure is as follows.

<1> Set the CRCOO register (see Figure 8-10 for the set value).

<2> Set any value to the CROO register.

<3> Set the count clock by using the PRMOO register.

<4> Set the TMCOO register to start the operation (see Figure 8-10 for the set value).

Caution CRO00 cannot be rewritten during TMO0O operation.
Remark For how to enable the INTTMOO interrupt, see CHAPTER 19 INTERRUPT FUNCTIONS.

Interrupt requests are generated repeatedly using the count value preset in 16-bit timer capture/compare register
00 (CRO0O) as the interval.

When the count value of 16-bit timer counter 00 (TMOO) matches the value set in CR0O, counting continues with
the TMOO value cleared to 0 and the interrupt request signal (INTTMOO) is generated.

The count clock of 16-bit timer/event counter 00 can be selected with bits 0 and 1 (PRM000, PRMO001) of prescaler
mode register 00 (PRMO0O0).
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Figure 8-10. Control Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register 00 (TMCO00)

7 6 5 4 TMCO003 TMCO002 TMC001 OVFO00

TMCO00| O 0 0 0 1 1 01 0

\—‘—1— Clears and starts on match between TM00 and CRO0O.

(b) Capture/compare control register 00 (CRC00)

7 6 5 4 3 CRC002 CRC001 CRCO000

CRCO0| © 0 0 0 0 0/1 | on 0

L CROO0 used as compare register

(c) Prescaler mode register 00 (PRM00)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO000

PRMOO| 0/1 | 0/1 | O/1 | 0/ 0 0 0/1 | on

L L \_i

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the interval timer.
See the description of the respective control registers for details.
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Figure 8-11. Interval Timer Configuration Diagram

16-bit timer capture/compare
register 00 (CR0O0)

INTTMOO
2 ‘ ‘
fx/22 ’E'OJ Not
Ko} 16-bit timer counter 00 o
/28 @ (TM00) OVFoo
Noise
TIO0O/P53 ©— gliminator [
Clear
? circuit

fx
Note OVFOO is set to 1 only when 16-bit timer capture/compare register 00 is set to FFFFH.
Figure 8-12. Timing of Interval Timer Operation

-

1 t 1
1

TMOO count value A0000H YooorX || X n XOOOOHXOONHX XN XOOOOHXOOMHX Y~ X

Timer operation enabled Cllear Cllear
CR00 N \ N \) N \\ N
| | |
INTTMOO (( I_l (( I_l (( I_
)) A )) A 2]
Interrupt acknowledged Interrupt acknowledged

Remark Interval time = (N + 1) x t
N = 0001H to FFFFH
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8.4.2 PPG output operations
Setting 16-bit timer mode control register 00 (TMCO00) and capture/compare control register 00 (CRC00) as shown
in Figure 8-13 allows operation as PPG (Programmable Pulse Generator) output.

The basic operation setting procedure is as follows.

<1>
<2>
<3>
<4>
<5>

<6>

Set the CRCOO register (see Figure 8-13 for the set value).

Set any value to the CROO register as the cycle.

Set any value to the CRO1 register as the duty factor.

Set the TOCOO register (see Figure 8-13 for the set value).

Set the count clock by using the PRMOO register.

Set the TMCAOO register to start the operation (see Figure 8-13 for the set value).

Caution To change the value of the duty factor (the value of the CRO1 register) during operation, see

Caution 2 in Figure 8-15 PPG Output Operation Timing.

Remarks 1. For the setting of the TOOQO pin, see 8.3 (5) Port mode register 5 (PM5).

2. For how to enable the INTTMOO interrupt, sse CHAPTER 19 INTERRUPT FUNCTIONS.

In the PPG output operation, rectangular waves are output from the TOO00 pin with the pulse width and the cycle
that correspond to the count values preset in 16-bit timer capture/compare register 01 (CRO1) and in 16-bit timer
capture/compare register 00 (CR00), respectively.
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Figure 8-13. Control Register Settings for PPG Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

7 6 5 4 TMCO003 TMCO002 TMC001 OVF00

TMCO00| O 0 0 0 1 1 0 0

\—‘—1— Clears and starts on match between TM00 and CRO0O.

(b) Capture/compare control register 00 (CRC00)

7 6 5 4 3 CRC002 CRC001 CRC000

CRCO0| O 0 0 0 0 0 X 0

L CROO0 used as compare register

CRO1 used as compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOC004 LVS00 LVR0OO TOC001 TOEOO

~

TOCO00| O 0 0 1 0/ (4 1 1
L L L Enables TOO0O0 output.

Inverts output on match between TM00 and CROO.

Specifies initial value of TO00 output F/F (setting “11” is prohibited).

Inverts output on match between TM00 and CRO1.

Disables one-shot pulse output.

(d) Prescaler mode register 00 (PRM0O0)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO00

PRMOO | 0/ 01 0/1 0/1 0 0 0/1 0/1

\ | \ |
Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Cautions 1. Values in the following range should be set in CR00 and CRO01:
0000H < CRO1 < CR0OO < FFFFH
2. The cycle of the pulse generated through PPG output (CR00 setting value + 1) has a duty of
(CRO1 setting value + 1)/(CRO00 setting value + 1).

Remark x: Don’t care
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Figure 8-14. Configuration Diagram of PPG Output

16-bit timer capture/compare
register 00 (CR00)

/2 ‘ ‘
fx/22 S
s k9 16-bit timer counter 00 Clear
2 & (TMO00) circuit
TI000/P530~] Noise | |
eliminator ‘ ‘

i —=TOO00/T1001/P54

Output controller

16-bit timer capture/compare
register 01 (CRO1)

Figure 8-15. PPG Output Operation Timing

t

R
1 1
1 1

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

TMOO count value NAXOOOOHX0001HX N X R .AXOOOOHX0001HX

C[ear i Cl?ar
CROO capture value \ N \
CRO1 capture value \ M | \ |
T000 J ) |—$ ‘,

Pulse width: (M + 1) x t

1cycle: (N +1)xt :
Cautions 1. CRO0O0 cannot be rewritten during TM0O operation.
2. In the PPG output operation, change the pulse width (rewrite CR01) during TM0O operation
using the following procedure.
<1> Disable the timer output inversion operation by match of TM00 and CR01 (TOC004 = 0)
<2> Disable the INTTMO1 interrupt (TMMKO1 = 1)
<3> Rewrite CRO1
<4> Wait for 1 cycle of the TM00 count clock
<5> Enable the timer output inversion operation by match of TM00 and CR01 (TOC004 = 1)
<6> Clear the interrupt request flag of INTTMO1 (TMIFO1 = 0)
<7> Enable the INTTMO1 interrupt (TMMKO1 = 0)

Remark 0000H <M < N < FFFFH
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8.4.3 Pulse width measurement operations

It is possible to measure the pulse width of the signals input to the TI000 pin and TIO01 pin using 16-bit timer
counter 00 (TMO0O).

There are two measurement methods: measuring with TMOO used in free-running mode, and measuring by
restarting the timer in synchronization with the edge of the signal input to the TI000 pin.

When an interrupt occurs, read the valid value of the capture register, check the overflow flag, and then calculate
the necessary pulse width. Clear the overflow flag after checking it.

The capture operation is not performed until the signal pulse width is sampled in the count clock cycle selected by
prescaler mode register 00 (PRM0O0) and the valid level of the TI000 or TI001 pin is detected twice, thus eliminating
noise with a short pulse width.

Figure 8-16. CR0O1 Capture Operation with Rising Edge Specified

Count clock _I | | | | | | | | | | |
|

oo [ N-3 [ N-2 T n-t T N [ Net

Rising edge detection | |
|
|

CRO1 I N
|

INTTMO1 | |

|
1
TI000 [ A |
|
|
|
|

The basic operation setting procedure is as follows.

<1> Set the CRCOO register (see Figures 8-17, 8-20, 8-22, and 8-24 for the set value).

<2> Set the count clock by using the PRMOO register.

<3> Set the TMCOO register to start the operation (see Figures 8-17, 8-20, 8-22, and 8-24 for the set value).
Caution To use two capture registers, set the TI000 and TI001 pins.

Remarks 1. For the setting of the TI000 (or TI0O01) pin, see 8.3 (5) Port mode register 5 (PM5).

2. For how to enable the INTTMOO (or INTTMO1) interrupt, see CHAPTER 19 INTERRUPT
FUNCTIONS.
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(1) Pulse width measurement with free-running counter and one capture register
When 16-bit timer counter 00 (TMOO) is operated in free-running mode, and the edge specified by prescaler mode
register 00 (PRMOO) is input to the TIO00 pin, the value of TMOO is taken into 16-bit timer capture/compare
register 01 (CRO1) and an external interrupt request signal (INTTMO1) is set.
Specify both the rising and falling edges of the TI0O00 pin by using bits 4 and 5 (ES000 and ES001) of PRMO0O.
Sampling is performed using the count clock selected by PRMO0O0, and a capture operation is only performed
when a valid level of the TIO00 pin is detected twice, thus eliminating noise with a short pulse width.

Figure 8-17. Control Register Settings for Pulse Width Measurement with Free-Running Counter
and One Capture Register (When TI000 and CR0O1 Are Used)

(a) 16-bit timer mode control register 00 (TMCO00)

7 6 5 4 TMCO003 TMC002 TMC001 OVFO00

TMCO00| © 0 0 0 0 1 01 0

\—‘—1— Free-running mode

(b) Capture/compare control register 00 (CRC00)

7 6 5 4 3 CRC002 CRCO01 CRC000

CRCOO| O 0 0 0 0 1 01 0

L CROO0 used as compare register

CRO1 used as capture register

(c) Prescaler mode register 00 (PRM00)

ES101 ES100 ES001 ES000 3 2 PRMO001 PRMO00O

PRMOO | 0/1 01 1 1 0 0 0/1 01

\ | \ |
Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Figure 8-18. Configuration Diagram for Pulse Width Measurement with Free-Running Counter

fx/2 ——
/22 —= § 16-bit timer counter 00 OVF00
> (TMO00)
16-bit timer capture/compare
TI000 © register 01 (CRO1)
@ INTTMO1
2 Internal bus 2

Figure 8-19. Timing of Pulse Width Measurement Operation with Free-Running Counter
and One Capture Register (with Both Edges Specified)

TMO0O count value  YooooroootHY || X DO XYoo X 11 X D1 Xor+1X | YererrKoooo) || X sz X st

| |
TIOOO0 pin input ( | } q } ( | } | }
) ‘ ) j

((
L )) L
CRO1 capture value \\ X DO \\ X D1 \\ \\ X D2 \\ X D3
INT]—MO1 [ ( i |_| (( i (( (( i H (( i |_|_
b 1 — )] ) Y )
ovFeo — j— e
| | | |
 (D1-DO)xt (10000H — D1 + D2) x t  (D3-D2)xt

Note Clear OVFOO by software.
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(2) Measurement of two pulse widths with free-running counter
When 16-bit timer counter 00 (TMO0O) is operated in free-running mode, it is possible to simultaneously measure
the pulse widths of the two signals input to the TI000 pin and the TI001 pin.
When the edge specified by bits 4 and 5 (ES000 and ES001) of prescaler mode register 00 (PRMO0O0) is input to
the TIO00 pin, the value of TMOQO is taken into 16-bit timer capture/compare register 01 (CR01) and an interrupt
request signal (INTTMO1) is set.
Also, when the edge specified by bits 6 and 7 (ES100 and ES101) of PRMOO is input to the TI0O01 pin, the value
of TMOO is taken into 16-bit timer capture/compare register 00 (CR00) and an interrupt request signal (INTTMOO)
is set.
Specify both the rising and falling edges as the edges of the TI0O00 and TI001 pins, by using bits 4 and 5 (ES000
and ES001) and bits 6 and 7 (ES100 and ES101) of PRMOO.
Sampling is performed using the count clock cycle selected by prescaler mode register 00 (PRMO00), and a
capture operation is only performed when a valid level of the TIO00 or TI001 pin is detected twice, thus
eliminating noise with a short pulse width.

Figure 8-20. Control Register Settings for Measurement of Two Pulse Widths with Free-Running Counter

(a) 16-bit timer mode control register 00 (TMCO00)

7 6 5 4 TMCO003 TMC002 TMC001 OVFO00

TMCO0| O 0 0 0 0 1 0/1 0

—T

(b) Capture/compare control register 00 (CRC00)

Free-running mode

7 6 5 4 3 CRC002 CRC001 CRC000

CRCO0| O 0 0 0 0 1 0 1

L CROO used as capture register

Captures valid edge of TI001 pin to CR0O0.

CRO1 used as capture register

(c) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO00O

PRMOO| 1 1 1 1 0 0 0/1 01

L L | \_i

Selects count clock (setting “11” is prohibited).

Specifies both edges for pulse width detection.

Specifies both edges for pulse width detection.

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Figure 8-21. Timing of Pulse Width Measurement Operation with Free-Running Counter
(with Both Edges Specified)

TMOO count value 0000000t HY \\Xpo oo} | X ?1 Xor+ X ) Xerrerfoooor 1) X ?2 XD:2+1XD2+2X X ?3

TI000 pin input % q i ' %I i % ) i
CRO1 capture value \\ X DO \\ X D1 \\ \\ X D2 \\ X
INTTMO1 |_| ( " (W |_| (

TI0O01 pin input

A
— | — T

((
)]
CRO0O capture value \\

INTTMOO

I

((
)]

(.
)] |
N | N | C'Note
)) ! } ——

|
I
(D1 -DO)xt | (10000H — D1 + D2) x t
|
|
|

OVF00

i

(10000H — D1 + (D2 + 1)) x t

Note Clear OVFO0O0 by software.
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(3) Pulse width measurement with free-running counter and two capture registers
When 16-bit timer counter 00 (TMOO) is operated in free-running mode, it is possible to measure the pulse width
of the signal input to the TI000 pin.
When the rising or falling edge specified by bits 4 and 5 (ES000 and ES001) of prescaler mode register 00
(PRMOQO) is input to the TIO00 pin, the value of TMOO is taken into 16-bit timer capture/compare register 01
(CRO1) and an interrupt request signal (INTTMO1) is set.
Also, when the inverse edge to that of the capture operation is input into CR0O1, the value of TMOO is taken into
16-bit timer capture/compare register 00 (CR00).
Sampling is performed using the count clock cycle selected by prescaler mode register 00 (PRMO00), and a
capture operation is only performed when a valid level of the TI000 pin is detected twice, thus eliminating noise
with a short pulse width.

Figure 8-22. Control Register Settings for Pulse Width Measurement with Free-Running Counter and
Two Capture Registers (with Rising Edge Specified)

(a) 16-bit timer mode control register 00 (TMCO00)

7 6 5 4 TMCO003 TMCO002 TMC001 OVF00

TMCO00| O 0 0 0 0 1 01 0

\—‘—1— Free-running mode

(b) Capture/compare control register 00 (CRC00)

7 6 5 4 3 CRC002 CRC001 CRCO000

CRCO0| O 0 0 0 0 1 1 1

L CROO used as capture register

Captures to CRO0O at inverse edge
to valid edge of TI000.

CRO1 used as capture register

(c) Prescaler mode register 00 (PRM00)

ES101 ES100 ES001 ES000 3 2 PRM001 PRM000

PRMOO| 0/1 | 0/1 0 1 0 0 o/1 | oNn

\ | \ |
Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with pulse width measurement.
See the description of the respective control registers for details.
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Figure 8-23. Timing of Pulse Width Measurement Operation with Free-Running Counter

and Two Capture Registers (with Rising Edge Specified)

| t |

)

XoooooootH) || X Do Yoo 1} |1 X ?1 Xor+ 1) 1) Xerrefoooon) || X D2 oz} 11X ?SX

TMOO count value

TIOOO pin input

CRO1 capture value

CROO capture value

INTTMO1

OVF00

.

i
| e

Note Clear OVF0O0 by software.

(4) Pulse width measurement by means of restart
When input of a valid edge to the TI000 pin is detected, the count value of 16-bit timer counter 00 (TMOO) is taken
into 16-bit timer capture/compare register 01 (CR01), and then the pulse width of the signal input to the TIO00 pin
is measured by clearing TMOO and restarting the count operation.
Either of two edges—ising or falling—can be selected using bits 4 and 5 (ES000 and ES001) of prescaler mode
register 00 (PRMO00).
Sampling is performed using the count clock cycle selected by prescaler mode register 00 (PRM00) and a
capture operation is only performed when a valid level of the TI000 pin is detected twice, thus eliminating noise
with a short pulse width.
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176

Figure 8-24. Control Register Settings for Pulse Width Measurement by Means of Restart
(with Rising Edge Specified)

(a) 16-bit timer mode control register 00 (TMCO00)

7 6 5 4 TMCO003 TMC002 TMC001 OVFO00

TMCO00| © 0 0 0 1 0 0/1 0

-t

(b) Capture/compare control register 00 (CRC00)

Clears and starts at valid edge of TI000 pin.

7 6 5 4 3 CRCO002 CRC001 CRCO00

CRCOO| O 0 0 0 0 1 1 1

L CROO used as capture register

————— Captures to CROO at inverse edge to valid edge of TI000.

L————— CRO01 used as capture register

(c) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRMO001 PRMO00O

PRMO00O| 0/1 01 0 1 0 0 01 0/1

\ \ \ \ \_li

Selects count clock (setting “11” is prohibited).

Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Figure 8-25. Timing of Pulse Width Measurement Operation by Means of Restart
(with Rising Edge Specified)

Count clock | | | | | | | I | | | | | I | | | I | | | | | |
™00 count value  ooooHYoootHK || X Do Yoooor)oootH 1 X |1 X 2 JooooroootkX
: ; :

TI000 pin input | | | | | | |
| |

[
)

CRO1 capture value \\ XDO \\ X D2
)

\ Kot X
INTTMO1 l |_| l l |_|

CROO capture value
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8.4.4 External event counter operation

The basic operation setting procedure is as follows.

<1> Set the CRCOO register (see Figure 8-26 for the set value).

<2> Set the count clock by using the PRMOO register.

<3> Set any value to the CROO register (0000H cannot be set).

<4> Set the TMCOO register to start the operation (see Figure 8-26 for the set value).

Remarks 1. For the setting of the TI000 pin, see 8.3 (5) Port mode register 5 (PM5).
2. For how to enable the INTTMOO interrupt, see CHAPTER 19 INTERRUPT FUNCTIONS.

The external event counter counts the number of external clock pulses input to the TIO00 pin using 16-bit timer
counter 00 (TMO0O).

TMOO is incremented each time the valid edge specified by prescaler mode register 00 (PRMOO) is input.

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

Input a value other than 0000H to CR0O (a count operation with 1-bit pulse cannot be carried out).

Any of three edges—ising, falling, or both edges—can be selected using bits 4 and 5 (ES000 and ES001) of
prescaler mode register 00 (PRMO0O).

Sampling is performed using the internal clock (fx) and an operation is only performed when a valid level of the
TI000 pin is detected twice, thus eliminating noise with a short pulse width.
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Figure 8-26. Control Register Settings in External Event Counter Mode

(with Rising Edge Specified)

(a) 16-bit timer mode control register 00 (TMCO00)

\—‘—1— Clears and starts on match between TM00 and CRO0O0.

(b) Capture/compare control register 00 (CRC00)

7 6 4 TMCO003 TMC002 TMC001 OVF0O
TMC00| O 0 0 1 1 0/1 0

7 6 4 3 CRC002 CRCO01 CRCO00
CRCoO0| © 0 0 0 0/1 01 0

L CROO0 used as compare register

(c) Prescaler mode register 00 (PRM00)

ES101 ES100 ES001 ES000 3

2

PRM001 PRMO00O

PRMOO | 0/1

0/

1 0

0

1

1

T

Selects external clock.
Specifies rising edge for pulse width detection.

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with the external event counter.
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See the description of the respective control registers for details.
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Figure 8-27. Configuration Diagram of External Event Counter

2 Internal bus 8

il

16-bit timer capture/compare

register 00 (CR00)
ii Match
INTTMO0O
ﬁ Clear
fx———{Noise eliminator 16-bit imer counter 00 (TM00) OVFoONete

Valid edge of TIO00 pin ©——

Note OVFO0O is set to 1 only when CROO is set to FFFFH.

Figure 8-28. External Event Counter Operation Timing (with Rising Edge Specified)

TIOOOpmmputIlI|||||||||||S(||||||||||||||

|
TMOO count value  §0000HX 0001H { 0002+ { 0003H { 0004H { 0005H X Vo IN—1f N Y0000H) 0001H)0002H X 0003H

CRO0 N i
1N T

-

INTTMOO

Caution When reading the external event counter count value, TM0O should be read.
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8.4.5 Square-wave output operation

The basic operation setting procedure is as follows.

<1>
<2>
<3>
<4>

<5>

Set the count clock by using the PRMOO register.

Set the CRCOO register (see Figure 8-29 for the set value).

Set the TOCOO register (see Figure 8-29 for the set value).

Set any value to the CRO0O register (0000H cannot be set).

Set the TMCOO register to start the operation (see Figure 8-29 for the set value).

Caution CRO0O0 cannot be rewritten during TM0O operation.

Remarks 1. For the setting of the TOOQO pin, see 8.3 (5) Port mode register 5 (PM5).

2. For how to enable the INTTMOO interrupt, see CHAPTER 19 INTERRUPT FUNCTIONS.

A square wave with any selected frequency can be output at intervals determined by the count value preset to 16-

bit timer capture/compare register 00 (CR00).

The TOO0O pin output status is reversed at intervals determined by the count value preset to CR0O + 1 by setting bit
0 (TOEOQO) and bit 1 (TOCO001) of 16-bit timer output control register 00 (TOCO00) to 1. This enables a square wave
with any selected frequency to be output.

TMC00| O 0 0 0 1 1 0 0

CRCoO0| © 0 0 0 0 0/1 0/1 0

180

Figure 8-29. Control Register Settings in Square-Wave Output Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

7 6 5 4 TMCO003 TMC002 TMCO01 OVF00

\—‘—1— Clears and starts on match between TM00 and CRO0O0.

(b) Capture/compare control register 00 (CRC00)

7 6 5 4 3 CRC002 CRCO01 CRCO00

L CROO0 used as compare register
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Figure 8-29. Control Register Settings in Square-Wave Output Mode (2/2)

(c) 16-bit timer output control register 00 (TOCO00)

7 OSPT00 OSPE00 TOC004 LVS00 LVR0O TOC001 TOEOO

TOCOO| O | O | O | O | 01 |01 | 1 1
L | L |

L Enables TOO0O0 output.

Inverts output on match between TM00 and CRO0O0.

Specifies initial value of TO00 output F/F (setting “11” is prohibited).

Does not invert output on match between TM00 and CRO1.

Disables one-shot pulse output.

(d) Prescaler mode register 00 (PRM0O0)

ES101 ES100 ES001 ES000 3 2 PRMO001 PRMO00O

PRMO0O | 0/ 0/1 0/1 0/1 0 0 0/1 0/1

\ \ \ \ \_li

Selects count clock.

Setting invalid (setting “10” is prohibited.)

Setting invalid (setting “10” is prohibited.)

Remark 0/1: Setting 0 or 1 allows another function to be used simultaneously with square-wave output. See the
description of the respective control registers for details.

Figure 8-30. Square-Wave Output Operation Timing

Countclockllllllll ||||I||||||| Illllll

TMOO count value  {0000HX 0001H)0002H } \\ XN—1)X N Yoooor}0001H)o002H)

CR00 N \\

|
INTTMOO [

\’ IN-1X N XOOOOH

L&l

TOO0O pin output J
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8.4.6 One-shot pulse output operation
16-bit timer/event counter 00 can output a one-shot pulse in synchronization with a software trigger or an external
trigger (TI000 pin input).

The basic operation setting procedure is as follows.

<1> Set the count clock by using the PRMOO register.

<2> Set the CRCOO register (see Figures 8-31 and 8-33 for the set value).

<3> Set the TOCOO register (see Figures 8-31 and 8-33 for the set value).

<4> Set any value to the CR0O0 and CRO01 registers (0000H cannot be set).

<5> Set the TMCOO register to start the operation (see Figures 8-31 and 8-33 for the set value).

Remarks 1. For the setting of the TOOO pin, see 8.3 (5) Port mode register 5 (PM5).
2. For how to enable the INTTMOO (if necessary, INTTMO1) interrupt, see CHAPTER 19 INTERRUPT
FUNCTIONS.

(1) One-shot pulse output with software trigger
A one-shot pulse can be output from the TO00 pin by setting 16-bit timer mode control register 00 (TMCOQ0),
capture/compare control register 00 (CRCO00), and 16-bit timer output control register 00 (TOCO00) as shown in
Figure 8-31, and by setting bit 6 (OSPTO00) of the TOCOO register to 1 by software.
By setting the OSPTO0O0 bit to 1, 16-bit timer/event counter 00 is cleared and started, and its output becomes
active at the count value (N) set in advance to 16-bit timer capture/compare register 01 (CR01). After that, the
output becomes inactive at the count value (M) set in advance to 16-bit timer capture/compare register 00
(CROO)"™ ™.
Even after the one-shot pulse has been output, the TMOO register continues its operation. To stop the TMOO
register, the TMC003 and TMCO02 bits of the TMCOO register must be cleared to 00.

Note The case where N < M is described here. When N > M, the output becomes active with the CROO register
and inactive with the CRO1 register. Do not set N to M.

Cautions 1. Do not set the OSPTO00 bit while the one-shot pulse is being output. To output the one-shot
pulse again, wait until the current one-shot pulse output is completed.
2. When using the one-shot pulse output of 16-bit timer/event counter 00 with a software
trigger, do not change the level of the TI000 pin or its alternate-function port pin.
Because the external trigger is valid even in this case, the timer is cleared and started even
at the level of the TIO00 pin or its alternate-function port pin, resulting in the output of a
pulse at an undesired timing.
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Figure 8-31. Control Register Settings for One-Shot Pulse Output with Software Trigger

(a) 16-bit timer mode control register 00 (TMCO00)

7 6 5 4 TMCO003 TMCO002 TMCO001 OVF00
™coo | o | o | o | o | o | 1 [ o | o |
Free-running mode
(b) Capture/compare control register 00 (CRC00)
7 6 5 4 3 CRC002 CRCO001 CRCO000
crReoo | o | o | o | o | o | o | o1 | o |
L CROO0 as compare register
CRO1 as compare register
(c) 16-bit timer output control register 00 (TOCO00)
7 OSPTO0 OSPEOO0 TOC004 LVS00 LVROO TOCO001 TOEO0
Tocoo[ o | o | 1 | 1 [ on [ o | 1 | 1
L Enables TO00 output.
Inverts output upon match
between TM00 and CROO.
Specifies initial value of
TOO0O0 output F/F (setting “11” is prohibited.)
Inverts output upon match
between TM00 and CRO1.
Sets one-shot pulse output mode.
Set to 1 for output.
(d) Prescaler mode register 00 (PRM0O)
ES101 ES100 ES001 ES000 3 2 PRM001 PRMO000
PRMOOl on ‘ 01 ‘ on ‘ on ‘ 0 ‘ 0 ‘ on ‘ 0N |

| | | | \_|i

Selects count clock.

Setting invalid
(setting “10” is prohibited.)
Setting invalid
(setting “10” is prohibited.)

Caution Do not set 0000H to the CR00 and CRO1 registers.
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Figure 8-32. Timing of One-Shot Pulse Output Operation with Software Trigger

Set TMCOO to 04H
(TMOO count starts)

Count clock I | I | I

TMOO count  0000H 0001H) X NN+ 1) YooooH) IN-1f N )

(

IM-1f M M+ 1M+ 2

( ‘ ( ( ‘

CRO1 set value N N N
. | | . L

N
CROO set value M M M M

OSPT00 . i

INTTMO1

INTTMOO

TOO0O pin output

Caution 16-bit timer counter 00 starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMCO003 and TMCO002 bits.

Remark N <M

(2) One-shot pulse output with external trigger
A one-shot pulse can be output from the TOO0 pin by setting 16-bit timer mode control register 00 (TMCOQO0),
capture/compare control register 00 (CRCO00), and 16-bit timer output control register 00 (TOC00) as shown in
Figure 8-33, and by using the valid edge of the TI0O00 pin as an external trigger.
The valid edge of the TI0O00 pin is specified by bits 4 and 5 (ES000, ES001) of prescaler mode register 00
(PRMOQO0). The rising, falling, or both the rising and falling edges can be specified.
When the valid edge of the TIO00 pin is detected, the 16-bit timer/event counter is cleared and started, and the
output becomes active at the count value set in advance to 16-bit timer capture/compare register 01 (CRO1).
After that, the output becomes inactive at the count value set in advance to 16-bit timer capture/compare register
00 (CROO0)"™.

Note The case where N < M is described here. When N > M, the output becomes active with the CR0O register
and inactive with the CRO1 register. Do not set N to M.

Caution Even if the external trigger is generated again while the one-shot pulse is output, it is ignored.
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Figure 8-33. Control Register Settings for One-Shot Pulse Output with External Trigger
(with Rising Edge Specified)

(a) 16-bit timer mode control register 00 (TMCO00)

7 6 5 4 TMC003 TMCO002 TMCO001 OVFO00
TMCO00 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 0 |
Clears and starts at
valid edge of TI000 pin.
(b) Capture/compare control register 00 (CRCO00)
7 6 5 4 3 CRC002 CRCO001 CRCO000
CRCO00 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0 |
—— CRO0O0 used as compare register
CRO1 used as compare register
(c) 16-bit timer output control register 00 (TOCO00)
7 OSPT00 OSPEO0 TOC004 LVS00 LVROO TOC001 TOEO0
Tocoo[ o | o | 1 [ 1 [ ot | o | 1 [ 1 |
L Enables TOOO output.
Inverts output upon match
between TM00 and CROO.
Specifies initial value of
TOOO0 output F/F (setting “11” is prohibited.)
Inverts output upon match
between TM00 and CRO1.
Sets one-shot pulse output mode.
(d) Prescaler mode register 00 (PRMO00)
ES101 ES100 ES001  ES000 3 2 PRM001 PRMO000
PRMO00 | 0N ‘ on ‘ 0 ‘ 1 ‘ 0 ‘ 0 ‘ 01 ‘ 01 |
\—|——‘ Selects count clock
(setting “11” is prohibited).
Specifies the rising edge
for pulse width detection.
Setting invalid
(setting “10” is prohibited.)
Caution Do not set 0000H to the CR00 and CRO1 registers.
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Figure 8-34. Timing of One-Shot Pulse Output Operation with External Trigger (with Rising Edge Specified)

When TMCOO is set to 08H
(TMOO count starts)
1 t 1

b
Count clock wm
TMOO count value  0000H {0001H) 0000H) X N XN+1fN+2f M—2fM—1f M M+ 1M + 2]
CRO1 set value N ' N ' N ' I‘\l
CROO set value M ‘ M ‘ M l\‘/I
TI000 pin input ‘ _L "
INTTMO1 ) ) )
INTTMOO

TOO0O pin output . .

Caution 16-bit timer counter 00 starts operating as soon as a value other than 00 (operation stop mode) is
set to the TMC002 and TMCO003 bits.

Remark N <M
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8.5 Cautions for 16-Bit Timer/Event Counter 00

(1) Timer start errors
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.
This is because 16-bit timer counter 00 (TMOO) is started asynchronously to the count clock.

Figure 8-35. Start Timing of 16-Bit Timer Counter 00 (TMO0O)

TMOO count value 0000H X 0001H X 0002H X ©0003H X 0004H

Timer start

(2) 16-bit timer capture/compare register 00 setting
In the mode in which clear & start occurs on match between TM0O and CROO, set 16-bit timer capture/compare
register 00 (CROO) to other than 0000H. This means a 1-pulse count operation cannot be performed when 16-bit
timer/event counter 00 is used as an external event counter.

(3) Capture register data retention timing
The values of 16-bit timer capture/compare registers 00 and 01 (CR00 and CRO01) are not guaranteed after 16-bit
timer/event counter 00 has been stopped.

(4) Valid edge setting
Set the valid edge of the TI000 pin after clearing bits 2 and 3 (TMC002 and TMCO003) of 16-bit timer mode control
register 00 (TMCO00) to 0, 0, respectively, and then stopping timer operation. The valid edge is set using bits 4
and 5 (ES000 and ES001) of prescaler mode register 00 (PRMO0O0).

(5) Re-triggering one-shot pulse

(a) One-shot pulse output by software
When a one-shot pulse is output, do not set the OSPTOO bit to 1. Do not output the one-shot pulse again
until INTTMOO, which occurs upon a match with the CROO register, or INTTMO1, which occurs upon a match
with the CRO1 register, occurs.

(b) One-shot pulse output with external trigger
If the external trigger occurs again while a one-shot pulse is output, it is ignored.

(c) One-shot pulse output function
When using the one-shot pulse output of 16-bit timer/event counter 00 with a software trigger, do not change
the level of the TI000 pin or its alternate function port pin.
Because the external trigger is valid even in this case, the timer is cleared and started even at the level of the
TI000 pin or its alternate function port pin, resulting in the output of a pulse at an undesired timing.
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(6) Operation of OVF0O flag
<1> The OVFO0O flag is also set to 1 in the following case.

When any of the following modes is selected: the mode in which clear & start occurs on a match between
TMOO and CROO, the mode in which clear & start occurs at the TI0O00 pin valid edge, or the free-running
mode

l
CRO0O is set to FFFFH
l
TMOO is counted up from FFFFH to 0000H.

Figure 8-36. Operation Timing of OVF00 Flag

Count clock _l | | | | | | | | I_

CRO00 FFFFH

|
T™Moo  FFFEH X FFFFH X 0000H X 0001H X

l

OVF00 |

|

INTTMOO [ ]

<2> Even if the OVF0O flag is cleared before the next count clock (before TMOO becomes 0001H) after the
occurrence of TMOO overflow, the OVFOO flag is re-set newly and clear is disabled.

(7) Conflicting operations
Conflict between the read period of the 16-bit timer capture/compare register (CR00/CRO01) and capture trigger
input (CROO/CRO1 used as capture register)
Capture trigger input has priority. The data read from CR00/CRO01 is undefined.

Figure 8-37. Capture Register Data Retention Timing

Count clock J | | | | | | L@SJ |_| |_| |_
TMOO countvalue X N X N+1 X N+2 X \\ X M XM+t XM+2

Edge input | (SJ
)
INTTMO1 | | ( | |

Capture read signal

-

[
)]
CRO1 capture value X EX } \\ N+2 JX‘ M+ 1

. T T T j
Capture Capture, but
read value is

not guaranteed
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(8) Timer operation

<1>

<2>

<3>

Even if 16-bit timer counter 00 (TMO0O) is read, the value is not captured by 16-bit timer capture/compare
register 01 (CRO1).

Regardless of the CPU’s operation mode, when the timer stops, the input signals to the TI000/T1001 pins
are not acknowledged.

The one-shot pulse output mode operates correctly only in the free-running mode and the mode in which
clear & start occurs at the TI000 valid edge. In the mode in which clear & start occurs on a match between
the TMOO register and CROO register, one-shot pulse output is not possible because an overflow does not
occur.

(9) Capture operation

<1>

<2>

<3>

If the TIO00 pin valid edge is specified as the count clock, a capture operation by the capture register
specified as the trigger for TI000 is not possible.

To ensure the reliability of the capture operation, the capture trigger requires a pulse two cycles longer than
the count clock selected by prescaler mode register 00 (PRMO0).

The capture operation is performed at the falling edge of the count clock. An interrupt request input
(INTTMOO/INTTMO1), however, is generated at the rise of the next count clock.

(10) Compare operation
A capture operation may not be performed for CRO0/CRO1 set in compare mode even if a capture trigger has
been input.

(11) Edge detection

<1>

<2>

If the TIO0O or TIOO1 pin is high level immediately after system reset and the rising edge or both the rising
and falling edges are specified as the valid edge of the TIO00 or TI001 pin to enable the 16-bit timer counter
00 (TMOO) operation, a rising edge is detected immediately after the operation is enabled. Be careful
therefore when pulling up the TI0O00 or TIO01 pin. However, the rising edge is not detected at restart after
the operation has been stopped once.

The sampling clock used to remove noise differs when the TI000 pin valid edge is used as the count clock
and when it is used as a capture trigger. In the former case, the count clock is fx, and in the latter case the
count clock is selected by prescaler mode register 00 (PRMO00). The capture operation is only performed
when a valid level is detected twice by sampling the valid edge, thus eliminating noise with a short pulse
width.
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9.1 Functions of 8-Bit Timer/Event Counters 50 and 51
8-bit timer/event counters 50 and 51 have the following functions.
e Interval timer
e External event counter

e Square-wave output
o PWM output

Figures 9-1 and 9-2 show the block diagrams of 8-bit timer/event counters 50 and 51.

Figure 9-1. Block Diagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2

g

8-bit timer compare
register 50 (CRS50) E INTTM50
TI50/TO50/P50 ©—] Match | S Note 1 To TMHO
fx/22 — o 2 i To UARTO
b — 8 = Sa 5
ogs o] o | |8bittimer OVF =D 5 g
oy — counter 50 (TM50) R ® © TO50/TI50
/213 —= n /P50
Clear 1
Note 2 Output latch
(P50) PM50
3 S | | Invert
R level
Selemi
[reLso2lreLsot]reLsod] [TCE50[TMC506 |LVS50| LVR50TMC501 TOES50)
Timer clock selection 8-bit timer mode control
register 50 (TCL50) register 50 (TMC50)
Internal bus 2

Notes 1. Timer output F/F
2. PWM output F/F
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Figure 9-2. Block Diagram of 8-Bit Timer/Event Counter 51

0 Internal bus X
8-bit timer compare
register 51 (CR51) 3 INTTM51
TI51/TO51/P51 ©@—= Match E Note 1
fx2 — _ ? I
lti((//gj g = D’ S Q S
— © e 9
/20—l o | |8bittimer OVF INV o
fx/213 — | @ ["|counter 51 (TM51) R § | ) ) >1> ;I'F%511/TI51
fr/27 —=
Clear 1}
Note 2 Output latch
bsy | [PV
3 S | Invert
R level
Selector|———
—— |
[reLsi2lteLsiifroLsiq |TCE51[TMC516 |LVS51] LVR51|TMC511 [TOE51|

Timer clock selection
register 51 (TCL51)

8-bit timer mode control
register 51 (TMC51)

Internal bus 2

Notes 1. Timer output F/F
2. PWM output F/F
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9.2 Configuration of 8-Bit Timer/Event Counters 50 and 51
8-bit timer/event counters 50 and 51 consist of the following hardware.

Table 9-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

Item Configuration

Timer register 8-bit timer counter 5n (TM5n)

Register 8-bit timer compare register 5n (CR5n)

Timer input TI5n

Timer output TO5n

Control registers Timer clock selection register 5n (TCL5n)
8-bit timer mode control register 5n (TMC5n)
Port mode register 5 (PM5)
Port register 5 (P5)

(1) 8-bit timer counter 5n (TM5n)
TM5n is an 8-bit register that counts the count pulses and is read-only.
The counter is incremented in synchronization with the rising edge of the count clock.

Figure 9-3. Format of 8-Bit Timer Counter 5n (TM5n)

Address: FF2CH (TM50), FF3CH (TM51) After reset: 00H R

Symbol 7 6 5 4 3 2 1 0

S N

In the following situations, the count value is cleared to O0H.

<1> RESET input

<2> When TCEbn is cleared

<3> When TM5n and CR5n match in the mode in which clear & start occurs upon a match of the TM5n and
CR5n.
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(2) 8-bit timer compare register 5n (CR5n)
CR5n can be read and written by an 8-bit memory manipulation instruction.
Except in PWM mode, the value set in CR5n is constantly compared with the 8-bit timer counter 5n (TM5n) count
value, and an interrupt request (INTTM5n) is generated if they match.
In PWM mode, when the TO5n pin becomes active due to a TM5n overflow and the values of TM5n and CR5n
match, the TO5n pin becomes inactive.
The value of CR5n can be set within 00H to FFH.
RESET input clears CR5n to 00H.

Figure 9-4. Format of 8-Bit Timer Compare Register 5n (CR5n)

Address: FF2DH (CR50), FF3DH (CR51) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

e [T T T T T T T ]

Cautions 1. In the mode in which clear & start occurs on a match of TM5n and CR5n (TMC5n6 = 0), do
not write other values to CR5n during operation.
2. In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock
selected by TCL5n) or more.

Remark n=0, 1
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9.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51
The following four registers are used to control 8-bit timer/event counters 50 and 51.
o Timer clock selection register 5n (TCL5n)
e 8-bit timer mode control register 5n (TMC5n)
e Port mode register 5 (PM5)
e Port register 5 (P5)
(1) Timer clock selection register 5n (TCL5n)
This register sets the count clock of 8-bit timer/event counter 5n and the valid edge of the TI5n pin input.
TCL5n can be set by an 8-bit memory manipulation instruction.
RESET input clears TCL5n to O0H.
Remark n=0, 1

Figure 9-5. Format of Timer Clock Selection Register 50 (TCL50)

Address: FF2EH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL50 0 0 0 0 0 TCL502 TCL501 TCL500
TCL502 TCL501 TCL500 Count clock selection "

0 0 0 TI50 pin falling edge

0 0 1 TI50 pin rising edge

0 1 0 fx/2 (10 MHz)

0 1 1 fx/2* (5 MHz)

1 0 0 fx/2* (1.25 MHz)

1 0 1 fx/2° (312.5 kHz)

1 1 0 fx/2° (78.125 kHz)

1 1 1 fx/2'"° (2.44 kHz)

Note Be sure to set the count clock so that the following condition is satisfied.
¢ Vpb =4.0to 5.5 V: Count clock <10 MHz

Cautions 1. When the internal oscillation clock is selected as the source clock to the CPU, the clock of
the internal oscillator is divided and supplied as the count clock. If the count clock is the
internal oscillation clock, the operation of 8-bit timer/event counter 50 is not guaranteed.

2. When rewriting TCL50 to other data, stop the timer operation beforehand.
3. Be sure to clear bits 3 to 7 to 0.

Remarks 1. fx: X1 input clock oscillation frequency
2. Figures in parentheses apply to operation at fx = 20 MHz.
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Figure 9-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FF3EH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TCL51 0 0 0 0 0 | TCL512 | TCL511 | TCL510
TCL512 TCL511 TCL510 Count clock selection "

0 0 0 TI151 pin falling edge

0 0 1 TI51 pin rising edge

0 1 0 fx/2 (10 MHz)

0 1 1 fx/2° (625 kHz)

1 0 0 fx/2" (156.25 kHz)

1 0 1 x/2"° (19.53 kHz)

1 1 0 fx/2"° (2.44 kHz)

1 1 1 fr/27 (1.88 kHz)

Note Be sure to set the count clock so that the following condition is satisfied.
e Vop =4.0to 5.5 V: Count clock < 10 MHz

Cautions 1. When the internal oscillation clock is selected as the source clock to the CPU, the clock of
the internal oscillator is divided and supplied as the count clock. If the count clock is the
internal oscillation clock, the operation of 8-bit timer/event counter 51 is not guaranteed.

2. When rewriting TCL51 to other data, stop the timer operation beforehand.
3. Be sure to clear bits 3 to 7 to 0.

Remarks 1. fx: X1 input clock oscillation frequency

fr: internal oscillation clock frequency
2. Figures in parentheses apply to operation at fx = 20 MHz and fr = 240 kHz (typ.).
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(2) 8-bit timer mode control register 5n (TMC5n)
TMC5n is a register that performs the following five types of settings.

<1>
<2>
<3>
<4>

<5>

8-bit timer counter 5n (TM5n) count operation control

8-bit timer counter 5n (TM5n) operating mode selection

Timer output F/F (flip-flop) status setting
Active level selection in timer F/F control or PWM (free-running) mode
Timer output control

TMC5n can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Remark n=0, 1

Address: FF2FH

Figure 9-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 00H R/W

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCES50 TMC506 0 0 LVS50 LVR50 TMC501 TOE50

TCE50 TM50 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start

TMC506 TM50 operating mode selection
0 Mode in which clear & start occurs on a match between TM50 and CR50
1 PWM (free-running) mode

LVS50 LVR50 Timer output F/F status setting

0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited

TMC501 In other modes (TMC506 = 0) In PWM mode (TMC506 = 1)

Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOE50 Timer output control

0 Output disabled (TM50 output is low level)
1 Output enabled
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Address: FF3FH

Symbol
TMC51

Cautions 1.
2.

Remarks 1.
2.
3.

Figure 9-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

After reset: 00H R/W

<7> 6 5 4 <3> <2> 1 <0>
TCE51 TMC516 0 0 LVS51 | LVR51 | TMC511 | TOES51
TCES51 TM51 count operation control
0 After clearing to 0, count operation disabled (counter stopped)
1 Count operation start
TMC516 TM51 operating mode selection
0 Mode in which clear & start occurs on a match between TM51 and CR51
1 PWM (free-running) mode
LVS51 LVR51 Timer output F/F status setting
0 0 No change
0 1 Timer output F/F reset (0)
1 0 Timer output F/F set (1)
1 1 Setting prohibited
TMC511 In other modes (TMC516 = 0) In PWM mode (TMC516 = 1)
Timer F/F control Active level selection
0 Inversion operation disabled Active-high
1 Inversion operation enabled Active-low
TOE51 Timer output control
0 Output disabled (TM51 output is low level)

Output enabled

The settings of LVS5n and LVR5n are valid in other than PWM mode.
Do not rewrite following bits simultaneously.

e TMC5n1 and TOE5n
e TMC5n6 and TOE5n

e TMC5n1 and TMC5n6

TMC5n6 and LVS5n, LVR5n

e TOE5n and LVS5n, LVR5n
Stop operation before rewriting TMC5n6.

In PWM mode, PWM output is made inactive by clearing TCE5n to 0.
If LVS5n and LVR5n are read, the value is 0.

The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOES5n bits are reflected at the TO5n pin
regardless of the value of TCE5n.

.n=0,1

User's Manual U16928EJ2VOUD

197



CHAPTER 9 8-BIT TIMER/EVENT COUNTERS 50 AND 51

(3) Port mode register 5 (PM5)
This register sets port 5 input/output in 1-bit units.
When using the P50/TO50/TI150 and P51/TO51/TI51 pins for timer output, clear PM50 and PM51 and the output
latches of P50 and P51 to 0.
When using the P50/TO50/TI50 and P51/TO51/T151 pins for timer input, set PM50 and PM51 to 1. The output
latches of P50 and P51 at this time may be 0 or 1.
PM5 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 9-9. Format of Port Mode Register 5 (PM5)

Address: FF25H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM5 | PM57 ‘ PM56 ‘ PM55 ‘ PM54 ‘ PM53 ‘ PM52 ‘ PM51 ‘ PM50 |
PM5n P5n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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9.4.1

Operation as interval timer

9.4 Operations of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counter 5n operates as an interval timer that generates interrupt requests repeatedly at intervals

of the count value preset to 8-bit timer compare register 5n (CR5n).

When the count value of 8-bit timer counter 5n (TM5n) matches the value set to CR5n, counting continues with the

TM5n value cleared to 0 and an interrupt request signal (INTTM5n) is generated.

The count clock of TM5n can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n

(TCL5n).

<1> Set the registers.
e TCL5n: Select the count clock.
e CR5n:  Compare value
e TMCS5n:

and CR5n.

(TMC5n = 0000xxx0B x = Don’t care)
<2> After TCE5n = 1 is set, the count operation starts.
<3>
<4>

Clear TCE5n to 0 to stop the count operation.

Caution Do not write other values to CR5n during operation.

Remark n=0, 1

If the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
INTTMb5n is generated repeatedly at the same interval.

Figure 9-10. Interval Timer Operation Timing (1/2)

[N S|

(a) Basic operation

Stop the count operation, select the mode in which clear & start occurs on a match of TM5n

contonei [ ] UL UL T

TM5n count value 00H XO1 H X o

X N XooH)XotHX

X N XoonXotHY X N X

T
1
Cllear I
1

Count start Cllear
CR5n N o N o N TN
: : :
TCE5n | | | |
INTTM5n M M N

Remark Intervaltime = (N + 1) xt
N = 00H to FFH
n=0,1

A
Interrupt acknowledged

Interrupt acknowledged

Interval time
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Figure 9-10. Interval Timer Operation Timing (2/2)

(b) When CR5n = 00H

L
1 1
1 1
Count clock M
1 1 1 1 1 1
TM5n O0H ' OOH ' OOH ! | . .
CR5n 00H ' 00H

TCE5n|
INTTM5n ||||||||||||

1 1
-
1 1

Interval time

(c) When CR5n = FFH

I —
1 1
Count clock | | | | L I | I | I | | | I | __ I | I | I | | | I |
1 1
TM5n IH N [FE [ FF [ 00 | N [ FE [ FF [ 00 |
1 1
CR5n FF - FF - FF

TCESn |
INTTM5n [ [ ]

A A
Interrupt acknowledged Interrupt

1
1
! acknowledged
1

Interval time

Remark n=0, 1
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9.4.2 Operation as external event counter

The external event counter counts the number of external clock pulses to be input to the TI5n pin by 8-bit timer
counter 5n (TM5n).

TM5n is incremented each time the valid edge specified by timer clock selection register 5n (TCL5n) is input.
Either the rising or falling edge can be selected.

When the TM5n count value matches the value of 8-bit timer compare register 5n (CR5n), TM5n is cleared to 0
and an interrupt request signal (INTTM5n) is generated.

Whenever the TM5n value matches the value of CR5n, INTTM5n is generated.

<1> Set each register.
Set the port mode register (PM50 or PM51)"° to 1.
TCL5n: Select TI5n pin input edge.
TI5n pin falling edge — TCL5n = 00H
TI5n pin rising edge — TCL5n = 01H
CR5n: Compare value
TMC5n: Stop the count operation, select the mode in which clear & start occurs on match of TM5n and

CR5n, disable the timer F/F inversion operation, disable timer output.

(TMC5n = 0000xx00B x = Don’t care)
<2> When TCE5Sn = 1 is set, the number of pulses input from the TI5n pin is counted.
<3> When the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to O0H).
<4> After these settings, INTTMb5n is generated each time the values of TM5n and CR5n match.

Note 8-bit timer/event counter 50: PM50
8-bit timer/event counter 51: PM51

Figure 9-11. External Event Counter Operation Timing (with Rising Edge Specified)

e [T L T LT L

A l
Count start !
- |
TMn countvalue _ X 00 X 01 X 02 X 03 X 04 Xos X ~ XN-1X N X 00 X o1 X o2 X 03 X
|
CR5n o N

INTTM5n []

Remark N =00H to FFH
n=0,1
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9.4.3 Square-wave output operation

A square wave with any selected frequency is output at intervals determined by the value preset to 8-bit timer
compare register 5n (CR5n).

The TO5n pin output status is inverted at intervals determined by the count value preset to CR5n by setting bit 0
(TOES5N) of 8-bit timer mode control register 5n (TMC5n) to 1. This enables a square wave with any selected
frequency to be output (duty = 50%).

<1> Set each register.

Clear the port output latch (P50 or P51)"* and port mode register (PM50 or PM51)"* to 0.

TCL5n: Select the count clock.

CR5n: Compare value

TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n and

CRb5n.
LVS5n | LVR5n Timer Output F/F Status Setting
1 0 High-level output
0 1 Low-level output

Timer output F/F inversion enabled
Timer output enabled
(TMC5n = 00001011B or 00000111B)

<2> After TCE5n = 1 is set, the count operation starts.
<3> The timer output F/F is inverted by a match of TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to OOH.
<4> After these settings, the timer output F/F is inverted at the same interval and a square wave is output from
TO5N.
The frequency is as follows.
Frequency = 1/2t (N + 1)
(N: OOH to FFH)

Note 8-bit timer/event counter 50: P50, PM50
8-bit timer/event counter 51: P51, PM51

Caution Do not write other values to CR5n during operation.

Remark n=0, 1
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Figure 9-12. Square-Wave Output Operation Timing

[N S

L
cantoosx [T [T 1. L L TLrLrLr
| |
TMsn countvalue _ 00HJ o1HJo2HY N -1{ N Yoon YotHYo2HY ~~  YN-1 N YooH
Cour%start E E

1
1
|

TOS5NNet L [ [

Note The initial value of TO5n output can be set by bits 2 and 3 (LVR5n, LVS5n) of 8-bit timer mode control
register 5n (TMC5n).

9.4.4 PWM output operation

8-bit timer/event counter 5n operates as a PWM output when bit 6 (TMC5n6) of 8-bit timer mode control register 5n
(TMCb5n) is set to 1.

The duty pulse determined by the value set to 8-bit timer compare register 5n (CR5n) is output from TO5n.

Set the active level width of the PWM pulse to CR5n; the active level can be selected with bit 1 (TMC5n1) of
TMC5n.

The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n (TCL5n).

PWM output can be enabled/disabled with bit 0 (TOE5n) of TMC5n.

Caution In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock selected by
TCL5n) or more.

Remark n=0,1
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(1) PWM output basic operation

<1> Set each register.
e Clear the port output latch (P50 or P51)"* and port mode register (PM50 or PM51)"* to 0.
e TCL5n: Select the count clock.
e CR5n: Compare value
e TMC5n: Stop the count operation, select PWM mode.
The timer output F/F is not changed.

TMC5n1 Active Level Selection

0 Active-high

1 Active-low

Timer output enabled
(TMC5n = 01000001B or 01000011B)

<2> The count operation starts when TCE5n = 1.
Clear TCE5n to 0 to stop the count operation.

Note 8-bit timer/event counter 50: P50, PM50
8-bit timer/event counter 51: P51, PM51

| PWM output operation |

<1> PWM output (output from TO5n) outputs an inactive level until an overflow occurs.

<2> When an overflow occurs, the active level is output. The active level is output untii CR5n matches the
count value of 8-bit timer counter 5n (TM5n).

<3> After the CR5n matches the count value, the inactive level is output until an overflow occurs again.

<4> Operations <2> and <3> are repeated until the count operation stops.
<5> When the count operation is stopped with TCE5n = 0, PWM output becomes inactive.
For details of timing, see Figures 9-13 and 9-14.
The cycle, active-level width, and duty are as follows.
e Cycle = 2%
o Active-level width = Nt
e Duty = N/2°
(N = 00H to FFH)

Remark n=0,1
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Figure 9-13. PWM Output Operation Timing

(a) Basic operation (active level = H)

Count clock |||| |||||||||| |||||| |||||||||| ||||||
TM5n __00H|01H] |FFH|00H|01H|02H| | N |N+1| |FFH|OOH|O1H|02H| |M| 00H
1
1

CR5n N . . . .
| | | | | |
TCE5n _I 1 1 1 i i |
fi 1 1 1 1 1 1
1 1 1 1 1 1 1
INTTM5n ! . ] ! . L M ! '
1 1 1 1 1 1 1
1 1 - l 1 -
TOSN __| o | .
<1> 4 <5>
<2> Active level <3> Inactive level Active level
(b) CR5n = 00H
ot
o]
1 1
Countclock [ L_ LI S ST L. L
1 1
- | - - | - !
TM5n __00H | 01H] __AFFHJooH]o1H]o2H] I N IN+1IN+2] __ |FFH|00H|01H|02H| ___ImTJooH
1
! |
CR5n 00H . . . . . .
! 1 1
TCE5n o ! o o i "_|_
_! : : |
1
INTTM5n ___ - [ - - |_I !
TOsn L | .. ! .. .. ! !
{ 4
Inactive level Inactive level

(c) CR5n =FFH

Countclock_I_L'_L Spipipipip S ipip i pEpipipip S piniy
TM5n __00H J01H] |FFH|00H|01H|02H| N Y ] P |FFH|00H|01H|02H| o |M|00H
1

CR5n FFH . . . .
1 1 1 1 1 :
TCES5n . | . . T R
— o 4 :
INTTM5n I . e R o
; : ! R !
TO5n ! | |
1
} } o _
Inactive level Active level Active level Inactive level
Inactive level

Remarks 1. <1> to <3> and <5> in Figure 9-13 (a) correspond to <1> to <3> and <5> in | PWM output operation | in
9.4.4 (1) PWM output basic operation.
2.n=0,1
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(2) Operation with CR5n changed
Figure 9-14. Timing of Operation with CR5n Changed

(a) CRb5n value is changed from N to M before clock rising edge of FFH
— Value is transferred to CR5n at overflow immediately after change.

[

-]
1 1
Countclock||||||||||||||||||||||||||||||||||||||||||||||||||||

I 1 I 1 I I I I
TM5n _T N e N2~~~ “TFFHTooHToiR 0T - ~- T MW {[We2l _~~ —TFFA]ooHTofH[0oHT -~ T M W+ i[W:2]
! 1 1 1 1 1

1
1

CR5n N _ A M . . . .

1 1 1 1 1 1 1 1

TCE5n H | | | | | | | |
INTTM5n ' ! M ! ! m | .
1 1 1 1 1 1 1
TosSn T L I f i i |'

¢ L<2>
<1> CR5n change (N —» M)
(b) CR5n value is changed from N to M after clock rising edge of FFH
— Value is transferred to CR5n at second overflow.
[
-]
Count clock |||||||||||||||||||||||||||||||||||||||||||||||||||||||
1 : 1 1 1 1 1
TM5n TN IN+1IN+2] . _FrAJooRTotH]02A] 1. [N IN+i|N+2] .. [FEAJOOHTOTH]0PA] .. T M IM+1[M+2]

; ! ! ! ! : :

CR5n : N : X . N . ).( . M .
1 1 1 1 1 1 1

TCE5n ~ H | | | | | | |
INTTM5n : A ! m |
1 1 1 1 1 1 1

TO5n | : | | : | |I

<1> CR5n change (N — M) <2>

Caution When reading from CR5n between <1> and <2> in Figure 9-14, the value read differs from the
actual value (read value: M, actual value of CR5n: N).
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9.5 Cautions for 8-Bit Timer/Event Counters 50 and 51
(1) Timer start error
An error of up to one clock may occur in the time required for a match signal to be generated after timer start.

This is because 8-bit timer counters 50 and 51 (TM50, TM51) are started asynchronously to the count clock.

Figure 9-15. 8-Bit Timer Counter 5n Start Timing

Count clock | | | | | | | |

TM5n count value 00H X o0tH X 02H X 03H X 04H

Timer start

Remark n=0, 1
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10.1 Functions of 8-Bit Timer HO

8-bit timer HO has the following functions.

e Interval timer
e PWM output mode
e Square-wave output

10.2 Configuration of 8-Bit Timer HO

8-bit timer HO consists of the following hardware.

Table 10-1. Configuration of 8-Bit Timer HO

ltem

Configuration

Timer register

8-bit timer counter HO

Registers 8-bit timer H compare register 00 (CMPQ0)
8-bit timer H compare register 01 (CMPO01)
Timer output TOHO

Control registers

8-bit timer H mode register 0 (TMHMDO)
Port mode register 5 (PM5)
Port register 5 (P5)

Figures 10-1 shows the block diagram.

208
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Figure 10-1. Block Diagram of 8-Bit Timer HO
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(1) 8-bit timer H compare register 00 (CMP00)
This register can be read or written by an 8-bit memory manipulation instruction.
An interrupt request signal (INTTMHO) is generated if the values of the timer counter and CMP0O match. The
timer counter value is cleared at the same time.
RESET input clears this register to O0H.

Figure 10-2. Format of 8-Bit Timer H Compare Register 00 (CMP00)

Address: FFO9EH After reset: 00H R/W

Symbol U
CMPOO | | | | | | | |

Caution CMPO0O0 cannot be rewritten during timer count operation.

(2) 8-bit timer H compare register 01 (CMP01)
This register can be read or written by an 8-bit memory manipulation instruction.
This register is used in only PWM output mode.
If the values of the timer counter and CMPO1 match, the timer counter value is cleared, but an interrupt request
signal (INTTMHO) is not generated.
RESET input clears this register to O0H.

Figure 10-3. Format of 8-Bit Timer H Compare Register 01 (CMPO01)

Address: FFOFH  After reset: 00H R/W

Symbol !
CMPO1 | | | | | | | |

CMPO01 can be rewritten during timer count operation.

If the CMPO1 value is rewritten during timer operation, transferring is performed at the timing at which the counter
value and CMPO1 value match. If the transfer timing and writing from CPU to CMPO1 conflict, transfer is not
performed.

Caution In the PWM output mode, be sure to set CMP01 when starting the timer count operation (TMHEO

= 1) after the timer count operation was stopped (TMHEO = 0) (be sure to set again even if setting
the same value to CMPO01).
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10.3 Registers Controlling 8-Bit Timer HO
The following three registers are used to control 8-bit timer HO.

o 8-bit timer H mode register 0 (TMHMDO)
e Port mode register 5 (PM5)
o Port register 5 (P5)

(1) 8-bit timer H mode register 0 (TMHMDO)
This register controls the mode of timer H.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.
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Figure 10-4. Format of 8-Bit Timer H Mode Register 0 (TMHMDO)

Address: FF2AH Afterreset: 00OH R/W

Symbol <7> 6 5 4 3 2 <1> <0>
TMHMDO | TMHEO | CKS02 | CKS01 | CKS00 | TMMDO1|TMMDOO | TOLEVO | TOENO |

TMHEO Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)

CKS02 | CKS01 | CKS00 Count clock (fenr) selectionNete !
0 0 0 fx/2 (10 MHz)
0 0 1 x/2® (2.5 MHz)
0 1 0 /2% (312.5 kHz)
0 1 1 /28 (78.125 kHz)
1 0 0 /21 (19.53 kHz)
1 0 1 TM50 outputhete 2

Other than above Setting prohibited

TMMDO1| TMMDOO Timer operation mode
0 0 Interval timer mode
1 0 PWM output mode

Other than above | Setting prohibited

TOLEVO Timer output level control (in default mode)
0 Low level
1 High level

TOENO Timer output control
0 Disables output
1 Enables output

Notes 1. Be sure to set the count clock so that the following condition is satisfied.
¢ Vop =4.0t0 5.5 V: Count clock < 10 MHz
2. When the TM50 output is selected as the count clock, observe the following.

¢ PWM mode (TMC506 = 1)
Set the clock so that the duty will be 50% and start the operation of 8-bit timer/event counter 50 in
advance.
¢ Clear & start mode entered on match of TM50 and CR50 (TMC506 = 0)
Enable the timer F/F inversion operation (TMC501 = 1) and start the operation of 8-bit timer/event
counter 50 in advance.

It is not necessary to enable the TO50 pin as a timer output pin (bit 0 (TOE50) of the TMC50 register

may be 0 or 1), regardless of which mode.
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Cautions 1. When the internal oscillation clock is selected as the source clock to the CPU, the clock of
the internal oscillator is divided and supplied as the count clock. If the count clock is the

internal oscillation clock, the operation of 8-bit timer HO is not guaranteed.
2. When TMHEO = 1, setting the other bits of TMHMDO is prohibited.

3. In the PWM output mode, be sure to set 8-bit timer H compare register 01 (CMP01) when
starting the timer count operation (TMHEO = 1) after the timer count operation was stopped

(TMHEO = 0) (be sure to set again even if setting the same value to CMPO01).

Remarks 1. fx: X1 input clock oscillation frequency
2. Figures in parentheses apply to operation at fx = 20 MHz
3. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50

(2) Port mode register 5 (PM5)
This register sets port 5 input/output in 1-bit units.

When using the P52/TOHO/INTP4 pin for timer output, clear PM52 and the output latch of P52 to 0.

PM5 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 10-5. Format of Port Mode Register 5 (PM5)

Address: FF25H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM5 | PM57 | PM56 | PM55 | PM54 | PM53 | PM52 | PM51 | PM50 |
PM5n P5n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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10.4 Operation of 8-Bit Timer HO

10.4.1 Operation as interval timer/square-wave output

When 8-bit timer counter HO and compare register 00 (CMP00) match, an interrupt request signal (INTTMHO) is
generated and 8-bit timer counter HO is cleared to 00H.

Compare register 01 (CMPO01) is not used in interval timer mode. Since a match of 8-bit timer counter HO and the
CMPO1 register is not detected even if the CMPO1 register is set, timer output is not affected.

By setting bit 0 (TOENO) of timer H mode register 0 (TMHMDO) to 1, a square wave of any frequency (duty = 50%)
is output from TOHO.

(1) Usage
Generates the INTTMHO signal repeatedly at the same interval.

<1> Set each register.
Figure 10-6. Register Setting during Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register 0 (TMHMDO)

TMHEO CKS02 CKS01 CKS00 TMMDO1 TMMDOO TOLEVO TOENO

TMHMDO | 0 ‘ 0N ‘ 01 ‘ 01 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

Timer output setting

Timer output level inversion setting

Interval timer mode setting

Count clock (fent) selection

Count operation stopped

(ii) CMPOO register setting

e Compare value (N)

<2> Count operation starts when TMHEOQ = 1.

<3> When the values of 8-bit timer counter HO and the CMPOO register match, the INTTMHO signal is generated
and 8-bit timer counter HO is cleared to O0H.

Interval time = (N +1)/fcnt

<4> Subsequently, the INTTMHO signal is generated at the same interval. To stop the count operation, clear
TMHEO to 0.

214 User's Manual U16928EJ2VOUD



CHAPTER 10 8-BIT TIMER HO

(2) Timing chart
The timing of the interval timer/square-wave output operation is shown below.

Figure 10-7. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation

Count clock ||||<||||||||g||||||

é Count start

: X N X ooH XotHYooH

8-bit timer counter HO OOHX 01H X X N X 00H X 01H X

CMP0O N

INTTMHO ( | |
, ] Interval time .
| . . .
TOHO ! '
<1> <2> <2> <3>
Level inversion, Level inversion,

match interrupt occurrence, match interrupt occurrence,
8-bit timer counter HO clear 8-bit timer counter HO clear

<1> The count operation is enabled by setting the TMHEO bit to 1. The count clock starts counting no more than
1 clock after the operation is enabled.

<2> When the values of 8-bit timer counter HO and the CMPOO register match, the value of 8-bit timer counter HO
is cleared, the TOHO output level is inverted, and the INTTMHO signal is output.

<3> The INTTMHO signal and TOHO output become inactive by clearing the TMHEO bit to O during timer HO
operation. If these are inactive from the first, the level is retained.

Remark N =01Hto FEH
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Figure 10-7. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMP00 = FFH

Count clock |||| ||||||||4<,_||_||_||_

4 Count start

00HX 01H X X FEHX FFHX 00H X X FEH X FFH X OOHX:
A A

: . Clear i Clear
'

8-bit timer counter HO

CMPO0O FFH

TMHEO J

INTTMHO

TOHO

o

Interval time

(c) Operation when CMP00 = 00H

Count clock ||||||||||||||||||||||

Cou'nt start :

8-bit timer counter HO 00H

CMPO0O 00H

A

TMHEO J

INTTMHO

L
L
TOHoO N S S B

' '
L
' '

Interval time
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10.4.2 Operation as PWM output mode

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

8-bit timer compare register 00 (CMP0O) controls the cycle of timer output (TOHO0). Rewriting the CMPOO register
during timer operation is prohibited.

8-bit timer compare register 01 (CMPO01) controls the duty of timer output (TOHO0). Rewriting the CMPO1 register
during timer operation is possible.

The operation in PWM output mode is as follows.

TOHO output becomes active and 8-bit timer counter HO is cleared to 0 when 8-bit timer counter HO and the
CMPOO register match after the timer count is started. TOHO output becomes inactive when 8-bit timer counter HO
and the CMPO1 register match.

(1) Usage
In PWM output mode, a pulse for which an arbitrary duty and arbitrary cycle can be set is output.

<1> Set each register.
Figure 10-8. Register Setting in PWM Output Mode

(i) Setting timer H mode register 0 (TMHMDO)

TMHEO CKS02 CKSO1 CKS00 TMMDO1 TMMDOO TOLEVO TOENO
TMHMDO|0‘0/1‘0/1‘0/1‘ 1 ‘ 0‘0/1‘1|

| | L] L

Timer output enabled

Timer output level inversion setting

PWM output mode selection

Count clock (fent) selection

Count operation stopped

(ii) Setting CMPOO register
e Compare value (N): Cycle setting

(iii) Setting CMPO1 register
e Compare value (M): Duty setting

Remark O00H < CMPO1 (M) < CMP0O (N) < FFH

<2> The count operation starts when TMHEOQ = 1.

<3> The CMPOQO register is the compare register that is to be compared first after counter operation is enabled.
When the values of 8-bit timer counter HO and the CMPOO register match, 8-bit timer counter HO is cleared,
an interrupt request signal (INTTMHO) is generated, and TOHO output becomes active. At the same time,
the compare register to be compared with 8-bit timer counter HO is changed from the CMPOQO register to the
CMPO1 register.
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<4> When 8-bit timer counter HO and the CMPO1 register match, TOHO output becomes inactive and the
compare register to be compared with 8-bit timer counter HO is changed from the CMPO1 register to the
CMPOQO register. At this time, 8-bit timer counter HO is not cleared and the INTTMHO signal is not
generated.

<5> By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

<6> To stop the count operation, set TMHEO = 0.

If the setting value of the CMPOO register is N, the setting value of the CMPO1 register is M, and the count clock
frequency is fent, the PWM pulse output cycle and duty are as follows.

PWM pulse output cycle = (N+1)/fcnt
Duty = Active width : Total width of PWM =M+ 1) : (N + 1)

Cautions 1. In PWM output mode, three operation clocks (signal selected using the CKS02 to CKS00
bits of the TMHMDO register) are required to transfer the CMPO1 register value after
rewriting the register.

2. Be sure to set the CMPO01 register when starting the timer count operation (TMHEO = 1) after
the timer count operation was stopped (TMHEO = 0) (be sure to set again even if setting the
same value to the CMPO01 register).
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(2) Timing chart
The operation timing in PWM output mode is shown below.

Caution Make sure that the CMPO1 register setting value (M) and CMPOO register setting value (N) are
within the following range.
00H < CMPO1 (M) < CMP0O (N) < FFH

Figure 10-9. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

Count clock ||||5||||||||||5||||||||||_15_||_||_
8-bit timer counter HO  00H ' @@ m I 00H

CMPOO0 ) A5H

CMPO1 01H

TMHEOJ |_
INTTMHO { 'I_| |

TOHO ! ' ' ' ' '
(TOLEVO =0) _ " ( I_l

<1> :<2> :<3> !
TOHO ' ' ; ' ' R '
(TOLEVO = 1) |_| |_| |_|

<1> The count operation is enabled by setting the TMHEQO bit to 1. Start 8-bit timer counter HO by masking one

count clock to count up. At this time, TOHO output remains inactive (when TOLEVO = 0).

<2> When the values of 8-bit timer counter HO and the CMPQO register match, the TOHO output level is inverted,
the value of 8-bit timer counter HO is cleared, and the INTTMHO signal is output.

<3> When the values of 8-bit timer counter HO and the CMPO1 register match, the level of the TOHO output is
returned. At this time, the 8-bit timer counter value is not cleared and the INTTMHO signal is not output.

<4> Clearing the TMHEDO bit to 0 during timer HO operation makes the INTTMHO signal and TOHO output inactive.
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Figure 10-9. Operation Timing in PWM Output Mode (2/4)

= FFH, CMPO1 = 00H

(b) Operation when CMP00
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(c) Operation when CMP00O
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Figure 10-9. Operation Timing in PWM Output Mode (3/4)

01H, CMPO1 = 00H

(d) Operation when CMP00

Count clock

01H

CMPO0O

00H

CMPO1

TMHEO

INTTMHO

=0)

(TOLEVO
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Figure 10-9. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP01 (CMP01 = 01H — 03H, CMPO00 = A5H)

Count clock |||| “||||||I||||||||||||||I||I||I

R

<1>

<2>

<3>

<4>

<5>

<6>

222

CMPO0O A5H

CMPO1 01H :X 01H(03H)% 03H

TMHEO J |
INTTMHO E ) | |

TOHO | | !
(TOLEVO = 0) T 4 “ L

<1> <3> <4> <5> <6>

The count operation is enabled by setting TMHEO = 1. Start 8-bit timer counter HO by masking one count
clock to count up. At this time, the TOHO output remains inactive (when TOLEVO = 0).

The CMPO1 register value can be changed during timer counter operation. This operation is asynchronous
to the count clock.

When the values of 8-bit timer counter HO and the CMPOO register match, the value of 8-bit timer counter HO
is cleared, the TOHO output becomes active, and the INTTMHO signal is output.

If the CMPO1 register value is changed, the value is latched and not transferred to the register. When the
values of 8-bit timer counter HO and the CMPO1 register before the change match, the value is transferred to
the CMPO1 register and the CMPO1 register value is changed (<2>’).

However, three count clocks or more are required from when the CMPO1 register value is changed to when
the value is transferred to the register. If a match signal is generated within three count clocks, the changed
value cannot be transferred to the register.

When the values of 8-bit timer counter HO and the CMPO1 register after the change match, the TOHO output
becomes inactive. 8-bit timer counter HO is not cleared and the INTTMHO signal is not generated.

Clearing the TMHEO bit to 0 during timer HO operation makes the INTTMHO signal and TOHO output inactive.
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CHAPTER 11 WATCHDOG TIMER

11.1 Functions of Watchdog Timer

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset

signal is generated.

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1.
For details of RESF, see CHAPTER 21 RESET FUNCTION.

Table 11-1. Loop Detection Time of Watchdog Timer

Loop Detection Time

During Internal Oscillation Clock Operation

During X1 Input Clock Operation

fr/2" (8.53 ms)

fxe/2' (409.6 us)

fr/2 (17.07 ms)

fxp/2" (819.2 us)

fr/2"° (34.13 ms)

fxp/2' (1.64 ms)

fr/2' (68.27 ms)

fxp/2'° (3.28 ms)

fa/2"° (136.53 ms)

fxe/2"” (6.55 ms)

fr/2'® (273.07 ms)

fxe/2"® (13.11 ms)

fr/2" (546.13 ms)

fxp/2' (26.21 ms)

fr/2"* (1.09 s)

fxp/2% (52.43 ms)

Remarks 1. fr: Internal oscillation clock frequency

2. fxp: X1 input clock oscillation frequency

3. Figures in parentheses apply to operation at fr = 240 kHz (TYP.), fxr = 20 MHz

The operation mode of the watchdog timer (WDT) is switched according to the option byte setting of the internal

oscillator as shown in Table 11-2.
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Table 11-2. Option Byte Setting and Watchdog Timer Operation Mode

Option Byte
Internal Oscillator Cannot Be Stopped Internal Oscillator Can Be Stopped by Software
Watchdog timer clock Fixed to fa""". » Selectable by software (fxe, fr or stopped)
source e When reset is released: fr

Operation after reset

Operation starts with the maximum interval Operation starts with maximum interval (fr/2').
(fr/2%).

Operation mode selection | The overflow time can be changed only once. | The clock selection/overflow time can be

changed only once.

Features

Note 2

The watchdog timer cannot be stopped. The watchdog timer can be stopped

Notes 1. Aslong as power is being supplied, internal oscillator oscillation cannot be stopped (except in the
reset period).
2. The conditions under which clock supply to the watchdog timer is stopped differ depending on
the clock source of the watchdog timer.

<1>

<2>

If the clock source is fxp, clock supply to the watchdog timer is stopped under the following

conditions.

o When fxp is stopped

e In HALT/STOP mode

o During oscillation stabilization time

If the clock source is fr, clock supply to the watchdog timer is stopped under the following

conditions.

¢ If the CPU clock is fxr and if fr is stopped by software before execution of the STOP
instruction

e In HALT/STOP mode

Remarks 1. fr: Internal oscillation clock frequency
2. fxr: X1 input clock oscillation frequency
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CHAPTER 11 WATCHDOG TIMER

11.2 Configuration of Watchdog Timer

The watchdog timer consists of the following hardware.

Table 11-3. Configuration of Watchdog Timer

ltem

Configuration

Control registers

Watchdog timer mode register (WDTM)
Watchdog timer enable register (WDTE)

Figure 11-1. Block Diagram of Watchdog Timer

L Internal reset signal

fR/21;t0
fr/2
w2t (?IOCk 16-bit Output
input Selector ol
fxp/2% ———= counter [, controller
controller
fxp/213 to
5 fxp/220
fCIear L 3
. )
Watchdog timer enable | o | 1 | 1 |wpcsswpcsawpes2wpest|wpesoj—o
register (WDTE) Watchdog timer mode
register (WDTM)
2 Internal bus 2
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Option byte
(to set “Internal oscillator
cannot be stopped” or
“Internal oscillator can be
stopped by software”)
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11.3 Registers Controlling Watchdog Timer
The watchdog timer is controlled by the following two registers.

e Watchdog timer mode register (WDTM)
e Watchdog timer enable register (WDTE)

(1) Watchdog timer mode register (WDTM)
This register sets the overflow time and operation clock of the watchdog timer.
This register can be set by an 8-bit memory manipulation instruction and can be read many times, but can be
written only once after reset is released.
RESET input sets this register to 67H.

Figure 11-2. Format of Watchdog Timer Mode Register (WDTM)

Address: FF98H  After reset: 67H R/W

Symbol 7 6 5 4 3 2 1 0
WDTM 0 1 1 WDCS4 WDCS3 WDCS2 ‘ WDCSH1 ‘ WDCS0
WDCS4" ' |\WDCS3" "' Operation clock selection
0 0 Internal oscillation clock (fr)
0 1 X1 input clock (fxe)
1 X Watchdog timer operation stopped
WDCS2"*| WDCS1""**| WDCS0""** Overflow time setting
During internal oscillation clock | During X1 input clock operation
operation
0 0 0 fr/2'"" (8.53 ms) fxp/2" (409.6 us)
0 0 1 fr/2"* (17.07 ms) fxp/2" (819.2 us)
0 1 0 fr/2"° (34.13 ms) fxp/2"° (1.64 ms)
0 1 1 fr/2" (68.27 ms) fxp/2"° (3.28 ms)
1 0 0 fr/2"° (136.53 ms) fxp/2'" (6.55 ms)
1 0 1 fr/2'° (273.07 ms) fxp/2'® (13.11 ms)
1 1 0 fr/2" (546.13 ms) fxp/2'° (26.21 ms)
1 1 1 fr/2" (1.09 s) fxp/2° (52.43 ms)

Notes 1. If “Internal oscillator cannot be stopped” is specified by an option byte, this cannot be set.
The Internal oscillation clock will be selected no matter what value is written.
2. Resetis released at the maximum cycle (WDCS2,1,0=1, 1, 1).
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Cautions 1. If data is written to WDTM, a wait cycle is generated. For details, see CHAPTER 30
CAUTIONS FOR WAIT.

2. Set bits 7, 6, and 5 to 0, 1, and 1, respectively (when “Internal oscillator cannot be
stopped” is selected by an option byte, other values are ignored).

3. After reset is released, WDTM can be written only once by an 8-bit memory
manipulation instruction. If writing attempted a second time, an internal reset signal
is generated.

4. WDTM cannot be set by a 1-bit memory manipulation instruction.

Remarks 1. fr: Internal oscillation clock frequency
2. fxp: X1 input clock oscillation frequency
3. x: Don’t care
4. Figures in parentheses apply to operation at fr = 240 kHz (TYP.), fxr = 20 MHz

(2) Watchdog timer enable register (WDTE)
Writing ACH to WDTE clears the watchdog timer counter and starts counting again.
This register can be set by an 8-bit memory manipulation instruction.
RESET input sets this register to 9AH.

Figure 11-3. Format of Watchdog Timer Enable Register (WDTE)

Address: FF99H After reset: 9AH R/W
Symbol 7 6 5 4 3 2 1 0
WDTE | |

Cautions 1. If a value other than ACH is written to WDTE, an internal reset signal is generated.
2. If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset
signal is generated.
3. The value read from WDTE is 9AH (this differs from the written value (ACH)).
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11.4 Operation of Watchdog Timer

11.4.1 Watchdog timer operation when “Internal oscillator cannot be stopped” is selected by option byte

The operation clock of watchdog timer is fixed to the Internal oscillation clock.

After reset is released, operation is started at the maximum cycle (bits 2, 1, and 0 (WDCS2, WDCS1, WDCSO0) of
the watchdog timer mode register (WDTM) = 1, 1, 1). The watchdog timer operation cannot be stopped.

The following shows the watchdog timer operation after reset release.

1. The status after reset release is as follows.
e Operation clock: Internal oscillation clock
e Cycle: fr/2' (1.09 seconds: At operation with fr = 240 kHz (TYP.))
e Counting starts
2. The following should be set in the watchdog timer mode register (WDTM) by an 8-bit memory manipulation
instruction™**"2,
e Cycle: Set using bits 2 to 0 (WDCS2 to WDCSO0)

3. After the above procedures are executed, writing ACH to WDTE clears the count to 0, enabling recounting.

Notes 1. The operation clock (internal oscillation clock) cannot be changed. If any value is written to bits 3 and
4 (WDCSS3, WDCS4) of WDTM, it is ignored.
2. Assoon as WDTM is written, the counter of the watchdog timer is cleared.

Caution In this mode, operation of the watchdog timer absolutely cannot be stopped even during STOP
instruction execution. For 8-bit timer 51 (TM51), a division of the internal oscillation clock can be
selected as the count source, so clear the watchdog timer using the interrupt request of TM51
before the watchdog timer overflows after STOP instruction execution. If this processing is not
performed, an internal reset signal is generated when the watchdog timer overflows after STOP
instruction execution.
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11.4.2 Watchdog timer operation when “internal oscillator can be stopped by software” is selected by option
byte
The operation clock of the watchdog timer can be selected as either the internal oscillation clock or the X1 input
clock.
After reset is released, operation is started at the maximum cycle (bits 2, 1, and 0 (WDCS2, WDCS1, WDCSO0) of
the watchdog timer mode register (WDTM) =1, 1, 1).

The following shows the watchdog timer operation after reset release.

1. The status after reset release is as follows.
e Operation clock: Internal oscillation clock (fr)
e Cycle: fr/2'° (1.09 seconds: At operation with fr = 240 kHz (TYP.))
e Counting starts
2. The following should be set in the watchdog timer mode register (WDTM) by an 8-bit memory manipulation
instruction"**" %2,
e Operation clock: Any of the following can be selected using bits 3 and 4 (WDCS3 and WDCS4).
Internal oscillation clock (fr)
X1 input clock (fxp)
Watchdog timer operation stopped
e Cycle: Set using bits 2 to 0 (WDCS2 to WDCSO0)

3. After the above procedures are executed, writing ACH to WDTE clears the count to 0, enabling recounting.

Notes 1. As soon as WDTM is written, the counter of the watchdog timer is cleared.
2. Setbits 7,6,and 510 0, 1, 1, respectively. Do not set the other values.
3. If the watchdog timer is stopped by setting WDCS4 and WDCSS3 to 1 and X, respectively, an internal
reset signal is not generated even if the following processing is performed.
e WDTM is written a second time.
e A 1-bit memory manipulation instruction is executed to WDTE.
e A value other than ACH is written to WDTE.

Caution In this mode, watchdog timer operation is stopped during HALT/STOP instruction execution.
After HALT/STOP mode is released, counting is started again using the operation clock of the
watchdog timer set before HALT/STOP instruction execution by WDTM. At this time, the counter
is not cleared to 0 but holds its value.

For the watchdog timer operation during STOP mode and HALT mode in each status, see 11.4.3 Watchdog timer
operation in STOP mode and 11.4.4 Watchdog timer operation in HALT mode.
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11.4.3 Watchdog timer operation in STOP mode (when “Internal oscillator can be stopped by software” is

selected by option byte)

The watchdog timer stops counting during STOP instruction execution regardless of whether the X1 input clock or

internal oscillation clock is being used.

M

)

230

When the CPU clock and the watchdog timer operation clock are the X1 input clock (fxr) when the STOP
instruction is executed

When STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is released,
counting stops for the oscillation stabilization time set by the oscillation stabilization time select register (OSTS)
and then counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 11-4. Operation in STOP Mode (CPU Clock and WDT Operation Clock: X1 Input Clock)

Normal
CPU operation _operation STOP Oscillation stabilization time Normal operation
Oscillation Oscillation stabilization time
stopped (set by OSTS register)
o (UL LRARTUUUL _ — _ WU AR LA Uy
Watchdog timer
Operating Operation stopped Operating

When the CPU clock is the X1 input clock (fxr) and the watchdog timer operation clock is the internal
oscillation clock (fr) when the STOP instruction is executed

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is
released, counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 11-5. Operation in STOP Mode
(CPU Clock: X1 Input Clock, WDT Operation Clock: Internal Oscillation Clock)

Normal
CPU operation _operation STOP Oscillation stabilization time ‘ Normal operation
Oscillation Oscillation stabilization time \
stopped (set by OSTS register)
gl S T
Watchdog timer
Operating |Operation stopped Operating
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(3) When the CPU clock is the internal oscillation clock (fr) and the watchdog timer operation clock is the X1
input clock (fxr) when the STOP instruction is executed

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is
released, counting is stopped until the timing of <1> or <2>, whichever is earlier, and then counting is started
using the operation clock before the operation was stopped. At this time, the counter is not cleared to 0 but holds
its value.

<1> The oscillation stabilization time set by the oscillation stabilization time select register (OSTS) elapses.
<2> The CPU clock is switched to the X1 input clock (fxp).

Figure 11-6. Operation in STOP Mode
(CPU Clock: Internal Oscillation Clock, WDT Operation Clock: X1 Input Clock)

<1> Timing when counting is started after the oscillation stabilization time set by the oscillation stabilization time
select register (OSTS) has elapsed

Normal operation
(internal oscillation

CPU operation clock) STOP Clock supply stopped Normal operation (internal oscillation clock)
Oscillation Oscillation stabilization time
stopped (set by OSTS register)
OO AR
17 clocks
Watchdog timer
Operating Operation stopped Operating

<2> Timing when counting is started after the CPU clock is switched to the X1 input clock (fxr)

Normal operation (internal oscillation clock) CPU clock

Normal operation Note

(internal oscillation Clock supply

CPU operation clock) STOP stopped Normal operation (X1 input clock)

ol 1111111 L

Oscillation Oscillation stabilization time |

fr — fxp

stopped (set by OSTS register)
01 R
17 clocks
Watchdog timer
Operating Operation stopped ‘ Operating

Note Confirm the oscillation stabilization time of fxp using the oscillation stabilization time counter status register
(OSTC).
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(4) When CPU clock and watchdog timer operation clock are the internal oscillation clock (fr) during STOP
instruction execution

When the STOP instruction is executed, operation of the watchdog timer is stopped. After STOP mode is

released, counting is started again using the operation clock before the operation was stopped. At this time, the
counter is not cleared to 0 but holds its value.

Figure 11-7. Operation in STOP Mode (CPU Clock and WDT Operation Clock: Internal Oscillation Clock)

Normal operation
(internal oscillation

CPU operation clock) STOP Clock supply stopped Normal operation (internal oscillation clock)
Oscillation Oscillation stabilization time ‘
stopped (set by OSTS register)
S AEREFER
17 clocks
Watchdog timer - -
Operating |Operation stopped Operating

11.4.4 Watchdog timer operation in HALT mode (when “Internal oscillator can be stopped by software” is
selected by option byte)

The watchdog timer stops counting during HALT instruction execution regardless of whether the CPU clock is the
X1 input clock (fxp) or internal oscillation clock (fr), or whether the operation clock of the watchdog timer is the X1
input clock (fxp) or internal oscillation clock (fr). After HALT mode is released, counting is started again using the
operation clock before the operation was stopped. At this time, the counter is not cleared to 0 but holds its value.

Figure 11-8. Operation in HALT Mode

CPU operation Normal operation HALT Normal operation
fxp
Sl I N T T
Watchdog timer
Operating |Operation stopped Operating
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12.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for carrier output during remote controlled transmission and clock output for
supply to peripheral LSIs. The clock selected with the clock output selection register (CKS) is output.

In addition, the buzzer output is intended for square-wave output of buzzer frequency selected with CKS.

Figure 12-1 shows the block diagram of clock output/buzzer output controller.

Figure 12-1. Block Diagram of Clock Output/Buzzer Output Controller

X ——= Prescaler
8 f4 20t fx23| 2
3 BUZ/P30
T Output latch
PM30
BZOEL (P30)
BCSO0, BCS1
fx to fx/27 % Clock
= controller PCL/P31
I CLOE Output latch
T I (e
BZOE | BCS1 | BCSO | CLOE | CCS3 | CCS2 | CCSs1 | CCSso
Clock output selection register (CKS)
Internal bus g
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12.2 Configuration of Clock Output/Buzzer Output Controller
The clock output/buzzer output controller consists of the following hardware.

Table 12-1. Clock Output/Buzzer Output Controller Configuration

Item Configuration

Control registers Clock output selection register (CKS)
Port mode register 3 (PM3)
Port register 3 (P3)

12.3 Register Controlling Clock Output/Buzzer Output Controller

The following three registers are used to control the clock output/buzzer output controller.
e Clock output selection register (CKS)

e Port mode register 3 (PM3)

e Port register 3 (P3)

(1) Clock output selection register (CKS)

This register sets output enable/disable for clock output (PCL) and for the buzzer frequency output (BUZ), and
sets the output clock.

CKS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CKS to 00H.
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Address: FF40H After reset: OOH R/W

Figure 12-2. Format of Clock Output Selection Register (CKS)

Symbol <7> 6 5 <4> 3 2 1 0
CKS BZOE BCS1 BCSO CLOE CCS3 ‘ CCSs2 ‘ CCst ‘ CCSso
BZOE BUZ output enable/disable specification
0 Clock division circuit operation stopped. BUZ fixed to low level.
1 Clock division circuit operation enabled. BUZ output enabled.
BCSH1 BCSO BUZ output clock selection
0 0 x/2"° (19.5 kHz)
0 1 x/2" (9.77 kHz)
1 0 x/2" (4.88 kHz)
1 1 x/2" (2.44 kHz)
CLOE PCL output enable/disable specification
0 Clock division circuit operation stopped. PCL fixed to low level.
1 Clock division circuit operation enabled. PCL output enabled.
CCS3 CCSs2 CCs1 CCSso PCL output clock selection
0 0 0 0 fx (20 MHz)
0 0 0 1 fx/2 (10 MHz)
0 0 1 0 /2% (5 MHz)
0 0 1 1 x/2° (2.5 MHz)
0 1 0 0 x/2* (1.25 MHz)
0 1 0 1 x/2° (625 kHz)
0 1 1 0 x/2° (312.5 kHz)
0 1 1 1 fx/2” (156.25 kHz)
Other than above Setting prohibited
Remarks 1. fx: X1 input clock oscillation frequency

2.

Figures in parentheses are for operation with fx = 20 MHz.
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(2) Port mode register 3 (PM3)
This register sets port 3 input/output in 1-bit units.
When using the P31/ PCL pin for clock output and the P30/BUZ pin for buzzer output, clear PM31, PM30 and
the output latch of P31, P30 to 0.
PMS is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets PM3 to FFH.

Figure 12-3. Format of Port Mode Register 3 (PM3)

Address: FF23H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM33 ‘ PM32 ‘ PM31 ‘ PM30 |
PM3n P3n pin I/O mode selection (n = 0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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12.4 Clock Output/Buzzer Output Controller Operations

12.4.1 Clock output operation
The clock pulse is output as the following procedure.
<1> Select the clock pulse output frequency with bits 0 to 3 (CCS0 to CCS3) of the clock output selection register

(CKS) (clock pulse output in disabled status).
<2> Set bit 4 (CLOE) of CKS to 1 to enable clock output.

Remark The clock output controller is designed not to output pulses with a small width during output
enable/disable switching of the clock output. As shown in Figure 12-4, be sure to start output from the
low period of the clock (marked with * in the figure). When stopping output, do so after securing high

level of the clock.

Figure 12-4. Remote Control Output Application Example

12.4.2 Operation as buzzer output
The buzzer frequency is output as the following procedure.

<1> Select the buzzer output frequency with bits 5 and 6 (BCS0, BCS1) of the clock output selection register

(CKS) (buzzer output in disabled status).
<2> Set bit 7 (BZOE) of CKS to 1 to enable buzzer output.
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13.1 Function of Real-Time Output Port

Data set previously in the real-time output buffer register can be transferred to the output latch by hardware
concurrently with timer interrupts or external interrupt request generation, then output externally. This is called the
real-time output function. The pins that output data externally are called real-time output ports.

By using the real-time output port, it is possible to output a signal with no jitter. Therefore, this is most suitable for
applications where an arbitrary pattern is output at an arbitrary interval (open-loop control of a stepper motor, etc.).

Also, it is possible to perform PWM modulation at a specified pin for the output pattern.

The 4PD78F0714 has the following 2 channels of real-time output ports on chip. It is possible to specify the real-
time output port in 1-bit units.

¢ 8 bits x 1, or 4 bits x 2 ... Real-time output port 0

* 6 bits x 1, or 4 bits x 1 ... Real-time output port 1

13.2 Configuration of Real-Time Output Port
A real-time output port includes the following hardware.

Table 13-1. Configuration of Real-Time Output Port

Item Configuration

Register Real-time output buffer register n (RTBLOn, RTBHON)

Control registers | Port mode register 4 (PM4)

Real-time output port mode register n (RTPMOn)
Real-time output port control register n (RTPCOn)
DC control register On (DCCTLON)
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Figure 13-1. Block Diagram of Real-Time Output Port (1/2)

(a) Real-time output port 0 (8 bits x 1, or 4 bits x 2)

S Internal bus g
<R> Real-time output port control
register 0 (RTPCO00)
|RTPOE ‘RTPEG BYTE ‘ EXTR | Real-time output | Real-time output
00 00 00 00 blﬂfelf]regélisger 0 bull‘fer re%i%ter 0 Port mode
4 igher 4 bits ower 4 bits register 4 (PM4
Y (RTBH00) (RTBLOO) g (PM4)
INTP2 (from outside) —= .
INTTMOO (from TM00) — | Output trigger
INTTM51 (from TM51) .|  controller
Real-time output port 0 Real-time output
TO50 (from TM50) output latch port mode
re%ister 0
(RTPMO00)
Port 4 ~
output latch DC control
P PWM modulation register 00
(DCCTLOO)

P4n/RTPOnN pin output

bobbbbad

PAT/RTPO7 -« v o eveeveen - P40/RTP0O

Remark n=0to7
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Figure 13-1. Block Diagram of Real-Time Output Port (2/2)

(b) Real-time output port 1 (6 bits x 1, or 4 bits x 1)

S Internal bus

<R>

Real-time output port
control register 1 (RTPCO01)

|RTPOE01 BYTEO1

Real-time output | Real-time output
buffer register 1 | buffer register 1

2 Higher 4 bits Lower 4 bits
— (RTBHO1) (RTBLO1)
T e
Real-time output port 1 Real-time output
output latch B — port mode
] register 1
(RTPMO1)
NS
DC control
TWOTO PWM modulation register 01
(from 10-bit inverter (DCCTLO1)
control timer) g g é g g g
TWOTO5/ - -+ -+ v v ve e TWOTOO0/
RTP15 RTP10

Remark n=0to5
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(1) Real-time output buffer register 0 (RTBL00, RTBH00)
This register consists of two 4-bit registers that hold output data in advance.
The addresses of RTBLOO and RTBHOO are mapped individually in the special function register (SFR) area as
shown in Figure 13-2.
When specifying 4 bits x 2 channels as the operation mode, data is set individually in RTBLOO and RTBHO0O0.
The data of both RTBL0OO and RTBHOO can be read all at once regardless of which address is specified.
When specifying 8 bits x 1 channel as the operation mode, data is set to both RTBLO0O and RTBHOO by writing
8-bit data to either RTBLOO or RTBHO0. The data of both RTBLOO and RTBHOO can be read all at once
regardless of which address is specified.
Figure 13-2 shows the configuration of RTBLOO and RTBHOO, and Table 13-2 shows operations during
manipulation of RTBL0OO and RTBHO0O0.

Figure 13-2. Configuration of Real-Time Output Buffer Register 0

Higher 4 bits Lower 4 bits

FFBOH | RTBLOO

FFBITH! | !

FFB2H| RTBHO0 :

Table 13-2. Operation During Manipulation of Real-Time Output Buffer Register 0

Operating Mode Register to Be Reading Writing"*®
Manipulated Higher 4 Bits Lower 4 Bits Higher 4 Bits Lower 4 Bits
4 bits x 2 channels RTBLOO RTBHO0 RTBLOO Invalid RTBLOO
RTBHO0 RTBHO0 RTBLOO RTBHO00 Invalid
8 bits x 1 channel RTBLOO RTBHO0 RTBLOO RTBHO0 RTBLOO
RTBHO0 RTBHO0 RTBLOO RTBHO0 RTBLOO0

Note After setting data in the real-time output port, output data should be set in RTBLOO and RTBHOO by the time a
real-time output trigger is generated.
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(2) Real-time output buffer register 1 (RTBL01, RTBHO01)
This register consists of two 4-bit Note registers that hold output data in advance.
The addresses of RTBLO1 and RTBHO1 are mapped individually in the special function register (SFR) area as
shown in Figure 13-3.
When specifying 4 bits x 1 channel as the operation mode, data is set in RTBLO1.
When specifying 6 bits x 1 channel as the operation mode, data is set to both RTBLO1 and RTBHO1 by writing
6-bit data to either RTBLO1 or RTBHO1. The data of both RTBLO1 and RTBHO1 can be read all at once
regardless of which address is specified.
Figure 13-3 shows the configuration of RTBLO1 and RTBHO1, and Table 13-3 shows operations during
manipulation of RTBLO1 and RTBHO1.

Note For RTBHO1, only 2 of the 4 bits are valid.

Figure 13-3. Configuration of Real-Time Output Buffer Register 1

Higher 2 bits Lower 2 bits

FFB8H,
I

RTBLO1

FFBOH | | !

FFBAH| RTBHO1 i

Table 13-3. Operation During Manipulation of Real-Time Output Buffer Register 1

<R> Operating Mode Register to Be Reading Writing"™®
Manipulated Higher 2 Bits Lower 4 Bits Higher 2 Bits Lower 4 Bits
4 bits x 1 channel RTBLO1 Invalid RTBLO1 Invalid RTBLO1
6 bits x 1 channel RTBLO1 RTBHO1 RTBLO1 RTBHO1 RTBLO1
RTBHO1 RTBHO1 RTBLO1 RTBHO1 RTBLO1

Note After setting data in the real-time output port, output data should be set in RTBLO1 and RTBHO1 by the time a

real-time output trigger is generated.
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CHAPTER 13 REAL-TIME OUTPUT PORT

13.3 Registers Controlling Real-Time Output Port
The following seven types of registers control the real-time output ports.

* Port mode register 4 (PM4)

* Real-time output port mode register 0, 1 (RTPM00, RTPMO01)
* Real-time output port control register 0, 1 (RTPC00, RTPCO01)
* DC control register 00, 01 (DCCTLO00, DCCTLO1)

(1) Port mode register 4 (PM4)
This register sets the input/output mode of port 4 pins (P40 to P47) that function alternately as real-time output
pins (RTP0OO to RTPO07). To use port 4 as a real-time output port, the input/output mode of the port pins used
as real-time output port pins must be set in the output mode (PM4n = 0: n =0 to 7).
PM4 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 13-4. Format of Port Mode Register 4

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PM4 |PM47 | PM46 | PM45 | PM44 | PM43 | PM42 | PM41 | PM40 FF24H FFH R/W
PM4n P4n pin I/O mode selection (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

(2) Real-time output port mode register 0 (RTPMO00)
This register sets the real-time output port mode or port mode in 1-bit units.
The outputs to be set are RTP00 to RTPO07.
RTPMOO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 13-5. Format of Real-Time Output Port Mode Register 0

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

RTPMOO [RTPMO007|RTPM00G|RTPMO05| RTPM004|RTPMO03) RTPM002| RTPM001RTPMO00 FFB4H 00H R/W

RTPMOON Real-time output port selection (n =0 to 7)

0 Port mode

1 Real-time output port mode

Caution When using a port as a real-time output port, set the port in the output mode (by clearing the
corresponding bit of port mode register 4 (PM4) to 0).
RTPM007 RTPM006 RTPM005 RTPM004 RTPM002 RTPMO01RTPM000 RTPMO0O RTPMOOn
Real-time output port selection (n =0 to 7)
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(3) Real-time output port mode register 1 (RTPMO01)
This register is used to set the real-time output port mode in advance, in 1-bit units.
The outputs to be set are RTP10 to RTP15.
RTPMO1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 13-6. Format of Real-Time Output Port Mode Register 1

Symbol 7 6 5 4 3 2 1 0 Address After reset

RTPMO1| 0 0  |RTPMO15/RTPMO14/RTPMO13/RTPMO12| RTPMO11/RTPMO10 FFBCH 00H

RTPMO1n Real-time output port selection (n = 0 to 5)

<R> 0 Real-time output buffer is disabled

<R> 1 Real-time output buffer is enabled

Caution Be sure to set bit 6 and 7 of RTPMO01 to 0.

Remark When using as a real-time output port, RTP10 to RTP15 become the outputs.
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CHAPTER 13 REAL-TIME OUTPUT PORT

(4) Real-time output port control register 0 (RTPCO00)
This register is used to set the operation mode, output trigger and operation enable/disable of the real-time

output port.

The outputs to be set are RTP00 to RTPO07.
The relationship between the operation mode of the real-time output port and output trigger is as shown in

Table 13-4.

RTPCOO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 13-7. Format of Real-Time Output Port Control Register 0

Symbol 7

6

5 4 3

2 1 0 Address After reset R/W

RTPCOO [RTPOEQO|RTPEGO0

BYTEO0 | EXTROO| O

0 0 0 FFB5H 00H R/W

RTPOE00

Real-time output port operation control

0

Disables operationN°t®

1

Enables operation

RTPEGO0 INTP2 valid edge specification

0 Falling edge
1 Rising edge

BYTEOO Real-time output port operation mode
0 4 bits x 2 channels
1 8 bits x 1 channel

EXTRO00 Real-time output control by INTP2
0 INTP2 not used as real-time output trigger.

1

INTP2 used as real-time output trigger.

Note When RTPMOON (bit n (n = 0 to 7) of real-time output port mode register 0 (RTPMO0)) is 1, INVOO (bit 4
of DC control register 00 (DCCTLO0)) is 0, and real-time output operation is disabled (RTPOEOQO = 0),

RTPOO to RTPO7 output “0”.

Table 13-4. Real-Time Output Port Operation Mode and Output Trigger

BYTEOO | EXTROO | Operation Mode

RTBHO00 — Port Output

RTBLOO — Port Output

0 0 4 bits x 2 channels | INTTM51 INTTMOO
0 1 INTTMOO INTP2

1 0 8 bits x 1 channel | INTTMO0

1 1 INTP2
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(5) Real-time output port control register 1 (RTPCO01)
This register is used to set the operation mode, and enabling or disabling operation of the real-time output
port.
The outputs to be set are RTP10 to RTP15.
The relationship between the operation mode of the real-time output port and output trigger is as shown in
Table 13-5.
RTPCO1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 13-8. Format of Real-Time Output Port Control Register 1

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
RTPCO1 |RTPOEOT| O |BYTEO1| O 0 0 0 0 FFBDH 00H R/W
RTPOEO1 Real-time output port operation control

0 Disables operationN°t

1 Enables operation

BYTEO1 Real-time output port operation mode

0 4 bits x 1 channel

1 6 bits x 1 channel

Note When RTPMO1n (bit n (n = 0 to 5) of real-time output port mode register 1 (RTPMO01)) is 1, INVO1 (bit 4
of DC control register 01 (DCCTLO01)) is 0, and real-time output operation is disabled (RTPOEO1 = 0),
RTP10 to RTP15 output “0”.

Table 13-5. Real-Time Output Port Operation Mode and Output Trigger

BYTEO1 | Operation Mode RTBHO1 — Port Output | RTBLO1 — Port Output

0 4 bits x 1 channel - INTTMO1

1 6 bits x 1 channel | INTTMO1
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(6) DC control register 00 (DCCTLO00)

This register is used to enable/disable PWM modulation, and enable/disable inversion of the output waveform

of the real-time output port.

The outputs to be set are RTP0O0 to RTPO07.

DCCTLOO is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 13-9. Format of DC Control Register 00

Address: FF28H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1
DCCTLOO | DCENOO|PWMCHO00|PWMCL00| INVOO 0 0 0
DCENOO Output operation specification

0 RTP output

1 PWM modulated RTP output°t

PWMCHO0| PWM modulation specification
(RTPOO, RTP02, RTP04 output specification)

0 PWM modulation disabled

1 PWM modulation enabled
PWMCL00 PWM modulation specification
(RTPO1, RTP03, RTPO5 output specification)

0 PWM modulation disabled

1 PWM modulation enabled

INVOO Output waveform specification
0 Inversion disabled
1 Inversion enabled

Note The PWM signal uses the TO50 output.

Remarks 1. The outputs to be set are RTP00 to RTP07.

2. The PWMCHO00, PWMCLO0O0, and INV0O settings are valid only when DCENOO = 1.
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(7) DC control register 01 (DCCTLO1)
This register is used to enable/disable PWM modulation, and enable/disable inversion of the output waveform
of the real-time output port.
The outputs to be set are RTP10 to RTP15.
DCCTLO1 is set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 13-10. Format of DC Control Register 01

Address: FF38H After reset: O0H R/W

Symbol 7 6 5 4 3 2 1 0
DCCTLO1 | DCENO1|PWMCHO1|PWMCLO1| INVO1 0 0 0 0
DCENO1 Output operation specification
0 Inverter timer output (RTP10 to RTP15)
1 PWM modulated RTP outputNet
PWMCHO1 PWM modulation specification
(RTP10, RTP12, RTP14 output specification)
0 PWM modulation disabled
1 PWM modulation enabled
PWMCLO1 PWM modulation specification
(RTP11, RTP13, RTP15 output specification)
0 PWM modulation disabled
1 PWM modulation enabled
INVO1 Output waveform specification
0 Inversion disabled
1 Inversion enabled

Note The PWM signal uses the inverter timer outputs (TWOTOO to TWOTO5).

Remarks 1. The outputs to be set are RTP10 to RTP15.
2. The PWMCHO01, PWMCLO1, and INVO1 settings are valid only when DCENO1 = 1.
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13.4 Operation of Real-Time Output Port

(1) Using RTP0OO to RTPO7 as the real-time output port ..... Real-time output port 0
(8 bits x 1, or 4 bits x 2)
When bit 7 (RTPOEOQO) of real-time output port control register 0 (RTPCOQO) is 1, and real-time output operation
is enabled, the data in real-time output buffer register 0 (RTBHO00, RTBLOO) is transferred to the output latch in
synchronization with the generation of the selected transfer trigger (set by EXTR00 and BYTEQO0). Of the
transferred data, only the data of the bit specified for the real-time output port by setting real-time output port
mode register 0 (RTPMOO) is output from bits RTP00 to RTP07. The ports specified as port mode by RTPMO00
can be used as general-purpose input/output ports.
The operation mode can be selected as 8 bits x 1, or 4 bits x 2, by setting EXTR00 and BYTEQO. By setting
INVOO, it is possible to invert the output waveform. Also, by setting PWMCLO0 and PWMCHOO, it is possible to
perform PWM modulation of the output pattern.
If real-time output was disabled (RTPOEQO = 0) when RTPMOOn = 1 and INV0OO = 0, then RTP0OO to RTPQ7
output 0.
The relationship between the settings for each bit of the control register and the real-time output is shown in
Table 13-6, and an example of the operation timing is shown in Figure 13-11.

Remark EXTROO: Bit 4 of real-time output port control register 0 (RTPCO00)
BYTEO0O: Bit 5 of real-time output port control register 0 (RTPCOQ0)
INVOO: Bit 4 of DC control register 00 (DCCTLO00)
PWMCLOO: Bit 5 of DC control register 00 (DCCTLO00)
PWMCHO0O0: Bit 6 of DC control register 00 (DCCTLO00)
RTPMOON: Bit n (n = 0 to 7) of real-time output port mode register 0 (RTPMOO).
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Table 13-6. Relationship Between Settings of Each Bit of Control Register and Real-Time Output

PM4n P4n DCENO00 INVOO PWMCHO00/ | RTPOEOO | RTPMOOn | RTBHOOm/ Pin P4n Status
PWMCLOO RTBLOOmM
1 X X X X X X X Input port
0 1 X X X X X X “high” output
0 0 X X 0 X X “low” output
1 0 X “low” output
1 0 “low” output
1 “high” output
1 0 0 0 X X “low” output
1 0 X “low” output
1 0 “low” output
1 “high” output
1 0 X X “TO50” output
1 0 X “TO50” output
1 0 “TO50” output
1 “high” output
1 0 0 X X “high” output
1 0 X | “high” output
1 0 “high” output
1 “low” output
1 0 X X “TO50” output
1 0 X “TO50” output
1 0 “TO50” output
0 “low” output
PM4n: it n of port mode register 4 (PM4)
P4n: it n of port 4 (P4)
DCENOQO: it 7 of DC control register 00 (DCCTLOO0)
INVOO: it 4 of DCCTLOO
PWMCHOO: it 6 of DCCTL0OO
PWMCLOO: it5 of DCCTLOO
RTPOEOQO: it 7 of real-time output port control register 0 (RTPCO00)
RTPMOOnN: it n of real-time output port mode register 0 (RTPMO0O)
RTBHOOm: it m of real-time output buffer register OH (RTBHO00)
RTBLOOm: it m of real-time output buffer register OL (RTBLOO)
n=0to7
m=0to3
x: don’t care.
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Figure 13-11. Real-Time Output Port Operation Timing Example (8 Bits x 1) (1/3)

(a) 8 bits x 1 channel, inverted output disabled, no PWM modulation
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0, PWMCHO00 = 0, PWMCLO00

0, BYTEOO = 1, INV0O
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CPU

Operation
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\ OGHX
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\ 04H><

\ 03H><

\ 02H><

X

1 01H

RTBHOO,
RTBLOO

| ) ) ) |
>< 01H ><02H ><03H >< 04H >< 05H >< 06H >< 07H >< 08H >< 09H |

Output latch
P40 to P47
Output latch
P40
Output latch
P41
Output latch
P42
Output latch
P43
Output latch
P44
Output latch
P45
Output latch
P46
Output latch
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A: INTTMOO software processing (RTBH00, RTBLOO write)
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Figure 13-11. Real-Time Output Port Operation Timing Example (8 Bits x 1) (2/3)

(b) 8 bits x 1 channel, inverted output enabled, no PWM modulation
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0, PWMCLO0

0, BYTEOO = 1, INV0O = 1, PWMCHO00 =

]
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A: INTTMOO software processing (RTBH00, RTBLOO write)
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Figure 13-11. Real-Time Output Port Operation Timing Example (8 Bits x 1) (3/3)

(c) 8 bits x 1 channel, inverted output enabled, PWM modulation
(EXTRO0 = 0, BYTEOO = 1, INVOO = 1, PWMCHO00 = 1, PWMCLO00 = 1)
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P45
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A: INTTMOO software processing (RTBH00, RTBLOO write)
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(2) Using RTP10 to RTP15 as a real-time output port ..... Real-time output port 1

254

(6 bits x 1, or 4 bits x 1)

If real-time output is enabled when bit 7 (RTPOEO1) of real-time output port control register 1 (RTPCO01) is 1,
the data of real-time output buffer register 1 (RTBHO1, RTBLO1) is transferred to the output latch in
synchronization with the generation of INTTMO1. Of the transferred data, only the data of the bit specified as
the real-time output port by setting real-time output port mode register 1 (RTPMO1) is output from bits RTP10
to RTP15. It is possible to use RTP10 to RTP15 as inverter timer output when inverter timer output is specified
by DCENO1.

The operation mode can be selected as 6 bits x 1, or 4 bits x 1, by setting BYTEO1.

By setting INVO1, it is possible to invert the output waveform. Also, by setting PWMCLO1 and PWMCHO1, it is
possible to perform PWM modulation of the output pattern.

If real-time output was disabled (RTPOEO1 = 0) when RTPMO1n = 1 and INVO1 = 0, then RTP10 to RTP15
output 0.

The relationship between the settings for each bit of the control register and the real-time output is shown in
Table 13-7, and an example of the operation timing is shown in Figure 13-12.

Remark BYTEO1: Bit 5 of real-time output port control register 1 (RTPCO01)
DCENO1: Bit 7 of DC control register 1 (DCCTL1)
INVO1: Bit 4 of DC control register 1 (DCCTL1)
PWMCLO1: Bit 5 of DC control register 1 (DCCTL1)
PWMCHO1: Bit 6 of DC control register 1 (DCCTL1)
RTPMO1n: Bit n (n = 0 to 5) of real-time output port mode register 1 (RTPMO01).
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Table 13-7. Relationship Between Settings of Each Bit of Control Register and Real-Time Output

CEO DCENO1 INVO1 PWMCHO01/| RTPOEO1 | RTPMO1n | RTBHO1m/ | Pin TWOTOn Status
PWMCLO1 RTBLO1m
0 X X X X X X Hi-Z2
1 0 X X X X X TWOTOn
1 0 0 0 X X “low” output
1 0 X “low” output
1 0 “low” output
1 “high” output
1 0 X X TWOTOO
1 0 X TWOTOO
1 0 TWOTOO
1 “high” output
1 0 0 X X “high” output
1 0 X “high” output
1 0 “high” output
1 “low” output
1 0 X X TWO0TOO
1 0 X TWOTOO0
1 0 TWOTOO
1 “low” output
CEO: Bit 7 of inverter timer control register (TWOC)
DCENO1:  Bit 7 of DC control register 01 (DCCTLO1)
INVO1: Bit 4 of DCCTLO1
PWMCHO1: Bit 6 of DCCTLO1
PWMCLO1: Bit5 of DCCTLO1
RTPOEO1: Bit 7 of real-time output port control register 1 (RTPCO01)
RTPMO1n: Bit n of real-time output port mode register 1 (RTPMO01)
RTBHO1m: Bit m of real-time output buffer register 1H (RTBHO1)
RTBLO1m: Bit m of real-time output buffer register 1L (RTBLO1)
n=0to5
m=0to3
x: don’t care.
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Figure 13-12. Real-Time Output Port Operation Timing Example (6 Bits x 1) (1/3)

(a) 6 bits x 1 channel, inverted output disabled, no PWM modulation

(BYTEO1 =1, INVO1 = 0, PWMCHO1 = 0, PWMCLO1 = 0)
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Figure 13-12. Real-Time Output Port Operation Timing Example (6 Bits x 1) (2/3)

(b) 6 bits x 1 channel, inverted output enabled, no PWM modulation
(BYTEO1 =1, INV01 =1, PWMCHO01 = 0, PWMCLO01 = 0)
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Figure 13-12. Real-Time Output Port Operation Timing Example (6 Bits x 1) (3/3)

(c) 6 bits x 1 channel, inverted output enabled, PWM modulation
(BYTEO1 =1,INV01 =1, PWMCHO1 = 1, PWMCLO01 = 1)
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13.5 Using Real-Time Output Port
When using the real-time output port, perform the following steps.

(1) Disable real-time output operation.
Clear bit 7 (RTPOEON) of real-time output port control register n (RTPCOn) to 0.

(2) Initial setting
¢ Set the initial value to the port output latch (real-time output port 0 only).
* Specify the real-time output port mode in 1-bit units.
Set real-time output port mode register n (RTPMON).
¢ Select the operation mode (trigger and a valid edge).
Set bits 4, 5, and 6 (EXTR00, BYTE0O, and RTPEGO00) of RTPCO0O0 or set bit 5 (BYTEO01) of RTPCO1.
* For real-time output port 0, set an initial value equal to the port output latch in real-time output buffer
register
0 (RTBH00, RTBLO0O).
For real-time output port 1, set an initial value in real-time output buffer register 1 (RTBHO1, RTBLO1).
e Set DC control register On (DCCTLON).

(3) Enable the real-time output operation.
RTPOEON = 1

(4) Set the port output latch to 0 (only for real-time output port 0).

Remark For real-time output port 0, the value output by the real-time output operation is the ORed value of
the output latch of the port and real-time output (see Figure 13-1 (a)). Therefore, when real-time
output port 0 is used, the port output latch should be set to 0 after the real-time output operation is
enabled (RTPOEOO = 0 — 1) until the first transfer trigger is generated.

(5) Set the next output to RTBHOn and RTBLON before the selected transfer trigger is generated.

(6) Sequentially set the next real-time output value to RTBHOn and RTBLOn by using the interrupt
servicing corresponding to the selected trigger.

Remark n=0, 1
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13.6 Notes on Real-Time Output Port

(1) Before performing the initial setting, disable the real-time output operation by clearing bit 7 (RTPOEON) of real-
time output port control register n (RTPCOn) to 0 (n =0, 1).

(2) Once the real-time output operation has been disabled (RTPOEOnN = 0), be sure to set the same initial value as
the output latch to real-time output buffer register n (RTBHOn and RTBLON) before enabling the real-time
output operation (RTPOEOn =0 — 1) (n =0, 1).
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CHAPTER 14 DC INVERTER CONTROL FUNCTION

The u PD78F0714 realizes a 3-phase PWM DC inverter control by combination of 10-bit inverter control timer and
real-time output port.

See the following chapters.
® CHAPTER 6 10-BIT INVERTER CONTROL TIMER
® CHAPTER13 REAL-TIME OUTPUT PORT

<R> Refer to the following application notes for application systems that use DC inverter control.

®  Motor Control by uPD78F0714 Sensorless (BEMF) 120° Excitation Method (U18051E)
®  Motor Control by xPD78F0714 Hall IC 120° Excitation Method (U18774E)

User's Manual U16928EJ2V0UD 261



CHAPTER 15 A/D CONVERTER

15.1 Functions of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to eight channels (ANIO to

ANI7) with a resolution of 10 bits.
The A/D converter has the following two functions.

(1) 10-bit resolution A/D conversion

10-bit resolution A/D conversion is carried out repeatedly for one channel selected from analog inputs ANIO to
ANI7. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

(2) Power-fail detection function

This function is used to detect a voltage drop in a battery. The A/D conversion result (ADCR register value) and
power-fail comparison threshold register (PFT) value are compared. INTAD is generated only when a

comparative condition has been matched.

Figure 15-1. Block Diagram of A/D Converter
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ANI2/IP22@— & , ' D :
L ' ' N -H
ANI3/P23©——————=| © LN . Voltage comparator PR S
ANI/P2AO—— | 3 . l : Pl S
ANI5/P25 @ D ' : A
ANI6/P26 ? ! - S
ANI7/P27 ; AVss ’T’ ' A % ;
Successive approximation AVss
register (SAR) Se At
INTADTR 5 n INTAD
3 Controller|_|
(0] -
Edge o
—1 C I(
ADTRG © detector @ ) Power-fail
3 A/D conversion result c?r['npar{lslgn
i resnol
register (ADCR) register (PET)
[
|EGA1‘EGAO‘ TRG ‘ADTMD‘ ADS2‘ADS1 ‘ADSO”ADCS ‘ADMD‘ FR2 ‘ FR1 ‘ FRO ‘ADHS1}ADHSO‘ADCS4 |F‘FEN‘ PFCMl
Analog input channel A/D converter mode Power-fail comparison
specification register (ADS) register (ADM) mode register (PFM)
Internal bus g
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.2 Configuration of A/D Converter
The A/D converter consists of the following hardware.

Table 15-1. Registers of A/D Converter Used on Software

ltem Configuration

Registers Successive approximation register (SAR)

A/D conversion result register (ADCR)

A/D converter mode register (ADM)

Analog input channel specification register (ADS)
Power-fail comparison mode register (PFM)
Power-fail comparison threshold register (PFT)

ANIO to ANI7 pins

These are the analog input pins of the 8-channel A/D converter. They input analog signals to be converted into
digital signals. Pins other than the one selected as the analog input pin by the analog input channel specification
register (ADS) can be used as input port pins.

Sample & hold circuit
The sample & hold circuit samples the input signal of the analog input pin selected by the selector when A/D
conversion is started, and holds the sampled analog input voltage value during A/D conversion.

Series resistor string
The series resistor string is connected between AVrer and AVss, and generates a voltage to be compared with

the analog input signal.

Figure 15-2. Circuit Configuration of Series Resistor String

AVRer

P-ch I o<} ADCS

Series resistor string

AVss

Voltage comparator
The voltage comparator compares the sampled analog input voltage and the output voltage of the series resistor
string.

Successive approximation register (SAR)

This register compares the sampled analog voltage and the voltage of the series resistor string, and converts the
result, starting from the most significant bit (MSB).

When the voltage value is converted into a digital value down to the least significant bit (LSB) (end of A/D
conversion), the contents of the SAR register are transferred to the A/D conversion result register (ADCR).
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(6)

(7)

(8)

©)

(10)

(11)

(12)

(13)

264

A/D conversion result register (ADCR)

The result of A/D conversion is loaded from the successive approximation register (SAR) to this register each
time A/D conversion is completed, and the ADCR register holds the result of A/D conversion in its higher 10 bits
(the lower 6 bits are fixed to 0).

Controller

When A/D conversion has been completed or when the power-fail detection function is used, this controller
compares the result of A/D conversion (value of the ADCR register) and the value of the power-fail comparison
threshold register (PFT). It generates the interrupt INTAD only if a specified comparison condition is satisfied as
a result.

AVREF pin

This pin inputs an analog power/reference voltage to the A/D converter. Always use this pin at the same potential
as that of the Vb pin even when the A/D converter is not used.

The signal input to ANIO to ANI7 is converted into a digital signal, based on the voltage applied across AVrer and
AVss.

AVss pin
This is the ground potential pin of the A/D converter. Always use this pin at the same potential as that of the Vss
pin even when the A/D converter is not used.

A/D converter mode register (ADM)
This register is used to set the conversion time of the analog input signal to be converted, and to start or stop the
conversion operation.

Analog input channel specification register (ADS)
This register is used to specify the port that inputs the analog voltage to be converted into a digital signal.

Power-fail comparison mode register (PFM)
This register is used to set the power-fail monitor mode.

Power-fail comparison threshold register (PFT)

This register is used to set the threshold value that is to be compared with the value of the A/D conversion result
register (ADCR).
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15.3 Registers Used in A/D Converter
The A/D converter uses the following five registers.

¢ A/D converter mode register (ADM)

e Analog input channel specification register (ADS)
e A/D conversion result register (ADCR)

o Power-fail comparison mode register (PFM)

e Power-fail comparison threshold register (PFT)
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(1) A/D converter mode register (ADM)
This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.
ADM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 15-3. Format of A/D Converter Mode Register (ADM)

Address: FF6CH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADM | ADCS | ADMD | FR2"*'| FR1™*" | FR0"*' [ADHS1"*|ADHS0** | ADCS?2 |

ADCS A/D conversion operation control
0 Stops conversion operation
1 Enables conversion operation

ADMD Operation mode control
0 Select mode
1 Scan mode

<R> FR2 FR1 FRO ADHS1 | ADHSO0 | A/D conversion time selection

X X X 0 0 Setting prohibited
0 0 0 0 1 96/fx
0 0 1 0 1 72/fx
0 1 0 0 1 48/fx
0 1 1 0 1 24/ix
1 0 0 0 1 224/fx
1 0 1 0 1 168/fx
1 1 0 0 1 112/fx
1 1 1 0 1 56/fx
0 0 0 1 0 72/fx
0 0 1 1 0 54/fx
0 1 0 1 0 36/fx
0 1 1 1 0 18/fx
1 X X 1 0 Setting prohibited
X X X 1 1 Setting prohibited

ADCS2 Boost reference voltage generator operation controlN°te2
0 Stops operation of reference voltage generator
1 Enables operation of reference voltage generator

Notes 1. Select the A/D conversion time in the combination of FR2 to FRO, ADHS1, and ADHSO.
For details of A/D conversion time, see Table 15-3.

2. A booster circuit is incorporated to realize low-voltage operation. The operation of the circuit that
generates the reference voltage for boosting is controlled by ADCS2, and it takes 1 us from operation
start to operation stabilization. Therefore, when ADCS is set to 1 after 1 us or more has elapsed from
the time ADCS?2 is set to 1, the conversion result at that time has priority over the first conversion
result.

Remark fx: X1 input clock oscillation frequency
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(a) Controlling reference voltage generator for boosting
When the ADCS2 bit = 0, power to the A/D converter drops. The converter requires a setup time of 1 us or
more after the ADCS2 bit has been set to 1.
Therefore, the result of A/D conversion becomes valid from the first result by setting the ADCS bit to 1 at
least 1 us after the ADCS2 bit has been set to 1.

Table 15-2. Settings of ADCS and ADCS2

ADCS ADCS2 A/D Conversion Operation
0 0 Stop status (DC power consumption path does not exist)
0 1 Conversion waiting mode (only reference voltage generator consumes power)
1 0 Conversion mode (reference voltage generator operation stopped"™")
1 1 Conversion mode (reference voltage generator operates"°?)

Notes 1. If the ADCS and ADCS2 bits are changed from 00B to 10B, the reference voltage generator for
boosting automatically turns on. If the ADCS bit is cleared to 0 while the ADCS2 bit is 0, the
voltage generator automatically turns off. In the software trigger mode (ADS.TRG bit = 0), use of
the first A/D conversion result is prohibited.

In the hardware trigger mode (TRG bit = 1), use the A/D conversion result only if A/D conversion is
started after the lapse of the oscillation stabilization time of the reference voltage generator for
boosting.

2. If the ADCS and ADCS2 bits are changed from 00B to 11B, the reference voltage generator for

boosting automatically turns on. If the ADCS bit is cleared to 0 while the ADCS2 bit is 1, the
voltage generator stays on. In the software trigger mode (TRG bit = 0), use of the first A/D
conversion result is prohibited.

In the hardware trigger mode (TRG bit = 1), use the A/D conversion result only if A/D conversion is
started after the lapse of the oscillation stabilization time of the reference voltage generator for
boosting.

Figure 15-4. Timing Chart When Boost Reference Voltage Generator Is Used

~— Boost reference voltage generator: operating —

Boost reference voltage oo :\

: Conversion , Conversion . Conversion .

operation . waiting X operationéi Conversion stopped
ADCS |

I 1

Note:

Note The time from the rising of the ADCS2 bit to the falling of the ADCS bit must be 1 us or longer to
stabilize the reference voltage.

Cautions 1. A/D conversion must be stopped before rewriting bits FRO to FR2, ADHS0, and ADHS1

to values other than the identical data.
2. If data is written to ADM, a wait cycle is generated. For details, see CHAPTER 30
CAUTIONS FOR WAIT.
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Table 15-3. A/D Conversion Time

FR2 FR1 FRO |ADHS1|ADHSO Conversion Time (tconv)
fx=20 MHz | fx= 16 MHz | fx= 10 MHz |fx=8.38 MHz| fx=5 MHz
X X X 0 0 Setting Setting Setting Setting Setting Setting
prohibited | prohibited prohibited prohibited prohibited prohibited
0 0 1 96/fx 4.8 us 6 us 9.6 us 11.5 us 19.2 us
1 0 1 72/fx 3.6 us"* 4.5 pus"* 7.2 us 8.6 us 14.4 us
1 0 0 1 48/fx Setting Setting 4.8 us 5.8 us 9.6 us
prohibited prohibited
0 1 1 0 1 24/fx Setting Setting Setting Setting 4.8 us
prohibited prohibited prohibited prohibited
1 0 0 0 1 224/fx 11.2 us 14 us 22.4 us 26.8 us 44.8 us
1 0 1 0 1 168/fx 8.4 us 10.5 us 16.8 us 20.1 us 33.6 us
1 1 0 0 1 112/x 5.6 us 7 us 11.2 us 13.4 us 22.4 us
1 1 1 0 0 56/fx Setting 4.5 ps'* 5.6 us 6.7 us 11.2 us
prohibited
0 0 0 1 0 |72/ 3.6 us"™ Setting 7.2 us 8.6 us 14.4 us
prohibited
0 0 1 1 0 54/fx Setting Setting 5.4 us 6.5 us 10.8 us
prohibited prohibited
0 1 0 1 0 36/fx Setting Setting 3.6 us™™* 4.3 us™* 7.2 us
prohibited prohibited
0 1 1 1 0 18/fx Setting Setting Setting Setting 3.6 us"™
prohibited prohibited prohibited prohibited
1 X X 1 0 Setting Setting Setting Setting Setting Setting
prohibited | prohibited prohibited prohibited prohibited prohibited
X X X 1 1 Setting Setting Setting Setting Setting Setting
prohibited | prohibited prohibited prohibited prohibited prohibited

Note If 3.6 us < tconv < 4.8 us, this can be set only at AVRer > 4.5 V.

Remark

fx: X1 input clock oscillation frequency
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(2) Analog input channel specification register (ADS)
This register specifies the input port of the analog voltage to be A/D converted.
ADS can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to 00H.

Figure 15-5. Format of Analog Input Channel Specification Register (ADS)

Address: FF6DH  After reset: OOH R/W

Symbol 7

6

5

4

2 1 0

ADS | EGA1 | EGAO | TRG |ADTMD | o0

| ADs2 | Apst | Apso |

EGA1NoteT| EGAQNte! Specification of external trigger signal (ADTRG) edge
0 0 No edge detection
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges
TRG Trigger mode selection
0 Software trigger mode
1 Hardware trigger mode
ADTMDNete2 Specification of hardware trigger mode
0 External trigger (ADTRG pin input)
1 Timer trigger (INTADTR signal generated)
ADS2 ADS1 ADSO Analog input channel specification
Select mode Scan mode
0 0 0 ANIO ANIO
0 0 1 ANI1 ANIO, ANIH
0 1 0 ANI2 ANIO to ANI2
0 1 1 ANI3 ANIO to ANI3
1 0 0 ANI4 ANIO to ANI4
1 0 1 ANI5 ANIO to ANI5
1 1 0 ANI6 ANIO to ANI6
1 1 1 ANI7 ANIO to ANI7

Notes 1. The EGA1 and EGAO bits are valid only when the hardware trigger mode (TRG bit = 1) and external
trigger mode (ADTRG pin input: ADTMD bit = 1) are selected.
2. The ADTMD bit is valid only when the hardware trigger mode (TRG bit = 1) is selected.

Cautions 1. Be sure to clear bit 3 of ADS to 0.
2.

If data is written to ADS, a wait cycle is generated. For details, see CHAPTER 30 CAUTIONS

FOR WAIT.
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(3) A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result. Each time A/D conversion ends, the
conversion result is loaded from the successive approximation register.
The lower 6 bits are fixed to 0. The conversion result bits are stored in ADCR in order from the MSB. The higher
8 bits of the conversion result are stored in FF1BH and the lower 2 bits in FF1AH.
ADCR can be read by a 16-bit memory manipulation instruction.
RESET input makes ADCR undefined.

Figure 15-6. Format of A/D Conversion Result Register (ADCR)

Address: FF1AH, FF1BH After reset: Undefined R

FF1BH FF1AH
Symbol A A

ADCR 0 0 0 0 0 0

Cautions 1. When writing to the A/D converter mode register (ADM) and analog input channel
specification register (ADS), the contents of ADCR may become undefined. Read the
conversion result following conversion completion before writing to ADM and ADS. Using
timing other than the above may cause an incorrect conversion result to be read.

2. If data is read from ADCR, a wait cycle is generated. For details, see CHAPTER 30
CAUTIONS FOR WAIT.
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(4) Power-fail comparison mode register (PFM)
The power-fail comparison mode register (PFM) is used to compare the A/D conversion result (value of the
ADCR register) and the value of the power-fail comparison threshold register (PFT).
PFM can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 15-7. Format of Power-Fail Comparison Mode Register (PFM)

Address: FF6EH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PFM[PFEN [PFcM| 0o | o | o | o | o | o |
PFEN Power-fail comparison enable

0 Stops power-fail comparison (used as a normal A/D converter)

1 Enables power-fail comparison (used for power-fail detection)

PFCM Power-fail comparison mode selection

Higher 8 bits of | Interrupt request signal (INTAD) generation
0 ADCR 3 PFT

Higher 8 bits of | No INTAD generation

ADCR < PFT

Higher 8 bits of | No INTAD generation
1 ADCR 2 PFT

Higher 8 bits of | INTAD generation

ADCR < PFT

Caution If data is written to PFM, a wait cycle is generated. For details, see CHAPTER 30 CAUTIONS
FOR WAIT.

(5) Power-fail comparison threshold register (PFT)
The power-fail comparison threshold register (PFT) is a register that sets the threshold value when comparing the
values with the A/D conversion result.
8-bit data in PFT is compared to the higher 8 bits (FF1BH) of the 10-bit A/D conversion result.
PFT can be set by an 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 15-8. Format of Power-Fail Comparison Threshold Register (PFT)

Address: FF6FH  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0
PFT | PFT7 | PFT6 | PFTs | PFT4 | PFT3 | PFT2 | PFT1 | PFTO |

Caution If data is written to PFT, a wait cycle is generated. For details, see CHAPTER 30 CAUTIONS FOR
WAIT.
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15.4 Relationship Between Input Voltage and A/D Conversion Results

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the theoretical
A/D conversion result (stored in the A/D conversion result register (ADCRY)) is shown by the following expression.

SAR = INT (2. 1024 + 0.5)
AVREF
ADCR = SAR x 64
or
AVREF AVREF

(ADCR - 0.5) x——— < VaN < (ADCR + 0.5) x
1024 1024
where, INT(): Function which returns integer part of value in parentheses
VaIN: Analog input voltage
AVRer: AVREF pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Figure 15-9 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 15-9. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR

10283 —fF—+—+—F—F—F-------- FFCOH

1022 —— [ FF80H

1021} “ooyenes FF40H
A/D conversion result
(ADCR) i '

3 00COH

o T s 0080H

L e e e S R 0040H

o—rt 0000H

1.1 3 2 5 3 2043 1022 2045 1023 2047 1

2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048

Input voltage/AVrer
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15.5 A/D Converter Operations

15.5.1 Basic operations of A/D converter

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>
<10>

<11>

Select one channel for A/D conversion using the analog input channel specification register (ADS).

Select the conversion time by using the FR2 to FRO, ADHS1, and ADSHO bits of the A/D converter mode
register (ADM).

Set ADCS2 to 1 and wait for 1 us or longer.

Set ADCS to 1 and start the conversion operation.

(<4> to <10> are operations performed by hardware.)

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
input analog voltage is held until the A/D conversion operation has ended.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to
(1/2) AVRerF by the tap selector.

The voltage difference between the series resistor string voltage tap and analog input is compared by the
voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB of SAR remains set to 1. If the
analog input is smaller than (1/2) AVRer, the MSB is reset to 0.

Next, bit 8 of SAR is automatically set to 1, and the operation proceeds to the next comparison. The series
resistor string voltage tap is selected according to the preset value of bit 9, as described below.

e Bit9 =1:(3/4) AVRer

e Bit9 =0: (1/4) AVRer

The voltage tap and analog input voltage are compared and bit 8 of SAR is manipulated as follows.

¢ Analog input voltage > Voltage tap: Bit8 =1

e Analog input voltage < Voltage tap: Bit8 =0

Comparison is continued in this way up to bit 0 of SAR.

Upon completion of the comparison of 10 bits, an effective digital result value remains in SAR, and the result
value is transferred to the A/D conversion result register (ADCR) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repeat steps <4> to <10>, until ADCS is cleared to 0.

To stop the A/D converter, clear ADCS to 0.

To restart A/D conversion from the status of ADCS2 = 1, start from <3>. To restart A/D conversion from the
status of ADCS2 = 0, however, start from <2>.
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Figure 15-10. Basic Operation of A/D Converter

Conversion time

Sampling time

A/D converter
operation

»=0000000000CE"

Conversion
result

INTAD | |

A/D conversion operations are performed continuously until bit 7 (ADCS) of the A/D converter mode register (ADM)
is reset (0) by software.

If a write operation is performed to one of the ADM, analog input channel specification register (ADS), power-fail
comparison mode register (PFM), or power-fail comparison threshold register (PFT) during an A/D conversion
operation, the conversion operation is initialized, and if the ADCS bit is set (1), conversion starts again from the
beginning.

RESET input makes the A/D conversion result register (ADCR) undefined.

Sampling A/D conversion

ADCR
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15.

5.2 Trigger modes

The uPD78F0714 has the following three trigger modes that set the A/D conversion start timing. These trigger

modes are set by the ADS register.

Q)

)

@)

o Software trigger mode
e External trigger mode (hardware trigger mode)
e Timer trigger mode (hardware trigger mode)

Software trigger mode

This mode is used to start A/D conversion by setting the ADM.ADCS bit to 1 while the ADS.TRG bit is O.
Conversion is repeatedly performed as long as the ADCS bit is not cleared to O after completion of A/D
conversion.

If the ADM, ADS, PFM, or PFT register is written during conversion, A/D conversion is aborted and started again
from the beginning.

External trigger mode (hardware trigger mode)

This is the status in which the ADS.TRG bit is set to 1 and ADS.ADTMD bit is cleared to 0. This mode is used to
start A/D conversion by detecting an external trigger (ADTRG) after the ADCS bit has been set to 1.

The A/D converter waits for the external trigger (ADTRG) after the ADCS bit is set to 1.

The valid edge of the signal input to the ADTRG pin is specified by using the ADS.EGA1 and ADS.EGAO bits.
When the specified valid edge is detected, A/D conversion is started.

When A/D conversion is completed, the A/D converter waits for the external trigger (ADTRG) again.

If a valid edge is input to the ADTRG pin during A/D conversion, A/D conversion continues without detecting the
trigger.

If the ADM, ADS, PFM, or PFT register is written during conversion, A/D conversion is aborted and the A/D
converter waits for an external trigger (ADTRG).

Timer trigger mode (hardware trigger mode)

This mode is used to start A/D conversion by detecting a timer trigger (INTADTR) after the ADCS bit has been set
to 1 with the TRG bit = 1 and ADTMD bit = 1.

The A/D converter waits for the timer trigger (INTADTR) after the ADCS bit is set to 1.

When the INTADTR signal is generated, A/D conversion is started.

When A/D conversion is completed, the A/D converter waits for the timer trigger (INTADTR) again.

If the INTADTR signal is generated during A/D conversion, A/D conversion is aborted and started again from the
beginning.

If the ADM, ADS, PFM, or PFT register is written during conversion, A/D conversion is aborted and the A/D
converter waits for a timer trigger (INTADTR).
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15.5.3 Operation modes
The following two operation modes are available. These operation modes are set by the ADM register.

e Select mode
e Scan mode

(1) Select mode
One input analog signal specified by the ADS register while the ADM.ADMD bit = 0 is converted. When
conversion is complete, the result of conversion is stored in the ADCR register.
At the same time, the A/D conversion end interrupt request signal (INTAD) is generated. However, the INTAD
signal may or may not be generated depending on setting of the PFM and PFT registers. For details, refer to
15.5.4 Power fail detection function.
If anything is written to the ADM, ADS, PFM, and PFT registers during conversion, A/D conversion is aborted. In
the software trigger mode, A/D conversion is started from the beginning again. In the hardware trigger mode, the
A/D converter waits for a trigger.
If the trigger is detected during conversion in hardware trigger mode, A/D conversion is aborted and started again
from the beginning.

Figure 15-11. Example of Select Mode Operation Timing (ADS.ADS2 to ADS.ADSO Bits = 001B)

ANI1
Data 1 Data 2
; Data 1 Data 2

A/D conversion
(ANI1) (ANI1)

ADCR >< Data 1 >< Data 2
(ANIT1) (ANIT1)

INTAD [ [

Conversion end

Conversion end

Conversion start Conversion start
Set ADCS bit = 1 Set ADCS bit = 1
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(2) Scan mode
In this mode, the analog signals specified by the ADS register and input from the ANIO pin while the ADM.ADMD
bit = 1 are sequentially selected and converted.
When conversion of one analog input signal is complete, the conversion result is stored in the ADCR register and,
at the same time, the A/D conversion end interrupt request signal (INTAD) is generated.
The A/D conversion results of all the analog input signals are stored in the ADCR register. It is therefore
recommended to save the contents of the ADCR register to RAM once A/D conversion of one analog input signal
has been completed.
In the hardware trigger mode (ADS.TRG bit = 1), the A/D converter waits for a trigger after it has completed A/D
conversion of the analog signals specified by the ADS register and input from the ANIO pin.
If anything is written to the ADM, ADS, PFM, and PFT registers during conversion, A/D conversion is aborted. In
the software trigger mode, A/D conversion is started from the beginning again. In the hardware trigger mode, the
A/D converter waits for a trigger. Conversion starts again from the ANIO pin.
If the trigger is detected during conversion in hardware trigger mode, A/D conversion is aborted and started again
from the beginning (ANIO pin).
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Figure 15-12. Example of Scan Mode Operation Timing (ADS.ADS2 to ADS.ADSO0 Bits = 011B)

(a) Timing example

ANIO —4
m Data 5
I
ANI1 | Data 6
Data 2
/~H | Data 7
ANI2 — 1] Data 3
T
ANI3 —
Data 4
A/D conversion Data 1 Data 2 Data 3 Data 4
(ANIO) (ANI1) (ANI2) (ANI3)
ADCR Data 1 Data 2 Data 3 Data 4
(ANIO) (ANI1) (ANI2) (ANI3)
INTAD ﬂ ﬂ ﬂ ﬂ 5
Conversion end
Conversion start
Set ADCS bit = 1
(b) Block diagram
Analog input pin
ANI0O O
AN O
AN2 O ADCR register
ANI3 O —— O— A/D converter [—O —— ADCR
ANI4 O
ANI5 O
ANlI6 O
ANI7Z O
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15.5.4 Power-fail monitoring function

The following two functions can be selected by setting of bit 7 (PFEN) of the power-fail comparison mode register

(PFM).

¢ Normal 10-bit A/D converter (PFEN = 0)
o Power-fail detection function (PFEN = 1)

(1) Normal A/D conversion operation (when PFEN = 0)

By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1 and bit 7 (PFEN) of the power-fail
comparison mode register (PFM) to 0, the A/D conversion operation of the voltage, which is applied to the analog
input pin specified by the analog input channel specification register (ADS), is started.

When A/D conversion has been completed, the result of the A/D conversion is stored in the A/D conversion result
register (ADCR), and an interrupt request signal (INTAD) is generated. Once the A/D conversion has started and
when one A/D conversion has been completed, the next A/D conversion operation is immediately started. The
A/D conversion operations are repeated until new data is written to ADS.

If ADM, ADS, the power-fail comparison mode register (PFM), and the power-fail comparison threshold register
(PFT) are rewritten during A/D conversion, the A/D conversion operation under execution is stopped and
restarted from the beginning.

If 0 is written to ADCS during A/D conversion, A/D conversion is immediately stopped. At this time, the
conversion result is undefined.

Figure 15-13. A/D Conversion Operation

Rewriting ADM
ADCS =1 Rewriting ADS ADCS =0

A/D conversion ANIn ANIn ANIn ANIm ANIm

D
Conversion is stopped
Conversion result is not retained

\
1 ) )

ADCR ANIn ANIn ANIm

INTAD
(PFEN = 0)

Remarks 1. n=0t07
2. m=0to7

Stopped
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Power-fail detection function (when PFEN = 1)

By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1 and bit 7 (PFEN) of the power-fail
comparison mode register (PFM) to 1, the A/D conversion operation of the voltage applied to the analog input pin
specified by the analog input channel specification register (ADS) is started.

When the A/D conversion has been completed, the result of the A/D conversion is stored in the A/D conversion
result register (ADCR), the values are compared with power-fail comparison threshold register (PFT), and an
interrupt request signal (INTAD) is generated under the condition specified by bit 6 (PFCM) of PFM.

<1> When PFEN=1and PFCM =0
The higher 8 bits of ADCR and PFT values are compared when A/D conversion ends and INTAD is only
generated when the higher 8 bits of ADCR > PFT.

<2> When PFEN =1 and PFCM =1
The higher 8 bits of ADCR and PFT values are compared when A/D conversion ends and INTAD is only
generated when the higher 8 bits of ADCR < PFT.

Figure 15-14. Power-Fail Detection (When PFEN = 1 and PFCM = 0)

A/D conversion ANIn ANIn ANIn ANIn

Higher 8 bits ! 80H 7FH 80H
of ADCR | !
PFT : 80H 5

INTAD |
(PFEN=1) ! I_l : |_|

] e

Note

First conversion Condition match

Note If the conversion result is not read before the end of the next conversion after INTAD is output, the result is
replaced by the next conversion result.

Remark n=0to7
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(3) Setting
The setting methods are described below.

o When used as normal A/D conversion operation
<1> Set bit 0 (ADCS2) of the A/D converter mode register (ADM) to 1.
<2> Select the channel and conversion time using bits 2 to 0 (ADS2 to ADS0) of the analog input channel
specification register (ADS) and bits 5 to 1 (FR2 to FRO, ADHS1, ADHSO0) of ADM.
<3> Set bit 7 (ADCS) of ADM to 1 to start the A/D conversion.
<4> An interrupt request signal (INTAD) is generated.
<5> Transfer the A/D conversion data to the A/D conversion result register (ADCR).
<Change the channel>
<6> Change the channel using bits 2 to 0 (ADS2 to ADSO0) of ADS to start the A/D conversion.
<7> An interrupt request signal (INTAD) is generated.
<8> Transfer the A/D conversion data to the A/D conversion result register (ADCR).
<Complete A/D conversion>
<9> Clear ADCS to 0.
<10> Clear ADCS2 to 0.

Cautions 1. Make sure the period of <1> to <3> is 1 us or more.
2. ltis no problem if the order of <1> and <2> is reversed.
3. <1> can be omitted. However, do not use the first conversion result after <3> in this
case.
4. The period from <4> to <7> differs from the conversion time set using bits 5 to 1 (FR2 to
FRO, ADHS1, ADHS0) of ADM. The period from <6> to <7> is the conversion time set
using FR2 to FRO, ADHS1, and ADHSO0.
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o When used as power-fail detection function

<1>
<2>
<3>

<4>

<5>
<6>
<7>

<8>

Set bit 7 (PFEN) of the power-fail comparison mode register (PFM).

Set power-fail comparison condition using bit 6 (PFCM) of PFM.

Set bit 0 (ADCS2) of the A/D converter mode register (ADM) to 1.

Select the channel and conversion time using bits 2 to 0 (ADS2 to ADSO0) of the analog input channel
specification register (ADS) and bits 5 to 1 (FR2 to FRO, ADHS1, ADHSO0) of ADM.

Set a threshold value to the power-fail comparison threshold register (PFT).

Set bit 7 (ADCS) of ADM to 1.

Transfer the A/D conversion data to the A/D conversion result register (ADCR).

The higher 8 bits of ADCR and PFT are compared and an interrupt request signal (INTAD) is generated
if the conditions match.

<Change the channel>

<9>

Change the channel using bits 2 to 0 (ADS2 to ADS0) of ADS.

<10> Transfer the A/D conversion data to the A/D conversion result register (ADCR).

<11> The higher 8 bits of ADCR and the power-fail comparison threshold register (PFT) are compared and an

interrupt request signal (INTAD) is generated if the conditions match.

<Complete A/D conversion>
<12> Clear ADCS to 0.
<13> Clear ADCS2 to 0.

Cautions 1. Make sure the period of <3> to <6> is 1 us or more.

2. Itis no problem if the order of <3>, <4>, and <5> is changed.

3. <3> must not be omitted if the power-fail detection function is used.

4. The period from <7> to <11> differs from the conversion time set using bits 5 to 1 (FR2 to
FRO, ADHS1, ADHS0) of ADM. The period from <9> to <11> is the conversion time set
using FR2 to FRO, ADHS1, and ADHSO0.

Remark Regardless of the select mode and scan mode, a compare operation is always performed for all the

A/D conversion results when the power fail detection function is enabled.
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15.6 How to Read A/D Converter Characteristics Table

Here, special terms unique to the A/D converter are explained.

(1) Resolution

()

©)

(4)

This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input
voltage per bit of digital output is called 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the
full scale is expressed by %FSR (Full Scale Range).

1LSB is as follows when the resolution is 10 bits.

1LSB = 1/2"° = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

Overall error
This shows the maximum error value between the actual measured value and the theoretical value.

Zero-scale error, full-scale error, integral linearity error, and differential linearity errors that are combinations of
these express the overall error.

Note that the quantization error is not included in the overall error in the characteristics table.

Quantization error

When analog values are converted to digital values, a £1/2LSB error naturally occurs. In an A/D converter, an
analog input voltage in a range of £1/2LSB is converted to the same digital code, so a quantization error cannot
be avoided.

Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral
linearity error, and differential linearity error in the characteristics table.

Figure 15-15. Overall Error Figure 15-16. Quantization Error

Toeed oo
Ideal line

2 5

5L El B

S Overall ST /—_\

(2] Ee) |

a _ error g 1/2L.SB—1" Quantization error

| 1« 1/2L.SB
0.0 0 0ven:0 N
0 AVrer 0 " AVRer

Analog input Analog input

Zero-scale error

This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (1/2LSB) when the digital output changes from 0......000 to 0......001.

If the actual measurement value is greater than the theoretical value, it shows the difference between the actual

measurement value of the analog input voltage and the theoretical value (3/2LSB) when the digital output
changes from O...... 001to 0 010.
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(5)

(6)

(7)

Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (Full-scale — 3/2LSB) when the digital output changes from 1 111.

Integral linearity error

This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It
expresses the maximum value of the difference between the actual measurement value and the ideal straight line
when the zero-scale error and full-scale error are 0.

Differential linearity error
While the ideal width of code output is 1LSB, this indicates the difference between the actual measurement value
and the ideal value.

Figure 15-17. Zero-Scale Error

111L

Figure 15-18. Full-Scale Error

Full-scale error

RN

Digital output (Lower 3 bits)

Ideal line )
o 111 e ,
011 : 5 . /N
: 3 ; /< !
H = 440 0 oo -a [ 40NN [ !
010F ---- A oeee gme
3
s
=)
=

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
I
i

N 101 5= nla Ideal line
P Zero-scale error i o
000 . L ) N 000 ( | | |
0 1 2 3 AVRer 0 AVrer-3  AVeer—2  AVeer-1  AVRer

Analog input (LSB) Analog input (LSB)

Figure 15-19. Integral Linearity Error Figure 15-20. Differential Linearity Error

P 1
1...... 1 o \ :
{ / T Ideal 1LSB width
Ideal line ! 7
L / g e
2 3 —
O ’ /, o
= W4 s , J -
a 0 e :
e ) . — _+—— Differential
Integral linearity linearity error
error
[0 (( 0.-.eoe {f

)T

Analog input

AVrer

(8) Conversion time
This expresses the time from the start of sampling to when the digital output is obtained.

Analog input

The sampling time is included in the conversion time in the characteristics table.

(9) Sampling time

284

This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

. Sampling ___|
time

Conversion time
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15.7 Cautions for A/D Converter

(1) Operating current in standby mode
The A/D converter stops operating in the standby mode. At this time, the operating current can be reduced by
clearing bit 7 (ADCS) of the A/D converter mode register (ADM) to O (see Figure 15-2).

)

@)

(4)

Input range of ANIO to ANI7
Observe the rated range of the ANIO to ANI7 input voltage. If a voltage of AVrer or higher and AVss or lower
(even in the range of absolute maximum ratings) is input to an analog input channel, the converted value of that

channel becomes undefined. In addition, the converted values of the other channels may also be affected.

Conflicting operations

<1>

<2>

Conflict between A/D conversion result register (ADCR) write and ADCR read by instruction upon the end
of conversion

ADCR read has priority. After the read operation, the new conversion result is written to ADCR.

Conflict between ADCR write and A/D converter mode register (ADM) write or analog input channel
specification register (ADS) write upon the end of conversion

ADM or ADS write has priority. ADCR write is not performed, nor is the conversion end interrupt signal
(INTAD) generated.

Noise countermeasures
To maintain the 10-bit resolution, attention must be paid to noise input to the AVRer pin and pins ANIO to ANI7.
Because the effect increases in proportion to the output impedance of the analog input source, it is recommended

that a capacitor be connected externally, as shown in Figure 15-21, to reduce noise.

Reference

voltage O ' AVrer
input /

C =100 to 1,000 pF

Figure 15-21. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than AVrer or
equal to or lower than AVss may enter, clamp with a diode with a
small VF value (0.3 V or lower).

ANIO to ANI7

I
|

AVss

J; Vss
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(5)

(6)

@)

(8)

286

ANIO/P20 to ANI7/P27

<1> The analog input pins (ANIO to ANI7) are also used as input port pins (P20 to P27).
When A/D conversion is performed with any of ANIO to ANI7 selected, do not access port 2 while
conversion is in progress; otherwise the conversion resolution may be degraded.

<2> If a digital pulse is applied to the pins adjacent to the pins currently used for A/D conversion, the expected
value of the A/D conversion may not be obtained due to coupling noise. Therefore, do not apply a pulse to
the pins adjacent to the pin undergoing A/D conversion.

Input impedance of ANIO to ANI7 pins

In this A/D converter, the internal sampling capacitor is charged and sampling is performed.

Since only the leakage current flows other than during sampling and the current for charging the capacitor also
flows during sampling, the input impedance fluctuates and has no meaning.

To perform sufficient sampling, however, it is recommended to make the output impedance of the analog input
source 10 kQ or lower, or attach a capacitor of around 100 pF to the ANIO to ANI7 pins (see Figure 15-21).

AVREer pin input impedance

A series resistor string of several tens of 10 kQ is connected between the AVRer and AVss pins.

Therefore, if the output impedance of the reference voltage source is high, this will result in a series connection to
the series resistor string between the AVrer and AVss pins, resulting in a large reference voltage error.

Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is
changed.

Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and ADIF for the
pre-change analog input may be set just before the ADS rewrite. Caution is therefore required since, at this time,
when ADIF is read immediately after the ADS rewrite, ADIF is set despite the fact A/D conversion for the post-
change analog input has not ended.

When A/D conversion is stopped and then resumed, clear ADIF before the A/D conversion operation is resumed.

Figure 15-22. Timing of A/D Conversion End Interrupt Request Generation

ADS rewrite ADS rewrite ADIF is set but ANIm conversion
(start of ANIn conversion) (start of ANIm conversi% has not ended.
A/D conversion ANIn ANIn ANIm ANIm

l
ADCR >< ANIn ><

ADIF

Remarks 1. n=0to7
2. m=0to7
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(9) Conversion results just after A/D conversion start
The first A/D conversion value immediately after A/D conversion starts may not fall within the rating range if the
ADCS bit is set to 1 within 1 us after the ADCS2 bit was set to 1, or if the ADCS bit is set to 1 with the ADCS2 bit
= 0. Take measures such as polling the A/D conversion end interrupt request (INTAD) and removing the first
conversion result.

(10) A/D conversion result register (ADCR) read operation
When a write operation is performed to the A/D converter mode register (ADM) and analog input channel
specification register (ADS), the contents of ADCR may become undefined. Read the conversion result following
conversion completion before writing to ADM and ADS. Using a timing other than the above may cause an

incorrect conversion result to be read.

(11) Internal equivalent circuit
The equivalent circuit of the analog input block is shown below.

Figure 15-23. Internal Equivalent Circuit of ANIn Pin
R1 R2
LI
C1 Cc2 C3

I

Table 15-4. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

AVRer R1 R2 C1 c2 C3
45V 4 kQ 2.7 kQ 8 pF 1.4 pF 0.6 pF

Remarks 1. The resistance and capacitance values shown in Table 15-4 are not guaranteed values.
2. n=0to7
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CHAPTER 16 SERIAL INTERFACE UARTO00

16.1 Functions of Serial Interface UART00

Serial interface UARTOO has the following two modes.

(1) Operation stop mode
This mode is used when serial communication is not executed and can enable a reduction in the power

)

288

consumption.

For details, see 16.4.1 Operation stop mode.

Asynchronous serial interface (UART) mode
The functions of this mode are outlined below.
For details, see 16.4.2 Asynchronous serial interface (UART) mode and 16.4.3 Dedicated baud rate

generator.

e Two-pin configuration TxD0O: Transmit data output pin

RxD00: Receive data input pin

¢ Length of communication data can be selected from 7 or 8 bits.

o Dedicated on-chip 5-bit baud rate generator allowing any baud rate to be set
e Transmission and reception can be performed independently.

e Four operating clock inputs selectable

e Fixed to LSB-first communication

Cautions 1.

If source clock to serial interface UARTO00 is not stopped (e.g., in the HALT mode), normal
operation continues. If source clock to serial interface UARTO00 is stopped (e.g., in the
STOP mode), each register stops operating, and holds the value immediately before clock
supply was stopped. The TxDO00 pin also holds the value immediately before clock supply
was stopped and outputs it. However, the operation is not guaranteed after clock supply is
resumed. Therefore, reset the circuit so that POWERO00 = 0, RXE00 = 0, and TXEO00 = 0.

. Set POWERO0O = 1 and then set TXEQ00 = 1 (transmission) or RXEQ00 = 1 (reception) to start

communication.

TXEO00 and RXEOO are synchronized by the base clock (fxcLko) set by BRGC00. To enable
transmission or reception again, set TXE00 or RXEO00 to 1 at least two clocks of base clock
after TXEOO or RXEOO has been cleared to 0. If TXEOO or RXEOO is set within two clocks of
base clock, the transmission circuit or reception circuit may not be initialized.

. Set transmit data to TXS00 at least two base clock (fxcLko) after setting TXE00 = 1.
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16.2 Configuration of Serial Interface UART00

Serial interface UARTOO consists of the following hardware.

Table 16-1. Configuration of Serial Interface UART00

ltem

Configuration

Registers

Receive buffer register 00 (RXB00)
Receive shift register 00 (RXS00)
Transmit shift register 00 (TXS00)

Control registers

Asynchronous serial interface operation mode register 00 (ASIM0O0)
Asynchronous serial interface reception error status register 00 (ASIS00)
Baud rate generator control register 00 (BRGC00)

Port mode register 1 (PM1)

Port register 1 (P1)
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M

()

@)

Receive buffer register 00 (RXB00)

This 8-bit register stores parallel data converted by receive shift register 00 (RXS00).

Each time 1 byte of data has been received, new receive data is transferred to this register from receive shift
register 00 (RXS00).

If the data length is set to 7 bits the receive data is transferred to bits 0 to 6 of RXB0O and the MSB of RXB0O is
always 0.

If an overrun error (OVEQO) occurs, the receive data is not transferred to RXB0O.

RXBO0O0 can be read by an 8-bit memory manipulation instruction. No data can be written to this register.

RESET input or POWEROQO = 0 sets this register to FFH.

Receive shift register 00 (RXS00)
This register converts the serial data input to the RxDO0O pin into parallel data.
RXS00 cannot be directly manipulated by a program.

Transmit shift register 00 (TXS00)

This register is used to set transmit data. Transmission is started when data is written to TXS00, and serial data
is transmitted from the TxDOO pin.

TXS00 can be written by an 8-bit memory manipulation instruction. This register cannot be read.

RESET input, POWEROO = 0, or TXEO0O = 0 sets this register to FFH.

Cautions 1. Set transmit data to TXS00 at least two base clock (fxcLko) after setting TXE00 = 1.

2. Do not write the next transmit data to TXS00 before the transmission completion interrupt
signal (INTSTO00) is generated.
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16.3 Registers Controlling Serial Interface UART00
Serial interface UARTOO is controlled by the following five registers.

¢ Asynchronous serial interface operation mode register 00 (ASIM00)

e Asynchronous serial interface reception error status register 00 (ASIS00)
e Baud rate generator control register 00 (BRGCO00)

e Port mode register 1 (PM1)

e Portregister 1 (P1)

(1) Asynchronous serial interface operation mode register 00 (ASIM00)

This 8-bit register controls the serial communication operations of serial interface UARTOQO.

This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 01H.

Figure 16-2. Format of Asynchronous Serial Interface Operation Mode Register 00 (ASIM00) (1/2)

Address: FF70H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1
ASIM00 POWERO00 TXEOO RXE00 PS001 PS000 CLOO SLOO
POWERO00O Enables/disables operation of internal operation clock
ove! Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously
resets the internal circuit ">,
1 Enables operation of the internal operation clock.
TXEOO Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission.
RXEO00 Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception.

Notes 1. The input from the RxDO0O pin is fixed to high level when POWEROO = 0.

2. Asynchronous serial interface reception error status register 00 (ASIS00), transmit shift register 00

(TXS00), and receive buffer register 00 (RXB00) are reset.
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Figure 16-2. Format of Asynchronous Serial Interface Operation Mode Register 00 (ASIM00) (2/2)

PS001 PS000 Transmission operation Reception operation
0 0 Does not output parity bit. Reception without parity
0 1 Outputs 0 parity. Reception as 0 parity"™
1 0 Outputs odd parity. Judges as odd parity.
1 1 Outputs even parity. Judges as even parity.
CL0O Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits
SLOO Specifies number of stop bits of transmit data
0 Number of stop bits = 1
1 Number of stop bits = 2

Note If “reception as 0 parity” is selected, the parity is not judged. Therefore, bit 2 (PE00) of asynchronous serial
interface reception error status register 00 (ASIS00) is not set and the error interrupt does not occur.

Cautions 1.

At startup, set POWERO0O to 1 and then set TXEO00 to 1. To stop the operation, clear TXE00 to
0, and then clear POWERO0O to 0.

At startup, set POWERO0O to 1 and then set RXEQ0 to 1. To stop the operation, clear RXE00 to
0, and then clear POWERO0O to 0.

Set POWERO0O to 1 and then set RXEOO to 1 while a high level is input to the RxD00 pin. If
POWERQO0O is set to 1 and RXEOQO is set to 1 while a low level is input, reception is started.
TXEO00 and RXEQOO0 are synchronized by the base clock (fxcLko) set by BRGC00. To enable
transmission or reception again, set TXE0OO0 or RXEOQO to 1 at least two clocks of base clock
after TXEOO or RXEO0 has been cleared to 0. If TXE0O or RXEOQO is set within two clocks of
base clock, the transmission circuit or reception circuit may not be initialized.

Set transmit data to TXS00 at least two base clock (fxcLko) after setting TXE00 = 1.

Clear the TXE00 and RXEOQO bits to 0 before rewriting the PS001, PS000, and CLO0O0 bits.

Make sure that TXEOO0 = 0 when rewriting the SL0O bit. Reception is always performed with
“number of stop bits = 17, and therefore, is not affected by the set value of the SL0O bit.

Be sure to set bit 0 to 1.
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(2) Asynchronous serial interface reception error status register 00 (ASIS00)
This register indicates an error status on completion of reception by serial interface UART00. It includes three
error flag bits (PE0O, FE0O, OVEO00).

This register is read-only by an 8-bit memory manipulation instruction.
RESET input, bit 7 (POWERO00) of ASIM0O0 = 0, or bit 5 (RXE00) of ASIMOO = 0 clears this register to 00H. And
reading of this register also clears this register to 00H.

Figure 16-3. Format of Asynchronous Serial Interface Reception Error Status Register 00 (ASIS00)

Address: FF73H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS00 0 0 0 0 0 PEOO FEOO OVEO00
PEOO Status flag indicating parity error
0 If POWEROO = 0 and RXEOQO = 0, or if ASISO00 register is read.
1 If the parity of transmit data does not match the parity bit on completion of reception.
FEOO Status flag indicating framing error
0 If POWEROQO = 0 and RXEQO = 0, or if ASISOO register is read.
1 If the stop bit is not detected on completion of reception.
OVEO0 Status flag indicating overrun error
0 If POWEROO = 0 and RXEQO = 0, or if ASISOO register is read.
1 If receive data is set to the RXBO0O register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PEOQO bit differs depending on the set values of the PS001 and PS000
bits of asynchronous serial interface operation mode register 00 (ASIMO00).
2. Only the first bit of the receive data is checked as the stop bit, regardless of the number of
stop bits.
3. If an overrun error occurs, the next receive data is not written to receive buffer register 00
(RXBO00) but discarded.

4. If data is read from ASIS00, a wait cycle is generated. For details, see CHAPTER 30
CAUTIONS FOR WAIT.
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(3) Baud rate generator control register 00 (BRGCO00)
This register selects the base clock of serial interface UART00 and the division value of the 5-bit counter.
BRGCOO0 can be set by an 8-bit memory manipulation instruction.
RESET input sets this register to 1FH.

Figure 16-4. Format of Baud Rate Generator Control Register 00 (BRGCO00)

Address: FF71H After reset: 1FH R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO00 TPS001 TPS000 0 MDLO004 MDLO003 MDL002 MDLOO1 MDLO000

TPS001 TPS000 Base clock (fxcLko) selection "'
0 0 TMS50 output "2
0 1 x/2° (5 MHz)
1 0 fx/2* (1.25 MHz)
1 1 fx/2° (312.5 kHz)

MDLO004 MDLO003 MDL002 MDLOO1 MDLO000 k Selection of 5-bit counter

output clock

0 0 X X X X | Setting prohibited
0 1 0 0 0 8 | fxciko/8
0 1 0 0 1 9 | fxcLko/9
0 1 0 1 0 10 | fxcko/10
. o o o . . .
. o o o . . .
. . o o . . .
. o o o . . .
. o o o . . .
1 1 0 1 1 27 | fxciko/27
1 1 1 0 0 28 | fxcLko/28
1 1 1 0 1 29 | fxcLko/29
1 1 1 1 0 30 | fxcLko/30
1 1 1 1 1 31 | fxcrko/31

Notes 1. Be sure to set the base clock so that the following condition is satisfied.
e Vop = 4.0 to 5.5 V: Base clock < 10 MHz
2. When the TM50 output is selected as the count clock, observe the following.

¢ PWM mode (TMC506 = 1)
Set the clock so that the duty will be 50% and start the operation of 8-bit timer/event counter 50 in
advance.
e Clear & start mode entered on match of TM50 and CR50 (TMC506 = 0)
Enable the timer F/F inversion operation (TMC501 = 1) and start the operation of 8-bit timer/event
counter 50 in advance.

It is not necessary to enable the TO50 pin as a timer output pin (bit 00 (TOE50) of the TMC register

may be 0 or 1), regardless which mode.
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Cautions 1. When the internal oscillation clock is selected as the source clock to the CPU, the clock of
the internal oscillator is divided and supplied as the count clock. If the base clock is the
internal oscillation clock, the operation of serial interface UART00 is not guaranteed.

2. Make sure that bit 6 (TXE00) and bit 5 (RXE00) of the ASIMO0 register = 0 when rewriting the
MDL004 to MDLO0O0O bits.
3. The baud rate value is the output clock of the 5-bit counter divided by 2.

Remarks 1. fxciko: Frequency of base clock selected by the TPS001 and TPS000 bits
2. fx: X1 input clock oscillation frequency
3. k Value set by the MDL004 to MDLOOO bits (k = 8, 9, 10, ..., 31)
4, x: Don’t care
5. Figures in parentheses apply to operation at fx = 20 MHz
6. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)

TMC501: Bit 1 of TMC50

(4) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.

When using the P14/TxD00 pin for serial interface data output, clear PM14 to 0 and set the output latch of P14 to
1.

When using the P13/RxDO00 pin for serial interface data input, set PM13 to 1. The output latch of P13 at this time
may be 0 or 1.

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to FFH.

Figure 16-5. Format of Port Mode Register 1 (PM1)

Address: FF21H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 | PM17 ‘ PM16 ‘ PM15 ‘ PM14 ‘ PM13 ‘ PM12 ‘ PM11 ‘ PM10 |
PM1n P1n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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16.4 Operation of Serial Interface UART00
Serial interface UARTOO has the following two modes.

¢ Operation stop mode
e Asynchronous serial interface (UART) mode

16.4.1 Operation stop mode

In this mode, serial communication cannot be executed, thus reducing the power consumption. In addition, the
pins can be used as ordinary port pins in this mode. To set the operation stop mode, clear bits 7, 6, and 5
(POWERO00, TXE00, and RXEO00) of ASIMOO to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 00 (ASIMOO).
ASIMOO can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 01H.

Address: FF70H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM00 POWERO00 TXEOO RXEO00 PS001 PS000 CLOO SL0O 1
POWERO00 Enables/disables operation of internal operation clock
oM Disables operation of the internal operation clock (fixes the clock to low level) and asynchronously

Note 2

resets the internal circuit

TXEOO0 Enables/disables transmission

0 Disables transmission (synchronously resets the transmission circuit).
RXEO0 Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The input from the RxDOO pin is fixed to high level when POWERO0O = 0.
2. Asynchronous serial interface reception error status register 00 (ASIS00), transmit shift register 00
(TXS00), and receive buffer register 00 (RXB00) are reset.

Caution Clear POWEROO to 0 after clearing TXE00 and RXEOO to 0 to set the operation stop mode.
To start the operation, set POWERO0O0 to 1, and then set TXE00 and RXEOQ0 to 1.

Remark To use the RxD0O0/P13 and TxDO00/P14 pins as general-purpose port pins, sese CHAPTER 4 PORT
FUNCTIONS.
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16.4.2 Asynchronous serial interface (UART) mode
In this mode, 1-byte data is transmitted/received following a start bit, and a full-duplex operation can be performed.

A dedicated UART baud rate generator is incorporated, so that communication can be executed at a wide range of

baud rates.

(1) Registers used

¢ Asynchronous serial interface operation mode register 00 (ASIMO00)

e Asynchronous serial interface reception error status register 00 (ASIS00)
e Baud rate generator control register 00 (BRGCO00)

e Port mode register 1 (PM1)

e Port register 1 (P1)

The basic procedure of setting an operation in the UART mode is as follows.

<1> Set the BRGCOO register (see Figure 16-4).
<2> Set bits 1 to 4 (SL00, CL0O, PS000, and PS001) of the ASIMOO register (see Figure 16-2).
<3> Set bit 7 (POWERO00) of the ASIMOO register to 1.
<4> Set bit 6 (TXEO00) of the ASIMOO register to 1. — Transmission is enabled.
Set bit 5 (RXEO00) of the ASIMOO register to 1. — Reception is enabled.
<5> Write data to the TXS0O register at least two clock after setting <4>. — Data transmission is started.
Caution Take relationship with the other party of communication when setting the port mode register
and port register.
The relationship between the register settings and pins is shown below.
Table 16-2. Relationship Between Register Settings and Pins
POWERO0O| TXEOO | RXEOO PM14 P14 PM13 P13 UARTO00 Pin Function
Operation TxDOO/ P14 RxDOO/P13
0 0 0 X" X" x" X" Stop P14 P13
1 0 1 XN XN 1 x Reception P14 RxD00
1 0 0 1 X" X" Transmission TxD00 P13
1 1 0 1 1 X Transmission/ TxDO00 RxD00
reception
Note Can be set as port function.
Remark x: don'’t care
POWERO0O0: Bit 7 of asynchronous serial interface operation mode register 00 (ASIM0O)
TXEOO: Bit 6 of ASIM0OO
RXEOQO: Bit 5 of ASIM0OO
PM1x: Port mode register
P1x: Port output latch
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(2) Communication operation

(a) Format and waveform example of normal transmit/receive data
Figures 16-6 and 16-7 show the format and waveform example of the normal transmit/receive data.

Figure 16-6. Format of Normal UART Transmit/Receive Data

1 data frame

Sart| 0y | py | b2 | D3 | D4 | D5 | D6 | D7 [P

bit bit | Stopbit

Character bits

One data frame consists of the following bits.

o Start bit ... 1 bit

e Character bits ... 7 or 8 bits (LSB first)

o Parity bit ... Even parity, odd parity, 0 parity, or no parity
e Stop bit ... 1 or 2 bits

The character bit length, parity, and stop bit length in one data frame are specified by asynchronous serial
interface operation mode register 00 (ASIM00).

Figure 16-7. Example of Normal UART Transmit/Receive Data Waveform

1. Data length: 8 bits, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H

1 data frame
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2. Data length: 7 bits, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H
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3. Data length: 8 bits, Parity: None, Stop bit: 1 bit, Communication data: 87H
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(b) Parity types and operation
The parity bit is used to detect a bit error in communication data. Usually, the same type of parity bit is used
on both the transmission and reception sides. With even parity and odd parity, a 1-bit (odd number) error
can be detected. With zero parity and no parity, an error cannot be detected.

(i) Even parity
e Transmission
Transmit data, including the parity bit, is controlled so that the number of bits that are “1” is even.
The value of the parity bit is as follows.

If transmit data has an odd number of bits that are “1”: 1
If transmit data has an even number of bits that are “1”: 0

o Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is odd, a
parity error occurs.

(ii)) Odd parity
e Transmission
Unlike even parity, transmit data, including the parity bit, is controlled so that the number of bits that
are “1” is odd.

If transmit data has an odd number of bits that are “1”: 0
If transmit data has an even number of bits that are “1”: 1

o Reception
The number of bits that are “1” in the receive data, including the parity bit, is counted. If it is even, a
parity error occurs.

(iii) 0 parity
The parity bit is cleared to 0 when data is transmitted, regardless of the transmit data.
The parity bit is not detected when the data is received. Therefore, a parity error does not occur
regardless of whether the parity bit is “0” or “1”.

(iv) No parity
No parity bit is appended to the transmit data.
Reception is performed assuming that there is no parity bit when data is received. Because there is no
parity bit, a parity error does not occur.
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(c) Transmission
The TxDO0O pin outputs a high level when bit 7 (POWERO0O) of asynchronous serial interface operation mode
register 00 (ASIMOO) is set to 1. If bit 6 (TXEO00) of ASIMOO is then set to 1, transmission is enabled.
Transmission can be started by writing transmit data to transmit shift register 00 (TXS00) at least two base
clock (fxcLko) after setting TXEOO = 1. The start bit, parity bit, and stop bit are automatically appended to the
data.
When transmission is started, the start bit is output from the TxDOO pin, followed by the rest of the data in
order starting from the LSB. When transmission is completed, the parity and stop bits set by ASIMOO are
appended and a transmission completion interrupt request (INTSTO0O) is generated.
Transmission is stopped until the data to be transmitted next is written to TXS00.
Figure 16-8 shows the timing of the transmission completion interrupt request (INTST00). This interrupt
occurs as soon as the last stop bit has been output.

Caution After transmit data is written to TXS00, do not write the next transmit data before the
transmission completion interrupt signal (INTSTO00) is generated.

Figure 16-8. Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxDOO (output) \ Start/ DO X D1 X D2 B D6 X D7 XParity StopI
INTSTOO —|

2. Stop bit length: 2

\ \
TxDOO (output) Stan/ DO X D1 X D2 B D6 X D7 XParity/ Stop

INTSTOO
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302

(d) Reception

Reception is enabled and the RxD0O pin input is sampled when bit 7 (POWEROQO0) of asynchronous serial
interface operation mode register 00 (ASIMOO) is set to 1 and then bit 5 (RXE00) of ASIMOO is set to 1.

The 5-bit counter of the baud rate generator starts counting when the falling edge of the RxDO0O0 pin input is
detected. When the set value of baud rate generator control register 00 (BRGCO00) has been counted, the
RxDOO0 pin input is sampled again ( VV in Figure 16-9). If the RxD0O pin is low level at this time, it is
recognized as a start bit.

When the start bit is detected, reception is started, and serial data is sequentially stored in receive shift
register 00 (RXSO00) at the set baud rate. When the stop bit has been received, the reception completion
interrupt (INTSROO) is generated and the data of RXS00 is written to receive buffer register 00 (RXB00). If
an overrun error (OVEQOQ) occurs, however, the receive data is not written to RXBO0O0.

Even if a parity error (PEOO) occurs while reception is in progress, reception continues to the reception
position of the stop bit, and an error interrupt (INTSREQO) is generated after completion of reception.

Figure 16-9. Reception Completion Interrupt Request Timing

\Y i
RxDOO (input) Start : DO : D1 : D2 : D3 : D4 : D5 . D6 : D7 . Parity Stop ;
INTSROO |_|
RXBOO X

Cautions 1. Be sure to read receive buffer register 00 (RXB00) even if a reception error occurs.
Otherwise, an overrun error will occur when the next data is received, and the reception
error status will persist.

2. Reception is always performed with the “number of stop bits = 1”. The second stop bit
is ignored.

3. Be sure to read asynchronous serial interface reception error status register 00
(ASIS00) before reading RXB00.
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(e) Reception error
Three types of errors may occur during reception: a parity error, framing error, or overrun error. If the error
flag of asynchronous serial interface reception error status register 00 (ASIS00) is set as a result of data
reception, a reception error interrupt request (INTSREOQO) is generated.
Which error has occurred during reception can be identified by reading the contents of ASIS00 in the
reception error interrupt servicing (INTSREOO) (see Figure 16-3).
The contents of ASIS00 are reset to 0 when ASISO0O is read.

Table 16-3. Cause of Reception Error

Reception Error Cause
Parity error The parity specified for transmission does not match the parity of the receive data.
Framing error Stop bit is not detected.
Overrun error Reception of the next data is completed before data is read from receive buffer
register 00 (RXB00).

(f) Noise filter of receive data
The RxDO0O signal is sampled using the base clock output by the prescaler block.
If two sampled values are the same, the output of the match detector changes, and the data is sampled as
input data.
Because the circuit is configured as shown in Figure 16-10, the internal processing of the reception operation
is delayed by two clocks from the external signal status.

Figure 16-10. Noise Filter Circuit

Base clock

Internal signal A

RxD00/P13 © In Q In Q|—— Internal signal B

Match detector LD_EN
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16.4.3 Dedicated baud rate generator
The dedicated baud rate generator consists of a source clock selector and a 5-bit programmable counter, and

generates a serial clock for transmission/reception of UART00.

Separate 5-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

304

Base clock

The clock selected by bits 7 and 6 (TPS001 and TPS000) of baud rate generator control register 00
(BRGCO00) is supplied to each module when bit 7 (POWERO00) of asynchronous serial interface operation
mode register 00 (ASIMOO0) is 1. This clock is called the base clock and its frequency is called fxciko. The
base clock is fixed to low level when POWEROO = 0.

Transmission counter

This counter stops operation, cleared to 0, when bit 7 (POWEROO) or bit 6 (TXE00) of asynchronous serial
interface operation mode register 00 (ASIMO0O) is 0.

It starts counting when POWERO0O = 1 and TXEOQO = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit shift register 00 (TXS00).

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERO00) or bit 5 (RXE00) of asynchronous serial
interface operation mode register 00 (ASIMO0O) is 0.

It starts counting when the start bit has been detected.

The counter stops operation after one frame has been received, until the next start bit is detected.

Figure 16-11. Configuration of Baud Rate Generator

POWERO00

Baud rate generator

POWERO00, TXEQO (or RXE00)

l

5-bit counter

fx/22 ——

fx/2% ——=

Selector

fxciko

fx/26 —=

8-bit timer/ ——
event counter
50 output

Match detector 1/2 |—— Baud rate

R JE— -

BRGCO00: TPS001, TPS000 BRGCO00: MDL004 to MDL0O00

Remark POWERO0O: Bit 7 of asynchronous serial interface operation mode register 00 (ASIM00)
TXEOQO: Bit 6 of ASIM0OO
RXEO0O: Bit 5 of ASIM0OO
BRGCO00: Baud rate generator control register 00
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(2) Generation of serial clock
A serial clock can be generated by using baud rate generator control register 00 (BRGCO00).
Select the clock to be input to the 5-bit counter by using bits 7 and 6 (TPS001 and TPS000) of BRGCOO.
Bits 4 to 0 (MDLO04 to MDL000) of BRGCOO can be used to select the division value of the 5-bit counter.

(a) Baud rate
The baud rate can be calculated by the following expression.

fxcLko
2xk

e Baud rate =

[bps]

fxcLko: Frequency of base clock selected by the TPS001 and TPSO000 bits of the BRGCOO register
k: Value set by the MDL004 to MDLOOO bits of the BRGCOO register (k =8, 9, 10, ..., 31)

(b) Error of baud rate
The baud rate error can be calculated by the following expression.

Actual baud rate (baud rate with error)

e Error (%) = [

- - ] x 100 [%]
Desired baud rate (correct baud rate)
Cautions 1. Keep the baud rate error during transmission to within the permissible error range at
the reception destination.
2. Make sure that the baud rate error during reception satisfies the range shown in (4)
Permissible baud rate range during reception.

Example: Frequency of base clock = 2.5 MHz = 2,500,000 Hz
Set value of MDL004 to MDLO0O0O bits of BRGCO0O register = 10000B (k = 16)
Target baud rate = 76,800 bps

Baud rate = 2.5 M/(2 x 16)
=2,500,000/(2 x 16) = 78,125 [bps]

Error = (78,125/76,800 — 1) x 100
=1.725 [%]
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(3) Example of setting baud rate

Table 16-4. Set Data of Baud Rate Generator

Baud Rate fx =20.0 MHz fx =16.0 MHz
[bps] | Tpsoo1,| Kk |Calculated| ERR[%] | TPS001,| k |Calculated| ERR[%]
TPS000 Value TPS000 Value
2400 - - - - - - - -
4800 - - - - 3 26 | 4808 0.16
9600 3 16 | 9766 1.73 3 13 | 9615 0.16
10400 3 15 | 10417 | o0.16 3 12 | 10417 | o.16
19200 3 8 | 19531 1.73 2 26 | 19231 0.16
31250 2 20 | 31250 0 2 16 | 31250 0
38400 2 16 | 39063 | 1.73 2 13 | 38462 | o0.16
76800 2 8 | 78125 | 1.73 1 26 | 76923 | 0.16
115200 1 22 | 113636 | -1.36 1 17 | 117647 | 212
153600 1 16 | 156250 | 1.73 1 13 | 153846 | 0.16
230400 1 11 | 227273 | -1.36 - - - -

Remark TPS001, TPS000: Bits 7 and 6 of baud rate generator control register 00 (BRGCO00) (setting of base
clock (fxciko))

k: Value set by the MDL004 to MDLOOO bits of BRGCO00 (k = 8, 9, 10, ..., 31)
fx: X1 input clock oscillation frequency
ERR: Baud rate error
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(4) Permissible baud rate range during reception
The permissible error from the baud rate at the transmission destination during reception is shown below.

Caution Make sure that the baud rate error during reception is within the permissible error range, by
using the calculation expression shown below.

Figure 16-12. Permissible Baud Rate Range During Reception

Latch timing
4 Y% 4 Y4 Y% %7
\
Data frame length \ . . . . - .
of UARTO0 Start bit /< Bit 0 X Bit 1 Bit 7 XParlty bit y Stop bit \
FL

1 data frame (11 x FL)

Minimum permissible Startbit [ BitO Bit 1 Bit7 ) Parity bit) Stop bi
data frame length

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—
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As shown in Figure 16-12, the latch timing of the receive data is determined by the counter set by baud rate
generator control register 00 (BRGCOO) after the start bit has been detected. If the last data (stop bit) meets this
latch timing, the data can be correctly received.

Assuming that 11-bit data is received, the theoretical values can be calculated as follows.

FL = (Brate)™

Brate: Baud rate of UARTOO0
k: Set value of BRGCO00
FL: 1-bit data length
Margin of latch timing: 2 clocks

Minimum permissible data frame length: FLmin = 11 x FL — k=2 x FL = 21k +2

2k 2k

FL

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

BRmax = (FLmin/11)™" =

Similarly, the maximum permissible data frame length can be calculated as follows.

10 Flmax=11xFL-K*2, p - 2k=2 ¢
11 2 xk 2 xk
FLmax = 21K=2 F| » 11
20k

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

20k

BRmin = (FLmax/11)" = Brate

308

The permissible baud rate error between UARTO0 and the transmission destination can be calculated from the
above minimum and maximum baud rate expressions, as follows.

Table 16-5. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
8 +3.53% -3.61%
16 +4.14% -4.19%
24 +4.34% —4.38%
31 +4.44% —4.47%

Remarks 1. The permissible error of reception depends on the number of bits in one frame, input clock
frequency, and division ratio (k). The higher the input clock frequency and the higher the division
ratio (k), the higher the permissible error.

2. k: Set value of BRGCO00
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17.1 Functions of Serial Interface CSI10

Serial interface CSI10 has the following two modes.

Operation stop mode
3-wire serial I/O mode

(1) Operation stop mode

)

This mode is used when serial communication is not performed and can enable a reduction in the power
consumption.
For details, see 17.4.1 Operation stop mode.

3-wire serial /0 mode (MSB/LSB-first selectable)

This mode is used to communicate 8-bit data using three lines: a serial clock line (SCTO) and two serial data
lines (SI10 and SO10).

The processing time of data communication can be shortened in the 3-wire serial I/O mode because transmission
and reception can be simultaneously executed.

In addition, whether 8-bit data is communicated with the MSB or LSB first can be specified, so this interface can
be connected to any device.

The 3-wire serial I/O mode is used for connecting peripheral ICs and display controllers with a clocked serial
interface.

For details, see 17.4.2 3-wire serial /0 mode.
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17.2 Configuration of Serial Interface CSI10

Serial interface CSI10 consists of the following hardware.

SHOP16 © b I' ['serial 1/0 shift || Transmit buffer | .|  Output I
|| register 10 (SIO10) register 10 (SOTB10) selector
1 1
1 |
| 1
| 1 [Outputlatch PM17
| Transmit data Output latch | (P17)
| controller |
________ T —— o e = o e = ]
Transmit controller
fx/22 — ]
fx/23 —
2t — 5
f></224> ] Clock start/stop controller & INTCSI10
5374’ g clock phase controller
fx/28 ——
SCK10/P150—~

310

Table 17-1. Configuration of Serial Interface CSI10

ltem

Configuration

Registers

Transmit controller

Transmit buffer register 10 (SOTB10)
Serial I/O shift register 10 (SIO10)

Clock start/stop controller & clock phase controller

Control registers

Port mode register 1 (PM1)
Port register 1 (P1)

Serial operation mode register 10 (CSIM10)
Serial clock selection register 10 (CSIC10)

Figure 17-1. Block Diagram of Serial Interface CSI10

Internal bus
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(1) Transmit buffer register 10 (SOTB10)
This register sets the transmit data.
Transmission/reception is started by writing data to SOTB10 when bit 7 (CSIE10) and bit 6 (TRMD10) of serial
operation mode register 10 (CSIM10) is 1.
The data written to SOTB10 is converted from parallel data into serial data by serial 1/0O shift register 10, and
output to the serial output pin (SO10).
SOTB10 can be written or read by an 8-bit memory manipulation instruction.
RESET input makes this register undifined.

Caution Do not access SOTB10 when CSOT10 = 1 (during serial communication).

(2) Serial I/0 shift register 10 (SI010)
This is an 8-bit register that converts data from parallel data into serial data and vice versa.
This register can be read by an 8-bit memory manipulation instruction.
Reception is started by reading data from SIO10 if bit 6 (TRMD10) of serial operation mode register 10 (CSIM10)
is 0.
During reception, the data is read from the serial input pin (SI10) to SIO10.
RESET input clears this register to 00H.

Caution Do not access SIO10 when CSOT10 = 1 (during serial communication).
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17.3 Registers Controlling Serial Interface CSI10

Serial interface CSI10 is controlled by the following four registers.
e Serial operation mode register 10 (CSIM10)

o Serial clock selection register 10 (CSIC10)

e Port mode register 1 (PM1)

e Portregister 1 (P1)

(1) Serial operation mode register 10 (CSIM10)
CSIM10 is used to select the operation mode and enable or disable operation.
CSIM10 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to O0H.

Figure 17-2. Format of Serial Operation Mode Register 10 (CSIM10)

Address: FF80H After reset: 00H R/W"™'

Symbol <7> 6 5 4 3 2 0
CSIM10 CSIE10 TRMD10 0 DIR10 0 0 CSOT10
CSIE10 Operation control in 3-wire serial /0O mode
0 Disables operation™** and asynchronously resets the internal circuit"*®.
1 Enables operation
TRMD10""** Transmit/receive mode control
o"r® Receive mode (transmission disabled).
1 Transmit/receive mode
DIR10"**® First bit specification
0 MSB
1 LSB
CSOT10 Communication status flag
0 Communication is stopped.
1 Communication is in progress.

Notes 1. Bit 0 is a read-only bit.

2. When using P15/SCK10, P16/S110, and P17/SO10/FLMD1 as general-purpose port pins, see

CHAPTER 4 PORT FUNCTIONS and Caution 3 of Figure 17-3.
3. Bit 0 (CSOT10) of CSIM10 and serial I/O shift register 10 (SIO10) are reset.
4. Do not rewrite TRMD10 when CSOT10 = 1 (during serial communication).

5. The SO10 output is fixed to the low level when TRMD10 is 0. Reception is started when data is read

from SIO10.
6. Do not rewrite DIR10 when CSOT10 = 1 (during serial communication).

Caution Be sure to clear bit 5 to 0.
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(2) Serial clock selection register 10 (CSIC10)
This register specifies the timing of the data transmission/reception and sets the serial clock.

CSIC10 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 17-3. Format of Serial Clock Selection Register 10 (CSIC10)

Address: FF81H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
CSIC10 0 0 0 | CKP10 | DAP10 | CKS102 | CKS101 | CKS100
CKP10 DAP10 Specification of data transmission/reception timing Type
0 0 sckto ~ L L L Lo 1
SO10 __XD7XD6XD5XD4XD3XD2XD1X DO
SI10 input timing | | | | | | | |
0 1 sckio ~ L L L Lo 2
SO10 A D7 X D6XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |
1 0 sckio _ [ LT LI LI LI 3
SO10 __XD7XD6XD5XD4XD3XD2XD1X DO
SI10 input timing | | | | | | | |
1 1 sckio _ [ LI LI LI LI 4
SO10 A D7) D6XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |
CKS102 CKS101 CKS100 CSI10 serial clock selection™"* Mode
0 0 0 x/2° (5 MHz) Master mode
0 0 1 fx/2° (2.5 MHz) Master mode
0 1 0 fx/2* (1.25 MHz) Master mode
0 1 1 fx/2° (625 kHz) Master mode
1 0 0 fx/2° (312.5 kHz) Master mode
1 0 1 fx/2” (156.25 kHz) Master mode
1 1 0 fx/2° (78.13 kHz) Master mode
1 1 1 External clock input to SCK10 Slave mode
Note Be sure to set the serial clock so that the following condition is satisfied.
* Vop = 4.0 to 5.5 V: Serial clock < 5 MHz
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Cautions 1. When the internal oscillation clock is selected as the clock supplied to the CPU, the clock of
the internal oscillator is divided and supplied as the serial clock. At this time, the operation
of serial interface CSI10 is not guaranteed.

2. Do not write to CSIC10 while CSIE10 = 1 (operation enabled).

3. Clear CKP10 to 0 to use P15/SCK10, P16/SI10, and P17/SO10/FLMD1 as general-purpose
port pins.

4. The phase type of the data clock is type 1 after reset.

Remarks 1. Figures in parentheses are for operation with fx = 20 MHz
2. fx: X1 input clock oscillation frequency

314 User's Manual U16928EJ2VOUD



CHAPTER 17 SERIAL INTERFACE CSI10

(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.

When using P15/SCK10 as the clock output pin of the serial interface, clear PM15 to 0 and set the output latch of
P15to 1.

When P17/SO10/FLMD1 as the data output pin, clear PM17 and the output latch of P17 to 0.

When using P15/SCK10 as the clock input pin of the serial interface, and P16/SI10 as the data input pin, set
PM15 and PM16 to 1. At this time, the output latches of P15 and P16 may be 0 or 1.

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input sets this register to FFH.

Figure 17-4. Format of Port Mode Register 1 (PM1)

Address: FF21H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PM1|PM17|PM16 |[PM15|PM14 |PM13|PM12|PM11|PM10

PM1n P1n pin I/O mode selection (n =0 to 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)
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17.4 Operation of Serial Interface CSI10

Serial interface CSI10 can be used in the following two modes.
e Operation stop mode
e 3-wire serial /O mode

17.4.1 Operation stop mode
Serial communication is not executed in this mode. Therefore, the power consumption can be reduced. In
addition, the P15/SCK10, P16/SI10, and P17/SO10/FLMD1 pins can be used as ordinary I/O port pins in this mode.

(1) Register used
The operation stop mode is set by serial operation mode register 10 (CSIM10).
To set the operation stop mode, clear bit 7 (CSIE10) of CSIM10 to 0.

(a) Serial operation mode register 10 (CSIM10)
CSIM10 can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears CSIM10 to 0O0H.

Address: FF80H After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM10 CSIE10 TRMD10 0 DIR10 0 0 0 CSOT10
CSIE10 Operation control in 3-wire serial I/O mode
0 Disables operation"*®" and asynchronously resets the internal circuit"°?,

Notes 1. When using the P15/SCK10, P16/SI10, and P17/SO10/FLMD1 pins as general-purpose port pins,
see CHAPTER 4 PORT FUNCTIONS and Caution 3 of Figure 17-3.
2. Bit0 (CSOT10) of CSIM10 and serial I/O shift register 10 (SIO10) are reset.
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17.4.2 3-wire serial I/O mode
The 3-wire serial I/O mode is used for connecting peripheral ICs and display controllers with a clocked serial

interface.

In this mode, communication is executed by using three lines: the serial clock (SCK10), serial output (SO10), and

serial input (S110) lines.

(1) Registers used

The

<1>
<2>
<3>

<4>

Serial operation mode register 10 (CSIM10)
Serial clock selection register 10 (CSIC10)
Port mode register 1 (PM1)

Port register 1 (P1)

basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

Set the CSIC10 register (see Figures 17-3).

Set bits 0, 4, and 6 (CSOT10, DIR10, and TRMD10) of the CSIM10 register (see Figures 17-2).
Set bit 7 (CSIE10) of the CSIM10 register to 1. — Transmission/reception is enabled.

Write data to transmit buffer register 10 (SOTB10). — Data transmission/reception is started.
Read data from serial I/O shift register 10 (SIO10). — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode
register and port register.
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The relationship between the register settings and pins is shown below.

Table 17-2. Relationship Between Register Settings and Pins

CSIE10 [TRMD10| PM16 P16 PM17 P17 PM15 P15 CSIHo Pin Function
Operation SIHO/P16 | SO10/P17 | SCK10
/FLMD1 /P15
0 X chlel chlel ><Nole1 mee1 mee1 xNote1 S'[Op P16 P1 7 P15Ncle2
/FLMD1
1 0 1 x x| et 1 x Slave SI10 P17 SCK10
reception™® /FLMD1 | (input)**®
1 1 xre! xre! 0 0 1 X Slave P16 SO10 SCK10
transmission"*** (input)*?
1 1 1 X 0 0 1 X Slave S0 SO10 SCK10
transmission/ (input)*®
reception™™®®
1 0 1 x ettt 0 1 Master reception S0 P17 SCK10
/FLMD1 (output)
1 1 xre! Notet 0 0 0 1 Master P16 SO10 SCK10
transmission (output)
1 1 1 X 0 0 0 1 Master S0 SO10 SCK10
transmission/ (output)
reception
Notes 1. Can be set as port function.
2. Touse P15/SCK10 as port pins, clear CKP10 to 0.
3. To use the slave mode, set CKS102, CKS101, and CKS100to 1, 1, 1.
Remark x: don’t care
CSIE10: Bit 7 of serial operation mode register 10 (CSIM10)
TRMD10: Bit 6 of CSIM10
CKP10: Bit 4 of serial clock selection register 10 (CSIC10)
CKS102, CKS101, CKS100: Bits 2 to 0 of CSIC10
PM1x: Port mode register
P1x: Port output latch
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(2) Communication operation
In the 3-wire serial I/O mode, data is transmitted or received in 8-bit units. Each bit of the data is transmitted or
received in synchronization with the serial clock.
Data can be transmitted or received if bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 1.
Transmission/reception is started when a value is written to transmit buffer register 10 (SOTB10). In addition,
data can be received when bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 0.
Reception is started when data is read from serial I/O shift register 10 (SIO10).

After communication has been started, bit 0 (CSOT10) of CSIM10 is set to 1. When communication of 8-bit data
has been completed, a communication completion interrupt request flag (CSIIF10) is set, and CSOT10 is cleared

to 0. Then the next communication is enabled.

Caution Do not access the control register and data register when CSOT10 = 1 (during serial
communication).

Figure 17-5. Timing in 3-Wire Serial I/O Mode (1/2)

(1) Transmission/reception timing (Type 1; TRMD10 = 1, DIR10 = 0, CKP10 = 0, DAP10 = 0)

SCK10

Read/write trigger J-l

SOTB10 jx

SI010

55H (communicationdata): : . i 1 11

A ABH ¥ 5:6H X A:DH X 5AH { B5H § 6AH § DSH JAAH

e

woso 1L L

CSIIF10
SI10 (receive AAH) ¥ ' ' ' ' ' ' ' '
010 i E E E E E E E E

55H is written to SOTB10.
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Figure 17-5. Timing in 3-Wire Serial I/0 Mode (2/2)

(2) Transmission/reception timing (Type 2; TRMD10 = 1, DIR10 = 0, CKP10 = 0, DAP10 = 1)

sokio [

Read/write trigger

SOTB10 : x ¢ 1 55H (communicationdata): ¢ ¢ o

sot0 Y\ aen ) sen Y Aon Y san ) sen ) ean Y osn Y aan

csotio ] A R R R A
NTCSiHO | Lol b b b I
CSIFil0 || B
SI0 (input AAH) ¥ | ! i i i i : : o
soto i L T

55H is written to SOTB10.
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Figure 17-6. Timing of Clock/Data Phase

(a) Type 1; CKP10 =0, DAP10 = 0

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

—!
—

i_
—

(b) Type 2; CKP10 =0, DAP10 =1

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

R e e

X D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do X

I-l '
— —
- e

(c) Type 3; CKP10 =1, DAP10 =0

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

: | | | | | | | |

5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO

i .
=l
— -

(d) Type 4; CKP10 =1, DAP10 =1

SCK10
SI10 capture

SO10

Writing to SOTB10 or
reading from SIO10
CSIIF10

CSOT10

: | | | | | | | [ ¢

X D7 X D6 X D5 X D4 X D3 X D2 X D1 X Do X

I'l /
—.
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(3) Timing of output to SO10 pin (first bit)
When communication is started, the value of transmit buffer register 10 (SOTB10) is output from the SO10 pin.
The output operation of the first bit at this time is described below.

Figure 17-7. Output Operation of First Bit

(1) When CKP10 = 0, DAP10 =0 (or CKP10 =1, DAP10 = 0)

" reating fram 81010 [ 5 5 L
SOTB10 X ,\
SI010 X X
Output latch X N X ~<
010 X Firs?t bit X 2nc; bit

The first bit is directly latched by the SOTB10 register to the output latch at the falling (or rising) edge of SCK10,
and output from the SO10 pin via an output selector. Then, the value of the SOTB10 register is transferred to the
SIO10 register at the next rising (or falling) edge of SCK10, and shifted one bit. At the same time, the first bit of
the receive data is stored in the SIO10 register via the SI10 pin.

The second and subsequent bits are latched by the SIO10 register to the output latch at the next falling (or rising)
edge of SCK10, and the data is output from the SO10 pin.

(2) When CKP10 = 0, DAP10 = 1 (or CKP10 = 1, DAP10 = 1)

SCK10
" eading from S1010 [ ] 5 | 5 =
SOTB10 X
SI010 E X ; X 5
Output latch X \ X
5010 X First?;it X 2ncj bit X 3rd bit

The first bit is directly latched by the SOTB10 register at the falling edge of the write signal of the SOTB10
register or the read signal of the SIO10 register, and output from the SO10 pin via an output selector. Then, the
value of the SOTB10 register is transferred to the SIO10 register at the next falling (or rising) edge of SCK10, and
shifted one bit. At the same time, the first bit of the receive data is stored in the SIO10 register via the SI10 pin.
The second and subsequent bits are latched by the SIO10 register to the output latch at the next rising (or falling)
edge of SCK10, and the data is output from the SO10 pin.
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(4) Output value of SO10 pin (last bit)

After communication has been completed, the SO10 pin holds the output value of the last bit.

Figure 17-8. Output Value of SO10 Pin (Last Bit)

(1) Type 1; when CKP10 = 0 and DAP10 = 0 (or CKP10 =1, DAP10 = 0)

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10
SI010
Output latch

SO10

(2) Type 2; when CKP10

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10
SI010
Qutput latch

SO10

| | (< Next request is issued.)

A

Last bit

—

| ( < Next request is issued.)

A

Last bit
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(5) SO10 output
The status of the SO10 output is as follows if bit 7 (CSIE10) of serial operation mode register 10 (CSIM10) is

cleared to 0.
Table 17-3. SO10 Output Status

TRMD10 DAP10 DIR10 SO10 Output™™*’

TRMD10 = 0 "*°? - - Outputs low level “**?

TRMD10 =1 DAP10=0 - Value of SO10 latch
(low-level output)

DAP10 =1 DIR10=0 Value of bit 7 of SOTB10
DIR10 =1 Value of bit 0 of SOTB10

Notes 1. Actual output of SO10/P17/FLMD1 pin is decided by PM17 and P17 besides SO10 output.
2. Status after reset

Caution If a value is written to TRMD10, DAP10, and DIR10, the output value of SO10 changes.
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18.1 Functions of Multiplier/Divider

The multiplier/divider has the following functions.

¢ 16 bits x 16 bits = 32 bits (multiplication)
¢ 32 bits + 16 bits = 32 bits, 16-bit remainder (division)

18.2 Configuration of Multiplier/Divider

The multiplier/divider consists of the following hardware.

Table 18-1. Configuration of Multiplier/Divider

ltem

Configuration

Registers

Remainder data register 0 (SDRO)
Multiplication/division data registers AO (MDAOH, MDAOL)

Multiplication/division data registers BO (MDBO)

Control register

Multiplier/divider control register 0 (DMUCO)

Figure 18-1 shows the block diagram of the multiplier/divider.
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Figure 18-1. Block Diagram of Multiplier/Divider
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(1) Remainder data register 0 (SDRO)

SDRO is a 16-bit register that stores a remainder. This register stores 0 in the multiplication mode and the

remainder of an operation result in the division mode.
This register can be read by an 8-bit or 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 18-2. Format of Remainder Data Register 0 (SDRO)

Address: FF60H, FF61H  After reset: 0000H R

Symbol FF61H (SDROH) FF60H (SDROL)
AN AN
4 N 7 N
SDRO | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR | SDR
015 | 014 | 013 | 012 | 011 | 010 | 009 | 008 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | 000

Cautions 1. The value read from SDRO during operation processing (while bit 7 (DMUE) of

multiplier/divider control register 0 (DMUCO) is 1) is not guaranteed.
2. SDRO is reset when the operation is started (when DMUE is set to 1).
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(2) Multiplication/division data register AO (MVDAOH, MDAOL)
MDAQO is a 32-bit register that sets a 16-bit multiplier A in the multiplication mode and a 32-bit dividend in the
division mode, and stores the 32-bit result of the operation (higher 16 bits: MDAOH, lower 16 bits: MDAOL).

Figure 18-3. Format of Multiplication/Division Data Register A0 (IDAOH, MDAOL)

Address: FF62H, FF63H, FF64H, FF65H  After reset: 0000H, 0000H R/W

Symbol FF65H (MDAOHH) FF64H (MDAOHL)
N N
;- N O A
MDAOH | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA
031 | 030 | 029 | 028 | 027 | 026 | 025 | 024 | 023 | 022 | 021 | 020 | 019 | 018 | 017 | 016
Symbol FF63H (MDAOLH) FF62H (MDAOLL)
N N
;- N O A
MDAOL | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA | MDA
015 | 014 | 013 | 012 | 011 | 010 | 009 | 008 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | 00O
Cautions 1. MDAOH is cleared to 0 when an operation is started in the multiplication mode (when
multiplier/divider control register 0 (DMUCO) is set to 81H).

2. Do not change the value of MDAO during operation processing (while bit 7 (DMUE) of
multiplier/divider control register 0 (DMUCO) is 1). Even in this case, the operation is
executed, but the result is undefined.

3. The value read from MDAO during operation processing (while DMUE is 1) is not
guaranteed.
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The functions of MDAO when an operation is executed are shown in the table below.

Table 18-2. Functions of MDAO During Operation Execution

DMUSELO Operation Mode Setting Operation Result
0 Division mode Dividend Division result (quotient)
1 Multiplication mode Higher 16 bits: 0, Lower 16 Multiplication result
bits: Multiplier A (product)

The register configuration differs between when multiplication is executed and when division is executed, as
follows.

» Register configuration during multiplication
<Multiplier A> <Multiplier B> <Product>
MDAO (bits 15 to 0) x MDBO (bits 15 to 0) = MDAO (bits 31 to 0)

¢ Register configuration during division
<Dividend> <Divisor> <Quotient> <Remainder>
MDAO (bits 31 to 0) + MDBO (bits 15 to 0) = MDAO (bits 31 to 0) ... SDRO (bits 15 to 0)

MDAO fetches the calculation result as soon as the clock is input, when bit 7 (DMUE) of multiplier/divider
control register 0 (DMUCO) is set to 1.

MDAOH and MDAOL can be set by an 8-bit or 16-bit memory manipulation instruction.

'RESET input clears this register to 0000H.

(3) Multiplication/division data register BO (MDBO0)
MDBO is a register that stores a 16-bit multiplier B in the multiplication mode and a 16-bit divisor in the
division mode.
This register can be set by an 8-bit or 16-bit memory manipulation instruction.
RESET input clears this register to 0000H.

Figure 18-4. Format of Multiplication/Division Data Register BO (MDBO0)

Address: FF66H, FF67H  After reset: 0000H R/W
Symbol FF67H (MDBOH) FF66H (MDBOL)

N N
4 N A

MDBO MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB | MDB
015 | 014 | 013 | 012 | 011 | 010 | 009 | 008 | 007 | 006 | 005 | 004 | 003 | 002 | 001 | 00O

Cautions 1. Do not change the value of MDBO during operation processing (while bit 7 (DMUE) of
multiplier/divider control register 0 (DMUCO) is 1). Even in this case, the operation is
executed, but the result is undefined.

2. Do not clear MDBO to 0000H in the division mode. If set, undefined operation results are
stored in MDAO and SDRO.
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18.3 Register Controlling Multiplier/Divider
The multiplier/divider is controlled by multiplier/divider control register 0 (DMUCO).

(1) Multiplier/divider control register 0 (DMUCO0)
DMUCO is an 8-bit register that controls the operation of the multiplier/divider.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input clears this register to 00H.

Figure 18-5. Format of Multiplier/Divider Control Register 0 (DMUCO0)

Address: FF68H  After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
DMUCO DMUE 0 0 0 0 0 0 DMUSELO
DMUENet Operation start/stop
0 Stops operation
1 Starts operation
DMUSELO Operation mode (multiplication/division) selection
0 Division mode
1 Multiplication mode

Note When DMUE is set to 1, the operation is started. DMUE is automatically cleared to O after the operation is
complete.

Cautions 1. If DMUE is cleared to 0 during operation processing (when DMUE is 1), the operation result
is not guaranteed. If the operation is completed while the clearing instruction is being
executed, the operation result is guaranteed, provided that the interrupt flag is set.

2. Do not change the value of DMUSELO during operation processing (while DMUE is 1). Ifitis
changed, undefined operation results are stored in multiplication/division data register A0
(MDAO0) and remainder data register 0 (SDRO0).

3. If DMUE is cleared to 0 during operation processing (while DMUE is 1), the operation
processing is stopped. To execute the operation again, set multiplication/division data
register A0 (MDAO), multiplication/division data register BO (MDBO0), and multiplier/divider
control register 0 (DMUCO0), and start the operation (by setting DMUE to 1).
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18.4 Operations of Multiplier/Divider
18.4.1 Multiplication operation

o |nitial setting
1. Set operation data to multiplication/division data register AOL (MDAOL) and multiplication/division data
register BO (MDBO).
2. Set bits 0 (DMUSELO) and 7 (DMUE) of multiplier/divider control register 0 (DMUCO) to 1. Operation
will start.

e During operation
3. The operation will be completed when 16 internal clocks have been issued after the start of the
operation (intermediate data is stored in the MDAOL and MDAOH registers during operation, and
therefore the read values of these registers are not guaranteed).

¢ End of operation
4. The operation result data is stored in the MDAOL and MDAOH registers.
5. DMUE is cleared to 0 (end of operation).
6. After the operation, an interrupt request signal (INTDMU) is generated.

o Next operation

7. To execute multiplication next, start from the initial setting in 18.4.1 Multiplication operation.
8. To execute division next, start from the initial setting in 18.4.2 Division operation.
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Figure 18-6. Timing Chart of Multiplication Operation (00DAH x 0093H)
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18.4.2 Division operation

o Initial setting
1. Set operation data to multiplication/division data register A0 (MDAOL and MDAOH) and
multiplication/division data register BO (MDBO).
2. Set bits 0 (DMUSELO) and 7 (DMUE) of multiplier/divider control register 0 (DMUCO0) to 0 and 1,
respectively. Operation will start.

¢ During operation
3. The operation will be completed when 32 internal clocks have been issued after the start of the
operation (intermediate data is stored in the MDAOL and MDAOH registers and remainder data register
0 (SDRO) during operation, and therefore the read values of these registers are not guaranteed).

¢ End of operation
4. The result data is stored in the MDAOL, MDAOH, and SDRO registers.
5. DMUE is cleared to 0 (end of operation).
6. After the operation, an interrupt request signal (INTDMU) is generated.

o Next operation

7. To execute multiplication next, start from the initial setting in 18.4.1 Multiplication operation.
8. To execute division next, start from the initial setting in 18.4.2 Division operation.
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Figure 18-7. Timing Chart of Division Operation (DCBA2586H + 0018H)
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CHAPTER 19 INTERRUPT FUNCTIONS

.1 Interrupt Function Types

The following three types of interrupt functions are used.

Non-maskable interrupt

A non-maskable interrupt is acknowledged even when interrupts are disabled. It does not undergo priority control
and is given top priority over all other interrupt requests. However, interrupt requests are held pending during
non-maskable interrupt servicing.

A non-maskable interrupt generates a standby release signal and releases the STOP mode and HALT mode.
The only non-maskable interrupt in the 4#PD78F0714 is the interrupt from the low-voltage detector.

Maskable interrupts

These interrupts undergo mask control. Maskable interrupts can be divided into a high interrupt priority group
and a low interrupt priority group by setting the priority specification flag registers (PROL, PROH, PR1L, PR1H).
Multiple interrupt servicing can be applied to low-priority interrupts when high-priority interrupts are generated. If
two or more interrupts with the same priority are generated simultaneously, each interrupt is serviced according to
its predetermined priority (see Table 19-1).

A standby release signal is generated and STOP and HALT modes are released.

Eight external interrupt requests and 19 internal interrupt requests are provided as maskable interrupts.

Software interrupt
This is a vectored interrupt generated by executing the BRK instruction. It is acknowledged even when interrupts
are disabled. The software interrupt does not undergo interrupt priority control.

19.2 Interrupt Sources and Configuration

A total of 29 interrupt sources exist among non-maskable, maskable, and software interrupts (see Table 19-1).
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Table 19-1. Interrupt Source List (1/2)

Interrupt Type Default Interrupt Source Internal/ Vector Basic
Priority™" Name Trigger External Table Configuration
Address Type"*?
Non-maskable - INTLVI Low-voltage detection "*°* Internal | 0004H (A)
Maskable 0 INTPO Pin input edge detection External | 0006H (B)
1 INTP1 0008H
2 INTP2 000AH
3 INTP3 000CH
4 INTP4 000EH
5 INTP5 0010H
6 INTP6 0012H
7 INTP7 0014H
8 INTTWOUD | TWOUDC underflow Internal | 0016H (A)
9 INTTWOCMS3 | Match between TWOUDC and TWOCM3 0018H
10 INTTWOCM4 | Match between TWOUDC and TWOCM4 001AH
11 INTTWOCMS5 | Match between TWOUDC and TWOCM5 001CH
12 INTCM10 Match between IT20UDC and IT20CMO 001EH
13 INTCM11 Match between IT20UDC and IT20CM1 0020H
14 INTCC10 Match between IT20UDC and IT20CCO 0022H
(when compare register is specified),
TIT20CCO pin valid edge detection
(when capture register is specified)
15 INTCC11 Match between IT20UDC and IT20CC1 0024H
(when compare register is specified),
TIT20CC1 pin valid edge detection
(when capture register is specified)
- - - 0026H
Note 4
16 INTTMO0 Match between TM0O and CR0OO 0028H
(when compare register is specified),
TI001 pin valid edge detection
(when capture register is specified)
17 INTTMO1 Match between TM00 and CRO1 002AH
(when compare register is specified),
TI00O0 pin valid edge detection
(when capture register is specified)
18 INTSREOO UARTOO reception error occurrence 002CH
19 INTSROO End of UARTOO reception 002EH
20 INTSTOO End of UARTOO transmission 0030H
Notes 1. The default priority is the priority applicable when two or more maskable interrupts are generated
simultaneously. 0 is the highest priority, and 26 is the lowest.
2. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 19-1.
3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1.
4. There is no interrupt request corresponding to vector table address 0026H.
336 User's Manual U16928EJ2V0UD




CHAPTER 19 INTERRUPT FUNCTIONS

Table 19-1. Interrupt Source List (2/2)

Interrupt Type Default Interrupt Source Internal/ Vector Basic
Priority™" Name Trigger External Table Configuration
Address Type"*?
Maskable 21 INTTM50 Match between TM50 and CR50 Internal 0032H (A)
(when compare register is specified)
22 INTTM51 Match between TM51 and CR51 0034H
(when compare register is specified)
23 INTTMHO Match between TMHO and CMPOO 0036H
(when compare register is specified)
24 INTCSI10 End of CSI10 communication 0038H
25 INTDMU End of multiply/divide operation 003AH
26 INTAD End of A/D conversion 003CH
Software - BRK BRK instruction execution - 003EH ()]
Reset - RESET Reset input - 0000H -
POC Power-on-clear
LVI Low-voltage detection "*°*
WDT WDT overflow

Notes 1. The default priority is the priority applicable when two or more maskable interrupts are generated
simultaneously. 0 is the highest priority, and 26 is the lowest.
2. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 19-1.
3. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1.

Figure 19-1. Basic Configuration of Interrupt Function (1/2)

<R> (A) Internal non-maskable interrupt
S Internal bus S
Interrupt Priority controller Vector table
request Y address generator

Standby release signal
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Figure 19-1. Basic Configuration of Interrupt Function (2/2)

(B) Internal maskable interrupt

Internal bus S

Interrupt
request

D

IE PR ISP

[

Vector table

(C) External maskable interrupt (INTPO to INTP7)

Priority controller address generator

Standby release signal

S Internal bus S
External interrupt edge
enable register MK IE PR ISP
(EGP, EGN)
L Vector table
Interrupt 1 Edge IF Priority controller address generator
request detector

(D) Software interrupt

Standby release signal

S Internal bus S

Priority controller Vector table

Interrupt
request
IF: Interrupt request flag
IE: Interrupt enable flag

ISP:  In-service priority flag
MK:  Interrupt mask flag

PR:  Priority specification flag
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19.3 Registers Controlling Interrupt Functions
The following 6 types of registers are used to control the interrupt functions.

e Interrupt request flag register (IFOL, IFOH, IF1L, IF1H)

o Interrupt mask flag register (MKOL, MKOH, MK1L, MK1H)

o Priority specification flag register (PROL, PROH, PR1L, PR1H)
e External interrupt rising edge enable register (EGP)

e External interrupt falling edge enable register (EGN)

e Program status word (PSW)

Table 19-2 shows a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding
to interrupt request sources.
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Table 19-2. Flags Corresponding to Interrupt Request Sources

Interrupt Source Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Register Register Register
INTPO PIFO IFOL PMKO MKOL PPRO PROL
INTP1 PIF1 PMKA1 PPR1
INTP2 PIF2 PMK2 PPR2
INTP3 PIF3 PMK3 PPR3
INTP4 PIF4 PMK4 PPR4
INTP5 PIF5 PMK5 PPR5
INTP6 PIF6 PMK6 PPR6
INTP7 PIF7 IFOH PMK7 MKOH PPR7 PROH
INTTWOUD UDIFWO UDMKWO UDPRWO
INTTWOCMS3 CMS3IFWO0 CM3MKWO0 CM3PRWO
INTTWOCM4 CM4IFWO0 CM4MKWO0 CM4PRWO
INTTWOCM5 CM5IFWO CM5MKWO CM5PRWO
INTCM10 CMIF10 CMMK10 CMPR10
INTCM11 CMIF11 CMMK11 CMPR11
INTCC10 CCIF10 CCMK10 CCPR10
INTCC11 CCIF11 IF1L CCMK11 MK1L CCPR11 PR1L
INTTMOO TMIFOO0 TMMKO00 TMPROO
INTTMO1 TMIFO1 TMMKO1 TMPRO1
INTSREOO SREIF00 SREMKO00 SREPRO0O
INTSR0OO SRIF00 SRMKO00 SRPRO00
INTSTOO STIFOO STMKO00 STPROO
INTTM50 TMIF50 TMMK50 TMPR50
INTTM51 TMIF51 IF1H TMMKS51 MK1H TMPR51 PR1H
INTTMHO TMIFHO TMMKHO TMPRHO
INTCSI10 CSIIF10 CSIMK10 CSIPR10
INTDMU DMUIF DMUMK DMUPR
INTAD ADIF ADMK ADPR
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(1) Interrupt request flag registers (IFOL, IFOH, IF1L, IF1H)
The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction is
executed. They are cleared to 0 when an instruction is executed upon acknowledgment of an interrupt request or
upon RESET input.
When an interrupt is acknowledged, the interrupt request flag is automatically cleared and then the interrupt
routine is entered.
IFOL, IFOH, IF1L, and IF1H are set by a 1-bit or 8-bit memory manipulation instruction. When IFOL and IFOH, and
IF1L and IF1H are combined to form 16-bit registers IFO and IF1, they are set by a 16-bit memory manipulation
instruction.
RESET input clears these registers to 00H.
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Address:

Symbol
IFOL

Address:

Symbol
IFOH

Address:

Symbol
IF1L

Address:

Symbol
IF1H

Figure 19-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L, IF1H)

FFEOH After reset: OOH R/W

<7> <6> <5> <4> <3> <2> <1> 0
PIF6 PIF5 PIF4 PIF3 PIF2 ‘ PIF1 PIFO ‘ o
FFE1H After reset: 00H R/W
<7> <6> <5> <4> <3> <2> <1> <0>
CCIF10 CMIF11 CMIF10 CM5IFWO0 | CM4IFWO0 | CM3IFW0 UDIFWO PIF7
FFE2H After reset: 00H R/W
<7> <6> <5> <4> <3> <2> 1 <0>
TMIF50 STIFOO SRIF00 SREIF00 TMIFO1 TMIFOO o CCIF11
FFE3H After reset: 00H R/W
7 6 5 <4> <3> <2> <1> <0>
o o' o' ADIF DMUIF CSIIF10 TMIFHO TMIF51
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Note Be sure to clear bit 0 of IFOL, bit 1 of IF1L, and bits 5 to 7 of IF1H to 0.

Cautions 1. When operating a timer, serial interface, or A/D converter after standby release, operate it

once after clearing the interrupt request flag. An interrupt request flag may be set by noise.
When manipulating a flag of the interrupt request flag register, use a 1-bit memory
manipulation instruction (CLR1). When describing in C language, use a bit manipulation
instruction such as “IFOL.0 = 0;” or “_asm(“clri IFOL, 0”);” because the compiled
assemblermust be a 1-bit memory manipulation instruction (CLR1). If a program is
described in C language using an 8-bit memory manipulation instruction such as “IFOL &=
Oxfe;” and compiled, it becomes the assembler of three instructions.

mov a, IFOL

and a, #OFEH

mov IFOL, a
In this case, even if the request flag of another bit of the same interrupt request flag register
(IFOL) is set to 1 at the timing between “mov a, IFOL” and “mov IFOL, a”, the flag is cleared
to 0 at “mov IFOL, a”. Therefore, care must be exercised when using an 8-bit memory
manipulation instruction in C language.
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(2) Interrupt mask flag registers (MKOL, MKOH, MK1L, MK1H)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt servicing.
MKOL, MKOH, MK1L, and MK1H are set by a 1-bit or 8-bit memory manipulation instruction. When MKOL and
MKOH, and MK1L and MK1H are combined to form 16-bit registers MKO and MK1, they are set by a 16-bit
memory manipulation instruction.
RESET input sets MKOL, MKOH, and MK1L to FFH and MK1H to DFH.

Figure 19-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L, MK1H)

Address: FFE4H  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> 0
<R> MKOL PMK6 PMK5 PMK4 PMK3 PMK2 PMK1 PMKO e
Address: FFE5H  Afterreset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOH CCMK10 | CMMK11 CMMK10 | CM5MKWO | CMAMKWO | CM3MKWO | UDMKWO PMK7
Address: FFE6H Afterreset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> 1 <0>
MK1L TMMK50 STMKO00 SRMKO00 | SREMKO00 | TMMKO1 TMMKOO 1M CCMK11
Address: FFE7H  After reset: DFH R/W
Symbol 7 6 5 <4> <3> <2> <1> <0>
MK1H At e oM ADMK DMUMK CSIMK10 | TMMKHO | TMMKS51
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Note Be sure to set bit 0 of MKOL, bit 1 of MK1L, and bits 6 and 7 of MK1H to 1.
Be sure to clear bit 5 of MK1H to 0.
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Priority specification flag registers (PROL, PROH, PR1L, PR1H)

The priority specification flag registers are used to set the corresponding maskable interrupt priority order.

PROL, PROH, PR1L, and PR1H are set by a 1-bit or 8-bit memory manipulation instruction. If PROL and PROH,
and PR1L and PR1H are combined to form 16-bit registers PRO and PR1, they are set by a 16-bit memory
manipulation instruction.

RESET input sets these registers to FFH.

Figure 19-4. Format of Priority Specification Flag Registers (PROL, PROH, PR1L, PR1H)

Address: FFE8H  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> 0

PROL PPR6 PPR5 PPR4 PPR3 PPR2 PPR1 PPRO e

Address: FFE9QH  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

PROH CCPR10 CMPR11 CMPR10 | CM5PRWO0 | CM4PRWO | CM3PRWO | UDPRWO PPR7

Address: FFEAH  After reset: FFH R/W
Symbol <7> <6> <5> <4> <3> <2> 1 <0>

PR1L TMPR50 STPR0OO SRPR0O0 | SREPR0O0O | TMPRO1 TMPROO e CCPR11

Address: FFEBH  After reset: FFH R/W

Symbol 7 6 5 <4> <3> <2> <1> <0>
PR1H At e e ADPR DMUPR CSIPR10 | TMPRHO TMPR51
XXPRX Priority level selection
0 High priority level
1 Low priority level

Note Be sure to set bit 0 of PROL, bit 1 of PR1L, and bits 5 to 7 of PR1H to 1.
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(4) External interrupt rising edge enable register (EGP), external interrupt falling edge enable register (EGN)
These registers specify the valid edge for INTPO to INTP7.
EGP and EGN are set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears these registers to 00H.

Figure 19-5. Format of External Interrupt Rising Edge Enable Register (EGP)
and External Interrupt Falling Edge Enable Register (EGN)

Address: FF48H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGP EGP7 EPG6 EGP5 EGP4 EGP3 EGP2 | EGP1 | EGPO
Address: FF49H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
EGN EGN7 EGN6 EGN5 EGN4 EGN3 EGN2 EGN1 EGNO
EGPn EGNn INTPn pin valid edge selection (n =0 to 7)

0 0 Edge detection disabled

0 1 Falling edge

1 0 Rising edge

1 1 Both rising and falling edges

Table 19-3 shows the ports corresponding to EGPn and EGNn.

Table 19-3. Ports Corresponding to EGPn and EGNn

Detection Enable Register Edge Detection Port Interrupt Request Signal
EGPO EGNO P00 INTPO
EGP1 EGN1 PO1 INTP1
EGP2 EGN2 P02 INTP2
EGP3 EGNS3 P03 INTP3
EGP4 EGN4 P52 INTP4
EGP5 EGN5 P53 INTP5
EGP6 EGN6 P55 INTP6
EGP7 EGN7 P56 INTP7

Caution Select the port mode by clearing EGPn and EGNn to 0 because an edge may be detected when
the external interrupt function is switched to the port function.

Remark n=0to7
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Program status word (PSW)

The program status word is a register used to hold the instruction execution result and the current status for an
interrupt request. The IE flag that sets maskable interrupt enable/disable and the ISP flag that controls multiple
interrupt servicing are mapped to the PSW.

Besides 8-bit read/write, this register can carry out operations using bit manipulation instructions and dedicated
instructions (El and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed,
the contents of the PSW are automatically saved into a stack and the IE flag is reset to 0. If a maskable interrupt
request is acknowledged, the contents of the priority specification flag of the acknowledged interrupt are
transferred to the ISP flag. The PSW contents are also saved into the stack with the PUSH PSW instruction.
They are restored from the stack with the RETI, RETB, and POP PSW instructions.

RESET input sets PSW to 02H.

Figure 19-6. Format of Program Status Word

<7> <6> <5> <4> <3> 2 <1> 0 After reset

PSW| IE Z |RBS1| AC |RBSO| 0 ISP | CY 02H

= Used when normal instruction is executed

ISP Priority of interrupt currently being serviced

0 | High-priority interrupt servicing (low-priority
interrupt disabled)

1 Interrupt request not acknowledged, or low-
priority interrupt servicing (all maskable
interrupts enabled)

IE Interrupt request acknowledgment enable/disable

0 Disabled

1 Enabled
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19.4 Interrupt Servicing Operations

19.4.1 Non-maskable interrupt request acknowledgment operation

A non-maskable interrupt request is unconditionally acknowledged even in an interrupt acknowledgment disabled
state. It does not undergo interrupt priority control and has the highest priority of all interrupts.

If a non-maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW,
then PC, the IE flag and ISP flag are reset (0), and the contents of the vector table are loaded into the PC and
branched.

This disables the acknowledgment of multiple interrupts.

A new non-maskable interrupt request generated during execution of a non-maskable interrupt servicing program
is acknowledged after the current non-maskable interrupt servicing program is terminated (following RETI instruction
execution) and one main routine instruction has been executed. However, if a new non-maskable interrupt request is
generated twice or more during non-maskable interrupt servicing program execution, only one non-maskable interrupt
request is acknowledged after termination of the non-maskable interrupt servicing program.

Figures 19-7 and 19-8 show the acknowledgment timing of a non-maskable interrupt request, and the
acknowledgment operation when multiple non-maskable interrupt requests are generated, respectively.

Caution Be sure to use the RETI instruction to restore processing from the non-maskable interrupt.

Figure 19-7. Non-Maskable Interrupt Request Acknowledgment Timing

PSW, PC save, jump | Interrupt service
to interrupt servicing program

INTLVI EENEENEEREEN \

Interrupt request generated during this interval is acknowledged at ),

CPU processing Instruction Instruction

INTLVI: Low-voltage detector interrupt request signal
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Figure 19-8. Non-Maskable Interrupt Request Acknowledgment Operation

(a) If a non-maskable interrupt request is generated during non-maskable interrupt servicing program
execution

Main routine

NMI request <1> — V -—— Execution of NMI request <1>

NMI request <2> held pending

NMI request <2> ——=

\ -~—— Servicing of pending NMI request <2>

(b) If two non-maskable interrupt requests are generated during non-maskable interrupt servicing
program execution

Execution of 1 instruction —

Main routine
NMI request <1> —» V -~—— Execution of NMI request <1>
NMI request <2> —= NMI request <2> held pending

NMI request <3> held pending
NMI request <3> —

Execution of 1 instruction —

—~—— Servicing of pending NMI request <2>

NMI request <3> not acknowledged
(Although two or more NMI requests have been generated,
only one request is acknowledged.)
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19.4.2 Maskable interrupt request acknowledgement

A maskable interrupt request becomes acknowledgeable when the interrupt request flag is set to 1 and the mask
(MK) flag corresponding to that interrupt request is cleared to 0. A vectored interrupt request is acknowledged if
interrupts are in the interrupt enabled state (when the IE flag is set to 1). However, a low-priority interrupt request is
not acknowledged during servicing of a higher priority interrupt request (when the ISP flag is reset to 0).

Moreover, even if the El instruction is executed during execution of a non-maskable interrupt servicing program,
neither non-maskable interrupt requests nor maskable interrupt requests are acknowledged.

The times from generation of a maskable interrupt request until interrupt servicing is performed are listed in Table
19-4 below.

For the interrupt request acknowledgment timing, see Figures 19-10 and 19-11.

Table 19-4. Time from Generation of Maskable Interrupt Request Until Servicing

Minimum Time Maximum Time"**
When xxPR =0 7 clocks 32 clocks
When xxPR =1 8 clocks 33 clocks

Note If an interrupt request is generated just before a divide instruction, the wait time becomes longer.

Remark 1 clock: 1/fcru (fcpu: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specification flag is acknowledged first. If two or more interrupt requests have the same
priority level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 19-9 shows the interrupt request acknowledgment algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then
PC, the IE flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged
interrupt are transferred to the ISP flag. The vector table data determined for each interrupt request is loaded into the
PC and branched.

Restoring from an interrupt is possible by using the RETI instruction.

User's Manual U16928EJ2VOUD 349



CHAPTER 19 INTERRUPT FUNCTIONS

Figure 19-9. Interrupt Request Acknowledgment Processing Algorithm

Yes (interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

No (Low priority)

Any high-priority
/interrupt request among Yes
those simultaneously generated
with xxPR = 0?2

Any high-priority
interrupt request among those
simultaneously generated
with xxPR = 0?

Yes

(lnterrupt request held pending)

No

(Interrupt request held pending)

No
Any high-priority
interrupt request among Yes
- Yes hose simultaneously
(Interrupt request held pendmg) generated?

No (Interrupt request held pending)

. . No
( Vectored interrupt servicing )

Y

es (Interrupt request held pending)

No

Yes

(Interrupt request held pending)

C Vectored interrupt servicing )

xxIF: Interrupt request flag

xxMK: Interrupt mask flag

xxPR: Priority specification flag

IE: Flag that controls acknowledgment of maskable interrupt request (1 = Enable, 0 = Disable)

ISP:  Flag that indicates the priority level of the interrupt currently being serviced (0 = high-priority interrupt

servicing, 1 = No interrupt request acknowledged, or low-priority interrupt servicing)
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Figure 19-10. Interrupt Request Acknowledgment Timing (Minimum Time)

6 clocks

PSW and PC saved,

CPU processing Instruction Instruction jump to interrupt

Interrupt servicing
program

opr =) [TTTTTTTIT .,
|
! 8 clocks
bocPR ) [ ] /\/\// [T ]] L,
|
\ 7 clocks

Remark 1 clock: 1/fcpu (fcru: CPU clock)

Figure 19-11. Interrupt Request Acknowledgment Timing (Maximum Time)

25 clocks 6 clocks

PSW and PC saved,

Interrupt servicing

CPU processing Instruction Divide instruction isuermcti?u;nte"um program
o EENEENN/INN L,
|
\ 33 clocks
A\
— NEN/INEEEEE L,
|
\ 32 clocks

Remark 1 clock: 1/fcpu (fcpu: CPU clock)

19.4.3 Software interrupt request acknowledgment
A software interrupt request is acknowledged by BRK instruction execution.
disabled.

Software interrupts cannot be

If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (0), and the contents of the vector table (003EH,

003FH) are loaded into the PC and branched.
Restoring from a software interrupt is possible by using the RETB instruction.

Caution Do not use the RETI instruction for restoring from the software interrupt.
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19.4.4 Multiple interrupt servicing

Multiple interrupt servicing occurs when another interrupt request is acknowledged during execution of an interrupt.

Multiple interrupt servicing does not occur unless the interrupt request acknowledgment enabled state is selected
(IE = 1) (except non-maskable interrupt). Also, when an interrupt request is acknowledged, interrupt request
acknowledgment becomes disabled (IE = 0). Therefore, to enable multiple interrupt servicing, it is necessary to set
(1) the IE flag with the El instruction during interrupt servicing to enable interrupt acknowledgment.

Moreover, even if interrupts are enabled, multiple interrupt servicing may not be enabled, this being subject to
interrupt priority control. Two types of priority control are available: default priority control and programmable priority
control. Programmable priority control is used for multiple interrupt servicing.

In the interrupt enabled state, if an interrupt request with a priority equal to or higher than that of the interrupt
currently being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority
lower than that of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged
for multiple interrupt servicing. Interrupt requests that are not enabled because interrupts are in the interrupt disabled
state or because they have a lower priority are held pending. When servicing of the current interrupt ends, the
pending interrupt request is acknowledged following execution of one main processing instruction execution.

Multiple interrupt servicing is not possible during non-maskable interrupt servicing.

Table 19-5 shows relationship between interrupt requests enabled for multiple interrupt servicing and Figure 19-12
shows multiple interrupt servicing examples.

Table 19-5. Relationship Between Interrupt Requests Enabled for Multiple Interrupt Servicing
During Interrupt Servicing

Multiple Interrupt Request | Non- Maskable Interrupt Request Software

maskable PR=0 PR = 1 Interrupt

Interrupt Being Serviced 2:::2: IE =1 IE=0 IE =1 IE=0 Request
Non-maskable interrupt request X X X X X O
Maskable interrupt ISP=0 O O x X X O
ISP =1 o O X O X O
Software interrupt O O X (0] X (@)

Remarks 1. O: Multiple interrupt servicing enabled

2. x: Multiple interrupt servicing disabled

3. ISP and IE are flags contained in the PSW.
ISP = 0: An interrupt with higher priority is being serviced.
ISP = 1: No interrupt request has been acknowledged, or an interrupt with a lower

priority is being serviced.

IE =0: Interrupt request acknowledgment is disabled.
IE =1: Interrupt request acknowledgment is enabled.

4. PR is a flag contained in PROL, PROH, PR1L, and PR1H.
PR = 0: Higher priority level
PR = 1: Lower priority level
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Figure 19-12. Examples of Multiple Interrupt Servicing (1/2)

Example 1. Multiple interrupt servicing occurs twice

Main processing INTxx servicing INTyy servicing INTzz servicing

E;:l IE=0 |_E_I_| IE=0 E IE=0

INTXx —= INTyy —= INTzz —
(PR=1) (PR=0) (PR=0)

=

IE=1
IE=1 | RETI | IE=1 | RETI

During servicing of interrupt INTxx, two interrupt requests, INTyy and INTzz, are acknowledged, and multiple
interrupt servicing takes place. Before each interrupt request is acknowledged, the El instruction must always be
issued to enable interrupt request acknowledgment.

Example 2. Multiple interrupt servicing does not occur due to priority control

Main processing INTxx servicing INTyy servicing
| El | IE=0
| El |
INTXX —= INTyy —
PR=0 PR =1
( ) ( ) RETI
IE=1
|1 instruction executionl IE=0

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower
than that of INTxx, and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending,
and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level

PR =1: Lower priority level
IE =0: Interrupt request acknowledgment disabled
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Figure 19-12. Examples of Multiple Interrupt Servicing (2/2)

Example 3. Multiple interrupt servicing does not occur because interrupts are not enabled

Main processing INTxx servicing INTyy servicing

INTXX —» (PR=0)
(PR = 0) RETI

IE=1

1 instruction execution

Interrupts are not enabled during servicing of interrupt INTxx (El instruction is not issued), therefore, interrupt
request INTyy is not acknowledged and multiple interrupt servicing does not take place. The INTyy interrupt request
is held pending, and is acknowledged following execution of one main processing instruction.

PR = 0: Higher priority level
IE =0: Interrupt request acknowledgment disabled
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19.4.5 Interrupt request hold

There are instructions where, even if an interrupt request is issued for them while another instruction is being
executed, request acknowledgment is held pending until the end of execution of the next instruction. These
instructions (interrupt request hold instructions) are listed below.

o MOV PSW, #byte

e MOV A, PSW

e MOV PSW, A

e MOV1 PSW.bit, CY

e MOV1 CY, PSW.bit

e AND1 CY, PSW.bit

e OR1CY, PSW.bit

e XOR1 CY, PSW.bit

o SET1 PSW.bit

e CLR1 PSW.bit

e RETB

e RETI

¢ PUSHPSW

e POPPSW

e BT PSW.bit, $addr16

e BF PSW.bit, $addr16

e BTCLR PSW.bit, $addr16

e EI

[ ] DI

e Manipulation instructions for the IFOL, IFOH, IF1L, IF1H, MKOL, MKOH, MK1L, MK1H, PROL, PROH, PR1L, and
PR1H registers

Caution The BRK instruction is not one of the above-listed interrupt request hold instructions. However,
the software interrupt activated by executing the BRK instruction causes the IE flag to be cleared
to 0. Therefore, even if a maskable interrupt request is generated during execution of the BRK
instruction, the interrupt request is not acknowledged. However, a non-maskable interrupt
request is acknowledged.

Figure 19-13 shows the timing at which interrupt requests are held pending.

Figure 19-13. Interrupt Request Hold

PSW and PC saved, jump | Interrupt servicing
to interrupt servicing program

S| \

Remarks 1. Instruction N: Interrupt request hold instruction

CPU processing Instruction N Instruction M

2. Instruction M: Instruction other than interrupt request hold instruction
3. The xxPR (priority level) values do not affect the operation of xxIF (interrupt request).
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20.1 Standby Function and Configuration

20.1.1 Standby function

Table 20-1. Relationship Between Operation Clocks in Each Operation Status

Status X1 Oscillator Internal Oscillator CPU Clock Prescaler Clock
After Supplied to Peripherals
_ MSTOP=0 | MSTOP=1 | Note1 Note 2 Release | yicmo =0 | MCMO = 1
Operation
Mode RSTOP =0 RSTOP =1
Reset Stopped Stopped Internal Stopped
oscillation
clock
STOP Oscillating | Oscillating Stopped "** | Note 5 Stopped
HALT Oscillating | Stopped"™** Note 6 Internal X1
oscillation
clock
Notes 1. When “Cannot be stopped” is selected for internal oscillator by an option byte.
2. When “Can be stopped by software” is selected for internal oscillator by an option byte.
3. Only when internal oscillator is oscillating.
4. Only when X1 is oscillating.
5. Operates using the CPU clock at STOP instruction execution.
6. Operates using the CPU clock at HALT instruction execution.
Caution The RSTOP setting is valid only when “Can be stopped by software” is set for internal oscillator by
an option byte.
Remark MSTOP: Bit 7 of the main OSC control register (MOC)

RSTOP: Bit 0 of the internal oscillation mode register (RCM)

MCMO:

Bit 0 of the main clock mode register (MCM)

The standby function is designed to reduce the operating current of the system. The following two modes are

available.

(1) HALT mode

HALT instruction execution sets the HALT mode. In the HALT mode, the CPU operation clock is stopped. If the
X1 oscillator or internal oscillator is operating before the HALT mode is set, oscillation of each clock continues. In
this mode, the operating current is not decreased as much as in the STOP mode, but the HALT mode is effective
for restarting operation immediately upon interrupt request generation and carrying out intermittent operations.
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(2) STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the X1 oscillator stops, stopping the whole
system, thereby considerably reducing the CPU operating current.

Because this mode can be cleared by an interrupt request, it enables intermittent operations to be carried out.

However, because a wait time is required to secure the oscillation stabilization time after the STOP mode is

released, select the HALT mode if it is necessary to start processing immediately upon interrupt request

generation.

In either of these two modes, all the contents of registers, flags and data memory just before the standby mode is

set are held. The I/O port output latches and output buffer statuses are also held.

Cautions 1.

The STOP and HALT modes can be used when the CPU operates with the X1 input clock or
internal oscillation clock. However, when the STOP instruction is executed during internal
oscillation clock operation, the X1 oscillator stops, but internal oscillator does not stop.
When shifting to the STOP mode, be sure to stop the peripheral hardware operation before
executing STOP instruction.

The following sequence is recommended for operating current reduction of the A/D converter
when the standby function is used: First clear bit 7 (ADCS) of the A/D converter mode
register (ADM) to 0 to stop the A/D conversion operation, and then execute the HALT or STOP
instruction.

If the internal oscillator is operating before the STOP mode is set, oscillation of the internal
oscillation clock cannot be stopped in the STOP mode. However, when the internal
oscillation clock is used as the CPU clock, the CPU operation is stopped for 17/fr (s) after
STOP mode is released.
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20.1.2 Registers controlling standby function
The standby function is controlled by the following two registers.

¢ Oscillation stabilization time counter status register (OSTC)
¢ Oscillation stabilization time select register (OSTS)

Remark For the registers that start, stop, or select the clock, see CHAPTER 5 CLOCK GENERATOR.

(1) Oscillation stabilization time counter status register (OSTC)
This is the status register of the X1 input clock oscillation stabilization time counter. If the internal oscillation clock
is used as the CPU clock, the X1 input clock oscillation stabilization time can be checked.
OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
Reset release (reset byrSET input, POC, LVI, and WDT), the STOP instruction, and MSTOP (bit 7 of MOC
register) = 1 clear OSTC to O0H.

Figure 20-1. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: 00H R

Symbol 7 6 5 4 3 2 1 0

OSTC 0 0 0 MOST11 | MOST13 | MOSTi4 | MOSTi5 | MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status

fxr = 20MHz

1 0 0 0 2" /fxe min. 102.4 ys min.

1 1 0 0 2/fxe min. 409.6 ys min.

1 1 1 0 0 2"/fxp min. 819.2 s min.

1 1 1 1 0 2"/ixp min. 1.64 ms min.

1 1 1 1 1 2"/fxp min. 3.27 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from MOST11 and
remain 1.

2. If the STOP mode is entered and then released while the internal oscillation
clock is being used as the CPU clock, set the oscillation stabilization time as
follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
The X1 oscillation stabilization time counter counts only during the oscillation
stabilization time set by OSTS. Therefore, note that only the statuses during the
oscillation stabilization time set by OSTS are set to OSTC after STOP mode has
been released.

3. The wait time when STOP mode is released does not include the time after
STOP mode release until clock oscillation starts (“a” below) regardless of
whether STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pin voltage l
waveform 7777

Remark fx: X1 input clock oscillation frequency
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(2) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 oscillation stabilization wait time when STOP mode is released. The wait
time set by OSTS is valid only after STOP mode is released when the X1 input clock is selected as the CPU
clock. After STOP mode is released when the internal oscillation clock is selected, check the oscillation
stabilization time using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
RESET input sets OSTS to 05H.

Figure 20-2. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTSH1 OSTS0
0OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fxr = 20MHz

0 0 1 2" fixp 102.4 us

0 1 0 2%/fxp 409.6 us

0 1 1 2"/xp 819.2 us

1 0 0 2%fxp 1.64 ms

1 0 1 2"/fxp 3.27 ms

Other than above Setting prohibited

Cautions 1. If the STOP mode is entered and then released while the internal oscillation
clock is being used as the CPU clock, set the oscillation stabilization time as
follows.

o Desired OSTC oscillation stabilization time < Oscillation stabilization time
set by OSTS
The X1 oscillation stabilization time counter counts only during the oscillation
stabilization time set by OSTS. Therefore, note that only the statuses during the
oscillation stabilization time set by OSTS are set to OSTC after STOP mode has
been released.
2. The wait time when STOP mode is released does not include the time after
STOP mode release until clock oscillation starts (“a” below) regardless of
whether STOP mode is released by RESET input or interrupt generation.

STOP mode release

X1 pin voltage l
waveform 7777

Remark fx: X1 input clock oscillation frequency
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20.2 Standby Function Operation
20.2.1 HALT mode

(1) HALT mode
The HALT mode is set by executing the HALT instruction. HALT mode can be set regardless of whether the CPU
clock before the setting was the X1 input clock or internal oscillation clock.
The operating statuses in the HALT mode are shown below.

Table 20-2. Operating Statuses in HALT Mode

HALT Mode Setting When HALT Instruction Is Executed While CPU Is When HALT Instruction Is Executed While CPU Is
Operating on X1 Input Clock Operating on Internal Oscillation Clock
When Internal Oscillation | When Internal Oscillation When X1 Input Clock When X1 Input Clock
ltem Clock Continues Clock Stopped"™’ Oscillation Continues Oscillation Stopped
System clock Clock supply to the CPU is stopped.
CPU Operation stopped
Port (latch) Status before HALT mode was set is retained
10-bit inverter control timer Operable Operation not guaranteed
16-bit up/down counter Operable Operation not guaranteed
ITENC20
16-bit timer/event counter 00 Operable Operation not guaranteed
8-bit timer/event counter 50 Operable Operation not guaranteed when count clock other than
TI50 is selected
8-bit timer/event counter 51 Operable Operation not guaranteed when count clock other than
fr/2” or TI51 is selected
8-bit timer HO Operable Operation not guaranteed when count clock other than
TM50 output is selected during 8-bit timer/event counter
50 operation
Watchdog | Internal oscillator | Operable - Operable
timer cannot be
Stoppedumez
Internal oscillator | Operation stopped
can be stopped"™**
Clock output/buzzer output | Operable Operation not guranteed
controller
Real-time output ports Operable Operation not guaranteed when other than external
trigger (INTP2) is used or when other than TI51 is
selected as count clock of 8-bit timer/event counter 51.
A/D converter Operable Operation not guaranteed
Serial UARTO00 Operable Operation not guaranteed when serial clock other than
interface TM50 output is selected during 8-bit timer/event counter
50 operation
CSI10 Operable Operation not guaranteed when serial clock other than
external SCK10 is selected
Multiplier/divider Operable Operation not guaranteed
Power-on-clear function Operable
Low-voltage detection function Operable
External interrupt Operable

Notes 1. When “Stopped by software” is selected for internal oscillator by an option byte and internal oscillator is
stopped by software (for option bytes, sse CHAPTER 24 OPTION BYTES).
2. ‘“Internal oscillator cannot be stopped” or “Internal oscillator can be stopped by software” can be selected
by an option byte.
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(2) HALT mode release
The HALT mode can be released by the following two sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the HALT mode is released. If interrupt
acknowledgement is enabled, vectored interrupt servicing is carried out. If interrupt acknowledgement is

disabled, the next address instruction is executed.

Figure 20-3. HALT Mode Release by Interrupt Request Generation

Interrupt
HALT request
instruction

Standby
release signal

Operating mode HALT mode Wait ‘
Status of CPU ~Pr2iNg ! |

Oscillation

X1 input clock or
internal oscillation clock

Remarks 1. The broken lines indicate the case when the interrupt request which has released the standby
mode is acknowledged.
2. The wait time is as follows:
* When vectored interrupt servicing is carried out: 8 or 9 clocks
* When vectored interrupt servicing is not carried out: 2 or 3 clocks

<R> (b) Release by non-maskable interrupt request

When a non-maskable interrupt request is generated, the HALT mode is released and vectored interrupt
servicing is carried out whether interrupt acknowledgment is enabled or disabled.
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(c) Release by RESET input
When the RESET signal is input, HALT mode is released, and then, as in the case with a normal reset
operation, the program is executed after branching to the reset vector address.

Figure 20-4. HALT Mode Release by RESET Input

(1) When X1 input clock is used as CPU clock

HALT
instruction

1 )

W

RESET signal

Reset |Operation
HALT mode period | stopped Operating mode

Oscillation (17/fr) | (Internal oscillation clock)
Oscillates stopped Oscillates

N J

Oscillation stabilization time
(2"/ixe to 2'%/ixp)

Status of CPU  Operating mode
(X1 input clock) |

X1 input clock

(2) When internal oscillation clock is used as CPU clock

HALT
instruction

1 )

W

RESET signal

Reset |Operation
HALT mode period | stopped Operating mode

Oscillation (17/fR)| (Internal oscillation clock)
Oscillates stopped Oscillates

Status of CPU  Operating mode

(Internal oscillation
clock)

Internal oscillation clock

Remarks 1. fxr: X1 input clock oscillation frequency
2. fr: Internal oscillation clock frequency
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Table 20-3. Operation in Response to Interrupt Request in HALT Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 x Next address
request instruction execution

0 0 1 X Interrupt servicing
execution
0 1 0 1 Next address
0 1 % 0 instruction execution
0 1 1 1 Interrupt servicing
execution
1 X X X HALT mode held
Non-maskable interrupt - - X X Interrupt servicing
request execution
RESET input - - X X Reset processing
x: don’t care
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20.2.2 STOP mode

(1) STOP mode setting and operating statuses
The STOP mode is set by executing the STOP instruction, and it can be set regardless of whether the CPU clock
before the setting was the X1 input clock or internal oscillation clock.

Caution Because the interrupt request signal is used to clear the standby mode, if there is an interrupt
source with the interrupt request flag set and the interrupt mask flag reset, the standby mode is
immediately cleared if set. Thus, the STOP mode is reset to the HALT mode immediately after
execution of the STOP instruction and the system returns to the operating mode as soon as the
wait time set using the oscillation stabilization time select register (OSTS) has elapsed.

The operating statuses in the STOP mode are shown below.

Table 20-4. Operating Statuses in STOP Mode

When STOP Instruction Is Executed
While CPU Is Operating on Internal

STOP Mode Setting | When STOP Instruction Is Executed While CPU Is Operating on X1 Input Clock

ltem

When Internal Oscillation Clock
Continues

When Internal Oscillation Clock
Stopped™™’

Oscillation Clock

System clock

Only X1 oscillator oscillation is stopped. Clock supply to the CPU is stopped.

CPU

Operation stopped

Port (latch)

Status before STOP mode was set is retained

10-bit inverter control timer

Operation stopped

16-bit up/down counter
ITENC20

Operation stopped

16-bit timer/event counter 00

Operation stopped

8-bit timer/event counter 50

Operable only when TI50 is selected as the count clock

8-bit timer/event counter 51

Operable only when TI51 is selected as the count clock

8-bit timer HO

Operable only when TM50 output is selected as the count clock during 8-bit timer/event counter 50 operation

Watchdog | Internal oscillator
timer cannot be
Stoppedumez

Operable - Operable

Internal oscillator
can be stopped"™
2

Operation stopped

Clock output/buzzer output
controller

Operation stopped

Real-time output ports

Operable only when INTTM51 is selected as the count clock during TM51 operation or when external trigger
(INTP2) is selected

A/D converter

Operation stopped

Serial interface | UART00 Operable only when TM50 output is selected as the count clock during TM50 operation
CSI10 Operable only when external SCK10 is selected as the serial clock

Multiplier/divider Operation stopped

Power-on-clear function Operable

Low-voltage detection function Operable

External interrupt Operable

Notes 1.

When “Stopped by software” is selected for internal oscillator by an option byte and internal oscillator is

stopped by software (for option bytes, sse CHAPTER 24 OPTION BYTES).

2. “Internal oscillator cannot be stopped” or “Internal oscillator can be stopped by software” can be selected

by an option byte.
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(2) STOP mode release

Figure 20-5. Operation Timing When STOP Mode Is Released

STOP mode release

STOP mode

X1 input clock I-l||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Internal oscillation clock ||||||| ||||||||||||||||||||||||||||||||||

X1 input clock is
selected as CPU clock ) HALT status
when STOP instruction (oscillation stabilization time set by OSTS)

is executed

X1 input clock

Internal oscillation clock Internal oscillation .
is selected as CPU clock lock >< X1 input clock
when STOP instruction cloc

is executed ‘

Operation stopped
(17/fr) Clock switched

by software

The STOP mode can be released by the following three sources.
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(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the STOP mode is released. After the oscillation
stabilization time has elapsed, if interrupt acknowledgment is enabled, vectored interrupt servicing is carried
out. If interrupt acknowledgment is disabled, the next address instruction is executed.

<R> (b) Release by non-maskable interrupt request
When a non-maskable interrupt request is generated, the STOP mode is released whether interrupt
acknowledgment is enabled or disabled. And after the oscillation stabilization time has elapsed, vectored
interrupt servicing is carried out.
Figure 20-6. STOP Mode Release by Interrupt Request Generation
(1) When X1 input clock is used as CPU clock

Wait
STOP
insiiguon | ety 0sTS)

)
(

)
{
Standby release signal |

Status of CPU  Operating mode STOP mode Oscillation stabilization wait | Operating mode
(X1 input clock) (HALT mode status) | (X1 input clock)
i illati Oscillat
X1 input clock Oscillates Oscillation stopped scillates

N _
Oscillation stabilization time (set by OSTS)

(2) When internal oscillation clock is used as CPU clock

STOP
instruction

Standby release signal | H

. Operation )
Status of CPU Operating mode STOP mode stopped Operating mode
(Internal oscillation | (17/fr) | (Internal oscillation clock)
clock) Oscillates

Internal oscillation clock

Remarks 1. The broken lines indicate the case when the interrupt request that has released the standby
mode is acknowledged.
2. fr: Internal oscillation clock frequency
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(c) Release by RESET input
When the RESET signal is input, STOP mode is released and a reset operation is performed after the
oscillation stabilization time has elapsed.

Figure 20-7. STOP Mode Release by RESET Input

(1) When X1 input clock is used as CPU clock

STOP
instruction

| .

W

RESET signal

Reset |Operation
Status of CPU  Operating mode STOP mode period | stopped Operating mode

(X1 input clock) Oscillation| (17/fR) | (Internal oscillation clock)
Oscillates Oscillation stopped stopped Oscillates

N _J

Oscillation stabilization time (2'"/fxe to 2'%/fxp)

X1 input clock

(2) When internal oscillation clock is used as CPU clock

STOP
instruction

))
W

RESET signal

Reset |Operation
Status of CPU  Operating mode STOP mode period | stopped Operating mode

(Internal oscillation| . Oscillation (17/fn)| .(Internal oscillation clock)
clock) Oscillates stopped Oscillates

Internal oscillation clock

Remarks 1. fxr: X1 input clock oscillation frequency
2. fr: Internal oscillation clock frequency

Table 20-5. Operation in Response to Interrupt Request in STOP Mode

Release Source MKxx PRxx IE ISP Operation
Maskable interrupt 0 0 0 x Next address
request instruction execution

0 0 1 X Interrupt servicing
execution
0 1 0 1 Next address
0 1 % 0 instruction execution
0 1 1 1 Interrupt servicing
execution
1 X X X STOP mode held
<R> Non-maskable interrupt - - X X Interrupt servicing
request execution
RESET input - - X X Reset processing
x: don’t care
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The following four operations are available to generate a reset signal.

(1) External reset input via RESET pin

(2) Internal reset by watchdog timer program loop detection

(3) Internal reset by comparison of supply voltage and detection voltage of power-on-clear (POC) circuit
(4)

4) Internal reset by comparison of supply voltage and detection voltage of low-power-supply detector (LVI)

External and internal resets have no functional differences. In both cases, program execution starts at the address
at 0000H and 0001H when the reset signal is input.

A reset is applied when a low level is input to the RESET pin, the watchdog timer overflows, or by POC and LVI
circuit voltage detection, and each item of hardware is set to the status shown in Table 21-1. Each port pin is high
impedance during reset input or during the oscillation stabilization time just after reset release.

When a high level is input to the RESET pin, the reset is released and program execution starts using the internal
oscillation clock after the CPU clock operation has stopped for 17/fr (s). A reset generated by the watchdog timer is
automatically released after the reset, and program execution starts using the internal oscillation clock after the CPU
clock operation has stopped for 17/fr (s) (see Figures 21-2 to 21-4). Reset by POC and LVI circuit power supply
detection is automatically released when Vop > Vroc or Vop > Vivi after the reset, and program execution starts using
the internal oscillation clock after the CPU clock operation has stopped for 17/fr (s) (see CHAPTER 22 POWER-ON-
CLEAR CIRCUIT and CHAPTER 23 LOW-VOLTAGE DETECTOR).

Cautions 1. For an external reset, input a low level for 10 us or more to the RESET pin.
2. During reset input, the X1 input clock and internal oscillation clock stop oscillating.
3. When the STOP mode is released by a reset, the STOP mode contents are held during reset
input. However, the port pins become high-impedance.

368 User's Manual U16928EJ2V0UD



adNOACrisee9LN lenuep sJasn

69€

Figure 21-1. Block Diagram of Reset Function

Internal bus g

l

Reset control
flag register (RESF)

WDTRF LVIRF
set set
Watchdog timer reset signal
clear
clear

FSET@_{J >>7

Power-on-clear circuit reset signal

Reset signal

Reset signal to LVIM register

y

Reset signal

Low-voltage detector reset signal

Caution An LVI circuit internal reset does not reset the LVI circuit.

Remark LVIM: Low-voltage detection register
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Internal oscillation clock | | | | | | | | | | | | |
X1 input clock ||||||||||||||||||||||||||

CPU clock

RESET

Internal
reset signal

Port pin

Internal oscillation clock | | | | | | | | | | | | |
X1 input clock ||||||||||||||||||||||||||

CPU clock

Watchdog timer
overflow

Internal
reset signal

Port pin

Figure 21-2. Timing of Reset by RESET Input

Normal operation

uutiuuuuy

sG]

Reset period
(Oscillation stop)

Operation stop Normal operation (Reset processing,
(17/fr) internal oscillation clock)

Figure 21-3. Timing of Reset Due to Watchdog Timer Overflow

Normal operation

[\

%

Reset period
(Oscillation stop)

Operationstop)  Normal operation (Reset processing,
(17/fr) internal oscillation clock)

[

Caution A watchdog timer internal reset resets the watchdog timer.
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Figure 21-4. Timing of Reset in STOP Mode by RESET Input

AU

Reset period __: Operafinstop  Noormal operation (Reset processing,

STOP instruction execution

X1 input clock ||||||||||||||||||||
h E

Normal Stop status
CPU clock operation (Oscillation stop) ! (Oscillation stop) 1 (17/f) internal oscillation clock)
RESET f E f
Internal :
reset signal :

Delay

Port pin >. .................. Mz .

Remark For the reset timing of the power-on-clear circuit and low-voltage detector, see CHAPTER 22 POWER-
ON-CLEAR CIRCUIT and CHAPTER 23 LOW-VOLTAGE DETECTOR.
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Table 21-1. Hardware Statuses after Reset Acknowledgment (1/3)

Hardware Status After Reset
Acknowledgment""
Program counter (PC) The contents of the
reset vector table
(0000H, 0001H) are
set.
Stack pointer (SP) Undefined
Program status word (PSW) 02H
RAM Data memory Undefined"™**
General-purpose registers Undefined"™*?
Port registers (PO to P7) (output latches) 00H (undefined only
for P2)
Port mode registers (PM0, PM1, PM3 to PM7) FFH
Pull-up resistor option registers (PUO, PU1, PU3 to PU7) 00H
Internal memory size switching register (IMS) CFH
Processor clock control register (PCC) 00H
Internal oscillation mode register (RCM) 00H
Main clock mode register (MCM) 00H
Main OSC control register (MOC) 00H
Oscillation stabilization time select register (OSTS) 05H
Oscillation stabilization time counter status register (OSTC) 00H
System wait control register (VSWC) 00H
10-bit inverter control | Compare registers (TWOCMO to TWOCM2, TWOCM4, TWOCM5) 000H
timer Compare register (TWOCM3) OFFH
Buffer registers (TWOBFCMO to TWOBFCM2, TWOBFCM4, TWOBFCMS5) 000H
Buffer register (TWOBFCM3) OFFH
Dead time reload register (TWODTIME) FFH
Control register (TWOC) 00H
Mode register (TWOM) O00H
A/D trigger select register (TWOTRGS) 00H
Output control register (TW0OC) 00H
16-bit up/down Up/down counter (IT20UDC) 0000H
counter ITENC20 Compare registers 0, 1 (IT20CMO, IT20CM1) 0000H
Capture/compare registers 0, 1 (IT20CCO0, IT20CC1) 0000H
Unit mode register (IT20TUM) 00H
Control register (IT20TMC) 00H
Capture/compare control register (IT20CCR) 00H
Effective edge select register (IT20SESA) 00H
Prescaler mode register (IT20PRM) 07H
Status register (IT20STS) 00H

Notes 1. During reset input or oscillation stabilization time wait, only the PC contents among the hardware statuses
become undefined. All other hardware statuses remain unchanged after reset.
2. When areset is executed in the standby mode, the pre-reset status is held even after reset.
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Table 21-1. Hardware Statuses after Reset Acknowledgment (2/3)

Hardware Status After Reset
Acknowledgment

16-bit timer/event counter | Timer counter 00 (TMO0O) 0000H

00 Capture/compare registers 00, 01 (CR00, CR01) 0000H
Mode control register 00 (TMCO00) 00H
Prescaler mode register 00 (PRMO0O0) 00H
Capture/compare control register 00 (CRC00) O0H
Timer output control register 00 (TOC00) 00H

8-bit timer/event counters | Timer counters 50, 51 (TM50, TM51) 00H

50, 51 Compare registers 50, 51 (CR50, CR51) 00H
Timer clock selection registers 50, 51 (TCL50, TCL51) O00OH
Mode control registers 50, 51 (TMC50, TMC51) 00H

8-bit timer HO Compare registers 00, 01 (CMP00, CMPO01) 00H
Mode register (TMHMDO) 00H

Clock output/buzzer Clock output selection register (CKS) 00H

output controller

Watchdog timer Mode register (WDTM) 67H
Enable register (WDTE) 9AH

Real-time output ports Buffer registers (RTBL00, RTBH00, RTBLO1, RTBHO1) 00H
Mode registers (RTPM00, RTPMO01) O00H
Control registers (RTPC00, RTPCO01) 00H
DC control registers (DCCTL00, DCCTLO1) 00H

A/D converter Conversion result register (ADCR) Undefined
Mode register (ADM) 00H
Analog input channel specification register (ADS) 00H
Power-fail comparison mode register (PFM) O00H
Power-fail comparison threshold register (PFT) O00H

Serial interface UART00 Receive buffer register 00 (RXB00) FFH
Transmit shift register 00 (TXS00) FFH
Asynchronous serial interface operation mode register 00 (ASIM0O0) 01H
Baud rate generator control register 00 (BRGC00) 1FH

Serial interface CSI10 Transmit buffer register 10 (SOTB10) Undefined
Serial I/O shift register 10 (SIO10) O00H
Serial operation mode register 10 (CSIM10) 00H
Serial clock selection register 10 (CSIC10) 00H

Multiplier/divider Remainder data register 0 (SDRO) 0000H
Multiplication/division data register AO (MDAOH, MDAOL) 0000H
Multiplication/division data register BO (MDBO) 0000H
Multiplier/divider control register 0 (DMUCO) O00OH

User's Manual U16928EJ2V0UD 373



CHAPTER 21 RESET FUNCTION

Table 21-1. Hardware Statuses After Reset Acknowledgment (3/3)

Hardware

Status After Reset
Acknowledgment

Reset function

Reset control flag register (RESF)

OOHNote1

Low-voltage detector Low-voltage detection register (LVIM) 00H"™""

Interrupt Request flag registers OL, OH, 1L, 1H (IFOL, IFOH, IF1L, IF1H) 00H
Mask flag registers OL, OH, 1L (MKOL, MKOH, MK1L) FFH
Mask flag register 1H (MK1H) DFH
Priority specification flag registers OL, OH, 1L, 1H (PROL, PROH, PR1L, PR1H)| FFH
External interrupt rising edge enable register (EGP) 00H
External interrupt falling edge enable register (EGN) 00H

Flash memory Flash protect command register (PFCMD) Undefined
Flash status register (PFS) O0OH
Flash programming mode control register (FLPMC) OXH"*?

Notes 1. These values vary depending on the reset source.

Reset Source | RESET Input Reset by POC Reset by WDT Reset by LVI

Register
RESF See Table 21-2.
LVIM Cleared (00H) Cleared (00H) Cleared (00H) Held

2. This value varies depending on the operation mode.

e User mode:

08H

e On-board mode: OCH

374
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CHAPTER 21 RESET FUNCTION

21.1 Register for Confirming Reset Source

Many internal reset generation sources exist in the xPD78F0714. The reset control flag register (RESF) is used to

store which source has generated the reset request.
RESF can be read by an 8-bit memory manipulation instruction.
RESET input, reset input by power-on-clear (POC) circuit, and reading RESF clear RESF to 00H.
Figure 21-5. Format of Reset Control Flag Register (RESF)

Address: FFACH  After reset: 0OH"™ R

Symbol 7 6 5 4 3 2 1 0
RESF 0 0 0 WDTRF 0 0 0 LVIRF
WDTRF Internal reset request by watchdog timer (WDT)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.
LVIRF Internal reset request by low-voltage detector (LVI)
0 Internal reset request is not generated, or RESF is cleared.
1 Internal reset request is generated.

Note The value after reset varies depending on the reset source.

Caution Do not read data by a 1-bit memory manipulation instruction.

The status of RESF when a reset request is generated is shown in Table 21-2.

Table 21-2. RESF Status When Reset Request Is Generated

Reset Source | RESET Input Reset by POC Reset by WDT Reset by LVI
Flag
WDTRF Cleared (0) Cleared (0) Set (1) Held
LVIRF Held Set (1)
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CHAPTER 22 POWER-ON-CLEAR CIRCUIT

22.1 Functions of Power-on-Clear Circuit
The power-on-clear circuit (POC) has the following functions.

¢ Generates internal reset signal at power on.
e Compares supply voltage (Vop) and detection voltage (Vroc = 3.5 V £0.2 V'), and generates internal reset
signal when Vop < Vroc.

Note This value may change after evaluation.

Caution If an internal reset signal is generated in the POC circuit, the reset control flag register (RESF) is
cleared to 00H.

Remark This product incorporates multiple hardware functions that generate an internal reset signal. A flag that
indicates the reset cause is located in the reset control flag register (RESF) for when an internal reset
signal is generated by the watchdog timer (WDT), or low-voltage-detection (LVI) circuit. RESF is not
cleared to O0H and the flag is set to 1 when an internal reset signal is generated by WDT, or LVI.

For details of the RESF, see CHAPTER 21 RESET FUNCTION.
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CHAPTER 22 POWER-ON-CLEAR CIRCUIT

22.2 Configuration of Power-on-Clear Circuit
The block diagram of the power-on-clear circuit is shown in Figure 22-1.

Figure 22-1. Block Diagram of Power-on-Clear Circuit

Vop

+ )
:})— Internal reset signal

Detection
voltage source
(Vroc)

o

22.3 Operation of Power-on-Clear Circuit

In the power-on-clear circuit, the supply voltage (Vop) and detection voltage (Vroc) are compared, and when Vop <

Vpoc, an internal reset signal is generated.

Figure 22-2. Timing of Internal Reset Signal Generation in Power-on-Clear Circuit

Supply voltage (Vob) '
POC detection voltage /

T
o
o

(Veoc)

Internal reset signal
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CHAPTER 22 POWER-ON-CLEAR CIRCUIT

22.4 Cautions for Power-on-Clear Circuit

In a system where the supply voltage (Vop) fluctuates for a certain period in the vicinity of the POC detection
voltage (Vroc), the system may be repeatedly reset and released from the reset status. In this case, the time from
release of reset to the start of the operation of the microcontroller can be arbitrarily set by taking the following action.
<Action>

After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a
software counter that uses a timer, and then initialize the ports.

Figure 22-3. Example of Software Processing After Release of Reset (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of POC detection voltage

Reset ; The internal oscillation clock is set as the CPU clock when the reset signal
is generated

Checking cause The cause of reset (power-on-clear, WDT, or LVI)
of resetNete2 can be identified by the RESF register.

Power-on-clear

. 8-bit timer 51 can operate with the internal oscillation clock.
Start timer Source: fr (480 kHz (MAX.))/2” x compare value 200 = 53 ms
(set to 50 ms) (fm: Internal oscillation clock frequency)

Check stabilization I _ . .
of oscillation Check the stabilization of oscillation of the X1 input clock by using the

Note 1 OSTC register.

Change the CPU clock from the internal oscillation clock to the X1 input clock.

Change CPU clock

50 ms has passed?

TMIF51 = 1: Int t ti ted.
(TMIF51 = 12) 5 nterrupt request is generated

Initialization

. Initialization of ports
processing

Notes 1. |If resetis generated again during this period, initialization processing is not started.
2. A flowchart is shown on the next page.
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CHAPTER 22 POWER-ON-CLEAR CIRCUIT

Figure 22-3. Example of Software Processing After Release of Reset (2/2)

¢ Checking reset cause

( Check reset cause )

WDTRF of RESF Yes

register = 1?

No

Reset processing by
watchdog timer

Yes

LVIRF of RESF
register =17

No

Reset processing by
low-voltage detector
Power-on-clear/external
reset generated
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CHAPTER 23 LOW-VOLTAGE DETECTOR

23.1 Functions of Low-Voltage Detector

The low-voltage detector (LVI) has following functions.

e Compares supply voltage (Vop) and detection voltage (Vuvi = 4.3 V 0.2 V), and generates an non-maskable

interrupt signal or internal reset signal when Vop < Vivi.
e Interrupt or reset function can be selected by software.

¢ Operable in STOP mode.

When the low-voltage detector is used to reset, bit 0 (LVIRF) of the reset control flag register (RESF) is set to 1 if
reset occurs. For details of RESF, see CHAPTER 21 RESET FUNCTION.
23.2 Configuration of Low-Voltage Detector

A block diagram of the low-voltage detector is shown below.

Figure 23-1. Block Diagram of Low-Voltage Detector

Vop
Vob N-ch |
¢ — Internal reset signal
. : S
- o
2
[
- n
INTLVI
Detection
voltage source
(Vv

7)7_

[ Lvion| Lvivp| LviF |

Low-voltage detection register
(LVIM)

8 Internal bus 2
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CHAPTER 23 LOW-VOLTAGE DETECTOR

23.3 Registers Controlling Low-Voltage Detector
The low-voltage detector is controlled by the following register.
o Low-voltage detection register (LVIM)
(1) Low-voltage detection register (LVIM)
This register sets low-voltage detection and the operation mode.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Figure 23-2. Format of Low-Voltage Detection Register (LVIM)

Address: FF78H  After reset: 00H  R/WNete!

Symbol 7 6 5 4 3 2 1 0
LVIM LVION 0 0 0 0 0 LVIMD LVIF
LVION"=2? Enables low-voltage detection operation
0 Disables operation
1 Enables operation
LVIMD"*? Low-voltage detection operation mode selection
0 Generates interrupt signal when supply voltage (Vob) < detection voltage (Vivi)
1 Generates internal reset signal when supply voltage (Vopb) < detection voltage (Vi)
LVIFYe* Low-voltage detection flag
0 Supply voltage (Vo) > detection voltage (Vivi), or when operation is disabled
1 Supply voltage (Vop) < detection voltage (Vi)

Notes 1. Bit 0 is read-only.

2. LVION and LVIMD are cleared to 0 in the case of a reset other than an LVI reset. These are
not cleared to 0 in the case of an LVI reset.

3. When LVION is set to 1, operation of the comparator in the LVI circuit is started. Use
software to instigate a wait of at least 0.2 ms from when LVION is set to 1 until the voltage is
confirmed at LVIF.

4. The value of LVIF is output as the interrupt request signal INTLVI when LVION = 1 and
LVIMD = 0.

Caution To stop LVI, follow either of the procedures below.

e When using 8-bit memory manipulation instruction: Write 00H to LVIM.
¢ When using 1-bit memory manipulation instruction: Clear LVION to 0.
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CHAPTER 23 LOW-VOLTAGE DETECTOR

23.4 Operation of Low-Voltage Detector
The low-voltage detector can be used in the following two modes.

e Used as reset
Compares the supply voltage (Vbp) and detection voltage (VLvi), and generates an internal reset signal when
VoD < Vvl

e Used as interrupt
Compares the supply voltage (Vop) and detection voltage (VLvi), and generates a non-maskable interrupt signal
(INTLVI) when Vbp < Vi

The operation is set as follows.

<R> (1) When used as reset
e When starting operation
<1> Setbit 7 (LVION) of LVIM to 1 (enables LVI operation).
<2> Use software to instigate a wait of at least 0.2 ms.
<3> Wait until it is checked that (supply voltage (Voo) > detection voltage (VLvi)) by bit O (LVIF) of LVIM.
<4> Set bit 1 (LVIMD) of LVIM to 1 (generates internal reset signal when supply voltage (Vob) < detection
voltage (VLvi)).

Figure 23-3 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers
in this timing chart correspond to <1> to <4> above.

Cautions 1. A non-maskable interrupt signal (INTLVI) is generated, even if the low-voltage detector is
used as a reset. Steps <2> to <4> must be added in the LVI interrupt servicing routine.
2. If supply voltage (Vop) > detection voltage (VLvi) when LVIMD is set to 1, an internal reset
signal is not generated.

e When stopping operation
Either of the following procedures must be executed.
« When using 8-bit memory manipulation instruction:
Write O0H to LVIM.
- When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 first, and then clear LVION to 0.
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CHAPTER 23 LOW-VOLTAGE DETECTOR

<R> Figure 23-3. Timing of Low-Voltage Detector Internal Reset Signal Generation

Supply voltage (Vob)

LVI detection voltage

(V) 1
POC detection voltage | ....._/Z .. _______. LS S SR :
(Vroc) : 1 1
E : : Time
LVION flag | : ; ; :
(set by software) ; .NOt cle;ared ot cle;ared
_ <> : : :
Lo i H , (Clear
| —=—t=—<2> 0.2 ms or longer , ,
LVIF flag b " | |_\
e | | G
LVIMD flag ; 5 ' ' —
(set by software) ! ! ot cleared ot cleared
: Clear

LVIRF flaghete2

—

LVI reset signal

'Cleared by
1software

'Cleared by
1software

POC reset signal

Internal reset signal

Notes 1. The LVIF flag may be set (1).
2. LVIRF is bit 0 of the reset control flag register (RESF). For details of RESF, see CHAPTER 21
RESET FUNCTION.

Remark <1> to <4> in Figure 23-3 above correspond to <1> to <4> in the description of “when starting operation”
in 23.4 (1) When used as reset.
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CHAPTER 23 LOW-VOLTAGE DETECTOR

<R> (2) When used as interrupt

384

¢ Before starting operation
Define the flag (any name) that has the following meaning as the global variable, in advance.

0: Checks that “supply voltage (Vbp) > detection voltage (VLvi)”, after LVI operation.
1: Does not check that “supply voltage (Vop) > detection voltage (Vwwi)”, after LVI operation.

o When starting operation

<1> Setbit 7 (LVION) of LVIM to 1 (enables LVI operation).

<2> Flag judgment (0: Perform steps <4> to <6> shown below, 1: Perform step <3> and the subsequent
steps shown below.)

<3> Use software to instigate a wait of at least 0.2 ms.

<4> Wait until it is checked that (supply voltage (Vbp) > detection voltage (VLvi)) by bit O (LVIF) of LVIM.

<5> Clear the flag that was set before starting operation.

<6> Execute the El instruction (when vectored interrupts are used).

o After low-voltage detection interrupt signal (INTLVI) generation

<1> Flag judgment (0: Perform steps <4> and <5> shown below as normal processing, 1: Perform step <2>
and the subsequent steps shown below.)

<2> Use software to instigate a wait of at least 0.2 ms.

<3> Wait until it is checked that (supply voltage (Vopo) > detection voltage (Vivi)) by bit O (LVIF) of LVIM.

<4> Execute the program to be performed when a low-voltage detection interrupt is generated.

<5> Return to the main routine.

Figure 23-4 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers
in this timing chart correspond to <1>, <3>, and <4> of “when starting operation”.

o When stopping operation
Either of the following procedures must be executed.
« When using 8-bit memory manipulation instruction:
Write 00H to LVIM.
« When using 1-bit memory manipulation instruction:
Clear LVION to 0.
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CHAPTER 23 LOW-VOLTAGE DETECTOR

<R> Figure 23-4. Timing of Low-Voltage Detector Interrupt Signal Generation

Supply voltage (Vob)
LVI detection voltage
(Vovi)

POC detection voltage
(VPoc)

Time
LVION flag
(set by software)

2 ms or longer

LVIF flag

—

INTLVI

Internal reset signal

Note The LVIF flag may be set (1).

Remark <1>, <3>, and <4> in Figure 23-4 above correspond to <1>, <3>, and <4> in the description of “when
starting operation” in 23.4 (2) When used as interrupt.

User's Manual U16928EJ2VOUD 385



CHAPTER 23 LOW-VOLTAGE DETECTOR

23.5 Cautions for Low-Voltage Detector

In a system where the supply voltage (Vob) fluctuates for a certain period in the vicinity of the LVI detection voltage
(Vivi), the operation is as follows depending on how the low-voltage detector is used.

(1) When used as reset
The system may be repeatedly reset and released from the reset status.
In this case, the time from release of reset to the start of the operation of the microcontroller can be arbitrarily set
by taking action (1) below.

(2) When used as interrupt
Interrupt requests may be frequently generated. Take action (2) below.

In this system, take the following actions.
<Action>
(1) When used as reset

After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a
software counter that uses a timer, and then initialize the ports.
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CHAPTER 23 LOW-VOLTAGE DETECTOR

Figure 23-5. Example of Software Processing After Release of Reset (1/2)

o |f supply voltage fluctuation is 50 ms or less in vicinity of LVI detection voltage

Note 1

Notes 1.

()

Checking cause
of resetNote2

LVI

Start timer
(set to 50 ms)

Check stabilization
of oscillation

Change CPU clock

50 ms has passed?
(TMIF51 = 1?2)

Initialization

processing

; The internal oscillation clock is set as the CPU clock when the reset signal

is generated

The cause of reset (power-on-clear, WDT, or LVI)
can be identified by the RESF register.

8-bit timer 51 can operate with the internal oscillation clock.
Source: fr (480 kHz (MAX.))/27 x compare value 200 = 53 ms
(fr: Internal oscillation clock frequency)

Check the stabilization of oscillation of the X1 input clock by using the
OSTC register.

Change the CPU clock from the internal oscillation clock to the X1 input clock.

TMIF51 = 1: Interrupt request is generated.

Initialization of ports

If reset is generated again during this period, initialization processing is not started.

2. A flowchart is shown on the next page.
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Figure 23-5. Example of Software Processing After Release of Reset (2/2)

¢ Checking reset cause

( Check reset cause )

WDTRF of RESF Yes

register = 1?

Reset processing by
watchdog timer

No

LVIRF of RESF
register = 1?

Power-on-clear/external
reset generated
Reset processing by
low-voltage detector
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CHAPTER 23 LOW-VOLTAGE DETECTOR

(2) When used as interrupt
Check that “supply voltage (Vob) > detection voltage (VLvi)” in the servicing routine of the LVI interrupt by using bit
0 (LVIF) of the low-voltage detection register (LVIM).
In a system where the supply voltage fluctuation period is long in the vicinity of the LVI detection voltage, wait for
the supply voltage fluctuation period, check that “supply voltage (Vbp) > detection voltage (VLwvi)” using the LVIF
flag.
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CHAPTER 24 OPTION BYTES

The 4PD78F0714 can realize selection to stop or enable internal oscillator with an option byte.
Option bytes are prepared at address 0080H in the flash memory.
When using flash memory version products, be sure to set to enable/disable to stop internal oscillator to the option

bytes.
Figure 24-1. Allocation of Option Bytes
7FFFH
Flash memory
(32768 x 8 bits)
H
0080 Option bytes
- - - - - - - |Lsrosc
0000H
Figure 24-2. Format of Option Bytes
Address: 0080H
7 6 5 4 3 2 1 0
<R> - - - - - - - LSROSC

LSROSC Internal oscillator operation
0 Can be stopped by software
1 Cannot be stopped

Cautions 1. To use the boot slip function, be sure to store the option data in the boot cluster 1 (for the
boot swap function, see 25.8 Boot Swap Function).
2. Be sure to clear bits 1 to 7 to 0.

Remark An example of software coding for setting the option bytes is shown below.

OPT CSEG AT 0080H
OPTION: DB 01H ; Set to option byte (internal oscillator cannot be stopped)
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CHAPTER 25 FLASH MEMORY

The xPD78F0714 with flash memory to which a program can be written, erased, and overwritten while mounted on

the board.

25.1 Internal Memory Size Switching Register

The internal memory capacity set by using the internal memory size.
IMS is set by an 8-bit memory manipulation instruction.

RESET input sets IMS to CFH.

Caution Because the initial value of the memory size switching register (IMS) is CFH, set IMS to C8H by

initialization.

Figure 25-1. Format of Internal Memory Size Switching Register (IMS)

Address: FFFOH After reset: CFH R/W

Symbol 7 6 5 4 3 2 1
IMS RAM2 RAM1 RAMO 0 ROM3 ROM2 ‘ ROM1 ‘ ROMO
RAM2 RAM1 RAMO Internal high-speed RAM capacity selection
1 1 0 1024 bytes
Other than above Setting prohibited
ROM3 ROM2 ROM1 ROMO Internal ROM capacity selection
1 0 0 0 32 KB
Other than above Setting prohibited
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CHAPTER 25 FLASH MEMORY

25.2 Writing with Flash Memory Programmer

Data can be written to the flash memory on-board or off-board, by using a dedicated flash memory programmer.

(1) On-board programming
The contents of the flash memory can be rewritten after the uPD78F0714 has been mounted on the target

system. The connectors that connect the dedicated flash memory programmer must be mounted on the target

system.
(2) Off-board programming
Data can be written to the flash memory with a dedicated program adapter (FA series) before the xPD78F0714 is
mounted on the target system.
Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.
Table 25-1. Wiring Between 4PD78F0714 and Dedicated Flash Memory Programmer
Pin Configuration of Dedicated Flash Memory With CSI10 With CSI10 + HS With UARTOO
Programmer
Signal Name /0 Pin Function Pin Name Pin No. Pin Name Pin No. Pin Name | Pin No.
SI/RxD Input Receive signal SO10/P17 40 SO10/P17 40 TxD00/P14 37
SO/TxD Output | Transmit signal SI10/P16 39 SI10/P16 39 RxD00/P13 36
SCK Output | Transfer clock SCK10/P15 38 SCK10/P15 38 Not needed Not
needed
CLK Output | Clock to xPD78F0714 X1 6 X1 6 X1 6
y Nt 7 xoNte 7 yoNot 7
/RESET Output | Reset signal ‘RESET 8 ‘RESET 8 RESET 8
FLMDO Output | Mode signal FLMDO 3 FLMDO 3 FLMDO 3
FLMD1 Output | Mode signal FLMD1/SO10/| 40 FLMD1/SO10/| 40 FLMD1/SO10/| 40
P17 P17 P17
H/S Input Handshake signal - - P64 49 - Not
needed
Vop 110 Vo voltage generation Vop 4 Voo 4 Vop 4
EVop 26 EVoo 26 EVop 26
AVRrer 1 AVRrer 1 AVrer 1
GND - Ground Vss 5 Vss 5 Vss 5
EVss 25 EVss 25 EVss 25
AVss 2 AVss 2 AVss 2

Note When using the clock out of the flash memory programmer, connect CLK of the programmer to X1, and

connect its inverse signal to X2.
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CHAPTER 25 FLASH MEMORY

Examples of the recommended connection when using the adapter for flash memory writing are shown below.

Figure 25-2. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial I/O (CSI10) Mode

——© VDD (4.0t05.5V)
—O &ND
LVDD
& VDD
o) GND
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
O 1 48
o 2 47
3 Q 46
o 4 45
o] s 44
6 43
l—|>o 7 42
8 41
9 40
10 39
11 38
12 37
13 36
14 35
15 34
16 33
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
o)

© ©o © 0 o0 o0 0

SISO SCK CLK /RESET FLMDO FLMD1 HS

WRITER INTERFACE
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Figure 25-3. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial I/O (CSI10 + HS) Mode

—— (O VDD (4.0t05.5V)
—O anp
LVDD
S VDD
@) GND
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
O 1 48
o 2 47
3 Q 46
O 4 45
o 5 44
6 43
l—|>o 7 42
8 41
9 40
10 39
11 38
12 37
13 36
14 35
15 34
16 33
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
)

© Oo 0 O o 0 O

SISO SCK CLK /RESET FLMDO FLMD1 HS

WRITER INTERFACE
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Figure 25-4. Example of Wiring Adapter for Flash Memory Writing in UART (UARTO0) Mode

—— O VDD (4.0t05.5V)
—O anp
LVDD
o VDD
@) GND
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
O 1 48
o 2 47
3 O 46
O 4 45
oH 5 44
6 43
|—|>o 7 42
8 41
9 40
10 39
11 38
12 37
13 36
14 35
15 34
16 33
17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
o

©
SO

© o O 0 0 0

SCK CLK /RESET FLMDO FLMD1 HS

WRITER INTERFACE
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CHAPTER 25 FLASH MEMORY

25.3 Programming Environment

The environment required for writing a program to the flash memory of the xPD78F0714 is illustrated below.

Figure 25-5. Environment for Writing Program to Flash Memory

RS-232C

usB

Host machine

Dedicated flash
memory programmer

FLMDO
FLMD1

Vss
RESET
CSI10/UARTO00

uPD78F0714

A host machine that controls the dedicated flash memory programmer is necessary.
CSI10 or UARTOO is used to interface between the dedicated flash memory programmer and the 4PD78F0714 for

manipulation such as writing and erasing. To write the flash memory off-board, a dedicated program adapter (FA

series) is necessary.

25.4 Communication Mode

Communication between the dedicated flash memory programmer and the ¢PD78F0714 is established by serial
communication via CSI10 or UARTOO of the xPD78F0714.

(1) Csi10
Transfer rate: 200 kHz to 2 MHz

Figure 25-6. Communication with Dedicated Flash Memory Programmer (CSI10)

FLMDO
FLMD1
Vop
GND
/RESET
SI/RxD
SO/TxD
SCK
CLK

Dedicated flash
memory programmer
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FLMDO
FLMD1
Voo/EVoo/AVRer

Vss/EVss/AVss ;
RESET /
SO10

- SIl10

T

uPD78F0714

SCK10
X1
X2
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(2) CSI communication mode supporting handshake
Transfer rate: 200 kHz to 2 MHz

Figure 25-7. Communication with Dedicated Flash Memory Programmer (CSI10 + HS)

FLMDO FLMDO
FLMD1 FLMD1
Voo ———— Voo/EVoo/AVRer
GND — Vss/EVss/AVss
e oy /RESET ———————= RESET
SI/RxD SO10
Dedicated flash SO/TxD S0 uPD78F0714
memory programmer SCK SCKi0
CLK X1
ke
H/S P64

(3) UARTO00
Transfer rate: 4800 to 76800 bps

Figure 25-8. Communication with Dedicated Flash Memory Programmer (UART00)

FLMDO FLMDO
FLMD1 ———— FLMD1
Voo ——————— Voo
GND —— Vss

PG-FP4 (Flash Prod) ©

/RESET —— X  RESET
Dedicated flash SVRxD TxDoo LPD78F0714
memory programmer SO/TxD —— RxD00

CLK X1
I
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If Flashpro IV is used as the dedicated flash memory programmer, Flashpro IV generates the following signal for
the 4PD78F0714. For details, refer to the Flashpro IV Manual.

Table 25-2. Pin Connection

Flashpro IV #PD78F0714 Connection
Signal Name I/0 Pin Function Pin Name CSI10 UARTO00
FLMDO Output Mode signal FLMDO O O
FLMD1 Output Mode signal FLMD1 ©) ©)
Vop 110 Vo voltage generation Vopo, EVbop, AVrer O O
GND - Ground Vss, EVss, AVss O O
CLK Output Clock output to xPD78F0714 X1, X2"%* ) )
/RESET Output Reset signal RESET (@) (@)
SI/RxD Input Receive signal SO10/TxD00 (@) O
SO/TxD Output Transmit signal SI110/RxD00 (@) (@)
SCK Output Transfer clock 'SCK10 [®) x
H/S Input Handshake signal P64 A X

Note When using the clock out of the flash memory programmer, connect CLK of the programmer to X1, and

connect its inverse signal to X2.

Remark ©O: Be sure to connect the pin.

O: The pin does not have to be connected if the signal is generated on the target board.

x: The pin does not have to be connected.

A\ In handshake mode

398
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25.5 Processing of Pins on Board

To write the flash memory on-board, connectors that connect the dedicated flash memory programmer must be
provided on the target system. First provide a function that selects the normal operation mode or flash memory
programming mode on the board.

When the flash memory programming mode is set, all the pins not used for programming the flash memory are in
the same status as immediately after reset. Therefore, if the external device does not recognize the state immediately
after reset, the pins must be processed as described below.

25.5.1 FLMDO pin
In the normal operation mode, 0 V is input to the FLMDO pin. In the flash memory programming mode, the Vop
write voltage is supplied to the FLMDO pin. The following shows an example of the connection of the FLMDO pin.

Figure 25-9. FLMDO Pin Connection Example

1 PD78F0714

Dedicated flash memory programmer connection pin
FLMDO O

25.5.2 FLMD1 pin

When 0 V is input to the FLMDO pin, the FLMD1 pin does not function. When Vob is supplied to the FLMDO pin,
the flash memory programming mode is entered, so FLMD1 must be input to the same as voltage Vss. An FLMD1 pin
connection example is shown below.

Figure 25-10. FLMD1 Pin Connection Example

u PD78F0714

Dedicated flash memory

Signal collision programmer connection pin
FLMD1 O

Other device

‘ T Output pin

If the Voo signal is input to the FLMD1 pin from another device
during on-board writing and immediately after reset, isolate this signal.
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25.5.3 Serial interface pins
The pins used by each serial interface are listed below.

Table 25-3. Pins Used by Each Serial Interface

Serial Interface Pins Used
CSsl0 S010, SI10, SCK10
CSH0 + HS S010, SI10, SCK10, P64
UARTO00 TxD00, RxD00

To connect the dedicated flash memory programmer to the pins of a serial interface that is connected to another
device on the board, care must be exercised so that signals do not collide or that the other device does not
malfunction.

(1) Signal collision
If the dedicated flash memory programmer (output) is connected to a pin (input) of a serial interface connected to
another device (output), signal collision takes place. To avoid this collision, either isolate the connection with the
other device, or make the other device go into an output high-impedance state.

Figure 25-11. Signal Collision (Input Pin of Serial Interface)

u PD78F0714

Dedicated flash memory

] Signal collision programmer connection pin
Input pin @)

Other device

! T Output pin

In the flash memory programming mode, the signal output by the device
collides with the signal sent from the dedicated flash memory programmer.
Therefore, isolate the signal of the other device.
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(2) Malfunction of other device
If the dedicated flash memory programmer (output or input) is connected to a pin (input or output) of a serial
interface connected to another device (input), a signal may be output to the other device, causing the device to
malfunction. To avoid this malfunction, isolate the connection with the other device.

Figure 25-12. Malfunction of Other Device

1« PD78F0714
Dedicated flash memory
. programmer connection pin
Pin -~

Other device

' i Input pin

If the signal output by the #«PD78F0714 in the flash memory programming
mode affects the other device, isolate the signal of the other device.

4 PD78F0714

Dedicated flash memory

. programmer connection pin
Pin O

Other device

. T Input pin

If the signal output by the dedicated flash memory programmer in the flash
memory programming mode affects the other device, isolate the signal of
the other device.
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25.5.4 RESET pin

If the reset signal of the dedicated flash memory programmer is connected to the RESET pin that is connected to
the reset signal generator on the board, signal collision takes place. To prevent this collision, isolate the connection
with the reset signal generator.

If the reset signal is input from the user system while the flash memory programming mode is set, the flash
memory will not be correctly programmed. Do not input any signal other than the reset signal of the dedicated flash
memory programmer.

Figure 25-13. Signal Collision (RESET Pin)

4 PD78F0714

Dedicated flash memory
Signal collision progra(rgmer connection signal

RESET

Reset signal generator

\’ ; Output pin

In the flash memory programming mode, the signal output by the reset
signal generator collides with the signal output by the dedicated flash
memory programmer. Therefore, isolate the signal of the reset signal

25.5.5 Port pins

When the flash memory programming mode is set, all the pins not used for flash memory programming enter the
same status as that immediately after reset. If external devices connected to the ports do not recognize the port
status immediately after reset, the port pin must be connected to Vob or Vss via a resistor.

25.5.6 Other signal pins

Connect X1 and X2 in the same status as in the normal operation mode when using the on-board clock.

To input the operating clock from the programmer, however, connect the clock out of the programmer to X1, and its
inverse signal to X2.

25.5.7 Power supply

To use the supply voltage output of the flash memory programmer, connect the Vop pin to Voo of the flash memory
programmer, and the Vss pin to Vss of the flash memory programmer.

To use the on-board supply voltage, connect in compliance with the normal operation mode.

Supply the same other power supplies (EVop, EVss, AVRer, and AVss) as those in the normal operation mode.
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25.6 Programming Method

25.6.1 Controlling flash memory
The following figure illustrates the procedure to manipulate the flash memory.

Figure 25-14. Flash Memory Manipulation Procedure

( Ser )

Flash memory programming
mode is set

FLMDO pulse supply —=

Selecting communication mode

Manipulate flash memory

No

( )

25.6.2 Flash memory programming mode
To rewrite the contents of the flash memory by using the dedicated flash memory programmer, set the
uPD78F0714 in the flash memory programming mode. To set the mode, set the FLMDO pin to Vop and clear the reset

signal.
Change the mode by using a jumper when writing the flash memory on-board.

Figure 25-15. Flash Memory Programming Mode

55V {5
Vob

ov

Voo ;
RESET \ /i
ov i
FLMD(A) pulse
Voo
FLMDO
ov .

Vob E .
FLMDA1 ; Hi-Z

ov
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CHAPTER 25 FLASH MEMORY

Table 25-4. Relationship of Operation Mode of FLMDO and FLMD1 Pins
FLMDO FLMD1 Operation Mode
0 X Normal operation mode
Vob 0 Flash memory programming mode
Voo Voo Setting prohibited

25.6.3 Selecting communication mode
In the 4PD78F0714 a communication mode is selected by inputting pulses (up to 11 pulses) to the FLMDO pin after

the dedicated flash memory programming mode is entered. These FLMDO pulses are generated by the flash memory

programmer.

The following table shows the relationship between the number of pulses and communication modes.

Table 25-5. Communication Modes

Communication Mode Standard Setting"*" Pins Used | Number of
Port Speed On Target Frequency Multiply Rate FLMDO
Pulses
UART UART-chO 9600, 19200, 31250, Optional 5Mto20 MHz | 1.0 TxDO0O, 0
(UARTO00) 38400, 76800, 153600 Noted RxDO00
Note 2 bpSNOIES
3-wire serial 1/0 SIO-ch0 200 k to 2 MHZz""* S010, SI10, |8
(CSI10) SCK10
3-wire serial I/0O with SIO-H/S 200 k to 2 MHZ""* SO10, Si10, | 11
handshake SCK10, P64
(CSI0 + HS)
Notes 1. Selection items for Standard settings on Flashpro IV.
2. This cannot be selected, if the peripheral hardware clock frequency is 2.5 MHz or less.

3. Because factors other than the baud rate error, such as the signal waveform slew, also affect UART

communication, thoroughly evaluate the slew as well as the baud rate error.

4. The possible setting range differs depending on the voltage.

specifications chapter.

For details, refer to the electrical

Caution When UARTOO is selected, the receive clock is calculated based on the reset command sent from
the dedicated flash memory programmer after the FLMDO pulse has been received.

404

User's Manual U16928EJ2V0UD



CHAPTER 25 FLASH MEMORY

25.6.4 Communication commands
The 4PD78F0714 communicates with the dedicated flash memory programmer by using commands. The signals

sent from the flash memory programmer to the xPD78F0714 are called commands, and the commands sent from the
HuPD78F0714 to the dedicated flash memory programmer are called response commands.

Figure 25-16. Communication Commands

0
PG-FP4 (Flash Pro4)

Dedicated flash
memory programmer

Command

Response command

uPD78F0714

The flash memory control commands of the xPD78F0714 are listed in the table below. All these commands are

issued from the programmer and the £PD78F0714 perform processing corresponding to the respective commands.

Table 25-6. Flash Memory Control Commands

Classification

Command Name

Function

Verify Batch verify command Compares the contents of the entire memory
with the input data.

Erase Batch erase command Erases the contents of the entire memory.

Blank check Batch blank check command Checks the erasure status of the entire memory.

Data write High-speed write command Writes data by specifying the write address and

number of bytes to be written, and executes a
verify check.

Successive write command

Writes data from the address following that of
the high-speed write command executed
immediately before, and executes a verify
check.

System setting, control

Status read command

Obtains the operation status

Oscillation frequency setting command

Sets the oscillation frequency

Erase time setting command

Sets the erase time for batch erase

Write time setting command

Sets the write time for writing data

Baud rate setting command

Sets the baud rate when UART is used

Silicon signature command

Reads the silicon signature information

Reset command

Escapes from each status

The pPD78F0714 return a response command for the command issued by the dedicated flash memory
programmer. The response commands sent from the xPD78F0714 are listed below.

Table 25-7. Response Commands

Command Name

Function

ACK

Acknowledges command/data.

NAK

Acknowledges illegal command/data.
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25.7 Flash Memory Programming by Self-Writing

The uPD78F0714 supports a self-programming function that can be used to rewrite the flash memory via a user
program, so that the program can be upgraded in the field.

The programming mode is selected by bits 0 and 1 (FLSPMO and FLSPM1) of the flash programming mode control
register (FLPMC).

The procedure of self-programming is illustrated below.

<R> Remark For details of the self programming function, refer to a separate document to be published soon
(document name: yPD78F0711, 78F0712, 78F0714 Flash Memory Self Programming User’s
Manual (U18886E)).

Figure 25-17. Self-Programming Procedure

CStart self-programming )

Secure entry RAM area

FLSPM1, FLSPMO =0, 1

‘ Entry program
(user program)

FLMDO pin = High level

Mask all interrupts

Set parameters
to entry RAM

‘ ¥
i

CALL #8100H
Read parameters on RAM

and access flash memory
according to parameter contents

‘ ¥
i
Mask interrupts again

FLMDO pin = Low level

Firmware

Entry program
(user program)

FLSPM1, FLSPM0O =0, 0

CEnd of self-programming}
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25.7.1 Registers used for self-programming function
The following three registers are used for the self-programming function.

¢ Flash-programming mode control register (FLPMC)
¢ Flash protect command register (PFCMD)
o Flash status register (PFS)

(1) Flash-programming mode control register (FLPMC)
This register is used to enable or disable writing or erasing of the flash memory and to set the operation mode
during self-programming.
The FLPMC can be written only in a specific sequence (see 25.7.1 (2) Flash protect command register) so
that the application system does not stop inadvertently due to malfunction caused by noise or program hang-up.
FLPMC can be set by a 1-bit or 8-bit memory manipulation instruction.
RESET input sets this register to 0xH"".

Note Differs depending on the operation mode.

e User mode: 08H
e On-board mode: OCH
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Figure 25-18. Format of Flash-Programming Mode Control Register (FLPMC)

Address: FFC4H After reset: OxHNete! R/WNote 2

Symbol 7 6 5 4 3 2 1 0
Fremc | o | o | o | o |Fwenis| FwePr |FLSPM1 | FLSPMO |
FWEDIS Control of flash memory writing/erasing
0 Writing/erasing enabledNete3
1 Writing/erasing disabled
FWEPR Status of FLMDO pin
0 Low level
1 High levelNote3
FLSPM1Nete4 [F| SPMQNote Selection of operation mode during self-programming
0 0 Normal mode
Instructions of flash memory can be fetched from all
addresses.
0 1 Self-programming mode A1
Firmware can be called (CALL #8100H).
1 1 Self-programming mode A2
Instructions are fetched from firmware ROM.
This mode is set in firmware and cannot be set by the user.
1 0 Setting prohibited

Notes 1. Differs depending on the operation mode.
e User mode: 08H
e On-board mode: 0CH
2. Bit2 (FWEPR) is read-only.
3. For actual writing/erasing, the FLMPDO pin must be high (FWEPR = 1), as well

as FWEDIS = 0.
FWEDIS | FWEPR Enable or disable of flash memory writing/erasing
0 1 Writing/erasing enabled
Other than above | Writing/erasing disabled

4. The user ROM (flash memory) or firmware ROM can be selected by FLSPMH1
and FLSPMO, and the operation mode set on the application system by the
mode pin or the self-programming mode can be selected.

Cautions 1. Be sure to keep FWEDIS at 0 until writing or erasing of the flash memory
is completed.

2. Make sure that FWEDIS = 1 in the normal mode.

3. Manipulate FLSPM1 and FLSPMO after execution branches to the
internal RAM. The address of the flash memory is specified by an
address signal from the CPU when FLSPM1 = 0 or the set value of the
firmware written when FLSPM1 = 1. In the on-board mode, the
specifications of FLSPM1 and FLSPMO are ignored.

408 User's Manual U16928EJ2V0UD



CHAPTER 25 FLASH MEMORY

)

)

Flash protect command register (PFCMD)

If the application system stops inadvertently due to malfunction caused by noise or program hang-up, an
operation to write the flash programming mode control register (FLPMC) may have a serious effect on the system.
PFCMD is used to protect FLPMC from being written, so that the application system does not stop inadvertently.
Writing FLMPC is enabled only when a write operation is performed in the following specific sequence.

<1> Write a specific value to PFCMD (PFCMD = A5H)

<2> Write the value to be set to FLPMC (writing in this step is invalid)

<3> Write the inverted value of the value to be set to FLPMC (writing in this step is invalid)

<4> Write the value to be set to FLPMC (writing in this step is valid)

This rewrites the value of the register, so that the register cannot be written illegally.

Occurrence of an illegal store operation can be checked by bit 0 (FPRERR) of the flash status register (PFS).
A5H must be written to PFCMD each time the value of FLPMC is changed.

PFCMD can be set by an 8-bit memory manipulation instruction.

RESET input makes this register undefined.

Figure 25-19. Format of Flash Protect Command Register (PFCMD)

Address: FFCOH After reset: Undefined W

Symbol 7 6 5 4 3 2 1 0
PFCMD | REG7 | REG6 | REG5 | REG4 | REGS | REG2 | REG1 | REGO |

Flash status register (PFS)

If data is not written to the flash programming mode control register (FLPMC), which is protected, in the correct
sequence (writing the flash protect command register (PFCMD)), FLPMC is not written and a protection error
occurs. If this happens, bit 0 of PFS (FPRERR) is set to 1.

This bit is a cumulative flag. After checking FPRERR, clear it by writing 0 to it.

PFS can be set by a 1-bit or 8-bit memory manipulation instruction.

RESET input clears this register to 00H.

Figure 25-20. Format of Flash Status Register (PFS)

Address: FFC2H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
Prs [ o | o | o | o | o | o | o |[FPrRERR|
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410

The operating conditions of the FPRERR flag are as follows.

<Setting conditions>

If PFCMD is written when the store instruction operation recently performed on a peripheral register is not to
write a specific value (A5H) to PFCMD

If the first store instruction operation after <1> is on a peripheral register other than FLPMC

If the first store instruction operation after <2> is on a peripheral register other than FLPMC

If a value other than the inverted value of the value to be set to FLPMC is written by the first store instruction
after <2>

If the first store instruction operation after <3> is on a peripheral register other than FLPMC

If a value other than the value to be set to FLPMC (value written in <2>) is written by the first store instruction
after <3>

Remark The numbers in angle brackets above correspond to the those in (2) Flash protect command
register (PFCMD).

<Reset conditions>

If 0 is written to the FPRERR flag
If RESET is input

<Example of description in specific sequence
To write 05H to FLPMC

MOV  PFCMD, #0A5H ; Writes A5H to PFCMD.
MOV  FLPMC, #05H ; Writes 05H to FLPMC.
MOV  FLPMC, #0FAH ; Writes OFAH (inverted value of 05H) to FLPMC.
MOV  FLPMC, #05H ; Writes 05H to FLPMC.
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25.8 Boot Swap Function

The 4PD78F0714 has a boot swap function.

Even if a momentary power failure occurs for some reason while the boot area is being rewritten by self-
programming and the program in the boot area is lost, the boot swap function can execute the program correctly after
re-application of power, reset, and start.

25.8.1 Outline of boot swap function
Before erasing the boot program area by self-programming, write a new boot program to the block to be swapped,

Note

and also set the boot flag Even if a momentary power failure occurs, the address is swapped when the system is
reset and started next time. Consequently, the above area to be swapped is used as a boot area, and the program is

executed correctly. Figure 25-21 shows an image of the boot swap function.

Note The boot flag is in the flash memory control firmware of the xPD78F0714.

Figure 25-21. Image of Boot Swap Function

(1) If boot swap is not supported

XXXXH XXXXH XXXXH
User program User program User program
Self- Momentary
programming power failure
User program User program User program
User program User program User program
Boot program Erasure in progress ™ Undefined data
0000H 0000H 0000H
41 Not restarted
(2) If boot swap is supported
XXXXH XXXXH XXXXH
User program User program User program
Self- Momentary
programming power failure
User program User program User program
User program New boot program Undefined data
| >
=
Boot program Erasure in progress New boot program
0000H 0000H 0000H
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25.8.2 Memory map and boot area
Figure 25-22 shows the memory map and boot area. The boot program area of the 4PD78F0714 is in 4 KB units.

When boot swap is executed, boot cluster 0 and boot cluster 1 in the figure are exchanged.

Figure 25-22. Memory Map and Boot Area

‘ FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Note 1
~L Internal high-speed RAM —-
1024 x 8 bits
FBOOH 7FFFH
FAFFH
Data memory
space
Reserved i 24576 x 8 bits -~
8000H
7FFFH
1 1 2000H
T T 1FFFH
Flash memory
. R Boot cluster 1
32768 x 8 bits a 4096 X 8 bits
____________________________ 1000H
OFFFH
Note 2 Boot cluster 0
0084H | oo = 4096 x 8 bits L
0083H T
| 0000H 0000H ﬁ[
Notes 1. This area of the product of 9 byte (schedule) can be used during on-chip debugging because it is used

as a backup area of user data during communication.
2. This area of the product cannot be used during on-chip debugging because it is used as a
communication command area (256 bytes to 1 KB).
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CHAPTER 26 ON-CHIP DEBUG FUNCTION

<R> The 4PD78F0714 uses the Vob, FLMDO, RESET, X1 (or P31), X2 (or P32), and Vss pins to communicate with the
host machine via an on-chip debug emulator (QB-78KOMINI or QB-MINI2) for on-chip debugging. Whether X1 and
P31, or X2 and P32 are used can be selected.

Cautions 1. Be sure to pull down P31 after reset to prevent malfunction.
2. When using P31 for the on-chip debug function, it is recommended not to use P31 for any

purpose other than on-chip debugging.

<R> Remark For details of the on-chip debug function, refer to QB-78KOMINI User’s Manual (U17029E) or QB-
MINI2 User’s Manual (U18371E).

Figure 26-1. Timing Chart of Setting On-Chip Debug Mode

RESET | : [
FLMDO H 5
X1 or P31 L] ! L
1 pulse ,
X2 or P32 | | | | | | | | | | '
5 pulses T
Setting of

on-chip mode
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This chapter lists each instruction set of the xPD78F0714 in table form. For details of each operation and operation

CHAPTER 27 INSTRUCTION SET

code, refer to the separate document 78K/0 Series Instructions User’s Manual (U12326E).

27.1 Conventions Used in Operation List

27.1.1 Operand identifiers and specification methods

Operands are written in the “Operand” column of each instruction in accordance with the specification method of
the instruction operand identifier (refer to the assembler specifications for details).
methods, select one of them. Uppercase letters and the symbols #, |, $ and [ ] are keywords and must be written as

they are. Each symbol has the following meaning.

e #: Immediate data specification
e |1 Absolute address specification
¢ $: Relative address specification

e []: Indirect address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to

write the #, !, $, and [ ] symbols.

For operand register identifiers r and rp, either function names (X, A, C, etc.) or absolute names (names in

parentheses in the table below, RO, R1, R2, etc.) can be used for specification.

Table 27-1. Operand Identifiers and Specification Methods

Identifier Specification Method
r X (R0), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RP0), BC (RP1), DE (RP2), HL (RP3)
sfr Special function register symbol**
sfrp Special function register symbol (16-bit manipulatable register even addresses only)"™*
saddr FE20H to FF1FH Immediate data or labels
saddrp FE20H to FF1EH Immediate data or labels (even address only)
addr16 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addr11 0800H to OFFFH Immediate data or labels
addr5 0040H to 007EH Immediate data or labels (even address only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label
RBn RBO to RB3

Note Addresses from FFDOH to FFDFH cannot be accessed with these operands.

Remark For special function register symbols, see Table 3-3 Special Function Register List.

414
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CHAPTER 27 INSTRUCTION SET

27.1.2 Description of operation column

PSW:

XH, XL:

Al
V.
A

addr16:
addri1:
addr5:
jdisp8:

A register; 8-bit accumulator
X register

B register

C register

D register

E register

H register

L register

AX register pair; 16-bit accumulator
BC register pair

DE register pair

HL register pair

Program counter

Stack pointer

Program status word

Carry flag

Auxiliary carry flag

Zero flag

Register bank select flag
Interrupt request enable flag
Non-maskable interrupt servicing flag

Memory contents indicated by address or register contents in parentheses

Higher 8 bits and lower 8 bits of 16-bit register
Logical product (AND)

Logical sum (OR)

Exclusive logical sum (exclusive OR)

Inverted data

16-bit immediate data or label

Immediate data or label

Immediate data or label (even address only)
Signed 8-bit data (displacement value)

27.1.3 Description of flag operation column

(Blank):
0:

1:
X:
R:

Not affected

Clearedto 0

Setto 1

Set/cleared according to the result
Previously saved value is restored
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27.2 Operation List

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY,
8-bitdata |MOV r, #byte 2 4 - r < byte
transfer saddr, #byte 3 6 (saddr) « byte
sfr, #byte 3 - 7 sfr « byte
Ar Rt 2 - Acer
r, A NS | 4 2 - r—A
A, saddr 2 4 5 A « (saddr)
saddr, A 2 4 5 (saddr) < A
A, sfr 2 - 5 A « sfr
sfr, A 2 - 5 sfr— A
A, laddr16 3 8 9 A « (addr16)
laddri16, A 3 8 9 (addr16) « A
PSW, #byte 3 - 7 PSW « byte X X X
A, PSW 2 - 5 A < PSW
PSW, A 2 - 5 PSW « A X X X
A, [DE] 1 4 5 |A« (DE)
[DE], A 1 4 5 (DE) « A
A, [HL] 1 4 5 [A«(HL)
[HL], A 1 4 5 (HL) « A
A, [HL + byte] 2 8 9 |A« (HL + byte)
[HL + byte], A 2 8 9 (HL + byte) « A
A, [HL + B] 1 6 7 |A<(HL+B)
[HL +B], A 1 6 7 (HL+B) < A
A, [HL +C] 1 6 7 |A<(HL+C)
[HL+C], A 1 6 7 (HL+C) < A
XCH Ar nees o 2 - Aor
A, saddr 2 4 6 A < (saddr)
A, sfr 2 - A & (sfr)
A, laddr16 3 8 10 A < (addr16)
A, [DE] 1 4 A & (DE)
A, [HL] 1 4 6 |Ao(HL)
A, [HL + byte] 2 8 10 |A o (HL + byte)
A, [HL + B] 2 8 10 |Ao (HL+B)
A, [HL + C] 2 8 10 A (HL+C)
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
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control register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
16-bit data | MOVW rp, #word 3 6 - rp <« word
transfer saddrp, #word 4 8 10 (saddrp) < word
sfrp, #word 4 - 10 sfrp < word
AX, saddrp 2 6 8 AX « (saddrp)
saddrp, AX 2 6 8 (saddrp) « AX
AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp Noted | 4 4 - AX «rp
rp, AX Netes | 4 4 - rp <« AX
AX, laddr16 3 10 12 AX « (addr16)
laddr16, AX 3 10 12 (addr16) « AX
XCHW AX, rp Newes ] 4 4 - AX < 1p
8-bit ADD A, #byte 2 4 - A, CY « A + byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte X X X
Ar Noedl 2 4 - A CY<—A+r X X X
r, A 2 4 - LCY«r+A X X X
A, saddr 2 4 5 A, CY « A + (saddr) X X X
A, laddr16 3 8 9 A, CY « A + (addr16) X X X
A, [HL] 1 4 5 A, CY « A+ (HL) X X X
A, [HL + byte] 2 8 9 A, CY < A + (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY « A+ (HL +B) X X X
A, [HL + C] 2 8 9 A, CY <A+ (HL+C) X X X
ADDC A, #byte 2 4 - A, CY « A + byte + CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) + byte + CY X X X
Ar needl 2 4 - A CY < A+r+CY X X X
r, A 2 4 - r,CY«r+A+CY X X X
A, saddr 2 4 5 A, CY « A + (saddr) + CY X X X
A, laddr16 3 8 9 A, CY « A + (addr16) + CY X X X
A, [HL] 1 4 5 A, CY « A+ (HL)+CY X X X
A, [HL + byte] 2 8 9 A, CY « A + (HL + byte) + CY X X X
A, [HL + B] 2 8 9 A, CY«< A+ (HL+B)+CY X X X
A, [HL + C] 2 8 9 A, CY <A+ (HL+C)+CY X X X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Only when rp = BC, DE or HL
4, Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY,
8-bit SUB A, #byte 2 4 - A, CY « A - byte X X X
operation saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte X X X
Ar Nees| o 4 - ACY«—A-r X X X
r,A 2 4 - rCY«r-A X X X
A, saddr 2 4 5 A, CY « A — (saddr) X X X
A, laddr16 3 8 9 A, CY « A — (addr16) X X X
A, [HL] 1 4 5 |A CY«A-(HL) X X X
A, [HL + byte] 2 8 9 A, CY « A — (HL + byte) X X X
A, [HL + B] 2 8 9 A, CY «—A-(HL+B) X X X
A, [HL + C] 2 8 9 |ACY«—A-(HL+C) X X X
SUBC A, #byte 2 4 - A, CY « A -byte - CY X X X
saddr, #byte 3 6 8 (saddr), CY « (saddr) — byte — CY X X X
Ar Nete3| 2 4 - A CY«—A-r-CY X X X
r,A 2 4 - r,CY«<r-A-CY X X X
A, saddr 2 4 5 A, CY « A — (saddr) — X X X
A, laddr16 3 8 9 A CY«—A- (addr16) CcY X X X
A, [HL] 1 4 5 |ACY«A-(HL) - X X X
A, [HL + byte] 2 8 9 A, CY « A - (HL + byte) - CY X X X
A, [HL + B] 2 8 9 |ACY«A-(HL+B)-CY X X X
A, [HL + C] 2 8 9 |ACY«—A-(HL+C)-CY X X X
AND A, #byte 2 4 - A — A A byte X
saddr, #byte 3 6 8 (saddr) « (saddr) A byte X
Ar teesl 2 4 - A< Anr X
r, A 2 4 - rerahA X
A, saddr 2 4 5 A < A A (saddr) X
A, laddr16 3 8 9 A < A A (addr16) X
A, [HL] 1 4 5 |A«AA(HL) x
A, [HL + byte] 2 8 9 A < A A (HL + byte) X
A, [HL + B] 2 8 9 |A—AAHL+B) x
A, [HL + C] 2 8 9 A« AA(HL+C) X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Except“r=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
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control register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
8-bit OR A, #byte 2 4 - A« Avbyte X
operation saddr, #byte 3 6 8 (saddr) < (saddr) v byte X
Ar Netes | o 4 - A—Avr X
r, A 2 4 - rervA X
A, saddr 2 4 5 A < A v (saddr) X
A, laddr16 3 8 9 A < A v (addr16) X
A, [HL] 1 4 5 |AcAv(HL) x
A, [HL + byte] 2 8 9 A < Av (HL + byte) X
A, [HL + B] 2 8 9 A< Av (HL+B) x
A, [HL + C] 2 8 9 A«~Av(HL+C) X
XOR A, #byte 2 4 - A < A~ byte X
saddr, #byte 3 6 8 (saddr) « (saddr) v byte X
Ar Nees| 2 4 - A—Awr X
r, A 2 4 - rervA X
A, saddr 2 4 5 A « A~ (saddr) X
A, laddr16 3 8 9 A < A~ (addr16) X
A, [HL] 1 4 5 |A«Aw(HL) x
A, [HL + byte] 2 8 9 A « A~ (HL + byte) X
A, [HL + B] 2 8 9 |AcAv(HL+B) x
A, [HL + C] 2 8 9 A« A< (HL+C) X
CMP A, #byte 2 4 - A —byte X X X
saddr, #byte 3 6 8 (saddr) — byte X X X
Ar Nees| 2 4 - A-r X X X
r, A 2 4 - r—A X X X
A, saddr 2 4 5 A — (saddr) X X X
A, laddr16 3 8 9 A — (addr16) X X X
A, [HL] 1 4 5 A —(HL) X X X
A, [HL + byte] 2 8 9 A — (HL + byte) X X X
A, [HL + B] 2 8 9 |A-(HL+B) X X X
A, [HL + C] 2 8 9 A-(HL + C) X X X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
3. Exceptr=A"

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation | syBw AX, #word 3 6 - AX, CY « AX — word X X X
CMPW AX, #word 3 6 - AX — word X X X
Multiply/ MULU X 2 16 - AX — AxX
divide DIVUW o} 2 | 25 — | AX (Quotient), C (Remainder) « AX + C
Increment/ [INC r 1 2 - rer+1 X X
decrement saddr 2 | 4 6 |(saddr) < (saddr) + 1 X x
DEC r 1 2 - rer—1 X X
saddr 2 4 6 (saddr) « (saddr) — 1 X X
INCW rp 1 4 - rp«rp+1
DECW p 1 4 - |mpermp-1
Rotate ROR A1 1 2 - (CY, A7 < Ao, Am-1 < Am) x 1 time X
ROL A1 1 2 - (CY, Ao < A7, Am+1 < Am) x 1 time X
RORC A1 1 2 - (CY « Ao, A7 < CY, Am-1 < Am) x 1 time X
ROLC A1 1 2 - (CY < A7, Ao < CY, Am+1 ¢ Am) x 1 time X
ROR4 [HL] 2 | 10 12 |As—0« (HL)s-o, (HL)7-4 < As-o,
(HL)3-0 ¢ (HL)7-4
ROL4 [HL] 2 10 12 As-0 « (HL)7-4, (HL)3-0 < As-o,
(HL)7-4 < (HL)3-0
BCD ADJBA 2 4 - Decimal Adjust Accumulator after Addition X X X
adjustment | ApJBS 2 4 - Decimal Adjust Accumulator after Subtract | x X X
Bit MOVA1 CY, saddr.bit 3 6 7 CY « (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 |CY « sfr.bit x
CY, A.bit 2 4 - CY « A.bit X
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 6 7 |CY « (HL).bit x
saddr.bit, CY 3 6 8 (saddr.bit) « CY
sfr.bit, CY 3 - 8 sfr.bit < CY
A.bit, CY 2 4 - A.bit < CY
PSW.bit, CY 3 - 8 PSW.bit « CY X X
[HL].bit, CY 2 6 (HL).bit « CY
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
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control register (PCC).

2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Bit AND1 CY, saddr.bit 3 6 7 CY « CY A (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 | CY « CY A sfr.bit x
CY, A.bit 2 4 - CY « CY A Abit X
CY, PSW.bit 3 - 7 CY « CY A PSW.bit X
CY, [HL].bit 2 6 7 |CY « CY A (HL).bit x
OR1 CY, saddr.bit 3 6 7 CY « CY v (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY v sfr.bit X
CY, A.bit 2 4 - CY « CY v Abit X
CY, PSW.bit 3 - 7 CY « CY v PSW.bit X
CY, [HL].bit 2 6 7  |CY« CY v (HL).bit x
XOR1 CY, saddr.bit 3 6 7 CY « CY « (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY w sfr.bit X
CY, A.bit 2 4 - CY « CY + A.bit X
CY, PSW.bit 3 - 7 CY « CY » PSW.bit X
CY, [HL].bit 2 6 7 |CY « CY w (HL).bit x
SET1 saddr.bit 2 4 6 (saddr.bit) « 1
sfr.bit 3 - 8 sfr.bit « 1
A.bit 2 4 - A.bit « 1
PSW.bit 2 - 6 PSW.bit « 1 X X X
[HL].bit 2 6 8 (HL).bit « 1
CLR1 saddr.bit 2 4 6 (saddr.bit) < 0
sfr.bit 3 - 8 sfr.bit < 0
A.bit 2 4 - A.bit <0
PSW.bit 2 - 6 PSW.bit «- 0 X X X
[HL].bit 2 6 8 (HL).bit < 0
SET1 CcY 1 2 - CY « 1 1
CLR1 CcY 1 2 - CY«O0 0
NOT1 cY 1 2 - |cY«CvY X
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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CHAPTER 27 INSTRUCTION SET

Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Call/return | CALL laddr16 3 7 - (SP —1) < (PC + 3)n, (SP - 2) <~ (PC + 3)1,
PC « addr16, SP « SP -2
CALLF laddr11 2 5 - |(SP=1) « (PC + 2, (SP - 2) « (PC + 2).,
PCi5-11 <~ 00001, PCi0-0 < addri11,
SP« SP-2
CALLT [addr5] 1 6 - (SP —1) « (PC + 1)n, (SP - 2) « (PC + 1),
PCH « (addr5 + 1),
PCL « (addr5), SP « SP -2
BRK 1 6 - |(SBP=1) « PSW, (SP - 2) « (PC + 1)n,
(SP - 3) « (PC + 1), PCh « (003FH),
PCL « (003EH), SP «~ SP -3,IE« 0
RET 1 6 —  |PCH« (SP + 1), PCL « (SP),
SP « SP +2
RETI 1 6 - PCh « (SP + 1), PCL « (SP), R R R
PSW « (SP +2), SP < SP + 3
RETB 1 6 —  |PCH <« (SP + 1), PCL < (SP), R R R
PSW « (SP +2), SP « SP + 3
Stack PUSH PSW 1 2 - (SP —1) « PSW, SP « SP -1
manipulate P 1 4 - (SP —1) < rpH, (SP - 2) < rpy,
SP « SP -2
POP PSW 1 2 - PSW « (SP), SP « SP + 1 R R R
rp 1 4 - rpH < (SP + 1), rpL « (SP),
SP «SP+2
Movw SP, #word 4 - 10 SP « word
SP, AX 2 - SP « AX
AX, SP 2 - 8 AX « SP
Unconditional| BR laddr16 3 6 - PC « addr16
branch $addr16 2 | 6 —  |PC « PC+2 +jdisp8
AX 2 8 - PCh « A, PCL« X
Conditional |BC $addr16 2 6 - PC « PC + 2 + jdisp8 if CY =1
branch BNC $addr16 2 6 - PC « PC +2 +jdisp8if CY =0
BZ $addr16 2 6 - PC « PC + 2 + jdisp8 if Z = 1
BNZ $addr16 2 6 - PC « PC +2 +jdisp8ifZ=0
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed
Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcru) selected by the processor clock
control register (PCC).
2. This clock cycle applies to the internal ROM program.
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Instruction Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1| Note 2 Z ACCY
Conditional | BT saddr.bit, $addr16 3 8 9 PC « PC + 3 + jdisp8 if (saddr.bit) = 1
branch sfr.bit, $addr16 4 | - 11 |PC « PC + 4 + disp8 if sfr.bit = 1
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit =1
PSW.bit, $addr16 3 - 9 PC « PC + 3 + jdisp8 if PSW.bit = 1
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit = 1
BF saddr.bit, $addr16 4 10 11 PC « PC + 4 + jdisp8 if (saddr.bit) = 0
sfr.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if sfr.bit=0
A.bit, $addr16 3 8 - PC « PC + 3 +jdisp8 if A.bit=0
PSW.bit, $addr16 4 - 11 PC « PC + 4 + jdisp8 if PSW. bit =0
[HL].bit, $addr16 3 10 11 PC « PC + 3 + jdisp8 if (HL).bit = 0
BTCLR saddr.bit, $addr16 4 10 12 PC « PC + 4 + jdisp8 if (saddr.bit) = 1
then reset (saddr.bit)
sfr.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr16 3 8 - PC « PC + 3 + jdisp8 if A.bit =1
then reset A.bit
PSW.bit, $addr16 4 - 12 PC « PC + 4 + jdisp8 if PSW.bit = 1 X X X
then reset PSW.bit
[HL].bit, $addr16 3 10 12 PC « PC + 3 + jdisp8 if (HL).bit = 1
then reset (HL).bit
DBNZ B, $addr16 2 6 - B« B-1,then
PC « PC + 2 + jdisp8 if B= 0
C, $addr16 2 6 - C « C -1, then
PC « PC +2 +jdisp8if C#0
saddr, $addr16 3 8 10 (saddr) « (saddr) — 1, then
PC « PC + 3 + jdisp8 if (saddr) # 0
CPU SEL RBn 2 - RBS1,0 < n
control NOP 1 — | No Operation
El 2 - 6 |IE « 1 (Enable Interrupt)
DI 2 - 6 |IE « O (Disable Interrupt)
HALT 2 - Set HALT Mode
STOP 2 - Set STOP Mode
Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access
2. When an area except the internal high-speed RAM area is accessed

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fcpu) selected by the processor clock

control register (PCC).
2. This clock cycle applies to the internal ROM program.
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27.3 Instructions Listed by Addressing Type

(1) 8-bit instructions
MOV, XCH, ADD, ADDC, SUB, SUBC, AND, OR, XOR, CMP, MULU, DIVUW, INC, DEC, ROR, ROL, RORC,
ROLC, ROR4, ROL4, PUSH, POP, DBNZ

Second Operand | #byte A e sfr saddr |laddri6| PSW [DE] [HL] |[HL+byte]| $addr16 1 None
[HL + B]
First Operand [HL + C]
A ADD MOV |[MOV |MOV |[MOV |MOV |[MOV |MOV [MOV ROR
ADDC XCH |XCH [XCH |XCH XCH |XCH [XCH ROL
SuUB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC |ADDC ADDC |ADDC ROLC
AND SUB SUB SUB SUB SUB
OR SUBC SUBC |SUBC SUBC |SUBC
XOR AND AND |AND AND |AND
CMP OR OR OR OR OR
XOR XOR |XOR XOR |XOR
CMP CMP |CMP CMP |CMP
r MOV | MOV INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
B,C DBNZ
sfr MOV [ MOV
saddr MOV [ MOV DBNZ INC
ADD DEC
ADDC
SUB
SUBC
AND
OR
XOR
CMP
laddr16 MOV
PSW MOV | MOV PUSH
POP
[DE] MOV
[HL] MOV ROR4
ROL4
[HL + byte] MOV
[HL + B]
[HL + C]
X MULU
C DIVUW,

Note Exceptr=A
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand #word AX rp"*® sfrp saddrp laddr16 SP None
First Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
rp MOVW MOVWwW"ee INCW
DECW
PUSH
POP
sfrp MOVW MOVW
saddrp MOVW MOVW
laddr16 MOVW
SP MOVW MOVW
Note Only when rp = BC, DE, HL
(3) Bit manipulation instructions
MOV1, AND1, OR1, XOR1, SET1, CLR1, NOT1, BT, BF, BTCLR
Second Operand A.bit sfr.bit saddr.bit PSW.bit [HL].bit CcY $addr16 None
First Operand
A.bit MOV1 BT SET1
BF CLR1
BTCLR
sfr.bit MOVA1 BT SETH
BF CLR1
BTCLR
saddr.bit MOV1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA1 BT SETH
BF CLR1
BTCLR
[HL].bit MOVA1 BT SET1
BF CLR1
BTCLR
CcY MOV1 MOV1 MOV1 MOV1 MOV1 SET1
AND1 AND1 AND1 AND1 AND1 CLR1
OR1 OR1 OR1 OR1 OR1 NOT1
XOR1 XOR1 XOR1 XOR1 XOR1
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(4) Call instructions/branch instructions
CALL, CALLF, CALLT, BR, BC, BNC, BZ, BNZ, BT, BF, BTCLR, DBNZ

Second Operand AX laddr16 laddr11 [addr5] $addr16
First Operand
Basic instruction BR CALL CALLF CALLT BR
BR BC

BNC
BZ
BNZ

Compound BT

instruction BF
BTCLR
DBNZ

(5) Other instructions
ADJBA, ADJBS, BRK, RET, RETI, RETB, SEL, NOP, El, DI, HALT, STOP
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CHAPTER 28 ELECTRICAL SPECIFICATIONS

Caution The zPD78F0714 has an on-chip debug function. Do not use this product for mass production

because its reliability cannot be guaranteed after the on-chip debug function has been used,
given the issue of the number of times the flash memory can be rewritten. NEC Electronics does
not accept complaints concerning this product.

Absolute Maximum Ratings (Ta = 25°C) (1/2)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vop -0.3to0 +6.5
EVop -0.3t0 +6.5 \Y
Vss -0.3t0 +0.3 \Y
EVss -0.31t0 +0.3 \Y
AVRer -0.3 to Voo + 0.3"" \Y
AVss -0.3t0 +0.3 \Y
Input voltage Vi P00 to P03, P10 to P17, P20 to P27, P30 -0.3 to Voo + 0.3"" \
to P33, P40 to P47, P50 to P57, P64 to
P67, P70 to P73, X1, X2, RESET
Output voltage Vo -0.3 to Voo + 0.3"*° Y
Analog input voltage Van AVss — 0.3 to AVRer + 0.3"°
and -0.3 to Voo + 0.3
Output current, high lon Per pin -10 mA
Total of | POO to P03, P30 to P33, P50 to -30 mA
all pins | P57
~60MA | p10 to P17, P40 to P47, P64 to 30 mA
P67, P70 to P73, TWOTOO to
TWOTO5

Note Must be 6.5V or lower.

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that
ensure that the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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Absolute Maximum Ratings (Ta = 25°C) (2/2)

Parameter Symbol Conditions Ratings Unit
Output current, low lou Per pin | P00 to P03, P10 to P17, P30 to P33, 20 mA
P40 to P47, P64 to P67, P70 to P73
P50 to P57, TWOTOO to TWOTO5 30 mA
Total of | POO to P03, P30 to P33 30 mA
allpins | p1g to P17, P40 to P47, P64 to P67, 50 mA
280 mA | p70 to P73
TWOTOO to TWOTO5 100 mA
P50 to P57 100 mA
Operating ambient Ta In normal operation mode —40 to +85 °C
temperature In flash memory programming mode —-10t0 +85
Storage temperature Tstg —40 to +125 °C

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that

ensure that the absolute maximum ratings are not exceeded.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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X1 Oscillator Characteristics
(Ta =-40to +85°C, 4.0 V< Vbbo =EVbp <5.5V, 4.0 V < AVRer < Vop, Vss = EVss = AVss = 0 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic Ves X1 X2 | Oscillation frequency (fxp)"™® | 4.0V <Vop<5.5V 5.0 20 MHz
resonator H
| =
i|C1= C2=
]
7
Crystal |Vss X1 X2 Oscillation frequency (fxe)"™® | 4.0V < Voo <5.5V 5.0 20 MHz
resonator T
=
i|Cl=  C2=
S
s
External X1 input frequency (fxp)"*® 40V<Vop<55V 5.0 20 MHz
clock X1 X2
X1 input high-/low-level 40V<Vop<55V 24 100 ns
width (txew, txeL)

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Cautions 1.

¢ Keep the wiring length as short as possible.
* Do not cross the wiring with the other signal lines.

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

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

Do not fetch signals from the oscillator.

When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the
above figures to avoid an adverse effect from wiring capacitance.

2. Since the CPU is started by the internal oscillation clock after reset is released, check the
oscillation stabilization time of the X1 input clock using the oscillation stabilization time status
register (OSTC). Determine the oscillation stabilization time of the OSTC register and oscillation
stabilization time select register (OSTS) after sufficiently evaluating the oscillation stabilization
time with the resonator to be used.

Remark For the resonator selection and oscillator constant, customers are requested to either evaluate the

oscillation themselves or apply to the resonator manufacturer for evaluation.

Internal Oscillator Characteristics

(Ta=-40to +85°C,3.3 V< Voo =EVop<5.5V, 3.3 V< AVRer < Vpp, Vss = EVss = AVss =0 V)

Resonator Parameter Conditions MIN. | TYP. | MAX. Unit
Internal oscillator Oscillation frequency (fr) 120 240 480 kHz
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CHAPTER 28 ELECTRICAL SPECIFICATIONS

DC Characteristics (1/2)
(Ta=-40to +85°C, 4.0 V< Vobo = EVpp < 5.5V, 4.0 V < AVRer < Vbop, Vss = EVss = AVss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, high lon Per pin 40V<Vop<55V -5 mA
Total of POO to P03, P30to |40V <Vop<55V -25 mA
P33, P50 to P57
Total of P10to P17, P40to | 4.0V <Vop<55V -25 mA
P47, P64 to P67, P70 to
P73, TWOTOO to TWOTO5
Output current, low lou Per pin for P00 to P03, P10 | 4.0V <Vopb <55V 10 mA
to P17, P30 to P33, P40 to
P47, P64 to P67, P70 to
P73
Per pin for P50 to P57, 40V<Vopb<55V 15 mA
TWOTOO to TWOTO5
Total of POO to P03, P30to |40V <Vop<55V 15 mA
P33
Total of P10to P17, P40to |40V <Vop <55V 25 mA
P47, P64 to P67, P70 to
P73
Total of TWOTOO to 40V<Vop<55V 70 mA
TWOTO5
Total of P50 to P57 40V<Vop<55V 70 mA
Input voltage, high ViH1 P14, P17, P30 to P33, P40 |40V <Vop<5.5V| 0.7Vop Voo \"
to P47, P64 to P67, P70 to
P73
ViH2 P00 to P03, P10-P13, P15, | 4.0V <Vop<5.5V| 0.8Vop Vop \
P16, P50 to P57, RESET
Vina P20 to P27"" 4.0V <Vop<5.5V |0.7AVrer AVRer \Y
Vina X1, X2 40V<Vop<55V |Voo-0.5 Voo \
Input voltage, low VLt P14, P17, P30to P33, P40 |40V <Vopb<55V 0 0.3Vop \%
to P47, P64 to P67, P70 to
P73
Vi P00 to P03, P10 to P13, 40V<Vop<55V 0 0.2Vop \
P15, P16, P50 to P57,
RESET
Viis P20 to P27"" 40V<Vop<55V 0 0.3AVRer| V
Via X1, X2 40V<Vop<55V 0 0.4 \Y
Output voltage, high Vo P00 to P03, P10 to P17, 40V<Vop<55V,Voo-1.0 \Y
P30 to P33, P40 to P47, lon = -5 mA
P64 to P67, P70 to P73
P50 to P57, TWOTOO to 40V<Vop<55V,Voo-1.0 \
TWOTO5 lon = -1 mA
lon = -100 pA 40V<Vop<55V|Voo-0.5 Vv
Output voltage, low VoL P50 to P57, TWOTOO to 40V<Vop<55V, 0.4 2.0 \
TWOTO5 lo.=15mA
P00 to P03, P10 to P17, 40V<Vop<5.5Y, 1.5 \
P30 to P33, P40 to P47, lo.=10 mA
P64 to P67, P70 to P73
Total loL =20 mA
loL = 400 LA 40V<Vop<55V 0.5 \Y

Note When used as digital input ports, set AVRer = EVpp.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS

DC Characteristics (2/2)
(Ta =-40to +85°C, 4.0 V< Vbbo =EVbp <5.5V, 4.0 V < AVRer < Vop, Vss = EVss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage current, high | Iuin Vi = Voo P00 to P03, P10 to P17, P30 to P33, P40 to 3 HA
P47, P50 to P57, P64 to P67, P70 to P73,
RESET
Vi=AVrer | P20 to P27 3 HA
ILiz Vi = Vob X1, xavee! 20 HA
Input leakage current, low it Vi=0V P00 to P03, P10 to P17, P20 to P27, P30 to -3 HA
P33, P40 to P47, P50 to P57, P64 to P67, P70
to P73, RESET
ILite X1, Xo"e! 20 | WA
Output leakage current, high | lLon Vo = Vop 3 HA
Output leakage current, low | lou Vo=0V -3 UA
Pull-up resistance value R Vi=0V 10 30 100 | kQ
FLMDO supply voltage Fimd In normal operation mode 0 0.2Vop| V
<R> Supply Ipp1 X1 crystal fxp = 20 MHz When A/D converter is 18 36 mA
current™*? oscillation Voo = 5.0 V stopped
operating"*** | £10%""* When A/D converter is 20 40 | mA
operating"®®
Ibp2 X1 crystal fxp = 20 MHz When peripheral functions are 3.5 7.0 | mA
oscillation Vop = 5.0 V +10% | stopped
HALT mode When peripheral functions are 15 | mA
operating
Iobs Internal Vop =5.0 V+10% 3.0 6.0 | mA
oscillation
clock
operating
mode"*®
Ibpa STOP mode | Voo =5.0V £10%| Internal oscillator: OFF 35 | 355 | uA
Internal oscillator: ON 175 | 63.5 | uA

Notes 1. When the inverse level of X1 is input to X2.
2. Total current flowing through the internal power supply (Vop). Peripheral operation current is included
(however, the current that flows through the pull-up resistors of ports is not included).
loot includes peripheral operation current.
When PCC = 00H.
Including the current that flows through the AVRer pin.
When X1 oscillation is stopped.

o gk w

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS

AC Characteristics

(1) Basic operation
(Ta=-40to +85°C, 4.0 V< Vop = EVop < 5.5V, 4.0 V < AVRer < Vbp, Vss = EVss = AVss = 0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
<R> | |nstruction cycle (minimum Tey Main system X1 input clock 0.1 6.4 Hs
instruction execution time) clock operation Internal 33V<Voo<55V| 417 | 833 | 1667 us
oscillation
clock
TIO00, TI001 input high-level triHo, 40V<Vop<55V 2/fsam1 + us
width, low-level width triLo 0.1"%""
TI50, TI51 input frequency fris 40V<Vopb<55V 10 MHz
TI50, TI51 input high-level trims, 40V<Vop<55V 50 ns
width, low-level width tTiLs
TIT201UD, TIT20CUD, twupH, 40V<Vop<55V 2/fsama+ us
TIT20CCO, TIT20CCH, twubL 0.1%"?
TIT20CLR input high-level
width, low-level width
Interrupt input high-level width, | tinTh, 40V<Vop<55V 1 us
low-level width tinTL
<R> [ ADTRG input high-level width, | taoth, 40V<Vopb<55V 1 us
low-level width tapTL
RESET low-level width trsL 40V<Vopb<55V 10 us

Notes 1. Selection of fsamt = fxr/2, fxp/4, or fxp/256 is possible using bits 0 and 1 (PRM000, PRMO001) of prescaler
mode register 00 (PRM00). Note that when selecting the TI000 valid edge as the count clock, fsam1 = fxp.
2. Selection of fsam2 = fx/2°, fx/2%, x/2, or fx is possible using bits 0 and 1 (NRC10, NRC11) of noise
elimination time select register 1 (NCR1).
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<R>

CHAPTER 28 ELECTRICAL SPECIFICATIONS

Tcy vs. Vob (Main System Clock Operation)

20.0
16.67

10.0

0o
oo

Cycle time Tev [us]

2.0

1.0

0.4

0.2

0.1

Remark The values indicated by the shaded section are only when the internal oscillation clock is selected.

Guaranteed;

operation

range

1.0 20 303340 505%60

Supply voltage Voo [V]

User's Manual U16928EJ2VOUD

433



CHAPTER 28 ELECTRICAL SPECIFICATIONS

(2) Serial interface
(Ta=-40 to +85°C, 4.0< Vop = EVop < 5.5 V, 4.0< AVRer < Vob, Vss = EVss = AVss =0 V)

(a) UART mode (UARTO, dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate 3125 kbps

(b) 3-wire serial I/O mode (master mode, SCK10... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkevt 40V<Vop<55V 200 ns
SCK10 high-/low-level width tKH1, tkev1/2 — 10 ns

ket

SI10 setup time (to SCK10T) tsik1 30 ns
S110 hold time (from SCK10T) tksit 30 ns
Delay time from SCK10{ to tkso1 C =100 pF™* 30 ns
SO10 output

Note Cis the load capacitance of the SCK10 and SO10 output lines.

(c) 3-wire serial I/0 mode (slave mode, SCK10... external clock input)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkeyz 400 ns
SCK10 high-/low-level width tKkH2, tkeva/2 ns

kL2

SI10 setup time (to SCK107T) tsike 80 ns
S110 hold time (from SCK10T) tksiz 50 ns
Delay time from SCK10{ to tksoz C =100 pF** 120 ns
SO10 output

Note C is the load capacitance of the SO10 output line.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS

AC Timing Test Points (Excluding X1 Input)

0.8Vop 0.8Vop
Test points
>< 0.2Vop > <: 0.2Vop

Clock Timing
1/fxe
G [ txpH
X1 \ Vira (MIN.)
N Vs (MAX.)
Tl Timing
triLo || triHo
TI000, TI001
1/fns
triLs || triHs
TI50, TI51 \ l SJQ
\ N~
twupts || twupH

TIT201UD, TIT20CUD,
TIT20CCO, TIT20CCH,
TIT20CLR
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CHAPTER 28 ELECTRICAL SPECIFICATIONS

Interrupt Request Input Timing

tinTL tiNTH

INTPO to INTP7

<R> A/D Trigger Input Timing

tapTIL tADTH

ADTRG

RESET Input Timing

tRsL
RESET
Serial Transfer Timing
3-wire serial I/O mode:
tkcym
tkLm tkHm
4
SCK10
\ ~___
tsikm tksim
S0 Input data
tksom
SO10 Output data

Remark m=1,2
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Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution 10 10 10 bit
Overall error*>="? 40V <AVRer<55V +0.2 0.4 | %FSR
<R> Conversion time tcony 4.5V < AVRer < Vob 3.6 100 us
4.0 V < AVrer < Vob 4.8 100 HS
Zero-scale error*™*"? 40V <AVRer<55V 0.4 | %FSR
Full-scale error'="? 40V <AVRer<55V 10.4 | %FSR
Integral non-linearity error*>®’ 40V <AVrer<55V 2.5 LSB
Differential non-linearity error"®’ 40V<AVReF<55V 1.5 LSB
Analog input voltage Vian AVss AVrer \Y

CHAPTER 28 ELECTRICAL SPECIFICATIONS

A/D Converter Characteristics

(Ta=-40 to +85°C, 4.0 V< Voo = EVpop < 5.5V, 4.0 V < AVRer < Vop, Vss = EVss = AVss = 0 V)

Notes 1. Excludes quantization error (+1/2 LSB).

2. This value is indicated as a ratio (%FSR) to the full-scale value.

POC Circuit Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vroc 3.3 3.5 3.7 \Y
Power supply rise time teth Voo: 0V —» 3.3V 0.002 ms
Response delay time 1" trTHD When power supply rises, after reaching 3.0 ms
detection voltage (MAX.)
Response delay time 2" teD When Voo falls 1.0 ms
Minimum pulse width trw 0.2 ms

Note Time required from voltage detection to reset release.

POC Circuit Timing

Supply voltage

(Vo)

Detection voltage (MAX.)
Detection voltage (TYP.)
Detection voltage (MIN.)

:
tern 1 ! teTHD
N 1
i
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CHAPTER 28 ELECTRICAL SPECIFICATIONS

LVI Circuit Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vivi 41 4.3 4.5 Vv
Response time"*" tio 0.2 2.0 ms
Minimum pulse width tw 0.2 ms
Operation stabilization wait time"** | tuwair 0.1 0.2 ms
Notes 1. Time required from voltage detection to interrupt output or internal reset output.
2. Time required from setting LVION to 1 to operation stabilization.
LVI Circuit Timing
Supply voltage
(Vob)
Detection voltage (MAX.) }----cccmmmmmmaa o f o J ---------------------------------------
Detection voltage (TYP.) [==============mm= /oo m oo oo oo oo
Detection voltage (MIN.) [~=""""""=""=""f=========~ F e e
E ] fw ]
E twair E to E
LVION « 1 Time
Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
<R> | Data retention supply voltage VoooR 2.0 5.5 Vv
Release signal set time tsREL 0 us
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CHAPTER 28 ELECTRICAL SPECIFICATIONS

Flash Memory Programming Characteristics
(TaA=+10to +85°C,4.0 V< Vbp<5.5V, 4.0 V< AVger < Vbp, Vss =0 V)

<R> (1) Basic characteristics
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo supply current lop fx =20 MHz, Voo =5.5 V 42 mA
Step erase time Terass 10 ms
Erase time"™" Chip unit Teraca 0.01 2.55 s
Sector unit Terasa 0.01 2.55 s
Write time Twrwa 50 500 us
Number of rewrites per chip Cerwr 1 erase + 1 write after erase = 1 rewrite"™*? 100 Times

Notes 1. The erase verify time (writeback time) is not included.
2. If a sector (2 KB) is erased after it was written in 512 operations, in word units, the number of rewrite
operations is 1. Writing to the same address more than once for one erase is prohibited.

(2) Serial write operation characteristics

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time from RESETT to FLMDO TrrcF 2%x + o us
count start
Count execution time Tcount 10 ms
FLMDO counter high-/low-level Ten/ToL 10 100 us
width

Serial Write Operation

Tcount
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CHAPTER 29 PACKAGE DRAWINGS

64-PIN PLASTIC TQFP (12x12)

detail of lead end

AAARAARRARARARAY
- H.0 i
1 ‘ 16/
+ | TmymeEE
G

HIG 1 ®

=

NOTE

Each lead centerline is located within 0.13 mm of
its true position (T.P.) at maximum material condition.
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CHAPTER 30 CAUTIONS FOR WAIT

30.1 Cautions for Wait

This product has two internal system buses.

One is a CPU bus and the other is a peripheral bus that interfaces with the low-speed peripheral hardware.

Because the clock of the CPU bus and the clock of the peripheral bus are asynchronous, unexpected illegal data
may be passed if an access to the CPU conflicts with an access to the peripheral hardware.

When accessing the peripheral hardware that may cause a conflict, therefore, the CPU repeatedly executes
processing, until the correct data is passed.

As a result, the CPU does not start the next instruction processing but waits. If this happens, the number of
execution clocks of an instruction increases by the number of wait clocks (for the number of wait clocks, see Table 30-
1). This must be noted when real-time processing is performed.
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CHAPTER 30 CAUTIONS FOR WAIT

30.2 Peripheral Hardware That Generates Wait

Table 30-1 shows the registers that generate a wait request when an access from the CPU is made, and the
number of wait clocks of the CPU (when VSWC = 0).

Table 30-1. Registers That Generate Wait and Number of CPU Wait Clocks (When VSWC = 0)

Peripheral Hardware Register Access Number of Wait Clocks
Watchdog timer WDTM Write 3 clocks (fixed)
Serial interface UART00 ASIS00 Read 1 clock (fixed)
A/D converter ADM Write 1 to 5 clocks™"*
ADS Write (when ADM.5 flag = “1”)
oEM Wi 1 to 9 clocks™*
rite (when ADM.5 flag = “0”)
PFT Write
ADCR Read 1 to 5 clocks
(when ADM.5 flag = “17)
1 to 9 clocks

(when ADM.5 flag = “0”)

<Calculating maximum number of wait clocks>
{(1/fmacro) x 2/(1/fcru)} + 1

* The result after the decimal point is truncated if it is less than tcru after it has been multiplied by
(1/fcpu), and is rounded up if it exceeds tcpuL.
fwacro:  Macro operating frequency
(When bit 5 (FR2) of ADM = “1”: fx/2, when bit 5 (FR2) of ADM = “0”: fx/2°)
fepu: CPU clock frequency
tepuL: Low-level width of CPU clock

Note No wait cycle is generated for the CPU if the number of wait clocks calculated by the above expression is 1.

Remark The clock is the CPU clock (fcru).
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CHAPTER 30 CAUTIONS FOR WAIT

30.3 Example of Wait Occurrence

<1> Watchdog timer
<On execution of MOV WDTM, A>
Number of execution clocks: 8

(5 clocks when data is written to a register that does not issue a wait (MOV sfr, A).)

<On execution of MOV WDTM, #byte>

Number of execution clocks: 10

(7 clocks when data is written to a register that does not issue a wait (MOV sfr, #byte).)

<2> Serial interface UARTO00
<On execution of MOV A, ASIS00>
Number of execution clocks: 6

(5 clocks when data is read from a register that does not issue a wait (MOV A, sfr).)

<3> A/D converter

Table 30-2. Number of Wait Clocks and Number of Execution Clocks on Occurrence of Wait (A/D Converter)

<On execution of MOV ADM, A; MOV ADS, A; or MOV A, ADCR>

e When fx = 10 MHz, tceuL = 50 ns

Value of Bit 5 (FR2) . .
of ADM Register fcpu Number of Wait Clocks Number of Execution Clocks
0 fx 9 clocks 14 clocks
fx/2 5 clocks 10 clocks
fx/2° 3 clocks 8 clocks
fx/2° 2 clocks 7 clocks
fx/2* 0 clocks (1 clock™™) 5 clocks (6 clocks"™*)
1 fx 5 clocks 10 clocks
fx/2 3 clocks 8 clocks
fx/2° 2 clocks 7 clocks
fx/2° 0 clocks (1 clock™™) 5 clocks (6 clocks"™*)
fx/2* 0 clocks (1 clock™™) 5 clocks (6 clocks"™*)

Note On execution of MOV A, ADCR

Remark The clock is the CPU clock (fcru).

fx: X1 input clock frequency

tcruL: Low-level width of CPU clock
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<R> APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the 4 PD78F0714.
Figure A-1 shows the development tool configuration.

e Support for PC98-NX series
Unless otherwise specified, products supported by IBM PC/AT™ compatibles are compatible with PC98-NX
series computers. When using PC98-NX series computers, refer to the explanation for IBM PC/AT compatibles.

e Windows
Unless otherwise specified, “Windows” means the following OSs.
e Windows 3.1
¢ Windows 95, Windows 98, Windows 2000, Windows XP
e Windows NT™ Ver 4.0

Caution For the development tools of the 4 PD78F0714, contact an NEC Electronics sales representative.
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APPENDIX A DEVELOPMENT TOOLS

Figure A-1. Development Tool Configuration (1/3)

(1) When using the in-circuit emulator QB-780714

Notes 1.

r

--------------------------------- Software package--------=--=--=----------------

« Software package

Language processing software

Debugging software

* C compiler package
* Device fileNote !

ol « C library source fileN°te2

1
1
1
1
1
1
1
1
'
1
* Assembler package * Integrated debugger ,
1
1
1
1
1
1
1
1
1
1
1
1
1

Control software

1

1

1

* Project manager i
(Windows only)Nete3 .
1

1

1

1

Embedded software

* Real-time OS

Host machine (PC or EWS)

Interface adapter

Power supply unit

Flash memory
write environment

Flash memory
programmer QB-780714Note 4

[

Flash memory
write adapter

[

Flash memory

Emulation probe

Target system

Download the device file for 4PD78F0714 (DF780714) from the download site for development tools
(http://www.necel.com/micro/ods/eng/index.html).

The C library source file is not included in the software package.

The project manager PM+ is included in the assembler package.

The PM+ is only used for Windows.

In-circuit emulator QB-780714 is supplied with integrated debugger ID78K0-QB, flash memory
programmer PG-FPL (or QB-MINI2), power supply unit, and USB interface cable. Any other products
are sold separately. In addition, download the software for operating the QB-MINI2 from the download
site for MINICUBE2 (http://www.necel.com/micro/en/development/asia/minicube2/minicube2.html).
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APPENDIX A DEVELOPMENT TOOLS

Figure A-1. Development Tool Configuration (2/3)

(2) When using the on-chip debug emulator QB-78KOMINI

-------------------------- Software package = - ---===--==------------

 Software package

Language processing software

* Assembler package o Integrated debugger'°te*
@ o C compiler package @ o System simulator
 Device fileNote!

o C library source fileNot2

Debugging software

Control software
» Project manager
(Windows only)Nete3

Host machine
(PC or EWS)

USB interface cableNete4

Flash memory QB-78KOMIN|Nete 4

write environment I

Flash memory ]
programmer Connection cableN°t® 4

Flash memory
write adapter

Flash memory
Target connector

Target system

Notes 1. Download the device file for xPD78F0714 (DF780714) from the download site for development tools
(http://www.necel.com/micro/ods/eng/index.html).
2. The C library source file is not included in the software package.
3. The project manager PM+ is included in the assembler package.
The PM+ is only used for Windows.
4. QB-78KOMINI is supplied with integrated debugger ID78K0-QB, USB interface cable, and connection
cable. Any other products are sold separately.
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Figure A-1. Development Tool Configuration (3/3)

(3) When using the on-chip debug emulator with programming function QB-MINI2

Notes 1.

Language processing software

* Assembler package
* C compiler package

--------------------------------- Software package ===-==-==-==-=-=--=--=--------------

o Software package

Debugging software

o Integrated debuggerote!
* System simulator

o Device fileNete!
« C library source fileN°te2

Control software

* Project manager
(Windows only)Nete3

© |

Host machine
(PC or EWS)

USB interface cableNote*

<When using QB-MINI2 as
a flash memory programmer>

<When using QB-MINI2 as
an on-chip degug emulator>

QB-MIN|2Nete 4

QB-MIN|2Nete 4

Connection cable
(16-pin cable)Nere* 78K0-OCD boardNete 4

Connection cable
(10-pin/16-pin cable)Nete4

Target connector

Download the device file for uPD78F0714 (DF780714) and the integrated debugger (ID78K0-QB) from
the download site for development tools (http://www.necel.com/micro/ods/eng/index.html).

The C library source file is not included in the software package.

The project manager PM+ is included in the assembler package.

The PM+ is only used for Windows.

On-chip debug emulator QB-MINI2 is supplied with USB interface cable, connection cables (10-pin
cable and 16-pin cable), and 78K0-OCD board. Any other products are sold separately. In addition,
download the software for operating the QB-MINI2 from the download site for MINICUBE2
(http://www.necel.com/micro/en/development/asia/minicube2/minicube2.html).

Target system
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APPENDIX A DEVELOPMENT TOOLS

A.1 Software Package

SP78K0 Development tools (software) common to the 78K/0 Series are combined in this package.
78K/0 Series software package Part number: 4SxxxxSP78K0

Remark xxxx in the part number differs depending on the host machine and OS used.

HUSXxxxSP78K0

XXXX Host Machine oS Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)

A.2 Language Processing Software

RA78K0 This assembler converts programs written in mnemonics into object codes executable
Assembler package with a microcontroller.

This assembler is also provided with functions capable of automatically creating symbol
tables and branch instruction optimization.

This assembler should be used in combination with a device file (DF780714) (sold
separately).

<Precaution when using RA78K0 in PC environment>

This assembler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

Part number: uSxxxxRA78K0

CC78K0 This compiler converts programs written in C language into object codes executable with
C compiler package a microcontroller.

This compiler should be used in combination with an assembler package and device file
(both sold separately).

<Precaution when using CC78K0 in PC environment>

This C compiler package is a DOS-based application. It can also be used in Windows,
however, by using the Project Manager (included in assembler package) on Windows.

Part number: £SxxxxCC78K0

DF780714""" This file contains information peculiar to the device.

Device file This device file should be used in combination with a tool (RA78K0, CC78KO0, and
ID78K0-QB) (all sold separately).

The corresponding OS and host machine differ depending on the tool to be used.

Part number: ©SxxxxDF780714

CC78K0-L""? This is a source file of the functions that configure the object library included in the C

C library source file compiler package.

This file is required to match the object library included in the C compiler package to the
user’s specifications.

Part number: uSxxxxCC78K0-L

Notes 1. The DF780714 can be used in common with the RA78K0, CC78K0, and ID78K0-QB. Download the
DF780714 from the download site for development tools
(http://www.necel.com/micro/ods/eng/index.html).

2. The CC78KO0-L is not included in the software package (SP78KO0).
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Remark xxxx in the part number differs depending on the host machine and OS used.

USxxxxRA78K0
USxxxxCC78K0
USxxxxCC78K0-L

USxxxxDF780714

XXXX Host Machine [OF) Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)
3P17 HP9000 series 700™ HP-UX™ (Rel. 10.10)
3K17 SPARCstation™ SunOS™ (Rel. 4.1.4)

Solaris™ (Rel. 2.5.1)

XXXX Host Machine [OF) Supply Medium
AB13 PC-9800 series, Windows (Japanese version) | 3.5-inch 2HD FD
BB13 IBM PC/AT compatibles Windows (English version)

A.3 Control Software

PM+
Project manager

manager.
<Caution>

This is control software designed to enable efficient user program development in the
Windows environment. All operations used in development of a user program, such as
starting the editor, building, and starting the debugger, can be performed from the project

The project manager is included in the assembler package (RA78K0).
It can only be used in Windows.
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A.4 Flash Memory Programming Tools

A.4.1 When using flash memory programmer PG-FP5, FL-PR5, PG-FP4, FL-PR4, and PG-FPL

FL-PR4, PG-FP4, PL-PR5, PG-FP5 Flash memory programmer dedicated to microcontrollers with on-chip flash memory.
Flash memory programmer

PG-FPL Flash memory programmer dedicated to microcontrollers with on-chip flash memory.
Flash memory programmer Included with in-circuit emulator QB-780714.
FA-64GK-9ET-A Flash memory programming adapter used connected to the flash memory programmer

Flash memory programming adapter | for use.
o FA-64GK-9ET-A:
For 64-pin plastic TQFP (GK-9ET type)

Remarks 1. FL-PR5, FL-PR4, and FA-64GK-9ET-A are products of Naito Densei Machida Mfg. Co., Ltd.
TEL: +81-42-750-4172 Naito Densei Machida Mfg. Co., Ltd.
2. Use the latest version of the flash memory programming adapter.

A.4.2 When using on-chip debug emulator with programming function QB-MINI2

QB-MINI2 This is a flash memory programmer dedicated to microcontrollers with on-chip flash
On-chip debug emulator with memory. It is available also as on-chip debug emulator which serves to debug hardware
programming function and software when developing application systems using the 4PD78F0714. When using

this as flash memory programmer, it should be used in combination with a connection
cable (16-pin cable) and a USB interface cable that is used to connect the host machine.

Target connector specifications 16-pin general-purpose connector (2.54 mm pitch)

Remarks 1. The QB-MINI2 is supplied with a USB interface cable and connection cables (10-pin cable and 16-
pin cable), and the 78K0-OCD board. A connection cable (10-pin cable) and the 78K0-OCD board
are used only when using the on-chip debug function.

2. Download the software for operating the QB-MINI2 from the download site for MINICUBE2
(http://www.necel.com/micro/en/development/asia/minicube2/minicube2.html).
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A.5 Debugging Tools (Hardware)

A.5.1 When using in-circuit emulator QB-780714

QB-780714""
In-circuit emulator

The in-circuit emulator serves to debug hardware and software when developing application
systems using the xPD78F0714. It supports the integrated debugger (ID78K0-QB). This
emulator should be used in combination with a power supply unit and emulation probe. USB
is used to connect this emulator to the host machine.

Emulation probe

QB-144-CA-01 This adapter is used in waveform monitoring using the oscilloscope, etc.
Check pin adapter
QB-80-EP-01T This is a flexible type probe used to connect the in-circuit emulator to the target system.

QB-64GK-EA-01T
Exchange adapter

This adapter is used to perform the pin conversion from the in-circuit emulator to the target
connector.
e QB-64GK-EA-01T: For 64-pin plastic TQFP (GK-9ET type)

QB-64GK-YS-01T
Space adapter

This adapter is used to adjust the height between the target system and in-circuit emulator if
required.
e QB-64GK-YS-01T: For 64-pin plastic TQFP (GK-9ET type)

QB-64GK-YQ-01T
YQ connector

This connector is used to connect the target connector to the exchange adapter.
e QB-64GK-YQ-01T: For 64-pin plastic TQFP (GK-9ET type)

QB-64GK-HQ-01T
Mount adapter

This adapter is used to mount the target device onto the target device with socket.
e QB-64GK-HQ-01T: For 64-pin plastic TQFP (GK-9ET type) with on-chip debug function

QB-64GK-NQ-01T
Target connector

This connector is used to mount the in-circuit emulator onto the target system.
o QB-64GK-NQ-01T: For 64-pin plastic TQFP (GK-9ET type)

Note The QB-780714 is supplied with a power supply unit, USB interface cable, and flash memory programmer PG-
FPL. Itis also supplied with integrated debugger ID78K0-QB as control software.

Remark The package contents differ depending on the part number.

ackage Contents

Part Number

In-Circuit Emulator | Emulation Probe | Exchange Adapter | YQ Connector Target Connector

QB-780714-ZZZ

QB-780714-T30MC

QB-780714 Not included

QB-80-EP-01T QB-64GK-EA-01T | QB-64GK-YQ-01T | QB-64GK-NQ-01T

A.5.2 When using on-chip debug emulator QB-78 KOMINI

QB-78KOMINI"*®

On-chip debug emulator

The on-chip debug emulator serves to debug hardware and software when developing
application systems using the 4PD78F0714. It supports the integrated debugger
(ID78K0-QB) supplied with the QB-78KOMINI. This emulator uses a connection cable and
a USB interface cable that is used to connect the host machine.

Target connector specifications

10-pin general-purpose connector (2.54 mm pitch)

Note The QB-78KOMINI is supplied with a USB interface cable and a connection cable. It is also supplied with
integrated debugger ID78K0-QB as control software.
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A.5.3 When using on-chip debug emulator with programming function QB-MINI2

QB-MINI2 This on-chip debug emulator serves to debug hardware and software when developing
On-chip debug emulator with application systems using the #PD78F0714. It is available also as flash memory
programming function programmer dedicated to microcontrollers with on-chip flash memory. When using this

as on-chip debug emulator, it should be used in combination with a connection cable (10-
pin cable or 16-pin cable), a USB interface cable that is used to connect the host
machine, and the 78K0-OCD board.

Target connector specifications 10-pin general-purpose connector (2.54 mm pitch) or 16-pin general-purpose connector
(2.54 mm pitch)

Remarks 1. The QB-MINI2 is supplied with a USB interface cable and connection cables (10-pin cable and 16-
pin cable), and the 78K0-OCD board. A connection cable (10-pin cable) and the 78K0-OCD board
are used only when using the on-chip debug function.

2. Download the software for operating the QB-MINI2 from the download site for MINICUBE2
(http://www.necel.com/micro/en/development/asia/minicube2/minicube2.html).

A.6 Debugging Tools (Software)

ID78K0-QB This debugger supports the in-circuit emulators for the 78K/0 microcontrollers. The
Integrated debugger ID78K0-QB is Windows-based software.

It has improved C-compatible debugging functions and can display the results of tracing
with the source program using an integrating window function that associates the source
program, disassemble display, and memory display with the trace result. It should be
used in combination with the device file (sold separately).

Part number: #SxxxxID78K0-QB

Remark xxxx in the part number differs depending on the host machine and OS used.

1SxxxxID78K0-QB

XXXX Host Machine oS Supply Medium
AB17 PC-9800 series, Windows (Japanese version) | CD-ROM
BB17 IBM PC/AT compatibles Windows (English version)
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B.1 Register Index (In Alphabetical Order with Respect to Register Names)

[A]

A/D conversion result regisSter (ADCR) ......c.eiiiii ottt eab et s et st e e aar e sabe e eane e sabe e nar e shreenneeeares 270
A/D converter MOde regiStEr (ADM) ........viii it e e s e e e e s e e e s s e e e e b e e e nr e e e s ne e e e anneeeaan 266
A/D trigger selection register (TWOTRGS) .......uiiiiiiiiieiee ittt ettt et et esne e ssreenneeenes 114
Analog input channel specification regisSter (ADS) ........cc.eo it 269
Asynchronous serial interface operation mode register 00 (ASIMOO) .........oeiiiiiiiiiiiie e 292
Asynchronous serial interface reception error status register 00 (ASIS00)..........eoiiiriiiiiieriie e 294
[B]

Baud rate generator control register 00 (BRGCO0)..........ccueiiiiiiiiiiiii e 295
Buffer transfer control imer (RTIMO) .........iiiiiiiiei ettt esar e sse e e s be e e saneesbe e e ssreeane e e nneeeneeaa 109
[C]

Capture/compare control register (IT20CCR) .......coiiiiiiiiiiiie et e e e s esne e e e sne e e e anre e e snes 134
Capture/compare control register 00 (CRCO0).......ccuiiiriiirieiii ettt ettt e re e ene e b e sneenane s 159
Clock output Selection reGiStEr (CKS) ........uiii ittt ettt et b e e st e e be e e bt e et e e eneesabeesneenaneas 234
[D]

DC control register O (DCOCTLO) .......teiueeiteieiieeeete et ettt rte ettt e bt sse e et e bt e e b e e e b e e eab e e e b e e sabeesaneeaneeeasreeaneeeaneeeneena 247
(DO eo] a1 o] WE=Yo 151 (=] g I (B0 O I I TP P PP UPROTPTOPRPI 248
Dead time reload register (TWODTIME)........cooiiiiiiieee ittt e e s e e st e s asne e e e aab e e s annr e e e sanes 109
Dead time tiMEr O (DTIVIO) ....ceeiiiiiee i iee ettt e e sttt e e e et e e s ae e e e s ae e e e e anteeeeaneeeesneeeeeanteeeeanseeesanseeeeanbeeeeanneeeeannes 109
Dead time tIMEr 1 (DTIMT) ..ot ettt ettt e a bt e st e e eae e e sa e e e sae e e saeeeabbeesaneeabeeesneeeneeebeeenneeaa 109
Dead time tIMEr 2 (DTIM2) ....eei ittt e e e bt e e e e a bt e e e st e e e s ne e e e e an b et e s anee e e smneeeeanbeeesannneenannns 109
[E]

8-bit timer compare register 50 (CRB50)........ccouiiiiieiiee ittt ettt b et e e b e e e bt e et e e eneesab e e saneenane s 193
8-bit timer compare regiSter 51 (CRET)...cc ittt e e e s e s e e e s e e e s ann e s aanees 193
8-bit timer COUNTEr 5O (TIMB0).......ii ettt ettt ettt bt e e b e e b e e et et e be e et et e st e e b et enee s b e e eaneenareenaneennne s 192
8-Dit tIMEr COUNTET 51 (TIMBT ). ittt b ettt b et bt e ek e e e bt e et e e e st e et e e e beesabeeeaneesabeesnneennneas 192
8-bit timer H compare register 00 (CIMPOO) .........ueiiiiiieieiee et e e e s e b e e s e e e sbe e e s enne e e snes 210
8-bit timer H compare register 01 (CIMPOT) .....ooiiiiiiii et b e esn e nane s 210
8-bit timer H mode register O (TMHMDO) .........oiitiiiiie ettt sttt et e et e et e e e se e et e e eneesabeeanneenaneas 211
8-bit timer mode control register 50 (TMCB50) ......coeiiiiiiiiiii et e e e e e s e e sr e e s enre e e snes 196
8-bit timer mode control register 51 (TMOBT) .. ..eiiiiiiiie e e e et e e e eaae e e s e e sbeeeeeneeeesnnes 196
External interrupt falling edge enable register (EGIN).........oouii i 345
External interrupt rising edge enable register (EGP)..........oociiiiii i 345
[F]

Flash-programming mode control register (FLPIMOC).........coouiiiiiiiiie ettt s sne e 407
Flash protect command register (PFCIMD) .........coiuiiiiiiiieiit ettt e et e s e e s enne e e s snneee s 409
Flash Status regiSter (PFS) ........ooiiiiiieiiei ettt b et e bt b e et e e ean e e sa b e e ean e e nbe e e nneeeares 409
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[

Internal memory size sSWitching regisSter (IMS).........o et e e e e 391
Internal oscillation mode register (RCM) .......oouiiiiiiiiie ettt ettt e bt e s seeene s e nneeenee s 87
Interrupt mask flag register OH (IMKOH) ... ..ooiiiiiiieii ettt e e et e b st e e s e sab e snreenneas 343
Interrupt mask flag regisSter OL (IMIOL) ......coo ittt et e e e s b e e e e nn e e e snneeeenneeeeanes 343
Interrupt mask flag register TH (IMKTH) ..o e et e e e st e e e e sne e e e sneeeeenneeeeennee 343
Interrupt mask flag register TL (IMKTL) ..ottt et e et e st e e e et e e en e e s be e enreenanas 343
Interrupt request flag register OH (IFOH) .......oii it e e e e s s e e s e e e s nnne e e e 341
Interrupt request flag regiStEr OL (IFOL)......o . it iieeeeiieee ettt e et e e st e e e e st e e e saee e e e ebeeeeeanteeesneeeeenneeeeenee 341
Interrupt request flag re@ister TH (IFTH) ... bbbt r e b e s r e e 341
Interrupt request flag regiStEr TL (IFTL) .. oo ettt s e e s e b e s e nr e e e snn e e e s nn e e e eanee 341
Inverter timer CoONtrol regiStEr (TWOC) .....oci ettt et e e et e e s st e e e smbe e e e e seeeesneeeeeaseeeesanseeesneeeeennneeeennee 110
Inverter timer Mode regiSter (TWOM) .......ooiuiiiiii ettt ettt sae e et e sae e sh b e e sae e e s b e e e be e et e e ebeesabeesnreennnas 112
Inverter timer output control register (TWOOC) ......coiiiiiiiiiei ettt s e e s e e e e snne e e e 114
[L]

Low-voltage detection register (LVIM)... ... ettt sttt ettt e bt e s beesan e e sabeesnneeseneenaneenee 381
[M]

Main clock Mode re@ister (MOM) .........oi ittt b e e et b e e e b e e e b e e s b e e sabeesan e e sseeeane e e nnnesnee s 88
Main OSC CONLrol rEGISEr (IMOC) ... ..eiiiieiiie ettt ettt sh et e b et e sae e et et e bt e et e e eabeeeabeesabeesaeeesmeeenbeeeaneeenneean 89
Multiplication/division data register AO (MDAOH, MDAODLY) ......ociiiiiieiiiieeeiiee et e e s e e 328
Multiplication/division data register BO (IMDBO) ..........c.uuiiuieiiiiiirieeiiie ettt sttt e s e e sane e sneeesneeene 329
Multiplier/divider control register O (DIMUCO)........coueiiiteieiieeieeeiee ettt ettt st ee e sb e sbe e e be e e beesaneesabeesnneesnneenaeeenee 330
[N]

Noise eliminate time select register 1 (NRCT)......ocuiiiiiieeee et nae e 138
[O]

Oscillation stabilization time counter status register (OSTC)........cueiiiiiiii i 90, 358
Oscillation stabilization time select register (OSTS) ......uiiiii it 91, 359
[P]

Port Mode regiSter O (PIMO) ........eieiiieeeeiie ettt ettt e et e e et e s s et e e e b et e e e st e e e s nne e e e e b e e e e e ne et e nnrneeeanreeennee 78
POrt MOdE reGISTEr 1 (PIMT) ...ttt e e b e e et e st eeae e e s ae e e ean e e s ar e e san e e sseeeane e e annesnee s 78
Port MOde reGiStEr 3 (PIMB) ... ..ttt ettt e a e st e e ea bt e s a b e e eae e e sae e e eabe e sabeeeae e e sneeenbe e e anneenee s 78
POrt MOAE rEQISTEr 4 (PIMI4) ... ..ttt ettt e et e e e s e e e e e b et e e e s b e e e s nne e e e e be e e s enee e e snneeeeanreeennee 78
POrt MOE FEGISTEN 5 (PIVI5) ...ttt ettt ettt e e e sttt e e e ate e e e sase e e e sabe e e e enteeesanneeeeanseeeeanseeesneeeeeanreeesanee 78
POrt MOdE r@GISIEr B (PIMB) .......oouiiiiiieitie ettt ettt ettt ettt e it e st e e ea b e e s et e e eas e e sae e e eabe e saeeesaeeessbeenneeeanneeneean 78
POt MOAE FEGISTEN 7 (PIM7) ..ttt ettt e et e e s e e e e s bt e e e bt e e e s mne e e e e be e e s anreeesnneeeeanreeennee 78
[T B (=Y o 1S3 (= G {0 ) SR SRS 80
Lo R =T 1151 (=T I 1 PP P TP UPTUPR 80
PO FEGISIEI 2 (P2) ...ttt ettt e bt e e e et e e e s s e e e oo b e e e e n e et e e ean e e e e e R e e e e e nre e e nne e e e anreeennee 80
Lo g (=Y o 153 (g T (2 ) SR SRR 80
Lo R =T |11 (=T A (o TP TSP OUPTUPR 80
(e el (o151 (T g (2= OO TP U PSR OURRPR PRSP 80
(o g (Yo 153 (= g ST () S SPSN 80
Lo R =T |11 (=T A (= PP PTO PP SUPTUPR 80
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Power-fail comparison mode register (PFM)...........ooiiiiiioii ettt sn e seb e nae e e 271
Power-fail comparison threshold register (PFT) .......cooi i e s s 271
Prescaler mode register (IT20PRM) ........oiiiiiiie ettt ettt e e b et eene e st e e san e e sereennneenes 136
Prescaler mode register 00 (PRIMOOD)........coiuiieieeiiee ettt sttt st sae e ste e sae e sbe e e se e e abeeese e e beeeaneesabeesnneesaneennneeanes 161
Priority specification flag register OH (PROH) ..........uiiiiiiiiiie et e s 344
Priority specification flag regiSter OL (PROL) .......ciiuiiiiiiiee et seie et e ettt see e s et e e e st e e e sneeeesraeeeeennteeesnnseeesanneeesn 344
Priority specification flag register TH (PRTH) .....coiuiii et 344
Priority specification flag register TL (PRTL) .....ouii ittt e e e s nne e e snnee s 344
Processor clock CONtrol reGISIEr (PCOC) ......oiuuiiiiiitie ettt sttt b e sae et et e e et e e neesab e e sneenareas 86
Pull-up resistor option register O (PUD) ..........oouiiiiii ettt sttt et et e sae e et e e e se e e be e s neesabeesneesnneas 81
Pull-up resistor option re@iSTEr 1 (PUT) ...ttt e e e e et e e s e ne e e e snneeeenreeenans 81
Pull-up resistor option re@iStEr 3 (PUB) ......coo ittt ettt e sttt e e ettt e e saet e e s saseeeesnbeeeeaneeeesneeeeensneeenan 81
Pull-up resistor Option regiSTEr 4 (PU4) ..ottt sttt b et sae e be e e ae e e be e e neesabeesneennreas 81
Pull-up resistor option re@iSTEr 5 (PUB) ......cooiciiiiiiiee ettt e et e s amn e e e s e b et e s e nr e e e snneeeenreeeeans 81
Pull-up resistor option re@iSTEr B (PUB) .........ccuiiiiiiieeeiiee ettt ettt e st e e ettt e e ssee e e s snseeeeanteeeeaneeeesneeeesnsseeenans 81
Pull-up resistor Option reGiSTEr 7 (PU7) .....oouii ettt bttt b et sae e bt e ae e e be e e neesabe e sneennneas 81
[R]

Real-Time output buffer register OH (RTBHO0) ........cccutiiiiiiiieiiieee ettt e e 241
Real-Time output buffer register OL (RTBLOOD) ........ccoiueiitieriieiieestee sttt ettt et be et esne e sbeesaneesareesneeeneee 241
Real-Time output buffer register TH (RTBHOT) .......ueiiiiiiieeeiee e e e eas 242
Real-Time output buffer register TL (RTBLOT) ...ccouiiiiiiee ettt e e e e et e st e e e st eeeanteeesenneeeesnneeean 242
Real-Time output port control register 0 (RTPCO0).......c.ueiiuieiiieiiie ettt ettt b et ene et e s sereesneeeees 245
Real-Time output port control register 1 (RTPCOT)....ccoiiiiiiiie e e e as 246
Real-Time output port mode register 0 (RTPMOO) ........uuiiiiiiiieiiee e ctiee et e e et e e st e e s raee e e e snbeeessnneeeesnneeenn 243
Real-Time output port mode register 1 (RTPMOT) .......oo ittt ettt en e s sne e e 244
Receive buffer register 00 (RXBO0) ......ciuuueiiiiureieiiiiee et eei e e et e e et e e s e e e s b e e e e e asee e e sanneeeesbreeeanbeeesanneeesanneeens 291
Remainder data regiSter O (SDRO).......cccutiiiieiiie ettt ettt ettt b e b b e be e b e e b e e et e e e bt sar e e enn e nar e e nneeenes 327
Reset control flag regiSter (RESF) .......couii ittt ettt b et b et e et e e n e e st e e ean e e saneennneeees 375
[S]

Serial clock selection register 10 (CSICT0)......uiiuiiiiieitieeie ettt st e e e b e an e e s r e sneennne s 313
Serial I/O shift register 10 (SIOT0) .....couiiiieeeie ettt e b et e be e et e e e se e s abeeebeeeabeeeaneesabeesaneenaneas 311
Serial operation mode register 10 (CSIMT0) ... .uiiiiiiiie e e e e e s e e sbe e e s ene e e e snes 312
STALUS rEGISTEI (IT20STS) ..uteiitiiitee ettt a e sa e e ae e s a bt e e he e e sa et e eae e e eh et e ae e et et e st e s b e e eaneenareennneennne s 137
System wait CONrol rEGISIEr (VSWC).....couiiiiiee ittt ettt a e st sa e s et e sa e e e saeeesbeeesbeeebeeesneeeneeans 92
16-bit capture/compare register 0 (IT20CC0) ......cicuuieeiiiiieeiieie et e e e e e e s e e e s e e e e anb e e e s anneeessnneeens 129
16-bit capture/compare register 1 (IT20CCT) ...oiiiuiiiiii ettt sb e bt eean e e e nne e e 130
16-bit compare register 0 (IT20CMO) .......ciiiueieiieiiee ettt ettt et sab e sae e sheeeaae e e abeeebe e e beeeneesabeesnneesaneennneeares 127
16-bit compare register 1 (IT20CMT) ... it e e e e e et e e e s e e e sbn e e e enb e e e sanneeesanneeens 128
16-bit timer capture/compare register 00 (CROD)........eiitiiriieitieeiee ettt b e sne e sere e e e e 154
16-bit timer capture/compare register 01 (CROT)....ooouiiiiieiiie ettt sn e sebeesne e e 156
16-bit timer counter 00 (TIMOO0).......o uueeeeiiiee ettt et e e e e e s e e s st et e e aan e e e e sb e e e e e see e e sanne e e e sabeeeeenreeesnneeesnneeenn 154
16-bit timer mode control register 00 (TMCO00) ........oeeiiiiieeiiee et e e e e st ee e e et e e s easee e e snbeeeeeanteeeeanneeessnneeean 157
16-bit timer output control register 00 (TOCO0).......ccuuteirieriee ettt ettt e et e e ie e sbeeesbe e sbeeebeesbeesaneesareesneeeees 159
16-bit up/dOWN COUNEET (IT20UDC) .....ciiiiiieieitiee ittt ettt e e st e e e st et e s annn e e e snne e e enre e e snneeesanneeean 125
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[T]

10-bit buffer register 0 (TWOBFCMO) ......ccoiiiiieiiiee ettt e et e e e se et e s ssee e e e aa b e e e e enne e e snneeeanneesannes 109
10-bit buffer register 1 (TWOBFCMT) ......oi ittt e et e b e e s e e be e e e e e nee s e e sareennnas 109
10-bit buffer register 2 (TWOBFCIM2) ..........uooiiieiieeiit ettt ettt b et e e be e st e e e abe e sabe e abe e e beeeseesabeesareenneas 109
10-bit buffer register 3 (TWOBFCMSB) ......cciiiiiieiiee ittt e s b e e e se e e e s se e e e e aa b b e e e ente e e snneeeanneeeaanes 109
10-bit buffer register 4 (TWOBFCMA) ..ottt e ettt e e et e e st e e e e asteeesnaeeeeeanbaeeeeanseeesneeeeenseeeeannee 109
10-bit buffer register 5 (TWOBFCMS) ........ouioiiieiieeiit ettt ettt b e b e s e e st e e e be e st e e ebee et e e ebeesabeesnreennnas 109
10-bit compare register O (TWOCMO) ......ccooiuiiiiieiee ittt et e s e e e et e e e e se et e s ssse e e e aabe e e e eanseeesnneeeannneesanee 108
10-bit compare register 1 (TWOCMT) .. ..eiii ettt e et e e st e e et e e e e nt et e s saneeeeanbeeeeeanseeesneeeeennneeennnee 108
10-bit compare register 2 (TWOCMR2) .......couiiiiie ettt ettt ettt b et sbe e b e e e bt e s be e e be e s beeebe e e beeebeesabeesnreenanas 108
10-bit compare register 3 (TWOCIMS3) ......coeiiiiieiiiiie ettt e e e e st e e e e se et e s ssse e e e aabe e e e eanreeesnneeeannneeeannee 108
10-bit compare register 4 (TWOCIMA) ......cooo ittt et e e sttt e e s et e e st e e e s aateeessaneeeeanbeeeeeanseeesneeeeennneeennee 108
10-bit compare register 5 (TWOCMB) .......couiiiiie ettt sttt ettt ettt b e bt e be e e be e et e e e bee s beeebe e e beeebeesabeeenneennnas 108
10-bit Up/dOWN COUNEET (TWOUDC) ....uiiiiiiiiiie ettt ettt e e e s b e e et e e ssn e e e e et e e e e enne e e snneeeeanneeeennee 108
Timer clock selection regisSter 50 (TCLS0)......ciiiuiire et eiiee et eee e ettt e e setee e sbeeeeassteeesaaseeeesseeeeaasteeesneeeesneeeeanseeessnee 194
Timer clock selection regiSter 51 (TOLST) .. .o ittt ettt ettt st e s ne e san e e saeeenbe e e naeeennee s 194
Timer control register (IT20TMOC) ....cooi ettt e e e b e e e b e e e s br e e e e aabe e e e eaneeeesneeeeabneeenanee 133
Timer unit mode regiSter (IT20TUM) .......oi ittt et e e st e e e st e e e s eaeeeesaaseeeeanteeeeennneeesnneeeeansaeeennnee 132
Transmit buffer register 10 (SOTBT0) ....cccuiiiiiiiiii ettt e e et sae e s ae e e abe e e sseesaeeesseeenbeeenbeeanee s 311
Transmit shift register 00 (TXS00) ....ccouuuiiiiieeee it e e e et s e e as e e e abe e e e e nee e e sasreeeeaabeeesannneeesneeesasneeeannee 291
[Vl

Valid edge select register (IT20SESA) ..ottt ettt e st e e s b e e sab e e st e e sae e e saeeenbeeabeeeanee s 135
(W]

Watchdog timer enable reQister (WDTE)........coui ittt ettt e et e e e st e e s bt e e e esteeesneeeesneeeeenaeeesnnee 227
Watchdog timer mode register (WD TIM).......ooei ettt sttt sttt sttt sae e s aee e sae e e s aee e sae e e smneenneeeaaeesnnee s 226
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B.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

[A]

ADCR:
ADM:
ADS:
ASIMOO:
ASIS00:

[B]
BRGCO0:
[C]

CKS:
CMPOQO:
CMPO1:
CRO0O:
CRof1:
CR50:
CR51:
CRCOo0:
csic1o:
CSIM10:

[D]

DCCTLO:
DCCTLA1:
DMUCO:
DTMO:
DTM1:
DTM2:

[E]

EGN:
EGP:

[F]
FLPMC:
[

IFOH:
IFOL:
IF1H:
IF1L:
IMS:
IT20CCO:
IT20CC1:

A/D CONVEISION FESUIL FEGISTEN ...ttt ettt b e et eeae e e be e e neenareas 270
A/D converter MOUE FEJISTEN.........couiiii i 266
Analog input channel Specification rEQISTEN .........cooi i e 269
Asynchronous serial interface operation mode register 00..........coocviiirieer e 292
Asynchronous serial interface reception error status register 00..........ccceviiiiieiniiee e 294
Baud rate generator control regisSter 00 ..........coooiiiii i e 295
Clock output SEIECHION FEGISIEN .......iiiueiiriiieiie ettt es 234
8-bit timer H compare register 00 .........cooueeeiiiiieieii e e 210
8-bit timer H compare register 01 ... s 210
16-bit timer capture/compare register 00..........cccueiiiieiiiiiii et 154
16-bit timer capture/compare register 07 .........ooiiiiiiieiieeet e 156
8-bit timer compare register 50........cccoo i s 193
8-bit timer CompPare regiSter 51 ... .o s 193
Capture/compare CONtrol regiSTEr 00 .........cocueiiiiiiiee ettt e e sae e s sbeeeneesaneas 159
Serial clock selection register 10 ..o 313
Serial operation MOde regiStEr 10 .......ooiiiiiiiiiie e et e e s e e et e e e ene e e e snaeee s 312
DC CONrol FEGISIEN O......coeieiiie e s s s se e b sre e sne e 247
DO o] g (o I (=T o I=] (=1 o TP PPTOPPTOUPPPPPPI 248
Multiplier/divider CONrol FEGISIEN O..........eiiiee ettt se e et e s e e e sbe e e saeeeneeaas 330
Dead tIME HIMEE O ...ttt e e e e st e s e e e e e s b e e e e e s be e e e enreeesnneeeansreeenans 109
Dead tIME tIMEE T ... e s s e e s e e e e s enn e e e sne e e e e anneeenans 109
Dead tIME HIMEE 2 ... e e e e et e s e e e e s e e e e e s re e e s anne e e s nneeeaanneeennns 109
External interrupt falling edge enable regiSter ..........o e 345
External interrupt rising edge enable register ... 345
Flash-programming mode CONrOl reQISTEr..........viii i e 407
Interrupt request flag register OH ..........c.oo i 341
Interrupt request flag regiSter OL ... e 341
Interrupt request flag register TH ... 341
Interrupt request flag regiStEr TL .. ..o i 341
Internal memory size SWItChing rEQISTEN........evii i 391
16-bit capture/compare reGiSTEr O.........ei i 129
16-bit capture/compare regiSter T.........oi i e 130
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IT20CCR:
IT20CMO:
IT20CM1:
IT20PRM:
IT20SESA:
IT20STS:
IT20TMC:
IT20TUM:
IT20UDC:

[L]
LVIM:
[M]

MCM:
MDAOH:
MDAOL:
MDBO:
MKOH:
MKOL:
MK1H:
MK1L:
MOC:

[N]
NRC1:
[O]

OSTC:
OSTS:

[P]

PO:
P1:
P2:
P3:
P4:
P5:
P6:
P7:
PCC:
PFCMD:
PFM:
PFS:
PFT:
PMO:
PM1:
PMS3:
PM4:

458

Capture/Compare CONLIOrE FEGISIEN ........ueiriie ettt ettt sae et e e bt sae e e sbe e e saeeesae e e seeeeanee s 134
16-bit COMPAre regiSTEr O.......ooeiii e 127
16-Dit COMPAIE FEQISTEI T ...ttt e e e e e e s e e e e e e e e s anbneeeeeeeanan 128
Prescaler MOAE FEGISTEN . ........vii e e e e e e s e s e e s enne e eas 136
Valid €dge SEIECT FEQISIEN ........eeiiiii e e e 135
= LLU ES =T |51 (=Y SRR 137
TIMEE CONIOI FEGISTEN ....eeee ettt e e e e n e e s e e s enn e e e e e e e e s ne e e e nnnneas 133
Timer Unit MO FEUISTEN .......coiiii e 132
16-Dit UP/AOWN COUNTET ...ttt b e eb et bt be e et et ene e s b e e en e nanes 125
Low-voltage deteCtion register....... ..o 381
Main ClOCK MOAE FEQISTEN ... ..t e e e e s e nne e nnnees 88
Multiplication/division data register AD...........c..ooiiiiii e 328
Multiplication/division data register AD...........cuiiiiiiiiie e 328
Multiplication/division data register BO.............uiiiiiiiiiaiie ettt e 329
Interrupt mask flag register OH ... s 343
Interrupt Mask flag regiSter OL ........oo it e e et e e b e e e et sneeas 343
Interrupt mask flag register TH ... e e s 343
Interrupt mask flag register TL ... ... s 343
MaiN OSC CONEIOI FEGISTEN ......eeiiiieeie ettt ettt b e b e e b e b e e ne e e b e neenanes 89
Noise eliminate time select register 1 ...... ..o 138
Oscillation stabilization time counter status register ..........ccccveviieeeiciii e 90, 358
Oscillation stabilization time select register ... 91, 359

Port register 0
Port register 1
Port register 2
Port register 3
Port register 4
Port register 5
Port register 6
Port register 7

Processor ClOCK CONTIOI FEOISTEN ... . ... ittt e e e e et e e e e e e e snnnee 86
Flash protect command reGISTEN ........ouviii i 409
Power-fail comparison mode register ... 271
FIash StatUS rEGISTEN ...ttt e e e e r e e e e e e anbeeeeeeeeenan 409
Power-fail comparison threshold regiSter...........cviii i 271
POrt Mode regiSter O ...... ..o e 78
e gl gaTeTe [ g=To 1] (=T o PP OUPTPUPTROOE 78
(o gl Lo o [=IN (=T 1 (=T g O R PR 78
POrt MO reGISEr 4 ... e 78
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PM5:
PM6:
PM7:
PROH:
PROL:
PR1H:
PR1L:
PRMOO0:
PUO:
PU1:
PU3:
PU4:
PUS5:
PUG:
PU7:

[R]

RCM:
RESF:
RTBHOO:
RTBHO1:
RTBLOO:
RTBLO1:
RTMO:
RTPCO00:
RTPCO1:
RTPMOO:
RTPMO1:
RXBO0O0:

[S]

SDRO:
SI010:
SOTB10:

[T]

TCL50:
TCL51:
TMOO:
TM50:
TM51:
TMCOO:
TMC50:
TMC51:
TMHMDO:
TOCO00:
TWOBFCMO:
TWOBFCM1:

POt MO FEGISTEE ...t e e e s e e st e s s e e e e n e e e e e nr e e nnees 78
POrt MO rEGISEr B ... e e 78
[T g TeTa (=T (=T 1= =T PP PP PR 78
Priority specification flag register OH ..........c.ooeiiiiii e e 344
Priority specification flag regisSter OL..........c.oooii i 344
Priority specification flag register TH ... e 344
Priority specification flag regisSter TL........ooo oo 344
Prescaler mode register 00 ...........ooiiiiii i e 161
Pull-up resistor Option regiSTEr 0. e e e e e s e e e e an 81
Pull-up resistor Option reGISTEr 1 .....coo e 81
Pull-up resistor Option reGISTEr B ... oot 81
Pull-up resistor Option FEQISIEr 4 ... et e e e e s e e e e e e an 81
Pull-up resistor Option rEGISTEr 5.....coo i 81
Pull-up resiStor OptioN FEGISTEr B......ccoueiiiiiee et 81
Pull-up resistor OPtioN FEOISIEE 7 ...t e e e e s e nnreeeeeeean 81
Internal oscillation MOAE regiStEr.........c.coiiii i s 87
Reset CONTIOl flag FEGISTEN....c..ei ittt ettt b e esre e neeenne e 375
Real-Time output buffer regisSter OH ... e 241
Real-Time output buffer register TH ... 242
Real-Time output bUuffer regiSter OL..........cooeiiiiiiiiiieie e e e e e e snreeeeaes 241
Real-Time output buffer regisSter TL.........oo e e 242
Buffer transfer CONTrOl tIMET ........oooi i e s 109
Real-Time output port CoONtrol re@iSTEr O ........oo i 245
Real-Time output port CONtrol regiSter 1 ........coo i 246
Real-Time output port MOdE regiStEr0...........eviiuiieeiiiiie e e e s anre e eaes 243
Real-Time output port MOde regiSTErT ... oo e s e e 244
Receive buffer register 00 ........coo e e e 291
Remainder data register O........cooiiiii i 327
Serial 1/O Shift rEGISTEr 10 .. ..i ittt ettt s b e bt e b e st e e sbe e e sreeeneeea 311
Transmit BUffer regiSter 10 ... e s 311
Timer clock Selection regiSter 5O ..........uii i 194
Timer clock selection regiSter 51 ...........oi i s 194
16-Dit tIMEr COUNTET 00......coi i e e s s e s e e e e sne e e e ennee e e 154
8-Dit tIMET COUNTET 50.....ce ittt e s e e e e n e e e s e e s enne e e s e e e e sannneeennneeens 192
8-Dit tIMEI COUNTET 5.t e e s rn e e e e e e s anne e e e nnreee s 192
16-bit timer mode control regiSter 00 .........ccooi i e e e e e e 157
8-bit timer mode CONtrol rEGISTEr 5O ......coueeeeiieee e 196
8-bit timer mode control register 51 ..........oo i 196
8-bit timer H Mode regiSter O ... e e e e e e e e e e bnee e e e e e e sneee 211
16-bit timer output coNtrol reGiStEr 00 .........cceeii i e e e 159
10-bit BUFfEr re@ISTEE O ... e e e 109
O o A o101 (=T g (=T 1 =Y i RS 109
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TWOBFCM2:
TWOBFCMS3:
TWOBFCM4:
TWOBFCM5:

TWOC:
TWOCMO:
TWOCM1:
TWOCM2:
TWOCMS3:
TWOCM4:
TWOCM5:
TWODTIME:
TWOM:
TWOOC:
TWOTRGS:
TWOUDC:
TXSO00:

vl
VSWC:
(W]

WDTE:
WDTM:

460

T0-Dit DUFFEF FEQISTEI 2. e e e e s e s nnnneas 109
10-bit bUFfer register 3...... ... e 109
10-Dit DUFFEN FEGISIEN 4.ttt n e esaneennnes 109
T0-Dit DUFFEF FEQISTEI 5. e e e e s e e s nnneas 109
Inverter timer CONtrol rEGISTEr ...........ii e e 110
10-Dit COMPAIE FEQISTEN O......eeiieeei ettt e e e e et e et e e e e e s anbneee e e e s e aannbnneeaeeeanan 108
10-bit COMPArE FEGISTEI ... e e s s e e e e s enre e nnnees 108
10-bit COMPArE reQISTEr 2.... .o e e 108
10-Dit COMPAIE FEQISTEN 3.t e e e e et e et e e e e e e an b e e e e e e e e e aanbnneeaeeeanas 108
10-bit COMPAIE FEGISTEI 4 ...t e e et e s s e e e e s re e e s anne e e nnneas 108
10-bit COMPAre regiSIEr 5.... .o e e e 108
Dead time rel0ad FEQISTEN ..... ... ittt e e et e e e e e e e b e e e e e e e e nnneeea s 109
Inverter tiMer MOAE FEQISTEN ... e e s e e enne e nneeas 112
Inverter timer CONtrol rEGISTEN ... ......uii e e 114
A/D trigger SEIECION FEGISTEN ....coiuiiiiiiiitii ettt sttt san e sne e e nneeenee s 114
10-Dit UP/AOWN COUNTET ...ttt et e b e e sbe e ket e be e e b et e ne e st e e enneenanes 108
Transmit Sift regiSter 00 ...........cooiiie e e e 291
System Wait CONIOI FEGISTET .........ueiiiie ittt ettt e sbe e e b et st e e b e e e neesans 92
Watchdog timer enable regiSter..... ... o et 227
Watchdog timer MOAE FEQISTEN ... ..o e 226
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