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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 Vit (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 Vi. (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 Vop 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, 1/0 settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after power-on for devices
with reset functions.

POWER ON/OFF SEQUENCE

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

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

INPUT OF SIGNAL DURING POWER OFF STATE

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

Windows and Windows NT are either 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.

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 July, 2006. 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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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
78KO0/LE2 and design and develop application systems and programs for these devices.
The target products are as follows.

78K0/LE2: 4PD78F0361, 78F0362, 78F0363, 78F0363D

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

Organization below.

The 78KO0/LE2 manual is separated into two parts: this manual and the instructions
edition (common to the 78K/0 Series).

78K0/LE2 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
¢ Pin functions ¢ CPU functions
e Internal block functions o Instruction set
¢ Interrupts o Explanation of each instruction

It

Other on-chip peripheral functions
Electrical specifications

is assumed that the readers of this manual have general knowledge of electrical

engineering, logic circuits, and microcontrollers.

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.

How to interpret the register format:

— For a bit number enclosed in angle brackets, the bit name is defined as a
reserved word in the RA78KO0, and is defined as an sfr variable using the
#pragma sfr directive in the CC78K0.

To check the details of a register when you know the register name:

— Refer to APPENDIX B REGISTER INDEX.

To know details of the 78K/0 Series instructions:

— Refer to the separate document 78K/0 Series Instructions User’s Manual
(U12326E).
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Conventions 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 s XXXX OF XxxxB
Decimal - XXXX
Hexadecimal - xxxxH
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

78K0/LE2 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. 2.90 Integrated Debugger Operation U17437E
PM plus Ver. 5.20 U16934E

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

Document Name

Document No.

QB-78K0LX2 In-Circuit Emulator

U17468E

QB-78KOMINI On-Chip Debug Emulator

U17029E

Documents Related to Flash Memory Programming

Document Name

Document No.

PG-FP4 Flash Memory Programmer User's Manual

U15260E

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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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

O
O

O OO0OO0OO0OO0

@)
©)
@)

@)
©)
©)

Minimum instruction execution time can be changed from high speed (0.1 us: @ 20 MHz operation with high-
speed system clock) to ultra low-speed (122 us: @ 32.768 kHz operation with subsystem clock)

General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
ROM, RAM capacities
Item Program Memory Data Memory
(ROM) Internal High-Speed LCD Display RAM

Part Number RAM™"*

uPD78F0361 Flash memory™™® | 16 KB 768 bytes 20 x 4 bits
uPD78F0362 24 KB 1 KB

#PD78F0363, 78F0363D 32 KB

Note The internal flash memory and internal high-speed RAM capacities can be changed using the internal
memory size switching register (IMS).

On-chip single-power-supply flash memory

Self-programming (with boot swap function)

On-chip debug function (zPD78F0363D only)

On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
On-chip watchdog timer (operable with internal low-speed oscillation clock)
LCD controller/driver (internal voltage boosting, external resistance division, and internal resistance division are
switchable)

Segment signals: 20, Common signals: 4

On-chip clock output controller

I/O ports: 24

Timer: 7 channels

* 16-Bit Timer/Event Counter: 1 channel

* 8-Bit Timer/Event Counter: 2 channels

¢ 8-Bit Timer: 2 channels

e Watch Timer: 1 channel

* Watchdog Timer: 1 channel

Serial interface: 3 channels

* UART (LIN (Local Interconnect Network)-bus supported): 1 channel
* CSI/UART"™: 1 channel
* I°C: 1 channel

Note Select either of the functions of these alternate-function pins.
10-bit resolution A/D converter: 5 channels

Power supply voltage: Voo=1.81t0 5.5V
Operating ambient temperature: Ta=—-40 to +85°C
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1.2 Applications
APS cameras, digital cameras, AV equipments, and household electrical appliances, etc.
<R> 1.3 Ordering Information

¢ Flash memory version (Lead-free products)

Part Number Package
uPD78F0361GB-UEU-A 64-pin plastic LQFP (fine pitch) (10 x 10)
uPD78F0362GB-UEU-A 64-pin plastic LQFP (fine pitch) (10 x 10)
uPD78F0363GB-UEU-A 64-pin plastic LQFP (fine pitch) (10 x 10)
1PD78F0363DGB-UEU-A"™" 64-pin plastic LQFP (fine pitch) (10 x 10)
uPD78F0361GK-UET-A 64-pin plastic LQFP (12 x 12)
uPD78F0362GK-UET-A 64-pin plastic LQFP (12 x 12)
UuPD78F0363GK-UET-A 64-pin plastic LQFP (12 x 12)
4PD78F0363DGK-UET-A"" 64-pin plastic LQFP (12 x 12)

Note The xPD78F0363D 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, with respect to the number of
times the flash memory can be rewritten. NEC Electronics does not accept complaints about this product.
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1.4 Pin Configuration (Top View)

e 64-pin plastic LQFP (fine pitch) (10 x 10)

e 64-pin plastic LQFP (12 x 12)

3
E3 o 2
5 X S = 9
Y o £ Q
E s = S n>:<
o-Foogs - £
© © Eoed -2 -0 0 ¥ S
oo EBEzo00zZz2ZZ O =
WegcsskbELILIIILL , 109
&—'<mc\10v—0v—c\|mvwm0v—
OO0 N roodAANAN>SS -
[l S N s W W s W s W W o W o W s W o W= = o s W
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
P124/XT2/EXCLKS O=—+{ 1 O 48 |+~—O P12/SO10
P123/XT1 O=~—— 2 47 [+~—=O P13/TxD6
FLMDO O—— 3 46 [+~—0O P14/RxD6
P122/X2/EXCLK/OCDOBNO® O~—={ 4 45 f=——0O P15/TOHO
P121/X1/0CDOANote el 5 44 |+=—0O P16/TOH1/INTP5
REGC O————— 6 43 f+—=0O P17/TI150/TO50
Vss O—— 7 42 |+—0O P30/INTP1
Voo O——1 8 41 =—0O P31/INTP2/0CD1ANote
CAPHO——1 9 40 |=—O P32/INTP3/0CD1BNote
CAPLO——— 10 39 —O LVop
Vico O——— 11 38 —O LVss
Vict O——— 12 37 —0O S19
ViceO——— 13 36 —0O S18
COMO O=~— 14 35 F—0O s17
COM1 O=— 15 34 ——0O S16
COM2 O=—1 16 33—0O S15
1718 19

COM3 O=———]|
(IO —
IO —
20—
S30-—R
S40-—RN
S5 0=
S6O0——HAR
S70~—N
S8 0~—— R
S9O0~— R
S1I00-—R
S11O0=—R
S120-—8
S130-— X
S140-— 8

Note #PD78F0363D (product with on-chip debug function) only.

Cautions 1. Connect the AVss pin to Vss.

<R>

2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF: recommended).

3. ANIO/P20 to ANI4/P24 are set in the analog input mode after release of reset.

User's Manual U17734EJ2V0OUD
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Pin Identification
ANIO to ANI4:
AVREF:

AVss:

CAPH, CAPL:

COMO to COMa:
EXCLK:

EXCLKS:
EXLVI:

FLMDO:

INTPO to INTP5:

LVoo:

LVss:

OCDOA™, OCDOB"":
OCD1A™, OCD1B"™":

POO, PO1:
P10 to P17:
P20 to P24:
P30 to P33:
P60, P61:
P120 to P124:

Analog input

Analog reference voltage
Analog ground

LCD power supply
capacitance control
Common output

External clock input
(main system clock)
External clock input
(subsystem clock)
External potential input
for low-voltage detector
Flash programming mode
External interrupt input
Power supply for

LCD controller/driver
Ground for

LCD controller/driver

On Chip Debug Input/Output
On Chip Debug Input/Output
Port 0

Port 1

Port 2

Port 3

Port 6

Port 12

REGC
RESET:
RxDO0, RxD6:
S0 to S19:
SCK10:
SCLO:
SDAO:

SH0:

SO10:

TI000, TIO10:

TI50, TI51:
TOO0O:

TO50, TO51:
TOHO, TOH1:

TxDO, TxD6:
Vbb:

Vss:

Vico to Vice:
X1, X2:

XT1, XT2:

Note PD78F0363D (product with on-chip debug function) only.

20
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Regulator capacitance
Reset

Receive data

Segment output

Serial clock input/output
Serial clock input/output
Serial data input/output
Serial data input

Serial data output
Timer input

Timer input

Timer output

Timer output

Timer output

Transmit data

Power supply

Ground

LCD power supply
Crystal oscillator

(main system clock)
Crystal oscillator
(subsystem clock)



CHAPTER 1 OUTLINE

<R> 1.5 78K0/Lx2 Series Lineup
ROM RAM 78KO0/LE2 78KO0/LF2 78K0/LG2
64 Pins 80 Pins 100 Pins
128 KB 7 KB - - #PD78F0397D""*
1PD78F0397
96 KB 5 KB - 4PD78F0386D"" 4PD78F0396
4PD78F0376D""
uPD78F0386
uPD78F0376
60 KB 3KB - 4PD78F0385 1PD78F0395
4PD78F0375
48 KB 2 KB - 4PD78F0384 4PD78F0394
uPD78F0374
32 KB 1KB 4PD78F0363D"" 4PD78F0383 4PD78F0393
4PD78F0363 4PD78F0373
24 KB 1 KB 4PD78F0362 4PD78F0382 -
4PD78F0372
16 KB 768 B 4PD78F0361 - -

Note Product with on-chip debug function

User's Manual U17734EJ2V0OUD
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The list of functions in the 78K0/Lx2 Series is shown below.

Part Number 78K0/LE2 78K0/LF2 78K0/LG2
#PD78F036x uPD78F037x uPD78F038x #PD78F039x
ltem 64 Pins 80 Pins 100 Pins
Flash memory (KB) 16 | 24 | 32 |24 | 32 |48 |60 | 96 | 24 | 32 | 48 | 60 | 96 | 32 | 48 | 60 | 96 | 128
RAM (KB) 0.75| 1 1 1 1 2 3 5 1 1 2 3 1 2 3 7
Bank (flash memory) - 4 - 4 - 4 6

Power supply voltage

Voo=1.8t055V

Regulator

Provided

Minimum instruction
execution time

0.1 s (20 MHz: Voo = 4.0 t0 5.5 V)/0.2 us (10 MHz: Voo = 2.7 t0 5.5 V)/
0.4 s (5 MHz: Voo = 1.8 10 5.5 V)

High-speed system 20 MHz: Voo = 4.0 to 5.5 V/10 MHz: Vob = 2.7 t0 5.5 V/5 MHz: Voo = 1.8t0 5.5 V
.% clock
x Z| Internal high-speed 8 MHz (TYP.): Voo =1.8t0 5.5V
8 oscillation clock
© Subclock 32.768 kHz (TYP.): Voo =1.8t0 5.5 V
Internal low-speed 240 kHz (TYP.): Voo =1.8t0 5.5V
oscillation clock
T Total 24 34 26 40
a
16 bits (TMO) 1ch 2ch 1ch 2ch 1ch 2ch
_ | 8 bits (TM5) 2ch
é) 8 bits (TMH) 2ch
Watch 1ch
WDT 1ch
o | 3-wire CSI - 1ch
«§ 3-wire CSI/UART"™" 1ch
%) UART supporting LIN- 1ch
8| bus
b I’C bus 1ch
Type Internal voltage boosting, external resistance division, and internal resistance division are switchable.
(33 Segment signal 20 26 ‘ 36 40
Common signal 4
10-bit A/D 5ch 8ch ‘ - 8ch
§- External 6 7
%’ Internal 16 18 15 17 16 19
Key interrupt - 7 ch 8 ch
RESET pin Provided
‘g POC 1.59 V £0.15 V (Time for rising up to 1.8 V : 3.6 ms (MAX.))
&) LVI The detection level of the supply voltage is selectable in 16 steps.
WDT Provided
Clock output Provided
Multiplier/divider - Provided - Provided - Provided
On-chip debug function 1PD78F0363D only #PD78F0376D only uPD78F0386D only uPD78F0397D only

Operating ambient
temperature

TA=-40 to +85°C

Note Select either of the functions of these alternate-function pins.

22

User's Manual U17734EJ2V0OUD




CHAPTER 1 OUTLINE

<R>

1.6 Block Diagram

TOO00/TI010/P0O1 ~——+

TIO00/POO (LINSEL)
RxD6/P14 (LINSEL) T

16-bit TIMER/
EVENT COUNTER 00 <:>

TOHO/P15

8-bit TIMER HO

g

TOH1/P16 =———

8-bit TIMER H1

g

1
INTERNAL
LOW-SPEED
OSCILLATOR

1

WATCHDOG TIMER

TI50/TO50/P17 =—=

8-bit TIMER/
EVENT COUNTER 50

TI51/TO51/P33 =—+~

8-bit TIMER/
EVENT COUNTER 51

WATCH TIMER

RxDO/P11 —— =
TxDO/P10 =——|

SERIAL
INTERFACE UARTO

RxD6/P14 ——|
TxD6/P13 ~—7—]

SERIAL
INTERFACE UART6

LINSEL

SHO/P11 —=
SO10/P12 =—+—
SCK10/P10 =—~

SERIAL
INTERFACE CSI10

P61/SDAO
P60/SCLO

SERIAL
INTERFACE IICO

CLOCK OUTPUT
CONTROL

RESET CONTROL

cu U g g 8a98 448

—

sotos19<__]

LCD
COMO-COM3 < _4 CONTROLLER
Vico-Vice DRIVER
CAPH RAM SPACE

CAPL

Lyee LCE%’?ATA
LVss

LCD part

Note xPD78F0363D only.

CPU part <  porto  K_2_> Poo, POt
<~  PORT1 P10to P17
)| port2 K B> Paoto P24
(> ports K4 P30toP33
<> Porte K 2> peo, e
<) PorT12 K 5> P120toP124
ANIO/P20 to
28K AD ANI4/P24
FLASH <> converTer AVrer
cPy MEMORY
CORE AVss
@ @ RxD6/P14 (LINSEL)
INTPO/P120 (LINSEL)
<;> INTERRUPT INTP1/P30 to
@ @ CONTROL INTP4/P33

l~+—— INTP5/P16
INTERNAL INTERNAL
HIGH-SPEED | | EXPANSION
GRiM RA;O POWER ON CLEAR/
{Z>| LOWVOLTAGE
INDICATOR
POC/LVI
CONTROL EXLVI/P120
<:> ON-CHIP OCDOANete/x1, OCD1ANete/p31
DEBUG 0CDoBNote/x2, 0OCD1BNete/P32
SYSTEM ~+—— RESET
CONTROL X1/P121
X2/EXCLK/P122
I T
OSCILLATOR| [~ XT2/EXCLKS/P124
‘ VOLTAGE
REGC
Voo Vss FLMDO REGULATOR
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1.7 Outline of Functions

(1/2)
ltem 4PD78F0361 ({PD78F0362 {PD78F0363 1PD78F0363D

Internal Flash memory 16 KB 24 KB 32 KB
memory (self-programming

supported)"*'

High-speed RAM"™' | 768 bytes 1 KB

LCD display RAM 20 x 4 bits
Memory space 64 KB

oscillation clock

Main system | High-speed system | X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock clock 11t0 20 MHz: Vop =4.0t0 5.5V, 1to 10 MHz: Voo =2.7t0 5.5V,
(oscillation 1t05MHz: Voo =1.8t05.5V

frequency) | nternal high-speed | Internal oscillation

8 MHz (TYP.): Voo = 1.8 10 5.5 V

Subsystem clock
(oscillation frequency)

XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
32.768 kHz (TYP.): Voo =1.8t0 5.5V

Internal low-speed oscillation clock
(for TMH1, WDT)

Internal oscillation
240 kHz (TYP.): Vob =1.8t0 5.5V

General-purpose registers

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

Minimum instruction execution time

0.1 us (high-speed system clock: @ fx# = 20 MHz operation)

0.25 us (internal high-speed oscillation clock: @ fri = 8 MHz (TYP.) operation)

122 us (subsystem clock: @ fsus = 32.768 kHz operation)

Instruction set

* 8-bit operation, 16-bit operation

* Multiply/divide (8 bits x 8 bits, 16 bits + 8 bits)

* Bit manipulate (set, reset, test, and Boolean operation)
¢ BCD adjust, etc.

1/0 ports

CMOS 1/0: 24

Timers

¢ 16-bit timer/event counter: 1 channel
¢ 8-bit timer/event counter: 2 channels
e 8-bit timer: 2 channels
¢ Watch timer: 1 channel
* Watchdog timer: 1 channel

Timer outputs

5 (PWM output: 4, PPG output: 1)

Clock output

* 156.25 kHz, 312.5 kHz (peripheral hardware clock: @ frrs = 20 MHz operation)
* 32.768 kHz (subsystem clock: @ fsus = 32.768 kHz operation)

A/D converter

10-bit resolution x 5 channels (AVrer = 2.3 to 5.5 V)

Serial interface

* UART supporting LIN-bus: 1 channel
* 3-wire serial I/O/UART"": 1 channel
» I°C bus: 1 channel

Notes 1.

The internal flash memory and internal high-speed RAM capacities can be changed using the internal

memory size switching register (IMS).
2. Select either of the functions of these alternate-function pins.
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@/2)

ltem

4PD78F0361

uPD78F0362

uPD78F0363

1PD78F0363D

LCD controller/driver

* Segment signal outputs: 20
* Common signal outputs: 4

* Internal voltage boosting, external resistance division, and internal resistance division are
switchable.

Vectored

Internal

16

interrupt sources | External

6

Reset

* Reset using RESET pin

* Internal reset by watchdog timer
¢ Internal reset by power-on-clear
¢ Internal reset by low-voltage detector

On-chip debug function - Provided
Power supply voltage Voo =1.8t055V
Operating ambient temperature Ta=-40 to +85°C
Package * 64-pin plastic LQFP (fine pitch) (10 x 10)
* 64-pin plastic LQFP (12 x 12)
An outline of the timer is shown below.
16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO and H1 Watch Watchdog
Event Counter Event Counters Timer Timer
00 50 and 51
TMO0 TM50 TM51 TMHO TMH1
Function | Interval timer 1 channel 1 channel 1 channel 1 channel 1 channel 1 channel -
Note 1
External event 1 channel 1 channel 1 channel - - - -
counter
PPG output 1 output - - - - - -
PWM output - 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
Carrier generator - - - - 1 output - -
Note 2
Watch timer - - - - - 1 channel -
Note 1
Watchdog timer - - - - - - 1 channel
Interrupt source 2 1 1 1 1 1 -

Notes 1.
2.

In the watch timer, the watch timer function and interval timer function can be used simultaneously.

TM51 and TMH1 can be used in combination as a carrier generator mode.
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List

There are three types of pin I/O buffer power supplies: AVRer, LVbp, and Vob. 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 P24
LVop CAPH, CAPL, COMO to COM3, S0 to S19, Vico to Vicz
Vop Pins other than above
(1) Port pins
Pin Name I/0 Function After Reset | Alternate Function
P00 110 Port 0. Input TI000
2-bit I/O port.
Input/output can be specified in 1-bit units.
PO1 . . - TI010/TO00
Use of an on-chip pull-up resistor can be specified by a
software setting.
P10 110 Port 1. Input SCK10/TxD0
P11 8-bit I/O port. SIO/RxDO
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P24 /0 Port 2. Input ANIO to ANI4
5-bit I/O port.
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input INTP1 to INTP3
P31 4-bit I/0 pOn INTPZ/OCD.IANme
Input/output can be specified in 1-bit units. ot
P32 . . - INTP3/0CD1B™"*
Use of an on-chip pull-up resistor can be specified by a
P33 software setting. INTP4/TI51/TO51
<R> | peo /0 Port 6. Input SCLO
<R> | P61 2-bit 1/0 port. SDAO
Output of P60 and P61 is N-ch open-drain output (6 V
tolerance).
Input/output can be specified in 1-bit units.
P120 110 Port 12. Input INTPO/EXLVI
P121 5-bit I/0 port. X1/OCDOA™
122 Input/output can be specified in 1-bit units. o/EXCLK/OCDOB™™
Only for P120, use of an on-chip pull-up resistor can be
P123 specified by a software setting. XT1
P124 XT2/EXCLKS

Note xPD78F0363D only.
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port pins (1/2)
Pin Name 110 Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising | Input P120/EXLVI
INTP1 edge, falling edge, or both rising and falling edges) can be P30
INTP2 specified P31/OCD1A™"
INTP3 P32/0CD1B"™"
INTP4 P33/T151/TO51
INTP5 P16/TOH1
S0 Input Serial data input to serial interface Input P11/RxD0
SO10 Output Serial data output from serial interface Input P12
SDAO /0 Serial data I/O for serial interface Input P61
SCK10 110 Clock input/output for serial interface Input P10/TxD0
SCLO P60
RxDO Input Serial data input to asynchronous serial interface Input P11/SI10
RxD6 P14
TxDO Output Serial data output from asynchronous serial interface Input P10/SCK10
TxD6 P13
TI000 Input External count clock input to 16-bit timer/event counter 00 Input P00
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TIO10 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TOO00 Output 16-bit timer/event counter 00 output Input PO1/TI010
TI50 Input External count clock input to 8-bit timer/event counter 50 Input P17/TO50
TI51 External count clock input to 8-bit timer/event counter 51 P33/TO51/INTP4
TO50 Output 8-bit timer/event counter 50 output Input P17/T150
TO51 8-bit timer/event counter 51 output P33/TI51/INTP4
TOHO 8-bit timer HO output P15
TOH1 8-bit timer H1 output P16/INTP5
ANIO to ANI4 Input A/D converter analog input Input P20 to P24
AVRer 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 - -
Vss.
S0 to S19 Output LCD controller/driver segment signal outputs Output -
COMO to COM3 Output LCD controller/driver common signal outputs Output -
LVoo - Positive power supply for LCD controller/driver - -
LVss - Ground potential for LCD controller/driver - -
Vico to Vice - LCD drive voltage - -
CAPH - LCD drive voltage booster capacitor connection - -
CAPL -

Note xPD78F0363D only.
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(2) Non-port pins (2/2)
Pin Name 110 Function After Reset | Alternate Function
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -
for internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF: recommended).
RESET Input System reset input - -
EXLVI Input Potential input for external low-voltage detection Input P120/INTPO
X1 Input Connecting resonator for main system clock Input P121/OCDOA"™"
X2 - P122/EXCLK/OCDOB"*
EXCLK Input External clock input for main system clock Input P122/X2/0CDOB""
XT1 Input Connecting resonator for subsystem clock Input P123
XT2 - P124/EXCLKS
EXCLKS Input External clock input for subsystem clock Input P124/XT2
Vob - Positive power supply - -
Vss - Ground potential - -
FLMDO - Flash memory programming mode setting - -
OCDOA™" Input On-chip debug mode setting connection Input P121/X1
OCD1A™® P31/INTP2
OoCDoB"™* - P122/X2/EXCLK
OocD1B"™" P32/INTP3
Note xPD78F0363D only.
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2.2 Description of Pin Functions

2.2.1 P00, P01 (port 0)
P00 and P01 function as a 2-bit I/O port. These pins also function as timer I/O.
The following operation modes can be specified in 1-bit units.

(1) Port mode
P00 and P01 function as a 2-bit I/O port. P00 and P01 can be set to input or output port 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 and P01 function as timer I/O.

(a) TIOOO
This is the pin for inputting an external count clock to 16-bit timer/event counter 00 and is also for inputting a
capture trigger signal to the capture registers (CR000, CR010) of 16-bit timer/event counter 00.

(b) TIOo10
This is the pin for inputting a capture trigger signal to the capture register (CR000) of 16-bit timer/event
counter 00.

(c) TOO00
This is timer output pin.

2.2.2 P10 to P17 (port 1)

P10 to P17 function as an 8-bit I/O port. These pins also function as pins for external interrupt request input, serial
interface data 1/O, clock I/O, and timer 1/O.

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 port 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 external interrupt request input, serial interface data 1/O, clock I/O, and timer 1/0O.

(a) SI0
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 1/0O pin.
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(d) RxDO, RxD6
These are the serial data input pins of the asynchronous serial interface.

(e) TxDO, TxD6
These are the serial data output pins of the asynchronous serial interface.

(f) TI50
This is the pin for inputting an external count clock to 8-bit timer/event counter 50.

(g) TO50, TOHO, and TOH1
These are timer output pins.

(h) INTP5
This is an external interrupt request input pin for which the valid edge (rising edge, falling edge, or both rising
and falling edges) can be specified.

2.2.3 P20 to P24 (port 2)

Q)

()

P20 to P24 function as a 5-bit I/O port. These pins also function as pins for A/D converter analog input.
The following operation modes can be specified in 1-bit units.

Port mode
P20 to P24 function as a 5-bit I/O port. P20 to P24 can be set to input or output port in 1-bit units using port
mode register 2 (PM2).

Control mode
P20 to P24 function as A/D converter analog input pins (ANIO to ANI4). When using these pins as analog input

pins, see (5) ANIO/P20 to ANI4/P24 in 12.6 Cautions for A/D Converter.

Caution P20/ANIO to P24/ANI4 are set in the analog input mode after release of reset.

2.2.4 P30 to P33 (port 3)

P30 to P33 function as a 4-bit I/O port. These pins also function as pins for external interrupt request input and

timer I/O.

1

()

30

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

Port mode

P30 to P33 function as a 4-bit I/O port. P30 to P33 can be set to input or output port 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).

Control mode
P30 to P33 function as external interrupt request input and timer 1/O.

(a) INTP1 to INTP4

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.
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(b) TI51
This is an external count clock input pin to 8-bit timer/event counter 51.

(c) TO51
This is a timer output pin.

Caution In the xPD78F0363D be sure to pull the P31 pin down after reset to prevent malfunction.

Remark P31 and P32 of the 4PD78F0363D can be used as on-chip debug mode setting pins (OCD1A,
OCD1B) when the on-chip debug function is used. For details, see CHAPTER 25 ON-CHIP
DEBUG FUNCTION (2PD78F0363D ONLY).

<R> 2.2.5 P60, P61 (port 6)
P60 and P61 function as a 2-bit I/0 port. These pins also function as pins for serial interface data I/O and clock I/O.

(1) Port mode
P60 and P61 function as a 2-bit I/O port. P60 and P61 can be set to input port or output port in 1-bit units using
port mode register 6 (PM6).
Output of P60 and P61 is N-ch open-drain output (6 V tolerance).

(2) Control mode
P60 and P61 function as serial interface data 1/0 and clock I/O.

(a) SDAO
This is a serial data I/O pin for serial interface 11CO.
Be sure to pull up this pin externally.

(b) SCLO
This is a serial clock 1/0O pin for serial interface 11CO.
Be sure to pull up this pin externally.

Caution In the 78KO0/LE2, be sure to use the P60/SCL0O and P61/SDAOQ as the serial clock 1/0O pin and serial data
I/O pin, respectively, in accordance with the specifications.

2.2.6 P120 to P124 (port 12)

P120 to P124 function as a 5-bit /0 port. These pins also function as pins for external interrupt request input,
potential input for external low-voltage detection, resonator for main system clock connection, resonator for subsystem
clock connection, and external clock input. The following operation modes can be specified in 1-bit units.

(1) Port mode
P120 to P124 function as a 5-bit I/O port. P120 to P124 can be set to input or output port using port mode
register 12 (PM12). Only for P120, use of an on-chip pull-up resistor can be specified by pull-up resistor option
register 12 (PU12).

(2) Control mode

P120 to P124 function as an external interrupt request input, potential input for external low-voltage detection,
resonator for main system clock connection, resonator for subsystem clock connection, and external clock input.
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(a) INTPO
This functions as an external interrupt request input (INTPO) for which the valid edge (rising edge, falling
edge, or both rising and falling edges) can be specified.

(b) EXLVI
This is a potential input pin for external low-voltage detection.

(c) X1, X2
These are the pins for connecting a resonator for main system clock.

(d) EXCLK
This is an external clock input pin for main system clock.

(e) XT1, XT2
These are the pins for connecting a resonator for subsystem clock.

(f) EXCLKS
This is an external clock input pin for subsystem clock.

Remark X1 and X2 of the /PD78F0363D can be used as on-chip debug mode setting pins (OCDOA,
OCDOB) when the on-chip debug function is used. For details, see CHAPTER 25 ON-CHIP
DEBUG FUNCTION (4PD78F0363D ONLY).

2.2.7 AVRer
This is the A/D converter reference voltage input pin.

Note

When the A/D converter is not used, connect this pin directly to Voo ™".
Note Make the AVRer pin the same potential as the Vopb pin when port 2 is used as a digital port.
2.2.8 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 Vss pin.

2.2.9 S0to S19
These pins are the segment signal output pins for the LCD controller/driver.

2.2.10 COMO to COM3
These pins are the common signal output pins for the LCD controller/driver.

2.2.11 LVop
This is the positive power supply pin for the LCD controller/driver.

2.2.12 LVss
This is the ground potential pin for the LCD controller/driver.

2.2.13 Vico to Vic2
These pins are the power supply voltage pins for driving the LCD.
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2.2.14 CAPH, CAPL
These pins are the capacitor connection pins for driving the LCD.

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

2.2.16 REGC
This is the pin for connecting regulator output (2.5 V) stabilization capacitance for internal operation. Connect this
<R> pin to Vss via a capacitor (0.47 to 1 uF: recommended).
REGC
Vss

Caution Keep the wiring length as short as possible in the area enclosed by the broken lines in the above figures.

2.2.17 Voo
This is the positive power supply pin.

2.2.18 Vss
This is the ground potential pin.

2.2.19 FLMDO
This is a pin for setting flash memory programming mode.
Connect FLMDO to Vss in the normal operation mode.
In flash memory programming mode, be sure to connect this pin to the flash programmer.
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2.3 Pin I/0 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 1/0 Circuit Type I/0 Recommended Connection of Unused Pins
POO/TI000 5-AH 1/0 Input:  Independently connect to Voo or Vss via a resistor.
PO1/TI010/TO00 Output: Leave open.

P10/SCK10/TxDO
P11/S110/RxD0O
P12/SO10 5-AG
P13/TxD6
P14/RxD6 5-AH
P15/TOHO 5-AG
P16/TOH1/INTP5 5-AH
P17/T150/TO50
P20/ANIO to P24/ANI4™"" | 11-G <Analog setting>
Connect to AVRrer or AVss.
<Digital setting>
Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P30/INTP1 5-AH Input: Independently connect to Voo or Vss via a resistor.
P31/INTP2 Output: Leave open.
P32/INTP3
P33/TI151/TO51/INTP4
P60/SCLO 13-AD Input:  Connect to Vss.
P61/SDAO Output: Leave open.
P120/INTPO/EXLVI 5-AH Input:  Independently connect to Voo or Vss via a resistor.
P121/X1"2 37 Output: Leave open.
P122/X2/EXCLK""**
P123/XT1""?
P124/XT2/EXCLKS""*?
S0 to S19 17 Output | Leave open.
COMO to COM3 18
Vico to Vicz - -
CAPH, CAPL
RESET 2 Input -
FLMDO 38 Input Connect to Vss.
AVRer - - Connect directly to Voo.
AVss Connect directly to Vss.
Notes 1. P20/ANIO to P24/ANI4 are set in the analog input mode after release of reset.

2. Use recommended connection above in I/O port mode (see Figure 5-2 Format of Clock Operation

Mode Select Register (OSCCTL)) when these pins are not used.

34
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Figure 2-1. Pin I/O Circuit List (1/2)
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Figure 2-1. Pin I/O Circuit List (2/2)
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3.1 Memory Space

Products in the 78KO0/LE2 can each access a 64 KB memory space. Figures 3-1 to 3-4 show the memory maps.

Caution Regardless of the internal memory capacity, the initial values of the internal memory size
switching register (IMS) of all products in the 78K0/LE2 are fixed (IMS = CFH). Therefore, set the
value corresponding to each product as indicated below.

Table 3-1. Set Values of Internal Memory Size Switching Register (IMS)

Flash Memory Version IMS ROM Capacity Internal High-Speed
(78K0/LE2) RAM Capacity
1PD78F0361 04H 16 KB 768 bytes
uPD78F0362 Cé6H 24 KB 1 KB
1PD78F0363, 78F0363D"" C8H 32 KB
<R> Note The ROM and RAM capacities of the products with the on-chip debug function can be debugged

according to the debug target products. Set IMS according to the debug target products.
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Figure 3-1. Memory Map (zPD78F0361)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits 3FFFH
FEDFH
o =4 ~ Program area -
Internal high-speed RAM 1085H 1FFFH
768 > 8 bits 1084H Option byte areaN°te 1
1080H 5 x 8 bits
FCOOH 107FH Boot cluster 1
FBFFH
Program area
Data memory 1000H
space OFFFH
et CALLF entry area It
2048 x 8 bits
-+ Reserved -+ 0800H
07FFH
L Program area ny
T 1915 x 8 bits T
0085H
0084H Option byte areaNete 1 Boot cluster oNote 2
0080H 5 x 8 bits
007FH
4000H CALLT table area
3FFFH 64 x 8 bits
0040H
003FH
Program -+ Flash memory L
memory space 16384 x 8 bits Vector table area
64 x 8 bits
0000H 0000H

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security
Settings).
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Figure 3-2. Memory Map (zPD78F0362)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits SFFFH
FEDFH
0= = =0~ Program area [ —
. 1FFFH
Internal high-speed RAM 1085H
1024 i
024 > 8 bits 1084H Option byte areaNote 1
1080H 5 x 8 bits
FBOOH 107FH Boot cluster 1
FAFFH
Program area
Dat
S;aiememory 1000H
0FFFH
- CALLF entry area -
2048 x 8 bits
p Reserved - 0800H
07FFH
1L Program area 1L
T 1915 x 8 bits T
0085H
0084H Option byte areaNote 1 Boot cluster QNote 2
0080H 5 x 8 bits
007FH
gg 2 g : CALLT table area
64 x 8 bits
0040H
Program A Flash memory £ 003FH
memory space T 24576 x 8 bits T Vector table area
64 x 8 bits
0000H 0000H Y
Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.

When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security
Settings).
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Figure 3-3. Memory Map (zPD78F0363)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits TFFFH
FEDFH
g = =0~ Program area -~
i 1FFFH
Internal high-speed RAM 1085H
1024 x 8 bits
1084H Option byte areaNeote !
1080H 5 x 8 bits
FBOOH 107FH Boot cluster 1
FAFFH
Program area
Data memory
space 1000H ]
OFFFH
- CALLF entry area -
2048 x 8 bits
= Reserved Pt 0800H
07FFH
L Program area 1
T 1915 x 8 bits T
0085H
0084H Opt|0n byte areaNo.e 1 Boot cluster ONOte 2
0080H 5 x 8 bits
007FH
32 gg : CALLT table area
64 x 8 bits
0040H
Program A Flash memory L 003FH
memory space T 32768 x 8 bits T Vector table area
64 x 8 bits
0000H 0000H y
Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security
Settings).
40 User's Manual U17734EJ2V0UD



CHAPTER 3 CPU ARCHITECTURE

Figure 3-4. Memory Map (zPD78F0363D)

FFFFH
Special function registers 7FFFH
(SFR)
FFOOH 256 x 8 bits -0 Program area ot _
1FFFH
FEFFH General-purpose 108FH
ggg;séegists 108EH On-chip debug security
FEEOH ID setting areaN°te 1
FEDFH 10 x 8 bits
4= = 1085H Boot cluster 1
1084H Option byte areaNote 1
Internal high-speed RAM 1080H 5 x 8 bits
1024 x 8 bits 107FH
Program area
FB0OH orFPH
FAFFH
L CALLF entry area L
Data memory 2048 x 8 bits
space 0800H
07FFH
L Program area A
1 Reserved 1 1905 x 8 bits
T T 008FH
008EH ) -
On-chip debug securit
D se,t)ting argeaNote s Boot cluster Note 2
0085H 10 x 8 bits
0084H Option byte areaNote !
0080H 5 x 8 bits
007FH
8000H CALLT table area
7FFFH 64 x 8 bits
0040H
Program L Flash memory £ 003FH
memory space T 32768 x 8 bits T Vector table area
64 x 8 bits
0000H 0000H

Notes 1. When boot swap is not used: Set the option bytes to 0080H to 0084H, and the on-chip debug security
IDs to 0085H to 0O08EH.
When boot swap is used: Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the
on-chip debug security IDs to 0085H to 008EH and 1085H to 108EH.
2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security
Settings).
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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).

78KO0/LEZ2 products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number Internal ROM
Structure Capacity
uPD78F0361 Flash memory 16384 x 8 bits (0000H to 3FFFH)
1PD78F0362 24576 x 8 bits (0000H to 5FFFH)
uPD78F0363, 78F0363D 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 3-3. Vector Table
Vector Table Address Interrupt Source Vector Table Address Interrupt Source
0000H RESET input, POC, LVI, WDT 001AH INTTMH1
0004H INTLVI 001CH INTTMHO
0006H INTPO 001EH INTTM50
0008H INTP1 0020H INTTMO0O00
000AH INTP2 0022H INTTMO10
000CH INTP3 0024H INTAD
000EH INTP4 0026H INTSRO
0010H INTP5 0028H INTWTI
0012H INTSRE6 002AH INTTM51
0014H INTSR6 002EH INTWT
0016H INTST6 0034H INTIICO
0018H INTCSI10/INTSTO 003EH BRK

(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

A 5-byte area of 0080H to 0084H and 1080H to 1084H can be used as an option byte area. Set the option byte
at 0080H to 0084H when the boot swap is not used, and at 0080H to 0084H and 1080H to 1084H when the boot

swap is used. For details, see CHAPTER 23 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).

(5) On-chip debug security ID setting area (4PD78F0363D only)
A 10-byte area of 0085H to 008EH and 1085H to 108EH can be used as an on-chip debug security ID setting
area. Set the on-chip debug security ID of 10 bytes at 0085H to 008EH when the boot swap is not used and at
0085H to 008EH and 1085H to 108EH when the boot swap is used. For details, see CHAPTER 25 ON-CHIP
DEBUG FUNCTION (zPD78F0363D ONLY).

3.1.2 Internal data memory space
78KO0/LEZ2 products incorporate the following RAMs.

(1) Internal High-Speed RAM

Table 3-4. Internal High-Speed RAM Capacity

Part Number Internal High-Speed RAM
uPD78F0361 768 x 8 bits (FCOOH to FEFFH)
uPD78F0362 1024 x 8 bits (FBOOH to FEFFH)
uPD78F0363, 78F0363D

The 32-byte area FEEOH to FEFFH is assigned to four general-purpose register banks consisting of eight 8-bit
registers per 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.
(2) LCD display RAM

LCD display RAM is incorporated in the LCD controller/driver (see Figure 17-4 LCD Display RAM).

Table 3-5. LCD Display RAM Capacity

Part Number LCD Display RAM
uPD78F0361, 20 x 4 bits (00H to 13H of LCDSEG)
uPD78F0362,
uPD78F0363, 78F0363D
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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 3-6 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
78KO0/LE2, 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. Figures 3-5 to 3-7 show correspondence between data memory and addressing. For details of
each addressing mode, see 3.4 Operand Address Addressing.

Figure 3-5. Correspondence Between Data Memory and Addressing (#PD78F0361)

FFFFH T
Special function registers (SFR) SFR addressing
256 x 8 bits
FF2OM(
FF1FH
FFOOH
FEFFH _ A
General-purposg registers Register addressing
FEEOH 32 x 8 bits | Short direct
FEDFH addressing
ot Internal high-speed RAM ot
768 x 8 bits
FE20H} ]
FE1FH
FCOOH Direct addressing
FBFFH
Register indirect addressing
Based addressing
Based indexed addressing
0= Reserved =
4000H
3FFFH
- Flash memory -
B 16384 x 8 bits B
0000H
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FFFFH

FF20H
FF1FH

FFOOH
FEFFH
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Figure 3-6. Correspondence Between Data Memory and Addressing (4PD78F0362)
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Figure 3-7. Correspondence Between Data Memory and Addressing (#PD78F0363, 78F0363D)
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3.2 Processor Registers
The 78KO0/LE2 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 signal generation sets the reset vector table values at addresses 0000H and 0001H to the program counter.

Figure 3-8. Format of Program Counter

15 0
PC |PC15‘PC14‘PC13‘PC12‘PC11‘PC10‘ PCO ‘ 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 signal generation sets PSW to 02H.

Figure 3-9. 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 interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and interrupt request acknowledgement 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 acknowledgement and is set (1) upon El
instruction execution.
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(b) Zero flag (2)
When the operation result is zero, this flag is set (1). It is reset (0) in all other cases.

(c) 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.

(d) 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). Itis reset (0) in all other
cases.

(e) 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 18.3 (3) Priority specification flag registers (PROL, PROH, PR1L, PR1H)) can not be acknowledged.
Actual request acknowledgement is controlled by the interrupt enable flag (IE).

(f) 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 3-10. 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 3-11 and 3-12.

Caution Since reset signal generation makes the SP contents undefined, be sure to initialize the SP
before using the stack.
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SP

SP

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

SP

SP

SP

SP

Figure 3-11. Data to Be Saved to Stack Memory

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

— FEEOH

FEDFH

l«—— FEDEH

— FEEOH

FEDFH

l«—— FEDEH

FEEOH — FEEOH
i FEDFH
3 FEDEH
Y

FEDDH l«—— FEDDH

Register pair higher

Register pair lower

PC15 to PC8

PC7 to PCO

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-12. Data to Be Restored from Stack Memory

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

<—— FEEOH

FEDFH

Register pair higher

——» FEDEH

Register pair lower

(b) RET instruction (when SP = FEDEH)

<—— FEEOH

FEDFH

——» FEDEH

PC15to PC8

PC7 to PCO

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

FEEOH «—— FEEOH
A
! 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 3-13. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FEFFH
H
BANKO HL
L
FEF8H
D
BANK1 DE
E
FEFOH
B
BANK2 BC
FEE8H c
A
BANKS3 AX
X
FEEOH
15 0 7 0
(b) 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
BANKS3 RPO
RO
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 areas in the CPU, and are allocated to the 00H to O3H areas of
LCDCTL in the LCD controller/driver.

Special function registers of the CPU 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.

1-bit manipulation

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

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.

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.

Remark For the operation method of special function registers in the LCD controller/driver, see 16.7

Communication with LCD Controller/Driver.

Table 3-6 gives a list of the special function registers. The meanings of items in the table are as follows.

52

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 using the #pragma sfr directive in the CC78K0. When using the RA78K0, ID78K0-QB, and
SM+, symbols can be written as an instruction operand.

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

Manipulatable bit units

Indicates the manipulatable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.
After reset

Indicates each register status upon reset signal generation.
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Table 3-6. Special Function Register List (1/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FFOOH Port register 0 PO R/W v v - 00H
FFO1H | Port register 1 P1 R/W y y - 00H
FFO2H | Port register 2 P2 R/W \ y - 00H
FFO3H | Port register 3 P3 R/W 3 3 - 00H
FFO6H | Port register 6 P6 R/W y \ - 00H
FFO8H 10-bit A/D conversion result register ADCR - - v 0000H
FFO9H 8-bit A/D conversion result register ADCRH - v - 00H
FFOAH Receive buffer register 6 RXB6 - v - FFH
FFOBH Transmit buffer register 6 TXB6 R/W - v - FFH
FFOCH | Port register 12 P12 R/W v v - 00H
FFODH | Port register 13 P13 RW v v - 00H
FFOFH Serial 1/0 shift register 10 SIo10 - v - 00H
FF10H 16-bit timer counter 00 TMO00 R - - v 0000H
FF11H
FF12H 16-bit timer capture/compare register 000 CRO000 R/W - - v 0000H
FF13H
FF14H 16-bit timer capture/compare register 010 CRO010 R/W - - Y 0000H
FF15H
FF16H 8-bit timer counter 50 TM50 R - v - 00H
FF17H 8-bit timer compare register 50 CR50 R/W - v - 00H
FF18H 8-bit timer H compare register 00 CMPO00O R/W - v - 00H
FF19H 8-bit timer H compare register 10 CMP10 R/W - v - 00H
FF1AH 8-bit timer H compare register 01 CMPO1 R/wW - y - 00H
FF1BH 8-bit timer H compare register 11 CMP11 R/W - v - 00H
FF1FH | 8-bit timer counter 51 TM51 R - v - 00H
FF20H Port mode register 0 PMO R/W y y - FFH
FF21H Port mode register 1 PM1 R/W v v - FFH
FF22H Port mode register 2 PM2 R/W y y - FFH
FF23H Port mode register 3 PM3 R/W v v - FFH
FF26H Port mode register 6 PM6 R/W y y - FFH
FF27H Port mode register 7 PM7 R/W v v - FFH
FF28H A/D converter mode register ADM R/W v v - 00H
FF29H | Analog input channel specification register ADS R/W y y - 00H
FF2CH | Port mode register 12 PM12 R/W y y - FFH
FF2EH Port mode register 14 PM14 R/W v v - FFH
FF2FH | A/D port configuration register ADPC R/W y y - 00H
FF30H Pull-up resistor option register 0 PUO RW v v - 00H
FF31H Pull-up resistor option register 1 PU1 R/W v v - 00H
FF33H Pull-up resistor option register 3 PU3 RW v v - 00H
FF3CH | Pull-up resistor option register 12 PU12 R/W v v - 00H
FF40H | Clock output selection register CKS RW v v - 00H
FF41H 8-bit timer compare register 51 CR51 R/W - y - 00H
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Table 3-6. Special Function Register List (2/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulatable Bit Unit After
1Bit 8Bits | 16Bits | Heset
FF43H 8-bit timer mode control register 51 TMC51 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/W v v - 00H
FF4FH Input switch control register ISC R/W v v - OO0H
FF50H Asynchronous serial interface operation mode ASIM6 R/W v v - 01H
register 6
FF53H Asynchronous serial interface reception error ASIS6 R - v - O00H
status register 6
FF55H Asynchronous serial interface transmission ASIF6 R - v - 00H
status register 6
FF56H Clock selection register 6 CKSR6 R/W - v - O00H
FF57H Baud rate generator control register 6 BRGC6 R/W - v - FFH
FF58H Asynchronous serial interface control register 6 | ASICL6 R/W v v - 16H
FF69H | 8-bit timer H mode register 0 TMHMDO RW v v - 00H
FF6AH | Timer clock selection register 50 TCL50 R/W v v - 00H
FF6BH | 8-bit timer mode control register 50 TMC50 RW v v - 00H
FF6CH | 8-bit timer H mode register 1 TMHMD1 R/W v v - 00H
FF6DH | 8-bit timer H carrier control register 1 TMCYC1 RW v v - 00H
FF6FH | Watch timer operation mode register WTM R/W v v - 00H
FF70H Asynchronous serial interface operation mode | ASIMO R/W v v - 01H
register 0
FF71H Baud rate generator control register 0 BRGCO R/W - v - 1FH
FF72H Receive buffer register 0 RXBO R - v - FFH
FF73H Asynchronous serial interface reception error ASISO R - v - 00H
status register 0
FF74H Transmit shift register 0 TXS0 w - v - FFH
FF80H Serial operation mode register 10 CSIM10 R/W v v - O0H
FF81H Serial clock selection register 10 csic1o RW v v - 00H
FF84H Transmit buffer register 10 SOTB10 R/W - v - 00H
FF8CH | Timer clock selection register 51 TCL51 R/W v v - O0H
FF99H Watchdog timer enable register WDTE R/W - v - 1AH/;2:
FFOFH | Clock operation mode select register OSCCTL R/W y \ - O0H
FFAOH | Internal oscillation mode register RCM R/W v y - 80H""*?
FFA1H | Main clock mode register MCM R/W y y - O0H
FFA2H | Main OSC control register MOC R/W v v - 80H
FFA3H | Oscillation stabilization time counter status register| OSTC R v v - 00H
FFA4H Oscillation stabilization time select register OSTS R/W - v - 05H
FFA5H IIC shift register 0 IICO R/W - v - O00H
FFAGH | IIC control register 0 licco RW v v - 00H
FFA7H Slave address register 0 SVAO R/W - v - 00H

Notes 1. The reset value of WDTE is determined by setting of option byte.
2. The value of this register is 00H immediately after a reset release but automatically changes to 80H after
oscillation accuracy stabilization of internal high-speed oscillator has been waited.
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Table 3-6. Special Function Register List (3/3)

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

FFASH IIC clock selection register 0 lICCLO R/W v v - 00H
FFA9H IIC function expansion register 0 1ICX0 RW v v - O0H
FFAAH IIC status register 0 1ICS0 R v v - 00H
FFABH IIC flag register 0 IICFO R/W y y - O0H
FFACH Reset control flag register RESF R - \ - 00H" "
FFBAH 16-bit timer mode control register 00 TMCO00 RW v v - 00H
FFBBH Prescaler mode register 00 PRMO0 R/W v v - 00H
FFBCH Capture/compare control register 00 CRCO00 R/W v v - O0H
FFBDH 16-bit timer output control register 00 TOC00 R/W v v - 00H
FFBEH Low-voltage detection register LVIM RW \ v - 0oH"""
FFBFH Low-voltage detection level selection register LVIS R/W v v - 00H"""
FFEOH Interrupt request flag register OL IFO |IFOL | RW \ v v 00H
FFE1H Interrupt request flag register OH IFOH | RW v v O0H
FFE2H Interrupt request flag register 1L IF1 |IFIL | RW \ v v 00H
FFE3H Interrupt request flag register 1H IF1H | RW v v O0H
FFE4H Interrupt mask flag register OL MKO | MKOL | R'W \ v v FFH
FFE5H Interrupt mask flag register OH MKOH| R/W v v FFH
FFE6H Interrupt mask flag register 1L MK1 | MK1L| R'W \ v v FFH
FFE7H Interrupt mask flag register 1H MK1H| R'W v v FFH
FFESH Priority specification flag register OL PRO | PROL | R'W \ v v FFH
FFE9H Priority specification flag register OH PROH| R/W v v FFH
FFEAH Priority specification flag register 1L PR1 | PR1L| RW \ v v FFH
FFEBH Priority specification flag register 1H PR1H| RW v v FFH
FFFOH Internal memory size switching register**®? IMS R/W - v - CFH
FFFBH Processor clock control register PCC RW v v - O1H
LCDCTL's | LCD mode setting register LCDMD R/W - v - O00H
O00H
LCDCTL's | LCD display mode register LCDM R/W - v - O00H
01H
LCDCTL's | LCD clock control register LCDC R/W - v - O00H
02H
LCDCTL's | LCD voltage boost control register 0 VLCGO R/W - v - 00H
03H
Notes 1. The reset values of RESF, LVIM and LVIS vary depending on the reset source.

2. Regardless of the internal memory capacity, the initial values of the internal memory size switching
register (IMS) of all products in the 78KO/LE2 are fixed (IMS = CFH). Therefore, set the value
corresponding to each product as indicated below.

Flash Memory Version IMS ROM Capacity Internal High-Speed
(78K0/LE2) RAM Capacity
uPD78F0361 04H 16 KB 768 bytes
uPD78F0362 Cé6H 24 KB 1 KB
1PD78F0363, 78F0363D""° | C8H 32 KB
3. The ROM and RAM capacities of the products with the on-chip debug function can be debugged

according to the debug target products. Set IMS according to the debug target products.
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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.

[lllustration]

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 o are 0.
When S = 1, all bits of o 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 !laddr16 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.

[llustration]
In the case of CALL !addr16 and BR !addri16 instructions

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

PC

In the case of CALLF !addr11 instruction

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

PC|]0O 0 O 0 1
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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 40H to 7FH, and allows branching to
the entire memory space.

[lustration]

7 6 5 10
Operation code 1 1 tas-o 1
15 8 7 6 5 l 10
Effectiveaddress |0 0 0 0 0 0O O O |0 1 0
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr. T
15 l 8 7 0

PC

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.

[lustration]

p A X

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 78K0/LE2 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,C,B,ED,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]
MOV 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 1 0 00 0 10 Ol

LIJ—Register 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]

Identifier

Description

addr16 Label or 16-bit immediate data

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

[MMustration]

Operation code |1 0 0

|000

|111

OP code

addr16 (lower)

addr16 (upper)

Memory

OP code

00H

FEH
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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 set to 0. When it is at 00H to 1FH,
bit 8 is set to 1. Refer to the [lllustration] shown below.

[Operand format]

Identifier Description
saddr Immediate data that indicate label or FE20H to FF1FH
saddrp Immediate data that indicate label or FE20H to FF1FH (even address only)

[Description example]

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

Operation code |1 11100 1 O| OP code
|O 011 0 00O O| 30H (saddr-offset)
[lustration]

7 0

OP code

saddr-offset ﬁ

Short direct memory

15 8 7 0

Effectiveaddress |1 1 1 1 1 1 1 |« .

When 8-bit immediate data is 20H to FFH, =0
When 8-bit immediate data is O0OH to 1FH, or= 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 1110 11 O| OP code
|0 01 0 0 0O 0| 20H (sfr-offset)
[Mustration]
7 0
OP code
sfr-offset
15 8 7 0

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 1000 O0 1 0 1
[MMustration]
16 8 7 0
DE D E
The memory address
specified with the
7 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 (RBS0O 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

Operation code |1 o101 11 O|

[lustration]

16 8 7 0
HL H L
+10H
7 Memory 0
The contents of the memory
addressed are transferred.
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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]

MOV A, [HL +B]; when selecting B register

Operation code 101 010 11
[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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3.4.9 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]

PUSH DE; when saving DE register

[Mustration]

SP

SP
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Operation code 101 10 0 1
7 Memory 0
FEEOH — FEEOH
i FEDFH D
y
FEDEH l«—— FEDEH E
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4.1 Port Functions

There are two types of pin /O buffer power supplies: AVrer and Vobo. 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 P24
Vob Port pins other than P20 to P24

78K0/LE2 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 /0O ports, these ports have several alternate functions. For details of the
alternate functions, see CHAPTER 2 PIN FUNCTIONS.

Figure 4-1. Port Types

-————| P30 P00 <—>}
P E— Port 0
Port 3 PO1
~—=| P33 P10 jo—
Port 6 { P60
P61 Port 1

P120

P17 f+———>

Port12 < —~——

- | P124 P20 f=—

~— "~  Port2

P24 fe——
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Table 4-2. Port Functions

Pin Name 1/0 Function After Reset Alternate Function
P00 110 Port 0. Input TI000
2-bit I/0 port.
Input/output can be specified in 1-bit units.
PO1 . . - TI010/TO00
Use of an on-chip pull-up resistor can be specified by a
software setting.
P10 110 Port 1. Input SCK10/TxD0
P11 8-bit 1/O port. SI10/RxDO
Input/output can be specified in 1-bit units.
P12 . . - SO10
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TxD6
P14 RxD6
P15 TOHO
P16 TOH1/INTP5
P17 TI50/TO50
P20 to P24 110 Port 2. Input ANIO to ANI4
5-bit 1/0 port.
Input/output can be specified in 1-bit units.
P30 1/0 Port 3. Input INTP1 to INTP3
P31 4-bit I/O port. INTP2/OCD1A™"
Input/output can be specified in 1-bit units. »
P32 . . - INTP3/OCD1B"*
Use of an on-chip pull-up resistor can be specified by a
P33 software setting. INTP4/T151/TO51
P60 1/0 Port 6. Input SCLO
Output of P60 and P61 is N-ch open-drain output (6 V
tolerance).
Input/output can be specified in 1-bit units.
P120 1/0 Port 12. Input INTPO/EXLVI
P121 5-bit 1/0 port. X1/OCDOA"™"
122 Input/output can be specified in 1-bit units. o EXCLK/OCDOB™™
Only for P120, use of an on-chip pull-up resistor can be
P123 specified by a software setting. XTH1
P124 XT2/EXCLKS

Note xPD78F0363D only.

4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

Iltem

Configuration

Control registers

Port mode register (PMO to PM3, PM6, PM7, PM12)
Port register (PO to P3, P6, P12)

Pull-up resistor option register (PUO, PU1, PU3, PU12)
A/D port configuration register (ADPC)

Port

24

Pull-up resistor

15
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4.2.1 Port0
Port 0 is a 2-bit I/O 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 and P01 pins are used as an input port, use of an on-chip pull-up
resistor can be specified in 1-bit units by pull-up resistor option register 0 (PUO).

This port can also be used for timer I/O.

Reset signal generation sets port 0 to input mode.

Figures 4-2 and 4-3 show block diagrams of port 0.

Figure 4-2. Block Diagram of P00

Voo
™1 WReu
l PUO
S PUOO
P-ch
Alternate function
RD
l | g O<] OQ] |
4 3
2 ! 3
E WRPpoRT
kS
£
Vany Output latch
< (POO) © P00/TI000
WRem
PMO
S PMO00
~_

PUOQ: Pull-up resistor option register 0
PMO:  Port mode register O

RD: Read signal

WRxx:  Write signal
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Figure 4-3. Block Diagram of P01

Internal bus

Voo
WReu
l PUO
© PUO1 ) | boch
-C
Alternate
function
RD
I 8 i] i] |
& 3
| T
»n
WRPpoRT
A Qutput latch
~ (PO1) ——O PO1/TI010/TO00
WRem
PMO
S PMO1
Alternate
function

PUO: Pull-up resistor option register 0
PMO:  Port mode register O

RD: Read signal

WRxx: Write signal
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4.2.2 Port1
Port 1 is an 8-bit I/0 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 in 1-bit units by pull-up resistor option register 1 (PU1).
This port can also be used for external interrupt request input, serial interface data 1/0O, clock 1/O, and timer 1/0.
Reset signal generation sets port 1 to input mode.
Figures 4-4 to 4-8 show block diagrams of port 1.

Caution When P10/SCK10/TxD0 and P12/SO10 are used as general-purpose ports, set serial operation
mode register 10 (CSIM10) and serial clock selection register 10 (CSIC10) to the initial setting

(00H).
Figure 4-4. Block Diagram of P10
Vop
M- WReu
l PU1
© PU10
P-ch
Alternate
function
RD
§ .
& | 3 :] :]
2 ! 3
Ke)
© WRPpoRT
c
L
C
- A Output latch
- (P10) ] +——© P10/SCK10/TXDO
WRem
PM1
S PM10
Alternate
function
N\

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

RD: Read signal

WRxx: Write signal

72 User's Manual U17734EJ2V0OUD



CHAPTER 4 PORT FUNCTIONS

Figure 4-5. Block Diagram of P11 and P14

Vop
WReu
l PU1
& PU11, PU14
P-ch
Alternate
function
RD
; " o frol—
s 4 I 5
o Ny —
c | A
o
£ WReroRT
A Output latch
S (P11, P14) © P11/SI110/RxDO,
P14/RxD6
WRpm
PMH1
S PM11, PM14
%
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 P12 and P15

Vob

M WReu
PU1
S PU12, PU15
P-ch
RD
S
any | © L
< | <
[
»n
Y WRporT
Kol
©
£
o A Qutput latch
= - (P12, P15) ——QO P12/8010
WRem P15/TOHO
PM1
S, PM12, PM15
Alternate
function
N
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 4-7. Block Diagram of P13

WReu
PU1
S PU13
P-ch
RD
S
[0
%}
WRPpoRT
A Qutput latch
= (P13) ——O P13/TxD6
WRem
PM1
S PM13
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 4-8. Block Diagram of P16 and P17

Internal bus

Vop
WRpu
J PU1
S PU16, PU17 ) | boch
-C
Alternate
function
RD
| <
& 8
| 3
%]
WRPpoRT
A Output latch
S (P16, P17) ——©O P16/TOH1/INTP5,
P17/TI50/TO50
WRpm
PM1
S PM16, PM17
Alternate
function

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

RD: Read signal

WRxx: Write signal
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4.2.3 Port 2

Port 2 is a 5-bit I/O port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units

using port mode register 2 (PM2).
This port can also be used for A/D converter analog input.
When P20/ANIO to P24/ANI4 are used as digital input ports, select digital 1/0 using the A/D port configuration
register (ADPC), set the input mode using PM2, and then use these ports from the lower bits.
When P20/ANIO to P24/ANI4 are used as digital output ports, select digital I/O using ADPC, and then set output

mode using PM2.

Table 4-4. Settings of P20/ANIO to P24/ANI4 pin function

ADPC Setting

PM2 Setting

ADS Setting

P20/ANIO to P24/ANI4 Pins

Digital I/O selection

Input mode

ANI selection

Setting prohibited

ANI non-selection

Digital input

Output mode

ANI selection

Setting prohibited

ANI non-selection

Digital output

Analog input selection

Input mode

ANI selection

Analog input (target for
conversion)

ANI non-selection

Analog input (target for non-
conversion)

Output mode

ANI selection

ANI non-selection

Setting prohibited

When a reset signal is generated, P20/ANIO to P24/ANI4 are all set to analog input mode.
Figure 4-9 shows a block diagram of port 2.

Figure 4-9. Block Diagram of P20 to P24

Selector

Qutput latch

(
N

© P20/ANIO to

(P20 to P24)

PM2

™
RD
o
N~
)
>
2
= WRporT
c
£
@
2
£
\>
WRem
oD
O
—_

PM20 to PM24

A/D converter

PM2:  Port mode register 2
RD: Read signal
WRxx:  Write signal

P24/ANI4
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4.2.4 Port3
Port 3 is a 4-bit /0O 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 in
1-bit units by pull-up resistor option register 3 (PU3).

This port can also be used for external interrupt request input and timer 1/0.

Reset signal generation sets port 3 to input mode.

Figures 4-10 and 4-11 show block diagrams of port 3.

Caution In the 78F0363D, be sure to pull the P31 pin down after reset to prevent malfunction.

Remark P31 and P32 of the xPD78F0363D can be used as on-chip debug mode setting pins (OCD1A, OCD1B)
when the on-chip debug function is used. For details, see CHAPTER 25 ON-CHIP DEBUG FUNCTION

(«PD78F0363D ONLY).

Figure 4-10. Block Diagram of P30 to P32

Vob
N\
WRru
l PU3
& PU30 to PU32
P-ch
Alternate
function
RD
2]
> - ,
2 | o <| <|
< S | ks
o) [0]
§ n
WRepoRT
A Output latch
~ (P30 to P32) ©) P30/INTPA,
P31/INTP2/0CD1ANot,
WHReu P32/INTP3/0OCD1BNete
PM3
& PM30 to PM32
S

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

RD: Read signal

WRxx: Write signal

Note PD78F0363D only.
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Figure 4-11. Block Diagram of P33

Selector

M-  WReru
l PU3
© PU33
Alternate
function
RD
N
2 |
o
E] WRPpoRT
o}
IS
Vany Output latch
~ (P33)
WRem
PM3
S PM33
Alternate
function
%
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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<R> 4.2.5 Port6

Port 6 is a 2-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).

The output of the P60 and P61 pins is N-ch open-drain output (6 V tolerance).
This port can also be used for serial interface data I/O and clock 1/0.
Reset signal generation sets port 6 to input mode.

Figures 5-18 to 5-20 show block diagrams of port 6.

Caution In the 78K0/LE2, be sure to use the P60/SCLO and P61/SDAO as the serial clock I/O pin and serial data
I/0 pin, respectively, in accordance with the specifications.

Figure 4-12 Block Diagram of P60 and P61

Selector

<J g

M
Alternate
function
RD
-
WRPpoRT
3 P6
Ke)
e & Output latch
I3 (P60, P61)
£
WRem
PM6
&S PM60, PM61
Alternate
function
—~_
P6: Port register 6

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

4.2.6 Port12

Port 12 is a 5-bit I/O port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units
using port mode register 12 (PM12). When used as an input port only for P120, use of an on-chip pull-up resistor can
be specified by pull-up resistor option register 12 (PU12).

This port can also be used for external interrupt request input, potential input for external low-voltage detection,
resonator for main system clock connection, external clock input, and resonator for subsystem clock connection.

Reset signal generation sets port 12 to input mode.

Figures 4-13 and 4-14 show block diagrams of port 12.

Caution When using P121 to P124 pins to connect a resonator for the main system clock or subsystem
clock, or to input an external clock, the X1 oscillation mode, XT1 oscillation mode, or external
clock input mode must be set by using the clock operation mode select register (OSCCTL) (for
details, see 5.3 (1) Clock operation mode select register (OSCCTL) and (3) Setting of operation
mode for subsystem clock pin). The reset value of OSCCTL is 00H (all P121 to P124 are 1/O port
pins). At this time, settings of PM121 to PM124 and P121 to P124 are not necessary.

Remark X1 and X2 of the xPD78F0363D can be used as on-chip debug mode setting pins (OCDOA, OCDOB)
when the on-chip debug function is used. For details, see CHAPTER 25 ON-CHIP DEBUG FUNCTION
(uPD78F0363D ONLY).

Figure 4-13. Block Diagram of P120

Vop
™1 WReu
l PU12
O PU120 boch
b—l -C
Alternate
function
RD
2 5 o< |—©<|7
o
¥ I 5
c N <
5 ! 3
[
- WRPpoRT
A Output latch
~ (P120) © P120/INTPO/EXLVI
WRem
PM12
& PM120
~_

PU12:  Pull-up resistor option register 12
PM12: Port mode register 12

RD: Read signal

WRxx: Write signal
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Figure 4-14. Block Diagram of P121 to P124

© P122/X2/EXCLK/OCDOBN",
P124/XT2/EXCLKS

© P121/X1/0CD0ANte,

Note 1PD78F0363D only.

MU 17
OSCCTL
OSCSEL/
RD OSCSELS
S
& | 8 N
| S
)
WRpoRT
A Output latch
~ (P122/P124)
WRpm
PM12
< PM122/PM124 ‘! N
OSCCTL
OSCSEL/
OSCSELS OSCCTL
3 EXCLK, OSCSEL/ Q
3z EXCLKS, OSCSELS 0
c
8
E
RD
S
o | 8 p—
| ko
w
WRProRT
A Output latch
~ (P121/P123)
WRem
PM12
< PM121/PM123
OSCCTL
OSCSEL/
OSCSELS
AV
PU12: Pull-up resistor option register 12
PM12: Port mode register 12
OSCCTL: Clock operation mode select register
RD: Read signal
WRxx: Write signal
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4.3 Registers Controlling Port Function

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

e Port mode registers (PMO0, PM1, PM2, PM3, PM6, PM7, PM12)
o Port registers (PO, P1, P2, P3, P6, P12)
o Pull-up resistor option registers (PUO, PU1, PU3, PU12)
e A/D port configuration register (ADPC)

(1) Port mode registers (PM0, PM1, PM2, PM3, PM6, PM7, and PM12)
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 signal generation 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

After reset
FFH

FFH

FFH

FFH

FFH

FFH

FFH

R/W

R/W

R/W

R/W

R/W

R/W

R/W

4-4.
Figure 4-15. Format of Port Mode Register
Symbol 7 6 5 4 3 2 1 0 Address
mo | 1+ | 1 | 1+ | 1+ | 1 | 1 | Pmot | Pmoo | FF2oH
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PMi2 | PM11 | PM10 | FF21H
PM2 | 1 | 1 | 1 | Pmea | PM23 | PM22 | PM21 | PM20 | FF22H
M3 | 1 | 1 | 1 | 1 | Pms3 | Pm32 | PMm31 | PM30 | FF2sH
PM6 | 1 1 1 1 1 PM62 | PM61 | PM60 | FF26H
PM7 | PM77 \ PM76 \ PM75 \ PM74 \ PM73 \ PM72 \ PM71 | PM70 | FF27H
PM12 | 1 \ 1 \ 1 \ PM124 \ PM123 \ PM122 \ PM121 \PM120 | FF2CH
PMmn Pmn pin /0 mode selection
(m=0t03,6,7,12;,n=0t0 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Caution After a reset release, be sure to set PM62 to 0, and set PM7 to O0H.

Remark For PM14, see 11.3 Registers Controlling Clock Output Controller or 17.3 Registers Controlling

LCD Controller/Driver.
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(2) Port registers (PO, P1, P2, P3, P6, P12)
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 signal generation sets these registers to 00H.

Figure 4-16. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
| o | o | o | o | o | o | pot | Poo | FFOOH  00H (outputlaich) RMW
Pt [ P17 | Pte | Pt5 | P14 | P13 | Pi2 | P11 | P10 | FFOIH  OOH (outputlatch) RMW
P2 o | o | o | pa | Pes | P2 | P21t | P20 | FFO2H  0OH (outputlatch) RW
P o | o | o | o | P | Pa2 | P31 | P30 | FFOBH  OOH (outputlaich) RMW
<R> P o | o | o | o | o | o | pet | Peo | FFOBH  0OH (outputlaich) R
P2 [ o | o | o | P24 | Pr2a | P22 | P12t | P120 | FFOCH  00H (outputlatch) RW
Pmn m=0103,6,12,n=0to 7
Output data control (in output mode) Input data read (in input mode)
0 Qutput 0 Input low level
1 Output 1 Input high level

Remark For P13, see 17.3 Registers Controlling LCD Controller/Driver.
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(3) Pull-up resistor option registers (PUO, PU1, PU3, PU12)
These registers specify whether the on-chip pull-up resistors of P00, P01, P10 to P17, P30 to P33, and P120 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 in PUO, PU1, PUS3, and PU12. On-chip
pull-up resistors cannot be connected to bits set to output mode and bits used as alternate-function output pins,
regardless of the settings of PUO, PU1, PU3, and PU12.

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

Reset signal generation sets these registers to 00H.

Symbol
PUO

PU1

PU3

PU12

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

7 6 5 4 3 2 1 0 Address  After reset R/W
[ o o | o | o | o | o | puot | Puoo | FF3oH 00H RIW
[ Pu17 | Pute | Puts | Puta | PU1B | Put2 | PU11 | PUt0 | FFatH 00H RIW
[ o o | o | o | puss | pPus2 | Pust | PUSD | FFaaH 00H RIW
[ o o | o | o | o | o | o |Pputeo| FracH 00H RIW

PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,3,12,n=01t07)
0 On-chip pull-up resistor not connected

On-chip pull-up resistor connected
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(4) A/D port configuration register (ADPC)
This register switches the P20/ANIO to P24/ANI4 pins to analog input of A/D converter or digital /O of port.
ADPC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 4-18. Format of A/D Port Configuration Register (ADPC)

Address: FF2FH After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 0 ADPC2 ADPCA1 ADPCO
ADPC2 ADPC1 ADPCO Analog input (A)/digital input (D) switching
P24/ P23/ P22/ P21/ P20/
ANI4 ANI3 ANI2 ANI1 ANIO
0 0 0 A A A A A
0 0 1 A A A A D
0 1 0 A A A D D
0 1 1 A A D D D
1 0 0 A D D D D
1 0 1 D D D D
Other than above Setting prohibited

Cautions 1. Set the channel used for A/D conversion in the input mode by using port mode register 2
(PM2).
2. Do not set a pin to be used as a digital I/O pin with ADPC with ADS.
3. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the CPU
is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 29 CAUTIONS FOR WAIT.
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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 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.

4.4.1 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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4.5 Settings of Port Mode Register and Output Latch When Using Alternate Function

When port pins are used as alternate-function pins, set the port mode register and output latch as shown in Table
4-5.

Table 4-5. Settings of Port Mode Register and Output Latch When Using Alternate Function

Pin Name Alternate Function PMxx Pxx
Function Name I/0

P00 TIO00 Input 1 X
PO1 TIO10 Input 1 X
TOO00 Output 0 0

P10 SCK10 Input 1 X
Output 0 1

TxDO Output 0 1

P11 S0 Input 1 X
RxDO Input 1 X

P12 SO10 Output 0 0
P13 TxD6 Output 0 1
P14 RxD6 Input 1 X
P15 TOHO Output 0 0
P16 TOH1 Output 0 0
INTP5 Input 1 X

P17 TI50 Input 1 X
TO50 Output 0 0

P20 to P24"*" | ANIO to ANI4""' Input 1 X
P30 to P32 INTP1 to INTP3 Input 1 X
P33 INTP4 Input 1 X
TI51 Input 1 X

TO51 Output 0 0

P60 SCLO /0 0 0
P61 SDAO 1/0 0 0
P120 INTPO Input 1 X
EXLVI Input 1 X

P121 Xyt - X X
P122 X" - x X
EXCLK""* Input X x

P123 XTq% - X X
P124 XT2"* - X X
EXCLKS""* Input X x

(Refer to Notes and Remarks on the next page.)
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Notes1. The functions of the ANIO/P20 to ANI4/P24 pins are determined according to the settings of A/D port
configuration register (ADPC), Analog input channel specification register (ADS), and PM2.

Table 4-6. Settings of ANI0/P20 to ANI4/P24 pin function

ADPC Setting PM2 Setting ADS Setting ANIO/P20 to ANI4/P24 Pins
Analog input selection Input mode ANI selection Analog input (target for
conversion)
ANI non-selection Analog input (target for non-
conversion)
Output mode ANI selection Setting prohibited
ANI non-selection
Digital I/O selection Input mode ANI selection Setting prohibited
ANI non-selection Digital input
Output mode ANI selection Setting prohibited
ANI non-selection Digital output

2. When using P121 to P124 pins to connect a resonator for the main system clock or subsystem clock, or to
input an external clock, the X1 oscillation mode, XT1 oscillation mode, or external clock input mode must be
set by using the clock operation mode select register (OSCCTL) (for details, see 5.3 (1) Clock operation
mode select register (OSCCTL) and (3) Setting of operation mode for subsystem clock pin). The
reset value of OSCCTL is 00H (all P121 to P124 are 1/O port pins). At this time, settings of PM121 to
PM124 and P121 to P124 are not necessary.

Remarks1. x: Don’t care
PMxx:  Port mode register
Pxx: Port output latch
2. X1, X2, P31, and P32 pins of the 4PD78F0363D can be used as on-chip debug mode setting pins
(OCDO0OA, OCD0B, OCD1A, OCD1B) when the on-chip debug function is used. For details, see
CHAPTER 25 ON-CHIP DEBUG FUNCTION (4PD78F0363D ONLY).
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CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

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

The following three kinds of system clocks and clock oscillators are selectable.

(1)

)

Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 1 to 20 MHz by connecting a resonator to X1 and X2.
Oscillation can be stopped by executing the STOP instruction or using the main OSC control register
(MOC).

<2> Internal high-speed oscillator
This circuit oscillates a clock of frRH = 8 MHz (TYP.). After a reset release, the CPU always starts
operating with this internal high-speed oscillation clock. Oscillation can be stopped by executing the
STOP instruction or using the internal oscillation mode register (RCM).

An external main system clock (fexcik = 1 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An
external main system clock input can be disabled by executing the STOP instruction or using RCM.

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or internal high-
speed oscillation clock can be selected by using the main clock mode register (MCM).

Subsystem clock

e Subsystem clock oscillator
This circuit oscillates at a frequency of fxt = 32.768 kHz by connecting a 32.768 kHz resonator across XT1
and XT2. Oscillation can be stopped by using the processor clock control register (PCC) and clock
operation mode select register (OSCCTL).

An external subsystem clock (fexcLks = 32.768 kHz) can also be supplied from the EXCLKS/XT2/P124 pin. An
external subsystem clock input can be disabled by setting PCC and OSCCTL.

Remarks 1. fx: X1 clock oscillation frequency
2. frH: Internal high-speed oscillation clock frequency
3. fexcik:  External main system clock frequency
4. fxt: XT1 clock oscillation frequency
5. fexciks: External subsystem clock frequency
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(3) Internal low-speed oscillation clock (clock for watchdog timer)
e Internal low-speed oscillator

This circuit oscillates a clock of frL = 240 kHz (TYP.). After a reset release, the internal low-speed oscillation
clock always starts operating.
Oscillation can be stopped by using the internal oscillation mode register (RCM) when “internal low-speed
oscillator can be stopped by software” is set by option byte.
The internal low-speed oscillation clock cannot be used as the CPU clock. The following hardware operates
with the internal low-speed oscillation clock.

e Watchdog timer
e TMH1 (when frL, fr/27, or fri/2°is selected)

Remark fr.: Internal low-speed oscillation clock frequency

5.2 Configuration of Clock Generator
The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

Item Configuration

Control registers Clock operation mode select register (OSCCTL)

Processor clock control register (PCC)

Internal oscillation mode register (RCM)

Main OSC control register (MOC)

Main clock mode register (MCM)

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

Oscillators X1 oscillator

XT1 oscillator

Internal high-speed oscillator
Internal low-speed oscillator
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Remarks 1. fx: X1 clock oscillation frequency
2. fru: Internal high-speed oscillation clock frequency
3. fexcik:  External main system clock frequency
4. fxu: High-speed system clock oscillation frequency
5. fxp: Main system clock oscillation frequency
6. fprrs: Peripheral hardware clock oscillation frequency
7. fcpu: CPU clock oscillation frequency
8. fxm XT1 clock oscillation frequency
9. fexciks: External subsystem clock frequency

10. fsus: Subsystem clock oscillation frequency
11. fRL: Internal low-speed oscillation clock frequency

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

o Clock operation mode select register (OSCCTL)

e Processor clock control register (PCC)

e Internal oscillation mode register (RCM)

e Main OSC control register (MOC)

e Main clock mode register (MCM)

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

(1) Clock operation mode select register (OSCCTL)
This register selects the operation modes of the high-speed system and subsystem clocks, and the gain of the
on-chip oscillator.
OSCCTL can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.
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Figure 5-2. Format of Clock Operation Mode Select Register (OSCCTL)

Address: FF9FH After reset: 0O0OH R/W

<7> <6> <5> <4> 3 2 1 <0>
EXCLK | OSCSEL |Exciks™ |oscsets™| o | o | o | AwpH
EXCLK OSCSEL | High-speed system clock P121/X1 pin P122/X2/EXCLK pin
pin operation mode
0 0 1/0 port mode I/O port
1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 1/0 port mode I/O port
1 1 External clock input 1/0 port External clock input
mode

AMPH Operating frequency control

0 1 MHz < fxi < 10 MHz

1 10 MHz < fxu <20 MHz

Note EXCLKS and OSCSELS are used in combination with XTSTART (bit 6 of the processor
clock control register (PCC)). See (3) Setting of operation mode for subsystem clock
pin.

Cautions 1. Be sure to set AMPH to 1 if the high-speed system clock oscillation frequency
exceeds 10 MHz.

2. Set AMPH before setting the peripheral functions after a reset release. The value
of AMPH can be changed only once after a reset release. The clock supply to the
CPU is stopped for 5 us (MIN.) after AMPH has been set to 1.

3. If the STOP instruction is executed with AMPH set to 1 when the internal high-
speed oscillation clock or external main system clock is used as the CPU clock,
then the clock supply to the CPU is stopped for 5 us (MIN.) after the STOP mode
has been released. If the X1 clock is used as the CPU clock, oscillation
stabilization time is counted after the STOP mode has been released.

4. To change the value of EXCLK and OSCSEL, be sure to confirm that bit 7
(MSTOP) of the main OSC control register (MOC) is 1 (the X1 oscillator stops or
the external clock from the EXCLK pin is disabled).

Remark fxH: High-speed system clock oscillation frequency
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(2) Processor clock control register (PCC)

This register is used to select the CPU clock, the division ratio, and operation mode for subsystem clock.
PCC is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PCC to 01H.

Figure 5-3. Format of Processor Clock Control Register (PCC)

Address: FFFBH  After reset: 01H  R/W"™'

Symbol 7 6 <5> <4> 3 2 1 0
PCC 0 XTSTART " CLS CSs 0 PCC2 PCC1 PCCO
CLS CPU clock status
0 Main system clock
1 Subsystem clock
CSSs PCC2 PCC1 PCCO CPU clock (fcru) selection
0 0 0 0 fxp
0 0 1 fxp/2 (default)
0 1 0 fxp/2?
0 1 1 fxe/2°
1 0 0 fxp/2*
1 0 0 0 fsue/2
0 0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

Notes 1. Bit 5 is read-only.
2. XTSTART is used in combination with EXCLKS and OSCSELS (bits 5 and 4 of the Clock
operation mode select register (OSCCTL)). See (3) Setting of operation mode for
subsystem clock pin.

Caution Be sure to clear bits 3 and 7 to 0.

Remarks 1. fxp: Main system clock oscillation frequency
2. fsue: Subsystem clock oscillation frequency

The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/LE2. Therefore, the relationship
between the CPU clock (fcpu) and the minimum instruction execution time is as shown in Table 5-2.
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Table 5-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcpu) Minimum Instruction Execution Time: 2/fcru
Main System Clock Subsystem Clock
High-Speed System Clock"™ Internal High-Speed
Oscillation Clock™*
At 10 MHz At 20 MHz At 8 MHz (TYP.) Operation At 32.768 kHz Operation
Operation Operation
fxp 0.2 us 0.1 us 0.25 us (TYP.) -
fxp/2 0.4 us 0.2 us 0.5 us (TYP.) -
fxp/2? 0.8 us 0.4 us 1.0 us (TYP.) -
fxp/2° 1.6 us 0.8 us 2.0 us (TYP.) -
fxp/2* 3.2 us 1.6 us 4.0 us (TYP.) -
fsus/2 - - 122.1 us

Note The main clock mode register (MCM) is used to set the main system clock supplied to CPU clock (high-
speed system clock/internal high-speed oscillation clock) (see Figure 5-6).

(3) Setting of operation mode for subsystem clock pin
The operation mode for the subsystem clock pin can be set by using bit 6 (XTSTART) of the processor clock
control register (PCC) and bits 5 and 4 (EXCLKS, OSCSELS) of the clock operation mode select register
(OSCCTL) in combination.

Table 5-3. Setting of Operation Mode for Subsystem Clock Pin

PCC OSCCTL Subsystem Clock Pin P123/XT1 Pin P124/XT2/EXCLKS
Bit 6 Bit 5 Bit 4 Operation Mode Pin
XTSTART | EXCLKS | OSCSELS
0 0 0 1/0 port mode 1/0 port
0 0 1 XT1 oscillation mode Crystal resonator connection
0 1 0 1/0 port mode 1/0 port
0 1 1 External clock input mode 1/0O port ‘ External clock input
1 X X XT1 oscillation mode Crystal resonator connection
Caution Confirm that bit 5 (CLS) of the processor clock control register (PCC) is 0 (CPU is operating
with main system clock) when changing the current values of XTSTART, EXCLKS, and
OSCSELS.
Remark x: don’t care
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(4) Internal oscillation mode register (RCM)
This register sets the operation mode of internal oscillator.
RCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 80H""".

Figure 5-4. Format of Internal Oscillation Mode Register (RCM)

Address: FFAOH  After reset: 80H"™ ' R/W""*?

Symbol <7> 6 5 4 3 2 <1> <0>
RCM RSTS 0 0 0 0 ‘ 0 ‘ LSRSTOP ‘ RSTOP

RSTS Status of internal high-speed oscillator
0 Waiting for accuracy stabilization of internal high-speed oscillator
1 Stability operating of internal high-speed oscillator

LSRSTOP Internal low-speed oscillator oscillating/stopped

0 Internal low-speed oscillator oscillating
1 Internal low-speed oscillator stopped

RSTOP Internal high-speed oscillator oscillating/stopped
0 Internal high-speed oscillator oscillating
1 Internal high-speed oscillator stopped

Notes 1. The value of this register is O0OH immediately after a reset release but automatically
changes to 80H after internal high-speed oscillator has been stabilized.
2. Bit 7 is read-only.

Caution When setting RSTOP to 1, be sure to confirm that the CPU operates with a clock
other than the internal high-speed oscillation clock. Specifically, set under either of
the following conditions.

e When MCS = 1 (when CPU operates with the high-speed system clock)

e When CLS =1 (when CPU operates with the subsystem clock)

In addition, stop peripheral hardware that is operating on the internal high-speed
oscillation clock before setting RSTOP to 1.
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(5) Main OSC control register (MOC)

98

This register selects the operation mode of the high-speed system clock.

This register is used to stop the X1 oscillator or to disable an external clock input from the EXCLK pin when the
CPU operates with a clock other than the high-speed system clock.

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

Reset signal generation sets this register to 80H.

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

Address: FFA2H After reset: 80H R/W

Symbol <7> 6 5 4 3 2 1 0
MOC MSTOP 0 0 0 0 0 0 0
MSTOP Control of high-speed system clock operation
X1 oscillation mode External clock input mode
0 X1 oscillator operating External clock from EXCLK pin is enabled
1 X1 oscillator stopped External clock from EXCLK pin is disabled

Cautions 1. When setting MSTOP to 1, be sure to confirm that the CPU operates with a clock
other than the high-speed system clock. Specifically, set under either of the
following conditions.

e When MCS = 0 (when CPU operates with the internal high-speed oscillation
clock)
e When CLS =1 (when CPU operates with the subsystem clock)
In addition, stop peripheral hardware that is operating on the high-speed system
clock before setting MSTOP to 1.

2. Do not clear MSTOP to 0 while bit 6 (OSCSEL) of the clock operation mode select
register (OSCCTL) is 0 (I/O port mode).

3. The peripheral hardware cannot operate when the peripheral hardware clock is
stopped. To resume the operation of the peripheral hardware after the
peripheral hardware clock has been stopped, initialize the peripheral hardware.
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(6) Main clock mode register (MCM)

This register selects the main system clock supplied to CPU clock and clock supplied to peripheral hardware

clock.
MCM can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 5-6. 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 XSEL MCS MCMO
XSEL MCMO Selection of clock supplied to main system clock and peripheral hardware
Main system clock (fx) Peripheral hardware clock (fers)
0 0 Internal high-speed oscillation clock Internal high-speed oscillation clock
0 1 (frH) (frH)
1 0 High-speed system clock (fx+)
1 1 High-speed system clock (fx+)
MCS Main system clock status
0 Operates with internal high-speed oscillation clock
1 Operates with high-speed system clock

Note Bit 1 is read-only.

Cautions 1. XSEL can be changed only once after a reset release.

2. A clock other than frrs is supplied to the following peripheral functions

regardless of the setting of XSEL and MCMO.
e Watchdog timer (operates with internal low-speed oscillation clock)

e When “fr”, “fr/27”, or “frU/2°” is selected as the count clock for 8-bit timer H1

(operates with internal low-speed oscillation clock)
e Peripheral hardware selects the external clock as the clock source

(Except when the external count clock of TMO0O is selected (TI000 pin valid

edge))
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(7) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1
clock oscillation starts with the internal high-speed oscillation clock or subsystem clock used as the CPU clock,
the X1 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 and MSTOP (bit 7 of
MOC register) = 1 clear OSTC to 00H.

Figure 5-7. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFA3H Afterreset: OOH 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
fx=10MHz | fx=20 MHz
1 0 0 0 0 2"/fx min. | 204.8 s min.| 102.4 us min|
1 1 0 0 0 2°fx min. | 819.2 us min.| 409.6 s min.
1 1 1 0 0 2"/fx min. | 1.64 ms min. | 819.2 xs min.
1 1 1 1 0 2%fx min. | 3.27 ms min. | 1.64 ms min.
1 1 1 1 1 2fx min. | 6.55 ms 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. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the internal high-speed 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
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 X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage | l
waveform

Remark fx: X1 clock oscillation frequency
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(8) Oscillation stabilization time select register (OSTS)

This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP

mode is released.

When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can

be checked up to the time set using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to 05H.

Figure 5-8. 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 OSTSO0
OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =10 MHz fx =20 MHz
0 0 1 2" /ix 204.8 us 102.4 us
0 1 0 2%/fx 819.2 us 409.6 us
0 1 1 2"/fx 1.64 ms 819.2 us
1 0 0 2%/fx 3.27ms 1.64 ms
1 0 1 2"°/x 6.55 ms 3.27 ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS

before executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation

stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the internal high-speed 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

Note, therefore, that only the status up to the oscillation stabilization time set by

OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).
STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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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 (1 to 20 MHz) connected to the X1 and X2
pins.

Figure 5-9 shows an example of the external circuit of the X1 oscillator.

Figure 5-9. Example of External Circuit of X1 Oscillator (Crystal or Ceramic Oscillation)

| Vss

| 1 X1
74; I

| I I X2

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.
5.4.2 XT1 oscillator
The XT1 oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1 and XT2 pins.

Figure 5-10 shows an example of the external circuit of the XT1 oscillator.

Figure 5-10. Example of External Circuit of XT1 Oscillator (Crystal Oscillation)

Vss

E | T XT1
! 32.768

:' [ e

1 |—1W XT2

Cautions are listed on the next page.

102 User's Manual U17734EJ2V0UD



CHAPTER 5 CLOCK GENERATOR

Cautions 1. When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the
broken lines in the Figures 5-9 and 5-10 to avoid an adverse effect from wiring capacitance.

¢ Keep the wiring length as short as possible.

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

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

¢ Do not fetch signals from the oscillator.

Note that the XT1 oscillator is designed as a low-amplitude circuit for reducing power
consumption.

Figure 5-11 shows examples of incorrect resonator connection.

Figure 5-11. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT
Vss X1 X2 Vss X1 X2

= =

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.
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Figure 5-11. Examples of Incorrect Resonator Connection (2/2)

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

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

Vop

Pmn
Vss X2

PD% — vs
A N

i o |
- s
T

S
A . B TC
High current
e cali

High current

(e) Signals are fetched

Vs! X2

Yo
T

[

e

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

Cautions 2. When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1,
resulting in malfunctioning.
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5.4.3 When subsystem clock is not used
If it is not necessary to use the subsystem clock for low power consumption operations, or if not using the
subsystem clock as an 1/O port, set the XT1 and XT2 pins to I/O mode (OSCSELS = 0) and connect them as follows.

Input (PM123/PM124 =1):  Independently connect to Vob or Vss via a resistor.
Output (PM123/PM124 = 0): Leave open.

Remark OSCSELS: Bit 4 of clock operation mode select register (OSCCTL)
PM123, PM124: Bits 3 and 4 of port mode register 12 (PM12)

5.4.4 Internal high-speed oscillator

The internal high-speed oscillator is incorporated in the 78K0/LE2. Oscillation can be controlled by the internal
oscillation mode register (RCM).

After a reset release, the internal high-speed oscillator automatically starts oscillation (8 MHz (TYP.)).

5.4.5 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the 78 KO/LE2.

The internal low-speed oscillation clock is only used as the watchdog timer and the clock of 8-bit timer H1. The
internal low-speed oscillation clock cannot be used as the CPU clock.

“Can be stopped by software” or “Cannot be stopped” can be selected by the option byte. When “Can be stopped
by software” is set, oscillation can be controlled by the internal oscillation mode register (RCM).

After a reset release, the internal low-speed oscillator automatically starts oscillation, and the watchdog timer is
driven (240 kHz (TYP.)) if the watchdog timer operation is enabled using the option byte.

5.4.6 Prescaler

The prescaler generates various clocks by dividing the main system clock when the main system clock is selected
as the clock to be supplied to the CPU.
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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 (see Figure 5-1).

Main system clock fxp
e High-speed system clock fxH
X1 clock fx

[External main system clock fexcik
¢ Internal high-speed oscillation clock frH
Subsystem clock fsus
e XT1 clock fxr
e External subsystem clock fexciks
Internal low-speed oscillation clock faL
CPU clock fcru
Peripheral hardware clock frrs

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the
78K0/LE2, thus enabling the following.

1

()

106

Enhancement of security function

When the X1 clock is set as the CPU clock by the default setting, the device cannot operate if the X1 clock is
damaged or badly connected and therefore does not operate after reset is released. However, the start clock of
the CPU is the internal high-speed oscillation clock, so the device can be started by the internal high-speed
oscillation clock after a 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.

Improvement of performance

Because the CPU can be started without waiting for the X1 clock oscillation stabilization time, the total
performance can be improved.

When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-12.
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Power supply

Nl

Internal

reset signal <1>

Figure 5-12. Clock Generator Operation When Power Supply Voltage Is Turned On
(When 1.59 V POC Mode Is Set (Option Byte: POCMODE = 0))

ltage (VDD)

oV

Reset processing

<3> Waiting for (20 s (TYP.)) Switched by
1yoltage stabilization:  /_: <5> software <5>

L (@24ms (TYP) |/ - —
CPU clock ; " \Internal high-speed oscillation clock>< High-speed system clock X Subsystem clock

1<2>

Internal high-speed
oscillation clock (frH) .

Waiting for oscillation :

selected)

High-speed accuracy stabilization ‘
system clock (fxt) Y <4>
(when X1 oscillation

Subsystem

' X1 clock
oscillation stabilization time:
clock (fsus)

i o 2'"/fx to 2'¢/fxNete
(when XT1 oscillation Starting X1 oscillation 4
selected) is specified by software.

<1>

<2>

<3>

<4>

<5>

Note

Caut

T

Starting XT1 oscillation
is specified by software.

When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.
When the power supply voltage exceeds 1.59 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.

When the power supply voltage rises with a slope of 0.5 V/ms (MAX.), the CPU starts operation on the
internal high-speed oscillation clock after the reset is released and after the stabilization times for the voltage
of the power supply and regulator have elapsed, and then reset processing is performed.

Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1 Example of controlling high-
speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).

When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock and (3) in 5.6.3
Example of controlling subsystem clock).

When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the internal
high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC). If the CPU operates on the high-speed system clock (X1
oscillation), set the oscillation stabilization time when releasing STOP mode using the oscillation
stabilization time select register (OSTS).

ions 1. If the voltage rises with a slope of less than 0.5 V/ms (MAX.) from power application until the
voltage reaches 1.8 V, input a low level to the RESET pin from power application until the
voltage reaches 1.8 V, or set the 2.7 V/1.59 V POC mode by using the option byte (POCMODE
= 1) (see Figure 5-13). By doing so, the CPU operates with the same timing as <2> and
thereafter in Figure 5-12 after reset release by the RESET pin.
2. It is not necessary to wait for the oscillation stabilization time when an external clock input
from the EXCLK and EXCLKS pins is used.
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Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via
software settings. The internal high-speed oscillation clock and high-speed system clock can be
stopped by executing the STOP instruction (see (4) in 5.6.1 Example of controlling high-speed
system clock, (3) in 5.6.2 Example of controlling internal high-speed oscillation clock, and (4) in
5.6.3 Example of controlling subsystem clock).

Figure 5-13. Clock Generator Operation When Power Supply Voltage Is Turned On
(When 2.7 V/1.59 V POC Mode Is Set (Option Byte: POCMODE = 1))

2.7V (TYP.)
Power supply
voltage (Vbp)

oV

‘
Internal reset signal |

<1>
3> Reset processing )
' (20 us (TYP.)) Switched by
' . software
. ! <5> <5>
CPU clock < In})e;rgﬁ;{;g%hjggf d X High-speed system clock X Subsystem clock
:<2> :
Internal high-speed
oscillation clock (frH)
High-speed ' / ' '
system clock (fxH) Waiting for oscillation 4
(when X1 oscillation accuracy stabilization <
selected) 1 ‘

; X1 clock :
foscillation stabilization time:

2"/fx to 2'6/fxNete
Subsystem clock (fsus) Starting X1 oscillation <4>
(when XT1 oscillation is specified by software.

selected)

Starting XT1 oscillation
is specified by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit.

<2> When the power supply voltage exceeds 2.7 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.

<3> After the reset is released and reset processing is performed, the CPU starts operation on the internal high-
speed oscillation clock.

<4> Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1 Example of controlling high-
speed system clock and (1) in 5.6.3 Example of controlling subsystem clock).

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see (3) in 5.6.1 Example of controlling high-speed system clock and (3) in 5.6.3
Example of controlling subsystem clock).

Note When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the internal
high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC). If the CPU operates on the high-speed system clock (X1
oscillation), set the oscillation stabilization time when releasing STOP mode using the oscillation
stabilization time select register (OSTS).

Caution It is not necessary to wait for the oscillation stabilization time when an external clock input from
the EXCLK and EXCLKS pins is used.
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Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via

software settings. The internal high-speed oscillation clock and high-speed system clock can be
stopped by executing the STOP instruction (see (4) in 5.6.1 Example of controlling high-speed
system clock, (3) in 5.6.2 Example of controlling internal high-speed oscillation clock, and (4) in
5.6.3 Example of controlling subsystem clock).

5.6 Controlling Clock

5.6.1 Example of controlling high-speed system clock

The following two types of high-speed system clocks are available.

e X1 clock: Crystal/ceramic resonator is connected across the X1 and X2 pins.

o External main system clock: External clock is input to the EXCLK pin.

When the high-speed system clock is not used, the X1/P121 and X2/EXCLK/P122 pins can be used as I/O port

pins.

Caution The X1/P121 and X2/EXCLK/P122 pins are in the I/O port mode after a reset release.

The following describes examples of setting procedures for the following cases.

(1) When oscillating X1 clock

(2) When using external main system clock

(3) When using high-speed system clock as CPU clock and peripheral hardware clock

(4) When stopping high-speed system clock

(1) Example of setting procedure when oscillating the X1 clock

<1>

<2>

<3>

Setting frequency (OSCCTL register)
Using AMPH, set the gain of the on-chip oscillator according to the frequency to be used.

AMPH"" Operating Frequency Control
0 1 MHz < fxn < 10 MHz
1 10 MHz < fx1 < 20 MHz

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can
be changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU
is stopped for 5 us (MIN.).

Remark fxH: High-speed system clock oscillation frequency

Setting P121/X1 and P122/X2/EXCLK pins and selecting X1 clock or external clock (OSCCTL register)
When EXCLK is cleared to 0 and OSCSEL is set to 1, the mode is switched from port mode to X1
oscillation mode.

EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin

0 1 X1 oscillation mode Crystal/ceramic resonator connection

Controlling oscillation of X1 clock (MOC register)
If MSTOP is cleared to 0, the X1 oscillator starts oscillating.
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<4> Waiting for the stabilization of the oscillation of X1 clock
Check the OSTC register and wait for the necessary time.
During the wait time, other software processing can be executed with the internal high-speed oscillation
clock.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the X1 clock is operating.
2. Set the X1 clock after the supply voltage has reached the operable voltage of the clock to
be used (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

(2) Example of setting procedure when using the external main system clock
<1> Setting frequency (OSCCTL register)
Using AMPH, set the frequency to be used.

AMPH"" Operating Frequency Control
0 1 MHz < fxn < 10 MHz
1 10 MHz < fx1 < 20 MHz

Note Set AMPH before setting the peripheral functions after a reset release. The value of AMPH can
be changed only once after a reset release. When AMPH is set to 1, the clock supply to the CPU
is stopped for 5 us (MIN.).

Remark fxH: High-speed system clock oscillation frequency

<2> Setting P121/X1 and P122/X2/EXCLK pins and selecting operation mode (OSCCTL register)
When EXCLK and OSCSEL are set to 1, the mode is switched from port mode to external clock input

mode.
EXCLK OSCSEL | Operation Mode of High- P121/X1 Pin P122/X2/EXCLK Pin
Speed System Clock Pin
1 1 External clock input mode | I/O port External clock input

<3> Controlling external main system clock input (MOC register)
When MSTOP is cleared to 0, the input of the external main system clock is enabled.

Cautions 1. Do not change the value of EXCLK and OSCSEL while the external main system clock is
operating.
2. Set the external main system clock after the supply voltage has reached the operable
voltage of the clock to be used (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

(8) Example of setting procedure when using high-speed system clock as CPU clock and peripheral
hardware clock
<1> Setting high-speed system clock oscillation
(See 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of
setting procedure when using the external main system clock.)

Note

Note The setting of <1> is not necessary when high-speed system clock is already operating.
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<2> Setting the high-speed system clock as the main system clock (MCM register)
When XSEL and MCMO are set to 1, the high-speed system clock is supplied as the main system clock
and peripheral hardware clock.

XSEL

MCMo

Selection of Main System Clock and Clock Supplied to Peripheral Hardware

Main System Clock (fxp)

Peripheral Hardware Clock (fers)

1

1

High-speed system clock (fxH)

High-speed system clock (fxH)

Caution

<3> Setting the main system clock as the CPU clock and selecting the division ratio (PCC register)

If the high-speed system clock is selected as the main system clock, a clock other than

the high-speed system clock cannot be set as the peripheral hardware clock.

When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock
division ratio, use PCCO0, PCC1, and PCC2.

CSSs PCC2 PCCA1 PCCO CPU Clock (fcru) Selection
0 0 0 0 fxp
0 0 1 fxe/2 (default)
0 1 0 fxp/2°
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

(4) Example of setting procedure when stopping the high-speed system clock
The high-speed system clock can be stopped in the following two ways.
¢ Executing the STOP instruction to set the STOP mode

¢ Setting MSTOP to 1 and stopping the X1 oscillation (disabling clock input if the external clock is used)

(a) To execute a STOP instruction
<1> Setting to stop peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that

cannot be used in STOP mode, see CHAPTER 19 STANDBY FUNCTION).

<2> Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.

<3> Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and X1 oscillation
is stopped (the input of the external clock is disabled).
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(b) To stop X1 oscillation (disabling external clock input) by setting MSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the high-speed system clock.
When CLS = 0 and MCS = 1, the high-speed system clock is supplied to the CPU, so change the
CPU clock to the subsystem clock or internal high-speed oscillation clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock
1 X Subsystem clock

<2> Stopping the high-speed system clock (MOC register)
When MSTORP is set to 1, X1 oscillation is stopped (the input of the external clock is disabled).

Caution Be sure to confirm that MCS = 0 or CLS = 1 when setting MSTOP to 1. In addition, stop
peripheral hardware that is operating on the high-speed system clock.

5.6.2 Example of controlling internal high-speed oscillation clock

The following describes examples of clock setting procedures for the following cases.

(1) When restarting oscillation of the internal high-speed oscillation clock

(2) When using internal high-speed oscillation clock as CPU clock, and internal high-speed oscillation clock or high-
speed system clock as peripheral hardware clock

(3) When stopping the internal high-speed oscillation clock

(1) Example of setting procedure when restarting oscillation of the internal high-speed oscillation clock™""
<1> Setting restart of oscillation of the internal high-speed oscillation clock (RCM register)
When RSTOP is cleared to 0, the internal high-speed oscillation clock starts operating.

<2> Waiting for the oscillation accuracy stabilization time of internal high-speed oscillation clock (RCM
register)
Wait until RSTS is set to 12,

Notes 1. After a reset release, the internal high-speed oscillator automatically starts oscillating and the
internal high-speed oscillation clock is selected as the CPU clock.

2. This wait time is not necessary if high accuracy is not necessary for the CPU clock and peripheral
hardware clock.
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(2) Example of setting procedure when using internal high-speed oscillation clock as CPU clock, and

internal

<l> e

high-speed oscillation clock or high-speed system clock as peripheral hardware clock
Restarting oscillation of the internal high-speed oscillation clock"™*®

(See 5.6.2 (1) Example of setting procedure when restarting internal high-speed oscillation
clock).

Oscillating the high-speed system clock
(This setting is required when using the high-speed system clock as the peripheral hardware clock.
See 5.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of

setting procedure when using the external main system clock.)

Note

Note The setting of <1> is not necessary when the internal high-speed oscillation clock or high-
speed system clock is already operating.

<2> Selecting the clock supplied as the main system clock and peripheral hardware clock (MCM register)
Set the main system clock and peripheral hardware clock using XSEL and MCMO.

XSEL MCMO Selection of Main System Clock and Clock Supplied to Peripheral Hardware
Main System Clock (fxp) Peripheral Hardware Clock (fers)
0 Internal high-speed oscillation clock | Internal high-speed oscillation clock
1 (frH) (frH)
1 0 High-speed system clock (fxn)

<3> Selecting the CPU clock division ratio (PCC register)
When CSS is cleared to 0, the main system clock is supplied to the CPU. To select the CPU clock
division ratio, use PCCO0, PCC1, and PCC2.

CSs PCC2 PCC1 PCCO CPU Clock (fceu) Selection
0 0 0 0 fxp
0 1 fxe/2 (default)
0 1 0 fxp/2?
0 1 1 fxp/2°
1 0 0 fxp/2*
Other than above Setting prohibited

(3) Example of setting procedure when stopping the internal high-speed oscillation clock
The internal high-speed oscillation clock can be stopped in the following two ways.
¢ Executing the STOP instruction to set the STOP mode
 Setting RSTOP to 1 and stopping the internal high-speed oscillation clock

(a) To execute a STOP instruction

<1>

<2>

<3>

Setting of peripheral hardware
Stop peripheral hardware that cannot be used in the STOP mode (for peripheral hardware that
cannot be used in STOP mode, see CHAPTER 19 STANDBY FUNCTION).

Setting the X1 clock oscillation stabilization time after standby release
When the CPU is operating on the X1 clock, set the value of the OSTS register before the STOP
instruction is executed.

Executing the STOP instruction
When the STOP instruction is executed, the system is placed in the STOP mode and internal high-
speed oscillation clock is stopped.
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(b) To stop internal high-speed oscillation clock by setting RSTOP to 1
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the internal high-speed
oscillation clock.
When CLS = 0 and MCS = 0, the internal high-speed oscillation clock is supplied to the CPU, so
change the CPU clock to the high-speed system clock or subsystem clock.

CLS MCS CPU Clock Status
0 0 Internal high-speed oscillation clock
0 1 High-speed system clock
1 X Subsystem clock

<2> Stopping the internal high-speed oscillation clock (RCM register)
When RSTOP is set to 1, internal high-speed oscillation clock is stopped.

Caution Be sure to confirm that MCS = 1 or CLS = 1 when setting RSTOP to 1. In addition, stop
peripheral hardware that is operating on the internal high-speed oscillation clock.

5.6.3 Example of controlling subsystem clock
The following two types of subsystem clocks are available.

® XT1 clock: Crystal/ceramic resonator is connected across the XT1 and XT2 pins.
o External subsystem clock: External clock is input to the EXCLKS pin.

When the subsystem clock is not used, the XT1/P123 and XT2/EXCLKS/P124 pins can be used as I/O port pins.
Caution The XT1/P123 and XT2/EXCLKS/P124 pins are in the I/O port mode after a reset release.

The following describes examples of setting procedures for the following cases.
(1) When oscillating XT1 clock

(2) When using external subsystem clock
(3) When using subsystem clock as CPU clock
(4) When stopping subsystem clock

(1) Example of setting procedure when oscillating the XT1 clock
<1> Setting XT1 and XT2 pins and selecting operation mode (PCC and OSCCTL registers)
When XTSTART, EXCLKS, and OSCSELS are set as any of the following, the mode is switched from
port mode to XT1 oscillation mode.

XTSTART | EXCLKS |OSCSELS | Operation Mode of P123/XT1 Pin P124/XT2/
Subsystem Clock Pin EXCLKS Pin
0 0 1 XT1 oscillation mode | Crystal/ceramic resonator connection
1 X X

Remark x: don’t care

<2> Waiting for the stabilization of the subsystem clock oscillation
Wait for the oscillation stabilization time of the subsystem clock by software, using a timer function.

Caution Do not change the value of XTSTART, EXCLKS, and OSCSELS while the subsystem clock is
operating.
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(2) Example of setting procedure when using the external subsystem clock
<1> Setting XT1 and XT2 pins, selecting XT1 clock/external clock and controlling oscillation (PCC and
OSCCTL registers)
When XTSTART is cleared to 0 and EXCLKS and OSCSELS are set to 1, the mode is switched from
port mode to external clock input mode. In this case, input the external clock to the EXCLKS/XT2/P124

pins.
XTSTART | EXCLKS | OSCSELS | Operation Mode of P123/XT1 Pin P124/XT2/
Subsystem Clock Pin EXCLKS Pin
0 1 1 External clock input I/O port External clock input
mode

Caution Do not change the value of XTSTART, EXCLKS, and OSCSELS while the subsystem clock is
operating.

(3) Example of setting procedure when using the subsystem clock as the CPU clock
<1> Setting subsystem clock oscillation"
(See 5.6.3 (1) Example of setting procedure when oscillating the XT1 clock and (2) Example of

setting procedure when using the external subsystem clock.)
Note The setting of <1> is not necessary when while the subsystem clock is operating.

<2> Switching the CPU clock (PCC register)
When CSS is set to 1, the subsystem clock is supplied to the CPU.

CSS PCC2 PCC1 PCCO CPU Clock (fcru) Selection
1 0 0 0 fsus/2
0 1
0 1 0
0 1 1
1 0 0
Other than above Setting prohibited

(4) Example of setting procedure when stopping the subsystem clock
<1> Confirming the CPU clock status (PCC and MCM registers)
Confirm with CLS and MCS that the CPU is operating on a clock other than the subsystem clock.
When CLS = 1, the subsystem clock is supplied to the CPU, so change the CPU clock to the internal
high-speed oscillation clock or high-speed system clock.

CLS MCS CPU Clock Status
0 Internal high-speed oscillation clock
1 High-speed system clock
1 X Subsystem clock

<2> Stopping the subsystem clock (OSCCTL register)
When OSCSELS is cleared to 0, XT1 oscillation is stopped (the input of the external clock is disabled).

Caution1. Be sure to confirm that CLS = 0 when clearing OSCSELS to 0. In addition, stop the watch
timer if it is operating on the subsystem clock.
2. The subsystem clock oscillation cannot be stopped using the STOP instruction.

User's Manual U17734EJ2V0UD 115



CHAPTER 5 CLOCK GENERATOR

5.6.4 Example of controlling internal low-speed oscillation clock
The internal low-speed oscillation clock cannot be used as the CPU clock.
Only the following peripheral hardware can operate with this clock.
e Watchdog timer
o 8-bit timer H1 (if frL is selected as the count clock)

In addition, the following operation modes can be selected by the option byte.
o Internal low-speed oscillator cannot be stopped
 Internal low-speed oscillator can be stopped by software

The internal low-speed oscillator automatically starts oscillation after a reset release, and the watchdog timer is
driven (240 kHz (TYP.)) if the watchdog timer operation has been enabled by the option byte.

(1) Example of setting procedure when stopping the internal low-speed oscillation clock
<1> Setting LSRSTOP to 1 (RCM register)
When LSRSTOP is set to 1, the internal low-speed oscillation clock is stopped.

(2) Example of setting procedure when restarting oscillation of the internal low-speed oscillation clock
<1> Clearing LSRSTOP to 0 (RCM register)
When LSRSTORP is cleared to 0, the internal low-speed oscillation clock is restarted.

Caution If “Internal low-speed oscillator cannot be stopped” is selected by the option byte, oscillation of
the internal low-speed oscillation clock cannot be controlled.

5.6.5 Clocks supplied to CPU and peripheral hardware
The following table shows the relation among the clocks supplied to the CPU and peripheral hardware, and setting

of registers.

Table 5-4. Clocks Supplied to CPU and Peripheral Hardware, and Register Setting

Supplied Clock XSEL CSS MCMO EXCLK
Clock Supplied to CPU Clock Supplied to Peripheral Hardware

Internal high-speed oscillation clock 0 0 X X
Internal high-speed oscillation clock X1 clock 1 0 0 0
External main system clock 1 0 0 1

X1 clock 1 0 1 0
External main system clock 1 0 1 1
Subsystem clock Internal high-speed oscillation clock 0 1 X X
X1 clock 1 1 0 0

1 1 1 0

External main system clock 1 1 0 1

1 1 1 1

Remarks 1. XSEL: Bit 2 of the main clock mode register (MCM)
2. CSS: Bit 4 of the processor clock control register (PCC)
3. MCMO0: Bit 0 of MCM
4. EXCLK: Bit 7 of the clock operation mode select register (OSCCTL)
5. x don’t care
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5.6.6 CPU clock status transition diagram
Figure 5-14 shows the CPU clock status transition diagram of this product.

Figure 5-14. CPU Clock Status Transition Diagram
(When 1.59 V POC Mode Is Set (Option Byte: POCMODE = 0))

Internal low-speed oscillation: Woken up
Power ON Internal high-speed oscillation: Woken up
X1 oscillation/EXCLK input: Stops (/O port mode)
Voo < 1.59 V (TYP.)

XT1 oscillation/EXCLKS input: Stops (I/O port mode)

Voo 1.59 V (TYP.)

Internal low-speed oscillation: Operating

Internal high-speed oscillation: Operating

X1 oscillation/EXCLK input: Stops (I/O port mode)
XT1 oscillation/EXCLKS input: Stops (/O port mode)

Voo 1.8V (MIN.)

Internal low-speed oscillation: Operable B
Internal high-speed oscillation: Operating ( )
X1 oscillation/EXCLK input:

CPU: Operating
with internal high-

(H)

Internal low-speed oscillation: Operable Internal low-speed oscillation:

) aton- D Selectable by CPU
Internal high-speed oscillation: ( ) XT1 oscillation/EXCLKS input: speed oscillation./ + — CPU: Internal high- Operable
Selectable by CPU Selectable by CPU Internal high-speed oscillation:

X1 oscillation/EXCLK input: / speed g?rcci)llglion Stops
Selectable by CPU — - —

L N " 5 : X1 oscillation/EXCLK input: Stops
XT1 oscillation/EXCLKS input: Operating CPU: Operating XT1 oscillation/EXCLKS input:

with XT1 oscillation or St
(E) ops

EXCLKS input

CPU: Internal high-
speed oscillation
— HALT

Internal low-speed oscillation:
Operable

Internal high-speed oscillation:
Operating

X1 oscillation/EXCLK input: Operable
XT1 oscillation/EXCLKS input:

CPU: XT1
oscillation/EXCLKS

CPU: Operating
with X1 oscillation or

input — HALT EXCLK input Operable
Internal low-speed oscillation: Operable — ‘\£|)
Internal high-speed oscillation: Operable Internal low-speed oscillation: Operable
X1 oscillation/EXCLK input: Operable Internal high-speed oscillation: CPU: X1
XT1 oscillation/EXCLKS input: Selectable by CPU , oscillation/EXCLK
Operating X1 oscillation/EXCLK input: Operating (F) input — STOP
XT1 oscillation/EXCLKS input: CPU: X1
Selectable by CPU oscillation./EXCLK g:}eer:waz:)llfw-speed oscillation:
input — HALT Internal high-speed oscillation:
Stops
— X1 oscillation/EXCLK input: Stops
Internal low-speed oscillation: XT1 oscillation: Stops
Operable
Internal high-speed oscillation:
Operable
X1 oscillation/EXCLK input: Operating
XT1 oscillation/EXCLKS input: Operable

Remark In the 2.7 V/1.59 V POC mode (option byte: POCMODE = 1), the CPU clock status changes to (A) in the
above figure when the supply voltage exceeds 2.7 V (TYP.), and to (B) after reset processing (20 us
(TYP.)).
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Table 5-5 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-5. CPU Clock Transition and SFR Register Setting Examples (1/4)

(1) CPU operating with internal high-speed oscillation clock (B) after reset release (A)

Status Transition SFR Register Setting

(A) — (B) SFR registers do not have to be set (default status after reset release).

(2) CPU operating with high-speed system clock (C) after reset release (A)
(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)

(Setting sequence of SFR registers) 1
Setting Flag of SFR Register | AMPH EXCLK | OSCSEL | MSTOP OSTC XSEL MCMO
Status Transition Register
(A) = (B) = (C) (X1 clock: 1 MHz < fx1 < 0 0 1 0 Must be 1 1
10 MHz) checked
(A) = (B) — (C) (external main clock: 1 MHz < 0 1 1 0 Must not be 1 1
fxH < 10 MHz) checked
(A) = (B) = (C) (X1 clock: 10 MHz < fxu < 1 0 1 0 Must be 1 1
20 MHz) checked
(A) — (B) — (C) (external main clock: 10 MHz < 1 1 1 0 Must not be 1 1
fx1 < 20 MHz) checked

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 27 ELECTRICAL SPECIFICATIONS).

(3) CPU operating with subsystem clock (D) after reset release (A)
(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | XTSTART EXCLKS OSCSELS Waiting for CSS
Oscillation
Status Transition Stabilization
(A) = (B) — (D) (XT1 clock) 0 0 1 Necessary 1
1 X X
(A) — (B) — (D) (external subsystem clock) 0 1 1 Unnecessary 1

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (I) in Figure 5-14.
2. EXCLK, OSCSEL, EXCLKS, OSCSELS, AMPH:
Bits 7 to 4 and 0 of the clock operation mode select register (OSCCTL)
MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)
XTSTART, CSS: Bits 6 and 4 of the processor clock control register (PCC)
X: Don'’t care
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (2/4)

(4) CPU clock changing from internal high-speed oscillation clock (B) to high-speed system clock (C)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register | AMPH"™"® | EXCLK | OSCSEL | MSTOP OSTC | XSEL™ | MCMO
Status Transition Register
(B) — (C) (X1 clock: 1 MHz < fx+ < 10 MHz) 0 0 1 0 Must be 1 1
checked
(B) — (C) (external main clock: 1 MHz < fxn < 0 1 1 0 Must not be 1 1
10 MHz) checked
(B) — (C) (X1 clock: 10 MHz < fx1 < 20 MHz) 1 0 1 0 Must be 1 1
checked
(B) — (C) (external main clock: 10 MHz < fx1 < 1 1 1 0 Must not be 1 1
20 MHz) checked
hd
Unnecessary if these registers Unnecessary if the
are already set CPU is operating

with the high-speed
system clock

Note The value of this flag can be changed only once after a reset release. This setting is not necessary if it has
already been set.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 27 ELECTRICAL SPECIFICATIONS).

(5) CPU clock changing from internal high-speed oscillation clock (B) to subsystem clock (D)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | XTSTART EXCLKS OSCSELS Waiting for CSS
Oscillation
Status Transition Stabilization
(B) — (D) (XT1 clock) 0 0 1 Necessary 1
1 X X
(B) — (D) (external subsystem clock) 0 1 1 Unnecessary 1

Unnecessary if the CPU is operating
with the subsystem clock

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (l) in Figure 5-14.
2. EXCLK, OSCSEL, EXCLKS, OSCSELS, AMPH:
Bits 7 to 4 and 0 of the clock operation mode select register (OSCCTL)
MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO0:  Bits 2 and 0 of the main clock mode register (MCM)
XTSTART, CSS: Bits 6 and 4 of the processor clock control register (PCC)
X: Don’t care
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (3/4)

(6) CPU clock changing from high-speed system clock (C) to internal high-speed oscillation clock (B)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register RSTOP RSTS MCMO
Status Transition
(C) - (B) 0 Confirm this flag is 1. 0
Unnecessary if the CPU is operating
with the internal high-speed oscillation clock
(7) CPU clock changing from high-speed system clock (C) to subsystem clock (D)
(Setting sequence of SFR registers) »
Setting Flag of SFR Register | XTSTART EXCLKS OSCSELS Waiting for CSS
Oscillation
Status Transition Stabilization
(C) — (D) (XT1 clock) 0 0 1 Necessary 1
1 X X
(C) — (D) (external subsystem clock) 0 1 1 Unnecessary 1

Unnecessary if the CPU is operating
with the subsystem clock

(8) CPU clock changing from subsystem clock (D) to internal high-speed oscillation clock (B)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register RSTOP RSTS MCMO CSS
Status Transition
(D) — (B) 0 Confirm this flag 0 0
is 1.
1
Unnecessary if the CPU is operating Unnecessary if
with the internal high-speed XSEL is 0

oscillation clock

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (I) in Figure 5-14.

2. MCMO:
EXCLKS, OSCSELS:
RSTS, RSTOP:
XTSTART, CSS:
x:

120

Bit 0 of the main clock mode register (MCM)

Bits 5 and 4 of the clock operation mode select register (OSCCTL)
Bits 7 and 0 of the internal oscillation mode register (RCM)

Bits 6 and 4 of the processor clock control register (PCC)

Don’t care
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (4/4)

(9) CPU clock changing from subsystem clock (D) to high-speed system clock (C)

v

(Setting sequence of SFR registers)

etting Flag of SFR Register | AMPH""® | EXCLK | OSCSEL | MSTOP | OSTC | XSEL“ | MCMO CSS
Status Transition Register
(D) — (C) (X1 clock: 1 MHz < fxn < 0 0 1 0 Must be 1 1 0
10 MHz) checked
(D) — (C) (external main clock: 1 MHz < 0 1 1 0 Must not be 1 1 0
fx1 < 10 MHz checked
(D) — (C) (X1 clock: 10 MHz < fxH < 1 0 1 0 Must be 1 1 0
20 MHz) checked
(D) — (C) (external main clock: 10 MHz < 1 1 1 0 Must not be 1 1 0
fxn < 20 MHz) checked
4 N
Unnecessary if these registers  Unnecessary if the Unnecessary if this register
are already set CPU is operating is already set

with the high-speed
system clock

Note The value of this flag can be changed only once after a reset release. This setting is not necessary if it has
already been set.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 27 ELECTRICAL SPECIFICATIONS).

(10) e HALT mode (E) set while CPU is operating with internal high-speed oscillation clock (B)
e HALT mode (F) set while CPU is operating with high-speed system clock (C)
¢ HALT mode (G) set while CPU is operating with subsystem clock (D)

Status Transition Setting

(B) — (E) Executing HALT instruction
(C)—(F)
(D) - (G)

(11) ¢« STOP mode (H) set while CPU is operating with internal high-speed oscillation clock (B)
o STOP mode (I) set while CPU is operating with high-speed system clock (C)

v

(Setting sequence)

Status Transition Setting

(B) — (H) Stopping peripheral functions that Executing STOP instruction
C)—>() cannot operate in STOP mode

Remarks 1. (A) to (I) in Table 5-5 correspond to (A) to (I) in Figure 5-14.
2. EXCLK, OSCSEL, AMPH: Bits 7, 6 and 0 of the clock operation mode select register (OSCCTL)

MSTOP: Bit 7 of the main OSC control register (MOC)
XSEL, MCMO: Bits 2 and 0 of the main clock mode register (MCM)
CSS: Bit 4 of the processor clock control register (PCC)
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5.6.7 Condition before changing CPU clock and processing after changing CPU clock
Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-6. Changing CPU Clock

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Internal high- X1 clock Stabilization of X1 oscillation o Internal high-speed oscillator can be

speed oscillation
clock

¢ MSTOP =0, OSCSEL =1, EXCLK =0
o After elapse of oscillation stabilization time

External main
system clock

Enabling input of external clock from EXCLK

pin
¢ MSTOP =0, OSCSEL =1, EXCLK =1

stopped (RSTOP = 1).
e Clock supply to CPU is stopped for 5 us
(MIN.) after AMPH has been set to 1.

X1 clock

External main
system clock

Internal high-
speed oscillation
clock

Oscillation of internal high-speed oscillator
¢ RSTOP =0

X1 oscillation can be stopped (MSTOP = 1).

External main system clock input can be
disabled (MSTOP = 1).

Internal high- XT1 clock Stabilization of XT1 oscillation Operating current can be reduced by

speed oscillation ¢ XTSTART =0, EXCLKS =0, stopping internal high-speed oscillator
clock OSCSELS =1, or XTSTART =1 (RSTOP = 1).

X1 clock * After elapse of oscillation stabilization time | y{ yscillation can be stopped (MSTOP = 1).
External main External main system clock input can be
system clock disabled (MSTOP = 1).

Internal high- External Enabling input of external clock from Operating current can be reduced by

speed oscillation
clock

X1 clock

External main
system clock

subsystem clock

EXCLKS pin
o XTSTART =0, EXCLKS =1,
OSCSELS =1

stopping internal high-speed oscillator
(RSTOP = 1).

X1 oscillation can be stopped (MSTOP = 1).

External main system clock input can be
disabled (MSTOP = 1).

XT1 clock,
external
subsystem clock

Internal high-
speed oscillation
clock

Oscillation of internal high-speed oscillator
and selection of internal high-speed
oscillation clock as main system clock

¢ RSTOP =0, MCS =0

XT1 oscillation can be stopped or external
subsystem clock input can be disabled
(OSCSELS = 0).

X1 clock

Stabilization of X1 oscillation and selection
of high-speed system clock as main system
clock

¢ MSTOP =0, OSCSEL =1, EXCLK =0

o After elapse of oscillation stabilization time
e MCS =1

External main
system clock

Enabling input of external clock from EXCLK
pin and selection of high-speed system
clock as main system clock

¢ MSTOP =0, OSCSEL =1, EXCLK =1

e MCS =1

o XT1 oscillation can be stopped or external
subsystem clock input can be disabled
(OSCSELS = 0).

o Clock supply to CPU is stopped for 5 us
(MIN.) after AMPH has been set to 1.
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5.6.8 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2 (PCCO to PCC2) and bit 4 (CSS) of the processor clock control register (PCC), the CPU clock
can be switched (between the main system clock and the subsystem clock) and the division ratio of the main system
clock can be changed.

The actual switchover operation is not performed immediately after rewriting to PCC; operation continues on the
pre-switchover clock for several clocks (see Table 5-7).

Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 5
(CLS) of the PCC register.

Table 5-7. Time Required for Switchover of CPU Clock and Main System Clock Cycle Division Factor

Set Value Before Set Value After Switchover
Switchover
CSS |PCC2|PCC1{PCCO| CSS |PCC2|PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1|PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO| CSS [PCC2|PCC1{PCCO
ofofofofofofoft1|ofoOof1|OofOofOf1|{1f{O|1]|]O|O|1|x]|x]x
0o|j0|0]|O 16 clocks 16 clocks 16 clocks 16 clocks 2fxp/fsus clocks
0|01 8 clocks 8 clocks 8 clocks 8 clocks fxp/fsus clocks
o|1}|0 4 clocks 4 clocks 4 clocks 4 clocks fxp/2fsus clocks
o1 ]1 2 clocks 2 clocks 2 clocks 2 clocks fxp/4fsus clocks
100 1 clock 1 clock 1 clock 1 clock fxr/8fsus clocks
1 x| x| x 2 clocks 2 clocks 2 clocks 2 clocks 2 clocks

Caution Selection of the main system clock cycle division factor (PCCO to PCC2) and switchover from the
main system clock to the subsystem clock (changing CSS from 0 to 1) should not be set
simultaneously.

Simultaneous setting is possible, however, for selection of the main system clock cycle division
factor (PCCO to PCC2) and switchover from the subsystem clock to the main system clock
(changing CSS from 1 to 0).

Remarks 1. The number of clocks listed in Table 5-7 is the number of CPU clocks before switchover.
2. When switching the CPU clock from the subsystem clock to the main system clock, calculate the
number of clocks by rounding up to the next clock and discarding the decimal portion, as shown
below.

Example When switching CPU clock from fsus/2 to fxr/2 (@ oscillation with fsus = 32.768 kHz, fxp =
10 MHz)
fxp/fsus = 10000/32.768 = 305.1 — 306 clocks

By setting bit 0 (MCMO) of the main clock mode register (MCM), the main system clock can be switched (between
the internal high-speed oscillation clock and the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to MCMO; operation continues on the
pre-switchover clock for several clocks (see Table 5-8).

Whether the CPU is operating on the internal high-speed oscillation clock or the high-speed system clock can be
ascertained using bit 1 (MCS) of MCM.
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Table 5-8. Maximum Time Required for Main System Clock Switchover

Set Value Before Switchover Set Value After Switchover

MCMO MCMO

0 1

1 + 2frr/fxn clock

1 + 2fxn/frH clock

Caution When switching the internal high-speed oscillation clock to the high-speed system clock, bit 2
(XSEL) of MCM must be set to 1 in advance. The value of XSEL can be changed only once after a

reset release.

Remarks 1. The number of clocks listed in Table 5-8 is the number of main system clocks before switchover.
2. Calculate the number of clocks in Table 5-8 by removing the decimal portion.

Example When switching the main system clock from the internal high-speed oscillation clock to the

1+ 2fr/fxi=1+2x810=1+2x08=1+1.6=2.6 — 2clocks

5.6.9 Conditions before clock oscillation is stopped

high-speed system clock (@ oscillation with frH = 8 MHz, fxH = 10 MHz)

The following lists the register flag settings for stopping the clock oscillation (disabling external clock input) and
conditions before the clock oscillation is stopped.

Table 5-9. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

External subsystem clock

(The CPU is operating on a clock other than the subsystem clock)

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
Internal high-speed MCS=1o0rCLS =1 RSTOP =1
oscillation clock (The CPU is operating on a clock other than the internal high-speed
oscillation clock)
X1 clock MCS=10orCLS =1 MSTOP = 1
External main system clock (The CPU is operating on a clock other than the high-speed system clock)
XT1 clock CLS=0 OSCSELS =0
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5.6.10 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the 78K0/LE2.

Table 5-10. Peripheral Hardware and Source Clocks

Source Clock Peripheral Subsystem Clock Internal Low- TM50 Output External Clock
Hardware Clock (fsus) Speed Oscillation from Peripheral
Peripheral Hardware (frrs) Clock (frL) Hardware Pins
16-bit timer/ Y N N N Y (TI000 pin)"**®
event counter 00
8-bit timer/ 50 Y N N N Y (TI50 pin)"**®
event counter 51 Y N N N Y (TI51 pin)**
8-Bit timer HO Y N N Y
H1 Y N Y N N
Watch timer Y Y N N N
Watchdog timer N N Y N N
Clock output Y Y N N N
A/D converter Y N N N N
Serial interface UARTO Y N N Y N
UART6 Y N N Y N
CSI10 Y N N N Y (SCK10 pin)™*
1ICO Y N N N Y (SCLO pin)**
LCD controller/driver Y Y N N N

Note When the CPU is operating on the subsystem clock and the internal high-speed oscillation clock has been

stopped, do not start operation of these functions on the external clock input from peripheral hardware pins.

Remark Y: Can be selected, N: Cannot be selected
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6.1 Functions of 16-Bit Timer/Event Counter 00

16-bit timer/event counter 00 has the following functions.

(1) Interval timer
16-bit timer/event counter 00 generates an interrupt request at the preset time interval.

(2) Square-wave output
16-bit timer/event counter 00 can output a square wave with any selected frequency.

(3) External event counter
16-bit timer/event counter 00 can measure the number of pulses of an externally input signal.

(4) One-shot pulse output
16-bit timer event counter 00 can output a one-shot pulse whose output pulse width can be set freely.

(5) PPG output
16-bit timer/event counter 00 can output a rectangular wave whose frequency and output pulse width can be set

freely.

(6) Pulse width measurement
16-bit timer/event counter 00 can measure the pulse width of an externally input signal.
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6.2 Configuration of 16-Bit Timer/Event Counter 00

16-bit timer/event counter 00 includes the following hardware.

Table 6-1. Configuration of 16-Bit Timer/Event Counter 00

ltem

Configuration

Time/counter

16-bit timer counter 00 (TM0O0)

Register

16-bit timer capture/compare registers 000, 010 (CR000, CR010)

Timer input

TIO0O0, TI010 pins

Timer output

TOOO pin, output controller

Control registers

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 0 (PMO)

Port register 0 (P0)

Figures 6-1 shows the block diagrams.

Figure 6-1. Block Diagram of 16-Bit Timer/Event Counter 00

S Internal bus S
Capture/compare control i
register 00 (CRCO00)
1 5
To CRO10 % INTTMOOO
Noise r—}‘f 16-bit timer capture/compare 2
TI010/TO00/PO1 ©———= elirtni- 3 || register 000 (CRo00)
nator
M Match
frrRs —] ﬁ
frRs/22 —» :g —
frrs/28 2 16-bit timer counter 00 [CIear
Uj (TMOO) Output
r»_ _ controller . ’. ©
Noise Match
fers elimi- | 12 Output latch
nator (P01) PMO1
I Noise 16-bit timer capture/compare
TI000/P00 © el register 010 (CRO10)
| »@ INTTMO10
3]
CRCO002 [—
PRMOO1]PRMOO) [rmcoosfTMcooziTMeootiovFoo] [ospToolospEno[Tocoo4Lvsoo|LvRoo[Tocon1 TOEGO]
16-bit timer mode 16-bit timer output
Prelscaleoromlc;cé{eMoo control register 00 control register 00
register 00 ( ) b (TMCO0) (TOC00)
S Internal bus S
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(1

)
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16-bit timer counter 00 (TMO0O)

TMOO is a 16-bit read-only register that counts count pulses.

The counter is incremented in synchronization with the rising edge of the count clock.

If the count value is read during operation, then input of the count clock is temporarily stopped, and the count
value at that point is read.

Figure 6-2. Format of 16-Bit Timer Counter 00 (TMO0O)

Address: FF10H, FF11H After reset: 0000H R
FF11H FF10H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

LR N N I I B B B N B B e

The count value of TMOO can be read by reading TM0O when the value of bits 3 and 2 (TMC003 and TMCO002) of
16-bit timer mode control register 00 (TMCO00) is other than 00. The value of TMOO is 0000H if it is read when
TMCO003 and TMC002 = 00.

The count value is reset to 0000H in the following cases.

o At reset signal generation

e |f TMCO003 and TMCOQ02 are cleared to 00

If the valid edge of the TIO00 pin is input in the mode in which the clear & start occurs when inputting the valid
edge to the TI000 pin

¢ |[f TMOO and CRO00 match in the mode in which the clear & start occurs when TM0O and CR000 match

e OSPTOO is set to 1 in one-shot pulse output mode or the valid edge is input to the TIO00 pin

Cautions 1. Even if TMOO is read, the value is not captured by CR010.
2. When TMOO is read, input of the count clock is temporarily stopped and it is resumed after
the timer has been read. Therefore, no clock miss occurs.

16-bit timer capture/compare register 000 (CR000)), 16-bit timer capture/compare register 010 (CR010)
CRO000 and CRO010 are 16-bit registers that are used with a capture function or comparison function selected by
using CRCO00.

Change the value of CR000 while the timer is stopped (TMC003 and TMCO002 = 00).

The value of CR010 can be changed during operation if the value has been set in a specific way. For details, see
6.5.1 Rewriting CR010 during TMOO operation.

These registers can be read or written in 16-bit units.

Reset signal generation sets these registers to 0000H.

Figure 6-3. Format of 16-Bit Timer Capture/Compare Register 000 (CR000)

Address: FF12H, FF13H  After reset: 0000H R/W
FF13H FF12H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
orooo | | [ [ | T [ [ [ [ [ [
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U

(ii)

(M)

(i)

When CR000 is used as a compare register
The value set in CR00O is constantly compared with the TM0OO count value, and an interrupt request signal
(INTTMOO0O) is generated if they match. The value is held until CR0OO is rewritten.

When CRO000 is used as a capture register

The count value of TMOO is captured to CR000 when a capture trigger is input.

As the capture trigger, an edge of a phase reverse to that of the TI000 pin or the valid edge of the TI010 pin
can be selected by using CRC00 or PRMOO.

Figure 6-4. Format of 16-Bit Timer Capture/Compare Register 010 (CR010)

Address: FF14H, FF15H  After reset: 0000H  R/W
FF15H FF14H

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
croo | [ [ [ | | o [ [ [ [ [ [ [ |

When CR010 is used as a compare register
The value set in CRO10 is constantly compared with the TMOO count value, and an interrupt request signal
(INTTMO10) is generated if they match.

When CRO010 is used as a capture register

The count value of TMOO is captured to CR010 when a capture trigger is input.

It is possible to select the valid edge of the TI000 pin as the capture trigger. The TI000 pin valid edge is set
by PRMOO.

Cautions 1. To use this register as a compare register, set a value other than 0000H to CR000 and

CRO010.

2. The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same
time. Select either of the functions.

3. If clearing of its 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00
(TMCO00) to 00 and input of the capture trigger conflict, then the captured data is undefined.

4. To change the mode from the capture mode to the comparison mode, first clear the TMC003
and TMCO002 bits to 00, and then change the setting.
A value that has been once captured remains stored in CR000 unless the device is reset. If
the mode has been changed to the comparison mode, be sure to set a comparison value.

5. CRO0O00/CR010 does not perform the capture operation when it is set in the comparison
mode, even if a capture trigger is input to it.
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Table 6-2. Capture Operation of CR000 and CR010

External Input
Signal
Capture
Operation

TI000 Pin Input Il | |

TI010 Pin Input | | | |

Capture operation of
CR000

CRCO001 =1
TI000 pin input
(reverse phase)

UL

Set values of ES001 and
ES000

Position of edge to be
captured

01: Rising

00: Falling

ULk
Hinsj

11: Both edges
(cannot be captured)

CRCO001 bit=0
TI010 pin input

JuL

Set values of ES101 and
ES100

Position of edge to be
captured

01: Rising

E

00: Falling

E

11: Both edges

E

Interrupt signal

INTTMOOO signal is not
generated even if value
is captured.

Interrupt signal

INTTMOOO signal is
generated each time
value is captured.

Capture operation of
CR010

TI000 pin input™™*

L

Set values of ES001 and
ES000

Position of edge to be
captured

01: Rising

-

00: Falling

-
e

11: Both edges

1

=

Interrupt signal

INTTMO10 signal is
generated each time
value is captured.

Note The capture operation of CR010 is not affected by the setting of the CRCO001 bit.

Caution To capture the count value of the TMOO register to the CR000 register by using the phase
reverse to that input to the TIO00 pin, the interrupt request signal (INTTMO000) is not generated
after the value has been captured. If the valid edge is detected on the TI010 pin during this
operation, the capture operation is not performed but the INTTMO00O signal is generated as an
external interrupt signal. To not use the external interrupt, mask the INTTMO00O signal.

Remark

CRCO001: See 6.3 (2) Capture/compare control register 00 (CRC00).

ES101, ES100, ES001, ES000: See 6.3 (4) Prescaler mode register 00 (PRMO00).
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6.3 Registers Controlling 16-Bit Timer/Event Counter 00
Registers used to control 16-bit timer/event counter 00 are shown below.

e 16-bit timer mode control register 00 (TMCO00)
o Capture/compare control register 00 (CRCO00)
e 16-bit timer output control register 00 (TOCO00)
e Prescaler mode register 00 (PRMOO0)

e Port mode register 0 (PMO0)

e Port register 0 (P0)

(1) 16-bit timer mode control register 00 (TMCO00)
TMCOO is an 8-bit register that sets the 16-bit timer/event counter 00 operation mode, TMOO clear mode, and
output timing, and detects an overflow.
Rewriting TMCOO is prohibited during operation (when TMCO003 and TMCO002 = other than 00). However, it can
be changed when TMCO003 and TMCO002 are cleared to 00 (stopping operation) and when OVFO0O is cleared to 0.
TMCOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets TMCO0O0 to O0H.

Caution 16-bit timer/event counter 00 starts operation at the moment TMC002 and TMCO003 are set to

values other than 00 (operation stop mode), respectively. Set TMC002 and TMCO003 to 00 to
stop the operation.
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Figure 6-5. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address: FFBAH After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO00 0 0 0 0 TMCO003 ‘ TMCO002 | TMCO001 ‘ OVFO00
TMCO003 TMC002 Operation enable of 16-bit timer/event counter 00
0 0 Disables TMOO operation. Stops supplying operating clock. Asynchronously resets

the internal circuit.

0 1 Free-running timer mode

1 0 Clear & start mode entered by TI000 pin valid edge input"™®

1 1 Clear & start mode entered upon a match between TM00 and CR000
TMCO001 Condition to reverse timer output (TO00)

0 e Match between TM0O and CR0O00O or match between TM0O and CR010

1 e Match between TM0O and CR0O00 or match between TM0O and CR010

o Trigger input of TI000 pin valid edge

OVF00 TMOO overflow flag

Clear (0) Clears OVF00 to 0 or TMC003 and TMC002 = 00

Set (1) Overflow occurs.

OVFOO is set to 1 when the value of TM0O changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI000 pin valid edge input, and clear & start mode entered upon a match
between TM00 and CR000).

It can also be set to 1 by writing 1 to OVF00.

Note The TIOO0O0 pin valid edge is set by bits 5 and 4 (ES001, ES000) of prescaler mode register 00 (PRMO0O0).
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(2) Capture/compare control register 00 (CRC00)
CRCOO is the register that controls the operation of CR000 and CR010.

Changing the value of CRCOO is prohibited during operation (when TMC003 and TMC002 = other than 00).

CRCOO0 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears CRC00 to 00H.

Figure 6-6. Format of Capture/Compare Control Register 00 (CRC00)

Address: FFBCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO00 0 0 0 0 0 | CRCO002 | CRCO001 | CRCO000
CRCO002 CRO010 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO001 CROO00 capture trigger selection
0 Captures on valid edge of TI010 pin
1 Captures on valid edge of TI000 pin by reverse phase"*®

The valid edge of the TI010 and TI000 pin is set by PRMOO.

be detected.

If ES001 and ES000 are set to 11 (both edges) when CRCO001 is 1, the valid edge of the TI0O00 pin cannot

CRCO000 CRO000 operating mode selection
0 Operates as compare register
1 Operates as capture register

CRO000), be sure to set CRC000 to 0.

If TMCO003 and TMCO002 are set to 11 (clear & start mode entered upon a match between TM0O and

Note When the valid edge is detected from the TIO10 pin, the capture operation is not performed but the

INTTMOOO signal is generated as an external interrupt signal.

Caution 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 (PRMO00).
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Figure 6-7. Example of CR010 Capture Operation (When Rising Edge Is Specified)

Valid edge

\Y
Count clock _I | | | | | {\

™o J N-3 J ~N-2 ] ~N-1 ]/

TI000 | |
Rising edge detection

CRO10 AN

INTTMO10 \l |

X
/

I
N+ 1
L

|
1
N
|
1
1
1

(3) 16-bit timer output control register 00 (TOCO00)
TOCOO is an 8-bit register that controls the TO0O pin output.
TOCO00 can be rewritten while only OSPTOO is operating (when TMCO003 and TMCO002 = other than 00).
Rewriting the other bits is prohibited during operation.
However, TOC004 can be rewritten during timer operation as a means to rewrite CR010 (see 6.5.1 Rewriting
CR010 during TMOO operation).
TOCO00 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TOCO00 to 00H.

Caution Be sure to set TOCO00 using the following procedure.
<1> Set TOC004 and TOCO001 to 1.
<2> Set only TOEOO to 1.
<3> Set either of LVS00 or LVROO to 1.
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Figure 6-8. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol
TOCO00

7 <6> <5> 4 <3> <2> 1 <0>

0 OSPTO0 OSPEO00 TOCO004 LVS00 | LVROO | TOCO001 | TOEOO0
OSPTO0 One-shot pulse output trigger via software

0 —

1

One-shot pulse

output

The value of this bit is always “0” when it is read. Do not set this bit to 1 in a mode other than the one-
shot pulse output mode.
If it is set to 1, TMOO is cleared and started.

OSPEO00

One-shot pulse output operation control

0

Successive pulse output

1

One-shot pulse

output

One-shot pulse output operates correctly in the free-running timer mode or clear & start mode entered by
TIO0O0 pin valid edge input.
The one-shot pulse cannot be output in the clear & start mode entered upon a match between TM0O and

CRO000.
TOCO004 TOOO0 pin output control on match between CR010 and TMOO
0 Disables inversion operation

1

Enables inversion operation

The interrupt signal (INTTMO10) is generated even when TOC004 = 0.

LVS00 LVRO0O Setting of TO0O0 pin output status
0 0 No change
0 1 Initial value of TOO0O pin output is low level (TO00 pin output is cleared to 0).
1 0 Initial value of TOOO pin output is high level (TOO0O pin output is set to 1).
1 1 Setting prohibited

e LVS00 and LVROO can be used to set the initial value of the output level of the TOOQO0 pin. If the initial
value does not have to be set, leave LVS00 and LVRO00 as 00.

e Be sure to set LVS00 and LVR0O when TOEQO = 1.
LVS00, LVRO00, and TOEOO being simultaneously set to 1 is prohibited.

e LVS00 and LVROO are trigger bits. By setting these bits to 1, the initial value of the output level of the
TOO0O0 pin can be set. Even if these bits are cleared to 0, output of the TOOQO0 pin is not affected.

e The values of LVS00 and LVRO0O are always 0 when they are read.

e For how to set LVS00 and LVROO, see 6.5.2 Setting LVS00 and LVR00.

TOCO001

TOO00 pin output control on match between CR000 and TM00

0

Disables inversion operation

1

Enables inversion operation

The interrupt signal (INTTMOOO) is generated even when TOCO001 = 0.

TOEOO

TOO00 pin output control

0

Disables output (TO0O pin output fixed to low level)

1

Enables output
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(4) Prescaler mode register 00 (PRM00)
PRMOO is the register that sets the TMOO count clock and TI000 and TI010 pin input valid edges.

Rewriting PRMOO is prohibited during operation (when TMCO003 and TMCO002 = other than 00).

PRMOO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PRMO0O to O0H.

Cautions 1. Do not apply the following setting when setting the PRM001 and PRMO000 bits to 11 (to

specify the valid edge of the TI000 pin as a count clock).
¢ Clear & start mode entered by the TI000 pin valid edge
¢ Setting the TI000 pin as a capture trigger

2. If the operation of the 16-bit timer/event counter 00 is enabled when the TI0O00 or TI010 pin is
at high level and when the valid edge of the TI0O00 or TI010 pin is specified to be the rising
edge or both edges, the high level of the TIO00 or TI0O10 pin is detected as a rising edge.
Note this when the TI000 or TI010 pin is pulled up. However, the rising edge is not detected

when the timer operation has been once stopped and then is enabled again.

3. The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same

time. Select either of the functions.

Figure 6-8. Format of Prescaler Mode Register 00 (PRMO00)

Address: FFBBH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO00O ES101 ES100 ES001 ES000 0 0 PRMO001 PRMO000
ES101 ES100 TI010 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
PRMO0O01 PRMO000 Count clock selection
frrs =2 MHz | fers =5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 0 frRs 2 MHz 5 MHz 10 MHz 20 MHz
0 1 frrs/2 500 kHz 1.25 MHz 2.5 MHz 5 MHz
1 0 frrs/2° 7.81 kHz 19.53 kHz 39.06 kHz 78.12 kHz
1 1 TI000 valid edge™™*

Note The external clock requires a pulse two cycles longer than internal clock (frrs).

Remark frrs: Peripheral hardware clock frequency

136
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(5) Port mode register 0 (PMO)

This register sets port 0 input/output in 1-bit units.

When using the PO1/TO00/TI010 pin for timer output, set PMO1 and the output latches of P01 to 0.

When using the PO0/TI000 and P01/TO00/TI010 pins for timer input, set PM0OO and PMO1 to 1. At this time, the
output latches of P00 and PO1 may be 0 or 1.

PMO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PMO0 to FFH.

Figure 6-10. Format of Port Mode Register 0 (PMO)

Address: FF20H After reset: FFH R/W

Symbol
PMO

7 6 5 4 3 2 1 0

1 1 1 1 1 1 |PMO1|PMO00O
PMOnN POn pin /0 mode selection (n =0, 1)

0 Output mode (output buffer on)

Input mode (output buffer off)
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6.4 Operation of 16-Bit Timer/Event Counter 00

6.4.1 Interval timer operation

If bits 3 and 2 (TMC003 and TMCO002) of the 16-bit timer mode control register (TMCOQO0) are set to 11 (clear & start
mode entered upon a match between TMOO and CRO000), the count operation is started in synchronization with the
count clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H and a match interrupt signal
(INTTMOO0O) is generated. This INTTMOOO signal enables TMOO to operate as an interval timer.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

Figure 6-11. Block Diagram of Interval Timer Operation

Clear ¢—

Count clock r_>—~ 16-bit counter (TMOO)

{} Match signal )
INTTMOOO signal

Operable bits {}

TMCO003, TMCO002

CRO000 register

Figure 6-12. Basic Timing Example of Interval Timer Operation

N — N — N — N —
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Compare register N
(CR000)
Compare match interrupt _| _| _| _|
(INTTMOO00)

Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)

00 11
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Figure 6-13. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 OVFO00
Lo [ o[ o] ol + [+ ] o] o]

Clears and starts on match

between TMOO0 and CR000.

(b) Capture/compare control register 00 (CRC00)

CRCO002 CRCO001 CRCO000
L o [ ol of o o of ol o
| CRO00 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00 LVROO TOC001 TOEOO

Lol ofofofo]ofeof o]

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ESO001 ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 |

\—l—l— Selects count clock

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0O0O, the interval time is as follows.

o Interval time = (M + 1) x Count clock cycle

Setting CR000 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)

Usually, CR010 is not used for the interval timer function. However, a compare match interrupt (INTTMO010)

is generated when the set value of CR010 matches the value of TMOO.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-14. Example of Software Processing for Interval Timer Function

N
TMOO register

0000H

N N — N —

Operable bits

(TMCo003, TMCo02) . °

11

CROO0O register X

INTTMOOO signal

<1>

<1> Count operation start flow

o

Register initial setting
PRMOO register,
CRCOO register,
CROOO register,

port setting

TMCO003, TMCO002 bits = 11

<2> Count operation stop flow

TMCO003, TMCO002 bits = 00

=

140

<2>

Initial setting of these registers is performed before
setting the TMCO003 and TMCO002 bits to 11.

Starts count operation

The counter is initialized and counting is stopped
by clearing the TMCO003 and TMCO002 bits to 00.
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6.4.2 Square wave output operation

When 16-bit timer/event counter 00 operates as an interval timer (see 6.4.1), a square wave can be output from the
TOO0O0 pin by setting the 16-bit timer output control register 00 (TOCO00) to 03H.

When TMC003 and TMCO002 are set to 11 (count clear & start mode entered upon a match between TM0O and
CR000), the counting operation is started in synchronization with the count clock.

When the value of TMOO later matches the value of CR000, TMOO is cleared to 0000H, an interrupt signal
(INTTMOO00) is generated, and output of the TOOO pin is inverted. This TO0O0 pin output that is inverted at fixed
intervals enables TOOO to output a square wave.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOO0O signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

Figure 6-15. Block Diagram of Square Wave Output Operation

Clear ¢—
Count clock : , .| Output —O) TOO00 pin
16-bit counter (TMOO) controller P
r {} Match signal INTTMO0O sianal
Operable bits {} signa

TMCO003, TMCO002

CRO00O0 register

Figure 6-16. Basic Timing Example of Square Wave Output Operation

N — N — N — N —
TMOO register

0000H

Operable bits
(TMC003, TMC002) 90 11

Compare register N
(CR000)
TOON pin output

Compare match interrupt _| _| _|
(INTTMOO0O)

‘

Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)
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Figure 6-17. Example of Register Settings for Square Wave Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 _OVFO0
Lo [ o [ o] ol «+ [+ ] o] o]

LH

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TMO00 and CR000.

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT0O0 OSPEOO0 TOC004 LVSO0 LVROO TOCO001 TOEOO

Lol ofofoef oo+ ]|

\— Enables TOO0O pin output.

Inverts TOOO pin output on match
between TM00 and CR0OO0O.

(d) Prescaler mode register 00 (PRM0O0)

ES101 ES100 ESO001 ES000 3 2 PRMO001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

T

Selects count clock

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CR0O0O, the interval time is as follows.

e Square wave frequency = 1/[2 x (M + 1) x Count clock cycle]
Setting CR0O00 to 0000H is prohibited.
(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used for the square wave output function. However, a compare match interrupt

(INTTMO10) is generated when the set value of CR010 matches the value of TMO0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-18. Example of Software Processing for Square Wave Output Function

N — N — N _
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

CROO0O0 register x N

TOOO0 pin output

INTTMOOO signal —| —| —|

TOO00 output control bit
(TOEOO)

00 11

<1> <2>

<1> Count operation start flow

=

Register initial setting Initial setting of these registers is performed before
PRMOO register, setting the TMC003 and TMCO002 bits to 11.
CRCOO register,

TOCOO registerhte,
CROOO register,
port setting

TMCO003, TMCO002 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 by clearing the TMC003 and TMC002 bits to 00.

=

Note Care must be exercised when setting TOC00. For details, see 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.3 External event counter operation

When bits 1 and 0 (PRM001 and PRMO0O0O) of the prescaler mode register 00 (PRMO00) are set to 11 (for counting
up with the valid edge of the TI000 pin) and bits 3 and 2 (TMC003 and TMC002) of 16-bit timer mode control register
00 (TMCOO0) are set to 11, the valid edge of an external event input is counted, and a match interrupt signal indicating
matching between TMOO0 and CR000 (INTTMOOO) is generated.

To input the external event, the TIO00 pin is used. Therefore, the timer/event counter cannot be used as an
external event counter in the clear & start mode entered by the TIO00 pin valid edge input (when TMCO003 and
TMCO002 = 10).

The INTTMOOO signal is generated with the following timing.

¢ Timing of generation of INTTMOOO signal (second time or later)
= Number of times of detection of valid edge of external event x (Set value of CR000 + 1)

However, the first match interrupt immediately after the timer/event counter has started operating is generated with
the following timing.

¢ Timing of generation of INTTMOOO signal (first time only)
= Number of times of detection of valid edge of external event input x (Set value of CR000 + 2)

To detect the valid edge, the signal input to the TI000 pin is sampled during the clock cycle of frrs. The valid edge
is not detected until it is detected two times in a row. Therefore, a noise with a short pulse width can be eliminated.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

Figure 6-19. Block Diagram of External Event Counter Operation

frrs
Clear l—
O— Output .
! o P —=(©) TOO0O0 pin
TIOO0O0 pin detection >—~ 16-bit counter (TM00) controller
r {} Match signal )
Operable bits {} INTTMOOO signal
TMCO003, TMC002
CRO0O0O register
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Figure 6-20. Example of Register Settings in External Event Counter Mode

(a) 16-bit timer mode control register 00 (TMCO00)

TMCO003 TMC002 TMC001 _OVFO0
Lo [ o [ o ol «+ [+ ] ol o]

LH

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TMO0O and CR00O.

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o] o]

\— CRO000 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00 LVROO TOC001 TOEOO
Lol ofofoe]o]ofofco]

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3

N

PRMO001 PRMO000
| 0 ‘ 0 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 |

— Li
Selects count clock

(specifies valid edge of TI000).

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO00)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
If M is set to CRO0O, the interrupt signal (INTTMOOO) is generated when the number of external events
reaches (M + 1).
Setting CR000 to 0000H is prohibited.

(g) 16-bit capture/compare register 010 (CR010)
Usually, CR010 is not used in the external event counter mode. However, a compare match interrupt
(INTTMO10) is generated when the set value of CR010 matches the value of TMO0O.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO010).
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Figure 6-21. Example of Software Processing in External Event Counter Mode

TMOO register

0000H

N — N — N R

Operable bits

(TMC003, TMC002) %0

11

Compare register
(CR000)

Compare match signal
(INTTMO00)

<1>

<1> Count operation start flow

=

<2>

Register initial setting
PRMOO register,
CRCOO register,
CROOO register,

port setting

Initial setting of these registers is performed before
setting the TMCO003 and TMCO002 bits to 11.

TMCO003, TMCO002 bits = 11

Starts count operation

<2> Count operation stop flow

TMCO003, TMCO002 bits = 00

The counter is initialized and counting is stopped
by clearing the TMC003 and TMCO002 bits to 00.

=
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6.4.4 Operation in clear & start mode entered by TI000 pin valid edge input

When bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00 (TMCOO0) are set to 10 (clear &
start mode entered by the TIO00 pin valid edge input) and the count clock (set by PRMOO0) is supplied to the
timer/event counter, TMOO starts counting up. When the valid edge of the TI000 pin is detected during the counting
operation, TMOO is cleared to 0000H and starts counting up again. If the valid edge of the TI000 pin is not detected,
TMOO overflows and continues counting.

The valid edge of the TIO00 pin is a cause to clear TM00. Starting the counter is not controlled immediately after
the start of the operation.

CRO000 and CR010 are used as compare registers and capture registers.

(a) When CR000 and CR010 are used as compare registers
Signals INTTMO00 and INTTMO10 are generated when the value of TMOO matches the value of CR000 and
CRo10.

(b) When CR000 and CR010 are used as capture registers
The count value of TMOO is captured to CR000 and the INTTMOOO signal is generated when the valid edge is
input to the TIO10 pin (or when the phase reverse to that of the valid edge is input to the TI000 pin).
When the valid edge is input to the TIO00 pin, the count value of TMOO is captured to CR0O10 and the
INTTMO10 signal is generated. As soon as the count value has been captured, the counter is cleared to
0000H.

Caution Do not set the count clock as the valid edge of the TI000 pin (PRM001 and PRM000 = 11). When
PRMO001 and PRMO000 = 11, TMOO is cleared.

Remarks 1. For the setting of the I/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

(1) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: compare register)

Figure 6-22. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

. Edge
T1000 pin © detection
Clear
Count clock Timer counter
r (TMO0)
. {} Match signal . Interrupt signal
Operable bits ﬁ I (INTTMO00)
TMCO003, TMC002
Compare register Output .
(CRO0O) controller |~ © TO00 pin
Match signal i Interrupt signal

ﬁ * (INTTMO10)

Compare register
(CR010)
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Figure 6-23. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Compare Register)

(a) TOCO00 = 13H, PRM00 = 10H, CRCO00, = 00H, TMCO00 = 08H

T WM T

TMOO register

N

0000H

Operable bits <
(TMCO003, TMC002) 00 10

Count clear input | _l
(TI000 pin input)

Compare register >< M
(CR000)
Compare match interrupt _| _|

(INTTMO00)

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO010) -| -| -| -|

TOO0O pin output

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 00H, TMCO00 = 0AH

N}/ N}/ N}/ wd

TMOO register

N

0000H

Operable bits 00 <
(TMCO003, TMC002)

Count clear input | _l
(T1000 pin input)

Compare register >< M
(CR000)
Compare match interrupt _| _|

10

(INTTMO00)

Compare register

(CRO10) :X N

Compare match interrupt
(INTTMO010) -| -| -|

—|

TOO0O pin output

(a) and (b) differ as follows depending on the setting of bit 1 (TMCO001) of the 16-bit timer mode control register 01
(TMCO00).
(a) The output level of the TOOO pin is inverted when TMOO matches a compare register.
(b) The output level of the TOO0O pin is inverted when TM0O matches a compare register or when the valid
edge of the TI000 pin is detected.
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(2) Operation in clear & start mode entered by TI000 pin valid edge input
(CR000: compare register, CR010: capture register)

Figure 6-24. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register)

. Edge
T1000 pin © detector
Clear
Count clock \ Timer counter
r ) (TM0O0)
. {} Match signal _ Interrupt signall
Operable bits ﬁ I (INTTMO00)
TMCO003, TMC002
Compare register Output .
(CR000) controller © 7000 pin
Capture signal || Capture register Interrupt signal
(CR010) (INTTMO10)

Figure 6-25. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register) (1/2)

(a) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 04H, TMCO00 = 08H, CR000 = 0001H

M N P Q

TMOO register

0000H

Operable bits 00 >
(TMCO003, TMC002)

10

Capture & count clear input
(TI1000 pin input)

Compare register
(CROO00) X 0001H

Compare match interrupt
(INTTMOO00)

Capture register
(CR010) 0000H X M > N S P <
Capture interrupt '|
(INTTMO10)

o1

TOO00 pin output

This is an application example where the output level of the TO0O0 pin is inverted when the count value has been
captured & cleared.

The count value is captured to CR010 and TMOO is cleared (to 0000H) when the valid edge of the TIO00 pin is
detected. When the count value of TMOO is 0001H, a compare match interrupt signal (INTTMO0O0O) is generated,
and the output level of the TOOQO pin is inverted.
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Figure 6-25. Timing Example of Clear & Start Mode Entered by TI0O00 Pin Valid Edge Input
(CR000: Compare Register, CR010: Capture Register) (2/2)

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 04H, TMCO00 = 0AH, CR000 = 0003H

M N P Q

TMOO register

0003H
0000H

Operable bits 00 >
(TMCO003, TMC002)

Capture & count clear input —l _l
(TI000 pin input)

Compare register
(CR000) X 0003H

Compare match interrupt '| '| '| '| '|
(INTTMOO00)

Capture register
(CR010) 0000H M >

Capture interrupt '| '| '| '|
(INTTMO10)

TOO0O0 pin output

10

This is an application example where the width set to CR0O00 (4 clocks in this example) is to be output from the
TOO0O0 pin when the count value has been captured & cleared.
The count value is captured to CR010, a capture interrupt signal (INTTMO010) is generated, TMOO is cleared (to
0000H), and the output level of the TOO0O pin is inverted when the valid edge of the TI0O00 pin is detected. When
the count value of TMOO is 0003H (four clocks have been counted), a compare match interrupt signal (INTTMO00O)
is generated and the output level of the TOOQO pin is inverted.
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(3) Operation in clear & start mode by entered TI000 pin valid edge input
(CRO000: capture register, CR010: compare register)

Figure 6-26. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input

(CR000: Capture Register, CR010: Compare Register)

Edge

TI000 pin ©— detection

Count clock

Clear

D

Operable bits
TMCO003, TMC002

Capture signal

Timer counter
(TMO00)

& Match signal

Interrupt signal

ﬁ

!

(INTTMO10)

Compare register

(CR0O10)

-

Capture register

Output
controller

——©) TOO00 pin

Interrupt signal

(CR000)
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Figure 6-27. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (1/2)

(a) TOCO00 = 13H, PRM00 = 10H, CRC00, = 03H, TMCO00 = 08H, CR010 = 0001H

TMOO register
M S P

0000H N

Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI1000 pin input)

Capt“fe(geggsgg; 0000H M N s P

Capture interrupt
(INTTMo00) L

Compare register
(CR010) >< 0001H
Compare match interrupt '| ‘| '| '| '|
(INTTMO010) -I_

TOO00 pin output

This is an application example where the output level of the TOO0O0 pin is to be inverted when the count value has
been captured & cleared.

TMOO is cleared at the rising edge detection of the TIO0O0 pin and it is captured to CRO00O at the falling edge
detection of the TI000 pin.

When bit 1 (CRCO001) of capture/compare control register 00 (CRCO00) is set to 1, the count value of TMOO is
captured to CROO0O0 in the phase reverse to that of the signal input to the TIO00 pin, but the capture interrupt signal
(INTTMOO0O) is not generated. However, the INTTMOOO signal is generated when the valid edge of the TI0O10 pin
is detected. Mask the INTTMOOO signal when it is not used.
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Figure 6-27. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Compare Register) (2/2)

(b) TOCO0 = 13H, PRMO00 = 10H, CRC00, = 03H, TMCO00 = 0AH, CR010 = 0003H

TMOO register
M S P

0003H
0000H N

Operable bits 00 >
(TMCO003, TMC002)

10

Capture & count clear input
(TI000 pin input)

Compare register
(CR000)

Compare match interrupt
(INTTMoo0) _L

Capture register
(CRO10) X 0003H
Capture interrupt '| '| '| '|
(INTTMO010)

TOOO0 pin output

0000H M N S P

This is an application example where the width set to CR0O10 (4 clocks in this example) is to be output from the
TOO0O pin when the count value has been captured & cleared.

TMOO is cleared (to 0000H) at the rising edge detection of the TI000 pin and captured to CR0O0O0 at the falling
edge detection of the TIO00 pin. The output level of the TOOO pin is inverted when TMOO is cleared (to 0000H)
because the rising edge of the TIO00 pin has been detected or when the value of TMOO matches that of a
compare register (CR010).

When bit 1 (CRC001) of capture/compare control register 00 (CRCO00) is 1, the count value of TMOO is captured
to CRO0O0 in the phase reverse to that of the input signal of the TI000 pin, but the capture interrupt signal
(INTTMOO0O) is not generated. However, the INTTMOOO interrupt is generated when the valid edge of the TI010
pin is detected. Mask the INTTMOOO signal when it is not used.
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(4) Operation in clear & start mode entered by TI000 pin valid edge input
(CRO000: capture register, CR010: capture register)

Figure 6-28. Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

L

Clear

\ Timer counter
|

Count clock (TMOO)

Capture register Interrupt signal

Capture signal (CR010) 77 (NTTMO10)
Output . i Note
controller © 7000 pin
; Edge
TI000 pin © € -
oo § Capture register Interrupt signal
@ R000) (INTTMO000)
i Nt Edge © Capture (c
TI010 pin***Q detection @ signal

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI0O10 pin is used.

Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (1/3)

(a) TOCO00 = 13H, PRM00 = 30H, CRC00 = 05H, TMCO00 = 0AH

L
TMOO register N__ Q
M- O p 1T B8+ v
0000H
le bit:
Operable bits 00 10

(TMC003, TMC002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTMo00) L

Capture register — | —— —_—
croy oot XX w XwXoX e Xa Xex(s X7
S INTTVOTG) | [ |

TOOO pin output

0000H

This is an application example where the count value is captured to CR010, TMOQO is cleared, and the TO0O pin
output is inverted when the rising or falling edge of the TI000 pin is detected.

When the edge of the TI010 pin is detected, an interrupt signal (INTTMOOQO) is generated. Mask the INTTMO0OO
signal when it is not used.
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Figure 6-29. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (2/3)

(b) TOCO0 = 13H, PRMO00 = COH, CRC00 = 05H, TMCO00 = 0AH

FFFFH

L] [® R T~
TMOO register /N/ Q / /
0000H P >

Operable bits 00 >
(TMCO003, TMC002)

10

Capture trigger input
(T1010 pin input)

Capture register

AT €9 €0 0.0 .6 &) €3 ¢
Capture interrupt '| '| '| '| '| '|
(INTTMO00)
Capture & count clear input

(Tlooo) L

Capture register
(CR010) 0000H

Capture interrupt
(INTTMO10) L

This is a timing example where an edge is not input to the TI000 pin, in an application where the count value is
captured to CR000 when the rising or falling edge of the TI010 pin is detected.
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Figure 6-29. Timing Example of Clear & Start Mode Entered by TI0O00 Pin Valid Edge Input
(CR000: Capture Register, CR010: Capture Register) (3/3)

(c) TOCO00 = 13H, PRM00 = 00H, CRC00 = 07H, TMCO00 = 0AH

M o S W

TMOO register L / N / Q- R / T /

0000H P

Operable bits
(TMCO003, TMCO002)

00 10

Capture & count clear input
(TI000 pin input) -

Capture register
(CR000)

Capture register C
(CRO10) 0000H M O Q S w

Capture interrupt ‘| '| '| ‘|
(INTTMO010) -|_

L

0000H L N P R T

Capture input
(TI010)

Compare match interrupt
(INTTMO000)

L

This is an application example where the pulse width of the signal input to the TIO00 pin is measured.

By setting CRCO0, the count value can be captured to CR000 in the phase reverse to the falling edge of the
TI000 pin (i.e., rising edge) and to CR010 at the falling edge of the TI000 pin.

The high- and low-level widths of the input pulse can be calculated by the following expressions.

¢ High-level width = [CR010 value] — [CR000 value] x [Count clock cycle]
o Low-level width = [CR0OO0O0 value] x [Count clock cycle]

If the reverse phase of the TI000 pin is selected as a trigger to capture the count value to CR000, the INTTMO00O
signal is not generated. Read the values of CR000 and CR010 to measure the pulse width immediately after the
INTTMO10 signal is generated.

However, if the valid edge specified by bits 6 and 5 (ES101 and ES100) of prescaler mode register 00 (PRMOQO0) is
input to the TI010 pin, the count value is not captured but the INTTMOOO signal is generated. To measure the
pulse width of the TI000 pin, mask the INTTMOOO signal when it is not used.
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Figure 6-30. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 OVFOO
[ o | o [ o | o | 1+ ] o | on | o |

L]

0: Inverts TOOO output on match
between CR000 and CR010.

1: Inverts TOO0O output on match
between CR000 and CR010
and valid edge of TI000 pin.

Clears and starts at valid
edge input of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRCO00
[ o [ o [ o | o | o [ ot | on | on |

—— 0: CRO000 used as compare register
1: CROO0O0 used as capture register

0: TI010 pin is used as capture
trigger of CROON.

1: Reverse phase of TI00O0 pin is
used as capture trigger of CR000.

0: CRO10 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEO0 TOC004 LVS00 LVROO TOC001 TOEOO

0\0/1\0/1\0/1\0/1\0/1|

L]

0

\— 0: Disables TOO0O0 outputNet®
1: Enables TOOO output

Specifies initial value of
TOO0O0 output F/F

‘ 00: Does not invert TO00 output on match

between TM00O and CR000/CR010.

01: Inverts TOOO output on match between
TMOO0 and CR000.

10: Inverts TOOO output on match between
TMO0O0 and CR010.

11: Inverts TOOO output on match between
TMO0O0 and CR000/CR010.

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used.
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Figure 6-30. Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (2/2)

(d) Prescaler mode register 00 (PRM0O0)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO0O0O
| 0/1 \ 0/1 \ 0/1 \ 0/ \ 0 0 \ 0/ \ 0/ |
] ] ]

L Count clock selection
(setting TI00N valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TM0O, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TI010 pin"“*
When the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

input as a capture trigger.

Note The timer output (TO00) cannot be used when detection of the valid edge of the TIO10 pin is used.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TM0OO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-31. Example of Software Processing in Clear & Start Mode Entered by TI0O00 Pin Valid Edge Input

TMOO register N /M«/ N }/ N /M‘/ N }

000OH —/ / / l/ /

Operable bits
(TMC003, TMC002) 00 < 10 ( 00
Count clear input
(TI000 pin input)

Compare register >< M
(CR000)

Compare match interrupt

(INTTMO00)

Compare register
(CR010) >< N
Compare match interrupt '| '| '|
(INTTMO010)

1

|
—

—

TOO0O0 pin output

<1> <2> <2>  <2> <2> <3>

<1> Count operation start flow <3> Count operation stop flow

The counter is initialized
C START > TMCO003, TMCO02 bits =00 | and counting is stopped
by clearing the TMC003
and TMCO002 bits to 00.

Register initial setting Initial setting of these
PRMOO register, registers is performed
CRCOO register, before setting the C STOP >
TOCOO registerhte, TMCO003 and TMC002
CR000, CR0O10 registers, bits to 10.

TMC00.TMCO001 bit,
port setting

TMCO003, TMCO002 bits = 10 Starts count operation

<2> TMOO register clear & start flow

|

Edge input to TIO00 pin

l

When the valid edge is input to the TI000 pin,
the value of the TMOO register is cleared.

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control register
00 (TOCO00).
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6.4.5 Free-running timer operation

When bits 3 and 2 (TMC003 and TMCO002) of 16-bit timer mode control register 00 (TMCO0O0) are set to 01 (free-
running timer mode), 16-bit timer/event counter 00 continues counting up in synchronization with the count clock.
When it has counted up to FFFFH, the overflow flag (OVF0O) is set to 1 at the next clock, and TMOO is cleared (to
0000H) and continues counting. Clear OVFO0O0 to 0 by executing the CLR instruction via software.

The following three types of free-running timer operations are available.

e Both CR000 and CR010 are used as compare registers.
¢ One of CR000 or CRO10 is used as a compare register and the other is used as a capture register.

¢ Both CR000 and CR010 are used as capture registers.

Remarks 1. For the setting of the I/O pins, see 6.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOOQO signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

(1) Free-running timer mode operation
(CR000: compare register, CR010: compare register)

Figure 6-32. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

Count clock Timer counter
r (TMO00)

- {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMO000)
TMCO003, TMCO002
Compare register Output .
(CRO00) controller |~ © TO00 pin
Match signal i Interrupt signal

ﬁ * (INTTMO10)

Compare register
(CR010)
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Figure 6-33. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Compare Register)

« TOCO00 = 13H, PRM00 = 00H, CRC00 = 00H, TMCO00 = 04H

FFFFH
v ] v v

. NPT N N M~
TMOO register
0000H

Operable bits ><
(TMCO003, TMCO002) 00 o 00

Compare register M
(CR000) x

Compare match interrupt
(INTTMO000) -| -| -| -|

Compare register
(CR010) >< N

Compare match interrupt
(INTTMO10) -| -| -| -|

TOO00 pin output

OVFOO bit —l —l _|_

T T T ?

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where two compare registers are used in the free-running timer mode.
The output level of the TOOO pin is reversed each time the count value of TMOO matches the set value of CR000
or CR010. When the count value matches the register value, the INTTMO0OO or INTTMO10 signal is generated.

(2) Free-running timer mode operation
(CR000: compare register, CR010: capture register)

Figure 6-34. Block Diagram of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

Count clock Timer counter
r (TMO00)

- & Match signal Interrupt signal
Operable bits ﬁ I (INTTMO000)
TMCO003, TMC002
Compare register Output .
(CR000) controller ©T000 pin
in© Edge Capture register Interrupt signal
Tio00 pin detection Capture S|gna| (CRO1 0) (INTTMO1 O)
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Figure 6-35. Timing Example of Free-Running Timer Mode
(CR000: Compare Register, CR010: Capture Register)

¢ TOCO00 = 13H, PRM00 = 10H, CRC00 = 04H, TMCO00 = 04H

FFFFH
M ]

i N P
TMOO register S Q ~
0000H

Operable bits
(TMCO003, TMCO002)

00 01

Capture trigger input
(T1000)

Comepare register
(CRO00) X 0001H

Compare match interrupt
(INTTMO000) -| -| -| -| -|

Compare register

(CRO10) 000OH M N s p < Q

Capture interrupt
(INTTMO10) -| -| -| -|
TOO0O0 pin output
Overflow flag i .
(OVF00) —l ]

T ? ? T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where a compare register and a capture register are used at the same time in the
free-running timer mode.

In this example, the INTTMOOO signal is generated and the output level of the TOOO pin is reversed each time the
count value of TMOO matches the set value of CR0O00 (compare register). In addition, the INTTMO010 signal is
generated and the count value of TMOO is captured to CR010 each time the valid edge of the TIO00 pin is
detected.
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(3) Free-running timer mode operation
(CRO000: capture register, CR010: capture register)

T1000 pin ©

T1010 pin ©

Remark

Figure 6-36. Block Diagram of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register)

Operable bits
TMCO003, TMC002

L Timer counter
Count clock (TMO00)

Capture register Interrupt signal
(CR010) (INTTMO10)

Capture signal

Edge =
detection 8 Capture register Interrupt signal
Edge § Capture (CR000) (INTTMO00)

detection signal

level of the TOOQO pin is not inverted.
However, it can be inverted each time the valid edge of the TI000 pin is detected if bit 1 (TMCO001) of

16-bit timer mode control register 00 (TMCOO) is set to 1.
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Figure 6-37. Timing Example of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register) (1/2)

(a) TOCO0 = 13H, PRM00 = 50H, CRC00 = 05H, TMCO00 = 04H

FFFFH

| e ] e pd
TMOO register A / ; /N . } . /P . }/

00 01

0000H
Operable bits
(TMCO003, TMC002)

Capture trigger input _l |—_
(T1000)
Capture register

(CR010)
Capture interrupt -| -| 5 -|

0000H M N S P

(INTTMO10)
Capture trigger input —l

e

(TI010)

Capture register
(CRoo0) 0000H A B C D

Capture interrupt M
(INTTMO000) -| -| -| -|

Overflow flag
(OVF00)

m

T T ? T

0 write clear 0 write clear 0 write clear 0 write clear

This is an application example where the count values that have been captured at the valid edges of separate
capture trigger signals are stored in separate capture registers in the free-running timer mode.

The count value is captured to CR010 when the valid edge of the TI000 pin input is detected and to CR000 when
the valid edge of the TI010 pin input is detected.
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Figure 6-37. Timing Example of Free-Running Timer Mode
(CR000: Capture Register, CR010: Capture Register) (2/2)

(b) TOCO00 = 13H, PRM00 = COH, CRCO00 = 05H, TMCO00 = 04H

i 4//EL7£ T
TMOO register N Q /
M / P / S

0000H

Operable bits
(TMCO003, TMC002)

FFFFH

NQD

00 01

Capture trigger input
(TI010)

. T 0000000 0G
L] L

Capture interrupt
(INTTMO000)

—
—

Capture trigger input
(Tiooo) L

Capture register
(CR010) 0000H

Capture interrupt
(INTTMO010) L

This is an application example where both the edges of the TIO10 pin are detected and the count value is
captured to CROOO in the free-running timer mode.

When both CR000 and CR010 are used as capture registers and when the valid edge of only the TI010 pin is to
be detected, the count value cannot be captured to CR010.
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Figure 6-38. Example of Register Settings in Free-Running Timer Mode (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO01 OVFOO
[ o [ o | o | o | o | 1+ | on | o |

L]

0: Inverts TOOO pin output on match
between CR000 and CR010.

1: Inverts TOOO pin output on match
between CR000 and CR010 and
valid edge of TI000 pin.

Free-running timer mode

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRCO00
[ o | o [ o | o | o [ ot | on | on |

—— 0: CRO0O00 used as compare register
1: CROO0O used as capture register

0: TIO10 pin is used as capture
trigger of CR002.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

0: CRO010 used as compare register
1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOC00)

OSPTO0 OSPEOO TOC004 LVSO0 LVROO TOCO001 TOEOO

| 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0/1 ‘ 01 ‘ 0/1 |

L]

\— 0: Disables TOO00 output
1: Enables TO00 output

Specifies initial value of
TOOO0 output F/F

‘ 00: Does not invert TO00 output on match

between TM00O and CR000/CR010.

01: Inverts TOO0O output on match between
TMOO0 and CRO000.

10: Inverts TOO0O output on match between
TMOO0 and CRO010.

11: Inverts TOO0O output on match between
TMOO0 and CRO00/CR010.
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Figure 6-38. Example of Register Settings in Free-Running Timer Mode (2/2)

(d) Prescaler mode register 00 (PRMO00)

ES101  ES100 ES001  ES000 3 2 PRMO0O1 PRMOO0O
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

L Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting prohibited when CRCO001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMOOO) is generated. The count value of TMOO is not cleared.
To use this register as a capture register, select either the TI000 or TI010 pin input as a capture trigger.
When the valid edge of the capture trigger is detected, the count value of TMOO is stored in CR000.

(g) 16-bit capture/compare register 010 (CR010)
When this register is used as a compare register and when its value matches the count value of TMOO, an
interrupt signal (INTTMO10) is generated. The count value of TMOO is not cleared.
When this register is used as a capture register, the TI000 pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-39. Example of Software Processing in Free-Running Timer Mode

FFFFH
M M M

TMOn register N, N, N, N T
0000H —/ P

Operable bits
(TMC003, TMC002) 00> 01 >< 00
Compare register :>< M
(CR003)

Compare match interrupt _| _l _l
(INTTMOO00)

Compare register :>< N
(CRO10)
Compare match interrupt _l _l _l _l
(INTTMO10)

Timer output control bits
(TOEO, TOCO004, TOCO001) J

N

TOO00 pin output

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMC002
CRCOO register, bits to 01.

TOCOO registerhte,
CRO00/CRO010 register,
TMCO00.TMCO001 bit,
port setting

TMCO003, TMCO002 bits = 0, 1 Starts count operation

<2> Count operation stop flow

) The counter is initialized and counting is stopped
TMCO003, TMC002 bits = 0, 0 by clearing the TMC003 and TMCO02 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.6 PPG output operation

A square wave having a pulse width set in advance by CRO010 is output from the TOO00 pin as a PPG
(Programmable Pulse Generator) signal during a cycle set by CR000 when bits 3 and 2 (TMC003 and TMCO002) of 16-
bit timer mode control register 00 (TMCOO) are set to 11 (clear & start upon a match between TM0O and CR000).

The pulse cycle and duty factor of the pulse generated as the PPG output are as follows.

¢ Pulse cycle = (Set value of CR000 + 1) x Count clock cycle
e Duty = (Set value of CR010 + 1) / (Set value of CR000 + 1)

Caution To change the duty factor (value of CR010) during operation, see 6.5.1 Rewriting CR010 during
TMOO operation.

Remarks 1. For the setting of I/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOO0O signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

Figure 6-40. Block Diagram of PPG Output Operation

Clear
Count clock Timer counter
r (TMOO)

- & Match signal Interrupt signal

Operable bits ﬁ I (INTTMO000)

TMCO003, TMC002
Compare register Output .
(CRO0O) controller [ @ TO00 pin

Match signal i Interrupt signal

ﬁ (INTTMO10)

Compare register
(CR010)
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Figure 6-41. Example of Register Settings for PPG Output Operation

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVFO0
Lo [ o [ o] ol «+ [+ ] o] o]

LH

(b) Capture/compare control register 00 (CRC00)

Clears and starts on match
between TMO0 and CR000.

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOCO004 LVS00 LVROO TOC001 TOEOO

| 0 ‘ 0 ‘ 0 ‘ 1 ‘ 01 ‘ 0/1 ‘ 1 ‘ 1 |

\;J \—’—‘ \— Enables TOO0O output

Specifies initial value of
TOOO0 output F/F

‘ 11: Inverts TOOO output on
match between TMOO
and CR000/CR010.

00: Disables one-shot pulse
output

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ESO001 ES000 3 2 PRMO001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—|—‘— Selects count clock

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
An interrupt signal (INTTMOOO) is generated when the value of this register matches the count value of TMOO.
The count value of TMOO is not cleared.

(g) 16-bit capture/compare register 010 (CR010)
An interrupt signal (INTTMO10) is generated when the value of this register matches the count value of TMOO.
The count value of TMOO is not cleared.

Caution Set values to CR000 and CR010 such that the condition 0000H < CR010 < CR000 < FFFFH is
satisfied.
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Figure 6-42. Example of Software Processing for PPG Output Operation

TMOO register

0000H

Operable bits

(TMC003, TMCo02) 20

.

/

Compare register
(CR000)

Compare match interrupt
(INTTMO000)

Compare register
(CR010)

Compare match interrupt
(INTTMO10)

Timer output control bits
(TOE00, TOC004, TOCO001)

TOO0O pin output

N+1

N+1 N+1

M +1

<1>

<1> Count operation start flow

C )

START

Register initial setting
PRMOO register,
CRCOO register,

TOCO0 registerNete,
CR000, CR0O10 registers,
port setting

Initial setting of these
registers is performed
before setting the
TMCO003 and TMC002
bits.

TMCO003, TMCO002 bits = 11

Starts count operation

Note Care must be exercised when setting TOC00. For details, see 6.3 (3) 16-bit timer output control

register 00 (TOCO00).

M +1 M +1

<2> Count operation stop flow

TMCO003, TMCO002 bits = 00

C )

STOP

Remark PPG pulse cycle = (M + 1) x Count clock cycle
PPG duty = (N + 1)/(M + 1)
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<2>

The counter is initialized
and counting is stopped
by clearing the TMCO003
and TMCO002 bits to 00.
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6.4.7 One-shot pulse output operation

A one-shot pulse can be output by setting bits 3 and 2 (TMC003 and TMCO002) of the 16-bit timer mode control
register 00 (TMCOQO0) to 01 (free-running timer mode) or to 10 (clear & start mode entered by the TI000 pin valid edge)
and setting bit 5 (OSPEOO) of 16-bit timer output control register 00 (TOCO0) to 1.

When bit 6 (OSPTO00) of TOCOO is set to 1 or when the valid edge is input to the TI000 pin during timer operation,
clearing & starting of TMOO is triggered, and a pulse of the difference between the values of CR0O00 and CRO010 is
output only once from the TOQO pin.

Cautions 1. Do not input the trigger again (setting OSPT00 to 1 or detecting the valid edge of the TI000
pin) while the one-shot pulse is output. To output the one-shot pulse again, generate the
trigger after the current one-shot pulse output has completed.

2. To use only the setting of OSPTO00 to 1 as the trigger of one-shot pulse output, do not change
the level of the TIO00 pin or its alternate function port pin. Otherwise, the pulse will be
unexpectedly output.

Remarks 1. For the setting of the 1/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, sse CHAPTER 18 INTERRUPT FUNCTIONS.

Figure 6-43. Block Diagram of One-Shot Pulse Output Operation

TI000 edge detection Clear

OSPEO0O bit

Timer counter

r ) (TMO0)
& Match signal Interrupt signal

Operable bits ﬁ I (INTTMOO0O)
TMC003, TMCO002

Count clock

Compare register Output .
(CR000) controller ©T000 pin
Match signal i Interrupt signal

ﬁ (INTTMO010)

Compare register
(CR010)
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Figure 6-44. Example of Register Settings for One-Shot Pulse Output Operation (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMCO001 _OVF00
[ o [ o [ o | o | on [ on | o | o |

01: Free running timer mode

10: Clear and start mode by
valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
Lo [ o[ o] ol of o o o]

—— CRO000 used as
compare register

CRO010 used as
compare register

(c) 16-bit timer output control register 00 (TOCO00)

OSPT00 OSPEOO TOC004 LVS0O0 LVROO TOCO001 TOEOO

| 0 ‘ 0/1 ‘ 1 ‘ 1 ‘ 0/1 ‘ 01 ‘ 1 ‘ 1 |

\— Enables TOO0O pin output

Specifies initial value of
TOO0O0 pin output

‘ Inverts TOOO output on
match between TM0O
and CRO00/CR010.

Enables one-shot pulse
output

Software trigger is generated
by writing 1 to this bit
(operation is not affected
even if O is written to it).

(d) Prescaler mode register 00 (PRMO00)

ES101 ES100 ES001 ES000 3 2 PRM001 PRMO000

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—|—1— Selects count clock
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Figure 6-44. Example of Register Settings for One-Shot Pulse Output Operation (2/2)

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a compare register when a one-shot pulse is output. When the value of TMOO
matches that of CR000, an interrupt signal (INTTMOOO) is generated and the output level of the TOOO pin is
inverted.

(g) 16-bit capture/compare register 010 (CR010)
This register is used as a compare register when a one-shot pulse is output. When the value of TMOO
matches that of CR010, an interrupt signal (INTTMO010) is generated and the output level of the TO0O pin is

inverted.

Caution Do not set identical values or 0000H for CR000 and CR010.
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Figure 6-45. Example of Software Processing for One-Shot Pulse Output Operation (1/2)

FFFFH

TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

One-shot pulse enable bit
(OSPEO00)

One-shot pulse trigger bit
(OSPTO00)

One-shot pulse trigger input
(T1000 pin)

Overflow plug
(OVF00)

Compare register
(CR000)

Compare match interrupt
(INTTMO00)

Compare register
(CR010)

Compare match interrupt
(INTTMO10)

TOO0O0 pin output

TOO0O0 output control bits
(TOE00, TOC004, TOC001)

T

L L

01jor 10 ><£
L

M+ 1 M+ 1

_

T

TOOO output level is not
? inverted because no one- ? ?

<1> <2> shot trigger is input.  <2> <3>

¢ Time from when the one-shot pulse trigger is input until the one-shot pulse is output

= (M + 1) x Count clock cycle

¢ One-shot pulse output active level width

= (N - M) x Count clock cycle
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Figure 6-45. Example of Software Processing for One-Shot Pulse Output Operation (2/2)

<1> Count operation start flow

(s )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMCO002 bits.
CRCOO register,

TOCOO registerNte,
CR000, CR0O10 registers,
port setting

TMCO003, TMCO002 bits =

01 or 10 Starts count operation

<2> One-shot trigger input flow

|

TOCO00.0SPTO00 bit =1 Write the same value to the bits other than the
or edge input to TIO00 pin OSTPOO bit.

|

<3> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 by clearing the TMC003 and TMCO002 bits to 00.

=

Note Care must be exercised when setting TOCO00. For details, see 6.3 (3) 16-bit timer output control
register 00 (TOCO00).
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6.4.8 Pulse width measurement operation
TMOO can be used to measure the pulse width of the signal input to the TIO00 and TI010 pins.
Measurement can be accomplished by operating the 16-bit timer/event counter 00 in the free-running timer mode

or by restarting the timer in synchronization with the signal input to the TI000 pin.
When an interrupt is generated, read the value of the valid capture register and measure the pulse width. Check

bit 0 (OVF00) of 16-bit timer mode control register 00 (TMCO00). If it is set (to 1), clear it to O by software.

Figure 6-46. Block Diagram of Pulse Width Measurement (Free-Running Timer Mode)

Operable bits
TMCO003, TMC002

L Timer counter
(TMO00)

Count clock
Capture register Interrupt signal
Capture signal (CR010) (INTTMO10)
; Edge
TI000 pin © € -
detection ‘% Capture register Interrupt signal
- Edge © Capture (CR000) (INTTMO00)
TI010 pin © detection @ signal

Figure 6-47. Block Diagram of Pulse Width Measurement
(Clear & Start Mode Entered by TI000 Pin Valid Edge Input)

Operable bits
TMCO003, TMC002

Clear

L

)
|

Timer counter

Count clock (TM00)
Capture register Interrupt signal
Capture signal (CRO10) (INTTMO010)
; Edge
TI000 pin © € =
" detection % Capture register Interrupt signal
i Edge © Capture (CR000) (INTTM00O)
1010 pin © detection @ signal
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A pulse width can be measured in the following three ways.

¢ Measuring the pulse width by using two input signals of the TI000 and TI010 pins (free-running timer mode)

e Measuring the pulse width by using one input signal of the TI000 pin (free-running timer mode)

e Measuring the pulse width by using one input signal of the TIO00 pin (clear & start mode entered by the TI000 pin
valid edge input)

Remarks 1. For the setting of the 1/O pins, see 6.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOOO signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

(1) Measuring the pulse width by using two input signals of the TI000 and TI010 pins (free-running timer
mode)
Set the free-running timer mode (TMC003 and TMCO002 = 01). When the valid edge of the TI000 pin is detected,
the count value of TMOO is captured to CR010. When the valid edge of the TI010 pin is detected, the count value
of TMOO is captured to CR000. Specify detection of both the edges of the TI000 and TI010 pins.
By this measurement method, the previous count value is subtracted from the count value captured by the edge
of each input signal. Therefore, save the previously captured value to a separate register in advance.
If an overflow occurs, the value becomes negative if the previously captured value is simply subtracted from the
current captured value and, therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1).
If this happens, ignore CY and take the calculated value as the pulse width. In addition, clear bit 0 (OVFQ0) of
16-bit timer mode control register 00 (TMCO00) to 0.

Figure 6-48. Timing Example of Pulse Width Measurement (1)

e TMCO00 = 04H, PRMO00 = FOH, CRC00 = 05H

FFFFH
. ) / / / b /
TMOO register A / 5 /N c } D / E

0000H

Operable bits
(TMCO003, TMC002)

Capture trigger input
(T1000)

\e
\

00 01

Capture register
(CRO10) 0000H < M N S < P

Capture interrupt
(INTTMO010)

Capture trigger input
(TI010)

‘f@ |

Capture register
(CR000)

Capture interrupt '| '| '| '| ]
(INTTMO00)

Overflow flag

(OVF00)

0000H A B Cc D

m

}

0 write clear 0 write clear 0 write clear 0 write clear
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(2) Measuring the pulse width by using one input signal of the TI000 pin (free-running mode)
Set the free-running timer mode (TMCO003 and TMCO002 = 01). The count value of TMOO is captured to CR00O in
the phase reverse to the valid edge detected on the TI000 pin. When the valid edge of the TI000 pin is detected,
the count value of TMOO is captured to CR010.
By this measurement method, values are stored in separate capture registers when a width from one edge to

another is measured. Therefore, the capture values do not have to be saved. By subtracting the value of one

capture register from that of another, a high-level width, low-level width, and cycle are calculated.

If an overflow occurs, the value becomes negative if one captured value is simply subtracted from another and,

therefore, a borrow occurs (bit 0 (CY) of the program status word (PSW) is set to 1). If this happens, ignore CY
and take the calculated value as the pulse width. In addition, clear bit 0 (OVFO00) of 16-bit timer mode control
register 00 (TMCOO) to O.

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMCO002)

Capture trigger input
(T1000)

Capture register
(CR000)

Capture register
(CR010)

Capture interrupt
(INTTMO10)

Overflow flag
(OVF00)

Capture trigger input
(TI010)

Compare match interrupt
(INTTMO00)

Figure 6-49. Timing Example of Pulse Width Measurement (2)

e TMCO00 = 04H, PRMO00 = 10H, CRC00 = 07H

// N / s / P / o
P B v | / EL” |
00 * 01
0000H A B C D E
X 0000H M N P <Cz
0 write clear 0 write clear 0 write clear 0 write clear
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(3) Measuring the pulse width by using one input signal of the TI000 pin (clear & start mode entered by the
TIO0O0 pin valid edge input)
Set the clear & start mode entered by the TI000 pin valid edge (TMC003 and TMC002 = 10). The count value of
TMOO is captured to CROO0O0 in the phase reverse to the valid edge of the TI0O00 pin, and the count value of TM0O
is captured to CR010 and TMOO is cleared (0000H) when the valid edge of the TIO00 pin is detected. Therefore,
a cycle is stored in CR010 if TMOO does not overflow.
If an overflow occurs, take the value that results from adding 10000H to the value stored in CR010 as a cycle.
Clear bit 0 (OVFO00) of 16-bit timer mode control register 00 (TMCOO) to 0.

Figure 6-50. Timing Example of Pulse Width Measurement (3)

e TMCO00 = 08H, PRMO00 = 10H, CRC00 = 07H

FFFFH P

N_— B — Q
TMOO register /M / . c” D /
A —

0000H

Operable bits
(TMC003, TMC002) OO>< 10 >@

<1> <1> <1> <1>

Capture & count clear input
(TI1000)

<2>  <3> <2> <3> <2> <3> <2> <3>

Capture register
(CRO00) 0000H A B C D

Capture register
(CR0O10) 0000H M N S P Q

Capture interrupt _| _| _| -| -|
(INTTMO10)

Overflow flag

(OVFO00)

0 write clear
Capture trigger input
(Tio10) L

Capture interrupt
(INTTMO000)

L

<1> Pulse cycle = (10000H x Number of times OVFOO bit is set to 1 + Captured value of CR010) x
Count clock cycle

<2> High-level pulse width = (10000H x Number of times OVFOO bit is set to 1 + Captured value of CR000) x
Count clock cycle

<3> Low-level pulse width = (Pulse cycle — High-level pulse width)
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Figure 6-51. Example of Register Settings for Pulse Width Measurement (1/2)

(a) 16-bit timer mode control register 00 (TMCO00)

TMC003 TMC002 TMC001 _OVFQO
[ o | o | o | o | on | on | o | o |

LH

01: Free running timer mode
10: Clear and start mode entered
by valid edge of TI000 pin.

(b) Capture/compare control register 00 (CRC00)

CRC002 CRC001 CRC000
[ o | o [ o | o | o | 1 [ on | 1 |

—— 1: CRO0O0O0 used as capture register

0: TIO10 pin is used as capture
trigger of CR000.

1: Reverse phase of TI000 pin is
used as capture trigger of CR000.

1: CRO10 used as capture register

(c) 16-bit timer output control register 00 (TOCO00)

OSPTO0 OSPEOO0 TOC004 LVSO0 LVROO TOCO001 TOEOO

Lol ofofofo]ofofco]

(d) Prescaler mode register 00 (PRMO00)

ES101  ES100 ES001  ES000 3 2 PRMO001 PRMO00O
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

L Selects count clock
(setting valid edge of TI000 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting when CRCO001 = 1 is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection
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Figure 6-51. Example of Register Settings for Pulse Width Measurement (2/2)

(e) 16-bit timer counter 00 (TMO0O)
By reading TMOO, the count value can be read.

(f) 16-bit capture/compare register 000 (CR000)
This register is used as a capture register. Either the TIO00 or TI010 pin is selected as a capture trigger.
When a specified edge of the capture trigger is detected, the count value of TMOO is stored in CR0QO.

(g) 16-bit capture/compare register 010 (CR010)

This register is used as a capture register. The signal input to the TI000 pin is used as a capture trigger.
When the capture trigger is detected, the count value of TMOO is stored in CR010.
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Figure 6-52. Example of Software Processing for Pulse Width Measurement (1/2)

FFFFH
TMOO register
0000H

(a) Example of free-running timer mode

D1o / D11
/ Dot /

Doz /

D12

D13

Do3/ Dos

Operable bits
(TMCO003, TMCO002)

00

01

(o

Capture trigger input
(T1000)

Capture register
(CR010)

Capture interrupt
(INTTMO010)

0000H

D1o

D12 D13

Capture trigger input
(TI010)

Capture register
(CR000)

0000H

Doo

Capture interrupt
(INTTMO00)

|

|

|

1 |

<1><2> <2> <2>

<2>

<2> <2>

<2> <2> <2><3>

(b) Example of clear & start mode entered by TI000 pin valid edge

FFFFH
TMOO register

0000H

Operable bits
(TMCO003, TMC002)

Capture & count clear input
(T1000)

Capture register
(CR000)

Capture interrupt
(INTTMO000)

Capture register
(CR0O10)

Capture interrupt
(INTTMO10)

D2 __ Ds L Ds DeA~
Do _. . Ds ) D7 /
D1 D4
00 > 10 <OE
0000H D1 Ds Ds D7
L
0000H Do D2 D4 De Ds
<1> <2><2> <2> <2> <2> <2><2> <2> <2><3>
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184

Figure 6-52. Example of Software Processing for Pulse Width Measurement (2/2)

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers is performed
PRMOO register, before setting the TMC003 and TMCO002 bits.
CRCOO register,

port setting

TMCO003, TMCO002 bits =

010r10 Starts count operation

<2> Capture trigger input flow

|

Edge detection of TI0O00, TI0O10 pins

Stores count value to
CR000, CR0O10 registers
Generates capture interruptete

Calculated pulse width
from capture value

l

<3> Count operation stop flow

The counter is initialized and counting is stopped

TMC003, TMCO02 bits = 00 by clearing the TMC003 and TMCO02 bits to 00.

C=

Note The capture interrupt signal (INTTMOOO) is not generated when the reverse-phase edge of the TI0O00 pin

input is selected to the valid edge of CR00O.
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6.5 Special Use of TM0O0

6.5.1 Rewriting CR010 during TMOO operation
In principle, rewriting CR000 and CR010 of the 78K0/LE2 when they are used as compare registers is prohibited
while TMOO is operating (TMC003 and TMCO002 = other than 00).
However, the value of CR010 can be changed, even while TMOO is operating, using the following procedure if
CRO010 is used for PPG output and the duty factor is changed (change the value of CR010 immediately after its value

matches the value of TMOO.
unexpected operation may be performed).

| Procedure for changing value of CR010 |

<1>
<2>
<3>
<4>
<5>
<6>

<7>

Disable interrupt INTTM010 (TMMKO010 = 1).

Disable reversal of the timer output when the value of TM0O matches that of CR010 (TOC004 = 0).
Change the value of CR010.

Wait for one cycle of the count clock of TMO0O.

Enable reversal of the timer output when the value of TMOO matches that of CR010 (TOC004 = 1).

Clear the interrupt flag of INTTMO10 (TMIF010 = 0) to O.

Enable interrupt INTTMO10 (TMMKO010 = 0).

Remark For TMIFO10 and TMMKO10, see CHAPTER 18 INTERRUPT FUNCTIONS.

6.5.2 Setting LVS00 and LVR0O

(1) Usage of LVS00 and LVR00
LVS00 and LVROO are used to set the default value of the TOO00 pin output and to invert the timer output without
enabling the timer operation (TMCO003 and TMCO002 = 00). Clear LVS00 and LVROO to 00 (default value: low-

level output) when software control is unnecessary.

LVS00 LVR0O Timer Output Status
0 0 Not changed (low-level output)
0 1 Cleared (low-level output)
1 0 Set (high-level output)

Setting prohibited
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(2) Setting LVS00 and LVR00
Set LVS00 and LVROO using the following procedure.

Figure 6-53. Example of Flow for Setting LVS00 and LVRO0O0 Bits

\

Setting TOC00.OSPE00, TOC004, TOC001 bits
| <1> Setting of timer output operation
Setting TOC00.TOEOO bit

|
Setting TOC00.LVS00, LVRO0O bits <2> Setting of timer output F/F
|
Setting TMC00.TMCO003, TMCO002 bits <3> Enabling timer operation

Caution Be sure to set LVS00 and LVRO0O0 following steps <1>, <2>, and <3> above.
Step <2> can be performed after <1> and before <3>.

Figure 6-54. Timing Example of LVR00 and LVS00

TOCO00.LVS00 bit

TOCO00.LVROO bit

Operable bits 00 >

(TMC003, TMC002) X 01,10, or 11

TOO00 pin output

INTTMOOO signal

<1> <2> <1> <3><4> <4> <4>

<1> The TOOO pin output goes high when LVS00 and LVRO0O0 = 10.

<2> The TOOO pin output goes low when LVS00 and LVROO = 01 (the pin output remains unchanged from the
high level even if LVS00 and LVROO are cleared to 00).

<3> The timer starts operating when TMC003 and TMCO002 are set to 01, 10, or 11. Because LVS00 and
LVROO were set to 10 before the operation was started, the TO00 pin output starts from the high level.
After the timer starts operating, setting LVS00 and LVROO is prohibited until TMC003 and TMC002 = 00
(disabling the timer operation).

<4> The output level of the TOOO pin is inverted each time an interrupt signal (INTTMOOO) is generated.
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6.6 Cautions for 16-Bit Timer/Event Counter 00

(1) Restrictions for each channel of 16-bit timer/event counter 00
Table 6-5 shows the restrictions for each channel.

Table 6-5. Restrictions for Each Channel of 16-Bit Timer/Event Counter 00

Operation Restriction

As interval timer _

As square wave output

As external event counter TOCO00 = 00H

As clear & start mode entered by | Using timer output (TOOO) is prohibited when detection of the valid edge of the TI010 pin is
TI000 pin valid edge input used.
TOCO00 = 00H

As free-running timer _

As PPG output Setting identical values or 0000H to CR000 and CP010 is prohibited.

As one-shot pulse output -

As pulse width measurement TOCO00 = 00H

(2) 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 counting TMOO is started asynchronously to the count pulse.

Figure 6-55. Start Timing of TM0O Count

Countpuse _ | [ | [ | [ [ [ [ |

TMOO count value  0000H X 0001H X 0002H X 0003H X 0004H

Timer start
(3) Setting of CR000 and CR010 (clear & start mode entered upon a match between TM00 and CR000)

Set a value other than 0000H to CR000 and CR010 (TMOO cannot count one pulse when it is used as an external
event counter).
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(4) Timing of holding data by capture register

(5)

(6)

188

(a) When the valid edge is input to the TI000/TI010 pin and the reverse phase of the TI000 pin is detected while

CRO00/CR010 is read, CR010 performs a capture operation but the read value of CRO00/CR010 is not
guaranteed. At this time, an interrupt signal (INTTMOOO/INTTMO010) is generated when the valid edge of the
TIO00/TI010 pin is detected (the interrupt signal is not generated when the reverse-phase edge of the TI0O00
pin is detected).

When the count value is captured because the valid edge of the TI000/TI010 pin was detected, read the

value of CRO00/CRO010 after INTTMOOO/INTTMO10 is generated.

Figure 6-56. Timing of Holding Data by Capture Register

Count pulse _| L1 L1 1 I_:_l |_| |_| |_

TMOO count value X N XN+1 X N+2 X X M XM+1 X M+2
Edge input —| " |—
INTTMO10 [] ) []

Capture read signal |_|_

Value captured to CR0O10 X X N+ 1 PX
Capture operation Capture operation is performed

but read value is not guaranteed.

(b) The values of CR000 and CR010 are not guaranteed after 16-bit timer/event counter 00 stops.

Setting valid edge

Set the valid edge of the TI000 pin while the timer operation is stopped (TMC003 and TMCO002 = 00). Set the

valid edge by using ES000 and ES001.

Re-triggering one-shot pulse

Make sure that the trigger is not generated while an active level is being output in the one-shot pulse output mode.

Be sure to input the next trigger after the current active level is output.
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(7) Operation of OVFO0O flag

(a) Setting OVF0O flag (1)
The OVFOO flag is set to 1 in the following case, as well as when TMOO overflows.

Select the clear & start mode entered upon a match between TM0O and CRO000.
2

Set CR000 to FFFFH.
{

When TM0OO matches CR000 and TMQO is cleared from FFFFH to 0000H

Figure 6-57. Operation Timing of OVF00 Flag

Count pulse _| | | | | | | | |_

CR000 __ FFFFH

T™Mo0  FFFEH X FFFFH X 0000H X 0001H X

OVF00

INTTMO0O []

(b) Clearing OVF0O flag
Even if the OVFO0O flag is cleared to O after TMOO overflows and before the next count clock is counted
(before the value of TMOO becomes 0001H), it is set to 1 again and clearing is invalid.

(8) One-shot pulse output
One-shot pulse output operates correctly in the free-running timer mode or the clear & start mode entered by the
TI000 pin valid edge. The one-shot pulse cannot be output in the clear & start mode entered upon a match
between TM00 and CR000.
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(9) Capture operation

(a) When valid edge of TI000 is specified as count clock

When the valid edge of TIO00 is specified as the count clock, the capture register for which TI000 is specified
as a trigger does not operate correctly.

(b) Pulse width to accurately capture value by signals input to TI010 and TI000 pins

To accurately capture the count value, the pulse input to the TI000 and TI010 pins as a capture trigger must
be wider than two count clocks selected by PRMOO (see Figure 6-7).

(c) Generation of interrupt signal

The capture operation is performed at the falling edge of the count clock but the interrupt signals (INTTM00O
and INTTMO010) are generated at the rising edge of the next count clock (see Figure 6-7).

(d) Note when CRCO001 (bit 1 of capture/compare control register 00 (CRC00)) is set to 1

When the count value of the TMOO register is captured to the CRO0O register in the phase reverse to the
signal input to the TIO00 pin, the interrupt signal (INTTMOOO) is not generated after the count value is
captured. If the valid edge is detected on the TI0O10 pin during this operation, the capture operation is not
performed but the INTTMOOO signal is generated as an external interrupt signal. Mask the INTTMOO0O signal
when the external interrupt is not used.

(10) Edge detection

(a) Specifying valid edge after reset

If the operation of the 16-bit timer/event counter 00 is enabled after reset and while the TIO00 or TI010 pin is
at high level and when the rising edge or both the edges are specified as the valid edge of the TI000 or TI010
pin, then the high level of the TI000 or TI010 pin is detected as the rising edge. Note this when the TI000 or
TI010 pin is pulled up. However, the rising edge is not detected when the operation is once stopped and
then enabled again.

(b) Sampling clock for eliminating noise

The sampling clock for eliminating noise differs depending on whether the valid edge of TI000 is used as the
count clock or capture trigger. In the former case, the sampling clock is fixed to frrs. In the latter, the count
clock selected by PRMOO is used for sampling.

When the signal input to the TI000 pin is sampled and the valid level is detected two times in a row, the valid
edge is detected. Therefore, noise having a short pulse width can be eliminated (see Figure 6-7).

(11) Timer operation
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The signal input to the TIO00/TI010 pin is not acknowledged while the timer is stopped, regardless of the
operation mode of the CPU.

Remark frrs: Peripheral hardware clock frequency
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7.1 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

7.2 Configuration of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 include the following hardware.

Table 7-1. Configuration of 8-Bit Timer/Event Counters 50 and 51

ltem

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 1 (PM1) or port mode register 3 (PM3)
Port register 1 (P1) or port register 3 (P3)

Figures 7-1 and 7-2 show the block diagrams of 8-bit timer/event counters 50 and 51.
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Figure 7-1. Block Diagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2
8-bit timer compare
regiser 50 (CRS0) | | 5 INTTM50
TI50/TO50/P17 ©— Match | S Note 1 To TMHO
frrs —={ 9 [ ! To UARTO
ffPR%Z2 — £ = S Q 5 To UART6
s o 2 | _[ebittimer OVF =D L g
frrs/28 —=| @ counter 50 (TM50) R @ © TO50/TI50/
frrs/218  ——= 1 @ P17
Note 2 Output latch PM17
S (P17)
3 Invert
R level
[Clear }——
[ T 1 ‘
[reLso2lteLsot]TeLsod] [TCE50 [TMC506 [LVS50] LVR50|TMC501 [TOE50)
Timer clock selection 8-bit timer mode control
register 50 (TCL50) register 50 (TMC50)
Internal bus 2
Figure 7-2. Block Diagram of 8-Bit Timer/Event Counter 51
2 Internal bus 2
8-bit timer compare
register 51 (CRs1) | | 5 INTTM51
TI51/TO51/ 2
P33/INTP4©—= % % Match | S Note 1
PRS —™| o [0 %
fers/2 —= 2 § S =
4 I Q [¢)
fersl20 2] S | _[eoittimer OVF =D 5 HSD
frrs/28 —={ @ | [counter 51 (TM51) R g ] >-[>~o tosuTisN
frrs/212  ——= 2 P33/INTP4
4fN te 2 Output latch
ote utput latc
S (33) PM33
3 |, | Invert
R level
[ Clear ——

[t
[TcLs12iTCL511(TCLS10]

Timer clock selection
register 51 (TCL51)

[TCE51[TMC516 |LVS51] LVR51 [TMC511 TOE51|

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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(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 7-3. Format of 8-Bit Timer Counter 5n (TM5n)

Address: FF16H (TM50), FF1FH (TM51) After reset: 00H R

Symbol 7 6 5 4 3 2 1 0

) S S N

In the following situations, the count value is cleared to O0H.

<1> Reset signal generation

<2> When TCEb5n is cleared

<38> When TM5n and CR5n match in the mode in which clear & start occurs upon a match of the TM5n and
CR5n.

(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 the PWM mode, the TO5n pin becomes inactive when the values of TM5n and CR5n match, but no interrupt is
generated.
The value of CR5n can be set within 00H to FFH.
Reset signal generation sets CR5n to 00H.

Figure 7-4. Format of 8-Bit Timer Compare Register 5n (CR5n)

Address: FF17H (CR50), FF41H (CR51) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

ow [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

User's Manual U17734EJ2VOUD 193



CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.3 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.
e Timer clock selection register 5n (TCL5n)
¢ 8-bit timer mode control register 5n (TMC5n)
e Port mode register 1 (PM1) or port mode register 3 (PM3)

e Port register 1 (P1) or port register 3 (P3)

(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 a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets TCL5n to O0H.

Remark n=0,1

Figure 7-5. Format of Timer Clock Selection Register 50 (TCL50)

Address: FF6AH  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
frrs = frrs = frrs = frrs =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 TI50 pin falling edge
0 0 1 TI50 pin rising edge
0 1 0 frrs 2 MHz 5 MHz 10 MHz 20 MHz
0 1 1 frrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 0 frrs/2 500 kHz 1.25 MHz | 2.5 MHz 5 MHz
1 0 1 frrs/2° 31.25kHz |78.13kHz | 156.25 kHz | 312.5 kHz
1 1 0 frrs/2° 7.81 kHz 19.53 kHz | 39.06 kHz | 78.13 kHz
1 1 1 frrs/2" 0.24 kHz 0.61 kHz 1.22 kHz 2.44 kHz

Cautions 1. When rewriting TCL50 to other data, stop the timer operation beforehand.

2. Be sure to clear bits 3 to 7 to 0.

Remark frrs: Peripheral hardware clock frequency
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Figure 7-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FF8CH  After reset: 0OOH 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
frRs = frRs = frRs = frRs =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 TI51 pin falling edge
0 0 1 TI51 pin rising edge
0 1 0 frRs 2 MHz 5 MHz 10 MHz 20 MHz
0 1 1 frrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 0 frrs/2* 125 kHz 3125 kHz | 625 kHz 1.25 MHz
1 0 1 frrs/2° 31.25kHz | 78.13kHz | 156.25 kHz | 312.5 kHz
1 1 0 frrs/2° 7.81 kHz 19.53 kHz | 39.06 kHz | 78.13 kHz
1 1 1 frrs/2' 0.49 kHz 1.22 kHz 2.44 kHz 4.88 kHz

Cautions 1. When rewriting TCL51 to other data, stop the timer operation beforehand.
2. Be sure to clear bits 3to 7 to 0.

Remark frrs: Peripheral hardware clock frequency
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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> 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.

<2>
<3>
<4>

<5>

Timer output control

TMC5n can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Remark n=0, 1

Address: FF6BH

Figure 7-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 0OH  R/W"™

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCE50 TMC506 0 0 LVS50 LVR50 TMC501 TOES50

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 clear (0) (default output value of TO50 pin: low level)
1 0 Timer output F/F set (1) (default output value of TO50 pin: high level)
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

Note Bits 2 and 3 are write-only.

(Cautions and Remarks are listed on the next page.)
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Address: FF43H

Symbol
TMC51

Figure 7-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

After reset: OOH 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 clear (0) (default output value of TO51 pin: low)
1 0 Timer output F/F set (1) (default output value of TO51 pin: high)
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

Note Bits 2 and 3 are write-only.

Cautions 1. The settings of LVS5n and LVR5n are valid in other than PWM mode.
Perform <1> to <4> below in the following order, not at the same time.

2.

Remarks 1.
2.
3.

<1> Set TMC5n1, TMC5n6:

Operation mode setting

<2> Set TOE5n to enable output: Timer output enable
<3> Set LVS5n, LVR5n (see Caution 1): Timer F/F setting

<4> Set TCE5n
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 TOE5n bits are reflected at the TO5n pin
regardless of the value of TCE5n.

.n=0,1
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(3) Port mode registers 1 and 3 (PM1, PM3)

198

These registers set port 1 and 3 input/output in 1-bit units.

When using the P17/TO50/TI150 and P33/TO51/TI51/INTP4 pins for timer output, clear PM17 and PM33 and the
output latches of P17 and P33 to 0.

When using the P17/TO50/TI50 and P33/TO51/TI51/INTP4 pins for timer input, set PM17 and PM33 to 1. The
output latches of P17 and P33 at this time may be 0 or 1.

PM1 and PM3 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 7-9. 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)

Figure 7-10. Format of Port Mode Register 3 (PM3)

Address: FF23H After reset: 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/0O mode selection (n = 0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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7.4 Operations of 8-Bit Timer/Event Counters 50 and 51

7.4.1 Operation as interval timer

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
(TCL5nN).

<1> Set the registers.
e TCL5n: Select the count clock.
e CRb5n: Compare value
e TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n
and CR5n.
(TMC5n = 0000xxx0B x = Don’t care)
<2> After TCE5n = 1 is set, the count operation starts.
<3> If the values of TM5n and CR5n match, INTTM5n is generated (TM5n is cleared to 00H).
<4> [INTTMb5n is generated repeatedly at the same interval.
Set TCE5n to 0 to stop the count operation.

Caution Do not write other values to CR5n during operation.

Remarks 1. For how to enable the INTTM5n signal interrupt, sse CHAPTER 18 INTERRUPT FUNCTIONS.
2.n=0,1

Figure 7-11. Interval Timer Operation Timing (1/2)

(a) Basic operation

[N |

I 1 I
TMsn countvalue __ 00H X01HX X N XooHXotHX X N XooHXotHX X N X
A A

A |
Count start Cllear Cllear !

CR5n N N N N

Interrupt acknowledged Interrupt acknowledged

Interval time Interval time

Remark Interval time = (N + 1) xt

N =01H to FFH
n=0,1
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Figure 7-11. 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 [oH] [FEH[FFHJOOH] [ FER] FFH [ 00H |
1 1
CR5n FFH - FFH - FFH

TCESn |
INTTM5n [ [ ]

A A
Interrupt acknowledged Interrupt

1
1
! acknowledged
1

Interval time

Remark n=0, 1
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7.4.2 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.
e Set the port mode register (PM17 or PM33)"" to 1.
e TCL5n: Select TI5n pin input edge.
TI5n pin falling edge — TCL5n = 00H
TI5n pin rising edge — TCL5n = 01H
e CR5n: Compare value
e 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 TCE5n = 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: PM17
8-bit timer/event counter 51: PM33

Remark For how to enable the INTTM5n signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.

Figure 7-12. External Event Counter Operation Timing (with Rising Edge Specified)

e [T L UL LIL

A |
Count start |
- |
TM5n countvalue X 00H X 01H X 02H  03H X 04H XosHX  Xn-1X N_XooH X o1H X 02H X 03H X
I
CR5n N

INTTM5n []

Remark N =00H to FFH
n=0,1
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7.4.3 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>

<2>

<3>

<4>

Set each register.

Clear the port output latch (P17 or P33)"* and port mode register (PM17 or PM33)"* 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

CR5n.
LVS5n | LVR5n Timer Output F/F Status Setting
1 0 Timer output F/F clear (0) (default output value of TO50 pin: low level)
0 1 Timer output F/F set (1) (default output value of TO5n pin: high level)

Timer output enabled
(TMC5n = 00001011B or 00000111B)

After TCE5n = 1 is set, the count operation starts.
The timer output F/F is inverted by a match of TM5n and CR5n. After INTTM5n is generated, TM5n is
cleared to 00H.
After these settings, the timer output F/F is inverted at the same interval and a square wave is output from
TO5nN.
The frequency is as follows.
¢ Frequency = 1/2t (N + 1)
(N: OOH to FFH)

Note 8-bit timer/event counter 50: P17, PM17

8-bit timer/event counter 51: P33, PM33

Caution Do not write other values to CR5n during operation.

Remarks 1. For how to enable the INTTM5n signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.
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Figure 7-13. 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).

7.4.4 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>

<2>

Set each register.
Clear the port output latch (P17 or P33)"" and port mode register (PM17 or PM33)"* to 0.
TCL5n: Select the count clock.
CR5n:  Compare value
TMCb5n: 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)

The count operation starts when TCE5n = 1.
Clear TCE5n to 0 to stop the count operation.

Note 8-bit timer/event counter 50: P17, PM17

8-bit timer/event counter 51: P33, PM33

| PWM output operation |

<1>

<2>

<3>
<4>

<5>

PWM output (output from TO5n) outputs an inactive level until an overflow occurs.
When an overflow occurs, the active level is output. The active level is output until CR5n matches the count
value of 8-bit timer counter 5n (TM5n).
After the CR5n matches the count value, the inactive level is output until an overflow occurs again.
Operations <2> and <3> are repeated until the count operation stops.
When the count operation is stopped with TCE5n = 0, PWM output becomes inactive.
For details of timing, see Figures 7-14 and 7-15.
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 7-14. PWM Output Operation Timing

(a) Basic operation (active level = H)
Lt

Countelock ___ [ MM LML T Lt
| | | | | !
Tmsn _ooHTorH[ -~ TFFH[ooH[oiH[o2HT — ~~ TN IN+f[ -~ TFFH[ooH[ofH[o2H]  ~~ TM] ooH
1
1 1 1 1 1 |

CR5n N

TCE5n _| !

INTTM5n

L.

<3> Inactive level

TO5n

<1> Inactive level <2> Active level <5> Inactive level

<2> Active level

(b) CR5n = 00H
ot
Count clock ||||__||||||||||__||||||||||__||||||
T™M5n _ooHTofH] -~ TFFHJooHTofH]o2HT -~ TFFH[ooHToiHTo2HT -~ TMTooH

CR5n 00H

TCE5n __|

i_l

INTTM5n
TO5n L (Inactive level)

(c) CR5n = FFH

|t|

_I_LI_I__I_I_I_I_I_I_I_I_I_L_I_I_I_I_I_LI_I_I_L_I_L,.I_I_I_L

TM5n __00H [01H]

|FFH|00H|01H|02H|

|FFH|00H|01H|02H|

|M|00H
1
1

CR5n FFH

TCE5n __|

INTTM5n

R

TO5n

<1> Inactive level

|
4

<2> Active level

<2> Active level T )
<5> Inactive level
<3> Inactive level

Remarks 1. <1> to <3> and <5> in Figure 7-14 (a) correspond to <1> to <3> and <5> in | PWM output operation | in
7.4.4 (1) PWM output basic operation.
2.n=0,1
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(2) Operation with CR5n changed
Figure 7-15. 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
|

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 7-15, the value read differs from the
actual value (read value: M, actual value of CR5n: N).
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CHAPTER 7 8-BIT TIMER/EVENT COUNTERS 50 AND 51

7.5 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 7-16. 8-Bit Timer Counter 5n Start Timing

Count clock | | | | | | | |

TM5n count value 00H X 01H X 02H X 03H X 04H

Timer start

Remark n=0, 1
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CHAPTER 8 8-BIT TIMERS HO AND H1

8.1 Functions of 8-Bit Timers HO and H1
8-bit timers HO and H1 have the following functions.
e Interval timer
e Square-wave output
e PWM output
e Carrier generator (8-bit timer H1 only)
8.2 Configuration of 8-Bit Timers HO and H1

8-bit timers HO and H1 include the following hardware.

Table 8-1. Configuration of 8-Bit Timers HO and H1

Item Configuration
Timer register 8-bit timer counter Hn
Registers 8-bit timer H compare register On (CMPOn)
8-bit timer H compare register 1n (CMP1n)
Timer output TOHN, output controller
Control registers 8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register 1 (TMCYC1)"*
Port mode register 1 (PM1)
Port register 1 (P1)

Note 8-bit timer H1 only

Remark n=0,1

Figures 8-1 and 8-2 show the block diagrams.
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Figure 8-1. Block Diagram of 8-Bit Timer HO
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Figure 8-2. Block Diagram of 8-Bit Timer H1
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CHAPTER 8 8-BIT TIMERS HO AND H1

Q)

()

8-bit timer H compare register On (CMPOn)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in all of the
timer operation modes.

This register constantly compares the value set to CMPOn with the count value of the 8-bit timer counter Hn and,
when the two values match, generates an interrupt request signal (INTTMHn) and inverts the output level of
TOHN.

Rewrite the value of CMPOn while the timer is stopped (TMHEnN = 0).

A reset signal generation sets this register to 00H.

Figure 8-3. Format of 8-Bit Timer H Compare Register On (CMPOn)

Address: FF18H (CMP00), FF1AH (CMPO1)  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0

own [ [T [ [ T [ [ ]

Caution CMPON cannot be rewritten during timer count operation.

8-bit timer H compare register 1n (CMP1n)

This register can be read or written by an 8-bit memory manipulation instruction. This register is used in the
PWM output mode and carrier generator mode.

In the PWM output mode, this register constantly compares the value set to CMP1n with the count value of the 8-
bit timer counter Hn and, when the two values match, inverts the output level of TOHn. No interrupt request
signal is generated.

In the carrier generator mode, the CMP1n register always compares the value set to CMP1n with the count value
of the 8-bit timer counter Hn and, when the two values match, generates an interrupt request signal (INTTMHn).
At the same time, the count value is cleared.

CMP1n can be rewritten during timer count operation.

If the value of CMP1n is rewritten while the timer is operating, the new value is latched and transferred to CMP1n
when the count value of the timer matches the old value of CMP1n, and then the value of CMP1n is changed to
the new value. If matching of the count value and the CMP1n value and writing a value to CMP1n conflict, the
value of CMP1n is not changed.

A reset signal generation sets this register to 00H.

Figure 8-4. Format of 8-Bit Timer H Compare Register 1n (CMP1n)

Address: FF19H (CMP10), FF1BH (CMP11)  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0

own [ [T [ [ T T [ ]

Caution In the PWM output mode and carrier generator mode, be sure to set CMP1n when starting the
timer count operation (TMHEN = 1) after the timer count operation was stopped (TMHEnN = 0) (be
sure to set again even if setting the same value to CMP1n).

Remark n=0, 1
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CHAPTER 8 8-BIT TIMERS HO AND H1

8.3 Registers Controlling 8-Bit Timers HO and H1

The following four registers are used to control 8-bit timers HO and H1.

8-bit timer H mode register n (TMHMDn)

8-bit timer H carrier control register 1 (TMCYC1)"™*
Port mode register 1 (PM1)

Port register 1 (P1)

Note 8-bit timer H1 only
(1) 8-bit timer H mode register n (TMHMDn)
This register controls the mode of timer H.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Remark n=0,1
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CHAPTER 8 8-BIT TIMERS HO AND H1

Figure 8-5. Format of 8-Bit Timer H Mode Register 0 (TMHMDO)

Address: FF69H  After reset: 0OH R/W

<7> 6 5 4 3 2 <1> <0>
TMHMDO | TMHEO | CKSO02 | CKSO1 | CKS00 | TMMDOT|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 | CKSO01 | CKS00 Count clock selection
frRs = frrs = frrs = frRs =
2 MHz 5 MHz 10 MHz |20 MHz
0 0 0 fers 2 MHz 5 MHz 10 MHz |20 MHz
0 0 1 fers/2 | 1 MHz 25MHz |5MHz 10 MHz
0 1 0 fers/22 | 500 kHz [ 1.25 MHz (2.5 MHz |5 MHz
0 1 1 frrs/2% | 31.25 kHz | 78.13 kHz | 156.25 kHz | 312.5 kHz
1 0 0 fers/2'°| 1.95 kHz | 4.88 kHz |9.77 kHz | 19.54 kHz
1 0 1 TM50 output™et
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

Note Note the following points when selecting the TM50 output as the count clock.

¢ Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of the 8-bit timer/event counter 50 first and then enable the timer F/F inversion
operation (TMC501 = 1).

¢ PWM mode (TMC506 = 1)
Start the operation of the 8-bit timer/event counter 50 first and then set the count clock to make the duty =
50%.

It is not necessary to enable the TO50 pin as a timer output pin in any mode.
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CHAPTER 8 8-BIT TIMERS HO AND H1

Cautions 1. When TMHEDO = 1, setting the other bits of TMHMDO is prohibited.
2. In the PWM output mode, be sure to set the 8-bit timer H compare register 10 (CMP10) 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 CMP10).

Remarks 1. frrs: Peripheral hardware clock frequency

2. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50
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Figure 8-6. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)

Address: FF6CH  After reset: OOH R/W

<7> 6 5 4 3 2 <1> <0>
TMHMD1 | TMHE1 | CKS12 | CKS11 | CKS10 | TMMD11|TMMD10 | TOLEV1 | TOEN1 |

TMHE1 Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)

CKS12 | CKS11 | CKS10 Count clock selection

frRs = frRs = frrs = frrs =
2 MHz 5 MHz 10 MHz |20 MHz

0 0 0 fers 2 MHz 5 MHz 10 MHz |20 MHz
0 0 1 fers/22 | 500 kHz |1.25 MHz (2.5 MHz |5 MHz
0 1 0 fers/2* | 125 kHz |312.5 kHz |625 kHz | 1.25 MHz
0 1 1 fers/25 | 31.25 kHz |78.13 kHz | 156.25 kHz| 312.5 kHz
1 0 0 fers/2'2| 0.49 kHz |1.22 kHz [2.44 kHz |4.88 kHz
1 0 1 fr/2” | 1.88 kHz (TYP.)
1 1 0 fr/2° | 0.47 kHz (TYP.)
1 1 1 fRL 240 kHz (TYP.)

TMMD11| TMMD10 Timer operation mode
0 0 Interval timer mode
0 1 Carrier generator mode
1 0 PWM output mode
1 1 Setting prohibited

TOLEVA Timer output level control (in default mode)
0 Low level
1 High level

TOEN1 Timer output control

0 Disables output

1 Enables output

Cautions 1. When TMHE1 = 1, setting the other bits of TMHMD1 is prohibited.

2. In the PWM output mode and carrier generator mode, be sure to set the 8-bit timer H compare
register 11 (CMP11) when starting the timer count operation (TMHE1 = 1) after the timer count
operation was stopped (TMHE1 = 0) (be sure to set again even if setting the same value to
CMP11).

3. When the carrier generator mode is used, set so that the count clock frequency of TMH1
becomes more than 6 times the count clock frequency of TM51.

Remarks 1. frrs: Peripheral hardware clock frequency
2. fr:  Internal low-speed oscillation clock frequency
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(2) 8-bit timer H carrier control register 1 (TMCYC1)
This register controls the remote control output and carrier pulse output status of 8-bit timer H1.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 8-7. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF6DH  After reset: O0H  R/Whete

7 6 5 4 3 2 1 <0>
™cyct [ o | o | o | o | o |Rmct |NRzB1 | NRZt |

RMC1 NRZB1 Remote control output

0 0 Low-level output

0 1 High-level output

1 0 Low-level output

1 1 Carrier pulse output
NRZ1 Carrier pulse output status flag

0 Carrier output disabled status (low-level status)

1 Carrier output enabled status

(RMCH1 = 1: Carrier pulse output, RMC1 = 0: High-level status)

Note Bit 0 is read-only.

(3) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P15/TOHO and P16/TOH1/INTP5 pins for timer output, clear PM15 and PM16 and the output
latches of P15 and P16 to 0.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 8-8. 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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8.4 Operation of 8-Bit Timers HO and H1

8.4.1 Operation as interval timer/square-wave output

When the 8-bit timer counter Hn and compare register On (CMPOn) match, an interrupt request signal (INTTMHn)
is generated and the 8-bit timer counter Hn is cleared to O0H.

Compare register 1n (CMP1n) is not used in interval timer mode. Since a match of the 8-bit timer counter Hn and
the CMP1n register is not detected even if the CMP1n register is set, timer output is not affected.

By setting bit 0 (TOENN) of timer H mode register n (TMHMDn) to 1, a square wave of any frequency (duty = 50%)
is output from TOHn.

<1> Set each register.
Figure 8-9. Register Setting During Interval Timer/Square-Wave Output Operation

(i) Setting timer H mode register n (TMHMDn)

TMHEn CKSn2 CKSn1 CKSn0O TMMDn1 TMMDnO TOLEVn TOENn
TMHMDnl 0 ‘ 0/1 ‘ 0/1 ‘ 0/1 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

Timer output setting

Default setting of timer output level

Interval timer mode setting

Count clock (fent) selection

Count operation stopped

(ii) CMPOnN register setting

The interval time is as follows if N is set as a comparison value.

¢ Interval time = (N +1)/font

<2> Count operation starts when TMHEnN = 1.

<3> When the values of the 8-bit timer counter Hn and the CMPOn register match, the INTTMHn signal is
generated and the 8-bit timer counter Hn is cleared to O0H.

<4> Subsequently, the INTTMHn signal is generated at the same interval. To stop the count operation, clear
TMHERN to 0.

Remarks 1. For the setting of the output pin, see 8.3 (3) Port mode register 1 (PM1).

2. For how to enable the INTTMHn signal interrupt, see CHAPTER 18 INTERRUPT FUNCTIONS.
3.n=0,1
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Figure 8-10. Timing of Interval Timer/Square-Wave Output Operation (1/2)

(a) Basic operation (Operation When 01H < CMPOn < FEH)

Count clock |||| ||||||||<||||||

é Count start

o
=z
)
g

: X N X ooH X ot X (01H(00H

8-bit timer counter Hn OOHX 01H X

Clear

CMPOn N

-

SRR (PP [ I

INTTMHn . | |
1 ] Interval time )
; . ) .
TOHn ! .
<1> <2> <2> <3>
Level inversion, Level inversion,

match interrupt occurrence, match interrupt occurrence,
8-bit timer counter Hn clear 8-bit timer counter Hn clear

<1> The count operation is enabled by setting the TMHERN bit to 1. The count clock starts counting no more than
1 clock after the operation is enabled.

<2> When the value of the 8-bit timer counter Hn matches the value of the CMPOn register, the value of the timer
counter is cleared, and the level of the TOHn output is inverted. In addition, the INTTMHn signal is output at
the rising edge of the count clock.

<3> If the TMHERN bit is cleared to 0 while timer H is operating, the INTTMHn signal and TOHn output are set to
the default level. If they are already at the default level before the TMHER bit is cleared to 0, then that level
is maintained.

Remark n=0,1
01H <N <FEH
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Figure 8-10. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMPOn = FFH

Count clock ||||S<||||||||4g_||_||_||_

4 Count start

8-bit timer counter Hn

OOHX 01H X

X Fer X FFHAX 00H X

. Clear

X FeH X FFH‘X OOHX:

Clear

CMPON
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TMHEn J

INTTMHnN
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(c) Operation when CMPOn = 00H

Interval time

comeoss [ L LI L LI

-----p

Count start :

8-bit timer counter Hn

00H

CMPON

00H

TMHEn J

INTTMHn

TOHN

Remark n=0, 1

' '
L
' '

Interval time
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8.4.2 Operation as PWM output

In PWM output mode, a pulse with an arbitrary duty and arbitrary cycle can be output.

The 8-bit timer compare register On (CMPOnN) controls the cycle of timer output (TOHN). Rewriting the CMPOn
register during timer operation is prohibited.

The 8-bit timer compare register 1n (CMP1n) controls the duty of timer output (TOHn). Rewriting the CMP1n
register during timer operation is possible.

The operation in PWM output mode is as follows.

The TOHnN output level is inverted and the 8-bit timer counter Hn is cleared to 0 when the 8-bit timer counter Hn
and the CMPOn register match after the timer count is started. The TOHn output level is inverted when the 8-bit timer
counter Hn and the CMP1n register match.

<1> Set each register.
Figure 8-11. Register Setting in PWM Output Mode

(i) Setting timer H mode register n (TMHMDn)

TMHEn CKSn2 CKSn1 CKSn0 TMMDni TMMDnO TOLEVn TOENn

TMHMDn|0‘0/1‘O/1‘O/1‘1‘0‘0/1‘1|

| | L] L

Timer output enabled

Default setting of timer output level

PWM output mode selection

Count clock (fent) selection

Count operation stopped

(ii) Setting CMPOnN register
e Compare value (N): Cycle setting

(iii) Setting CMP1n register
e Compare value (M): Duty setting

Remarks 1. n=0, 1
2. 00H < CMP1n (M) < CMPOnN (N) < FFH

<2> The count operation starts when TMHEnN = 1.

<3> The CMPOnN register is the compare register that is to be compared first after counter operation is enabled.
When the values of the 8-bit timer counter Hn and the CMPOn register match, the 8-bit timer counter Hn is
cleared, an interrupt request signal (INTTMHn) is generated, and TOHn output is inverted. At the same time,
the compare register to be compared with the 8-bit timer counter Hn is changed from the CMPOn register to
the CMP1n register.

<4> When the 8-bit timer counter Hn and the CMP1n register match, TOHn output is inverted and the compare
register to be compared with the 8-bit timer counter Hn is changed from the CMP1n register to the CMPOn
register. At this time, the 8-bit timer counter Hn is not cleared and the INTTMHn signal is not generated.
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<5> By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained.

<6> To stop the count operation, set TMHEN = 0.
If the setting value of the CMPOn register is N, the setting value of the CMP1n register is M, and the count
clock frequency is fent, the PWM pulse output cycle and duty are as follows.

e PWM pulse output cycle = (N + 1)/fent
e Duty=(M+1)/(N+1)

Cautions 1.

Remarks 1.
2.

The set value of the CMP1n register can be changed while the timer counter is operating.
However, this takes a duration of three operating clocks (signal selected by the CKSn2 to
CKSnO bits of the TMHMDn register) from when the value of the CMP1n register is changed
until the value is transferred to the register.

. Be sure to set the CMP1n register when starting the timer count operation (TMHEnN = 1) after

the timer count operation was stopped (TMHEN = 0) (be sure to set again even if setting the
same value to the CMP1n register).

. Make sure that the CMP1n register setting value (M) and CMPOn register setting value (N) are

within the following range.
00H < CMP1n (M) < CMPOn (N) < FFH

For the setting of the output pin, see 8.3 (3) Port mode register 1 (PM1).

For details on how to enable the INTTMHn signal interrupt, see CHAPTER 18 INTERRUPT
FUNCTIONS.

n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

canoosc [ LI T T T

8-bit timer counter Hn ~ 00H ' m m I 00H

CMPON A5H

CMP1n 01H

TMHER J
INTTMHn ¢ |

TOHN
(TOLEVn = 0)

—
D

<1> 1<2> 1<3>
TOHnN ' ' ’ ' ' ’
(ToLEvn= 1 L L L

<1> The count operation is enabled by setting the TMHERN bit to 1. Start the 8-bit timer counter Hn by masking

one count clock to count up. At this time, TOHn output remains the default.

<2> When the values of the 8-bit timer counter Hn and the CMPOn register match, the TOHn output level is
inverted, the value of the 8-bit timer counter Hn is cleared, and the INTTMHn signal is output.

<3> When the values of the 8-bit timer counter Hn and the CMP1n register match, the TOHn output level is
inverted. At this time, the 8-bit timer counter value is not cleared and the INTTMHn signal is not output.

<4> Clearing the TMHEN bit to 0 during timer Hn operation sets the INTTMHn signal and TOHn output to the
default.

Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (2/4)
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Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (3/4)

= 00H
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(d) Operation when CMPOn

Count clock
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Remark n=0,1
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Figure 8-12. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP1n (CMP1n = 02H — 03H, CMPOn = A5H)
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The count operation is enabled by setting TMHEN = 1. Start the 8-bit timer counter Hn by masking one count
clock to count up. At this time, the TOHnN output remains default.

The CMP1n register value can be changed during timer counter operation. This operation is asynchronous
to the count clock.

When the values of the 8-bit timer counter Hn and the CMPOn register match, the value of the 8-bit timer
counter Hn is cleared, the TOHn output level is inverted, and the INTTMHn signal is output.

If the CMP1n register value is changed, the value is latched and not transferred to the register. When the
values of the 8-bit timer counter Hn and the CMP1n register before the change match, the value is
transferred to the CMP1n register and the CMP1n register value is changed (<2>).

However, three count clocks or more are required from when the CMP1n 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 the 8-bit timer counter Hn and the CMP1n register after the change match, the TOHn
output level is inverted. The 8-bit timer counter Hn is not cleared and the INTTMHn signal is not generated.
Clearing the TMHER bit to O during timer Hn operation makes the INTTMHn signal and TOHn output default.

Remark n=0,1
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8.4.3 Carrier generator operation (8-bit timer H1 only)

In the carrier generator mode, the 8-bit timer H1 is used to generate the carrier signal of an infrared remote
controller, and the 8-bit timer/event counter 51 is used to generate an infrared remote control signal (time count).

The carrier clock generated by the 8-bit timer H1 is output in the cycle set by the 8-bit timer/event counter 51.

In carrier generator mode, the output of the 8-bit timer H1 carrier pulse is controlled by the 8-bit timer/event counter
51, and the carrier pulse is output from the TOH1 output.

(1) Carrier generation
In carrier generator mode, the 8-bit timer H compare register 01 (CMP01) generates a low-level width carrier
pulse waveform and the 8-bit timer H compare register 11 (CMP11) generates a high-level width carrier pulse
waveform.
Rewriting the CMP11 register during the 8-bit timer H1 operation is possible but rewriting the CMPO1 register is
prohibited.

(2) Carrier output control
Carrier output is controlled by the interrupt request signal (INTTM51) of the 8-bit timer/event counter 51 and the
NRZB1 and RMC1 bits of the 8-bit timer H carrier control register (TMCYC1). The relationship between the
outputs is shown below.

RMC1 Bit NRZB1 Bit Output
0 0 Low-level output
0 1 High-level output
1 0 Low-level output
1 1 Carrier pulse output
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To control the carrier pulse output during a count operation, the NRZ1 and NRZB1 bits of the TMCYC1 register
have a master and slave bit configuration. The NRZ1 bit is read-only but the NRZB1 bit can be read and written.
The INTTM51 signal is synchronized with the 8-bit timer H1 count clock and is output as the INTTM5H1 signal.
The INTTM5H1 signal becomes the data transfer signal of the NRZ1 bit, and the NRZB1 bit value is transferred to
the NRZ1 bit. The timing for transfer from the NRZB1 bit to the NRZ1 bit is as shown below.

Figure 8-13. Transfer Timing

TMHET _|

8-bit timer H1 ||||||||||||||||||||

count clock

INTTM51 _l_'_'-l M 1
INTTM5H1 | |

<1> E E
NRZ1 0 X 1 X 0
//<2> //
NRZB1 1 )f( 0 X 1
<3>

RMC1 |

<1> The INTTM51 signal is synchronized with the count clock of the 8-bit timer H1 and is output as the
INTTM5H1 signal.

<2> The value of the NRZB1 bit is transferred to the NRZ1 bit at the second clock from the rising edge of the
INTTM5H1 signal.

<3> Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the
INTTM5H1 interrupt or after timing has been checked by polling the interrupt request flag. Write data to
count the next time to the CR51 register.

Cautions 1. Do not rewrite the NRZB1 bit again until at least the second clock after it has been rewritten,
or else the transfer from the NRZB1 bit to the NRZ1 bit is not guaranteed.
2. When the 8-bit timer/event counter 51 is used in the carrier generator mode, an interrupt is
generated at the timing of <1>. When the 8-bit timer/event counter 51 is used in a mode other
than the carrier generator mode, the timing of the interrupt generation differs.
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<1> Set each register.

Figure 8-14. Register Setting in Carrier Generator Mode

(i) Setting 8-bit timer H mode register 1 (TMHMD1)

TMHE1 CKS12 CKS11 CKS10 TMMD11 TMMD10 TOLEV1 TOEN1

TMHMD1|O‘0/1‘O/1‘O/1‘O‘1‘0/1‘1|

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

228

| | L] L

Timer output enabled

Default setting of timer output level

Carrier generator mode selection

Count clock (fenr) selection

Count operation stopped

(ii) CMPO1 register setting
e Compare value

(iii) CMP11 register setting
e Compare value

(iv) TMCYC1 register setting
¢ RMC1 =1 ... Remote control output enable bit
e NRZB1 = 0/1 ... carrier output enable bit

(v) TCL51 and TMC51 register setting
e See 7.3 Registers Controlling 8-Bit Timer/Event Counters 50 and 51.

When TMHE1 = 1, the 8-bit timer H1 starts counting.

When TCE51 of the 8-bit timer mode control register 51 (TMC51) is set to 1, the 8-bit timer/event counter
51 starts counting.

After the count operation is enabled, the first compare register to be compared is the CMPO1 register.
When the count value of the 8-bit timer counter H1 and the CMPO1 register value match, the INTTMH1
signal is generated, the 8-bit timer counter H1 is cleared. At the same time, the compare register to be
compared with the 8-bit timer counter H1 is switched from the CMPO1 register to the CMP11 register.

When the count value of the 8-bit timer counter H1 and the CMP11 register value match, the INTTMH1
signal is generated, the 8-bit timer counter H1 is cleared. At the same time, the compare register to be
compared with the 8-bit timer counter H1 is switched from the CMP11 register to the CMPO01 register.

By performing procedures <4> and <5> repeatedly, a carrier clock is generated.

The INTTM51 signal is synchronized with count clock of the 8-bit timer H1 and output as the INTTM5H1
signal. The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value
is transferred to the NRZ1 bit.

Write the next value to the NRZB1 bit in the interrupt servicing program that has been started by the
INTTM5H1 interrupt or after timing has been checked by polling the interrupt request flag. Write data to
count the next time to the CR51 register.

When the NRZ1 bit is high level, a carrier clock is output from the TOH1 pin.
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<10> By performing the procedures above, an arbitrary carrier clock is obtained. To stop the count operation,
clear TMHE1 to 0.

If the setting value of the CMPO1 register is N, the setting value of the CMP11 register is M, and the count
clock frequency is font, the carrier clock output cycle and duty are as follows.

o Carrier clock output cycle = (N + M + 2)/fcnT
e Duty = High-level width/carrier clock output width = (M + 1)/(N + M + 2)

Cautions 1. Be sure to set the CMP11 register when starting the timer count operation (TMHE1 = 1)
after the timer count operation was stopped (TMHE1 = 0) (be sure to set again even if
setting the same value to the CMP11 register).

2. Set so that the count clock frequency of TMH1 becomes more than 6 times the count
clock frequency of TM51.

3. Set the values of the CMP01 and CMP11 registers in a range of 01H to FFH.

4. The set value of the CMP11 register can be changed while the timer counter is
operating. However, it takes the duration of three operating clocks (signal selected by
the CKS12 to CKS10 bits of the TMHMD1 register) since the value of the CMP11
register has been changed until the value is transferred to the register.

5. Be sure to set the RMC1 bit before the count operation is started.

Remarks 1. For the setting of the output pin, see 8.3 (3) Port mode register 1 (PM1).

2. For how to enable the INTTMH1 signal interrupt, sece CHAPTER 18 INTERRUPT
FUNCTIONS.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>

230

Figure 8-15. Carrier Generator Mode Operation Timing (1/3)

(a) Operation when CMP01 =N, CMP11 =N

8-bit timer H1
count clock ,_|_|_
8-bit timer counter
H1 count value :>OOHC: (CRX0R)C XN X0oRXC, XN X0oR . XN XooH) XN Xoos XN
CMPO1 ‘ N__ 1 ‘ ;
CMP11 N '
TMHE11T |
INTTMHA1 3 4 f .
<o> <4>
<1><2> —_—
Carrierclock |\
Bbiimer 5t [ ML~ Splplpip
count clock
TM51 count value —_0oHX01H) 01H
CRS51 : ‘ W X N
TCE51 | \ ;
| <5> ,f
INTTM5n1 ; 1
INTTM5H1 : :
NRzB1 0 X i X 0 X 7 X 0
L < | |
NRzZ1 0] i : 1 [0) 1 0
Carrier clock pEpEgEpligiipghigipliipgipgigiplipgipgigepiipgpn!
TOH11 ML= I I

When TMHE1 = 0 and TCE51 = 0, the 8-bit timer counter H1 operation is stopped.

When TMHE1 = 1 is set, the 8-bit timer counter H1 starts a count operation. At that time, the carrier clock
remains default.

When the count value of the 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1
signal is generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-
bit timer counter H1 is switched from the CMPO1 register to the CMP11 register. The 8-bit timer counter H1
is cleared to OOH.

When the count value of the 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO1 register. The 8-bit timer counter H1 is cleared
to O0OH. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to 50% is
generated.

When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as
the INTTM5H1 signal.

The INTTM5H1 signal becomes the data transfer signal for the NRZB1 bit, and the NRZB1 bit value is
transferred to the NRZ1 bit.

When NRZ1 = 0 is set, the TOH1 output becomes low level.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>

Figure 8-15. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M

8-bit timer H1

count clock I
8-bit timer counter
H1 count value —22H (_N_X00HX01HX_, X M X00H) (M _X00H) 00H
CMPO1 ‘ ’ N J
CMP11 M X
TMHE1
INTTMH1
<3> <4>
<1><2> ;
Carrier clock | —

8-bit timer 51
count clock

TM51 count value 00AX01HX

CR51 K,

TCE51 | ' ; ’

INTTM51

INTTM5H1 :

NRZB1 0o X 1 Xy 0 X1 X 0

NRZ1 0 i 0 7

0
Carrier clock TLFLTHHTUTLTWTW
<6>
TOH1 o 1 P o S I o P )

When TMHE1 = 0 and TCE51 = 0, the 8-bit timer counter H1 operation is stopped.

When TMHE1 = 1 is set, the 8-bit timer counter H1 starts a count operation. At that time, the carrier clock
remains default.

When the count value of the 8-bit timer counter H1 matches the CMPO1 register value, the first INTTMH1
signal is generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-
bit timer counter H1 is switched from the CMPO1 register to the CMP11 register. The 8-bit timer counter H1
is cleared to OOH.

When the count value of the 8-bit timer counter H1 matches the CMP11 register value, the INTTMH1 signal
is generated, the carrier clock signal is inverted, and the compare register to be compared with the 8-bit timer
counter H1 is switched from the CMP11 register to the CMPO01 register. The 8-bit timer counter H1 is cleared
to O0H. By performing procedures <3> and <4> repeatedly, a carrier clock with duty fixed to other than 50%
is generated.

When the INTTM51 signal is generated, it is synchronized with the 8-bit timer H1 count clock and is output as
the INTTM5H1 signal.

A carrier signal is output at the first rising edge of the carrier clock if NRZ1 is set to 1.
When NRZ1 = 0, the TOH1 output is held at the high level and is not changed to low level while the carrier
clock is high level (from <6> and <7>, the high-level width of the carrier clock waveform is guaranteed).
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Figure 8-15. Carrier Generator Mode Operation Timing (3/3)

(c) Operation when CMP11 is changed

8-bit timer H1
count clock

P countvaive Yoot YoororH) (M KoorK, AN RoorXotH, K L Koo

<1>

<2>

<3>

<4>

<5>

232

CMPO1 ( ( N
<3> <3>’
(S dpmmmmmmma- 4 T
CMP11 M M, (L) X L
TMHE1

INTTMH1 { _| { T _|

<4> <5>

<2> (

Carrier clock <1>

When TMHE1 = 1 is set, the 8-bit timer H1 starts a count operation. At that time, the carrier clock remains
default.

When the count value of the 8-bit timer counter H1 matches the value of the CMPO1 register, the INTTMH1
signal is output, the carrier signal is inverted, and the timer counter is cleared to 00H. At the same time, the
compare register whose value is to be compared with that of the 8-bit timer counter H1 is changed from the
CMPO1 register to the CMP11 register.

The CMP11 register is asynchronous to the count clock, and its value can be changed while the 8-bit timer
H1 is operating. The new value (L) to which the value of the register is to be changed is latched. When the
count value of the 8-bit timer counter H1 matches the value (M) of the CMP11 register before the change, the
CMP11 register is changed (<3>).

However, it takes three count clocks or more since the value of the CMP11 register has been changed until
the value is transferred to the register. Even if a match signal is generated before the duration of three count
clocks elapses, the new value is not transferred to the register.

When the count value of 8-bit timer counter H1 matches the value (M) of the CMP1 register before the
change, the INTTMH1 signal is output, the carrier signal is inverted, and the timer counter is cleared to 00H.
At the same time, the compare register whose value is to be compared with that of the 8-bit timer counter H1
is changed from the CMP11 register to the CMPO1 register.

The timing at which the count value of the 8-bit timer counter H1 and the CMP11 register value match again
is indicated by the value after the change (L).
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9.1 Functions of Watch Timer
The watch timer has the following functions.

e Watch timer
e Interval timer

The watch timer and the interval timer can be used simultaneously.
Figure 9-1 shows the watch timer block diagram.

Figure 9-1. Block Diagram of Watch Timer

. fwx/24 =
Clear g | fwx . - £
S 5-bit counter fwx/2 8 = INTWT
7 - —_ °
fers/2 S 11-bit prescaler @ 2
8 fw Clear
fsus 3 fw/2% | fwi/25 | fwi/28 [fw/27 |fwi/ 28| fw/210 /2" [fw/2° 4
S
§ INTWTI
[0
[0)]
[ wrmz | wrme | wims | wrma | wrms | wrmz | wimt | wTwmo |
Watch timer operation
mode register (WTM)
2 Internal bus 2

Remark frrs: Peripheral hardware clock frequency
fsue: Subsystem clock frequency
fw:  Watch timer clock frequency (frrs/2” or fsus)
fwx:  fw or fw/2°
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(1) Watch timer
When the peripheral hardware clock or subsystem clock is used, interrupt request signals (INTWT) are
generated at preset intervals.

Table 9-1. Watch Timer Interrupt Time

Interrupt Time When Operated at | When Operated at | When Operated at | When Operated at | When Operated at
fsus = 32.768 kHz frrs = 2 MHz frrs = 5 MHz frrs = 10 MHz frrRs = 20 MHz
2'/fw 488 us 1.02 ms 410 us 205 us 102 us
2°ffw 977 us 2.05 ms 819 us 410 us 205 us
2%/fw 0.25s 0.52s 0.210s 0.105s 52.5ms
2%ffw 05s 1.05s 0.419 s 0.210s 0.105 s
Remark frrs: Peripheral hardware clock frequency

fsus: Subsystem clock frequency

fw:

(2) Interval timer
Interrupt request signals (INTWT]I) are generated at preset time intervals.

Watch timer clock frequency (frrs/2” or fsus)

Table 9-2. Interval Timer Interval Time

Interval Time When Operated at | When Operated at | When Operated at | When Operated at | When Operated at
fsus = 32.768 kHz frrRs = 2 MHz frrRs = 5 MHz frrs = 10 MHz frrs = 20 MHz
2'/fw 488 us 1.02 ms 410 us 205 us 102 us
2°/fw 977 us 2.05ms 820 us 410 us 205 us
2%/fw 1.95 ms 410 ms 1.64 ms 820 us 410 us
2'ffw 3.91 ms 8.20 ms 3.28 ms 1.64 ms 820 us
2°ffw 7.81 ms 16.4 ms 6.55 ms 3.28 ms 1.64 ms
2°ffw 15.6 ms 32.8 ms 13.1 ms 6.55 ms 3.28 ms
2w 31.3ms 65.5 ms 26.2 ms 13.1 ms 6.55 ms
2" ffw 62.5 ms 131.1 ms 52.4 ms 26.2ms 13.1 ms
Remark frrs: Peripheral hardware clock frequency

fsus: Subsystem clock frequency

fw:

9.2 Configuration of Watch Timer

The watch timer includes the following hardware.

234

Watch timer clock frequency (frrs/2” or fsus)

Table 9-3. Watch Timer Configuration

Item Configuration
Counter 5 bits x 1
Prescaler 11 bits x 1

Control register

Watch timer operation mode register (WTM)
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9.3 Register Controlling Watch Timer

The watch timer is controlled by the watch timer operation mode register (WTM).

e Watch timer operation mode register (WTM)
This register sets the watch timer count clock, enables/disables operation, prescaler interval time, and 5-bit

counter operation control.

WTM is set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets WTM to 00H.

Figure 9-2. Format of Watch Timer Operation Mode Register (WTM)

Address: FF6FH After reset: 00H R/W

Symbol
WTM

7 6 5 4 3 2 <1> <0>
WTM7 WTM6 WTM5 WTM4 WTM3 WTM2 WTM1 WTMO
WTM7 Watch timer count clock selection (fw)

fsus = 32.768 kHz | frrs =2 MHz frRs =5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 frrs/2’ - 15.625 kHz 39.062 kHz 78.125 kHz 156.25 kHz
1 fsus 32.768 kHz -
WTM6 WTM5 WTM4 Prescaler interval time selection

0 0 0 2w

0 0 1 2°ffw

0 1 0 2w

0 1 1 2'ffw

1 0 0 2°/fw

1 0 1 2°ffw

1 1 0 2w

1 1 1 2" ffw
WTM3 WTM2 Selection of watch timer interrupt time

0 0 2"/fw

0 1 2"/w

1 0 2°ffw

1 1 2'ffw
WTM1 5-bit counter operation control

0 Clear after operation stop

1 Start
WTMO Watch timer operation enable

0 Operation stop (clear both prescaler and 5-bit counter)

Operation enable
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Caution Do not change the count clock and interval time (by setting bits 4 to 7 (WTM4 to WTM7) of WTM)
during watch timer operation.

Remarks 1. fw: Watch timer clock frequency (frrs/2” or fsus)

2. frrs: Peripheral hardware clock frequency
3. fsus: Subsystem clock frequency
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9.4 Watch Timer Operations

9.4.1 Watch timer operation

The watch timer generates an interrupt request signal (INTWT) at a specific time interval by using the peripheral

hardware clock or subsystem clock.
When bit 0 (WTMO) and bit 1 (WTM1) of the watch timer operation mode register (WTM) are set to 1, the count
operation starts. When these bits are cleared to 0, the 5-bit counter is cleared and the count operation stops.

When the interval timer is simultaneously operated, zero-second start can be achieved only for the watch timer by

clearing WTM1 to 0. In this case, however, the 11-bit prescaler is not cleared. Therefore, an error up to 2° x 1/fw

seconds occurs in the first overflow (INTWT) after zero-second start.

The interrupt request is generated at the following time intervals.

Table 9-4. Watch Timer Interrupt Time

WTM3 | WTM2 | Interrupt Time |When Operated at| When Operated at| When Operated at|When Operated at|When Operated at
Selection fsus = 32.768 kHz |  frrs = 2 MHz fers = 5 MHz fers = 10 MHz frrs = 20 MHz
(WTM7 = 1) (WTM7 = 0) (WTM7 = 0) (WTM7 = 0) (WTM7 = 0)

0 2"%/fw 05s 1.05s 0.419 s 0.210s 0.105s
1 2%/ w 0.25s 0.52s 0.210s 0.105s 52.5 ms

1 0 2°ffw 977 us 2.05 ms 819 us 410 us 205 us

1 1 2'ffw 488 us 1.02 ms 410 us 205 us 102 us

Remarks 1. fw: Waitch timer clock frequency (frrs/2” or fsus)

2. fers: Peripheral hardware clock frequency
3. fsus: Subsystem clock frequency

9.4.2 Interval timer operation

The watch timer operates as interval timer which generates interrupt request signals (INTWTI) repeatedly at an
interval of the preset count value.

The interval time can be selected with bits 4 to 6 (WTM4 to WTM®6) of the watch timer operation mode register

(WTM).
When bit 0 (WTMO) of the WTM is set to 1, the count operation starts. When this bit is set to 0, the count operation
stops.
Table 9-5. Interval Timer Interval Time
WTM6 | WTM5 | WTM4 | Interval Time | When Operated | When Operated | When Operated | When Operated | When Operated
at fsus = 32.768 | at frrs =2 MHz | at frrs = 5 MHz |at frrs = 10 MHz |at fers = 20 MHz
kHz (WTM7 =1) | (WTM7 =0) (WTM7 = 0) (WTM7 = 0) (WTM7 = 0)
0 0 0 | 2%w 488 us 1.02 ms 410 us 205 us 102 us
0 0 1 25w 977 us 2.05 ms 820 us 410 us 205 us
0 1 0 2%/fw 1.95 ms 4.10 ms 1.64 ms 820 us 410 us
0 1 1 2'/fw 3.91 ms 8.20 ms 3.28 ms 1.64 ms 820 us
1 0 0 2°/fw 7.81 ms 16.4 ms 6.55 ms 3.28 ms 1.64 ms
1 0 1 2°/fw 15.6 ms 32.8 ms 13.1 ms 6.55 ms 3.28 ms
1 1 0 2"/w 31.3ms 65.5 ms 26.2ms 13.1ms 6.55 ms
1 1 1 2" ffw 62.5ms 131.1 ms 52.4 ms 26.2 ms 13.1 ms
Remarks 1. fw: Watch timer clock frequency (frrs/2” or fsus)
2. fers: Peripheral hardware clock frequency
3. fsue: Subsystem clock frequency
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Figure 9-3. Operation Timing of Watch Timer/Interval Timer

5-bit counter

OH
Overflow Overflow
Start | |
| | |
Count clock ' | | | | | | | | | | | ' | | | | | | | | | | | ' | |
Watch timer | '—l i—l

interrupt INTWT -T- T T

Interrupt time of watch timer (0.5 s)‘ Interrupt time of watch timer (0.5 s) 1
|

|
l
Interval timer |
interrupt INTWTI ; M. [ ... [
)
|
|

Interval time | | T |

M

Remark fw: Watch timer clock frequency
Figures in parentheses are for operation with fw = 32.768 kHz (WTM7 =1, WTM3, WTM2 = 0, 0)

9.5 Cautions for Watch Timer

When operation of the watch timer and 5-bit counter is enabled by the watch timer mode control register (WTM) (by
setting bits 0 (WTMO0) and 1 (WTM1) of WTM to 1), the interval until the first interrupt request signal (INTWT) is
generated after the register is set does not exactly match the specification made with bits 2 and 3 (WTM2, WTM3) of
WTM. Subsequently, however, the INTWT signal is generated at the specified intervals.

Figure 9-4. Example of Generation of Watch Timer Interrupt Request Signal (INTWT)
(When Interrupt Period = 0.5 s)

It takes 0.515625 seconds for the first INTWT to be generated (2° x 1/32768 = 0.015625 s longer).
INTWT is then generated every 0.5 seconds.

WTMO, WTM1

05s i

1]

! 0.515625s 05s
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10.1 Functions of Watchdog Timer

The watchdog timer operates on the internal low-speed oscillation clock.

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

o If the watchdog timer counter overflows

e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

o If data other than “ACH” is written to WDTE

o If data is written to WDTE during a window close period

e If the instruction is fetched from an area not set by the IMS and IXS registers (detection of an invalid check while
the CPU hangs up)

e If the CPU accesses an area that is not set by the IMS and IXS registers (excluding FBOOH to FFFFH) by
executing a read/write instruction (detection of an abnormal access during a CPU program loop)

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 20 RESET FUNCTION.

User's Manual U17734EJ2VOUD 239



CHAPTER 10 WATCHDOG TIMER

10.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 10-1. Configuration of Watchdog Timer

ltem

Configuration

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, and window open period are set by the option byte.

Table 10-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer

Option Byte (0080H)

Window open period

Bits 6 and 5 (WINDOW1, WINDOWO)

Controlling counter operation of watchdog timer

Bit 4 (WDTON)

Overflow time of watchdog timer

Bits 3 to 1 (WDCS2 to WDCS0)

Remark For the option byte, see CHAPTER 23 OPTION BYTE.

Figure 10-1. Block Diagram of Watchdog Timer

CPU

CPU access signal

error detector

access

WDCS2 to WDCSO0 of
option byte (0080H) i
2'%frL to
Clock 17-bit 217/fRL
fru/2 input counter :’> Selector
controller
Count clear Window size
signal determination

WINDOW1 and WINDOWO _____| Clear, reset control

Overflow ™
signal

signal

of option byte (0080H)

WDTON of option Watchdog timer enable
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CHAPTER 10 WATCHDOG TIMER

10.3 Register Controlling Watchdog Timer
The watchdog timer is controlled by the watchdog timer enable register (WDTE).

(1) 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 signal generation sets this register to 9AH or 1AH"",

Figure 10-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFO9H  After reset: 9AH/1AHN"®  R/W
Symbol 7 6 5 4 3 5 ’ 0

WDTE | |

Note The WDTE reset value differs depending on the WDTON setting value of the option byte (0080H). To
operate watchdog timer, set WDTON to 1.

WDTON Setting Value WDTE Reset Value
0 (watchdog timer count operation disabled) 1AH
1 (watchdog timer count operation enabled) 9AH

Cautions 1. If a value other than ACH is written to WDTE, an internal reset signal is generated. If the
source clock to the watchdog timer is stopped, however, an internal reset signal is
generated when the source clock to the watchdog timer resumes operation.

2. If a 1-bit memory manipulation instruction is executed for WDTE, an internal reset signal
is generated. If the source clock to the watchdog timer is stopped, however, an internal
reset signal is generated when the source clock to the watchdog timer resumes operation.

3. The value read from WDTE is 9AH/1AH (this differs from the written value (ACH)).
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10.4 Operation of Watchdog Timer

10.4.1 Controlling operation of watchdog timer

1.

When the watchdog timer is used, its operation is specified by the option byte (0080H).

¢ Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (0080H) to 1
(the counter starts operating after a reset release) (for details, see CHAPTER 23).

WDTON Operation Control of Watchdog Timer Counter/lllegal Access Detection
0 Counter operation disabled (counting stopped after reset), illegal access detection operation disabled
1 Counter operation enabled (counting started after reset), illegal access detection operation enabled

¢ Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (0080H) (for details, see
10.4.2 and CHAPTER 23).

e Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (0080H) (for
details, see 10.4.3 and CHAPTER 23).

After a reset release, the watchdog timer starts counting.

By writing “ACH” to WDTE after the watchdog timer starts counting and before the overflow time set by the
option byte, the watchdog timer is cleared and starts counting again.

After that, write WDTE the second time or later after a reset release during the window open period. If WDTE
is written during a window close period, an internal reset signal is generated.

If the overflow time expires without “ACH” written to WDTE, an internal reset signal is generated.

A internal reset signal is generated in the following cases.

If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)

If data other than “ACH” is written to WDTE

If the instruction is fetched from an area not set by the IMS and IXS registers (detection of an invalid check
during a CPU program loop)

If the CPU accesses an area not set by the IMS and IXS registers (excluding FBOOH to FFFFH) by executing
a read/write instruction (detection of an abnormal access during a CPU program loop)

Cautions 1. The first writing to WDTE after a reset release clears the watchdog timer, if it is made before

242

the overflow time regardless of the timing of the writing, and the watchdog timer starts
counting again.

2. If the watchdog timer is cleared by writing “ACH” to WDTE, the actual overflow time may be
different from the overflow time set by the option byte by up to 2/fr. seconds.

3. The watchdog timer can be cleared immediately before the count value overflows (FFFFH).
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CHAPTER 10 WATCHDOG TIMER

Cautions 4. The operation of the watchdog timer in the HALT and STOP modes differs as follows
depending on the set value of bit 0 (LSROSC) of the option byte.

LSROSC = 0 (Internal Low-Speed
Oscillator Can Be Stopped by Software)

LSROSC = 1 (Internal Low-Speed
Oscillator Cannot Be Stopped)

In HALT mode

In STOP mode

Watchdog timer operation stops.

Watchdog timer operation continues.

If LSROSC = 0, the watchdog timer resumes counting after the HALT or STOP mode is
released. At this time, the counter is not cleared to 0 but starts counting from the value at

which it was stopped.
If oscillation of the internal low-speed oscillator is stopped by setting LSRSTOP (bit 1 of the
internal oscillation mode register (RCM) = 1) when LSROSC = 0, the watchdog timer stops
operating. At this time, the counter is not cleared to 0.
5. The watchdog timer does not stop during self-programming of the flash memory and
EEPROM™ emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

10.4.2 Setting overflow time of watchdog timer
Set the overflow time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (0080H).
If an overflow occurs, an internal reset signal is generated. The present count is cleared and the watchdog timer
starts counting again by writing “ACH” to WDTE during the window open period before the overflow time.

The following overflow time is set.

Table 10-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH1 WDCSO0 Overflow Time of Watchdog Timer

0 0 0 2"/frL (3.88 ms)

0 0 1 2"/fRL (7.76 ms)

0 1 0 2%/l (15.52 ms)

0 1 1 2"%/frL (31.03 ms)

1 0 0 2"/faL (62.06 ms)

1 0 1 2"/frL (124.12 ms)

1 1 0 2"/faL (248.24 ms)

1 1 1 2"/faL (496.48 ms)

Cautions 1. The combination of WDCS2 = WDCS1 = WDCS0 = 0 and WINDOW1 = WINDOWO = 0
is prohibited.

2. The watchdog timer does not stop during self-programming of the flash memory and

EEPROM emulation. During processing, the interrupt acknowledge time is delayed.

Set the overflow time and window size taking this delay into consideration.

Remarks 1. fr: Internal low-speed oscillation clock frequency
2. (): frL =264 kHz (MAX.)
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CHAPTER 10 WATCHDOG TIMER

10.4.3 Setting window open period of watchdog timer
Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option
byte (0080H). The outline of the window is as follows.

o If “ACH” is written to WDTE during the window open period, the watchdog timer is cleared and starts counting
again.

e Even if “ACH” is written to WDTE during the window close period, an abnormality is detected and an internal
reset signal is generated.

Example: If the window open period is 25%

Counting Overflow
starts time

. . o Window open
’i Window close period (75%) — period (25%) ’{

T T

Internal reset signal is generated Counting starts again when
if ACH is written to WDTE. ACH is written to WDTE.

Caution The first writing to WDTE after a reset release clears the watchdog timer, if it is made before the
overflow time regardless of the timing of the writing, and the watchdog timer starts counting
again.

The window open period to be set is as follows.

Table 10-4. Setting Window Open Period of Watchdog Timer

WINDOWH WINDOWO Window Open Period of Watchdog Timer
0 0 25%
0 1 50%
1 0 75%
1 1 100%
Cautions 1. The combination of WDCS2 = WDCS1 = WDCSO0 = 0 and WINDOW1 = WINDOWO = 0
is prohibited.

2. The watchdog timer does not stop during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed.
Set the overflow time and window size taking this delay into consideration.
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Remark If the overflow time is set to 2'%/frL, the window close time and open time are as follows.

Setting of Window Open Period

25% 50% 75% 100%

Window close time 0to 3.56 ms 01t02.37 ms 0t00.119 ms None

Window open time 3.561t03.88 ms |2.371t03.88 ms 0.1191t03.88 ms | 0to 3.88 ms

<When window open period is 25%>
o Overflow time:
2"/fRL (MAX.) = 2'°/264 kHz (MAX.) = 3.88 ms
e Window close time:
0 to 2"fRL (MIN.) x (1 — 0.25) = 0 to 2'%/216 kHz (MIN.) x 0.75 = 0 to 3.56 ms
e Window open time:

2°/faL (MIN.) x (1 — 0.25) to 2"*/frL (MAX.) = 2'/216 kHz (MIN.) x 0.75 to 2'*/264 kHz (MAX.)

= 3.56 t0 3.88 ms
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CHAPTER 11 CLOCK OUTPUT CONTROLLER

11.1 Functions of Clock Output Controller

The clock output controller of 78K0/LE2 is intended for clock output for supply to LCD controller/driver. The clock
selected with the clock output selection register (CKS) is supplied to the LCD controller/driver.
Figure 11-1 shows the block diagram of clock output controller.

Figure 11-1. Block Diagram of Clock Output Controller

fPRS —— Prescaler
2
fPrs/28, fPRs/2” |
o)
© Clock fPcL )
% controller LCD controller/driver
fsus 2
)
1 PM140
‘ T T ‘ Port mode register 14
CLOE | CCS3 | CCS2 | CCS1 | CCSo (PM14)
@ Clock output selection register (CKS)
g Internal bus g
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CHAPTER 11 CLOCK OUTPUT CONTROLLER

11.2 Configuration of Clock Output Controller
The clock output controller includes the following hardware.

Table 11-1. Configuration of Clock Output Controller

Item Configuration

Control registers Clock output selection register (CKS)
Port mode register 14 (PM14)

11.3 Registers Controlling Clock Output Controller
The following two registers are used to control the clock output controller.

¢ Clock output selection register (CKS)
e Port mode register 14 (PM14)

User’'s Manual U17734EJ2VOUD

247



CHAPTER 11 CLOCK OUTPUT CONTROLLER

(1) Clock output selection register (CKS)
This register enables/disables the clock output to the LCD controller/driver, and sets the output clock.
CKS is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets CKS to O0H.

<R> Figure 11-2. Format of Clock Output Selection Register (CKS)

Address: FF40H  After reset: 00H R/W

Symbol 7 6 5 <4> 3 2 1 0
CKS 0 0 0 CLOE CCS3 CCs2 CCst CCSso
CLOE PM140 Specification of enable/disable for clock output
to LCD controller/driver
1 0 Clock output to LCD controller/driver enabled
Other than above Clock output to LCD controller/driver disabled
CCS3 CCSs2 CCSsHt CCSo PCL output clock selection
fsus = fers = fers =
32.768 kHz 10 MHz 20 MHz
0 1 1 0 frrs/2° - 156.25 kHz | 312.5 kHz
0 1 1 1 frrs/2" 78.125 kHz | 156.25 kHz
1 0 0 0 fsus 32.768 kHz -
Other than above Setting prohibited

Note Enabling/disabling the PCL clock output is specified by combining the PM140 settings (see 17.3 (7)
Port mode register 14 (PM14)).

Cautions 1. Set CCS3 to CCSO0 while the clock output operation is stopped (CLOE = 0).
2. Bits 5 to 7 must be set to 0.

Remarks 1. frrs: Peripheral hardware clock oscillation frequency
2. fsue: Subsystem clock oscillation frequency
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CHAPTER 11 CLOCK OUTPUT CONTROLLER

(2) Port mode register 14 (PM14)
PM14 controls the clock output to the LCD controller/driver.
Set the PM140 bit to 0 to use this register as the clock output function.
PM14 is set with a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM14 to FFH.

Figure 11-3. Format of Port Mode Register 14 (PM14)

Address: FF2EH After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM14 | 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ PM140 |
PM140 Clock output control to LCD controller/driver
0 Clock output to LCD controller/driver enabled
1 Clock output to LCD controller/driver disabled

11.4 Operations of Clock Output Controller
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 11-4, be sure to start output from the
low period of the clock (marked with * in the figure). When stopping output, do so after securing a high
level of the clock.

Figure 11-4. Clock Output Application Example

cLoe __ | I I W N O I
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CHAPTER 12 A/D CONVERTER

12.1 Function of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to five channels (ANIO to
ANI4) with a resolution of 10 bits.
The A/D converter has the following function.

¢ 10-bit resolution A/D conversion
10-bit resolution A/D conversion is carried out repeatedly for one analog input channel selected from ANIO to

ANI4. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

Figure 12-1. Block Diagram of A/D Converter

AVrer
ADCS bit ~ —
Sample & hold circuit o]
ANIO/P20©—| pTTTTTTTTTTTTTn ' I :
ANI1/P21 ©— S . \o ' Voltage comparator § ' '
ANI2P22@—| 8 T ‘ -
ANI3P23©—| © ; j_ | R
AN/P2aO—| @ ; I PoL
' AVss 3 3 S S
R ‘ Successive %
approximation ! AVss
register (SAR) -- i ---
Controller || INTAD
S
A/D conversion result
register (ADCR
3 3 5 gister ( )
[ T T ]
|AD82 ‘ADS1 ‘ADSO| |ADPC2‘ADPC1‘ADPCO| |ADCS‘ FR2 ‘ FR1 ‘ FRO ‘ LV1 ‘ LVO ‘ADCE|
Analog input channel A/D port configuration A/D converter mode
specification register (ADS). | register (ADPC) register (ADM)

g Internal bus S
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.2 Configuration of A/D Converter
The A/D converter includes the following hardware.
ANIO to ANI4 pins
These are the analog input pins of the 5-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 can be used as I/O port pins.
Sample & hold circuit
The sample & hold circuit samples the input voltage of the analog input pin selected by the selector when A/D
conversion is started, and holds the sampled voltage value during A/D conversion.
Series resistor string
The series resistor string is connected between AVRrer and AVss, and generates a voltage to be compared with

the sampled voltage value.

Figure 12-2. Circuit Configuration of Series Resistor String

AVRrer ©

P-ch = | o<} ADCS

Series resistor string

AVss ©

Voltage comparator
The voltage comparator compares the sampled voltage value and the output voltage of the series resistor string.

Successive approximation register (SAR)

This register converts the result of comparison by the voltage comparator, 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).

10-bit A/D conversion result register (ADCR)

The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCR register holds the A/D conversion result in its higher 10 bits (the lower 6
bits are fixed to 0).
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(7)

(8)

(9)

(10)

(1)

(12)

(13)

(14)

252

8-bit A/D conversion result register (ADCRH)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the higher 8 bits of the A/D conversion result.

Caution When data is read from ADCR and ADCRH, a wait cycle is generated. Do not read data from
ADCR and ADCRH when the CPU is operating on the subsystem clock and the peripheral
hardware clock is stopped. For details, see CHAPTER 29 CAUTIONS FOR WAIT.

Controller

This circuit controls the conversion time of an input analog signal that is to be converted into a digital signal, as
well as starting and stopping of the conversion operation. When A/D conversion has been completed, this
controller generates INTAD.

AVREF pin

This pin inputs an analog power/reference voltage to the A/D converter. Make this pin the same potential as the
Voo pin when port 2 is used as a digital port.

The signal input to ANIO to ANI4 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.

A/D port configuration register (ADPC)
This register switches the ANIO/P20 to ANI4/P24 pins to analog input of A/D converter or digital I/0 of port.

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.

Port mode register 2 (PM2)
This register switches the ANIO/P20 to ANI4/P24 pins to input or output.
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12.3 Registers Used in A/D Converter
The A/D converter uses the following six registers.

o A/D converter mode register (ADM)

o A/D port configuration register (ADPC)

e Analog input channel specification register (ADS)
e Port mode register 2 (PM2)

¢ 10-bit A/D conversion result register (ADCR)

o 8-bit A/D conversion result register (ADCRH)

(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 signal generation sets this register to 00H.

Figure 12-3. Format of A/D Converter Mode Register (ADM)

Address: FF28H After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 <0>
ADM | ADCS 0 FRoVet | FRiveiet | FRoNetet | Lyqtotet | |yoMelt | ADCE
ADCS A/D conversion operation control
0 Stops conversion operation
1 Enables conversion operation
ADCE Comparator operation controlN°te 2
0 Stops comparator operation
1 Enables comparator operation (comparator: 1/2AVrer operation)

Notes 1. For details of FR2 to FRO, LV1, LVO, and A/D conversion, see Table 12-2 A/D Conversion Time
Selection.

2. The operation of the comparator is controlled by ADCS and ADCE, 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 ADCE is set to 1, the conversion result at that time has priority over the first conversion
result. Otherwise, ignore data of the first conversion.

Table 12-1. Settings of ADCS and ADCE

ADCS ADCE A/D Conversion Operation
0 0 Stop status (DC power consumption path does not exist)
0 1 Conversion waiting mode (comparator: 1/2AVrer operation, only comparator

consumes power)

1 0 Conversion mode (comparator operation stopped"*)

1 1 Conversion mode (comparator: 1/2AVrer operation)

Note Ignore data of the first conversion because it is not guaranteed range.

User's Manual U17734EJ2VOUD 253



CHAPTER 12 A/D CONVERTER

Figure 12-4. Timing Chart When Comparator Is Used

Comparator: 1/2AVrer operation

Conversion , Conversion . Conversion | Conversion
. i ey T N T
operation waiting i operation

Comparator o :,\

stopped

Note To stabilize the internal circuit, the time from the rising of the ADCE bit to the falling of the ADCS bit must be
1 us or longer.

Cautions 1. A/D conversion must be stopped before rewriting bits FRO to FR2, LV1, and LVO to values
other than the identical data.
2. If data is written to ADM, a wait cycle is generated. Do not write data to ADM when the CPU is
operating on the subsystem clock and the peripheral hardware clock is stopped. For details,
see CHAPTER 29 CAUTIONS FOR WAIT.
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Table 12-2. A/D Conversion Time Selection

(1) 27V<AVRer<5.5V

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Conversion Time Configuration
FR2 | FR1 | FRO | LV1 | LVO frrs = fers = fers= | Clock (fao) | AR Sampling |Successive| ADCR
2MHz | 10 MHz |20 MHZ"" Clear Conversion| Transfer,
Time INTAD
Generation
0 0 0 0 | 264/frrs | Setting 26.4 us | 13.2 us™* | fers/12 2/fao | 6/fap 12/fap 2/fao
0 0 0 | 176/fers | Prohibited | 176 45 | 8.8 us™* | fers/8
0 1 0 0 0 | 132/fers 132 us | 6.6 us™° | frrs/6
0 1 0 0 | 88/frrs 8.8 us"™* | Setting frrs/4
1 0 0 0 0 |66/frrs |33.0us |6.6 us'™ |prohibited | fope/3
1 0 0 0 44/fprs | 22.0 us | Setting frrs/2
prohibited
Other than above Setting prohibited

Note This can be set only when 4.0 V < AVrer <55 V.

(2) 23 V<AVRer <2.7V

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion Conversion Time Configuration
FR2 | FR1 | FRO | LV1 | LVO frrs = feRs = Clock (fa) | AR Sampling |Successive| ADCR
2 MHz 5 MHz Clear Conversion| Transfer,
Time INTAD
Generation
0 0 0 0 1 480/frrs | Setting Setting frrs/12 2/fap 24/fap 12/fap 2/fan
prohibited prohibited
0 0 0 1 320/frrs 64.0 us frrs/8
0 1 0 0 1 240/frrs 48.0 us fPrs/6
0 1 0 1 160/frrs 32.0 us frrs/4
1 0 0 0 1 120/frrs | 60.0 us Setting frrs/3
prohibited
1 0 0 1 80/frrs | 40.0 us Setting frrs/2
prohibited
Other than above Setting prohibited

Cautions 1. Set the conversion times with the following conditions.

e 4.0 V < AVrerF £ 5.5 V: Sampling + successive conversion time =5 to 30 us
(fap = 0.6 to 3.6 MHz)

e 2.7 V < AVrEer < 4.0 V: Sampling + successive conversion time = 10 to 30 us
(fap = 0.6 to 1.8 MHz)

e 2.3V < AVRerF < 2.7 V: Sampling + successive conversion time = 25 to 62 us
(fap = 0.6 to 1.48 MHz)

. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion

once (ADCS = 0) beforehand.

. Change LV1 and LVO0 from the default value, when 2.3 V < AVrer < 2.7 V.
. The above conversion time does not include clock frequency errors. Select conversion time,

taking clock frequency errors into consideration.

Remark frrs: Peripheral hardware clock frequency
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Figure 12-5. A/D Converter Sampling and A/D Conversion Timing

ADCS « 1 or ADS rewrite

1§
ADCS
Sampling
timing [ |
)]
INTAD |_|
[
)]
Wait SAR | Sampling time Successive Transfer | SAR | Sampling time
periodNot | clear conversion time  to ADCR, | clear
INTAD
generation
)
Conversion time Conversion time

Note For details of wait period, see CHAPTER 29 CAUTIONS FOR WAIT.

(2) 10-bit A/D conversion result register (ADCR)
This register is a 16-bit register that stores the A/D conversion result. The lower 6 bits are fixed to 0. Each time
A/D conversion ends, the conversion result is loaded from the successive approximation register. The higher 8
bits of the conversion result are stored in FFO9H and the lower 2 bits are stored in the higher 2 bits of FFO8H.
ADCR can be read by a 16-bit memory manipulation instruction.
Reset signal generation sets this register to 0000H.

Figure 12-6. Format of 10-Bit A/D Conversion Result Register (ADCR)

Address: FFO8H, FFO9H  After reset: 0000H R
FFO9H FFO8H
AL N

Symbol

ADCR 0 0 0 0 0 0

Cautions 1. When writing to the A/D converter mode register (ADM), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of ADCR may
become undefined. Read the conversion result following conversion completion before
writing to ADM, ADS, and ADPC. 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. Do not read data from ADCR when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 29 CAUTIONS FOR WAIT.
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(3) 8-bit A/D conversion result register (ADCRH)
This register is an 8-bit register that stores the A/D conversion result. The higher 8 bits of 10-bit resolution are
stored.
ADCRH can be read by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 12-7. Format of 8-Bit A/D Conversion Result Register (ADCRH)

Address: FFO9H  After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ADCRH | | | | | | | | |

Cautions 1. When writing to the A/D converter mode register (ADM), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of ADCRH may
become undefined. Read the conversion result following conversion completion before
writing to ADM, ADS, and ADPC. Using timing other than the above may cause an incorrect
conversion result to be read.

2. If data is read from ADCRH, a wait cycle is generated. Do not read data from ADCRH when
the CPU is operating on the subsystem clock and the peripheral hardware clock is stopped.
For details, see CHAPTER 29 CAUTIONS FOR WAIT.
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(4) Analog input channel specification register (ADS)
This register specifies the input channel of the analog voltage to be A/D converted.
ADS can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 12-8. Format of Analog Input Channel Specification Register (ADS)

Address: FF29H After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0
aps| o | o | o | o | o | Aps2| ADst | ADso |
ADS2 | ADS1 | ADSO Analog input channel specification
0 0 0 ANIO
0 0 1 ANI1
0 1 0 ANI2
0 1 1 ANI3
1 0 0 ANI4
Other than above Setting prohibited

Cautions 1. Be sure to clear bits 3 to 7 to 0.
2 Set a channel to be used for A/D conversion in the input mode by using port mode register 2
(PM2).
3. Do not set a pin to be used as a digital I/0 pin with ADPC with ADS.
4. If data is written to ADS, a wait cycle is generated. Do not write data to ADS when the CPU is
operating on the subsystem clock and the peripheral hardware clock is stopped. For details,
see CHAPTER 29 CAUTIONS FOR WAIT.
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(5) AJD port configuration register (ADPC)
This register switches the ANIO/P20 to ANI4/P24 pins to analog input of A/D converter or digital I/O of port.
ADPC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 12-9. Format of A/D Port Configuration Register (ADPC)

Address: FF2FH After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 0 ADPC2 ADPCA1 ADPCO
ADPC2 ADPC1 ADPCO Analog input (A)/digital input (D) switching
P24/ P23/ P22/ P21/ P20/
ANI4 ANI3 ANI2 ANI1 ANIO
0 0 0 A A A A
0 0 1 A A A A D
0 1 0 A A A D D
0 1 1 A A D D D
1 0 0 A D D D D
1 0 1 D D D D
Other than above Setting prohibited

Cautions 1. Set a channel to be used for A/D conversion in the input mode by using port mode register 2
(PM2).
2. Do not set a pin to be used as a digital /0 pin with ADPC with ADS.
3. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the CPU
is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, sece CHAPTER 29 CAUTIONS FOR WAIT.
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(6) Port mode register 2 (PM2)
When using the ANIO/P20 to ANI4/P24 pins for analog input port, set PM20 to PM24 to 1. The output latches of
P20 to P24 at this time may be 0 or 1.
If PM20 to PM24 are set to 0, they cannot be used as analog input port pins.
PM2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 12-10. Format of Port Mode Register 2 (PM2)

Address: FF22H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 1 1 1 PM24 PM23 PM22 PM21 PM20
PM2n P2n pin 1/0O mode selection (n = 0 to 4)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

ANIO/P20 to ANI4/P24 pins are as shown below depending on the settings of ADPC, ADS, and PM2.

Table 12-3. Setting Functions of ANI0/P20 to ANI4/P24 Pins

ADPC PM2 ADS ANIO/P20 to ANI4/P24 Pin
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Qutput mode Selects ANI. Setting prohibited

Does not select ANI.

Digital I/0 selection Input mode Selects ANI. Setting prohibited
Does not select ANI. Digital input
Qutput mode Selects ANI. Setting prohibited
Does not select ANI. Digital output
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12.4 A/D Converter Operations

12.4.1 Basic operations of A/D converter

<1>

<2>
<3>
<4>

<5>

<6>

<7>

<8>

<9>

<10>

<11>
<12>

<13>

Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1 to start the operation of the comparator.

Set channels for A/D conversion to analog input by using the A/D port configuration register (ADPC) and set
to input mode by using port mode register 2 (PM2).

Set A/D conversion time by using bits 5 to 1 (FR2 to FRO, LV1, and LVO) of ADM.

Select one channel for A/D conversion using the analog input channel specification register (ADS).

Start the conversion operation by setting bit 7 (ADCS) of ADM to 1.

(<6> to <12> 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
sampled 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) AVrer by the tap selector.

The voltage difference between the series resistor string voltage tap and sampled voltage 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) AVreF, 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.

o Bit9 =1: (3/4) AVRer

e Bit9=0: (1/4) AVRer

The voltage tap and sampled voltage are compared and bit 8 of SAR is manipulated as follows.

e Analog input voltage > Voltage tap: Bit8 =1

¢ 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, ADCRH) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) can also be generated.

Repeat steps <6> to <12>, 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 ADCE = 1, start from <5>. To start A/D conversion again when
ADCE = 0, set ADCE to 1, wait for 1 us or longer, and start <5>. To change a channel of A/D conversion,
start from <4>.

Caution Make sure the period of <1> to <5> is 1 us or more.

Remark Two types of A/D conversion result registers are available.

¢ ADCR (16 bits): Store 10-bit A/D conversion value
o ADCRH (8 bits): Store 8-bit A/D conversion value
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Figure 12-11. Basic Operation of A/D Converter

Conversion time

Sampling time

A/D converter
operation

»Z=0000000000CE"

ADCR 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 the analog input channel specification register (ADS) during an A/D conversion
operation, the conversion operation is initialized, and if the ADCS bit is set (1), conversion starts again from the

Sampling A/D conversion

beginning.
Reset signal generation sets the A/D conversion result register (ADCR, ADCRH) to 0000H or O0H.
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12.4.2 Input voltage and conversion results
The relationship between the analog input voltage input to the analog input pins (ANIO to ANI4) and the theoretical
A/D conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the following

expression.

VAIN
AVREF
ADCR = SAR x 64

SAR = INT (

x 1024 + 0.5)

or

ADCR ADCR
—05)xm£VA|N<( c +05)><AVi

( 64 ' 1024 64 771024

where, INT(): Function which returns integer part of value in parentheses
VAIN: Analog input voltage
AVRer:  AVREer pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Figure 12-12 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 12-12. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR

10 23— 77— 71— 7"-"""""-- FFCOH
12— 7" """ - FF80H
1021 | i i i i i oot i | | | | FF40H

A/D conversion result : 1 : : : : : : : : : : : :
3! i i i i i i | | | ' 00COH
2— — — T T—T—"—T--""---- 0080H
11—t 1--"""--- 0040H
o 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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12.4.3 A/D converter operation mode
The operation mode of the A/D converter is the select mode. One channel of analog input is selected from ANIO to
ANI4 by the analog input channel specification register (ADS) and A/D conversion is executed.

(1) A/D conversion operation
By setting bit 7 (ADCS) of the A/D converter mode register (ADM) to 1, 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. When one A/D conversion has been
completed, the next A/D conversion operation is immediately started.
If ADS is 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 immediately before is retained.

Figure 12-13. A/D Conversion Operation

Rewriting ADM

ADCS =1 Rewriting ADS ADCS =0
A/D conversion ANIn ANIn ANIn ANIm ANIm
—
Conversion is stopped Stopped
Conversion result immediately ~ Conversion result
before is retained immediately before
1 1 1 is retained
ADCR, ANIn ANIn ANIm
ADCRH
INTAD —| —| —|

Remarks 1. n=0to 4
2. m=0to4
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The setting methods are described below.

<1>

<2>

<3>

<4>

<5>
<6>

<7>

Set bit 0 (ADCE) of the A/D converter mode register (ADM) to 1.

Set the channel to be used in the analog input mode by using bits 2 to 0 (ADPC2 to ADPCO) of the A/D
port configuration register (ADPC) and bits 4 to 0 (PM24 to PM20) of port mode register 2 (PM2).

Select conversion time by using bits 5 to 1 (FR2 to FRO, LV1, and LVO) of ADM.

Select a channel to be used by using bits 2 to 0 (ADS2 to ADSO0) of the analog input channel
specification register (ADS).

Set bit 7 (ADCS) of ADM to 1 to start A/D conversion.

When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.
Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH).

<Change the channel>

<8>

<9>

Change the channel using bits 2 to 0 (ADS2 to ADSO0) of ADS to start A/D conversion.
When one A/D conversion has been completed, an interrupt request signal (INTAD) is generated.

<10> Transfer the A/D conversion data to the A/D conversion result register (ADCR, ADCRH).
<Complete A/D conversion>

<11> Clear ADCS to 0.

<12> Clear ADCE to 0.

Cautions 1. Make sure the period of <1> to <5> is 1 us or more.

2. <1> may be done between <2> and <4>.

3. <1>can be omitted. However, ignore data of the first conversion after <5> in this case.

4. The period from <6> to <9> differs from the conversion time set using bits 5 to 1 (FR2 to
FRO, LV1, LVO) of ADM. The period from <8> to <9> is the conversion time set using FR2
to FRO, LV1, and LVO.
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12.5 How to Read A/D Converter Characteristics Table

(1)

()

©))

(4)

266

Here, special terms unique to the A/D converter are explained.

Resolution

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 12-14. Overall Error Figure 12-15. Quantization Error
1...... 1 Tonens 1
Ideal line
L 2
31 31
s Overall s 7T
(o2} ke I
a ~ error §’ 1/2L.8B—1"] Quantization error
1 l--1/2LSB
[0 I 0 N [0 0 ))
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...... 001toO...... 010.
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(5) 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...... 110to 1...... 111.

(6) 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.

(7) 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 12-16. Zero-Scale Error Figure 12-17. Full-Scale Error

111L

Full-scale error

)

o 5

® s

g o .
o1k 3 !

3 g 7 o

— = ' 1 1

> — L fmmm ' o2 1

£ o10f . ; g 1o . / :

o ' 1 3 : X :

g | Tx 5 AN :

2 001}-- N 2101 (- - Ideal line 1

[a) e Zero-scale error a i J/': '
000 L . N 000l | ! \ !

0 1 2 3 AVRer 0 ’ AVerer-3  AVmer—2  AVmer—1 AVRer
Analog input (LSB) Analog input (LSB)
Figure 12-18. Integral Linearity Error Figure 12-19. Differential Linearity Error
1. 1

T ldeal 1LSB width
Ideal line

Digital output
Digital output
t

e

h _ _ —| J—— Differential
Integral linearity linearity error
error

((
o AVRer 0 o AVRer
Analog input Analog input
(8) Conversion time
This expresses the time from the start of sampling to when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.

(9) Sampling time
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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12.6 Cautions for A/D Converter

Q)

)

©))

(4)

268

Operating current in STOP mode

The A/D converter stops operating in the STOP mode. At this time, the operating current can be reduced by
clearing bit 7 (ADCS) and bit 0 (ADCE) of the A/D converter mode register (ADM) to O.

To restart from the standby status, clear bit 0 (ADIF) of interrupt request flag register 1L (IF1L) to 0 and start
operation.

Input range of ANIO to ANI4

Observe the rated range of the ANIO to ANI4 input voltage. If a voltage of AVRrer 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> Conflict between A/D conversion result register (ADCR, ADCRH) write and ADCR or ADCRH read by
instruction upon the end of conversion
ADCR or ADCRH read has priority. After the read operation, the new conversion result is written to ADCR
or ADCRH.

<2> Conflict between ADCR or ADCRH write and A/D converter mode register (ADM) write, analog input
channel specification register (ADS), or A/D port configuration register (ADPC) write upon the end of
conversion
ADM, ADS, or ADPC write has priority. ADCR or ADCRH 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 AVRrer pin and pins ANIO to ANI4.

<1> Connect a capacitor with a low equivalent resistance and a good frequency response to the power supply.

<2> The higher the output impedance of the analog input source, the greater the influence. To reduce the
noise, connecting external C as shown in Figure 12-20 is recommended.

<3> Do not switch these pins with other pins during conversion.

<4> The accuracy is improved if the HALT mode is set immediately after the start of conversion.

User's Manual U17734EJ2V0OUD



CHAPTER 12 A/D CONVERTER

Figure 12-20. 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 Vr value (0.3 V or lower).

Reference

voltage O * AVRer
input /
J-_ ANIO to ANI4

C =100 to 1,000 pF

AVss
i J; -

<1> The analog input pins (ANIO to ANI4) are also used as input port pins (P20 to P24).

(5) ANIO/P20 to ANI4/P24

When A/D conversion is performed with any of ANIO to ANI4 selected, do not access P20 to P24 while
conversion is in progress; otherwise the conversion resolution may be degraded. It is recommended to
select pins used as P20 to P24 starting with the ANI0/P20 that is the furthest from AVRer.

<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.

(6) Input impedance of ANIO to ANI4 pins
This A/D converter charges a sampling capacitor for sampling during sampling time.
Therefore, only a leakage current flows when sampling is not in progress, and a current that charges the
capacitor flows during sampling. Consequently, the input impedance fluctuates depending on whether sampling
is in progress, and on the other states.
To make sure that sampling is effective, however, it is recommended to keep the output impedance of the analog
input source to within 10 kQ, and to connect a capacitor of about 100 pF to the ANIO to ANI4 pins (see Figure 12-
20).

(7) AVEEer pin input impedance
A series resistor string of several tens of 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.
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(8)

(9

(10)

270

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 12-21. 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

| | ) )
X

ANIn ANIm >< ANIm

ADCR ANIn

ADIF

Remarks 1. n=0to 4
2. m=0to4

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 ADCE bit was set to 1, or if the ADCS bit is set to 1 with the ADCE bit =
0. Take measures such as polling the A/D conversion end interrupt request (INTAD) and removing the first
conversion result.

A/D conversion result register (ADCR, ADCRH) read operation

When a write operation is performed to the A/D converter mode register (ADM), analog input channel
specification register (ADS), and A/D port configuration register (ADPC), the contents of ADCR and ADCRH may
become undefined. Read the conversion result following conversion completion before writing to ADM, ADS, and
ADPC. Using a timing other than the above may cause an incorrect conversion result to be read.
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(11) Internal equivalent circuit
The equivalent circuit of the analog input block is shown below.

Figure 12-22. Internal Equivalent Circuit of ANIn Pin

R1

C1 c2

Table 12-4. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

AVrer R1 c1 c2
4.0V <AVrer <55V 8.1 kQ 8 pF 5 pF
2.7V < AVrer <4.0V 31 kQ 8 pF 5 pF
2.3V <AVrer <27V 381 kQ 8 pF 5 pF

Remarks 1. The resistance and capacitance values shown in Table 12-4 are not guaranteed values.
2.n=0to4
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13.1 Functions of Serial Interface UARTO

Serial interface UARTO 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

)

272

consumption.

For details, see 13.4.1 Operation stop mode.

Asynchronous serial interface (UART) mode
The functions of this mode are outlined below.
For details, see 13.4.2 Asynchronous serial interface (UART) mode and 13.4.3 Dedicated baud rate

generator.

e Maximum transfer rate: 312.5 kbps

e Two-pin configuration TxDO: Transmit data output pin

RxDO0: 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 (full-duplex operation).

e Fixed to LSB-first communication

Cautions 1.

If clock supply to serial interface UARTO is not stopped (e.g., in the HALT mode), normal
operation continues. If clock supply to serial interface UARTO is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply
was stopped. The TxDO 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 POWERO = 0, RXEO = 0, and TXEO = 0.

. Set POWERO = 1 and then set TXEO = 1 (transmission) or RXEO = 1 (reception) to start

communication.

TXEO and RXEO are synchronized by the base clock (fxcLko) set by BRGCO. To enable
transmission or reception again, set TXEO or RXEO to 1 at least two clocks of base clock
after TXEO or RXEO has been cleared to 0. If TXEO or RXEO is set within two clocks of base
clock, the transmission circuit or reception circuit may not be initialized.

. Set transmit data to TXSO0 at least one base clock (fxcLko) after setting TXEO = 1.
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13.2 Configuration of Serial Interface UARTO

Serial interface UARTO includes the following hardware.

Table 13-1. Configuration of Serial Interface UARTO0

ltem

Configuration

Registers

Receive buffer register 0 (RXBO)
Receive shift register 0 (RXS0)
Transmit shift register 0 (TXSO0)

Control registers

Asynchronous serial interface operation mode register 0 (ASIMO)
Asynchronous serial interface reception error status register 0 (ASIS0)
Baud rate generator control register 0 (BRGCO0)

Port mode register 1 (PM1)

Port register 1 (P1)
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Figure 13-1. Block Diagram of Serial Interface UARTO

fPRs/2 ——]

frRs/28 ——-|

fPRS/25 ——

8-bit timer/ ———»|

event counter

Selector

50 output

Y

Y v

Filter <+~© RxDO0/

Receive shift register 0
(RXS0)

V4

Asynchronous serial Asynchronous serial Baud rate INTSRO <  Reception control Receive buffer register 0
interface operation mode interface reception error t (RXB0)
register 0 (ASIMO) status register 0 (ASIS0) generator
Reception unit @
j t e [ 4
Internal bus
3 T, [
v \
v '
I
Baud rate generator v Baud rate .
control register 0 " enerator R !
(BRGCO) v 9 INTSTO < Transmission control |-»|  Transmit shift register 0 T
i
T
i

* /Y

Registers

(TXS0,

1 Transmission unit

SI10/P11

© TxD0/
SCK10/P10

014VN 3OV4H3LNI TVIH3S €1 H3LdVHO



CHAPTER 13 SERIAL INTERFACE UARTO

M
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Receive buffer register 0 (RXB0)

This 8-bit register stores parallel data converted by receive shift register 0 (RXS0).

Each time 1 byte of data has been received, new receive data is transferred to this register from receive shift
register 0 (RXS0).

If the data length is set to 7 bits the receive data is transferred to bits 0 to 6 of RXB0 and the MSB of RXBO is
always 0.

If an overrun error (OVEO) occurs, the receive data is not transferred to RXBO.

RXBO can be read by an 8-bit memory manipulation instruction. No data can be written to this register.

Reset signal generation and POWERQO = 0 set this register to FFH.

Receive shift register 0 (RXS0)
This register converts the serial data input to the RxDO pin into parallel data.
RXS0 cannot be directly manipulated by a program.

Transmit shift register 0 (TXS0)

This register is used to set transmit data. Transmission is started when data is written to TXSO0, and serial data is
transmitted from the TxDO pins.

TXSO0 can be written by an 8-bit memory manipulation instruction. This register cannot be read.

Reset signal generation, POWERO = 0, and TXEO = 0 set this register to FFH.

Cautions 1. Set transmit data to TXS0 at least one base clock (fxcLko) after setting TXEO = 1.

2. Do not write the next transmit data to TXSO0 before the transmission completion interrupt
signal (INTSTO) is generated.
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13.3 Registers Controlling Serial Interface UARTO0
Serial interface UARTO is controlled by the following five registers.

e Asynchronous serial interface operation mode register 0 (ASIMO)

¢ Asynchronous serial interface reception error status register 0 (ASIS0)
¢ Baud rate generator control register 0 (BRGCO0)

e Port mode register 1 (PM1)

e Port register 1 (P1)

(1) Asynchronous serial interface operation mode register 0 (ASIMO)
This 8-bit register controls the serial communication operations of serial interface UARTO.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 01H.

Figure 13-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO0) (1/2)

Address: FF70H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIMO POWERO TXEO RXEO PS01 PS00 CLO SLO 1
POWERO 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.
TXEO Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission.
RXEO Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception.

Notes 1. The input from the RxDO pin is fixed to high level when POWERO = 0.

2. Asynchronous serial interface reception error status register 0 (ASIS0), transmit shift register 0 (TXS0),

and receive buffer register 0 (RXBO0) are reset.
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Figure 13-2. Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIMO) (2/2)

PSO1 PS00 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.

CLO Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits

SLO 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 (PEQ) of asynchronous serial
interface reception error status register 0 (ASIS0) is not set and the error interrupt does not occur.

Cautions 1. To start the transmission, set POWERO to 1 and then set TXEO to 1. To stop the transmission,
clear TXEO to 0, and then clear POWERO to 0.

2. To start the reception, set POWERO to 1 and then set RXEO to 1. To stop the reception, clear
RXEO to 0, and then clear POWERO to 0.

3. Set POWERO to 1 and then set RXEO to 1 while a high level is input to the RxDO pin. If
POWERO is set to 1 and RXEQO is set to 1 while a low level is input, reception is started.

4. TXEO and RXEO are synchronized by the base clock (fxcko) set by BRGCO. To enable
transmission or reception again, set TXEO or RXEO to 1 at least two clocks of base clock after
TXEO or RXEO has been cleared to 0. If TXEO or RXEO is set within two clocks of base clock,
the transmission circuit or reception circuit may not be initialized.

5. Set transmit data to TXSO0 at least one base clock (fxcLko) after setting TXEO = 1.

6. Clear the TXEO and RXEO bits to 0 before rewriting the PS01, PS00, and CLO bits.

7. Make sure that TXEO = 0 when rewriting the SLO bit. Reception is always performed with
“number of stop bits = 1”7, and therefore, is not affected by the set value of the SLO bit.

8. Be sure to set bit 0 to 1.
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(2) Asynchronous serial interface reception error status register 0 (ASISO0)
This register indicates an error status on completion of reception by serial interface UARTO. It includes three
error flag bits (PEO, FEO, OVEO).
This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H if bit 7 (POWERO) and bit 5 (RXEOQ) of ASIMO = 0. 00H is read
when this register is read. If a reception error occurs, read ASISO and then read receive buffer register 0 (RXB0)
to clear the error flag.

Figure 13-3. Format of Asynchronous Serial Interface Reception Error Status Register 0 (ASIS0)

Address: FF73H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASISO 0 0 0 0 0 PEO FEO OVEO
PEO Status flag indicating parity error
0 If POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If the parity of transmit data does not match the parity bit on completion of reception.
FEO Status flag indicating framing error
0 If POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If the stop bit is not detected on completion of reception.
OVEO Status flag indicating overrun error
0 If POWERO = 0 and RXEO = 0, or if ASISO register is read.
1 If receive data is set to the RXBO register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PEOQ bit differs depending on the set values of the PS01 and PS00 bits of

asynchronous serial interface operation mode register 0 (ASIMO).

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 0
(RXBO0) but discarded.

4. If data is read from ASISO, a wait cycle is generated. Do not read data from ASISO when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 29 CAUTIONS FOR WAIT.
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(3) Baud rate generator control register 0 (BRGCO0)
This register selects the base clock of serial interface UARTO and the division value of the 5-bit counter.
BRGCO can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 1FH.

Figure 13-4. Format of Baud Rate Generator Control Register 0 (BRGCO0)

Address: FF71H After reset: 1FH R/W

Symbol 7 6 5 4 3 2 1 0
BRGCO TPSO01 TPS00 0 | MDLO04 | MDLO3 | MDL02 | MDLO1 | MDLO00
TPSO1 TPSO00 Base clock (fxciko) selection
frrs = 2 MHz | frrs = 5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 0 TM50 output™™®
0 1 frrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 frrs/2° 250 kHz 625 kHz 1.25 MHz 2.5 MHz
1 1 frrs/2° 62.5 kHz 156.25 kHz 312.5 kHz 625 kHz
MDLO04 MDLO03 MDLO02 MDLO1 MDLO0 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 | fxciko/9
0 1 0 1 0 10 | fxcko/10
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
. . . . . . .
1 1 0 1 0 26 | fxcLko/26
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

Note Note the following points when selecting the TM50 output as the base clock.

¢ Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of 8-bit timer/event counter 50 first and then enable the timer F/F inversion operation
(TMC501 = 1).

¢ PWM mode (TMC506 = 1)
Start the operation of 8-bit timer/event counter 50 first and then set the count clock to make the duty =
50%.

It is not necessary to enable the TO50 pin as a timer output pin in any mode.
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Cautions 1. Make sure that bit 6 (TXEO) and bit 5 (RXEO0) of the ASIMO register = 0 when rewriting the
MDLO04 to MDLOO bits.
2. The baud rate value is the output clock of the 5-bit counter divided by 2.
Remarks fxcLko: Frequency of base clock selected by the TPS01 and TPS00 bits
frrs:  Peripheral hardware clock frequency
k: Value set by the MDL04 to MDLOO bits (k = 8, 9, 10, ..., 31)
X: Don’t care
TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50

ok wbd =

(4) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.

When using the P10/TxD0/SCK10 pin for serial interface data output, clear PM10 to 0 and set the output latch of
P10 to 1.

When using the P11/RxD0/SI10 pin for serial interface data input, set PM11 to 1. The output latch of P11 at this
time may be 0 or 1.

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 13-5. 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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13.4 Operation of Serial Interface UARTO
Serial interface UARTO has the following two modes.

e Operation stop mode
¢ Asynchronous serial interface (UART) mode

13.4.1 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 (POWERQO,
TXEO, and RXEOQ) of ASIMO to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 0 (ASIMO).
ASIMO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Address: FF70H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIMO POWERO TXEO RXEO PS01 PS00 CLO SLO 1
POWERO 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

TXEO Enables/disables transmission

0 Disables transmission (synchronously resets the transmission circuit).
RXEO Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The input from the RxDO pin is fixed to high level when POWERO = 0.
2. Asynchronous serial interface reception error status register 0 (ASIS0), transmit shift register 0 (TXS0),
and receive buffer register 0 (RXB0) are reset.

Caution Clear POWERO to 0 after clearing TXEO and RXEO to 0 to set the operation stop mode.
To start the communication, set POWERO to 1, and then set TXEO or RXEO to 1.

Remark To use the RxD0/SI10/P11 and TxD0/SCK10/P10 pins as general-purpose port pins, sce CHAPTER 4
PORT FUNCTIONS.
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13.4.2 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

e Asynchronous serial interface operation mode register 0 (ASIMO)

¢ Asynchronous serial interface reception error status register 0 (ASIS0)
e Baud rate generator control register 0 (BRGCO)

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 BRGCO register (see Figure 13-4).
<2> Set bits 1 to 4 (SLO, CLO, PS00, and PS01) of the ASIMO register (see Figure 13-2).
<3> Set bit 7 (POWERQO) of the ASIMO register to 1.
<4> Set bit 6 (TXEO) of the ASIMO register to 1. — Transmission is enabled.
Set bit 5 (RXEOQ) of the ASIMO register to 1. — Reception is enabled.
<5> Write data to the TXSO0 register. — 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 13-2. Relationship Between Register Settings and Pins

POWERO| TXEO RXEO PM10 P10 PM11 P11 UARTO Pin Function
Operation | T4po/SCKT0/P10 | RxDO/SI10/P11
0 0 0 e e e e Stop SCK10/P10 SHO/P11
1 0 1 vt st 1 X Reception SCK10/P10 RxDO
1 0 0 1 xee xee Transmission TxDO SI10/P11
1 1 0 1 1 X Transmission/ TxDO RxDO
reception
Note Can be set as port function or serial interface CSI10.
Remark x: don’t care
POWERQO: Bit 7 of asynchronous serial interface operation mode register 0 (ASIMO)
TXEO: Bit 6 of ASIMO
RXEO: Bit 5 of ASIMO
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 13-6 and 13-7 show the format and waveform example of the normal transmit/receive data.

Figure 13-6. 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 0 (ASIMO).

Figure 13-7. 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

¢ 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
If bit 7 (POWERO) of asynchronous serial interface operation mode register 0 (ASIMO) is set to 1 and bit 6
(TXEO) of ASIMO is then set to 1, transmission is enabled. Transmission can be started by writing transmit
data to transmit shift register 0 (TXS0). 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 TxDO pin, and the transmit data is output
followed by the rest of the data in order starting from the LSB. When transmission is completed, the parity
and stop bits set by ASIMO are appended and a transmission completion interrupt request (INTSTO) is
generated.
Transmission is stopped until the data to be transmitted next is written to TXSO0.
Figure 13-8 shows the timing of the transmission completion interrupt request (INTST0). This interrupt
occurs as soon as the last stop bit has been output.

Caution After transmit data is written to TXS0, do not write the next transmit data before the
transmission completion interrupt signal (INTSTO) is generated.

Figure 13-8. Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxDO (output) \Start/ DO X D1 X D2 B D6 X D7 XParity StopI
INTSTO —|

2. Stop bit length: 2

\
TxDO (output) \Start/ DO X D1 X D2 gx D6 X D7 XParity/ Stop

INTSTO
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286

(d) Reception

Reception is enabled and the RxDO pin input is sampled when bit 7 (POWEROQ) of asynchronous serial
interface operation mode register 0 (ASIMO) is set to 1 and then bit 5 (RXEO) of ASIMO is set to 1.

The 5-bit counter of the baud rate generator starts counting when the falling edge of the RxDO pin input is
detected. When the set value of baud rate generator control register 0 (BRGCO) has been counted, the
RxDO pin input is sampled again (V in Figure 13-9). If the RxDO 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 0 (RXSO0) at the set baud rate. When the stop bit has been received, the reception completion
interrupt (INTSRO) is generated and the data of RXSO0 is written to receive buffer register 0 (RXBO0). If an
overrun error (OVEO) occurs, however, the receive data is not written to RXBO.

Even if a parity error (PEO) occurs while reception is in progress, reception continues to the reception
position of the stop bit, and an reception error interrupt (INTSRO) is generated after completion of reception.
INTSRO occurs upon completion of reception and in case of a reception error.

Figure 13-9. Reception Completion Interrupt Request Timing

\Y |
RxDO (input) Stat + DO : D1 . D2 : D3 : D4 . D5 : D6 . D7 . Parity Sté)p ;
INTSRO |_|
RXBO X

Cautions 1. If a reception error occurs, read asynchronous serial interface reception error status
register 0 (ASIS0) and then read receive buffer register 0 (RXBO0) to clear the error flag.
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.
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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 0 (ASISO) is set as a result of data

reception, a reception error interrupt (INTSRO) is generated.

Which error has occurred during reception can be identified by reading the contents of ASISO in the reception

error interrupt (INTSRO) servicing (see Figure 13-3).
The contents of ASISO are cleared to 0 when ASISO is read.

Table 13-3. 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.

Qverrun error

Reception of the next data is completed before data is read from receive buffer
register 0 (RXBO).

(f) Noise filter of receive data
The RxDO 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 13-10, the internal processing of the reception operation

is delayed by two clocks from the external signal status.

Figure 13-10. Noise Filter Circuit

Base clock

RxD0/SI10/P11 ©

Internal signal A

In Q [|—= Internal signal B

Match detector LD_EN
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13.4.3 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 UARTO.

Separate 5-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

288

Base clock

The clock selected by bits 7 and 6 (TPS01 and TPS00) of baud rate generator control register 0 (BRGCO) is
supplied to each module when bit 7 (POWERO) of asynchronous serial interface operation mode register 0
(ASIMO) is 1. This clock is called the base clock and its frequency is called fxciko. The base clock is fixed
to low level when POWERO = 0.

Transmission counter

This counter stops operation, cleared to 0, when bit 7 (POWERO) or bit 6 (TXEO) of asynchronous serial
interface operation mode register 0 (ASIMO) is 0.

It starts counting when POWERO = 1 and TXEO = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit shift register 0 (TXS0).

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERO) or bit 5 (RXEO) of asynchronous serial
interface operation mode register 0 (ASIMO) 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 13-11. Configuration of Baud Rate Generator

POWERO
Baud rate generator
fPRS/2 - :---------------------------------------:
+ POWERO, TXEO (or RXEO) :
fprs/23 — E l E
Selector . 5-bit counter '
fors/25 ——= fxciko E :
8-bit timer/ —— ' .
event counter : H
50 output : Match detector 1/2 [+— Baudrate
BRGCO: TPS01, TPS00 BRGCO0: MDL04 to MDLOO

Remark POWERQO0: Bit 7 of asynchronous serial interface operation mode register 0 (ASIMO)
TXEO: Bit 6 of ASIMO
RXEO: Bit 5 of ASIMO
BRGCO: Baud rate generator control register O
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(2) Generation of serial clock
A serial clock to be generated can be specified by using baud rate generator control register 0 (BRGCO).
Select the clock to be input to the 5-bit counter by using bits 7 and 6 (TPS01 and TPS00) of BRGCO.
Bits 4 to 0 (MDLO04 to MDL0O) of BRGCO can be used to select the division value (fxcLko/8 to fxcLko/31) of the 5-bit
counter.

Table 13-4. Set Value of TPS01 and TPS00

TPSO1 TPS00 Base clock (fxciko) selection
frrRs =2 MHz | fers =5 MHz | fers = 10 MHz | frrs = 20 MHz
0 0 TM50 output
0 1 frrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 frrs/2° 250 kHz 625 kHz 1.25 MHz 2.5 MHz
1 1 frrs/2° 62.5 kHz 156.25 kHz 312.5 kHz 625 kHz

(a) Baud rate
The baud rate can be calculated by the following expression.

fxcLko
bps
o %k [bps]

e Baud rate =

fxcLko: Frequency of base clock selected by the TPS01 and TPSO00 bits of the BRGCO register
k: Value set by the MDL04 to MDLOO bits of the BRGCO register (k =8, 9, 10, ..., 31)

(b) Error of baud rate
The baud rate error can be calculated by the following expression.

Error (%) Actual baud rate (baud rate with error)
° = -
° Desired baud rate (correct baud rate)

1] x 100 [%]
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 MDLO04 to MDLQO bits of BRGCO 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 13-5. Set Data of Baud Rate Generator

Baud frrs = 2.0 MHz fers = 5.0 MHz frrs = 10.0 MHz fers = 20.0 MHz
Rate

TPS01,| k |Calculated| ERR |TPS01,| k |Calculated| ERR |TPS01,| k [Calculated| ERR [TPS01,| k |Calculated| ERR
(bps] [ tpsoo Value | [%] |TPS00 Value | [%] |TPS00 Value | [%] |TPSO0O Value | [%]

4800 2 26 | 4808 | 0.16 3 16 | 4883 | 1.73

9600 2 13 | 9615 | 0.16 3 8 9766 | 1.73 3 16 9766 | 1.73 - - - -
10400 2 12 | 10417 | 0.16 2 30 | 10417 | 0.16 3 15 | 10417 | 0.16 3 30 | 10417 | 0.16
19200 1 26 | 19231 | 0.16 2 16 | 19531 | 1.73 3 8 19531 | 1.73 3 16 | 19531 | 1.73
24000 1 21 | 23810 |-0.79| 2 13 | 24038 | 0.16 2 26 | 24038 | 0.16 3 13 | 24038 | 0.16
31250 1 16 | 31250 0 2 10 | 31250 0 2 20 | 31250 0 3 10 | 31250 0
33660 1 15 | 33333 |-0.79| 2 9 | 34722 | 3.34 2 18 | 34722 | 3.34 3 9 | 34722 | 3.34
38400 1 13 | 38462 | 0.16 2 8 | 39063 | 1.73 2 16 | 39063 | 1.73 3 8 | 39063 | 1.73
56000 1 9 | 55556 |-0.79 1 22 | 56818 | 1.46 2 11 | 56818 | 1.46 2 22 | 56818 | 1.46
62500 1 8 | 62500 0 1 20 | 62500 0 2 10 | 62500 0 2 20 | 62500 0
76800 - - - - 1 16 | 78125 | 1.73 2 8 | 78125 | 1.73 2 16 | 78125 | 1.73
115200 - - - - 1 11 | 113636 |-1.36| 1 22 | 113636 |-1.36| 2 11 | 113636 |-1.36
153600 - - - - 1 8 | 156250 | 1.73 1 16 | 156250 | 1.73 2 8 | 156250 | 1.73

Remark TPS01, TPS00: Bits 7 and 6 of baud rate generator control register 0 (BRGCO) (setting of base clock

(fxcLko))
k: Value set by the MDL04 to MDLOO bits of BRGCO (k= 8, 9, 10, ..., 31)
fers: Peripheral hardware clock 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 13-12. Permissible Baud Rate Range During Reception

Latch timing
\Y4 Y4 \Y4 Y4 Y% %7
\ \
Data frame length . . . . - .
of UARTO 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 ) Paritybit) Stop bi
data frame length

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—

As shown in Figure 13-12, the latch timing of the receive data is determined by the counter set by baud rate
generator control register 0 (BRGCO) 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 UARTO
k: Set value of BRGCO

FL: 1-bit data length
Margin of latch timing: 2 clocks
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k-2 _ _21k+2

Minimum permissible data frame length: FLmin = 11 x FL - x FL oK 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_X*2, p - 21k-2

11 2xk 2xk

FL

FLmax = 2X=2 F[ x 11
20k

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11)™" = 2120k

Brate

The permissible baud rate error between UARTO and the transmission destination can be calculated from the
above minimum and maximum baud rate expressions, as follows.

Table 13-6. 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 BRGCO
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14.1 Functions of Serial Interface UART6
Serial interface UART®6 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
consumption.
For details, see 14.4.1 Operation stop mode.

(2) Asynchronous serial interface (UART) mode
This mode supports the LIN (Local Interconnect Network)-bus. The functions of this mode are outlined below.
For details, see 14.4.2 Asynchronous serial interface (UART) mode and 14.4.3 Dedicated baud rate
generator.

o Maximum transfer rate: 312.5 kbps
e Two-pin configuration TxD6: Transmit data output pin
RxD6: Receive data input pin
o Data length of communication data can be selected from 7 or 8 bits.
o Dedicated internal 8-bit baud rate generator allowing any baud rate to be set
e Transmission and reception can be performed independently (full duplex operation).
e MSB- or LSB-first communication selectable
e Inverted transmission operation
e Sync break field transmission from 13 to 20 bits
* More than 11 bits can be identified for sync break field reception (SBF reception flag provided).

Cautions 1. The TxD6 output inversion function inverts only the transmission side and not the reception
side. To use this function, the reception side must be ready for reception of inverted data.

2. If clock supply to serial interface UART6 is not stopped (e.g., in the HALT mode), normal
operation continues. If clock supply to serial interface UARTS6 is stopped (e.g., in the STOP
mode), each register stops operating, and holds the value immediately before clock supply
was stopped. The TxD6 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 POWERG6 = 0, RXE6 = 0, and TXE6 = 0.

3. Set POWER6 = 1 and then set TXE6 = 1 (transmission) or RXE6 = 1 (reception) to start
communication.

4. TXE6 and RXE6 are synchronized by the base clock (fxcLks) set by CKSR6. To enable
transmission or reception again, set TXE6 or RXE6 to 1 at least two clocks of the base clock
after TXE6 or RXE6 has been cleared to 0. If TXE6 or RXE6 is set within two clocks of the
base clock, the transmission circuit or reception circuit may not be initialized.

5. Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.

6. If data is continuously transmitted, the communication timing from the stop bit to the next
start bit is extended two operating clocks of the macro. However, this does not affect the
result of communication because the reception side initializes the timing when it has
detected a start bit. Do not use the continuous transmission function if the interface is
incorporated in LIN.
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Remark LIN stands for Local Interconnect Network and is a low-speed (1 to 20 kbps) serial communication
protocol intended to aid the cost reduction of an automotive network.
LIN communication is single-master communication, and up to 15 slaves can be connected to one
master.
The LIN slaves are used to control the switches, actuators, and sensors, and these are connected to the
LIN master via the LIN network.
Normally, the LIN master is connected to a network such as CAN (Controller Area Network).
In addition, the LIN bus uses a single-wire method and is connected to the nodes via a transceiver that
complies with ISO9141.
In the LIN protocol, the master transmits a frame with baud rate information and the slave receives it and
corrects the baud rate error. Therefore, communication is possible when the baud rate error in the slave
is £15% or less.

Figures 14-1 and 14-2 outline the transmission and reception operations of LIN.

Figure 14-1. LIN Transmission Operation

Wakeup Sync Sync field Identifier ~ Data field Data field Checksum
signal frame break field field field
| | | | | | |
LIN Bus
13-bitNe2 SBF 55H Data Data Data Data
8 bitgNote 1 transmission transmission transmission transmission transmission transmission
| | | | | | |
TX6
(output)

INTSTENete 2 ﬂ ” ” ﬂ ﬂ ” ”_

Notes 1. The wakeup signal frame is substituted by 80H transmission in the 8-bit mode.
2. The sync break field is output by hardware. The output width is the bit length set by bits 4 to 2 (SBL62
to SBL60) of asynchronous serial interface control register 6 (ASICL6) (see 14.4.2 (2) (h) SBF
transmission).

3. INTST6 is output on completion of each transmission. It is also output when SBF is transmitted.

Remark The interval between each field is controlled by software.
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Figure 14-2. LIN Reception Operation

Wakeup Sync Sync field Identifier Data field Data field Checksum
signal frame break field field field
| | | | | | |
o I e I I Y
13-bit SF ID Data Data Data
SBF reception reception reception reception reception reception
| | | | | | |
<2 || || | <
RxD6 :
(input) Disable Enable
<3>
Reception interrupt
(INTSR6) 1 I I | | M

\<1 >
Edge detection

Capture timer

(INTPO)

<4>

Disable Enable

Reception processing is as follows.

<1>

<2>

<3>

<4>

<5>

The wakeup signal is detected at the edge of the pin, and enables UART6 and sets the SBF reception
mode.

Reception continues until the STOP bit is detected. When an SBF with low-level data of 11 bits or more has
been detected, it is assumed that SBF reception has been completed correctly, and an interrupt signal is
output. If an SBF with low-level data of less than 11 bits has been detected, it is assumed that an SBF
reception error has occurred. The interrupt signal is not output and the SBF reception mode is restored.

If SBF reception has been completed correctly, an interrupt signal is output. Start 16-bit timer/event counter
00 by the SBF reception end interrupt servicing and measure the bit interval (pulse width) of the sync field
(see 6.4.8 Pulse width measurement operation). Detection of errors OVE6, PE6, and FE6 is
suppressed, and error detection processing of UART communication and data transfer of the shift register
and RXBS6 is not performed. The shift register holds the reset value FFH.

Calculate the baud rate error from the bit interval of the sync field, disable UART6 after SF reception, and
then re-set baud rate generator control register 6 (BRGCB6).

Distinguish the checksum field by software. Also perform processing by software to initialize UART6 after
reception of the checksum field and to set the SBF reception mode again.

Figure 14-3 shows the port configuration for LIN reception operation.

The wakeup signal transmitted from the LIN master is received by detecting the edge of the external interrupt

(INTPO).

The length of the sync field transmitted from the LIN master can be measured using the external event

capture operation of 16-bit timer/event counter 00, and the baud rate error can be calculated.
The input source of the reception port input (RxD6) can be input to the external interrupt (INTPO) and 16-bit
timer/event counter 00 by port input switch control (ISC0/ISC1), without connecting RxD6 and INTPO/TI000 externally.
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Figure 14-3. Port Configuration for LIN Reception Operation

Selector
P14/RxD6 O———+
RXD6 input
Port mode
(PM14)
Qutput latch
(P14)
Selector
Selector
P120/INTPO @—— ————— INTPO input
Port input
Port mode switch control
(PM120) (1ISC0)
<ISCO0>
Output latch 0: Select INTPO (P120)
(P120) 1: Select RxD6 (P14)
Selector
Selector
POO/TI000 ©—— —— TI1000 input
Port input
Port mode switch control
(PM00) (ISC1)
<ISC1>
Output latch 0: Select TI000 (P00)
(P00) 1: Select RxD6 (P14)

Remark ISCO, ISC1: Bits 0 and 1 of the input switch control register (ISC) (see Figure 14-11)

The peripheral functions used in the LIN communication operation are shown below.
<Peripheral functions used>
e External interrupt (INTPO); wakeup signal detection
Use: Detects the wakeup signal edges and detects start of communication.
o 16-bit timer/event counter 00 (T1000); baud rate error detection
Use: Detects the baud rate error (measures the TI0O00 input edge interval in the capture mode) by detecting the
sync field (SF) length and divides it by the number of bits.
e Serial interface UART6
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14.2 Configuration of Serial Interface UART6

Serial interface UARTS6 includes the following hardware.

Table 14-1. Configuration of Serial Interface UART6

ltem

Configuration

Registers

Receive buffer register 6 (RXB6)
Receive shift register 6 (RXS6)
Transmit buffer register 6 (TXB6)
Transmit shift register 6 (TXS6)

Control registers

Asynchronous serial interface operation mode register 6 (ASIM6)
Asynchronous serial interface reception error status register 6 (ASIS6)
Asynchronous serial interface transmission status register 6 (ASIF6)
Clock selection register 6 (CKSR6)

Baud rate generator control register 6 (BRGC6)

Asynchronous serial interface control register 6 (ASICL6)

Input switch control register (ISC)

Port mode register 1 (PM1)

Port register 1 (P1)
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Figure 14-4. Block Diagram of Serial Interface UART6

TI000, INTPONO'® -———
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1 I Reception control - ; \
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(1) Receive buffer register 6 (RXB6)
This 8-bit register stores parallel data converted by receive shift register 6 (RXS6).
Each time 1 byte of data has been received, new receive data is transferred to this register from RXS6. If the
data length is set to 7 bits, data is transferred as follows.
* In LSB-first reception, the receive data is transferred to bits 0 to 6 of RXB6 and the MSB of RXB6 is always 0.
* In MSB-first reception, the receive data is transferred to bits 1 to 7 of RXB6 and the LSB of RXB6 is always 0.
If an overrun error (OVEB) occurs, the receive data is not transferred to RXB6.
RXB6 can be read by an 8-bit memory manipulation instruction. No data can be written to this register.
Reset signal generation sets this register to FFH.

(2) Receive shift register 6 (RXS6)
This register converts the serial data input to the RxD6 pin into parallel data.
RXS6 cannot be directly manipulated by a program.

(3) Transmit buffer register 6 (TXB6)
This buffer register is used to set transmit data. Transmission is started when data is written to TXB6.
This register can be read or written by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Cautions 1. Do not write data to TXB6 when bit 1 (TXBF6) of asynchronous serial interface transmission
status register 6 (ASIF6) is 1.
2. Do not refresh (write the same value to) TXB6 by software during a communication
operation (when bit 7 (POWERG6) and bit 6 (TXE6) of asynchronous serial interface operation
mode register 6 (ASIM6) are 1 or when bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 are 1).
3. Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.

(4) Transmit shift register 6 (TXS6)
This register transmits the data transferred from TXB6 from the TxD6 pin as serial data. Data is transferred from
TXB6 immediately after TXB6 is written for the first transmission, or immediately before INTST6 occurs after one
frame was transmitted for continuous transmission. Data is transferred from TXB6 and transmitted from the TxD6
pin at the falling edge of the base clock.
TXS6 cannot be directly manipulated by a program.
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14.3 Registers Controlling Serial Interface UART6

Serial interface UART® is controlled by the following nine registers.

e Asynchronous serial interface operation mode register 6 (ASIM6)

¢ Asynchronous serial interface reception error status register 6 (ASIS6)
e Asynchronous serial interface transmission status register 6 (ASIF6)

e Clock selection register 6 (CKSR®6)

¢ Baud rate generator control register 6 (BRGCB6)

e Asynchronous serial interface control register 6 (ASICL6)

e Input switch control register (ISC)

e Port mode register 1 (PM1)

e Port register 1 (P1)

(1) Asynchronous serial interface operation mode register 6 (ASIM6)
This 8-bit register controls the serial communication operations of serial interface UART6.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Remark ASIM6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS6) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERSG6) and bit 5 (RXE6) of ASIM6
=1).

Figure 14-5. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (1/2)

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWER6 TXE6 RXE6 PS61 PS60 CL6 ’ SL6 ’ ISRM6 |
POWER®6 Enables/disables operation of internal operation clock
oter! 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
TXE6 Enables/disables transmission
0 Disables transmission (synchronously resets the transmission circuit).
1 Enables transmission
RXE6 Enables/disables reception
0 Disables reception (synchronously resets the reception circuit).
1 Enables reception

Notes 1. The output of the TxD6 pin goes high level and the input from the RxD6 pin is fixed to the high level
when POWERG6 = 0 during transmission.
2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface
transmission status register 6 (ASIF6), bit 7 (SBRF6) and bit 6 (SBRT6) of asynchronous serial
interface control register 6 (ASICL6), and receive buffer register 6 (RXB6) are reset.
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Figure 14-5. Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (2/2)

PS61 PS60 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.
CL6 Specifies character length of transmit/receive data
0 Character length of data = 7 bits
1 Character length of data = 8 bits
SL6 Specifies number of stop bits of transmit data
0 Number of stop bits = 1
1 Number of stop bits = 2
ISRM6 Enables/disables occurrence of reception completion interrupt in case of error
0 “INTSRESG” occurs in case of error (at this time, INTSR6 does not occur).
1 “INTSR6” occurs in case of error (at this time, INTSRE®6 does not occur).

Note If “reception as 0 parity” is selected, the parity is not judged. Therefore, bit 2 (PE6) of asynchronous serial

interface reception error status register 6 (ASIS6) is not set and the error interrupt does not occur.

Cautions 1.

@ N o o

To start the transmission, set POWERG to 1 and then set TXE6 to 1. To stop the transmission,
clear TXE6 to 0, and then clear POWERS6 to 0.

To start the reception, set POWERG to 1 and then set RXE6 to 1. To stop the reception, clear
RXEG6 to 0, and then clear POWERS6 to 0.

Set POWERG6 to 1 and then set RXE6 to 1 while a high level is input to the RxD6 pin. If
POWERSG is set to 1 and RXES6 is set to 1 while a low level is input, reception is started.

TXE6 and RXE6 are synchronized by the base clock (fxcks) set by CKSR6. To enable
transmission or reception again, set TXE6 or RXE6 to 1 at least two clocks of the base clock
after TXE6 or RXE6 has been cleared to 0. If TXE6 or RXE6 is set within two clocks of the
base clock, the transmission circuit or reception circuit may not be initialized.

Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.

Clear the TXE6 and RXE6 bits to 0 before rewriting the PS61, PS60, and CL6 bits.

Fix the PS61 and PS60 bits to 0 when mounting the device on LIN.

Clear TXE6 to 0 before rewriting the SL6 bit. Reception is always performed with “the
number of stop bits = 1”, and therefore, is not affected by the set value of the SL6 bit.

Make sure that RXE6 = 0 when rewriting the ISRM®6 bit.
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(2) Asynchronous serial interface reception error status register 6 (ASIS6)
This register indicates an error status on completion of reception by serial interface UART6. It includes three
error flag bits (PE6, FE6, OVES).
This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H if bit 7 (POWERG6) and bit 5 (RXE6) of ASIM6 = 0. 00H is read
when this register is read. If a reception error occurs, read ASIS6 and then read receive buffer register 6 (RXB6)
to clear the error flag.

Figure 14-6. Format of Asynchronous Serial Interface Reception Error Status Register 6 (ASIS6)

Address: FF53H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIS6 0 0 0 0 0 PE6 FE6 OVE®6
PE6 Status flag indicating parity error
0 If POWERSG = 0 and RXES6 = 0, or if ASIS6 register is read
1 If the parity of transmit data does not match the parity bit on completion of reception
FE6 Status flag indicating framing error
0 If POWERSG = 0 and RXE®6 = 0, or if ASIS6 register is read
1 If the stop bit is not detected on completion of reception
OVE6 Status flag indicating overrun error
0 If POWERSG = 0 and RXES6 = 0, or if ASIS6 register is read
1 If receive data is set to the RXB6 register and the next reception operation is completed before the
data is read.

Cautions 1. The operation of the PE6 bit differs depending on the set values of the PS61 and PS60 bits of

asynchronous serial interface operation mode register 6 (ASIM6).

2. 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 6
(RXB6) but discarded.

4. If data is read from ASIS6, a wait cycle is generated. Do not read data from ASIS6 when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 29 CAUTIONS FOR WAIT.
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(3) Asynchronous serial interface transmission status register 6 (ASIF6)
This register indicates the status of transmission by serial interface UART6. It includes two status flag bits
(TXBF6 and TXSF6).
Transmission can be continued without disruption even during an interrupt period, by writing the next data to the
TXB6 register after data has been transferred from the TXB6 register to the TXS6 register.
This register is read-only by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H if bit 7 (POWERS6) and bit 6 (TXE6) of ASIM6 = 0.

Figure 14-7. Format of Asynchronous Serial Interface Transmission Status Register 6 (ASIF6)

Address: FF55H After reset: 00H R

Symbol 7 6 5 4 3 2 1 0
ASIF6 0 0 0 0 0 0 TXBF6 TXSF6
TXBF6 Transmit buffer data flag
0 If POWERSG = 0 or TXE6 = 0, or if data is transferred to transmit shift register 6 (TXS6)
1 If data is written to transmit buffer register 6 (TXB6) (if data exists in TXB6)
TXSF6 Transmit shift register data flag
0 If POWERSG = 0 or TXE6 = 0, or if the next data is not transferred from transmit buffer register 6
(TXB6) after completion of transfer
1 If data is transferred from transmit buffer register 6 (TXB6) (if data transmission is in progress)

Cautions 1. To transmit data continuously, write the first transmit data (first byte) to the TXB6 register.
Be sure to check that the TXBF6 flag is “0”. If so, write the next transmit data (second byte)
to the TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the
transmit data cannot be guaranteed.

2. To initialize the transmission unit upon completion of continuous transmission, be sure to
check that the TXSF6 flag is “0” after generation of the transmission completion interrupt,
and then execute initialization. If initialization is executed while the TXSF6 flag is “1”, the
transmit data cannot be guaranteed.

User's Manual U17734EJ2VOUD 303



CHAPTER 14 SERIAL INTERFACE UART6

(4) Clock selection register 6 (CKSR6)
This register selects the base clock of serial interface UART6.
CKSR®6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Remark CKSR6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS) and bit 6 (TXESB) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 =

1).
Figure 14-8. Format of Clock Selection Register 6 (CKSR6)

Address: FF56H After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
CKSR6 0 0 0 0 TPS63 TPS62 TPS61 TPS60
TPS63 TPS62 TPS61 TPS60 Base clock (fxciks) selection
fers = fers = fers = fers =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 0 fers 2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 fers/2 | 1 MHz 25MHz |5 MHz 10 MHz
0 0 1 0 frrs/2° | 500 kHz |1.25MHz |2.5MHz |5 MHz
0 0 1 1 frrs/2° | 250 kHz | 625kHz |1.25MHz |2.5 MHz
0 1 0 0 frrs/2* | 125 kHz 312.5 kHz | 625 kHz 1.25 MHz
0 1 0 1 frrs/2° | 62.5 kHz | 156.25 kHz| 312.5 kHz | 625 kHz
0 1 1 0 frrs/2° | 31.25 kHz | 78.13 kHz | 156.25 kHz| 312.5 kHz
0 1 1 1 frrs/2” | 15.625 kHz| 39.06 kHz | 78.13 kHz | 156.25 kHz
1 0 0 0 frrs/2° | 7.813 kHz | 19.53 kHz | 39.06 kHz | 78.13 kHz
1 0 0 1 frrs/2° | 3.906 kHz | 9.77 kHz | 19.53 kHz | 39.06 kHz
1 0 1 0 frrs/2" | 1.953 kHz | 4.88 kHz |9.77 kHz |19.53 kHz
1 0 1 1 TM50 output™*®
Other than above Setting prohibited

Note Note the following points when selecting the TM50 output as the base clock.

¢ Mode in which the count clock is cleared and started upon a match of TM50 and CR50 (TMC506 = 0)
Start the operation of 8-bit timer/event counter 50 first and then enable the timer F/F inversion operation
(TMC501 = 1).

o PWM mode (TMC506 = 1)
Start the operation of 8-bit timer/event counter 50 first and then set the count clock to make the duty =
50%.

It is not necessary to enable the TO50 pin as a timer output pin in any mode.

Caution Make sure POWERG6 = 0 when rewriting TPS63 to TPS60.

Remarks 1. frrs: Peripheral hardware clock frequency
2. TMC506: Bit 6 of 8-bit timer mode control register 50 (TMC50)
TMC501: Bit 1 of TMC50
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(5) Baud rate generator control register 6 (BRGC6)
This register sets the division value of the 8-bit counter of serial interface UART6.
BRGCS6 can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Remark BRGCS6 can be refreshed (the same value is written) by software during a communication operation
(when bit 7 (POWERS) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6
=1).

Figure 14-9. Format of Baud Rate Generator Control Register 6 (BRGC6)

Address: FF57H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
BRGC6 | MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 |

MDL67 | MDL66 | MDL65 | MDL64 | MDL63 | MDL62 | MDL61 | MDL60 | k Output clock selection of
8-bit counter
0 0 0 0 0 X X X x | Setting prohibited
0 0 0 0 1 0 0 0 8 | fxcike/8
0 0 0 0 1 0 0 1 9 | fxcike/9
0 0 0 0 1 0 1 0 10 | fxcke/10
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
L] L] L] L] L] L] L] L] L] L]
1 1 1 1 1 1 0 0 252 | fxcike/252
1 1 1 1 1 1 0 1 253 | fxcLke/253
1 1 1 1 1 1 1 0 254 | fxcike/254
1 1 1 1 1 1 1 1 255 | fxcLke/255

Cautions 1. Make sure that bit 6 (TXE6) and bit 5 (RXE6) of the ASIM6 register = 0 when rewriting the
MDL67 to MDL60 bits.
2. The baud rate is the output clock of the 8-bit counter divided by 2.

Remarks 1. fxcike: Frequency of base clock selected by the TPS63 to TPS60 bits of CKSR6 register

2. k: Value set by MDL67 to MDL60 bits (k =8, 9, 10, ..., 255)
3. x: Don’tcare
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(6)

Asynchronous serial interface control register 6 (ASICL6)

This register controls the serial communication operations of serial interface UART6.
ASICL6 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to 16H.

Caution ASICL6 can be refreshed (the same value is written) by software during a communication
operation (when bit 7 (POWERS6) and bit 6 (TXE6) of ASIM6 = 1 or bit 7 (POWERS6) and bit 5
(RXE6) of ASIM6 = 1). However, do not set both SBRT6 and SBTT6 to 1 by a refresh operation
during SBF reception (SBRT6 = 1) or SBF transmission (until INTST6 occurs since SBTT6 has
been set (1)), because it may re-trigger SBF reception or SBF transmission.

Figure 14-10. Format of Asynchronous Serial Interface Control Register 6 (ASICL6) (1/2)

Address: FF58H After reset: 16H R/W"™

Symbol <7> <6> 5 4 3 2 1 0
ASICL6 SBRF6 SBRT6 SBTT6 SBL62 SBL61 SBL60 DIR6 TXDLV6
SBRF6 SBF reception status flag
0 If POWERSG = 0 and RXE®6 = 0 or if SBF reception has been completed correctly
1 SBF reception in progress
SBRT6 SBF reception trigger
0 —
1 SBF reception trigger
SBTT6 SBF transmission trigger
0 —
1 SBF transmission trigger

Note Bit 7 is read-only.
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Figure 14-10. Format of Asynchronous Serial Interface Control Register 6 (ASICL6) (2/2)

SBL62 SBL61 SBL60 SBF transmission output width control
1 0 1 SBF is output with 13-bit length.
1 1 0 SBF is output with 14-bit length.
1 1 1 SBF is output with 15-bit length.
0 0 0 SBF is output with 16-bit length.
0 0 1 SBF is output with 17-bit length.
0 1 0 SBF is output with 18-bit length.
0 1 1 SBF is output with 19-bit length.
1 0 0 SBF is output with 20-bit length.

DIR6 First-bit specification
0 MSB
1 LSB

TXDLV6 Enables/disables inverting TxD6 output

0 Normal output of TxD6
1 Inverted output of TxD6

Cautions 1.

In the case of an SBF reception error, the mode returns to the SBF reception mode. The
status of the SBRF6 flag is held (1).

Before setting the SBRT6 bit, make sure that bit 7 (POWERS6) and bit 5 (RXE6) of ASIM6 = 1.
After setting the SBRT6 bit to 1, do not clear it to 0 before SBF reception is completed (before
an interrupt request signal is generated).

The read value of the SBRT6 bit is always 0. SBRT6 is automatically cleared to 0 after SBF
reception has been correctly completed.

Before setting the SBTT6 bit to 1, make sure that bit 7 (POWERG6) and bit 6 (TXE6) of ASIM6 =
1. After setting the SBTT6 bit to 1, do not clear it to 0 before SBF transmission is completed
(before an interrupt request signal is generated).

The read value of the SBTT6 bit is always 0. SBTT6 is automatically cleared to 0 at the end of
SBF transmission.

Do not set the SBRT6 bit to 1 during reception, and do not set the SBTT6 bit to 1 during
transmission.

Before rewriting the DIR6 and TXDLV6 bits, clear the TXE6 and RXES6 bits to 0.
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(7) Input switch control register (ISC)
The input switch control register (ISC) is used to receive a status signal transmitted from the master during LIN
(Local Interconnect Network) reception.
The signal input from the P14/RxD6 pin is selected as the input source of INTPO and TI000 when ISCO and ISC1
are set to 1.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 14-11. Format of Input Switch Control Register (ISC)

Address: FF4FH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 0 0 0 ISCH ISCO
ISCA TI000 input source selection
0 TI000 (P00)
1 RxD6 (P14)
ISCO INTPO input source selection
0 INTPO (P120)
1 RxD6 (P14)

(8) Port mode register 1 (PM1)
This register sets port 1 input/output in 1-bit units.
When using the P13/TxD6 pin for serial interface data output, clear PM13 to 0 and set the output latch of P13 to 1.
When using the P14/RxD6 pin for serial interface data input, set PM14 to 1. The output latch of P14 at this time
may be 0 or 1.
PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 14-12. 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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14.4 Operation of Serial Interface UART6
Serial interface UART6 has the following two modes.

e Operation stop mode
¢ Asynchronous serial interface (UART) mode

14.4.1 Operation stop mode

In this mode, serial communication cannot be executed; therefore, the power consumption can be reduced. 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 (POWER®6, TXES6, and RXE6) of ASIMS6 to 0.

(1) Register used
The operation stop mode is set by asynchronous serial interface operation mode register 6 (ASIM6).
ASIM6 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 01H.

Address: FF50H After reset: 01H R/W

Symbol <7> <6> <5> 4 3 2 1 0
ASIM6 POWER6 TXE6 RXE6 PS61 PS60 CL6 SL6 ISRM6
POWERG6 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

TXE6 Enables/disables transmission

0 Disables transmission operation (synchronously resets the transmission circuit).
RXE6 Enables/disables reception

0 Disables reception (synchronously resets the reception circuit).

Notes 1. The output of the TxD6 pin goes high and the input from the RxD6 pin is fixed to high level when
POWERS6 = 0 during transmission.
2. Asynchronous serial interface reception error status register 6 (ASIS6), asynchronous serial interface
transmission status register 6 (ASIF6), bit 7 (SBRF6) and bit 6 (SBRT6) of asynchronous serial
interface control register 6 (ASICL6), and receive buffer register 6 (RXB6) are reset.

Caution Clear POWERS6 to 0 after clearing TXE6 and RXE6 to 0 to stop the operation.
To start the communication, set POWERS6 to 1, and then set TXE6 or RXE6 to 1.

Remark To use the RxD6/P14 and TxD6/P13 pins as general-purpose port pins, see CHAPTER 4 PORT
FUNCTIONS.
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14.4.2 Asynchronous serial interface (UART) mode
In this mode, data of 1 byte 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 6 (ASIM6)

e Asynchronous serial interface reception error status register 6 (ASIS6)

¢ Asynchronous serial interface transmission status register 6 (ASIF6)
¢ Clock selection register 6 (CKSR6)

e Baud rate generator control register 6 (BRGC6)

¢ Asynchronous serial interface control register 6 (ASICL6)

¢ Input switch control register (ISC)

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 CKSR6 register (see Figure 14-8).
<2> Set the BRGCES register (see Figure 14-9).
<3> Set bits 0 to 4 (ISRM6, SL6, CL6, PS60, PS61) of the ASIM6 register (see Figure 14-5).
<4> Set bits 0 and 1 (TXDLV6, DIR6) of the ASICL®6 register (see Figure 14-10).
<5> Set bit 7 (POWERS®) of the ASIM® register to 1.
<6> Set bit 6 (TXE6) of the ASIM6 register to 1. — Transmission is enabled.
Set bit 5 (RXEB) of the ASIM6 register to 1. — Reception is enabled.
<7> Write data to transmit buffer register 6 (TXB6). — 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 14-2. Relationship Between Register Settings and Pins

POWER6| TXE6 RXE6 PM13 P13 PM14 P14 UART6 Pin Function
Operation TxD6/P13 RxD6/P14
0 0 0 xee xee xee xe Stop P13 P14
1 0 1 X X 1 x Reception P13 RxD6
1 0 1 xere xete Transmission TxD6 P14
1 1 1 1 X Transmission/ TxD6 RxD6
reception

Note Can be set as port function.

Remark x:

POWERE®:

TXES6:
RXEB6:
PM1x:
P1x:

310

don’t care

Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
Bit 6 of ASIM6

Bit 5 of ASIM6

Port mode register

Port output latch
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(2) Communication operation

(a) Format and waveform example of normal transmit/receive data
Figures 14-13 and 14-14 show the format and waveform example of the normal transmit/receive data.

Figure 14-13. Format of Normal UART Transmit/Receive Data

1. LSB-first transmission/reception

1 data frame

Sg’;{‘ o | o1 | b2 | D3| ps| D5 | D6 | D7 P‘Z'iitty Stop bit
Character bits
2. MSB-first transmission/reception
1 data frame
Sg’;{‘ D7 | b6 | b5 | D4 | D3 | D2 | D1 | DO P‘Z'iitty Stop bit

Character bits

One data frame consists of the following bits.

o Start bit ... 1 bit

¢ Character bits ... 7 or 8 bits

o Parity bit ... Even parity, odd parity, O parity, or no parity
o 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 6 (ASIM6).

Whether data is communicated with the LSB or MSB first is specified by bit 1 (DIR6) of asynchronous serial
interface control register 6 (ASICLS).

Whether the TxD6 pin outputs normal or inverted data is specified by bit 0 (TXDLV6) of ASICL6.
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Figure 14-14. Example of Normal UART Transmit/Receive Data Waveform

1. Data length: 8 bits, LSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H
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2. Data length: 8 bits, MSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H
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3. Data length: 8 bits, MSB first, Parity: Even parity, Stop bit: 1 bit, Communication data: 55H, TxD6 pin
inverted output
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4. Data length: 7 bits, LSB first, Parity: Odd parity, Stop bit: 2 bits, Communication data: 36H
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5. Data length: 8 bits, LSB first, Parity: None, Stop bit: 1 bit, Communication data: 87H

1 data frame
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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.

Caution Fix the PS61 and PS60 bits to 0 when the device is incorporated in LIN.

U}

(ii)

(iif)

(iv)

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

e 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.

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

e 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.

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”.

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) Normal transmission

When bit 7 (POWERS) of asynchronous serial interface operation mode register 6 (ASIM6) is set to 1 and bit
6 (TXE6) of ASIM6 is then set to 1, transmission is enabled. Transmission can be started by writing transmit
data to transmit buffer register 6 (TXB6). The start bit, parity bit, and stop bit are automatically appended to
the data.

When transmission is started, the data in TXB6 is transferred to transmit shift register 6 (TXS6). After that,
the transmit data is sequentially output from TXS6 to the TxD6 pin. When transmission is completed, the
parity and stop bits set by ASIM6 are appended and a transmission completion interrupt request (INTST6) is
generated.

Transmission is stopped until the data to be transmitted next is written to TXB6.

Figure 14-15 shows the timing of the transmission completion interrupt request (INTST6). This interrupt
occurs as soon as the last stop bit has been output.

Figure 14-15. Normal Transmission Completion Interrupt Request Timing

1. Stop bit length: 1

TxD6 (output) \ Start/ DO X D1 X D2 B D6 X D7 XParity StopI
INTST6 —|

2. Stop bit length: 2

314

\ \
TxD6 (output) Start/ DO X D1 X D2 B D6 X D7 XParity/ Stop

INTST6
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(d) Continuous transmission
The next transmit data can be written to transmit buffer register 6 (TXB6) as soon as transmit shift register 6
(TXS6) has started its shift operation. Consequently, even while the INTST6 interrupt is being serviced after
transmission of one data frame, data can be continuously transmitted and an efficient communication rate

can be realized. In addition, the TXB6 register can be efficiently written twice (2 bytes) without having to wait

for the transmission time of one data frame, by reading bit 0 (TXSF6) of asynchronous serial interface

transmission status register 6 (ASIF6) when the transmission completion interrupt has occurred.

To transmit data continuously, be sure to reference the ASIF6 register to check the transmission status and

whether the TXB6 register can be written, and then write the data.

Cautions 1. The TXBF6 and TXSF6 flags of the ASIF6 register change from “10” to “11”, and to “01”
during continuous transmission. To check the status, therefore, do not use a
combination of the TXBF6 and TXSF6 flags for judgment. Read only the TXBF6 flag
when executing continuous transmission.

2. When the device is incorporated in a LIN, the continuous transmission function cannot
be used. Make sure that asynchronous serial interface transmission status register 6
(ASIF6) is 00H before writing transmit data to transmit buffer register 6 (TXB6).

TXBF6 Writing to TXB6 Register
0 Writing enabled
1 Writing disabled

Caution To transmit data continuously, write the first transmit data (first byte) to the TXB6 register.
Be sure to check that the TXBF6 flag is “0”. If so, write the next transmit data (second byte)
to the TXB6 register. If data is written to the TXB6 register while the TXBF6 flag is “1”, the
transmit data cannot be guaranteed.

The communication status can be checked using the TXSF6 flag.

TXSF6 Transmission Status
0 Transmission is completed.
1 Transmission is in progress.
Cautions 1. To initialize the transmission unit upon completion of continuous transmission, be sure

to check that the TXSF6 flag is “0” after generation of the transmission completion
interrupt, and then execute initialization. If initialization is executed while the TXSF6
flag is “1”, the transmit data cannot be guaranteed.

During continuous transmission, the next transmission may complete before execution
of INTST6 interrupt servicing after transmission of one data frame. As a
countermeasure, detection can be performed by developing a program that can count
the number of transmit data and by referencing the TXSF6 flag.
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Figure 14-16 shows an example of the continuous transmission processing flow.

Figure 14-16. Example of Continuous Transmission Processing Flow

Set registers.

Write TXB6.

Transfer
executed necessary
number of times?

Read ASIF6
TXBF6 = 0?

Yes

Write TXB6.

Transmission
completion interrupt
occurs?

No

Transfer
executed necessary
number of times?

Yes

Read ASIF6
TXSF6 = 0?

Completion of
transmission processing

Remark TXB6: Transmit buffer register 6
ASIF6: Asynchronous serial interface transmission status register 6
TXBF6: Bit 1 of ASIF6 (transmit buffer data flag)
TXSF6: Bit 0 of ASIF6 (transmit shift register data flag)
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Figure 14-17 shows the timing of starting continuous transmission, and Figure 14-18 shows the timing of
ending continuous transmission.

Figure 14-17. Timing of Starting Continuous Transmission

mos [ \Stat/ Data(1)  %Parity/ Stop \Start/ Data(2) ¥ Parity / Stop \Start

INTST6 A\ /\
TXB6 FF Data(1) X Data(2) X Data (3) X
TXS6 FF Data (1) X Data (2) X Dita (3)
’ ’ B ’
TXBF6 / v/ N
TXSF6

Note When ASIF6 is read, there is a period in which TXBF6 and TXSF6 = 1, 1. Therefore, judge whether
writing is enabled using only the TXBF6 bit.

Remark TxD6: TxD6 pin (output)
INTST6: Interrupt request signal
TXB6: Transmit buffer register 6
TXS6:  Transmit shift register 6
ASIF6:  Asynchronous serial interface transmission status register 6
TXBF6: Bit 1 of ASIF6
TXSF6: Bit 0 of ASIF6
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Figure 14-18. Timing of Ending Continuous Transmission
T06 [ stop \Start’ Data(n—1) iParity/ siop \Starts Data(n) ¥ Parity)/ Stop
N N a\

TXB6 Data(n-1) X Data (n)

Y 5

TXS6 X Data (n — 1) X Data (n)

v —\ / y

TXSF6 ' \jL
POWERSG or TXE6 \

Remark TxD6: TxD6 pin (output)
INTST6:  Interrupt request signal
TXB6: Transmit buffer register 6
TXS6: Transmit shift register 6
ASIFé6: Asynchronous serial interface transmission status register 6
TXBF®6: Bit 1 of ASIF6
TXSF6: Bit 0 of ASIF6
POWERS®: Bit 7 of asynchronous serial interface operation mode register (ASIM6)

><
m
ul

TXE®6: Bit 6 of asynchronous serial interface operation mode register (ASIM6)
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(e) Normal reception
Reception is enabled and the RxD6 pin input is sampled when bit 7 (POWERS6) of asynchronous serial
interface operation mode register 6 (ASIM6) is set to 1 and then bit 5 (RXE6) of ASIM6 is set to 1.
The 8-bit counter of the baud rate generator starts counting when the falling edge of the RxD6 pin input is
detected. When the set value of baud rate generator control register 6 (BRGC6) has been counted, the
RxD6 pin input is sampled again ( in Figure 14-19). If the RxD6 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 the receive shift
register (RXS6) at the set baud rate. When the stop bit has been received, the reception completion interrupt
(INTSR6) is generated and the data of RXS6 is written to receive buffer register 6 (RXB6). If an overrun
error (OVE6) occurs, however, the receive data is not written to RXB6.
Even if a parity error (PE6) occurs while reception is in progress, reception continues to the reception
position of the stop bit, and a reception error interrupt (INTSR6/INTSRE6) is generated on completion of

reception.
Figure 14-19. Reception Completion Interrupt Request Timing
e i
RxD6 (input) Start 1; DO ; D1 ;' D2 1; D3 ; D4 ? D5 ﬁ; D6 ;' D7 EPanty St%)p ;
INTSR6 |_|
RXB6 X

Cautions 1. If a reception error occurs, read ASIS6 and then RXB6 to clear the error flag. 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 6 (ASIS6)
before reading RXB6.
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(f) 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 6 (ASIS6) is set as a result of data
reception, a reception error interrupt request (INTSR6/INTSREB) is generated.
Which error has occurred during reception can be identified by reading the contents of ASIS6 in the reception
error interrupt (INTSR6/INTSRES6) servicing (see Figure 14-6).
The contents of ASIS6 are cleared to 0 when ASIS6 is read.

Table 14-3. 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 6 (RXB6).

The reception error interrupt can be separated into reception completion interrupt (INTSR6) and error
interrupt (INTSRE6) by clearing bit 0 (ISRM6) of asynchronous serial interface operation mode register 6
(ASIM®) to 0.

Figure 14-20. Reception Error Interrupt

1. If ISRM6 is cleared to 0 (reception completion interrupt (INTSR6) and error interrupt (INTSRE6) are

separated)
(a) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSRE6 INTSRE6

2. If ISRM6 is set to 1 (error interrupt is included in INTSR6)

(a) No error during reception (b) Error during reception
INTSR6 INTSR6
INTSRE6 INTSRE6
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(9) Noise filter of receive data
The RXD6 signal is sampled with 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 14-21, the internal processing of the reception operation
is delayed by two clocks from the external signal status.

Figure 14-21. Noise Filter Circuit

Base clock

RxD6/P14 © In Q Internal signal A

In Q [—— Internal signal B

Match detector LD_EN

(h) SBF transmission
When the device is incorporated in LIN, the SBF (Synchronous Break Field) transmission control function is
used for transmission. For the transmission operation of LIN, see Figure 14-1 LIN Transmission
Operation.
When bit 7 (POWERS6) of asynchronous serial interface mode register 6 (ASIM6) is set to 1, the TxD6 pin
outputs high level. Next, when bit 6 (TXE6) of ASIM6 is set to 1, the transmission enabled status is entered,
and SBF transmission is started by setting bit 5 (SBTT6) of asynchronous serial interface control register 6
(ASICLS) to 1.
Thereafter, a low level of bits 13 to 20 (set by bits 4 to 2 (SBL62 to SBL60) of ASICL6) is output. Following
the end of SBF transmission, the transmission completion interrupt request (INTST6) is generated and
SBTT6 is automatically cleared. Thereafter, the normal transmission mode is restored.
Transmission is suspended until the data to be transmitted next is written to transmit buffer register 6 (TXB6),
or until SBTT6 is set to 1.

Figure 14-22. SBF Transmission

4 .5

TxD6 1

[

1
'
'
'
'
'

N
w
©
-
o
-
—_
-
\V]

INTST6 |_|
SBTT6 |

Remark TxD6: TxD6 pin (output)
INTST6: Transmission completion interrupt request
SBTT6: Bit 5 of asynchronous serial interface control register 6 (ASICL6)

User's Manual U17734EJ2VOUD 321



CHAPTER 14 SERIAL INTERFACE UART6

(i) SBF reception

When the device is incorporated in LIN, the SBF (Synchronous Break Field) reception control function is
used for reception. For the reception operation of LIN, see Figure 14-2 LIN Reception Operation.
Reception is enabled when bit 7 (POWERS6) of asynchronous serial interface operation mode register 6
(ASIM®B) is set to 1 and then bit 5 (RXEB) of ASIM6 is set to 1. SBF reception is enabled when bit 6 (SBRT6)
of asynchronous serial interface control register 6 (ASICLS6) is set to 1. In the SBF reception enabled status,
the RxD6 pin is sampled and the start bit is detected in the same manner as the normal reception enable
status.

When the start bit has been detected, reception is started, and serial data is sequentially stored in the
receive shift register 6 (RXS6) at the set baud rate. When the stop bit is received and if the width of SBF is
11 bits or more, a reception completion interrupt request (INTSR6) is generated as normal processing. At
this time, the SBRF6 and SBRT6 bits are automatically cleared, and SBF reception ends. Detection of
errors, such as OVE6, PE6, and FE6 (bits 0 to 2 of asynchronous serial interface reception error status
register 6 (ASIS6)) is suppressed, and error detection processing of UART communication is not performed.
In addition, data transfer between receive shift register 6 (RXS6) and receive buffer register 6 (RXB6) is not
performed, and the reset value of FFH is retained. If the width of SBF is 10 bits or less, an interrupt does not
occur as error processing after the stop bit has been received, and the SBF reception mode is restored. In
this case, the SBRF6 and SBRT6 bits are not cleared.

Figure 14-23. SBF Reception

1. Normal SBF reception (stop bit is detected with a width of more than 10.5 bits)

RD6 | 1 12 18 4 5 1 6 1 7 18 1 9 10 1

SBRT6 f

/SBRF6 | I

INTSR6 ”

2. SBF reception error (stop bit is detected with a width of 10.5 bits or less)

RxD6 ;| 112 1 3 415 16 7 .89 10

SBRT6 | -
/SBRF6

INTSR6 ,, :

Remark RxD6: RxD6 pin (input)
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SBRT6: Bit 6 of asynchronous serial interface control register 6 (ASICL6)
SBRF6: Bit 7 of ASICL6
INTSR6: Reception completion interrupt request
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14.4.3 Dedicated baud rate generator
The dedicated baud rate generator consists of a source clock selector and an 8-bit programmable counter, and

generates a serial clock for transmission/reception of UART®.

Separate 8-bit counters are provided for transmission and reception.

(1) Configuration of baud rate generator

Base clock

The clock selected by bits 3 to 0 (TPS63 to TPS60) of clock selection register 6 (CKSR6) is supplied to
each module when bit 7 (POWERS) of asynchronous serial interface operation mode register 6 (ASIM6) is
1. This clock is called the base clock and its frequency is called fxcLks. The base clock is fixed to low level
when POWERS6 = 0.

Transmission counter

This counter stops operation, cleared to 0, when bit 7 (POWERS6) or bit 6 (TXE6) of asynchronous serial
interface operation mode register 6 (ASIM6) is 0.

It starts counting when POWERG6 = 1 and TXE6 = 1.

The counter is cleared to 0 when the first data transmitted is written to transmit buffer register 6 (TXB6).

If data are continuously transmitted, the counter is cleared to 0 again when one frame of data has been
completely transmitted. If there is no data to be transmitted next, the counter is not cleared to 0 and continues
counting until POWERS6 or TXES is cleared to 0.

Reception counter

This counter stops operation, cleared to 0, when bit 7 (POWERS6) or bit 5 (RXE6) of asynchronous serial
interface operation mode register 6 (ASIM6) 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.
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Figure 14-24. Configuration of Baud Rate Generator

POWER®6

fers Baud rate generator
frrs/2 —

POWERS6, TXE6 (or RXE6)

frrs/22 —

frrs/2% —=

1
fprs/23 ——= :
1
1
1

frrs/25 —=

frrs/28 — fxcLks

frrs/27 —

frrs/28 —

1

1

1

1

1

1

Selector 8-bit counter 1
1

1

1

1

fprg/29 ——= !
1

1

1

1

1

frrs/210 ——= !
8-bit timer/ ____ | :
1

1

1

Match detector 1/2 |1+ Baud rate

event counter
50 output ‘ ‘ l ‘

CKSR6: TPS63 to TPS60 BRGC6: MDL67 to MDL60

Remark POWERSG6: Bit 7 of asynchronous serial interface operation mode register 6 (ASIM6)
TXE®6: Bit 6 of ASIM6
RXES6: Bit 5 of ASIM6
CKSR6:  Clock selection register 6
BRGC6: Baud rate generator control register 6

(2) Generation of serial clock
A serial clock to be generated can be specified by using clock selection register 6 (CKSR6) and baud rate
generator control register 6 (BRGCB).
The clock to be input to the 8-bit counter can be set by bits 3 to 0 (TPS63 to TPS60) of CKSR6 and the division
value (fxcLke/8 to fxcLke/255) of the 8-bit counter can be set by bits 7 to 0 (MDL67 to MDL60) of BRGC6.

Table 14-4. Set Value of TPS63 to TPS60

TPS63 TPS62 TPS61 TPS60 Base Clock (fxcike) Selection

frRs = frRs = frRs = frrs =

2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 frrs 2 MHz 5 MHz 10 MHz 20 MHz
0 0 1 frrs/2 |1 MHz 25MHz |5MHz 10 MHz
0 0 1 0 frrs/2® | 500 kHz |1.25MHz [2.5MHz |5 MHz
0 0 1 1 frrs/2° | 250 kHz 625 kHz 1.25 MHz | 2.5 MHz
0 1 0 0 frrs/2' | 125kHz | 312.5kHz [625kHz |1.25 MHz
0 1 0 1 frrs/2° | 62.5 kHz | 156.25 kHz| 312.5 kHz | 625 kHz
0 1 1 0 frrs/2° | 31.25 kHz | 78.13 kHz | 156.25 kHz| 312.5 kHz
0 1 1 1 frrs/2” | 15.625 kHz| 39.06 kHz | 78.13 kHz | 156.25 kHz
1 0 0 0 frrs/2® | 7.813 kHz | 19.53 kHz | 39.06 kHz | 78.13 kHz
1 0 0 1 frrs/2° | 3.906 kHz | 9.77 kHz | 19.53 kHz | 39.06 kHz
1 0 1 0 frrs/2'° | 1.953 kHz | 4.88 kHz |9.77 kHz | 19.53 kHz
1 0 1 1 TM50 output

Other than above Setting prohibited
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(a)

(b)

Baud rate
The baud rate can be calculated by the following expression.

fxcLke
bps
2xk [bps]

e Baud rate =

fxcLke: Frequency of base clock selected by TPS63 to TPS60 bits of CKSR®6 register
k: Value set by MDL67 to MDL60 bits of BRGCS6 register (k = 8, 9, 10, ..., 255)

Error of baud rate
The baud rate error can be calculated by the following expression.

Error (%) Actual baud rate (baud rate with error)
. — B
° Desired baud rate (correct baud rate)

1] x 100 [%]

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 = 10 MHz = 10,000,000 Hz
Set value of MDL67 to MDL60 bits of BRGC6 register = 00100001B (k = 33)
Target baud rate = 153600 bps

Baud rate = 10 M/(2 x 33)
=10000000/(2 x 33) = 151,515 [bps]

Error = (151515/153600 — 1) x 100
= —1.357 [%]
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(3) Example of setting baud rate

Table 14-5. Set Data of Baud Rate Generator

Baud frrs = 2.0 MHz fers = 5.0 MHz frrs = 10.0 MHz fers = 20.0 MHz
Rate

TPS63-| k |Calculated| ERR |TPS63-| k |Calculated| ERR |TPS63-| k |Calculated| ERR |TPS63-| k |Calculated| ERR
(bps] [ tpgeo Value | [%] |TPS60 Value | [%] |TPS60 Value | [%] |TPS60 Value | [%]

300 8H 13 301 0.16 | 7H | 65 301 0.16 | 8H | 65 301 0.16 | 9H | 65 301 0.16
600 7H 13 601 0.16 | 6H | 65 601 016 | 7H | 65 601 0.16 | 8H | 65 601 0.16
1200 6H 13 1202 | 0.16 | 5H | 65 1202 | 0.16 | 6H | 65 1202 [ 0.16 | 7H | 65 1202 | 0.16
2400 5H 13 2404 | 016 | 4H | 65 | 2404 | 0.16 | 5H | 65 2404 | 016 | 6H | 65 | 2404 | 0.16
4800 4H 13 4808 | 016 | 3H | 65 | 4808 | 0.16 | 4H | 65 4808 | 0.16 | 5H | 65 | 4808 | 0.16
9600 3H 13 9615 [ 016 | 2H | 65 | 9615 | 0.16 | 3H | 65 9615 | 0.16 | 4H | 65 | 9615 | 0.16
19200 | 2H 13 | 19231 | 016 | 1H | 65| 19231 | 0.16 | 2H | 65 | 19231 | 0.16 | 3H | 65 | 19231 | 0.16
24000 | 1H 21 | 23810 |-0.79| 3H 13 | 24038 | 0.16 | 4H 13 | 24038 | 0.16 | 5H 13 | 24038 | 0.16
31250 | 1H 4 31250 0 4H 5 31250 0 5H 5 31250 0 6H 5 | 31250 0
38400 | 1H 13 | 38462 | 0.16 | OH | 65 | 38462 | 0.16 | 1H | 65 | 38462 | 0.16 | 2H | 65 | 38462 | 0.16
48000 | OH 21 | 47619 |-0.79| 2H 13 | 48077 | 0.16 | 3H 13 | 48077 | 0.16 | 4H 13 | 48077 | 0.16
76800 | OH 13 | 76923 | 0.16 | OH | 33 | 75758 |-1.36| OH | 65 | 76923 | 0.16 | 1H | 65 | 76923 | 0.16
115200 OH 9 | 111111 |-3.55| 1H 11 | 113636 |-1.36| OH | 43 | 116279 | 0.94 | OH | 87 | 114943 |-0.22
153600 - - - - 1H 8 | 156250 | 1.73 | OH | 33 | 151515 |-1.36| 1H | 33 | 151515 [ -1.36
3125001 - - - - OH 8 | 312500 0 1H 8 | 312500 0 2H 8 | 312500 0

Remark TPS63to TPS60: Bits 3 to 0 of clock selection register 6 (CKSR6) (setting of base clock (fxcLks))

k: Value set by MDL67 to MDL60 bits of baud rate generator control register 6
(BRGCS6) (k=8, 9, 10, ..., 255)

frRs: Peripheral hardware clock 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 14-25. Permissible Baud Rate Range During Reception

Latch timing
\Y4 Y4 \Y4 Y4 Y% %7
\ \
Data frame length . . . . - .
of UART6 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 ) Paritybit) Stop bi
data frame length

FLmin

Maximum permissible \ Start bit /< Bit 0 X Bit 1 Bit 7 XParitybity Stop bit
data frame length

FLmax

—

As shown in Figure 14-25, the latch timing of the receive data is determined by the counter set by baud rate
generator control register 6 (BRGC6) 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 UART6
k: Set value of BRGC6

FL: 1-bit data length
Margin of latch timing: 2 clocks
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Minimum permissible data frame length: FLmin = 11 x FL - k=2

21k +2

x FL FL

2k

Therefore, the maximum receivable baud rate at the transmission destination is as follows.

Similarly, the maximum permissible data frame length can be calculated as follows.

10 Flmax=11xFL_X*2, p - 21k-2

11 2xk 2xk

FL

FLmax = 2X=2 F[ x 11
20k

Therefore, the minimum receivable baud rate at the transmission destination is as follows.

BRmin = (FLmax/11)™" = 2120k

Brate

328

The permissible baud rate error between UART6 and the transmission destination can be calculated from the

above minimum and maximum baud rate expressions, as follows.

Table 14-6. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
8 +3.53% -3.61%
20 +4.26% —-4.31%
50 +4.56% —4.58%
100 +4.66% —4.67%
255 +4.72% —4.73%

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 BRGC6
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(5) Data frame length during continuous transmission
When data is continuously transmitted, the data frame length from a stop bit to the next start bit is extended by
two clocks of base clock from the normal value. However, the result of communication is not affected because

the timing is initialized on the reception side when the start bit is detected.

Figure 14-26. Data Frame Length During Continuous Transmission

Start bit of

1 data frame '/ second byte
\ Start bit /< Bit 0 X Bit 1 x x Bit 7 XParity bity Stop bit \ Start bit A Bit 0 x
L FL FL

FL FLstp FL FL

FL F

Where the 1-bit data length is FL, the stop bit length is FLstp, and base clock frequency is fxciks, the following

expression is satisfied.
FLstp = FL + 2/fxcLke
Therefore, the data frame length during continuous transmission is:

Data frame length = 11 x FL + 2/fxcLke
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15.1 Functions of Serial Interface CSI10

Serial interface CSI10 has the following two modes.

Q)

)

Operation stop mode
3-wire serial I/0 mode

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 15.4.1 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 /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 15.4.2 3-wire serial /0 mode.

15.2 Configuration of Serial Interface CSI10

Serial interface CSI10 includes the following hardware.

330

Table 15-1. Configuration of Serial Interface CSI10

Item Configuration

Controller Transmit controller
Clock start/stop controller & clock phase controller

Registers Transmit buffer register 10 (SOTB10)
Serial I/O shift register 10 (SIO10)

Control registers Serial operation mode register 10 (CSIM10)
Serial clock selection register 10 (CSIC10)
Port mode register 1 (PM1)

Port register 1 (P1)
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Figure 15-1. Block Diagram of Serial Interface CSI10

2 Internal bus 2

I - , , I
Serial I/O shift Transmit buffer Output
SI0/P11/RxDO0 '}‘* b register 10 (51010) [* [register 10 (SOTB10) selector [} R—@SO10/P12

SCK10/P10/TxD0©

1)

)

Output latch

(P12)

|
|
1
|
| PM12

| Transmit data Output latch
controller

|
b e e e e e — — — — — — — — —— — — — ——— -

Transmit controller

frrs/2

frrs/22 i
frrs/23
frrs/2%
fprs/2°
fprs/28
frrs/27

Clock start/stop controller &
clock phase controller

% Baud rate generator
Output latch

PM10 (P10)

INTCSI10

Selector

Remark (a): SO10 output

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/O 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 signal generation sets this register to 00H.

Caution Do not access SOTB10 when CSOT10 = 1 (during serial communication).

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 signal generation sets this register to 00H.

Caution Do not access SIO10 when CSOT10 = 1 (during serial communication).
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15.3 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 Port register 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 signal generation sets this register to 00H.

Figure 15-2. Format of Serial Operation Mode Register 10 (CSIM10)

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"°®.
1 Enables operation
TRMD10""** Transmit/receive mode control
oMee® Receive mode (transmission disabled).
1 Transmit/receive mode
DIR1Q™"**® 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. To use P10/SCK10/TxDO and P12/SO10 as general-purpose ports, set CSIM10 in the default status
(O0OH).

3. Bit0(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 (see (a) in Figure 15-1) 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 signal generation sets this register to 00H.

Figure 15-3. 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 o | cketo | DpaPto | cksto2 | ckstor | ckstoo
CKP10 DAP10 Specification of data transmission/reception timing Type

0 0 sckio ~ L LT L L LI Lo 1

SO10 ___XD7XD6XD5XD4XD3XD2XD1XD0
SI10 input timing | I A S I O

0 1 sckio ~ L L L L L 2
S0O10 X D7 XD6XD5XD4XD3XD2XD1XD0
SI10 input timing | | | | | | | |

1 0 sckio _ [ LT LT LI LU 3
SO10 __XD7XD6XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |

1 1 sckio _ [ LT LML 4
S010 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
SHoinputtiming _ | | | | | | | |

CKS102 CKS101 CKS100 CSI10 serial clock selection Mode
frRs = frRs = frRs = frrs =
2 MHz 5 MHz 10 MHz 20 MHz
<R> 0 0 0 fers/2 | 1 MHz 25MHz |5 MHz Setting Master mode
prohibited

0 0 1 frrs/2° | 500 kHz 1.25MHz [25MHz |5 MHz

0 1 0 frrs/2° | 250 kHz [625kHz |1.25MHz |2.5 MHz

0 1 1 frrs/2* | 125 kHz 312.5kHz | 625 kHz 1.25 MHz

1 0 0 frrs/2° | 62.5 kHz | 156.25kHz | 312.5 kHz | 625 kHz

1 0 1 frrs/2° | 31.25 kHz | 78.13kHz | 156.25kHz | 312.5 kHz

1 1 0 frrs/2” | 15.63 kHz | 39.06 kHz | 78.13 kHz | 156.25 kHz

1 1 1 External clock input to SCK10 Slave mode

Cautions 1. Do not write to CSIC10 while CSIE10 = 1 (operation enabled).
2. To use P10/SCK10/TxD0 and P12/SO10 as general-purpose ports, set CSIC10 in the default
status (00H).
3. The phase type of the data clock is type 1 after reset.

Remark frrs: Peripheral hardware clock oscillation frequency
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(©)
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Port mode register 1 (PM1)

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

When using P10/SCK10 as the clock output pin of the serial interface, clear PM10 to 0, and set the output latches
of P10 to 1.

When using P12/SO10 as the data output pin of the serial interface, clear PM12 and the output latches of P12 to
0.

When using P10/SCK10 as the clock input pin of the serial interface and P11/SI10/RxD0 as the data input pin, set
PM10 and PM11 to 1. At this time, the output latches of P10 and P11 may be 0 or 1.

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets these registers to FFH.

Figure 15-4. 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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15.4 Operation of Serial Interface CSI10

Serial interface CSI10 can be used in the following two modes.
e Operation stop mode
e 3-wire serial I/O mode

15.4.1 Operation stop mode

Serial communication is not executed in this mode. Therefore, the power consumption can be reduced. In
addition, the P10/SCK10/TxD0, P11/SI10/RxD0, and P12/SO10 pins can be used as ordinary 1/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 signal generation sets CSIM1n to O0H.

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. To use P10/SCK10/TxD0 and P12/SO10 as general-purpose ports, set CSIM10 in the default
status (OOH).
2. Bit0(CSOT10) of CSIM10 and serial I/O shift register 10 (SIO10) are reset.
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15.4.2 3-wire serial /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

¢ Serial operation mode register 10 (CSIM10)
¢ Serial clock selection register 10 (CSIC10)
e Port mode register 1 (PM1)

e Port register 1 (P1)

The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1>
<2>
<3>

<4>

Set the CSIC10 register (see Figures 15-3).

Set bits 0, 4, and 6 (CSOT10, DIR10, and TRMD10) of the CSIM10 register (see Figures 15-2).
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 (SI010). — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode register

336

and port register.
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The relationship between the register settings and pins is shown below.

Table 15-2. Relationship Between Register Settings and Pins

CSIE10 [TRMD10| PM11 P11 PM12 P12 PM10 P10 CSI10 Pin Function
Operation | g110/RxD0/ | SO10/P12 | SCK10/
P11 TxDO/P10
0 X >(Note 1 >(Note 1 ><Nme 1 XNcle 1 >(Note 1 ><Nme 1 StOp RX DO/P1 1 P1 2 TXDO/
P1 OND(e2
1 0 1 X Mottt 1 X Slave SI10 P12 SCK10
reception™** (input)**®
1 1 e e 0 0 1 X Slave RxDO0/P11 S0O10 SCK10
transmission"** (input)*®
1 1 1 X 0 0 1 X Slave S0 S0O10 SCK10
transmission/ (input)*®
reception™™**
1 0 1 X et | et 0 1 Master reception S0 P12 SCK10
(output)
1 1 et |y ot 0 0 0 1 Master RxDO/P11 | SO10 SCK10
transmission (output)
1 1 1 X 0 0 0 1 Master S0 S010 SCK10
transmission/ (output)
reception
Notes 1. Can be set as port function.

2. Touse P10/SCK10/TxDO0 as port pins, clear CKP10 to 0.
3. To use the slave mode, set CKS102, CKS101, and CKS100to 1, 1, 1.

Remark x:

CSIE10:
TRMD10:
CKP10:
CKS102, CKS101, CKS100:

PM1x:
P1x:

don’t care

Bit 7 of serial operation mode register 10 (CSIM10)

Bit 6 of CSIM10

Bit 4 of serial clock selection register 10 (CSIC10)
Bits 2 to 0 of CSIC10

Port mode register

Port output latch
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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).
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-Wire Serial I/0 Mode (1/2)

Figure 15-5. Timing in 3

=0)

0, CKP10 = 0, DAP10

(a) Transmission/reception timing (Type 1: TRMD10 = 1, DIR10

Read/write trigger

)

55H (cor"nmu'nicat'ion d'ata

X ABH X s6H X ADH } 5AH X B5H X 6AH X DsH JAAH

SI010

CSOT10

INTCSI10

CSIIF10

SI10 (receive AAH)

SO10

55H is written to SOTB10.
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340

Figure 15-5. Timing in 3-Wire Serial I/0 Mode (2/2)

(b) Transmission/reception timing (Type 2: TRMD10 =1, DIR10 =0, CKP10 = 0, DAP10 = 1)

SCK10 ¥ |_

Read/writetrigger_n I N U U U U N N T S N N

SOTB10 : 'x : ! 55H (co;'nmu.nicat'ion data) ' ' : : : : ' ' '

soto | \Asr { sor )\ ADn Y san ) es Y _ean ) osr | Aan

o L
wosno L L L T
SI10 (input AAH) ; ; | E | ; | E | ; | E | ; I E I ; ;
010 __

55H is written to SOTB10.
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Figure 15-6. Timing of Clock/Data Phase

(a) Type 1: CKP10 = 0, DAP10 = 0, DIR10 = 0

SCK10
SI10 capture : | | | | | | | |

S010 ' X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
Writing to SOTB10 or
reading from SIO10 :

csiFto L II
CSOT10 '. I_.

(b) Type 2: CKP10 =0, DAP10 =1, DIR10 = 0

SCK10 i

SI10 capture : | | | | | | | [

S010 X D7 X D6 X D5 X D2 X D3 X D2 X b1 X Do X
Writing to SOTB10 or I-l ,
reading from SIO10 ;

csiFio ~ L II
CSOT10 '. '.

(c) Type 3: CKP10 =1, DAP10=0, DIR10=0

SCK10 1
SI10 capture : | | | | | | | |

S010 5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X D0
Writing to SOTB10 or I-l ,
reading from SIO10

CSIIF10 | I
CSOT10 l l

(d) Type 4: CKP10 =1, DAP10 = 1, DIR10 = 0

SCK10 1
SI10 capture : | | | | | | | [

S010 X D7 X D6 X D5 X D2 X D3 X D2 X D1 X Do X
Writing to SOTB10 or I-l ,
reading from SIO10

CSIIF10 | I
CSOT10 l l

Remark The above figure illustrates a communication operation where data is transmitted with the MSB first.
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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 15-7. Output Operation of First Bit (1/2)

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10
SIO10
Output latch

S0O10

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10

SIO10

Output latch

SO10

(a) Type 1: CKP10 =0, DAP10=0

—

—

First bit

(b) Type 3: CKP10 =1, DAP10=0

X 2ndbit

-S> -

N S

—

First bit

X 2n(; 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.

342
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Figure 15-7. Output Operation of First Bit (2/2)

(c) Type 2: CKP10 = 0, DAP10 = 1

SCKT0 ; |
" reating rom 31010 [ I B B
SOTB10 X
SI010 E X . X 5
Output latch X \ X
SO10 X First\b?it X 2ncj bit X 3rd bit
(d) Type 4: CKP10=1, DAP10=1
SCK10 ; | | | I
e T
SOTB10 X : :
Slo10 | X N X :
Output latch : : X \: X
So10 X Firs;lbit X 2nc; 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 SI110 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.

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10
SI010
Output latch

SO10

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10

SI010
Output latch

SO10
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(a) Type 1: CKP10 =0, DAP10=0

Figure 15-8. Output Value of SO10 Pin (Last Bit) (1/2)

—

( « Next request is issued.)

b > -

-
X |

Last bit

(b) Type 3: CKP10=1,DAP10=0

R R __><.__.__. _————

Last bit
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SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10
SI010
Output latch

SO10

SCK10

Writing to SOTB10 or
reading from SIO10

SOTB10

SIO10

Output latch

S010

(c) Type 2: CKP10 =0, DAP10 = 1

Figure 15-8. Output Value of SO10 Pin (Last Bit) (2/2)

| | ( < Next request is issued.)

A

4----b--- b ><-F---F----

J---4- ....->.<..-.-.. _————

Last bit

(d) Type 4: CKP10 =1, DAP10 = 1

X

| (< Next request is issued.)

1---1-1---1-><-}--4 ....| -

4---4-4--- -.>.<.---..- _———

Last bit

X
X
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(5) SO10 output (see (a) in Figure 15-1)

346

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 15-3. SO10 Output Status
TRMD10 DAP10 DIR10 S010 Output™™’
TRMD10 = Q"*? - - 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. The actual output of the SO10/P12 pin is determined according to PM12 and P12, as well as
the 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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16.1 Functions of Serial Interface IICO

Serial interface 1ICO has the following two modes.

M

)

Operation stop mode
This mode is used when serial transfers are not performed. It can therefore be used to reduce power

consumption.

I’C bus mode (multimaster supported)

This mode is used for 8-bit data transfers with several devices via two lines: a serial clock (SCLO) line and a
serial data bus (SDADO) line.

This mode complies with the I°C bus format and the master device can generated “start condition”, *
“transfer direction specification”, “data”, and “stop condition” data to the slave device, via the serial data bus.
The slave device automatically detects these received status and data by hardware. This function can simplify
the part of application program that controls the I°C bus.

Since the SCLO and SDAO pins are used for open drain outputs, [ICO requires pull-up resistors for the serial
clock line and the serial data bus line.

address”,

Figure 16-1 shows a block diagram of serial interface 11CO.
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Figure 16-1. Block Diagram of Serial Interface 11ICO

Internal bus

IIC status register 0 (IICS0)
|MSTSO‘ALDO‘EXCO‘COIO TRCO‘ACKDO‘STDO‘SPDO|
1IC control register 0 (IICCO)
|IICEO‘LRELO‘WRELO‘SPIEO‘WTIMO‘ACKEO‘ STTO ‘ SPTO|
Slave address
SoA0/ register 0 (SVA)|  Clear st
P61 © E Y Match Set generator
Noise Usignal \
eliminator
vt 4
SO latch Stop
T 11C shift CE 001 condition
register 0 (11C0) ) generator
DFCO I CL0O
Data hold
TRCO time correction
N-ch open- circuit
drain output
ACK
Output control | generator Wake-up
controller
I ACK detector 1
$—|  Start condition
> detector
|  Stop condition
SCLO/© detector +
P60 Interrupt request
Noise || | Serial clock . signal generator [ INTIICO
eliminator counter ;
Y _iicso.msTso,
T—DFCO Serial clock EXCo, COIo
Serial clock wait controller  |«—|IC shift register 0 (1IC0) Y
N-ch opon controller y ] Bus status
drain output IICC0.STTO, SPTO detector
1IICS0.MSTS0, EXCO, COI0 T
frRs ——w»{ Prescaler |«—
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|CLDO‘DADO‘SMCO

DFCO‘ CLo1 ‘ CLoo

|CLXO|

1IC clock selection

register 0 (IICCLO)

| STCF ‘IICBSY

STCEN ‘ IICRSV

1IC function expansion
register 0 (1ICX0)

IIC flag register 0
(lICF0)

Internal bus

S
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Figure 16-2 shows a serial bus configuration example.

Figure 16-2. Serial Bus Configuration Example Using I’C Bus

+ Vop + Vob

Serial data b
Master CPU1 SDAO erial aata bus SDAO Master CPU2
Slave CPU1 Serial clock Slave CPU2
erial clocl
Address 0 SCLO SCLo Address 1
SDAO Slave CPU3
SCLO Address 2
SDAO Slave IC
SCLO Address 3
SDAO Slave IC
SCLO Address N
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16.2 Configuration of Serial Interface 1ICO

Serial interface 11CO includes the following hardware.

(1

)

350

Table 16-1. Configuration of Serial Interface 11C0

Item Configuration

Registers 1IC shift register 0 (11C0)
Slave address register 0 (SVAOQ)

Control registers IIC control register 0 (11ICCO0)

1IC status register 0 (IICS0)

IIC flag register 0 (IICF0)

1IC clock selection register 0 (IICCLO)
1IC function expansion register 0 (IICX0)
Port mode register 6 (PM6)

Port register 6 (P6)

lIC shift register 0 (1IC0)

IICO is used to convert 8-bit serial data to 8-bit parallel data and vice versa in synchronization with the serial
clock. 1ICO can be used for both transmission and reception.

The actual transmit and receive operations can be controlled by writing and reading operations to 11CO.

Cancel the wait state and start data transfer by writing data to 11C0 during the wait period.

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

Reset signal generation sets [ICO to O0H.

Figure 16-3. Format of IIC Shift Register 0 (11IC0)
Address: FFASH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
co | | | | | | | | |

Cautions 1. Do not write data to 1ICO during data transfer.

2. Write or read IICO only during the wait period. Accessing IIC0O in a communication state
other than during the wait period is prohibited. When the device serves as the master,
however, IICO can be written only once after the communication trigger bit (STTO) is set to
1.

Slave address register 0 (SVA0)

This register stores local addresses when in slave mode.

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

However, rewriting to this register is prohibited while STDO = 1 (while the start condition is detected).
Reset signal generation sets SVAO to 00H.

Figure 16-4. Format of Slave Address Register 0 (SVA0)
Address: FFA7H  Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
svao | | | | | | | o |

Note Bit 0 is fixed to 0.
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@)

(4)

®)

(6)

@

@®)

©)

SO latch
The SO latch is used to retain the SDAO pin’s output level.

Wake-up controller

This circuit generates an interrupt request (INTIICO) when the address received by this register matches the

address value set to slave address register 0 (SVAO) or when an extension code is received.

Prescaler
This selects the sampling clock to be used.

Serial clock counter

This counter counts the serial clocks that are output or input during transmit/receive operations and is used to

verify that 8-bit data was transmitted or received.

Interrupt request signal generator

This circuit controls the generation of interrupt request signals (INTIICO).

An I’C interrupt request is generated by the following two triggers.

* Falling edge of eighth or ninth clock of the serial clock (set by WTIMO bit)

* Interrupt request generated when a stop condition is detected (set by SPIEQ bit)

Remark WTIMO bit: Bit 3 of IIC control register 0 (IICCO)
SPIEOQ bit:  Bit 4 of IIC control register 0 (1ICCO0)

Serial clock controller
In master mode, this circuit generates the clock output via the SCLO pin from a sampling clock.

Serial clock wait controller
This circuit controls the wait timing.

(10) ACK generator, stop condition detector, start condition detector, and ACK detector

These circuits generate and detect each status.

(11) Data hold time correction circuit

This circuit generates the hold time for data corresponding to the falling edge of the serial clock.

(12) Start condition generator

This circuit generates a start condition when the STTO bit is set to 1.

However, in the communication reservation disabled status (IICRSV bit = 1), when the bus is not released

(ICBSY bit = 1), start condition requests are ignored and the STCF bit is set to 1.

(13) Stop condition generator

This circuit generates a stop condition when the SPTO bit is set to 1.
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(14) Bus status detector
This circuit detects whether or not the bus is released by detecting start conditions and stop conditions.
However, as the bus status cannot be detected immediately following operation, the initial status is set by the
STCEN bit.

Remark STTO bit: Bit 1 of IIC control register 0 (11CCO0)
SPTO bit:  Bit 0 of 1IC control register 0 (IICCO)
IICRSV bit:  Bit 0 of lIC flag register 0
IICBSY bit: Bit 6 of IIC flag register 0
STCF bit:  Bit 7 of lIC flag register 0
STCEN bit: Bit 1 of lIC flag register 0
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16.3 Registers to Control Serial Interface 11ICO
Serial interface 11CO is controlled by the following seven registers.

* 1IC control register 0 (IICCO)

* |IC flag register 0 (IICFO0)

* |IC status register 0 (1ICS0)

* 1IC clock selection register 0 (1ICCLO)

* |IC function expansion register 0 (11CX0)
¢ Port mode register 6 (PM6)

* Port register 6 (P6)

(1) lIC control register 0 (1ICCO0)
This register is used to enable/stop I°C operations, set wait timing, and set other I°C operations.
IICCO is set by a 1-bit or 8-bit memory manipulation instruction. However, set the SPIEOQ, WTIMO, and ACKEO
bits while [ICEO bit = 0 or during the wait period. These bits can be set at the same time when the [ICEO bit is
set from “0” to “1”.
Reset signal generation sets IICCO to 00H.
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Figure 16-5. Format of IIC Control Register 0 (11ICC0) (1/4)

Address: FFAG6H After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IICCO IICEO LRELO WRELO SPIEO WTIMO ACKEO STTO SPTO
IICEO I’C operation enable
0 Stop operation. Reset IIC status register 0 (IICS0)"*". Stop internal operation.
1 Enable operation.

Be sure to set this bit (1) while the SCLO and SDAQO lines are at high level.

Condition for clearing (IICEO = 0) Condition for setting (IICEO = 1)
o Cleared by instruction e Set by instruction
* Reset
LRELO™"? Exit from communications
0 Normal operation
1 This exits from the current communications and sets standby mode. This setting is automatically cleared after

being executed.

Its uses include cases in which a locally irrelevant extension code has been received.

The SCLO and SDAO lines are set to high impedance.

The following flags of 1IC control register 0 (IICCO0) and IIC status register 0 (IICS0) are cleared to 0.
¢ STTO *SPTO *MSTSO *EXCO «COI0 «TRCO ¢ACKDO ¢ STDO

The standby mode following exit from communications remains in effect until the following communications entry conditions
are met.

» After a stop condition is detected, restart is in master mode.

* An address match or extension code reception occurs after the start condition.

Condition for clearing (LRELO = 0) Condition for setting (LRELO = 1)
* Automatically cleared after execution ¢ Set by instruction
¢ Reset
WRELOQ""** Wait cancellation
0 Do not cancel wait
1 Cancel wait. This setting is automatically cleared after wait is canceled.

When WRELDO is set (wait canceled) during the wait period at the ninth clock pulse in the transmission status (TRCO = 1), the
SDAO line goes into the high impedance state (TRCO = 0).

Condition for clearing (WRELO = 0) Condition for setting (WRELO = 1)
* Automatically cleared after execution e Set by instruction
* Reset

Notes 1. The IICSO register, the STCFO0 and IICBSY bits of the [ICFO register, and the CLDO and DADO bits of the
IICCLO register are reset.
2. This flag’s signal is invalid when IICEQ = 0.

Caution The start condition is detected immediately after I°C is enabled to operate (IICE0 = 1) while the
SCLO line is at high level and the SDAO line is at low level. Immediately after enabling I°C to
operate (IICEO = 1), set LRELO (1) by using a 1-bit memory manipulation instruction.
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Figure 16-5. Format of IIC Control Register 0 (1ICCO0) (2/4)

SPIEQ™™"" Enable/disable generation of interrupt request when stop condition is detected

0 Disable
1 Enable

Condition for clearing (SPIEO = 0) Condition for setting (SPIEOQ = 1)

o Cleared by instruction e Set by instruction

* Reset

WTIMO™™! Control of wait and interrupt request generation
0 Interrupt request is generated at the eighth clock’s falling edge.

Master mode: After output of eight clocks, clock output is set to low level and wait is set.
Slave mode: After input of eight clocks, the clock is set to low level and wait is set for master device.

1 Interrupt request is generated at the ninth clock’s falling edge.
Master mode: After output of nine clocks, clock output is set to low level and wait is set.
Slave mode: After input of nine clocks, the clock is set to low level and wait is set for master device.

An interrupt is generated at the falling edge of the ninth clock during address transfer independently of the setting of this bit.
The setting of this bit is valid when the address transfer is completed. When in master mode, a wait is inserted at the falling
edge of the ninth clock during address transfers. For a slave device that has received a local address, a wait is inserted at the
falling edge of the ninth clock after an acknowledge signal (AC_K) is issued. However, when the slave device has received an
extension code, a wait is inserted at the falling edge of the eighth clock.

Condition for clearing (WTIMO = 0) Condition for setting (WTIMO = 1)
o Cleared by instruction e Set by instruction
¢ Reset
ACKEQ"™"* Acknowledgment control
0 Disable acknowledgment.
1 Enable acknowledgment. During the ninth clock period, the SDAO line is set to low level. However, ACK is
invalid during address transfers and other than in expansion mode.
Condition for clearing (ACKEOQ = 0) Condition for setting (ACKEO = 1)
o Cleared by instruction e Set by instruction
* Reset

Notes 1. This flag’s signal is invalid when IICEO = 0.
2. The set value is invalid during address transfer and if the code is not an extension code.
When the device serves as a slave and the addresses match, an acknowledge signal is generated
regardless of the set value.
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Figure 16-5. Format of IIC Control Register 0 (11ICC0) (3/4)

STTO™™

Start condition trigger

Do not generate a start condition.

When bus is released (in STOP mode):
Generate a start condition (for starting as master). When the SCLO line is high level, the SDAO line is changed
from high level to low level and then the start condition is generated. Next, after the rated amount of time has
elapsed, SCLO is changed to low level.
When a third party is communicating:
o When communication reservation function is enabled (ICRSV = 0)
Functions as the start condition reservation flag. When set to 1, automatically generates a start condition
after the bus is released.
¢ When communication reservation function is disabled (IICRSV = 1)
STCF is set to 1 and information that is set (1) to STTO is cleared. No start condition is generated.
In the wait state (when master device):
Generates a restart condition after releasing the wait.

Cautions concerning set timing
o For master reception: Cannot be set to 1 during transfer. Can be set to 1 only in the waiting period when ACKEO has

been cleared to 0 and slave has been notified of final reception.

¢ For master transmission: A start condition cannot be generated normally during the acknowledge period. Set to 1 during

the wait period that follows output of the ninth clock.

e Cannot be set to 1 at the same time as SPTO.
o Setting STTO to 1 and then setting it again before it is cleared to 0 is prohibited.

Condition for clearing (STTO = 0) Condition for setting (STTO = 1)

* Reset

¢ Cleared by setting SSTO to 1 while communication e Set by instruction
reservation is prohibited.

o Cleared by loss in arbitration

o Cleared after start condition is generated by master device

e Cleared by LRELO = 1 (exit from communications)

e When |ICEO = 0 (operation stop)

Note This flag’s signal is invalid when IICEOQ = 0.

Remarks 1. Bit 1 (STTO) becomes 0 when it is read after data setting.

356

2. IICRSV: Bit 0 of IIC flag register (IICFO0)
STCF: Bit 7 of lIC flag register (IICFO)
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Figure 16-5. Format of IIC Control Register 0 (1ICCO0) (4/4)

SPTO Stop condition trigger
0 Stop condition is not generated.
1 Stop condition is generated (termination of master device’s transfer).

After the SDAO line goes to low level, either set the SCLO line to high level or wait until it goes to high level. Next,
after the rated amount of time has elapsed, the SDAO line changes from low level to high level and a stop
condition is generated.

Cautions concerning set timing

* For master reception: Cannot be set to 1 during transfer.

Can be set to 1 only in the waiting period when ACKEO has been cleared to 0 and slave has been
notified of final reception.

» For master transmission: A stop condition cannot be generated normally during the acknowledge period. Therefore, set it

during the wait period that follows output of the ninth clock.

e Cannot be set to 1 at the same time as STTO.

¢ SPTO can be set to 1 only when in master mode™°".

* When WTIMO has been cleared to 0, if SPTO is set to 1 during the wait period that follows output of eight clocks, note that a
stop condition will be generated during the high-level period of the ninth clock. WTIMO should be changed from 0 to 1 during
the wait period following the output of eight clocks, and SPTO should be set to 1 during the wait period that follows the output
of the ninth clock.

e Setting SPTO to 1 and then setting it again before it is cleared to 0 is prohibited.

Condition for clearing (SPT0 = 0) Condition for setting (SPTO = 1)

o Cleared by loss in arbitration e Set by instruction
* Automatically cleared after stop condition is detected
o Cleared by LRELO = 1 (exit from communications)

e When IICEO = 0 (operation stop)

* Reset

Note Set SPTO to 1 only in master mode. However, SPTO must be set to 1 and a stop condition generated before
the first stop condition is detected following the switch to the operation enabled status. For details, see
16.5.15 Other cautions.

Caution When bit 3 (TRCO) of IIC status register 0 (IICS0) is set to 1, WRELO is set to 1 during the ninth
clock and wait is canceled, after which TRCO is cleared and the SDAOQ line is set to high

impedance.

Remark Bit 0 (SPTO) becomes 0 when it is read after data setting.
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(2) IIC status register 0 (1ICS0)
This register indicates the status of I°C.
IICSO0 is read by a 1-bit or 8-bit memory manipulation instruction only when STTO = 1 and during the wait
period.
Reset signal generation sets [ICS0 to 00H.

Caution If data is read from IICS0, a wait cycle is generated. Do not read data from IICSO when the
CPU is operating on the subsystem clock and the peripheral hardware clock is stopped. For
details, see CHAPTER 29 CAUTIONS FOR WAIT.

Figure 16-6. Format of IIC Status Register 0 (IICS0) (1/3)

Address: FFAAH After reset: 00H R
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
1ICS0 | MSTSO0 ‘ ALDO | EXCO ‘ COI0 ‘ TRCO ‘ ACKDO ‘ STDO | SPDO |
MSTSO Master device status
0 Slave device status or communication standby status
1 Master device communication status
Condition for clearing (MSTSO0 = 0) Condition for setting (MSTSO0 = 1)
* When a stop condition is detected * When a start condition is generated

e When ALDO = 1 (arbitration loss)
e Cleared by LRELO = 1 (exit from communications)
e When IICEO changes from 1 to 0 (operation stop)

* Reset
ALDO Detection of arbitration loss
0 This status means either that there was no arbitration or that the arbitration result was a “win”.
1 This status indicates the arbitration result was a “loss”. MSTSO is cleared.
Condition for clearing (ALDO = 0) Condition for setting (ALDO = 1)

Note

» Automatically cleared after IICSO is read * When the arbitration result is a “loss”.

e When |[ICEO changes from 1 to 0 (operation stop)

* Reset
EXCO Detection of extension code reception
0 Extension code was not received.
1 Extension code was received.
Condition for clearing (EXCO = 0) Condition for setting (EXCO = 1)
* When a start condition is detected * When the higher four bits of the received address data is
e When a stop condition is detected either “0000” or “1111” (set at the rising edge of the
o Cleared by LRELO = 1 (exit from communications) eighth clock).
e When IICEO changes from 1 to 0 (operation stop)
* Reset

Note This register is also cleared when a 1-bit memory manipulation instruction is executed for bits other
than 1ICS0. Therefore, when using the ALDO bit, read the data of this bit before the data of the other
bits.

Remark LRELO: Bit 6 of IIC control register 0 (11ICCO0)
IICEO: Bit 7 of IIC control register 0 (IICCO0)
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Figure 16-6. Format of IIC Status Register 0 (IICS0) (2/3)

CcOlo Detection of matching addresses
0 Addresses do not match.
1 Addresses match.

Condition for clearing (COIO = 0)

Condition for setting (COIO0 = 1)

e When a start condition is detected

* When a stop condition is detected

o Cleared by LRELO = 1 (exit from communications)
* When IICEO changes from 1 to 0 (operation stop)
* Reset

* When the received address matches the local address
(slave address register 0 (SVAO0))
(set at the rising edge of the eighth clock).

TRCO Detection of transmit/receive status
0 Receive status (other than transmit status). The SDAQO line is set for high impedance.
1 Transmit status. The value in the SOO latch is enabled for output to the SDAO line (valid starting at the
falling edge of the first byte’s ninth clock).

Condition for clearing (TRCO = 0)

Condition for setting (TRCO = 1)

<Both master and slave>

e When a stop condition is detected

o Cleared by LRELO = 1 (exit from communications)

¢ When IICEO changes from 1 to O (operation stop)

e Cleared by WRELO = 1" (wait cancel)

e When ALDO changes from 0 to 1 (arbitration loss)

* Reset

<Master>

e When “1” is output to the first byte’s LSB (transfer
direction specification bit)

<Slave>

* When a start condition is detected

e When “0” is input to the first byte’s LSB (transfer direction
specification bit)

<When not used for communication>

<Master>

¢ When a start condition is generated

¢ When “0” is output to the first byte’s LSB (transfer
direction specification bit)

<Slave>

e When “1” is input to the first byte’s LSB (transfer
direction specification bit)

Note If the wait status is canceled by setting bit 5 (WRELO) of IIC control register 0 (IICCO0) to 1 at the ninth
clock when bit 3 (TRCO) of IIC status register 0 (IICS0) is 1, TRCO is cleared, and the SDAO line goes

into a high-impedance state.

Remark LRELO: Bit 6 of IIC control register 0 (1ICCO0)
IICEO: Bit 7 of lIC control register 0 (IICCO)
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Figure 16-6. Format of IIC Status Register 0 (I1ICS0) (3/3)

ACKDO Detection of acknowledge (ACK)
0 Acknowledge was not detected.
1 Acknowledge was detected.

Condition for clearing (ACKDO = 0)

Condition for setting (ACKDO = 1)

o When a stop condition is detected

» At the rising edge of the next byte’s first clock

e Cleared by LRELO = 1 (exit from communications)
* When |[ICEO changes from 1 to 0 (operation stop)
¢ Reset

o After the SDAO line is set to low level at the rising edge of
SCLO’s ninth clock

STDO Detection of start condition
0 Start condition was not detected.
1 Start condition was detected. This indicates that the address transfer period is in effect.

Condition for clearing (STDO = 0)

Condition for setting (STDO = 1)

* When a stop condition is detected

At the rising edge of the next byte’s first clock following
address transfer

o Cleared by LRELO = 1 (exit from communications)

* When IICEO changes from 1 to O (operation stop)

* Reset

¢ When a start condition is detected

SPDO Detection of stop condition
0 Stop condition was not detected.
1 Stop condition was detected. The master device’s communication is terminated and the bus is released.

Condition for clearing (SPDO = 0)

Condition for setting (SPDO = 1)

o At the rising edge of the address transfer byte’s first
clock following setting of this bit and detection of a start
condition

e When IICEO changes from 1 to O (operation stop)

* Reset

* When a stop condition is detected

Remark LRELO: Bit 6 of IIC control register 0 (11ICCO0)
IICEO: Bit 7 of IIC control register 0 (IICCO0)

(3) lIC flag register 0 (IICFO0)
This register sets the operation mode of I°C and indicates the status of the I’C bus.

360

IICFO is set by a 1-bit or 8-bit memory manipulation instruction. However, the STCF and IICBSY bits are read-

only.

The IICRSV bit can be used to enable/disable the communication reservation function (see 16.5.14

Communication reservation).

STCEN can be used to set the initial value of the IICBSY bit (see 16.5.15 Other cautions).

IICRSV and STCEN can be written only when the operation of I°C is disabled (bit 7 (IICEOQ) of IIC control

register O (IICCO0) = 0). When operation is enabled, the IICFO0 register can be read.

Reset signal generation sets [ICFO to O0H.
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Figure 16-7. Format of IIC Flag Register 0 (IICF0)

Address: FFABH After reset: 00H R/WNete

Symbol <7> <6> 5 4 3 2 <1> <0>
icFo | stoF lneesy | o | o | o | o |sTcen|icrsy |
STCF STTO clear flag
0 Generate start condition
1 Start condition generation unsuccessful: clear STTO flag
Condition for clearing (STCF = 0) Condition for setting (STCF = 1)
e Cleared by STTO =1 e Generating start condition unsuccessful and STTO
e When IICEO = 0 (operation stop) cleared to 0 when communication reservation is
¢ Reset disabled (ICRSV = 1).
IICBSY I°C bus status flag
0 Bus release status (communication initial status when STCENO = 1)
1 Bus communication status (communication initial status when STCENO = 0)
Condition for clearing (IICBSY = 0) Condition for setting (IICBSY = 1)
¢ Detection of stop condition e Detection of start condition
e When IICEOQ = 0 (operation stop) o Setting of ICEO when STCEN =0
¢ Reset
STCEN Initial start enable trigger
0 After operation is enabled (IICEO = 1), enable generation of a start condition upon detection of
a stop condition.
1 After operation is enabled (IICEO = 1), enable generation of a start condition without detecting
a stop condition.
Condition for clearing (STCEN = 0) Condition for setting (STCEN = 1)
o Detection of stop condition ¢ Set by instruction
e Reset
IICRSV Communication reservation function disable bit
0 Enable communication reservation
1 Disable communication reservation
Condition for clearing (IICRSV = 0) Condition for setting (ICRSV = 1)
o Cleared by instruction e Set by instruction
e Reset

Note Bits 6 and 7 are read-only.

Cautions 1. Write to STCEN only when the operation is stopped (IICEO = 0).

2. As the bus release status (IICBSY = 0) is recognized regardless of the actual bus
status when STCEN = 1, when generating the first start condition (STTO0 = 1), it is
necessary to verify that no third party communications are in progress in order to

prevent such communications from being destroyed.
3. Write to IICRSV only when the operation is stopped (IICEO = 0).

Remark STTO: Bit 1 of IIC control register 0 (IICCO)
IICEQ: Bit 7 of 1IC control register 0 (1ICCO0)
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(4) IIC clock selection register 0 (IICCLO0)
This register is used to set the transfer clock for the I°C bus.
IICCLO is set by a 1-bit or 8-bit memory manipulation instruction. However, the CLDO and DADO bits are read-
only. The SMCO, CLO1, and CLOO bits are set in combination with bit 0 (CLXO0) of IIC function expansion
register O (IICXO0) (see 16.3 (6) I°C transfer clock setting method).
Set IICCLO while bit 7 (IICEO) of IIC control register 0 (IICCO) is 0.
Reset signal generation sets [ICCLO to O0H.

Figure 16-8. Format of IIC Clock Selection Register 0 (IICCLO0) (1/2)

Address: FFA8H After reset: 0OH  R/W"*
Symbol 7 6 <5> <4> <3> <2> 1 0
lICCLO 0 0 CLDO DADO SMCO DFCO CLot CLO0O
CLDO Detection of SCLO pin level (valid only when IICEO = 1)
0 The SCLO pin was detected at low level.
1 The SCLO pin was detected at high level.
Condition for clearing (CLDO = 0) Condition for setting (CLDO = 1)
¢ When the SCLO pin is at low level o When the SCLO pin is at high level
e When |ICEO = 0 (operation stop)
* Reset
DADO Detection of SDAO pin level (valid only when IICEO = 1)
0 The SDAO pin was detected at low level.
1 The SDAO pin was detected at high level.
Condition for clearing (DADO = 0) Condition for setting (DADO = 1)
e When the SDAO pin is at low level o When the SDAO pin is at high level
e When IICEO = 0 (operation stop)
¢ Reset

Note Bits 4 and 5 are read-only.
Remark |ICEOQ: Bit 7 of IIC control register 0 (11ICCO0)

Figure 16-8. Format of IIC Clock Selection Register 0 (IICCLO0) (2/2)

SMCO Operation mode switching
0 Operates in standard mode.
1 Operates in high-speed mode.
DFCO Digital filter operation control
0 Digital filter off.
1 Digital filter on.
Digital filter can be used only in high-speed mode.
In high-speed mode, the transfer clock does not vary regardless of DFCO bit set (1)/clear (0).
The digital filter is used for noise elimination in high-speed mode.
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(5) lIC function expansion register 0 (IICX0)
This register sets the function expansion of I’C.
IICX0 is set by a 1-bit or 8-bit memory manipulation instruction. The CLXO bit is set in combination with bits 3,
1, and 0 (SMCO, CLO1, and CLOO) of IIC clock selection register 0 (IICCLO) (see 16.3 (6) I°C transfer clock
setting method).
Set 1ICX0 while bit 7 (IICEOQ) of IIC control register 0 (IICCO) is 0.
Reset signal generation sets 11ICX0 to 00H.

Figure 16-9. Format of IIC Function Expansion Register 0 (IICX0)

Address: FFA9H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 <0>
IICX0 0 0 0 0 0 0 0 CLX0

(6) I°C transfer clock setting method
The I°C transfer clock frequency (fscL) is calculated using the following expression.

fscL=1/(mxT + R + tF)

m =12, 18, 24, 44, 66, 86 (see Table 16-2 Selection Clock Setting)
T. 1/iw

tR:  SCLO rise time

tr: SCLO fall time
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For example, the I’C transfer clock frequency (fscL) when fw = frrs/2 = 4.19 MHz, m = 86, tr = 200 ns, and tF =
50 ns is calculated using following expression.

fscL = 1/(88 x 238.7 ns + 200 ns + 50 ns) = 48.1 kHz

mxT+tr+tr
tr_| m2xT F m2xT
SCLO \
— N\
SCLO inversion SCLO inversion SCLO inversion

The selection clock is set using a combination of bits 3, 1, and 0 (SMCO, CLO1, and CL00) of 1IC clock selection
register O (IICCLO) and bit 0 (CLXO) of IIC function expansion register 0 (11CX0).

Table 16-2. Selection Clock Setting

1ICX0 IICCLO Selection Clock Transfer Clock Settable Selection Clock Operation Mode
Bito | Bit3 | Bit1 | Bit0 (fw) (fw/m) (fw) Range
CLXO0 | SMCO0 | CLO1 | CLOO
0 0 0 0 frrs/2 fw/44 2.00 to 4.19 MHz Normal mode
0 0 0 1| fers/2 fw/86 419 t0 8.38 MHz (SMCO bit = 0)
0 0 1 0 fers/4 fw/86
0 0 1 1 Setting prohibited
0 1 0 X frrs/2 fw/24 4.00 to 8.38 MHz High-speed mode
0 1 1 0 |fers/a fw/24 (SMCO bit =1)
0 1 1 1 Setting prohibited
1 0 X X
1 1 0 X frrs/2 fw/12 4.00 to 4.19 MHz High-speed mode
1 1 1 0 |fers/4 fw/12 (SMCO bit = 1)
1 1 1 1 Setting prohibited

Caution Determine the transfer clock frequency of FC by using CLX0, SMCO, CL01, and CLOO before
enabling the operation (by setting bit 7 (IICE0) of IIC control register 0 (IICCO0) to 1). To change
the transfer clock frequency, clear IICEQ once to 0.

Remarks 1. x: don’t care
2. frRrs: Peripheral hardware clock frequency
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(7) Port mode register 6 (PM6)
This register sets the input/output of port 6 in 1-bit units.

When using the P60/SCLO pin as clock I/0O and the P61/SDAO pin as serial data I/O, clear PM60 and PM61,
and the output latches of P60 and P61 to O.

Set IICEO (bit 7 of IIC control register 0 (IICC0)) to 1 before setting the output mode because the P60/SCLO
and P61/SDAO pins output a low level (fixed) when IICEOQ is 0.

PM6 is set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets PM6 to FFH.

Figure 16-10. Format of Port Mode Register 6 (PM6)

Address: FF26H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM6 1 1 1 1 1 PM62 PM61 PM60
PM61 SDAO pin 1/0 mode selection
0 Output mode (output buffer on)
1 Input mode (output buffer off)
PM60 SCLO pin I/0 mode selection
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Caution After a reset release, be sure to set bit 2 to 0.
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16.4 I’C Bus Mode Functions

16.4.1 Pin configuration
The serial clock pin (SCLO) and serial data bus pin (SDAOQ) are configured as follows.

(1) ScCLo....... This pin is used for serial clock input and output.

This pin is an N-ch open-drain output for both master and slave devices. Input is Schmitt input.
(2) SDAO...... This pin is used for serial data input and output.

This pin is an N-ch open-drain output for both master and slave devices. Input is Schmitt input.

Since outputs from the serial clock line and the serial data bus line are N-ch open-drain outputs, an external pull-up
resistor is required.

Figure 16-11. Pin Configuration Diagram

Slave device
Vob
Master device
SCLO SCLO
Clock output ——l |<7 (Clock output)
Vop
(Clock |nput Clock input
SDAO SDAO
Data output ——l% |<7 Data output
Vss
Data |nput —b—- Data input

366 Users Manual U17734EJ2V0UD



CHAPTER 16 SERIAL INTERFACE IICO

16.5 I°C Bus Definitions and Control Methods
The following section describes the I°C bus’s serial data communication format and the signals used by the I°C bus.
Figure 16-12 shows the transfer timing for the “start condition”, “address”, “data”, and “stop condition” output via the

I°C bus’s serial data bus.

Figure 16-12. I°C Bus Serial Data Transfer Timing

E\Tas = 0 gws B s w g

I
1
______________ I U [ [Spp— [Spp—

Start Address R/W ACK Data ACK Data ACK Stop
condition condition

The master device generates the start condition, slave address, and stop condition.
The acknowledge (AC_K) can be generated by either the master or slave device (normally, it is output by the device
that receives 8-bit data).

The serial clock (SCLO) is continuously output by the master device. However, in the slave device, the SCLO’s low
level period can be extended and a wait can be inserted.

16.5.1 Start conditions

A start condition is met when the SCLO pin is at high level and the SDAO pin changes from high level to low level.
The start conditions for the SCLO pin and SDAO pin are signals that the master device generates to the slave device
when starting a serial transfer. When the device is used as a slave, start conditions can be detected.

Figure 16-13. Start Conditions

SCLO

SDAO

A start condition is output when bit 1 (STTO) of IIC control register 0 (IICCO) is set (to 1) after a stop condition has
been detected (SPDO: Bit 0 = 1 in IIC status register 0 (1ICS0)). When a start condition is detected, bit 1 (STDO) of
IICSO0 is set (to 1).
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16.5.2 Addresses

The address is defined by the 7 bits of data that follow the start condition.

An address is a 7-bit data segment that is output in order to select one of the slave devices that are connected to
the master device via the bus lines. Therefore, each slave device connected via the bus lines must have a unique
address.

The slave devices include hardware that detects the start condition and checks whether or not the 7-bit address
data matches the data values stored in slave address register 0 (SVAQ). If the address data matches the SVAOQ
values, the slave device is selected and communicates with the master device until the master device generates a
start condition or stop condition.

Figure 16-14. Address

SCLO 1 2 3 4 5 6 7 8 9
SDAO \ /A6XA5XA4XA3XA2XA1XAOXR/WX
Address

Note
INTHCO | |

Note INTIICO is not issued if data other than a local address or extension code is received during slave device

operation.

The slave address and the eighth bit, which specifies the transfer direction as described in 16.5.3 Transfer
direction specification below, are together written to 1IC shift register 0 (IICO) and are then output. Received
addresses are written to 11CO.

The slave address is assigned to the higher 7 bits of 11CO.

16.5.3 Transfer direction specification

In addition to the 7-bit address data, the master device sends 1 bit that specifies the transfer direction.

When this transfer direction specification bit has a value of “0”, it indicates that the master device is transmitting
data to a slave device. When the transfer direction specification bit has a value of “1”; it indicates that the master

device is receiving data from a slave device.

Figure 16-15. Transfer Direction Specification
SCLO 1 2 3 4 5 6 7 8 9

SDAO_\ /AeXAsXA4XA3XA2XA1XAoXE/vv1X

Transfer direction specification

INTIICO | | Note

Note INTIICO is not issued if data other than a local address or extension code is received during slave device
operation.
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16.5.4 Acknowledge (ACK)

ACK is used to check the status of serial data at the transmission and reception sides.

The reception side returns ACK each time it has received 8-bit data.

The transmission side usually receives ACK after transmitting 8-bit data. When ACK is returned from the reception
side, it is assumed that reception has been correctly performed and processing is continued. Whether ACK has been
detected can be checked by using bit 2 (ACKDO) of IIC status register 0 (IICS0).

When the master receives the last data item, it does not return ACK and instead generates a stop condition. If a
slave does not return ACK after receiving data, the master outputs a stop condition or restart condition and stops
transmission. If ACK is not returned, the possible causes are as follows.

<1> Reception was not performed normally.
<2> The final data item was received.
<3> The reception side specified by the address does not exist.

To generate ACK, the reception side makes the SDAO line low at the ninth clock (indicating normal reception).

Automatic generation of ACK is enabled by setting bit 2 (ACKEO) of IIC control register 0 (IICCO) to 1. Bit 3 (TRCO)
of the IICSO0 register is set by the data of the eighth bit that follows 7-bit address information. Usually, set ACKEO to 1
for reception (TRCO = 0).

If a slave can receive no more data during reception (TRCO = 0) or does not require the next data item, then the
slave must inform the master, by clearing ACKEQO to 0, that it will not receive any more data.

When the master does not require the next data item during reception (TRCO = 0), it must clear ACKEOQ to 0 so that
ACK is not generated. In this way, the master informs a slave at the transmission side that it does not require any
more data (transmission will be stopped).

Figure 16-16. ACK

SCLO 1 2 3 4 5 6 7 8 9

SDAO_\ /A6XA5XA4XA3XA2XA1 XAOXR/W\W/—

When the local address is received, ACK is automatically generated, regardless of the value of ACKEO. When an
address other than that of the local address is received, ACK is not generated (NACK).
When an extension code is received, ACK is generated if ACKEOQ is set to 1 in advance.

How ACK is generated when data is received differs as follows depending on the setting of the wait timing.

e When 8-clock wait state is selected (bit 3 (WTIMO) of 1ICCO register = 0):
By setting ACKEO to 1 before releasing the wait state, ACK is generated at the falling edge of the eighth clock of
the SCLO pin.

e When 9-clock wait state is selected (bit 3 (WTIMO) of IICCO register = 1):
ACK is generated by setting ACKEO to 1 in advance.

Users Manual U17734EJ2VOUD 369



CHAPTER 16 SERIAL INTERFACE IICO

16.5.5 Stop condition
When the SCLO pin is at high level, changing the SDAO pin from low level to high level generates a stop condition.
A stop condition is a signal that the master device generates to the slave device when serial transfer has been
completed. When the device is used as a slave, stop conditions can be detected.

Figure 16-17. Stop Condition

SCLO

SDAO

A stop condition is generated when bit 0 (SPTO) of IIC control register 0 (IICCO) is set to 1. When the stop
condition is detected, bit 0 (SPDO) of IIC status register 0 (IICSO0) is set to 1 and INTICO is generated when bit 4
(SPIEQ) of ICCO is set to 1.
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16.5.6 Wait

The wait is used to notify the communication partner that a device (master or slave) is preparing to transmit or
receive data (i.e., is in a wait state).

Setting the SCLO pin to low level notifies the communication partner of the wait state. When wait state has been
canceled for both the master and slave devices, the next data transfer can begin.

Figure 16-18. Wait (1/2)

(1) When master device has a nine-clock wait and slave device has an eight-clock wait
(master transmits, slave receives, and ACKEO = 1)

Master
Master returns to high
impedance but slave Wait after output
is in wait state (low level). of ninth clock

lico ‘ | 1ICO data write (cancel wait)
! l |
SCLO | |6| |7| |8| |9 1 2 3
Slave

Wait after output
of eighth clock
\ | FFH is written to [ICO or WRELDO is set to 1

l I

IICO

SCLO

ACKEO

Transfer lines

Wait from slave Wait from master

s LFLFLRL L B/ PR
SDAO XD2XD1XDOX ACK / X D7 X D6 X D5
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Figure 16-18. Wait (2/2)

(2) When master and slave devices both have a nine-clock wait
(master transmits, slave receives, and ACKEO = 1)

Master Master and slave both wait
after output of ninth clock

IICO data write (cancel wait)

lICO l ‘
SCLO 6 7 8 9 1 2 3
-
1Ico : : | FFH is written to IICO or WRELO is set to 1
| ’ |
SCLO
Ackeo H ;
Wait from :
master and
Transfer lines slave EWait from slave
SCLO 6 7 8 9 L ; j 1 2 3

SDAO XmeXmXﬁd X D7 XmeX
|

Generate according to previously set ACKEO value

Remark ACKEO: Bit 2 of IIC control register 0 (11ICCO)
WRELO: Bit 5 of IIC control register 0 (IICCO)

A wait may be automatically generated depending on the setting of bit 3 (WTIMO) of IIC control register 0 (IICCO).

Normally, the receiving side cancels the wait state when bit 5 (WRELO) of [ICCO is set to 1 or when FFH is written
to 1IC shift register 0 (11C0), and the transmitting side cancels the wait state when data is written to I1CO.

The master device can also cancel the wait state via either of the following methods.

* By setting bit 1 (STTO) of ICCO to 1

* By setting bit 0 (SPTO) of 1ICCO to 1

372 User’'s Manual U17734EJ2VOUD



CHAPTER 16 SERIAL INTERFACE IICO

16.5.7 Canceling wait
The I°C usually cancels a wait state by the following processing.

¢ Writing data to IIC shift register 0 (11C0)
Setting bit 5 (WRELO) of IIC control register 0 (IICCO0) (canceling wait)

) Note

¢ Setting bit 1 (STTO) of 1ICO register (generating start condition

)Note

Setting bit 0 (SPTO) of 1ICO register (generating stop condition
Note Master only

When the above wait canceling processing is executed, the I°C cancels the wait state and communication is
resumed.

To cancel a wait state and transmit data (including addresses), write the data to 11CO.

To receive data after canceling a wait state, or to complete data transmission, set bit 5 (WRELO) of the 11CO control
register O (IICCO) to 1.

To generate a restart condition after canceling a wait state, set bit 1 (STTO0) of ICCO to 1.

To generate a stop condition after canceling a wait state, set bit 0 (SPTO) of ICCO to 1.

Execute the canceling processing only once for one wait state.

If, for example, data is written to [ICO after canceling a wait state by setting WRELO to 1, an incorrect value may be
output to SDAO because the timing for changing the SDAO line conflicts with the timing for writing I1CO.

In addition to the above, communication is stopped if IICEOQ is cleared to 0 when communication has been aborted,
so that the wait state can be canceled.

If the I°C bus has deadlocked due to noise, processing is saved from communication by setting bit 6 (LRELO) of
IICCO, so that the wait state can be canceled.

16.5.8 Interrupt request (INTIICO) generation timing and wait control
The setting of bit 3 (WTIMO) of IIC control register 0 (IICCO0) determines the timing by which INTIICO is generated
and the corresponding wait control, as shown in Table 16-3.

Table 16-3. INTIICO Generation Timing and Wait Control

WTIMO During Slave Device Operation During Master Device Operation
Address Data Reception |Data Transmission Address Data Reception |Data Transmission
0 9Notes 1,2 8Note 2 8Note 2 9 8 8
1 gNotes 1,2 gNote 2 gNote 2 9 9 9

Notes 1. The slave device’s INTIICO signal and wait period occurs at the falling edge of the ninth clock only when
there is a match with the address set to slave address register 0 (SVAO).
At this point, ACK is generated regardless of the value set to IICCO’s bit 2 (ACKEO). For a slave device
that has received an extension code, INTIICO occurs at the falling edge of the eighth clock.
However, if the address does not match after restart, INTIICO is generated at the falling edge of the 9th
clock, but wait does not occur.

2. If the received address does not match the contents of slave address register 0 (SVAO) and extension

code is not received, neither INTIICO nor a wait occurs.

Remark The numbers in the table indicate the number of the serial clock’s clock signals. Interrupt requests and
wait control are both synchronized with the falling edge of these clock signals.
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(1) During address transmission/reception

* Slave device operation: Interrupt and wait timing are determined depending on the conditions described in
Notes 1 and 2 above, regardless of the WTIMO bit.

* Master device operation: Interrupt and wait timing occur at the falling edge of the ninth clock regardless of
the WTIMO bit.

(2) During data reception

¢ Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.
(3) During data transmission

* Master/slave device operation: Interrupt and wait timing are determined according to the WTIMO bit.

(4) Wait cancellation method
The four wait cancellation methods are as follows.

Writing data to 11C shift register 0 (IICO)
Setting bit 5 (WRELO) of IIC control register 0 (1ICCO0) (canceling wait)
Setting bit 1 (STTO) of ICO register (generating start condition)"*

)Nole

Setting bit 0 (SPTO) of 1ICO register (generating stop condition
Note Master only.

When an 8-clock wait has been selected (WTIMO = 0), the presence/absence of the acknowledge generation
must be determined prior to wait cancellation.

(5) Stop condition detection
INTHCO is generated when a stop condition is detected (only when SPIEO = 1).

16.5.9 Address match detection method

In I°C bus mode, the master device can select a particular slave device by transmitting the corresponding slave
address.

Address match can be detected automatically by hardware. An interrupt request (INTIICO) occurs when a local
address has been set to slave address register 0 (SVAO) and when the address set to SVAO matches the slave
address sent by the master device, or when an extension code has been received.

16.5.10 Error detection

In I°C bus mode, the status of the serial data bus (SDAO) during data transmission is captured by 1IC shift register 0
(11C0) of the transmitting device, so the 1ICO data prior to transmission can be compared with the transmitted [ICO data
to enable detection of transmission errors. A transmission error is judged as having occurred when the compared
data values do not match.

374 User’'s Manual U17734EJ2VOUD



CHAPTER 16 SERIAL INTERFACE IICO

16.5.11 Extension code

(1)

When the higher 4 bits of the receive address are either “0000” or “1111”, the extension code reception flag
(EXCO) is set to 1 for extension code reception and an interrupt request (INTIICO) is issued at the falling edge
of the eighth clock. The local address stored in slave address register 0 (SVAO) is not affected.

If “11110xx0” is set to SVAO by a 10-bit address transfer and “11110xx0” is transferred from the master device,
the results are as follows. Note that INTIICO occurs at the falling edge of the eighth clock.

* Higher four bits of data match: EXCO = 1
» Seven bits of data match: Ccolo=1

Remark EXCO: Bit 5 of IIC status register 0 (IICS0)
COI0: Bit 4 of IIC status register 0 (IICS0)

Since the processing after the interrupt request occurs differs according to the data that follows the extension
code, such processing is performed by software.

If the extension code is received while a slave device is operating, then the slave device is participating in
communication even if its address does not match.

For example, after the extension code is received, if you do not wish to operate the target device as a slave
device, set bit 6 (LRELO) of the IIC control register 0 (IICCO0) to 1 to set the standby mode for the next
communication operation.

Table 16-4. Extension Code Bit Definitions

Slave Address R/W Bit Description
0000000 0 General call address

0000000 1 Start byte

0000 001 X C-BUS address

0000010 X Address that is reserved for different bus format
1111 0XX X 10-bit slave address specification
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16.5.12 Arbitration

When several master devices simultaneously generate a start condition (when STTO is set to 1 before STDO is set
to 1), communication among the master devices is performed as the number of clocks are adjusted until the data
differs. This kind of operation is called arbitration.

When one of the master devices loses in arbitration, an arbitration loss flag (ALDO) in 1IC status register 0 (11CSO0)
is set (1) via the timing by which the arbitration loss occurred, and the SCLO and SDAO lines are both set to high
impedance, which releases the bus.

The arbitration loss is detected based on the timing of the next interrupt request (the eighth or ninth clock, when a
stop condition is detected, etc.) and the ALDO = 1 setting that has been made by software.

For details of interrupt request timing, see 16.5.17 Timing of I°C interrupt request (INTIIC0) occurrence.

Remark STDO: Bit 1 of IIC status register 0 (11CS0)
STTO: Bit 1 of lIC control register 0 (I1ICCO0)

Figure 16-19. Arbitration Timing Example

Master 1
Hi-Z
SeLo _\_/_\_/ \ / \_/_\_/_\ -----

SDAO

Master 2

o\ \__/\ /[
e \

=\ N
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Table 16-5. Status During Arbitration and Interrupt Request Generation Timing

Status During Arbitration Interrupt Request Generation Timing

Note 1

During address transmission At falling edge of eighth or ninth clock following byte transfer

Read/write data after address transmission

During extension code transmission

Read/write data after extension code transmission

During data transmission

During ACK transfer period after data transmission

When restart condition is detected during data transfer

)Noie 2

When stop condition is detected during data transfer When stop condition is generated (when SPIEO = 1

Note 1

When data is at low level while attempting to generate a restart | At falling edge of eighth or ninth clock following byte transfer
condition

When stop condition is detected while attempting to generate a | When stop condition is generated (when SPIEO = 1)"°?
restart condition

Note 1

When data is at low level while attempting to generate a stop At falling edge of eighth or ninth clock following byte transfer
condition

When SCLO is at low level while attempting to generate a
restart condition

Notes 1. When WTIMO (bit 3 of 1IC control register 0 (IICCO0)) = 1, an interrupt request occurs at the falling edge
of the ninth clock. When WTIMO = 0 and the extension code’s slave address is received, an interrupt
request occurs at the falling edge of the eighth clock.

2. When there is a chance that arbitration will occur, set SPIEQ = 1 for master device operation.

Remark SPIEO: Bit 4 of 1IC control register 0 (IICCO)

16.5.13 Wakeup function

The I°C bus slave function is a function that generates an interrupt request signal (INTIICO) when a local address
and extension code have been received.

This function makes processing more efficient by preventing unnecessary INTIICO signal from occurring when
addresses do not match.

When a start condition is detected, wakeup standby mode is set. This wakeup standby mode is in effect while
addresses are transmitted due to the possibility that an arbitration loss may change the master device (which has
generated a start condition) to a slave device.

However, when a stop condition is detected, bit 4 (SPIEO) of lIC control register 0 (IICCO) is set regardless of the
wakeup function, and this determines whether interrupt requests are enabled or disabled.
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16.5.14 Communication reservation

(1) When communication reservation function is enabled (bit 0 (ICRSV) of IIC flag register 0 (IICF0) = 0)

378

To start master device communications when not currently using a bus, a communication reservation can be
made to enable transmission of a start condition when the bus is released. There are two modes under which
the bus is not used.

¢ When arbitration results in neither master nor slave operation
* When an extension code is received and slave operation is disabled (ACK is not returned and the bus was
released when bit 6 (LRELO) of IIC control register 0 (IICCO) was set to 1).

If bit 1 (STTO) of IICCO is set to 1 while the bus is not used (after a stop condition is detected), a start condition
is automatically generated and wait state is set.

If an address is written to IIC shift register 0 (11CO0) after bit 4 (SPIEQ) of IICCO was set to 1, and it was detected
by generation of an interrupt request signal (INTIICO) that the bus was released (detection of the stop
condition), then the device automatically starts communication as the master. Data written to 1ICO before the
stop condition is detected is invalid.

When STTO has been set to 1, the operation mode (as start condition or as communication reservation) is
determined according to the bus status.

¢ |f the bus has been released ...........ccoeccevivieieninennnee. a start condition is generated
¢ |f the bus has not been released (standby mode)......... communication reservation

Check whether the communication reservation operates or not by using MSTSO (bit 7 of IIC status register 0
(lICS0)) after STTO is set to 1 and the wait time elapses.

The wait periods, which should be set via software, are listed in Table 16-6.

Table 16-6. Wait Periods

CLX0 SMCO CLot CL0O Wait Period
0 0 0 0 46 clocks
0 0 0 1 86 clocks
0 0 1 0 172 clocks
0 0 1 1 34 clocks
0 1 0 0 30 clocks
0 1 0 1
0 1 1 0 60 clocks
0 1 1 1 12 clocks
1 1 0 0 18 clocks
1 1 0 1
1 1 1 0 36 clocks

Figure 16-20 shows the communication reservation timing.
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Figure 16-20. Communication Reservation Timing

Program processing |STT0 =1 :?gge to
A
Commun- Set SPDO| |
Hardware processing |cation and S'ertDo
reservation INTIICO
SCLO 1 2 3 4l |5 6 7| |8 9 1 2 3| [4]| |s 6

SD*“’]XXXXXXXXJ\T BEBEN

Generate by master device with bus mastership

Remark 1ICO: IIC shift register 0
STTO: Bit 1 of IIC control register 0 (1ICCO)
STDO: Bit 1 of IIC status register 0 (IICS0)
SPDO0: Bit 0 of IIC status register 0 (IICS0)

Communication reservations are accepted via the following timing. After bit 1 (STDO) of IIC status register 0
(IICS0) is set to 1, a communication reservation can be made by setting bit 1 (STTO0) of 1IC control register 0
(ICCO) to 1 before a stop condition is detected.

Figure 16-21. Timing for Accepting Communication Reservations

SCLO

SDAO

STDO

SPDO

Standby mode

Figure 16-22 shows the communication reservation protocol.
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Figure 16-22. Communication Reservation Protocol

DI

SET1 STTO Sets STTO flag (communication reservation)

Define communication
reservation

Wait Secures wait period set by software (see Table 16-6).

Defines that communication reservation is in effect
(defines and sets user flag to any part of RAM)

(Communication reservation)Note

Yes Confirmation of communication reservation

No
(Generate start condition)

Cancel gommunlcatlon Clear user flag
reservation
MOV ICO, #xx<H [ICO write operation
\
|
El

Note The communication reservation operation executes a write to lIC shift register 0 (1ICO) when a stop
condition interrupt request occurs.

Remark STTO: Bit 1 of lIC control register 0 (IICCO)
MSTSO: Bit 7 of IIC status register 0 (11CS0)
1ICO: IIC shift register 0

(2) When communication reservation function is disabled (bit 0 (ICRSV) of IIC flag register 0 (IICF0) = 1)
When bit 1 (STTO) of IIC control register 0 (IICCO) is set to 1 when the bus is not used in a communication
during bus communication, this request is rejected and a start condition is not generated. The following two
statuses are included in the status where bus is not used.

o When arbitration results in neither master nor slave operation
¢ When an extension code is received and slave operation is disabled (ACK is not returned and the bus was
released when bit 6 (LRELO) of ICCO was set to 1)

To confirm whether the start condition was generated or request was rejected, check STCF (bit 7 of [ICFO).

The time shown in Table 16-7 is required until STCF is set to 1 after setting STTO = 1. Therefore, secure the
time by software.
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Table 16-7. Wait Periods

CLO1 CL0O Wait Period
0 0 6 clocks
0 1 6 clocks
1 0 12 clocks
1 1 3 clocks

16.5.15 Other cautions

M

)

©)]

@

When STCEN (bit 1 of IIC flag register 0 (IICF0)) =0

Immediately after I°C operation is enabled (IICEO = 1), the bus communication status (IICBSY (bit 6 of ICF0) =
1) is recognized regardless of the actual bus status. When changing from a mode in which no stop condition
has been detected to a master device communication mode, first generate a stop condition to release the bus,
then perform master device communication.

When using multiple masters, it is not possible to perform master device communication when the bus has not
been released (when a stop condition has not been detected).

Use the following sequence for generating a stop condition.

<1> Set IIC clock selection register 0 (IICCLO).
<2> Set bit 7 (IICEO) of IIC control register 0 (IICCO0) to 1.
<3> Set bit 0 (SPTO) of 1ICCO to 1.

When STCEN =1

Immediately after I°C operation is enabled (IICEQ = 1), the bus released status (IICBSY = 0) is recognized
regardless of the actual bus status. To generate the first start condition (STTO (bit 1 of 1IC control register 0
(IICCO)) = 1), it is necessary to confirm that the bus has been released, so as to not disturb other
communications.

If other FC communications are already in progress

If I°C operation is enabled and the device participates in communication already in progress when the SDAQ
pin is low and the SCLO pin is high, the macro of I°C recognizes that the SDAO pin has gone low (detects a
start condition). If the value on the bus at this time can be recognized as an extension code, ACK is returned,
but this interferes with other I°C communications. To avoid this, start I°C in the following sequence.

<1> Clear bit 4 (SPIEO) of [ICCO to 0 to disable generation of an interrupt request signal (INTIICO) when the
stop condition is detected.

<2> Set bit 7 (IICEO) of IICCO to 1 to enable the operation of I’C.

<3> Wait for detection of the start condition.

<4> Set bit 6 (LRELO) of [ICCO0 to 1 before ACK is returned (4 to 80 clocks after setting IICEO to 1), to forcibly
disable detection.

Determine the transfer clock frequency by using SMCO0, CLO1, CL0O (bits 3, 1, and 0 of IICL0), and CLX0

(bit 0 of 1ICX0) before enabling the operation (IICEO = 1). To change the transfer clock frequency, clear
IICEO to 0 once.
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(5)

(6)

382

Setting STTO0 and SPTO (bits 1 and 0 of IICC0) again after they are set and before they are cleared to 0 is
prohibited.

When transmission is reserved, set SPIEO (bit 4 of IICL0) to 1 so that an interrupt request is generated
when the stop condition is detected. Transfer is started when communication data is written to 11IC0
after the interrupt request is generated. Unless the interrupt is generated when the stop condition is
detected, the device stops in the wait state because the interrupt request is not generated when
communication is started. However, it is not necessary to set SPIEO to 1 when MSTSO (bit 7 of 1ICS0) is
detected by software.
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16.5.16 Communication operations
(1) Master operation (single-master system)

Figure 16-23. Master Operation Flowchart (Single-Master System)

START

Initializing 12C busNete |

| Setting port | Sets each pin in the 1°C mode (see 16.3 (7) Port mode register 6 (PM6)).
I
1IICX0 « OXH
o | IICCLO < XXH | Selects a transfer clock.
§ ‘
= | SVAQ « XXH | Sets a local address.
= [
IICFO « OXH .
Setting STCEN, IICRSV = 0 Sets a start condition.
I
IICCO « XXH
ACKEO = WTIMO = SPIEO = 1
IICEO =1
STCEN =17 No ‘
Prepares for starting
Yes | SPTO=1 | communication
- ‘ (generates a stop condition).
P ——
STTO = 1 Prepares for starting communication
= (generates a start condition). INTIICO
T Interrupt occurs? . X
Starts communication Waits for detection of
| Writing 11CO | (specifies an address and transfer the stop condition.
direction).
o
i)
73
123
Q
g |
<
> ACKEQ = 1
2 WTIMO = 0
8 T
c . [
E | Writing 11CO | Starts transmission. )
£ WRELO =1 Starts reception.
3
INTIHICO
interrupt occurs? Waits for data transmission.
Waits for data
reception.
- ACKEO=0
WTIMO = WRELO = 1
< o
Yes | SPTO=1 | Waits for detection
‘ of acknowledge.
END

Note Release (SCLO and SDAOQ pins = high level) the I°C bus in conformance with the specifications of the
product that is communicating. If EEPROM is outputting a low level to the SDAO pin, for example, set the
SCLO pin in the output port mode, and output a clock pulse from the output port until the SDAO pin is
constantly at high level.

Remark Conform to the specifications of the product that is communicating, with respect to the transmission and
reception formats.
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(2) Master operation (multi-master system)

Figure 16-24. Master Operation Flowchart (Multi-Master System) (1/3)

Prepares for starting
communication
(generates a stop condition).

SPTO=1

INTIICO
interrupt occurs?

Waits for detection
of the stop condition.

Slave operation

)

Waits for a communication request.

_—
( START )
\
Setting port Sets each pin in the I2C mode (see 16.3 (7) Port mode register 6 (PM6)).
\
1ICX0 « OXH
IICCLO < XXH Selects a transfer clock.
\
SVAO « XXH Sets a local address.
\
1ICFO « OXH -
Setting STCEN and IICRSY | S©!s @ start condition.
[
1ICCO « XXH
o ACKEO = WTIMO = SPIEO = 1
£ IICEO = 1
©
12}
S
c
Checking bus status™® Releases the bus for a specific period.
Bus status is No
being checked. STCEN =17 ‘
No INTIICO Ves
interrupt occurs?
SPDO =17
Yes ( Slave operation )
i % i * Waiting to be specified as a slave by other master
< ) e Waiting for a communication start request (depends on user program)
Master operation No
5 starts? (No communication start request) \
g Yes SPIEO =0
E (Communication start request)
IS
S INTIICO
© SPIEO = 1 interrupt occurs?
o
_‘Q
S
No ( Slave operation )
Yes
Enables reserving Disables reserving
””” communication. communication.
Note Confirm that the bus is released (CLDO bit = 1, DADO bit = 1) for a specific period (for example, for a period
of one frame). If the SDAO pin is constantly at low level, decide whether to release the I°C bus (SCLO and
SDAO pins = high level) in conformance with the specifications of the product that is communicating.
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Communication processing

Communication processing

Figure 16-24. Master Operation Flowchart (Multi-Master System) (2/3)

Enables reserving communication.

STTO=1

Wait

MSTS0 =1?

Yes

Prepares for starting communication
(generates a start condition).

Secure wait time by software
(see Table 16-6).

No

No

Wait state after stop condition

was detected and start condition

was generated by the communication
reservation function. C

interrupt occurs?

EXCO0 =1 or COIO =1?

INTIICO
Waits for bus release

Slave operation )

No

Prepares for starting communication
(generates a start condition).

Secure wait time by software

(see Table 16-7).

STCF =07?

Yes

No

interrupt occurs?

EXCO0 =1 or COIO =1?

INTIICO No

Waits for bus release

No

(

Slave operation )
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Figure 16-24. Master Operation Flowchart (Multi-Master System) (3/3)

Writing 11CO Starts communication
1ing (specifies an address and transfer direction).
INTIICO
interrupt occurs? Waits for detection of ACK.
|
ACKEO =1
WTIMO =0
\
g) | WTIMO = 1 | I
[}
§ | WRELO =1 | Starts reception.
o
:c:. | Writing [ICO | Starts transmission.
i<
< interrupt occurs? Waits for data reception.
2 INTIICO
g interrupt occurs? Waits for data transmission.
o
WTIMO = WRELO =1
ACKEO =0
INTIICO
No interrupt occurs? Waits for detection of ACK.
Yes SPTO=1
\
| STT0 = | ( END
—_—
i
?
(o}
(5]
<4
o
5 EXCO=10rCOIO =17
2
°Q
c
g
£ ( Slave operation ) Does not participate
8 in communication.

Remarks 1. Conform to the specifications of the product that is communicating, with respect to the transmission

and reception formats.

2. To use the device as a master in a multi-master system, read the MSTSO0 bit each time interrupt
INTIICO has occurred to check the arbitration result.

3. To use the device as a slave in a multi-master system, check the status by using the 1ICS0 and IICFO
registers each time interrupt INTIICO has occurred, and determine the processing to be performed

next.
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(3) Slave operation
The processing procedure of the slave operation is as follows.

Basically, the slave operation is event-driven. Therefore, processing by the INTIICO interrupt (processing that

must substantially change the operation status such as detection of a stop condition during communication) is

necessary.

In the following explanation, it is assumed that the extension code is not supported for data communication. It

is also assumed that the INTIICO interrupt servicing only performs status transition processing, and that actual

data communication is performed by the main processing.

INTIICO Flag

Interrupt servicing

Setting
1ICO Main processing

Data

Setting

Therefore, data communication processing is performed by preparing the following three flags and passing

them to the main processing instead of INTIICO.

<1>

<2>

<3>

Communication mode flag

This flag indicates the following two communication statuses.

o Clear mode: Status in which data communication is not performed

o Communication mode: Status in which data communication is performed (from valid address detection
to stop condition detection, no detection of ‘ACK from master, address
mismatch)

Ready flag

This flag indicates that data communication is enabled. Its function is the same as the INTIICO interrupt
for ordinary data communication. This flag is set by interrupt servicing and cleared by the main
processing. Clear this flag by interrupt servicing when communication is started. However, the ready flag
is not set by interrupt servicing when the first data is transmitted. Therefore, the first data is transmitted
without the flag being cleared (an address match is interpreted as a request for the next data).

Communication direction flag
This flag indicates the direction of communication. Its value is the same as TRCO.
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The main processing of the slave operation is explained next.

Start serial interface 11IC0 and wait until communication is enabled. When communication is enabled, execute
communication by using the communication mode flag and ready flag (processing of the stop condition and
start condition is performed by an interrupt. Here, check the status by using the flags).

The transmission operation is repeated until the master no longer returns ACK. If ACK is not returned from the
master, communication is completed.

For reception, the necessary amount of data is received. When communication is completed, ACK is not
returned as the next data. After that, the master generates a stop condition or restart condition. Exit from the
communication status occurs in this way.

Figure 16-25. Slave Operation Flowchart (1)

o

IICX0 « 0XH
IICCLO « XXH
\

SVAQ « XXH Sets a local address.

IICFO « OXH
Setting IICRSV Sets a start condition.

\
IICCO « XXH
ACKEO = WTIMO = 1
SPIEO =0, ICE0O =1

Selects a transfer clock.

Communication
mode flag =1?

Communication
direction flag = 12

Yes

WRELO = 1 Starts
Starts reception.
transmission.

Writing [1ICO

No

Communication
mode flag = 1?

Communication
mode flag =1?

Communication No

direction flag = 12

Yes
Ready flag = 1?
Yes

Reading 1ICO

Yes Clearing ready flag
\
No

Clearing communication
mode flag
WRELO =1

I

No

Communication
direction flag = 12

Yes
No
Ready flag = 1?
Yes

Clearing ready flag

Remark Conform to the specifications of the product that is in communication, regarding the transmission and
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reception formats.
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An example of the processing procedure of the slave with the INTIICO interrupt is explained below (processing
is performed assuming that no extension code is used). The INTIICO interrupt checks the status, and the
following operations are performed.

<1> Communication is stopped if the stop condition is issued.

<2> If the start condition is issued, the address is checked and communication is completed if the address
does not match. If the address matches, the communication mode is set, wait is cancelled, and
processing returns from the interrupt (the ready flag is cleared).

<3> For data transmit/receive, only the ready flag is set. Processing returns from the interrupt with the I°C bus
remaining in the wait state.

Remark <1>to <3> above correspond to <1> to <3> in Figure 16-26 Slave Operation Flowchart (2).

Figure 16-26. Slave Operation Flowchart (2)

( INTIICO generated )

Yes <1>

SPDO =17

No
Yes <2>
STDO =17
No No
COI0=1?
<3>
Yes

Set ready flag

Communication direction flag — —
< TRCO Clear communication direction
Set communication mode flag flag, ready flag, and
Clear ready flag communication mode flag

|
1

( Interrupt servicing completed )
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16.5.17 Timing of I°C interrupt request (INTIICO) occurrence
The timing of transmitting or receiving data and generation of interrupt request signal INTIICO, and the value of the
[ICSO register when the INTIICO signal is generated are shown below.

Remark ST: Start condition
ADG6 to ADO: Address
R/W: Transfer direction specification
ACK: Acknowledge
D7 to DO: Data
SP: Stop condition

390 User's Manual U17734EJ2V0OUD



CHAPTER 16 SERIAL INTERFACE IICO

(1) Master device operation

(a) Start ~ Address ~ Data ~ Data ~ Stop (transmission/reception)

(i) When WTIMO = 0

A1:1ICSO = 1000x110B
A2: ]ICSO = 1000x000B

A3: [ICSO0 = 1000x000B (Sets WTIMO to 1)

A4: ]ICS0 = 1000xx00B (Sets SPTO to 1)

Ab: 1ICS0 = 00000001B

SPTO = 1
1
ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
A1 A2 A3 A4 A5

Note To generate a stop condition, set WTIMO to 1 and change the timing for generating the INTIICO interrupt

request signal.

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

A1:1ICSO = 1000x110B
A2: ]ICS0 = 1000x100B

A3: [ICSO = 1000xx00B (Sets SPTO to 1)

A4: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

SPTO =1
N

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
AT A2 A3

A4
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop (restart)

(i) When WTIMO =0

STTO =1 SPTO =1
l l
ST | AD6to ADO |R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP
A1 A2 A3 A4 A5 A6 A7

A1:1ICSO = 1000x110B

A2: 1ICS0 = 1000x000B (Sets WTIMO to 1)""'

A3: 1ICS0 = 1000xx00B (Clears WTIMO to 0"°?, sets STTO to 1)
A4:11CS0 = 1000x110B

A5: 1ICS0 = 1000x000B (Sets WTIMO to 1)"*°

AG6: [ICSO = 1000xx00B (Sets SPTO to 1)

A7:11CS0 = 00000001B

Notes 1. To generate a start condition, set WTIMO to 1 and change the timing for generating the INTIICO
interrupt request signal.

2. Clear WTIMO to 0 to restore the original setting.

3. To generate a stop condition, set WTIMO to 1 and change the timing for generating the INTIICO
interrupt request signal.

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

STT0 =1 SPTO =1
\2

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP
AT A2 A3 A4 A5

A1:[ICSO = 1000x110B
A2: |ICSO = 1000xx00B (Sets STTO to 1)
A3: [ICSO = 1000x110B
A4: ]ICSO = 1000xx00B (Sets SPTO to 1)
AB: [ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care
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(c) Start ~ Code ~ Data ~ Data ~ Stop (extension code transmission)

(i) When WTIMO =0

SPTO =1
1
ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
A1 A2 A3 A4 A5

A1:1ICS0=1010x110B

A2: ]ICSO = 1010x000B

A3: 1ICS0 = 1010x000B (Sets WTIMO to 1)**
A4: 1ICS0 = 1010xx00B (Sets SPTO to 1)
Ab: 1ICSO = 00000001B

Note To generate a stop condition, set WTIMO to 1 and change the timing for generating the INTIICO interrupt

request signal.

Remark A: Always generated

A: Generated only when SPIEO = 1

x: Don’t care

(i) When WTIMO = 1

SPTO =1
l

ST | AD6to ADO | R/W | ACK D7 to DO

ACK

D7 to DO

ACK | SP

Al

A1:1ICS0O=1010x110B
A2: ]ICS0 =1010x100B
A3: 1ICSO = 1010xx00B (Sets SPTO to 1)
A4: 1ICS0 = 00001001B

Remark A: Always generated

A: Generated only when SPIEO = 1

x: Don’t care

A2

A3 A4
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(2) Slave device operation (slave address data reception)
(a) Start ~ Address ~ Data ~ Data ~ Stop

(i) When WTIMO =0

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4

A1:[ICSO = 0001x110B
A2: [ICSO = 0001x000B
A3: [ICSO = 0001x000B
A4: 1ICSO = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4

A1:[ICSO = 0001x110B
A2: [ICSO = 0001x100B
A3: 1ICS0 = 0001xx00B
A4: 1ICSO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(b) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, matches with SVAOQ)

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5

A1:1ICS0O=0001x110B
A2: ]ICSO = 0001x000B
A3: 1ICS0 = 0001x110B
A4: 1ICS0 = 0001x000B
Ab: 1ICSO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(ii) When WTIMO = 1 (after restart, matches with SVAO0)

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5

A1:1ICSO = 0001x110B
A2: ]ICSO = 0001xx00B
A3: 1ICS0 =0001x110B
A4: 1ICS0 = 0001xx00B
AB: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(c) Start ~ Address ~ Data ~ Start ~ Code ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, does not match address (= extension code))

ST | AD61to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO0 |ACK| SP

Al A2 A3 A4 A5

A1:[ICSO=0001x110B
A2: [ICSO = 0001x000B
A3: [ICSO = 0010x010B
A4: |ICSO = 0010x000B
A5: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1 (after restart, does not match address (= extension code))

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP

A1l A2 A3 A4 A5 A6

A1:1ICSO = 0001x110B
A2: [ICSO = 0001xx00B
A3: [ICS0O =0010x010B
A4: |ICSO = 0010x110B
A5: [ICSO = 0010xx00B
Ag: IICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care
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(d) Start ~ Address ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = 0 (after restart, does not match address (= not extension code))

ST | AD6to ADO | RW [ACK| D7toDO |ACK| ST | AD6to ADO | R/W [ACK | D7toDO |ACK| SP
A1l A2 A3 A4
A1:]ICS0O =0001x110B
A2: ]ICSO = 0001x000B
A3: ICS0 = 00000110B
A4: 11ICS0 = 00000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
(i) When WTIMO = 1 (after restart, does not match address (= not extension code))
ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |ACK| D7toDO |ACK| SP
A1 A2 A3 A4

A1:1ICS0O=0001x110B
A2: [ICSO = 0001xx00B
A3: [ICSO = 00000110B
A4: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(3) Slave device operation (when receiving extension code)
The device is always participating in communication when it receives an extension code.

(a) Start ~ Code ~ Data ~ Data ~ Stop

(i) When WTIMO =0

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
A1 A2 A3 A4

A1:]ICS0O=0010x010B
A2: [ICSO = 0010x000B
A3: [ICSO = 0010x000B
A4: [ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK| SP
Al A2 A3 A4 A5

A1:1ICSO=0010x010B
A2: [ICSO =0010x110B
A3: [ICSO = 0010x100B
A4: 1ICS0 = 0010xx00B
AB: [ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(b) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, matches SVAQ)

ST | AD6to ADO | R/W |ACK| D7toD0O |ACK| ST | AD6to ADO | R/W |[ACK| D7toDO |ACK| SP
AT A2 A3 A4 A5

A1:1ICS0O = 0010x010B
A2: ]ICSO = 0010x000B
A3: 1ICS0O = 0001x110B
A4: 1ICS0 = 0001x000B
Ab: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1 (after restart, matches SVAO0)

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| ST | AD6to ADO | R/W |[ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5 A6

A1:1ICS0O = 0010x010B
A2: ]ICS0O =0010x110B
A3: 1ICS0 = 0010xx00B
A4:1ICSO = 0001x110B
A5: 1ICSO = 0001xx00B
AB: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(c) Start ~ Code ~ Data ~ Start ~ Code ~ Data ~ Stop

(i) When WTIMO = O (after restart, extension code reception)

ST | AD6to ADO | R/W | ACK

D7 to DO

ACK | ST | AD6to ADO | R/W | ACK

D7 to DO

ACK| sP

A1:
A2;
A3:
A4:
AB:

Al

IICS0 = 0010x010B
IICSO = 0010x000B
IICSO = 0010x010B
IICS0 = 0010x000B
IICSO = 00000001B

Remark A: Always generated

A2

A: Generated only when SPIEO = 1

x: Don’t care

A4

A5

(i) When WTIMO = 1 (after restart, extension code reception)

ST

ADS6 to ADO | R/'W | ACK

D7 to DO

ACK | ST | AD6 to ADO | R/W

ACK

D7 to DO

ACK

SP

A1;
A2:
A3:
A4;
A5:
AG:
A7:

Al A2

IICSO = 0010x010B
IICSO = 0010x110B
IICS0 = 0010xx00B
IICSO = 0010x010B
IICSO = 0010x110B
IICS0 = 0010xx00B
IICSO = 00000001B

Remark A: Always generated

A3

A: Generated only when SPIEO = 1

x: Don’t care

A4 A5

A6

A7
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(d) Start ~ Code ~ Data ~ Start ~ Address ~ Data ~ Stop

(i) When WTIMO = O (after restart, does not match address (= not extension code))

ST | AD61to ADO | R/W |ACK| D7toDO |ACK| ST | AD61to ADO | RW |[ACK| D7toDO |ACK| SP
Al A2 A3 A4
A1:1ICSO =00100010B
A2: ]ICSO = 00100000B
A3: |ICS0 = 00000110B
A4: 11ICS0 = 00000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
(ii) When WTIMO = 1 (after restart, does not match address (= not extension code))
ST | AD61to ADO | R/W |ACK| D7toDO |ACK| ST | AD61to ADO | RW [ACK| D7toDO |ACK| SP
Al A2 A3 A4 A5

A1:1ICS0O = 00100010B
A2: |ICS0 =00100110B
A3: 1ICS0 = 00100x00B
A4: ]ICSO = 00000110B
AB: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(4) Operation without communication

(a) Start ~ Code ~ Data ~ Data ~ Stop

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO

ACK

SP

A1: 1ICSO = 00000001B

Remark A: Generated only when SPIEO = 1

A1

(5) Arbitration loss operation (operation as slave after arbitration loss)
When the device is used as a master in a multi-master system, read the MSTSO0 bit each time interrupt request

signal INTIICO has occurred to check the arbitration result.

(a) When arbitration loss occurs during transmission of slave address data

(i) When WTIMO =0

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO

ACK

SP

Al A2

A1:1ICSO=0101x110B
A2: [ICSO = 0001x000B
A3: [ICSO = 0001x000B
A4: [ICSO = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care

A3

A4
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(i) When WTIMO = 1

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4

A1:1ICS0=0101x110B
A2: ]ICSO = 0001x100B
A3: 1ICSO = 0001xx00B
A4: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(b) When arbitration loss occurs during transmission of extension code

() When WTIMO = 0

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4

A1:1ICSO = 0110x010B
A2: ]ICS0 = 0010x000B
A3: 1ICS0 = 0010x000B
A4: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(i) When WTIMO = 1

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

Al A2 A3 A4 A5

A1:1ICSO =0110x010B
A2: [ICSO = 0010x110B
A3: [ICS0O =0010x100B
A4: ]ICS0 = 0010xx00B
AB: [ICSO = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(6) Operation when arbitration loss occurs (no communication after arbitration loss)
When the device is used as a master in a multi-master system, read the MSTSO bit each time interrupt request
signal INTIICO has occurred to check the arbitration result.

(a) When arbitration loss occurs during transmission of slave address data (when WTIMO = 1)

ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK| SP

A1l A2

A1:1ICS0=01000110B
A2: [ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
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(b) When arbitration loss occurs during transmission of extension code

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP

A1 A2

A1:1ICSO = 0110x010B
Sets LRELO = 1 by software
A2: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(c) When arbitration loss occurs during transmission of data

(i) When WTIMO = 0

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK| SP

Al A2 A3

A1:1ICSO = 10001110B
A2: ]ICS0 = 01000000B
A3: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
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(i) When WTIMO = 1

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO

ACK | SP

A1
A1:1ICSO = 10001110B
A2: [ICSO =01000100B
A3: [ICS0 = 00000001B

Remark A: Always generated

A2

A:  Generated only when SPIEO = 1

A3

(d) When loss occurs due to restart condition during data transfer

(i) Not extension code (Example: unmatches with SVAQ)

ST | AD6to ADO | R/W |ACK| D7 toDn

ST | AD6 to ADO | R/W | ACK

D7 to DO

ACK

SP

Al
A1:[ICSO = 1000x110B
A2: [ICS0 =01000110B
A3: [ICS0 = 00000001B

Remark A: Always generated

A:  Generated only when SPIEO = 1

x: Don’t care
n=61t0

A2

A3
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(ii) Extension code

ST | AD6to ADO | R'W |ACK| D7toDn | ST | AD6to ADO | R'W |ACK| D7toDO |ACK| SP

Al A2 A3

A1:]ICSO = 1000x110B
A2: ]ICS0 =01100010B
Sets LRELO = 1 by software
A3: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
n=6t0

(e) When loss occurs due to stop condition during data transfer

ST | AD6to ADO | R”'W |ACK| D7toDn | SP

Al A2

A1:1ICSO = 10000110B
A2: 1ICS0 = 01000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
n=6t 0
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(f) When arbitration loss occurs due to low-level data when attempting to generate a restart condition

(i) When WTIMO =0

STTO =1
2

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| D7toDO |ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5

A1:[ICSO = 1000x110B
A2: [ICSO = 1000x000B (Sets WTIMO to 1)
A3: [ICSO = 1000x100B (Clear WTIMO to 0)
A4: ICSO = 01000000B
AB: [ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

STT0 =1
{

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| D7toDO |ACK| D7toDO |ACK| SP

Al A2 A3 A4

A1:[ICSO = 1000x110B
A2: [ICSO = 1000x100B (Sets STTO to 1)
A3: [ICS0O =01000100B
A4: [ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

408 User's Manual U17734EJ2V0OUD



CHAPTER 16 SERIAL INTERFACE IICO

(9) When arbitration loss occurs due to a stop condition when attempting to generate a restart
condition

(i) When WTIMO = 0

STTO =1
l
ST | AD6 to ADO | R/W | ACK D7 to DO ACK | SP
Al A2 A3 N4
A1:]ICSO = 1000x110B
A2: [ICSO = 1000x000B (Sets WTIMO to 1)
A3: 1ICS0 = 1000xx00B (Sets STTO to 1)
A4:1ICS0 = 01000001B
Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
(i) When WTIMO = 1
STTO =1
l
ST | AD6 to ADO | R/W | ACK D7 to DO ACK| SP
Al A2 A3

A1:1ICSO = 1000x110B
A2: ]ICSO = 1000xx00B (Sets STTO to 1)
A3: 1ICS0 = 01000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care
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(h) When arbitration loss occurs due to low-level data when attempting to generate a stop condition

(i) When WTIMO =0

SPTO =1
2

ST | AD6to ADO | R/W |ACK| D7toDO |ACK| D7toDO |ACK| D7toDO |ACK| SP

Al A2 A3 A4 A5

A1:[ICSO = 1000x110B

A2: [ICSO = 1000x000B (Sets WTIMO to 1)
A3: [ICSO = 1000x100B (Clear WTIMO to 0)
A4: [ICSO = 01000100B

AB: [ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

SPTO =1
2

ST | AD6to ADO | R/W |ACK| D7toD0 |ACK| D7toD0O |ACK| D7toDO |ACK| SP

Al A2 A3 A4

A1:[ICSO = 1000x110B
A2: [ICSO = 1000x100B (Sets SPTO to 1)
A3: [ICSO = 01000100B
A4: [ICS0 = 00000001B

Remark A: Always generated
A:  Generated only when SPIEO = 1
x: Don’t care
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16.6 Timing Charts

When using the I°C bus mode, the master device outputs an address via the serial bus to select one of several
slave devices as its communication partner.

After outputting the slave address, the master device transmits the TRCO bit (bit 3 of IIC status register 0 (11CS0)),
which specifies the data transfer direction, and then starts serial communication with the slave device.

Figures 16-27 and 16-28 show timing charts of the data communication.

IIC shift register 0 (IIC0)’s shift operation is synchronized with the falling edge of the serial clock (SCLO). The
transmit data is transferred to the SOO latch and is output (MSB first) via the SDAO pin.

Data input via the SDAO pin is captured into 1ICO at the rising edge of SCLO.
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Figure 16-27. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (1/3)

(1) Start condition ~ address

[ Processing by master device |

Ico LICO « address 1ICO < data
ACKDO \ 4 '\\ _
stoo | \ :
sp0 || / )
/ /

WTIMO ~ H / /
- E—
.l | /
sPTo _|\L / \ /

wes o \ /
o L

TRCO H

Transfer lines

SCLO

Transmit

SDAO
Start condition

| Processing by slave device |

lico
ACKDO \ \‘4 / |
|
sTD0 | |
spp0 ] /J /

wTIMO — H / /

ACKEO H / /
MSTSO L

STT0 _ L
SPTO _ L
WRELO [ ] Note

INTIICO “l :I

(When EXCO = 1)

TRCO L Receive

Note To cancel slave wait, write “FFH” to [ICO or set WRELO.

412 User’'s Manual U17734EJ2VOUD



CHAPTER 16 SERIAL INTERFACE IICO

(2) Data

Figure 16-27. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

[ Processing by master device |

lco

ACKDO

STDO

SPDO

WTIMO

ACKEO

MSTS0

STTO

SPTO

WRELO

INTIICO

TRCO

| IICO « data | ICO « data

il
A

H\ (Transmit

o7 X eX(T5

[Processing by;slave device |

lco

ACKDO

STDO

SPDO

WTIMO

ACKEO

MSTSO0

STTO

SPTO

WRELO

INTIICO

TRCO

1ICO « FFH Note

1 —

/ [ Note \ [ ]Note

N——

L Receive

Note To cancel slave wait, write “FFH” to 1ICO or set WRELO.
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Figure 16-27. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (3/3)

(3) Stop condition

[ Processing by master device |

IIco I IICO « data I 1ICO « address
AckDO | 4
STDO r
SPDO / I

WTIMO  H /

ACKEO H (

MSTSO \ L

STTO

SPTO \

— \ L

Lo Jlml

TRCO H Transmit

Transfer lines

SCLO

SDAO

/ AD6 XAD5

Start

[ Processing by slave device | condition condition
lIcCo I 1ICO « FFH Note IllCO < FFH Note
ACKDO |
STDO / li
SPDO / // r

WTIMO H / /
ACKEO H
MSTSO0 L

—_— | |

SPTO L \ \
WRELO [ |Note \ [] Note\
INTIICO

(When SPIEO = 1)
TRCO L Receive

Note To cancel slave wait, write “FFH” to [ICO or set WRELO.
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Figure 16-28. Example of Slave to Master Communication
(When 8-Clock Wait Is Selected for Master, 9-Clock Wait Is Selected for Slave) (1/3)

(1) Start condition ~ address

[ Processing by master device |

1ICO | 1ICO « address | lICO « FFH Note
I

ACKDO 4

sTDO | |
spp0 | /
WTIMO L ( /

ACKEO  H \ /

MSTSO |

STTO

SPTO L

wea |\

INTIICO \ \ )'I_l/
TRCO \

Transfer lines

SCLO

SDAO
Start condition

[ Processing by slave device |

lico
ACKDO
sTDO |
sppo |
WTIMO ~ H
ACKEO  H
MSTSO _ L
sTT0 L /
sPTO L

WRELO L

INTIICO \|_|
TRCO \‘l

Note To cancel master wait, write “FFH” to [ICO or set WRELO.
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Figure 16-28. Example of Slave to Master Communication
(When 8-Clock Wait Is Selected for Master, 9-Clock Wait Is Selected for Slave) (2/3)

(2) Data

[ Processing by master device |

IICo | 1ICO « FFH Note | ICO « FFH Note
I

ACKDO A

STDO L

oo 1\ |
w1\ \

oo T ] N

MSTSO0 H

STTO L

SPTO

|
wrets // | e /| Cles

INTIICO

TRCO L |[Receive \

Transfer lines

SCLO

SDAO

[Processing by,slave device |

IIco | | 1ICO « data
ACKDO \{
STDO L
SPDO L / /

WTIMO  H / /

ACKEO  H

MSTSO L / /
STT0 L / /
SPTO L / /

WRELO L k (

INTIICO \|_| K~|_|

TRCO H Transmit

Note To cancel master wait, write “FFH” to [ICO or set WRELO.
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Figure 16-28. Example of Slave to Master Communication
(When 8-Clock and 9-Clock Wait Is Selected for Master, 9-Clock Wait Is Selected for Slave) (3/3)

(3) Stop condition

[ Processing by master device | ICO « address

lICo | 1ICO « FFH Note
I

ACKDO
STDO B
SPDO g

WTIMO

ﬁ
ACKEO %
MSTSO0 '
STTO /
SPTO \ " N
WRELO [ |Note \ «)
/|

INTIICO /—I—L
\ Y’ // \ (When SPIEO = 1)
TRCO '

k
9 1

SCLO .
AV
SDAO D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO NACK %] f /AD6
Stop Start
- condition condition
[ Processing by slave device |
lIco | lICO « data «
T
ACKDO B /
STDO « /
SPDO « /
()() /
WTIMO  H /
()()
ACKEO H
MSTSO L B
STTO L (}()
SPTO L «
WRELO ) [ ]
)7
INTIICO B \|_| [ ]
M (When SPIEO = 1)
TRCO N

Note To cancel master wait, write “FFH” to [ICO or set WRELO.
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16.7 Communication with LCD Controller/Driver

With the 78KO0/LE2, setting to LCD controller/driver is performed via the I°C bus interface. Therefore reading and
writing to the LCD controller/driver registers can be performed.

16.7.1 System configuration
The system configuration of the LCD controller/driver in the 78K0/LE2 is illustrated in Figure 16-29.

Figure 16-29. System configuration

78KO0/LE2
CPU LC_D controller
/driver
P60/SCLO LSCL
P61/SDAO LSDA
() ()
Vob Vob SDAo\\O/ © SCLO

% % Serial clock

Serial data bus
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16.7.2 Write operation
The processing procedure, format, and operation of writing to the LCD controller/driver via the I°C bus interface are
explained below.
The LCD controller/driver register to be accessed can be specified with the slave ID and address (see Figure 17-3).
(1) Processing procedure

Figure 16-30. Processing procedure of Write Operation

CPU side (master) LCD controller/driver side (slave)

Transfer direction

[ stgeneraion | )
| Slave ID transmission | I:‘> | Slave ID reception |

ID matched?

Yes

1 || AcKtransmission |
Address transmission | I:> | Address reception |

No ) .
CK receptio <:| | ACK transmission |

Yes

| WD transmission | I:> | WD reception |

ACK receptio <:| | ACK transmission |

Yes

ST detected?

Completed?

Yes

No

SP detection

| sPgeneraton | )

| End | | End

Remark ST: Start condition
RST: Restart condition
SP: Stop condition
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(2) Communication format
Write data to each register on the LCD controller/driver starting from the start condition, slave ID, address,
write data, then stop condition in that order.

Figure 16-31. Communication Format for Write Operation (When Writing Twice)

Access <1> <2> <3> <4> <5> <6>
target ST Slave ID R/W | ACK Address ACK
LcocTL | sT |o 1 1 1 0 0 o] o | ACK |A7 A6 A5 A4 A3 A2 A1 A0 | ACK
LCDSEG | ST |0 111 0 0 1| o | ACK |A7 A6 A5 A4 A3 A2 A1 A0 | ACK

<7> <8> <9> <10> <11>

Write data 1 ACK Write data 2 ACK SP

D7 D6 D5 D4 D3 D2 Di DO| ACK |D7 D6 D5 D4 D3 D2 D1 DO| ACK | SP
D7 D6 D5 D4 D3 D2 Di DO| ACK |D7 D6 D5 D4 D3 D2 D1 DO| ACK | SP

. g — . g —
Address Address"™®

LCDCTL : A7, A6, A5, A4, A3, A2, A1, AO LCDCTL : (A7, A6, A5, A4, A3, A2, A1, A0) + 1
LCDSEG: A7, A6, A5, A4, A3, A2, A1, AO LCDSEG: (A7, A6, A5, A4, A3, A2, A1, AD) + 1

Note With the 78K0/LE2, the address is incremented by one based on the register read/write start address by
continuously performing read/write access from transmissions of the start condition to stop condition. With
this function, the address does not need to be set each time.

Cautions 1. Generate a stop condition if an access like the one shown below is made.
¢ An access made in a format other than specified
¢ An access made with a slave ID other than specified
2. When SDAO is fixed at the low level output status due to noise, input 0 to P130 (bit 0 of port
register 13) to reset the LCD controller/driver.

Remark ST: Start condition

SP: Stop condition
A7 to AO: Addresses for LCDCTL or LCDSEG
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(3) Operation

scLo
SDAO

1IC shift
register 0

SCL

LSDA

1IC shift
register

The operation flow when transmitting write data twice is shown below.
Steps <1> to <11> correspond to <1> to <11> in Figure 16-31.

<1> The start condition is transmitted.

<2> The slave ID is transmitted (from the 1st to 7th clocks).

<3> R/W information (0) is transmitted (at the 8th clock).

<4> An acknowledge signal is received (at the rising edge of the 9th clock).

<5> The write start address is transmitted (from the 1st to 8th clocks following <4>).

<6> An acknowledge signal is received (at the rising edge of the 9th clock).

<7> Write data is transmitted (first time) (from the 1st to 8th clocks following <6>).

<8> An acknowledge signal is received (at the rising edge of the 9th clock).

<9> Write data is transmitted (second time) (from the 1st to 8th clocks following <8>).
(The address is automatically incremented by 1.)

<10> An acknowledge signal is received (at the rising edge of the 9th clock).

<11> The stop condition is transmitted.

Figures 16-32 shows the timing chart of the write operation.

Figure 16-32. Timing Chart of Write Operation

Stop condition

Start condition

Setup Setup Setup

T € €0 & TR D €2) &I GRS D €20 4 1D €
Write to IIC shift register 0 Write to IIC shift register 0 Write to 1IC shift register 0

Start condition

xxH xxH g X xxH
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16.7.3 Read operation

The processing procedure, format, and operation of reading the LCD controller/driver via the I’C bus interface are

explained below.

The LCD controller/driver register to be accessed can be specified with the slave ID and address (see Figure 17-3).

(1) Processing procedure

Figure 16-33. Processing procedure of Read Operation

CPU side (master) LCD controller/driver side (slave)

Transfer direction

| ST generation |

| Slave ID transmission |

Slave ID reception |

ACK transmission |

Address reception |

ACK transmission |

| RST generation |

| Slave ID transmission |

Slave ID reception |

CK receptio

ACK transmission |

Yes

RD reception |

RD transmission |

| SP generation |

LU0 CUTIT 1)

| End | |

End |

Remark ST: Start condition
RST: Restart condition
SP: Stop condition
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(2) Communication format

Read data from each register on the LCD controller/driver starting from the start condition, slave ID, address,
restart condition, slave ID, read data, then stop condition in that order.

Figure 16-34. Communication Format for Read Operation (When Reading Twice)

Access <1> <2> <3> <4> <5> <6>
target ST Slave ID R/W | ACK Address ACK

LeoeTL | sT |o 1 1 1 0 0 0] 0 |ACK|A7 A6 A5 A4 A3 A2 A1 A0 | ACK
LCDSEG | ST [0 111 0 0 1] 0 |ACK|A7 A6 A5 A4 A3 A2 A1 A0 | ACK
<7> <8> <9> | <10> <11> <12>

RST Slave ID R/W | ACK Read dara 1 ACK

RST |0 1 1 1. 0 00| 1 |ACK|D7 D6 D5 D4 D3 D2 Di DO | ACK

RST |0 1 1 0 1] 1 | Ack |D7 D6 D5 D4 D3 D2 D1 DO | ACK

— /
Address e

LCDCTL : A7, A6, A5, A4, A3, A2, A1, AO
LCDSEG: A7, A6, A5, A4, A3, A2, A1, AO

<13> <14> | <15>
Read data2 ACK SP
D7 D6 D5 D4 D3 D2 Di DO | NAK | SP
D7 D6 D5 D4 D3 D2 D1 DO | NAK | SP
— M
Note V
Address

LCDCTL : (A7, A6, A5, A4, A3, A2, A1, AO) + 1
LCDSEG: (A7, A6, A5, A4, A3, A2, A1, AO) + 1

Note With the 78K0/LE2, the address is incremented by one based on the register read/write start address by
continuously performing read/write access from transmissions of the start condition to stop condition. With
this function, the address does not need to be set each time.

Cautions 1. Generate a stop condition if an access like the one shown below is made.
¢ An access made in a format other than specified
¢ An access made with a slave ID other than specified
2. When SDAO is fixed at the low level output status due to noise, input 0 to P130 (bit 0 of port
register 13) to reset the LCD controller/driver.

Remark ST: Start condition
RST: Restart condition
SP: Stop condition

A7 to AO: Addresses for LCDCTL or LCDSEG
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(3) Operation

424

The operation flow when receiving read data twice is shown below.
Steps <1> to <15> correspond to <1> to <15> in Figure 16-34.

<1> The start condition is transmitted.

<2> The slave ID is transmitted (first time) (from the 1st to 7th clocks).

<3> R/W information (0) is transmitted (at the 8th clock).

<4> An acknowledge signal is received (at the rising edge of the 9th clock).

<5> The read start address is transmitted (from the 1st to 8th clocks following <4>).

<6> An acknowledge signal is received (at the rising edge of the 9th clock).

<7> The restart condition is transmitted.

<8> The slave ID is transmitted (second time) (from the 1st to 7th clocks following <7>).

<9> R/W information (1) is transmitted (at the 8th clock).

<10> An acknowledge signal is received (at the rising edge of the 9th clock).

<11> Read data is received (first time) (from the 1st to 8th clocks following <10>).

<12> An acknowledge signal is transmitted (from the falling edge of the 8th clock to the falling edge of the 9th
clock).

<13> Read data is received (second time) (from the 1st to 8th clocks following <12>).
(The address is automatically incremented by 1.)

<14> Stop the acknowledge signal transmission. "™

<15> The stop condition is transmitted.

Note Do not transmit the acknowledge signal when completing data reception.
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Figures 16-35 shows the timing chart of the read operation.

Figure 16-35. Timing Chart of Read Operation

Start condition Setup Setup

s {7

xxH xxH m xxH xxH S xxH xxH

1IC shift
xxH xxH xxH
register0 ——/ @

1IC bus Start condition

LSCL \ 1 2 ;S 7 8 9 1 2 § 8 9 /
LSDA 55 ACK >§ ACK

IIC shift

register xxH xxH - S xxH xxH xxH xxH S xxH xxH

(Continued from above)

Restart condition
Setup Setup Setup

1IC shift
register 0 xxH @ xxH S xxH @ xxH xxH xxH
Write to IIC shift register 0 Write FFH or WRELO = 1 Write FFH or WRELO = 1
Restart condition Stop condition

~T TR ARG/

registe r XX XX XXI XX XX XXI ? XX XX XXI ? XX
Write to 1IC shift register Write to 1IC shift register Write to 1IC shift register
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17.1 Functions of LCD Controller/Driver
The functions of the LCD controller/driver in the 78K0/LE2 are as follows.

(1) The LCD driver reference voltage generator can switch internal voltage boosting, external resistance division,
and internal resistance division.
(2) Automatic output of segment and common signals based on automatic display data memory read
(38) Five different display modes:
* Static
1/2 duty (1/2 bias)
* 1/3 duty (1/2 bias)
1/3 duty (1/3 bias)
1/4 duty (1/3 bias)
(4) Four different frame frequencies, selectable in each display mode
(5) Up to 20 segment signal outputs (SO to S19) and four common signal outputs (COMO to COM3)

Table 17-1 lists the maximum number of pixels that can be displayed in each display mode.

Table 17-1. Maximum Number of Pixels

LCD Driver Reference Bias Number of Common Signals Used Number of Maximum Number of
Voltage Generator Mode Time Slices Segments Pixels
* External resistance division - Static COMO (COM1 to COM3) | 20 20 (20 segment signals,
: Note 1
* Internal resistance division 1 common signal)
1/2 2 COMO, COMH1 40 (20 segment signals,
2 common signals)"**?
3 COMO to COM2 60 (20 segment signals,
. Note 3
* Internal voltage boosting 1/3 3 COMO to COM2 3 common signals)

* External resistance division 4 COMO to COM3 80 (20 segment signals,

H Note 4
¢ Internal resistance division 4 common signals)

Notes 1. 2-digit LCD panel, each digit having an 8-segment £. configuration.
2. 5-digit LCD panel, each digit having a 4-segment 5. configuration.
3. 7-digit LCD panel, each digit having a 3-segment . configuration.
4. 10-digit LCD panel, each digit having a 2-segment &. configuration.
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17.2 Configuration of LCD Controller/Driver
The LCD controller/driver consists of the following hardware.
The LCD controller/driver includes of two blocks: LCDSEG block for controlling segments, and LCDCTL block for

controlling LCD register setting and mode setting.

Table 17-2. Configuration of LCD Controller/Driver

Item Configuration
LCD Display outputs 20 segment signals
controller/ | (LCDSEG) 4 common signals (COMO to COM3)
driver Control registers | LCD mode setting register (LCDMD)
(LCDCTL) LCD display mode register (LCDM)
LCD clock control register (LCDC)
LCD voltage boost control register 0 (VLCGO)
CPU Control registers | Clock output selection register (CKS)

Port register 13 (P13)
Port mode register 14 (PM14)

Figure 17-1. Hardware Configuration of LCD Controller/Driver

LCD Controller

SCLO

LCDCTL

K LCDSEG
CPU SDAO I2C Bus Interface LCD Driver

Reset Input
frcL Clock Input
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Figure 17-2. Block Diagram of LCD Controller/Driver

Internal bus

LCD mode setting
register (LCDMD)

[

LCD clock control
register (LCDC)

[

LCD display mode

register (LCDM)

g

LCD voltage boost control

register 0 (VLCGO)

|SEGSET2|SEGSET1|SEGSETD| MDSET1 | MDSETO|

@ Display data memory @

| Looos| onc | onet | ooeo| [coon] scoc [vicon|Leowme]Lcomt] oomo| - [cTseLi]cTseLo] cain | LEDSEGS QORI oo LEDSEGs 131
[, T
3
2
frcL 5 ;
frcL/2 3 L—CD-l Prescaler |
fre/2*—=1 B | | fico] fo| fioo @L
26 o7 28 29 .
(Iz]gg( LCDCL Timng | 0
selector controller
Clock VLCON 3210 3210
ge}r;eratpr for Segment voltage selector| 77 selector
oostin
LL 9 controller LCDON 6 LCDON 6
Booster [ I -------
circuit

Il

LCD drive voltage controller

> Segment voltage

controller

:"

CAPH CAPL Vice

Vici  Vico

Remark frcL: The clock generated by the clock output controller

> Common voltage
controller

Common driver

COMO COM1 COM2 COM3

Segment Segment
driver | T driver
O ©
SO S19

H3IAIHA/H3TT0HLNOD ad1 LI H3L1dVHO
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Figure 17-3 shows the controll register of LCD controller/driver, and Figure 17-4 shows the LCD display RAM.

Figure 17-3. Controll Register of LCD Controller/Driver

Address Bit Register
7 6 5 4 3 2 1 0
LCDCTL's 03H CTSEL1 | CTSELO 0 0 0 0 0 GAIN | - VLCGO
02H 0 0 0 0 LCDC3 | LCDC2 | LCDCH LCDCo | —» LCDC
01H LCDON | SCOC | VLCON 0 0 LCDM2 | LCDM1 | LCDMO | — LCDM
LCDCTL's OOH SEGSET2|SEGSET1|SEGSETO 0 0 0 MDSET1 | MDSET0 | - LCDMD

Figure 17-4. LCD Display RAM

Address Bit Segment
7 6 5 4 3 2 1 0

LCDSEG's 13H 0 0 0 0 — 5819
12H 0 0 0 0 — 518
11H 0 0 0 0 — S$17
10H 0 0 0 0 — S16
OFH 0 0 0 0 — 815
OEH 0 0 0 0 — S14
ODH 0 0 0 0 — S13
OCH 0 0 0 0 — 812
0BH 0 0 0 0 — S11
0AH 0 0 0 0 — S10
09H 0 0 0 0 — 89
08H 0 0 0 0 — S8
07H 0 0 0 0 — 87
06H 0 0 0 0 — S6
05H 0 0 0 0 — S5
04H 0 0 0 0 — S4
03H 0 0 0 0 — S8
02H 0 0 0 0 — 82
01H 0 0 0 0 - S1

LCDSEG's 00H 0 0 0 0 — S0

T T T T

Common cOM3 COM2 COM1 COMO

Remark Bits 4 to 7 are fixed to 0.
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17.3 Registers Controlling LCD Controller/Driver
The following seven registers are used to control the LCD controller/driver.

e LCD mode setting register (LCDMD)

¢ LCD display mode register (LCDM)

¢ LCD clock control register (LCDC)

* LCD voltage boost control register 0 (VLCGO)
* Clock output selection register (CKS)

* Port register 13 (P13)

¢ Port mode register 14 (PM14)

(1) LCD mode setting register (LCDMD)
LCDMD sets the number of segments and the LCD reference voltage generator.
LCDMD is set using an 8-bit memory manipulation instruction.

Reset signal generation sets LCDMD to O0H.

Figure 17-5. Format of LCD Mode Setting Register

Address: LCDCTL's 00H After reset: 00H R/W

Symbol 7 6 5 4 1 0
LCDMD| SEGSET2 SEGSET1 SEGSETO 0 MDSET1 MDSETO
SEGSET2 SEGSET1 SEGSETO Segment number setting
1 0 0 20
Other than above Setting prohibited
MDSET1 MDSETO LCD reference voltage generator selection
0 0 External resistance division method
0 1 Internal resistance division method
1 X Internal voltage boosting method

Cautions 1. Bits 2 to 4 must be set to 0.

430

2. LCDMD can be set only once after a reset release.
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()

LCD display mode register (LCDM)
LCDM specifies whether to enable display operation.
pin/common pin output, booster circuit operation, and the display mode.

LCDM is set using an 8-bit memory manipulation instruction.

Reset signal generation sets LCDM to O0H.

It also specifies whether to enable segment

Figure 17-6. Format of LCD Display Mode Register

Address: LCDCTL's 01H After reset: 00H R/W

Symbol
LCDM

7 6 5 4 3 2 1 0
LCDON SCOC VLCON 0 0 LCDM2 LCDM1 LCDMO
LCDON LCD display enable/disable

0 Display off (all segment outputs are deselected.)

1 Display on

SCOC Segment pin/common pin output control" ¢

0 Output ground level to segment/common pin

1 Output deselect level to segment pin and LCD waveform to common pin
VLCON Booster circuit operation enable/disable™*®

0 No internal voltage boosting

1 Internal voltage boosting enabled
LCDM2 LCDM1 LCDMO LCD controller/driver display mode selection

Resistance division method Voltage boosting method
Number of Bias mode Number of Bias mode
time slices time slices

0 0 0 4 1/3 4 1/3

0 0 1 3 1/3 3 1/3

0 1 0 2 1/2 4 1/3

0 1 1 3 1/2 3 1/3

1 0 0 Static Setting prohibited

Other than above

Setting prohibited

Note When the LCD display panel is not used, SCOC and VLCON must be set to 0 to conserve power.
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Cautions 1. Bits 3 and 4 must be set to 0.
2. When operating VLCON, follow the procedure described below.
A. To stop voltage boosting after switching display status from on to off:
1) Set to display off status by setting LCDON = 0.
2) Disable outputs of all the segment buffers and common buffers by setting
SCOC =0.
3) Stop voltage boosting by setting VLCON = 0.
B. To stop voltage boosting during display on status:
Setting prohibited. Be sure to stop voltage boosting after setting display off.
C. To set display on from voltage boosting stop status:
1) Start voltage boosting by setting VLCON = 1, then wait for voltage boost wait time
(tvawarr) (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).
2) Set all the segment buffers and common buffers to non-display output status
by setting SCOC =1.
3) Set display on by setting LCDON = 1.

(3) LCD clock control register (LCDC)

LCDC specifies the LCD source clock and LCD clock.

The frame frequency is determined according to the LCD clock and the number of time slices.
LCDC is set using an 8-bit memory manipulation instruction.

Reset signal generation sets LCDC to 00H.

Figure 17-7. Format of LCD Clock Control Register

Address: LCDCTL's 02H After reset: 00H R/W

Symbol
LCDC

432

7 6 5 4 3 2 1 0
0 0 0 0 LCDC3 LCDC2 LCDCH LCDCO
LCDC3 | LCDC2 LCD source clock (ficp) selection™*®
0 X frcL (Clock generated by clock output controller)
1 0 fecl/2
1 1 frc/2?
LCDC1 | LCDCO LCD clock (LCDCL) selection
0 0 fLen/2°
0 1 fLen/2”
1 0 fLeo/2°
1 1 fieo/2°

Note Specify an LCD source clock (fLcp) frequency of at least 32 kHz.
Cautions 1. Bits 4 to 7 must be set to 0.

2. Before changing the LCDC setting, be sure to stop voltage boosting (VLCON = 0).
3. Set the frame frequency to 128 Hz or lower.
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@

<R>

LCD voltage boost control register 0 (VLCGO0)
VLCGO controls the voltage boost level during the voltage boost operation.
VLCGO is set with an 8-bit memory manipulation instruction.
Reset signal generation sets VLCGO to 00H.

Figure 17-8. Format of LCD Voltage Boost Control Register 0

Address: LCDCTL's 03H After reset: 00H R/W

Symbol
VLCGO

7 6 5 4 3 2 1 0
CTSELA CTSELO 0 0 0 0 0 GAIN
GAIN Reference voltage (Vicz) level selection™™™'
0 1.5 V (specification of the LCD panel used is 4.5 V.)
1 1.0 V (specification of the LCD panel used is 3 V.)
CTSEL1 CTSELO Contrast adjustment (TYP.)
Vico Vici Vice
GAIN =0 GAIN =1 GAIN =0 GAIN = 1 GAIN =0 GAIN = 1
1 0 489V 3.39V 3.27V 227V 1.63V 1.13V
1 1 471V 321V 3.13V 2.13V 157V 1.07V
0 0 450V 3.00V 3.00V 2.00V 1.50V 1.00V
0 1 429V 2.79 V 2.87V 1.87V 1.43V 0.93V

Notes 1. Select the settings according to the specifications of the LCD panel that is used.

2. Set these bits so that LVop after voltage boosting becomes 2.0 t0 5.5 V.

Cautions 1. Bits 1 to 5 must be set to 0.
2. Before changing the VLCGO setting, be sure to stop voltage boosting (VLCON = 0).
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Clock output selection register (CKS)

CKS enables/disables the clock output (PCL) to the LCD controller/driver, and sets the output clock.
CKS is set with a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets CKS to O0H.

Figure 17-9. Format of Clock Output Selection Register

Address: FF40H  After reset: 00H R/W

Symbol 7 6 5 <4> 3 2 1 0
CKS 0 0 0 CLOE CCS3 CCSs2 CCSHt CCSo
CLOE PM140 Specification of enable/disable for clock output

to LCD controller/driver "

1 0 Clock output to LCD controller/driver enabled
Other than above Clock output to LCD controller/driver disabled
CCS3 CCs2 CCst CCS0 PCL output clock selection
fsus = frrs = frrs =

32.768 kHz| 10 MHz 20 MHz

0 1 1 0 frrs/2° - 156.25 kHz |312.5 kHz
0 1 1 1 frrs/2’ 78.125 kHz [156.25 kHz
1 0 0 0 fsus 32.768 kHz -

Other than above Setting prohibited

Note Enabling/disabling the PCL clock output is specified by combining the PM140 settings (see (7) Port

mode register 14 (PM14)).

Cautions 1. Set CCS3 to CCSO0 while the clock output operation is stopped (CLOE = 0).
2. Bits 5 to 7 must be set to 0.

Remarks 1. frrs: Peripheral hardware clock oscillation frequency
2. fsus: Subsystem clock oscillation frequency
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6)

Port register 13 (P13)

P13 controls the reset for the LCD controller/driver.

When using the LCD controller/driver, set P130 to 1.

P13 is set with a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets P13 to O0H.

Figure 17-10. Format of Port Register 13

Address: FFODH  After reset: 00H (Output latch) R/W

Symbol 7 6 5 4 3 2 0
P13 0 0 0 0 0 0 P130
P130 LCD controller/driver reset control
0 Reset status set
1 Reset status released
(7) Port mode register 14 (PM14)
PM14 controls the clock output to the LCD controller/driver.
When using the LCD controller/driver, set PM140 to 0.
PM14 is set with a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM14 to FFH.
Figure 17-11. Format of Port Mode Register 14
Address: FF2EH  After reset: FFH R/W
Symbol 7 6 5 4 3 2 0
PM14 1 1 1 1 1 1 PM140
PM140 Clock output control to LCD controller/driver
0 Clock output to LCD controller/driver enabled
1 Clock output to LCD controller/driver disabled
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17.4 Setting LCD Controller/Driver

Set the LCD controller/driver using the following procedure.

436

(1) Voltage boosting method

* Operation flow for transition of reset status to display status in LCD controller/driver

<1> Set P130 = 1 to release the reset status.
<2> Set the output clock using the clock output selection register (CKS).
<3> Set PM140 = 0 to set output mode.
<4> Set CLOE (bit 4 of CKS) to 1 to enable the clock output.
<5> Set MDSET1 (bit 1 of LCDMD) to 1 to set the internal voltage boosting method
(initial setting: external resistance division method)
<6> Set the initial values to the LCD display data area (bits 0 to 3) in the LCD display RAM.
<7> Set the display mode using LCDMO0, LCDM1, and LCDM2 (bits 0, 1, and 2 of LCD display mode register
(LCDM)) (1/2 bias mode and static mode cannot be set).
<8> Set the LCD clock using LCD clock control register (LCDC).
<9> Set the voltage boost level and contrasts using LCD voltage boost control register 0 (VLCGO).
GAIN =0: Vico=4.5V, Vici =3V, Vicc=15V
GAIN=1:Vico=3V,Vwct=2V,Vicc=1V
<10> Set VLCON (bit 5 of LCDM) to 1 to enable voltage boosting.
<11> Wait for voltage boost wait time (tvawar) from setting of VLCON (see CHAPTER 27 ELECTRICAL
SPECIFICATIONS).
<12> Set SCOC (bit 6 of LCDM) to 1 to output the deselect voltage.
<13> Set LCDON (bit 7 of LCDM) to 1 and set data to the data memory in accordance with the display
contents, after the output corresponding to each data memory is started.

Subsequent to this procedure, set the data to be displayed in the data memory.

Remark The register can be set in 1-bit units because the I°C bus is used for setting.
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(2) Resistance division method
* Operation flow for transition of reset status to display status in LCD controller/driver

<1> Set P130 = 1 to release the reset status.

<2> Set the output clock using the clock output selection register (CKS).

<3> Set PM140 = 0 to set output mode.

<4> Set CLOE (bit 4 of CKS) to 1 to enable the clock output.

<5> Set to the internal voltage boosting method using MDSETO and MDSET1 (bit 0 and 1 of LCDMD).
(MDSETO, MDSET1 = 0, 0: External resistance division method,
MDSETO, MDSET1 = 0, 1: Internal resistance division method)

<6> Set the initial values to the LCD display data area (bits 0 to 3) in the LCD display RAM.

<7> Set the display mode using LCDMO, LCDM1, and LCDM2 (bits 0, 1, and 2 of LCD display mode register
(LCDM)).

<8> Set the LCD clock using LCD clock control register (LCDC).

<9> Set SCOC (bit 6 of LCDM) to 1 to output the deselect voltage.

<10> Set LCDON (bit 7 of LCDM) to 1 and set data to the data memory in accordance with the display

contents, after the output corresponding to each data memory is started.

Subsequent to this procedure, set the data to be displayed in the data memory.

Remark The register can be set in 1-bit units because the I°C bus is used for setting.
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17.5 LCD Display Data Memory

The LCD display data memory is mapped at addresses 00H to 13H of LCDSEG. Data in the LCD display data

memory can be displayed on the LCD panel using the LCD controller/driver.

Figure 17-12 shows the relationship between the contents of the LCD display data memory and the

segment/common outputs.

Figure 17-12. Relationship Between LCD Display Data Memory Contents and Segment/Common Outputs

Address b7 b6 b5 b4 b3 b2 b1 b0
------ [ R
1
LCDSEG's 13H ! -~ S19
- - - 1= === t--=-=-- F----
! 1 1 1
LCDSEG's 12H ! ! ! — S18
: ------ Jm - — = - — - ————
1 1 1
LCDSEG's 11H | ! ! ! -~ 517
: ______ e oo = 1o [
LCDSEG's 10H , ! ! ! — S16
! ' L L
[ [ C oo
! 1 1 1
! 1 1 1
! 1 1 |
A
1
LCDSEG's 02H ! | | | — S2
A S
1 1 1
LCDSEG's 01H : : : : L~ S1
:— ————— |- —-—- t==--=- -
1 1 1
LCDSEG's 00H ! ! ! — SO
| - - - R _————

T

comM3 com2 CcOmMi1 COMo

Caution No memory is allocated to the higher 4 bits of the LCD display data memory. Be sure to set
there bits to 0.
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17.6 Common and Segment Signals

Each pixel of the LCD panel turns on when the potential difference between the corresponding common and

segment signals becomes higher than a specific voltage (LCD drive voltage, Vi.cp).

The pixels turn off when the

potential difference becomes lower than Vi.co.
Applying DC voltage to the common and segment signals of an LCD panel causes deterioration. To avoid this
problem, this LCD panel is driven by AC voltage.

)

)

Common signals

Each common signal is selected sequentially according to a specified number of time slices at the timing
listed in Table 17-3. In the static display mode, the same signal is output to COMO to COM3.

In the two-time-slice mode, leave the COM2 and COM3 pins open. In the three-time-slice mode, leave the
COMS3 pin open.

Table 17-3. COM Signals

COM Signal CcOomMo COM1 CcOom2 COoM3
Number of Time Slices
Static display mode ! | |4 || & | 1A
Two-time-slice mode ] | | Open Open
Three-time-slice mode A ]| Open
Four-time-slice mode A

Segment signals

The segment signals correspond to 20 bytes of LCD display data memory (00H to 13H of LCDSEG). Bits 0,
1, 2, and 3 of each byte are read in synchronization with COM0, COM1, COM2, and COMS3, respectively. If a
bit is 1, it is converted to the select voltage, and if it is O, it is converted to the deselect voltage. The
conversion results are output to the segment pins (SO to S19).

Check, with the information given above, what combination of front-surface electrodes (corresponding to the
segment signals) and rear-surface electrodes (corresponding to the common signals) forms display patterns
in the LCD display data memory, and write the bit data that corresponds to the desired display pattern on a
one-to-one basis.

LCD display data memory bits 1 to 3, bits 2 and 3, and bit 3 are not used for LCD display in the static display,
two-time slot, and three-time slot modes, respectively. So these bits can be used for purposes other than
display.

LCD display data memory bits 4 to 7 are fixed to 0.
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(3) Output waveforms of common and segment signals
The voltages listed in Table 17-4 are output as common and segment signals.
When both common and segment signals are at the select voltage, a display on-voltage of £Vicp is obtained.
The other combinations of the signals correspond to the display off-voltage.

Table 17-4. LCD Drive Voltage

(a) Static display mode

Segment Signal Select Signal Level Deselect Signal Level
Common Signal LVss/Vico Vico/LVss
Vico/LVss —Vieo/+Vico ov/ov
(b) 1/2 bias method
Segment Signal Select Signal Level Deselect Signal Level
Common Signal LVss/Vico Vico/LVss
Select signal level Vico/LVss —Vieo/+Viep ov/ov
1 1 1 1
Deselect signal level Vict = Vicz —?VLCD/+? Vico +? VLCD/—? Viep
(c) 1/3 bias method
Segment Signal Select Signal Level Deselect Signal Level
Common Signal LVss/Vico Vict/Vicz
1 1
Select signal level Vico/LVss —Vieo/+Vico Y VLCD/+€ Viep
) 1 1 1 1
Deselect signal level Vice/Vict —?VLCD/+? Vico 3 VLCD/+§VLCD
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Figure 17-13 shows the common signal waveforms, and Figure 17-14 shows the voltages and phases of the
common and segment signals.

Figure 17-13. Common Signal Waveforms

(a) Static display mode

Vico
COMn
Vicop
(Static display)
LVss
T: One LCD clock period Tr: Frame frequency
(b) 1/2 bias method
COMn
— Vico
(Two-time slot mode)
Tr=2xT
- - Vico
COMn
— Vica | Vicp
(Three-time slot mode)
e LVss
Te=3xT
T: One LCD clock period Tr: Frame frequency
(c) 1/3 bias method
fffffffffffffffffffffffffffffffffff Vico
Mn & —-]---
COMn xl_m Vieo
(Three-time slot mode) o2
- ---—-——— - LVss
TF=3xT
fffffffffffffffffffffffffffffffffffffff Vico
COMn  —----
n Vict Vieo

(Four-time slot mode)

T: One LCD clock period Tr: Frame frequency
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Figure 17-14. Voltages and Phases of Common and Segment Signals

(a) Static display mode

Select Deselect
e Vi
1 L 1
Common signal ! ! ! ! Vico
e L I T
1 L 1
B S SR VO
| | | |
| | | |
Segment signal | | | | Vico
| | | |
R S N
| | | |
D
T: One LCD clock period
(b) 1/2 bias method
Select Deselect
e Vi
Common signal - - “--4--F---——-- Vicz |Viop
R
l l l l
| | | |
e 1 1 Vo
| | | |
Segment signal - ----4--F-----{-- F-- Vice |Vieo
| | | |
R S i YN
| | | |
A
T: One LCD clock period
(c) 1/3 bias method
Select Deselect
S i
. e [
ommon signa 777:77 77:7777£77 Vics LCD
e
l l l l
| | | |
it e i~~~ Vico
Segment si naliﬁlﬁ ”:””‘_J:” Vier
d g ST N T L Ve Vicp
e -~ LVss
| | | |
S

T: One LCD clock period
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17.7 Display Modes

17.7.1 Static display example

Figure 17-16 shows how the two-digit LCD panel having the display pattern shown in Figure 17-15 is connected to
the segment signals (SO to S15) and the common signal (COMO) of the 78K0/LE2 chip. This example displays data
"12." in the LCD panel. The contents of the display data memory (addresses 00H to OFH of LCDSEG) correspond to
this display.

The following description focuses on numeral "2." ( 2. ) displayed in the first second digit. To display "2." in the
LCD panel, it is necessary to apply the select or deselect voltage to the SO to S7 pins according to Table 17-5 at the
timing of the common signal COMO; see Figure 17-15 for the relationship between the segment signals and LCD

segments.
Table 17-5. Select and Deselect Voltages (COMO)
Segment SO S1 S2 S3 S4 S5 S6 S7
Common
CcOMo Select Deselect Select Select Deselect Select Select Select

According to Table 17-5, it is determined that the bit-0 pattern of the display data memory locations (0O0H to 07H of
LCDSEG) must be 10110111.

Figure 17-17 shows the LCD drive waveforms of S3 and S4, and COMO0. When the select voltage is applied to S3
at the timing of COMO, an alternate rectangle waveform, +Vico/-Vicp, is generated to turn on the corresponding LCD
segment.

COM1 to COMS3 are supplied with the same waveform as for COM0. So, COMO to COM3 may be connected
together to increase the driving capacity.

Figure 17-15. Static LCD Display Pattern and Electrode Connections

Sen+3

Sen+4 4U Ssns2

> —— Sans COMO

San+6 *U SSn+1

Oi Sén

Sen+7

Remark n=0,1
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Figure 17-16. Example of Connecting Static LCD Panel
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Figure 17-17. Static LCD Drive Waveform Examples

TF

Vico

CcomMo

LVss

Vico

S3

LVss

Vico

S4

LVss

+Vico

COMO0-S3 0

-Vico

+Vicop

COMO0-S4 0

-Vico
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17.7.2 Two-time-slice display example

Figure 17-19 shows how the 5-digit LCD panel having the display pattern shown in Figure 17-18 is connected to
the segment signals (SO to S19) and the common signals (COMO and COM1) of the 78K0/LE2 chip. This example
displays data "12345." in the LCD panel. The contents of the display data memory (addresses O0H to 13H of
LCDSEG) correspond to this display.

The following description focuses on numeral "3" ( = ) displayed in the third digit. To display "3" in the LCD panel,
it is necessary to apply the select or deselect voltage to the S8 to S11 pins according to Table 17-6 at the timing of the
common signals COMO and COM1; see Figure 17-18 for the relationship between the segment signals and LCD
segments.

Table 17-6. Select and Deselect Voltages (COMO and COM1)

Segment S8 S9 S10 S11
Common
COMo Select Select Deselect | Deselect
COM1 Deselect Select Select Select

According to Table 17-6, it is determined that the display data memory location (OBH of LCDSEG) that
corresponds to S11 must contain xx10.

Figure 17-20 shows examples of LCD drive waveforms between the S11 signal and each common signal. When
the select voltage is applied to S11 at the timing of COM1, an alternate rectangle waveform, +Vico/~Vicp, is generated
to turn on the corresponding LCD segment.

Figure 17-18. Two-Time-Slice LCD Display Pattern and Electrode Connections

Sans2 San+1 COMO

Sanss *M San

Remark n=0to4

COM1
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Figure 17-19. Example of Connecting Two-Time-Slice LCD Panel
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Figure 17-20. Two-Time-Slice LCD Drive Waveform Examples (1/2 Bias Method)
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17.7.3 Three-time-slice display example

Figure 17-22 shows how the 6-digit LCD panel having the display pattern shown in Figure 17-21 is connected to
the segment signals (SO to S17) and the common signals (COMO to COM2) of the 78KO0/LE2 chip. This example
displays data "123456." in the LCD panel. The contents of the display data memory (addresses O0H to 11H of
LCDSEG) correspond to this display.

The following description focuses on numeral "6." ( &. ) displayed in the first digit. To display "6." in the LCD panel,
it is necessary to apply the select or deselect voltage to the SO to S2 pins according to Table 17-7 at the timing of the
common signals COMO to COM2; see Figure 17-21 for the relationship between the segment signals and LCD
segments.

Table 17-7. Select and Deselect Voltages (COMO0 to COM2)

Segment SO S1 S2
Common
COMO Deselect Select Select
COM1 Select Select Select
COM2 Select Select -

According to Table 17-7, it is determined that the display data memory location (00OH of LCDSEG) that
corresponds to SO must contain x110.

Figures 17-23 and 17-24 show examples of LCD drive waveforms between the SO signal and each common signal
in the 1/2 and 1/3 bias methods, respectively. When the select voltage is applied to SO at the timing of COM1 or
COM2, an alternate rectangle waveform, +ViLco/-Vicp, is generated to turn on the corresponding LCD segment.

Figure 17-21. Three-Time-Slice LCD Display Pattern and Electrode Connections

Ssn+1 COMO

Sans2 San

Remark n=0to5
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Data memory address

Figure 17-22. Example of Connecting Three-Time-Slice LCD Panel

2 COM 3 Open
S COM 2
% COM 1
I= COM 0
: 1
M N+~ O
f oo m
LCDSEG's O0H [ x 1—1—o SO
ot S1
1 X |1—:1—L1—
[ XTI T
2 X :"X-!"_N— S2
3 X_Eo:-—'o S3
| 221 T 2]
4 [xi-i-i-] >4
5 |X :"><-E’C>|‘- S5
6 X_Eoiw—'v— S6
7 |x lo:‘—nro S7
| X1 21T 2]
8 |xiIxloir S8
9 X_Eoiv—:‘— S9
A [x 1= S 10
| 2T T
B [x :“x?olo S 11
C x_iolo:w— S12 !
D [xi=i=ir] 518 ¥+
E ><:'><T:v—;o S 14 ~—Vam\ |
F [xioi—!r S15 Jl-/Q
Pt S 16 npfp((®
LCDSEG's 10H | x 10,010 = =
----- =k S17 U]

—_

N

LCD panel

x’: Can be used to store any data because there is no corresponding segment in the LCD panel.

x: Can always be used to store any data because the three-time-slice mode is being used.
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Figure 17-23. Three-Time-Slice LCD Drive Waveform Examples (1/2 Bias Method)
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Figure 17-24. Three-Time-Slice LCD Drive Waveform Examples (1/3 Bias Method)
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17.7.4 Four-time-slice display example

Figure 17-26 shows how the 10-digit LCD panel having the display pattern shown in Figure 17-25 is connected to
the segment signals (SO to S19) and the common signals (COMO to COMB) of the 78KO0/LE2 chip. This example
displays data "123456.7890" in the LCD panel. The contents of the display data memory (addresses 00H to 13H of
LCDSEG) correspond to this display.

The following description focuses on numeral "6." (=.) displayed in the fifth digit. To display "6." in the LCD panel,
it is necessary to apply the select or deselect voltage to the S8 and S9 pins according to Table 17-8 at the timing of
the common signals COMO to COMS; see Figure 17-25 for the relationship between the segment signals and LCD
segments.

Table 17-8. Select and Deselect Voltages (COMO0 to COM3)

Segment S8 S9
Common
COMo Select Select
COM1 Deselect Select
COM2 Select Select
COM3 Select Select

According to Table 17-8, it is determined that the display data memory location (08H of LCDSEG) that
corresponds to S8 must contain 1101.

Figure 17-27 shows examples of LCD drive waveforms between the S8 signal and each common signal. When
the select voltage is applied to S8 at the timing of COMO, an alternate rectangle waveform, +Vico/-VLcp, is generated
to turn on the corresponding LCD segment.

Figure 17-25. Four-Time-Slice LCD Display Pattern and Electrode Connections

SZn

COMo COM1

com2
V0o coms

Son+1

Remark n=0to9
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Figure 17-26. Example of Connecting Four-Time-Slice LCD Panel
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Figure 17-27. Four-Time-Slice LCD Drive Waveform Examples (1/3 Bias Method)
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Remark The waveforms for COM2 to S8 and COM3 to S8 are omitted.
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17.8 Supplying LCD Drive Voltages ViLco, VLc1, and Vic2

With the 78K0/LE2, a LCD drive power supply can be generated using either of three types of methods: internal
resistance division method, external resistance division method, or internal voltage boosting method.

17.8.1 Internal resistance division method

The 78KO0/LE2 incorporates voltage divider resistors for generating LCD drive power supplies. Using internal
voltage divider resistors, a LCD drive power supply that meet each bias method listed in Table 17-9 can be generated,
without using external voltage divider resistors.

Table 17-9. LCD Drive Voltages (with On-Chip Voltage Divider Resistors)

Bias Method No Bias (Static) 1/2 Bias Method 1/3 Bias Method
LCD Drive Voltage Pin
Vico Vico Vico Vico
V i Vi 17 V Note i vV
LC1 3 LCD 2 LCD 3 LCD
V s Vi 1 V
LC2 3 LCD 3 LCD

Note For the 1/2 bias method, it is necessary to connect the Vict and Vicz pins externally.

Figure 17-28 shows examples of generating LCD drive voltages internally according to Table 17-9.
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Figure 17-28. Examples of LCD Drive Power Connections (Internal Resistance Division Method)

(a) 1/3 bias method and static display mode
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17.8.2 External resistance division method

The 78K0/LE2 can also use external voltage divider resistors for generating LCD drive power supplies, without
using internal resistors. Figure 17-29 shows examples of LCD drive voltage connection, corresponding to each bias
method.

<R> Figure 17-29. Examples of LCD Drive Power Connections (External Resistance Division Method)

(a) Static display mode (b) Static display mode
(Vieo = Vico = Vict = Vicz) (Vict = Vicz = LVss = GND)
Vico Vico
Vico /(ID— Vico O )
Vict @ —s Vict @
Vice @ Vice @

LVss @ LVss @
I =

~

(c) 1/2 bias method (d) 1/3 bias method
\ﬂ_g) Vieo
Vico /(ID— Vico ©)
R R
Vict <O> Vict <O>
R
Vice \O D) Vice \O
R R
LVss ©) LVss ©)
1 Ul

Remark Both (a) and (b) connection can be used in the static display mode.
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17.8.3 Internal voltage boosting method
The 78K0/LE2 contains a booster circuit (x3 only) to generate a supply voltage to drive the LCD. The internal LCD
reference voltage is output from the Vic2 pin. A voltage two times higher than that on Vicz is output from the Vict pin
and a voltage three times higher than that on Vicz is output from the Vico pin.
The LCD reference voltage (Vicz) can be specified by setting LCD boost control register 0 (VLCGO).
<R> The 78KO0/LE2 requires an external capacitor (0.47 to 1 uF: recommended) when the internal voltage boosting
method is selected.

Table 17-10. Output Voltages of Vico to Vic2 Pins

VLCGO GAIN =0 GAIN =1
LCD drive power supply pin
Vico 45V 3.0V
Vici 3.0V 20V
Vicz (LCD reference voltage) 1.5V 1.0V

Cautions 1. When using the LCD function, do not leave the Vico, ViLci, and Vic2 pins open. Refer to
Figure 17-30 for connection.
2. Since the LCD drive voltage is separate from the main power supply, a constant voltage
can be supplied regardless of Voo and LVob fluctuation.

Figure 17-30. Example of Connecting Pins for LCD Driver

Vico ©

Vet O

Vicz (O
TT

O

c2

A

CAPH
C1
CAPL O
C1=02=C3=C4=0.47uF
@ External pin

Remark Use a capacitor with as little leakage as possible.
In addition, make C1 a nonpolar capacitor.
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CHAPTER 18 INTERRUPT FUNCTIONS

.1 Interrupt Function Types

The following two types of interrupt functions are used.

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 interrupt requests, each having the same priority, are simultaneously generated, then they are
processed according to the priority of vectored interrupt servicing. For the priority order, see Table 18-1.A
standby release signal is generated and STOP and HALT modes are released.
External interrupt requests and internal interrupt requests are provided as maskable interrupts.

External: 6, internal: 16

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.

.2 Interrupt Sources and Configuration

The 78KO0/LE2 has a total of 23 interrupt sources, including maskable interrupts and software interrupts. In addition,

they also have up to four reset sources (see Table 18-1).
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Table 18-1. Interrupt Source List

Interrupt Default Interrupt Source Internal/ | Vector Basic
Type | Priority"™’ Name Trigger External | Table | Configuration
Address Type"*?
Maskable 0 INTLVI Low-voltage detection"*** Internal | 0004H (A)
1 INTPO Pin input edge detection External | 0006H (B)
2 INTP1 0008H
3 INTP2 000AH
4 INTP3 000CH
5 INTP4 000EH
6 INTP5 0010H
7 INTSRE6 | UARTG6 reception error generation Internal 0012H (A)
8 INTSR6 End of UART®6 reception 0014H
9 INTST6 End of UART®6 transmission 0016H
10 INTCSI10/ | End of CSI10 communication/end of UARTO 0018H
INTSTO transmission
11 INTTMH1 | Match between TMH1 and CMPO1 001AH
(when compare register is specified)
12 INTTMHO | Match between TMHO and CMP0O 001CH
(when compare register is specified)
13 INTTM50 | Match between TM50 and CR50 001EH
(when compare register is specified)
14 INTTMOO0O | Match between TM00 and CR0O00 0020H
(when compare register is specified),
TI010 pin valid edge detection
(when capture register is specified)
15 INTTMO10 | Match between TM00 and CR010 0022H
(when compare register is specified),
TI000 pin valid edge detection
(when capture register is specified)
16 INTAD End of A/D conversion 0024H
17 INTSRO End of UARTO reception or reception error generation 0026H
18 INTWTI Watch timer reference time interval signal 0028H
19 INTTM51 Match between TM51 and CR51 002AH
(when compare register is specified)
20 INTWT Watch timer overflow 002EH
21 INTIICO End of IICO communication 0034H
Software - BRK BRK instruction execution - 003EH (C)
Reset - RESET Reset input - 0000H -
POC Power-on clear
LvI Low-voltage detection"™**
WDT WDT overflow
Notes 1. The default priority determines the sequence of processing vectored interrupts if two or more maskable

interrupts occur simultaneously. Zero indicates the highest priority and 21 indicates the lowest priority.
2. Basic configuration types (A) to (C) correspond to (A) to (C) in Figure 18-1.

o

When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is cleared to 0.

4. When bit 1 (LVIMD) of the low-voltage detection register (LVIM) is set to 1.
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Figure 18-1. Basic Configuration of Interrupt Function

(A) Internal maskable interrupt

Internal bus S

Interrupt
request

D

IE PR ISP

[

Vector table

(B) External maskable interrupt (INTPO to INTP5)

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

(C) 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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18.3 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)

¢ 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 18-2 shows a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding
to interrupt request sources.
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Table 18-2. Flags Corresponding to Interrupt Request Sources

Interrupt Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Source Register Register Register

INTLVI LVIIF IFOL LVIMK MKOL LVIPR PROL
INTPO PIFO PMKO PPRO

INTP1 PIF1 PMKA1 PPR1

INTP2 PIF2 PMK2 PPR2

INTP3 PIF3 PMK3 PPR3

INTP4 PIF4 PMK4 PPR4

INTP5 PIF5 PMK5 PPR5

INTSRE6 SREIF6 SREMK®6 SREPR6

INTSR6 SRIF6 IFOH SRMK6 MKOH SRPR6 PROH
INTST6 STIF6 STMK6 STPR6
|INTCSI0____ | CSIIF10__ | DUALIFO CSIMK10_| DUALMKO CSIPRI0_| DUALPRO
INTSTO sTF0 | STMKO | STPRO |

INTTMH1 TMIFH1 TMMKH1 TMPRH1

INTTMHO TMIFHO TMMKHO TMPRHO

INTTM50 TMIF50 TMMK50 TMPR50

INTTMO0O TMIFO00 TMMKO00 TMPRO000

INTTMO10 TMIFO10 TMMKO010 TMPRO10

INTAD ADIF IF1L ADMK MK1L ADPR PR1L
INTSRO SRIFO SRMKO SRPRO

INTWTI WTIIF WTIMK WTIPR

INTTM51 TMIF51 TMMK51 TMPR51

INTWT WTIF WTMK WTPR

INTIICO IICIFO IF1H IICMKO MK1H IICPRO PR1H
Notes 1. If either interrupt source INTCSI10 or INTSTO is generated, these flags are set (1).

2. Both interrupt sources INTCSI10 and INTSTO are supported.
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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 signal generation.
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 signal generation sets these registers to 00H.

Figure 18-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L, IF1H)

Address: FFEOH After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>

IFOL SREIF6 PIF5 PIF4 PIF3 PIF2 PIF1 PIFO LVIIF

Address: FFE1H  After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IFOH TMIF010 TMIF000 TMIF50 TMIFHO TMIFHA DUALIFO STIF6 SRIF6
CSIIF10
STIFO

Address: FFE2H  After reset: 00H R/W

Symbol <7> <6> <5> 4 <3> <2> <1> <0>

IF1L 0 0 WTIF 0 TMIF51 WTIIF SRIFO ADIF

Address: FFE3H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
IF1H 0 0 0 0 0 0 0 IICIFO
XXIFX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Cautions 1. Be sure to clear bits 4, 6 and 7 of IF1L to 0.
2. Be sure to clear bits 1 to 7 of IF1H to 0.
3. 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.
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Cautions 4. When manipulating a flag of the interrupt request flag register, use a 1-bit memory

466

manipulation instruction (CLR1). When describing in C language, use a bit manipulation
instruction such as “IFOL.0 = 0;” or “_asm(“clr1 IFOL, 0”);” because the compiled assembler
must 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 signal generation sets these registers to FFH.

Figure 18-3. 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>

MKOL SREMK6 PMK5 PMK4 PMK3 PMK2 PMK1 PMKO LVIMK

Address: FFE5H After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOH TMMKO10 | TMMKO0O | TMMK50 | TMMKHO | TMMKH1 | DUALMKO STMK6 SRMK6
CSIMKO
STMKO

Address: FFE6H  After reset: FFH R/W
Symbol 7 6 <5> 4 <3> <2> <1> <0>

MK1L 1 1 WTMK 1 TMMK51 WTIMK SRMKO ADMK

Address: FFE7H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 <0>
MK1H 1 1 1 1 1 1 1 IICMKO
XXMKX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Cautions 1. Be sure to set bits 4, 6 and 7 of MK1L to 1.
2. Be sure to set bits 1 to 7 of MK1H to 1.
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(3) 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 signal generation sets these registers to FFH.

Figure 18-4. 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 SREPR6 PPR5 PPR4 PPR3 PPR2 PPR1 PPRO LVIPR

Address: FFE9QH  After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PROH TMPRO10 | TMPRO0OO | TMPR50 TMPRHO | TMPRH1 | DUALPRO STPR6 SRPR6
CSIPR10
STPRO

Address: FFEAH  After reset: FFH R/W
Symbol <7> <6> <5> 4 <3> <2> <1> <0>

PR1L 1 1 WTPR 1 TMPR51 WTIPR SRPRO ADPR

Address: FFEBH  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 <0>
PR1H 1 1 1 1 1 1 1 IICPRO
XXPRX Priority level selection
0 High priority level
1 Low priority level

Cautions 1. Be sure to set bits 4, 6 and 7 of PR1L to 1.
2. Be sure to set bits 1 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 INTPS5.
EGP and EGN are set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to 00H.

Figure 18-5. 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 0 0 EGP5 EGP4 EGP3 EGP2 | EGP1 | EGPO

Address: FF49H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
EGN 0 0 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 18-3 shows the ports corresponding to EGPn and EGNn.

Table 18-3. Ports Corresponding to EGPn and EGNn

Detection Enable Register Edge Detection Port Interrupt Request Signal
EGPO EGNO P120 INTPO
EGP1 EGN1 P30 INTP1
EGP2 EGN2 P31 INTP2
EGP3 EGNS3 P32 INTP3
EGP4 EGN4 P33 INTP4
EGP5 EGN5 P16 INTP5

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=0to5
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(5) 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 18-6. 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

470 User's Manual U17734EJ2V0UD



CHAPTER 18 INTERRUPT FUNCTIONS

18.4 Interrupt Servicing Operations

18.4.1 Maskable interrupt acknowledgement

A maskable interrupt 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). The times from
generation of a maskable interrupt request until vectored interrupt servicing is performed are listed in Table 18-4
below.

For the interrupt request acknowledgement timing, see Figures 18-8 and 18-9.

Table 18-4. Time from Generation of Maskable Interrupt 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 interrupts 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 18-7 shows the interrupt request acknowledgement 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 the loaded into
the PC and branched.

Restoring from an interrupt is possible by using the RETI instruction.
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Figure 18-7. Interrupt Request Acknowledgement Processing Algorithm

Yes (interrupt request generation)

No

(Interrupt request held pending)

Yes (High priority)

Any high-priority
interrupt request among those
simultaneously generated
with xxPR = 0?

Yes

(Interrupt request held pending)

(Interrupt request held pending)

( Vectored interrupt servicing )

xxIF: Interrupt request flag
xxMK: Interrupt mask flag

xxPR: Priority specification flag

No (Low priority)
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IE: Flag that controls acknowledgement 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 18-8. Interrupt Request Acknowledgement Timing (Minimum Time)
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Figure 18-9. Interrupt Request Acknowledgement Timing (Maximum Time)
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18.4.2 Software interrupt request acknowledgement

A software interrupt acknowledge is acknowledged by BRK instruction execution. Software interrupts cannot be
disabled.

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.

User's Manual U17734EJ2VOUD 473



CHAPTER 18 INTERRUPT FUNCTIONS

18.4.3 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 acknowledgement enabled state is selected
(IE = 1). When an interrupt request is acknowledged, interrupt request acknowledgement 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 acknowledgement.

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 at least one main processing instruction execution.

Table 18-5 shows relationship between interrupt requests enabled for multiple interrupt servicing and Figure 18-10
shows multiple interrupt servicing examples.

Table 18-5. Relationship Between Interrupt Requests Enabled for Multiple Interrupt Servicing
During Interrupt Servicing

Multiple Interrupt Request Maskable Interrupt Request Software
PR=0 PR = 1 Interrupt
. . Request
Interrupt Being Serviced IE=1 IE=0 IE=1 IE=0
Maskable interrupt ISP=0 @) X X X (©)
ISP =1 (@) X o X o
Software interrupt @) X ©) 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 acknowledgement is disabled.
IE =1: Interrupt request acknowledgement is enabled.

4. PRis a flag contained in PROL, PROH, PR1L, and PR1H.
PR = 0: Higher priority level
PR = 1: Lower priority level
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Figure 18-10. 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 18-10. 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 acknowledgement disabled
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18.4.4 Interrupt request hold

There are instructions where, even if an interrupt request is issued for them while another instruction is being

executed, request acknowledgement 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

¢ MOV1 PSW. bit, CY
e MOV1 CY, PSW. bit
e AND1 CY, PSW. bit

e OR1CY, PSW. bit

e XOR1 CY, PSW. bit
e SET1 PSW. bit

e CLR1 PSW. bit

e RETB

e RETI

¢ PUSH PSW

e POP PSW

e BT PSW. bit, $addr16
e BF PSW. bit, $addr16

e BTCLR PSW. bit, $addr16

e EI
e 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.
Therefore, even if a maskable interrupt request is generated during execution of the BRK
instruction, the interrupt request is not acknowledged.

Figure 18-11 shows the timing at which interrupt requests are held pending.

Figure 18-11. Interrupt Request Hold

CPU processing

Instruction N

PSW and PC saved, jump

Instruction M to interrupt servicing

Interrupt servicing
program

xxIF J

Remarks 1. Instruction N: Interrupt request hold instruction
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).

User's Manual U17734EJ2VOUD

477



CHAPTER 19 STANDBY FUNCTION

19.1 Standby Function and Configuration

19.1.1 Standby function
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
high-speed system clock oscillator, internal high-speed oscillator, internal low-speed oscillator, or subsystem
clock 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 frequently.

(2) STOP mode

STOP instruction execution sets the STOP mode. In the STOP mode, the high-speed system clock oscillator and
internal high-speed oscillator stop, 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 when the X1 clock is selected, 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 mode can be used only when the CPU is operating on the main system clock. The
subsystem clock oscillation cannot be stopped. The HALT mode can be used when the CPU
is operating on either the main system clock or the subsystem clock.

2. When shifting to the STOP mode, be sure to stop the peripheral hardware operation
operating with main system clock before executing STOP instruction.

3. 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) and bit 0 (ADCE) of the A/D
converter mode register (ADM) to 0 to stop the A/D conversion operation, and then execute
the STOP instruction.

19.1.2 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.
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(1) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter. When X1
clock oscillation starts with the internal high-speed oscillation clock or subsystem clock used as the CPU clock,
the X1 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 and MSTOP (bit 7 of
MOC register) = 1 clear OSTC to 00H.

Figure 19-1. 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 MOST14 MOST15 MOST16
MOST11 MOST13 MOST14 MOST15 MOST16 Oscillation stabilization time status
fx=10 MHz | fx=20 MHz

1 0 0 0 0 2"/ min. | 204.8 gs min.| 102.4 s min,
1 1 0 0 0 2%fx min. | 819.2 us min.| 409.6 us min.
1 1 1 0 0 2"/t min. 1.64 ms min. | 819.2 s min.
1 1 1 1 0 2% min. | 3.27 ms min. | 1.64 ms min.
1 1 1 1 1 2"%fx min. | 6.55 ms 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. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the internal high-speed 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
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 X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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(2) Oscillation stabilization time select register (OSTS)
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.
When the X1 clock is selected as the CPU clock, the operation waits for the time set using OSTS after the STOP
mode is released.
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with OSTC that the desired
oscillation stabilization time has elapsed after the STOP mode is released. The oscillation stabilization time can
be checked up to the time set using OSTC.
OSTS can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets OSTS to O5H.

Figure 19-2. 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 0OSTS2 OSTSH OSTS0
OSTS2 OSTSH OSTS0 Oscillation stabilization time selection
fx = 10 MHz fx = 20 MHz
0 0 1 2" fx 204.8 us 102.4 us
0 1 0 2"%/fx 819.2 us 409.6 us
0 1 1 2"/fx 1.64 ms 819.2 us
1 0 0 2"/fx 3.27ms 1.64 ms
1 0 1 2'%/fx 6.55 ms 3.27 ms
Other than above Setting prohibited

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set OSTS
before executing the STOP instruction.

2. Do not change the value of the OSTS register during the X1 clock oscillation
stabilization time.

3. The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS. If the STOP mode is entered and then released
while the internal high-speed 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
Note, therefore, that only the status up to the oscillation stabilization time set by
OSTS is set to OSTC after STOP mode is released.

4. The X1 clock oscillation stabilization wait time does not include the time until

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage l
waveform

Remark fx: X1 clock oscillation frequency
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CHAPTER 19 STANDBY FUNCTION

19.2 Standby Function Operation
19.2.1 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 high-speed system clock, internal high-speed oscillation clock, or subsystem

clock.
The operating statuses in the HALT mode are shown below.
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Table 19-1. Operating Statuses in HALT Mode (1/2)

HALT Mode Setting

ltem

When HALT Instruction Is Executed While CPU Is Operating on Main System Clock

When CPU Is Operating on
Internal High-Speed
Oscillation Clock (frH)

When CPU Is Operating on
X1 Clock (fx)

When CPU Is Operating on
External Main System Clock

(fexcLk)

System clock

Clock supply to the CPU is stopped

Main system clock | fru

Operation continues (cannot
be stopped)

Status before HALT mode was set is retained

fx

Status before HALT mode
was set is retained

Operation continues (cannot
be stopped)

Status before HALT mode
was set is retained

fexcik

Operates or stops by external clock input

Operation continues (cannot
be stopped)

Subsystem clock | fxt

Status before HALT mode was set is retained

fexciks | Operates or stops by external clock input

fRL Status before HALT mode was set is retained
CPU Operation stopped
Flash memory Operation stopped
RAM Status before HALT mode was set is retained
Port (latch) Status before HALT mode was set is retained
16-bit timer/event counter 00 Operable
8-bit timer/event 50
counter 51
8-bit timer HO

H1

Watch timer

Watchdog timer

Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.

Clock output

A/D converter

Serial interface UARTO
UART6
Csi10
1ICO

LCD controller/driver

Power-on-clear function

Low-voltage detection function

External interrupt

Operable

Remark frH: Internal high-speed oscillation clock
fx: X1 clock
fexck:  External main system clock
fxT: XT1 clock
fexciks:  External subsystem clock
fRL: Internal low-speed oscillation clock
482
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Table 19-1. Operating Statuses in HALT Mode (2/2)

HALT Mode Setting When HALT Instruction Is Executed While CPU Is Operating on Subsystem Clock
When CPU Is Operating on XT1 Clock (fxr) When CPU Is Operating on External
ltem Subsystem Clock (fexcLs)
System clock Clock supply to the CPU is stopped
Main system clock | frH Status before HALT mode was set is retained

fx

fexcik | Operates or stops by external clock input

Subsystem clock | fxt Operation continues (cannot be stopped) Status before HALT mode was set is retained
fexciks | Operates or stops by external clock input Operation continues (cannot be stopped)
fRL Status before HALT mode was set is retained
CPU Operation stopped
Flash memory Operation stopped
RAM Status before HALT mode was set is retained
Port (latch) Status before HALT mode was set is retained
16-bit timer/event counter 00" | Operable
8-bit timer/event 50"*
counter 51"t
8-bit timer HO
H1
Watch timer
Watchdog timer Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.
Clock output Operable
A/D converter Operable. However, operation disabled when peripheral hardware clock (frrs) is stopped.
Serial interface UARTO Operable
UART6
csli1o™*
lnco™*

LCD controller/driver

Power-on-clear function

Low-voltage detection function

External interrupt

Note When the CPU is operating on the subsystem clock and the internal high-speed oscillation clock has been
stopped, do not start operation of these functions on the external clock input from peripheral hardware pins.

Remark frh: Internal high-speed oscillation clock
fx: X1 clock
fexcik:  External main system clock
fxr: XT1 clock
fexciks:  External subsystem clock
fRL: Internal low-speed oscillation clock
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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,
acknowledgement is enabled, vectored interrupt servicing is carried out.

disabled, the next address instruction is executed.
Figure 19-3. HALT Mode Release by Interrupt Request Generation

Interrupt
HALT request
instruction Wait

the HALT mode is released. If interrupt
If interrupt acknowledgement is

Standby .
release signal .

Operating mode HALT mode Wait ‘ Operating mode

Status of CPU i

Oscillation

High-speed system clock,
internal high-speed oscillation clock,
or subsystem 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
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(b) Release by reset signal generation
When the reset signal is generated, 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 19-4. HALT Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

~ HALT
instruction
((
Reset signal )
Normal operation Reset Normal operation
(high-speed Reset |processing (internal high-speed
Status of CPU system clock) HALT mode period 2045 (TYP) oscillation clock)
High-speed Oscillation|Oscillation
systgem gock Oscillates stopped | stopped | Oscillates
(X1 oscillation) \ /

*Oscillation stabilization time

1 16
Starting X1 oscillation is ¢ /X027

specified by software.

(2) When internal high-speed oscillation clock is used as CPU clock

~ HALT
instruction
l (
Reset signal o
Normal operation Reset Normal operation
(internal high-speed Reset |processing (internal high-speed
Status of CPU  oscillation clock) HALT mode period  [20us (TYP)) oscillation clock)
) Oscillation
Internal high-speed Oscillates stopped Oscillates
oscillation clock
Wait for oscillation

accuracy stabilization

(3) When subsystem clock is used as CPU clock

~ HALT
instruction

1 ’

1)

Reset signal

Reset

Reset | processing
HALT mode period |@204s(TYP))

Oscillation| Oscillation
Subsystem clock Oscillates stopped | stopped | Oscillates
(XT1 oscillation) |

Normal operation mode
(internal high-speed
oscillation clock)

Normal operation
Status of CPU  (subsystem clock)

Starting XT1 oscillation is
specified by software.

Remark fx: X1 clock oscillation frequency
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Table 19-2. 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

Reset - - X X Reset processing

x: don’t care
19.2.2 STOP mode

(1) STOP mode setting and operating statuses
The STOP mode is set by executing the STOP instruction, and it can be set only when the CPU clock before the
setting was the main system 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.
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Table 19-3. Operating Statuses in STOP Mode

STOP Mode Setting

Iltem

When STOP Instruction Is Executed While CPU Is Operating on Main System Clock

When CPU Is Operating on When CPU Is Operating on When CPU Is Operating on
Internal High-Speed X1 Clock (fx) External Main System Clock
Oscillation Clock (frH) (fexcLk)

System clock

Clock supply to the CPU is stopped

Main system clock | fru Stopped
fx
fexcik | Input invalid

Subsystem clock | fxr

Status before STOP mode was set is retained

fexciks | Operates or stops by external clock input
fRL Status before STOP mode was set is retained
CPU Operation stopped
Flash memory Operation stopped
RAM Status before STOP mode was set is retained

Port (latch)

Status before STOP mode was set is retained

16-bit timer/event counter 00

Operation stopped

8-bit timer/event 50 Operable only when TI50 is selected as the count clock
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
HA1 Operable only when fri, fr/2, fri/2° is selected as the count clock
Watch timer Operable only when subsystem clock is selected as the count clock

Watchdog timer

Operable. Clock supply to watchdog timer stops when “internal low-speed oscillator can be
stopped by software” is set by option byte.

Operable only when subsystem clock is selected as the count clock

Operation stopped

Operable only when TM50 output is selected as the serial clock during 8-bit timer/event counter
50 operation

Clock output

A/D converter

Serial interface UARTO
UART6
Csl10
lICo

Operable only when external clock is selected as the serial clock

LCD controller/driver

Operable only when subsystem clock is selected as the count clock

Power-on-clear function

Low-voltage detection function

External interrupt

Operable

Remark frH:
fx: X1 clock

fexcLk:

fexciks:

Internal high-speed oscillation clock

External main system clock
fxT: XT1 clock
External subsystem clock

fRL: Internal low-speed oscillation clock
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Cautions 1.

To use the peripheral hardware that stops operation in the STOP mode, and the peripheral
hardware for which the clock that stops oscillating in the STOP mode after the STOP mode is
released, restart the peripheral hardware.

Even if “internal low-speed oscillator can be stopped by software” is selected by the option
byte, the internal low-speed oscillation clock continues in the STOP mode in the status before
the STOP mode is set. To stop the internal low-speed oscillator’s oscillation in the STOP mode,
stop it by software and then execute the STOP instruction.

To shorten oscillation stabilization time after the STOP mode is released when the CPU operates
with the high-speed system clock (X1 oscillation), temporarily switch the CPU clock to the
internal high-speed oscillation clock before the next execution of the STOP instruction. Before
changing the CPU clock from the internal high-speed oscillation clock to the high-speed system
clock (X1 oscillation) after the STOP mode is released, check the oscillation stabilization time
with the oscillation stabilization time counter status register (OSTC).

If the STOP instruction is executed with AMPH set to 1 when the internal high-speed oscillation
clock or external main system clock is used as the CPU clock, the internal high-speed
oscillation clock or external main system clock is supplied to the CPU 5 us (MIN.) after the STOP
mode has been released.

(2) STOP mode release

High-speed system

Figure 19-5. Operation Timing When STOP Mode Is Released

‘STOP mode release

STOP mode \

clock (X1 oscillation)

oscillation clock

Internal high-speed I||||||||||||||||||||||||||||||||||||||

High-speed system

clock (X1 oscillation)
is selected as CPU ‘ o HALT status
clock when STOP (oscillation stabilization time set by OSTS)

|
instruction is executed |
Internal high-speed |

oscillation clock

selected as CPU clock
when STOP instruction

is executed

‘<—>\
' Waitfor oscillation

| accuracy
I stabilization
|

High-speed system clock

Automatic selection

s | \ oscillation clock High-speed system clock

"5 s (TYP.)Nete

><\
y Internal high-speed ><
"o

Clock switched
by software

Note When AMPH =1

The STOP mode can be released by the following two 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.

Figure 19-6. STOP Mode Release by Interrupt Request Generation

(1) When high-speed system clock is used as CPU clock

Wait
STOP (set by OSTS)
instruction
))

98 v

1

H 1

Standby release signal Operating mode - o " Operating mode
(high-speed Oscillation stabilization wait (high-speed
Status of CPU  system clock) STOP mode (HALT mode status) system clock)
High-speed Oscillates Oscillation stopped Oscillates
system clock
(X1 oscillation) p _J

Oscillation stabilization time (set by OSTS)

(2) When internal high-speed oscillation clock is used as CPU clock

STOP
instruction

Standby release signal }
Normal operaion I Normal operaton
(internal high-speed (internal high-speed
Status of cpy  ©scillation clock) STOP mode oscillation clock)
Internal high-speed Oscillates Oscillation stopped Oscillates
oscillation clock
Wait for oscillation
accuracy
stabilization

Remark The broken lines indicate the case when the interrupt request that has released the standby mode
is acknowledged.

User's Manual U17734EJ2VOUD 489



CHAPTER 19 STANDBY FUNCTION

(b) Release by reset signal generation
When the reset signal is generated, STOP 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 19-7. STOP Mode Release by Reset

(1) When high-speed system clock is used as CPU clock

STOP
instruction
{(
Reset signal )
Normal operation Reset Normal operation
(high-speed Reset |processing (internal high-speed
Status of CPU system clock) STOP mode period  [204s(TYP) oscillation clock)
Oscillation [Oscillation
High-speed Oscillates Oscillation stopped | stopped | stopped | Oscillates
system clock \ J
(X1 oscillation) Oscillation stabilization time

1 16
Starting X1 oscillation is @ /*1027/%)

specified by software.

(2) When internal high-speed oscillation clock is used as CPU clock

STOP
instruction

l ((

Reset signal )
Normal operation Reset Normal operation
(internal high-speed Reset |processing (internal high-speed

Status of CPU oscillation clock) STOP mode period [0y (TYP) oscillation clock)
Oscillation
Internal high-speed Oscillates Oscillation stopped| stopped Oscillates
oscillation clock
Wait for oscillation
accuracy
stabilization

Remark fx: X1 clock oscillation frequency

Table 19-4. 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

Reset - - 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) 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 generated.

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 Tables 20-1 and 20-2. Each pin is
high impedance during reset signal generation or during the oscillation stabilization time just after a reset release.

When a low level is input to the RESET pin, the device is reset. It is released from the reset status when a high
level is input to the RESET pin and program execution is started with the internal high-speed oscillation clock after
reset processing. A reset by the watchdog timer is automatically released, and program execution starts using the
internal high-speed oscillation clock (see Figures 20-2 to 20-4) after reset processing. Reset by POC and LVI circuit
power supply detection is automatically released when Voo > Vroc or Vop > Vivi after the reset, and program
execution starts using the internal high-speed oscillation clock (see CHAPTER 21 POWER-ON-CLEAR CIRCUIT
and CHAPTER 22 LOW-VOLTAGE DETECTOR) after reset processing.

Cautions 1. For an external reset, input a low level for 10 s or more to the RESET pin.

2. During reset input, the X1 clock, XT1 clock, internal high-speed oscillation clock, and internal
low-speed oscillation clock stop oscillating. External main system clock input and external
subsystem clock input become invalid.

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.
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Figure 20-1. Block Diagram of Reset Function

Internal bus

i

Reset control flag

Watchdog timer reset signal

register (RESF)
WDTRF LVIRF
Set Set
Clear Clear

RESET © Iﬂ i}

Power-on-clear circuit reset signal

y

Low-voltage detector reset signal

Caution An LVI circuit internal reset does not reset the LVI circuit.

Remarks 1. LVIM: Low-voltage detection register
2. LVIS: Low-voltage detection level selection register

Reset signal to LVIM/LVIS register

Reset signal
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CHAPTER 20 RESET FUNCTION

Figure 20-2. Timing of Reset by RESET Input

Wait for oscillation
accuracy
'stabilization,

Internal high-speed
oscillation clock
3 ﬁStarting X1 oscillation is specified by software.
High-speed system clock !
(when X1 oscillation is selected) !

i Reset
X ' Reset period processing Normal operation
CPU clock Normal operation ‘ ' (oscillation stop) 1(”20#5 (TYP))! (internal high-speed oscillation clock)
RESET N [
Internal reset signal \ /
I e
"Delay! 'Delay’
(5us (TYP.)

. >_ Hi-Z
Portpin e e oo —-m--------------
Reset signal to \
LCD controller/driver |/ Note

Note Set P130 (bit 0 of port mode register 13) to 1 by software.

Figure 20-3. Timing of Reset Due to Watchdog Timer Overflow

Wait for oscillation
accuracy
istabilization;

Internal high-speed

oscillation clock

High-speed system clock

(when X1 oscillation is selected)

Starting X1 oscillation is specified by software.
a g p y

nULUTIEIOL

Reset
. Reset period _processing_: Normal operation
CPU clock
Normal operation (oscillation stop) (20 us (TYP.)): (internal high-speed oscillation clock)

Internal reset signal : \ /

f Hi-Z
Portpin e mm e e oo mm - m---------------
Reset signal to \ /—
LCD controller/driver Note

Watchdog timer
overflow

Note Set P130 (bit 0 of port mode register 13) to 1 by software.

Caution A watchdog timer internal reset resets the watchdog timer.
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Figure 20-4. Timing of Reset in STOP Mode by RESET Input

Wait for oscillation
STOP instruction execution accuracy

' stabilization:
Internal high-speed
oscillation clock
High-speed system clock
(when X1 oscillation is selected)

Starting X1 oscillation is specified by software.
s ¢} P! y

| ' " Reset
CPU clock Normal i Stopstatus ' Reset period % Normal operation
operation (oscillation stop), - (oscillation stop) (20 1 (TYP): (internal high-speed oscillation clock)
RESET

Internal reset signal

I‘Delag/ Delay
\ (5 us (TYP.)

i Hi-Z
Port pin >— --------------------------------------------
Reset signal to \
LCD controller/driver { Note

Note Set P130 (bit 0 of port mode register 13) to 1 by software.

Remark For the reset timing of the power-on-clear circuit and low-voltage detector, see CHAPTER 21 POWER-
ON-CLEAR CIRCUIT and CHAPTER 22 LOW-VOLTAGE DETECTOR.
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Table 20-1. Operation Statuses During Reset Period

ltem

During Reset Period

System clock

Clock supply to the CPU is stopped.

Main system clock | frH

Operation stopped

fx

Operation stopped (pin is I/O port mode)

fexcik

Clock input invalid (pin is 1/O port mode)

Subsystem clock | fxr

Operation stopped (pin is I/O port mode)

fexciks

Clock input invalid (pin is 1/0O port mode)

fRL

CPU

Flash memory

RAM

Port (latch)

16-bit timer/event counter 00

8-bit timer/event 50

counter 51

8-bit timer HO
H1

Watch timer

Watchdog timer

Clock output

A/D converter

Serial interface UARTO

UART6

CSi1o

IICO

LCD controller/driver

Operation stopped

Power-on-clear function

Operable

Low-voltage detection function

External interrupt

Operation stopped

Remark frh: Internal high-speed oscillation clock

fx: X1 oscillation clock

fexck:  External main system clock

fxT: XT1 oscillation clock

fexciks:  External subsystem clock
fRL: Internal low-speed oscillation clock
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Table 20-2. Hardware Statuses After Reset Acknowledgment (1/3)

Hardware 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 P3, P12, P13) (output latches) 00H
Port mode registers (PMO0 to PM3, PM6, PM7, PM12, PM14) FFH
Pull-up resistor option registers (PUO, PU1, PU3, PU12) 00H
Internal memory size switching register (IMS) CFH"™**
Clock operation mode select register (OSCCTL) 00H
Processor clock control register (PCC) 01H
Internal oscillation mode register (RCM) 80H
Main OSC control register (MOC) 80H
Main clock mode register (MCM) 00H
Oscillation stabilization time counter status register (OSTC) 00H
Oscillation stabilization time select register (OSTS) 05H
16-bit timer/event Timer counters 00 (TM00) 0000H
counters 00 Capture/compare registers 000, 010 (CR000, CR010) 0000H
Mode control registers 00 (TMCO00) O00H
Prescaler mode registers 00 (PRMO0O0) 00H
Capture/compare control registers 00 (CRCO00) 00H
Timer output control registers 00 (TOCO00) 00H

Notes 1. During reset signal generation 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 a reset is executed in the standby mode, the pre-reset status is held even after reset.
3. Regardless of the internal memory capacity, the initial values of the internal memory size switching
register (IMS) of all products in the 78KO/LE2 are fixed (IMS = CFH). Therefore, set the value
corresponding to each product as indicated below.

Flash Memory Version IMS
(78KO0/LE2)
uPD78F0361 04H
4PD78F0362 C6H
4PD78F0363, 78F0363D""* C8H

<R> 4. The ROM and RAM capacities of the products with the on-chip debug function can be debugged
according to the debug target products. Set IMS according to the debug target products.
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Table 20-2. Hardware Statuses After Reset Acknowledgment (2/3)

Hardware Status After Reset
Acknowledgment"*’
8-bit timer/event counters | Timer counters 50, 51 (TM50, TM51) OOH
50, 51 Compare registers 50, 51 (CR50, CR51) O0H
Timer clock selection registers 50, 51 (TCL50, TCL51) 00H
Mode control registers 50, 51 (TMC50, TMC51) 00H
8-bit timers HO, H1 Compare registers 00, 10, 01, 11 (CMP00, CMP10, CMP0O1, CMP11) 00H
Mode registers (TMHMDO, TMHMD1) 00H
Carrier control register 1 (TMCYC1)"** 00H
Watch timer Operation mode register (WTM) 00H
Clock output controller Clock output selection register (CKS) O00H
Watchdog timer Enable register (WDTE) 1AH/QAH""?
A/D converter 10-bit A/D conversion result register (ADCR) 0000H
8-bit A/D conversion result register (ADCRH) O00H
Mode register (ADM) 00H
Analog input channel specification register (ADS) O00H
A/D port configuration register (ADPC) O00H
Serial interface UARTO Receive buffer register 0 (RXBO0) FFH
Transmit shift register 0 (TXS0) FFH
Asynchronous serial interface operation mode register 0 (ASIMO) 01H
Asynchronous serial interface reception error status register 0 (ASIS0) 00H
Baud rate generator control register 0 (BRGCO0) 1FH
Serial interface UART6 Receive buffer register 6 (RXB6) FFH
Transmit buffer register 6 (TXB6) FFH
Asynchronous serial interface operation mode register 6 (ASIM6) 01H
Asynchronous serial interface reception error status register 6 (ASIS6) 00H
Asynchronous serial interface transmission status register 6 (ASIF6) 00H
Clock selection register 6 (CKSR6) 00H
Baud rate generator control register 6 (BRGC6) FFH
Asynchronous serial interface control register 6 (ASICL6) 16H
Input switch control register (ISC) 00H
Serial interfaces CSI10 Transmit buffer registers 10 (SOTB10) 00H
Serial I/O shift registers 10 (SIO10) O00H
Serial operation mode registers 10 (CSIM10) 00H
Serial clock selection registers 10 (CSIC10) 00H

Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the
hardware statuses become undefined. All other hardware statuses remain unchanged after reset.
2. 8-bit timer H1 only.
3. The reset value of WDTE is determined by the option byte setting.
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Table 20-2. Hardware Statuses After Reset Acknowledgment (3/3)

Hardware Status After Reset
Acknowledgment"*’
Serial interface 11ICO Shift register 0 (11C0) OOH
Control register 0 (1ICCO0) 00H
Slave address register 0 (SVAOQ) 00H
Clock selection register 0 (IICCLO) 00H
Function expansion register 0 (IICX0) 00H
Status register 0 (1ICS0) 00H
Flag register 0 (IICFO) 00H
LCD controller/driver LCD mode setting register (LCDMD) 00H
LCD display mode register (LCDM) 00H
LCD clock control register (LCDC) 00H
LCD voltage boost control register 0 (VLCGO) 00H
Reset function Reset control flag register (RESF) 00H""*
Low-voltage detector Low-voltage detection register (LVIM) 00H""?
Low-voltage detection level selection register (LVIS) O0H""*
Interrupt Request flag registers OL, OH, 1L, 1H (IFOL, IFOH, IF1L, IF1H) 00H
Mask flag registers OL, OH, 1L, 1H (MKOL, MKOH, MK1L, MK1H) FFH
Priority specification flag registers OL, OH, 1L, 1H (PROL, PROH, PR1L, FFH
PR1H)
External interrupt rising edge enable register (EGP) O00H
External interrupt falling edge enable register (EGN) 00H
Notes 1. During reset signal generation or oscillation stabilization time wait, only the PC contents among the

hardware statuses become undefined. All other hardware statuses remain unchanged after reset.
2. These values vary depending on the reset source.

Reset Source | RESET Input Reset by POC Reset by WDT Reset by LVI
Register
RESF WDTRF bit | Cleared (0) Cleared (0) Set (1) Held
LVIRF bit Held Set (1)
LVIM Cleared (00H) Cleared (00H) Cleared (00H) Held
LVIS

498
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CHAPTER 20 RESET FUNCTION

20.1 Register for Confirming Reset Source

Many internal reset generation sources exist in the 78K0/LE2. 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 by power-on-clear (POC) circuit, and reading RESF set RESF to 00H.

Figure 20-5. 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 20-3.
Table 20-3. 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)

User's Manual U17734EJ2VOUD

499



211

CHAPTER 21 POWER-ON-CLEAR CIRCUIT

Functions of Power-on-Clear Circuit

The power-on-clear circuit (POC) has the following functions.

500

Generates internal reset signal at power on.

In the 1.59 V POC mode (option byte: POCMODE = 0), the reset signal is released when the supply voltage
(Vop) exceeds 1.59 V £0.15 V.

In the 2.7 V/1.59 V POC mode (option byte: POCMODE = 1), the reset signal is released when the supply
voltage (Vop) exceeds 2.7 V £0.2 V.

Compares supply voltage (Vbp) and detection voltage (Vroc = 1.59 V £0.15 V), generates internal reset signal
when Vbb < Vroc, and releases reset when Vob > Veoc.

Caution If an internal reset signal is generated in the POC circuit, the reset control flag register (RESF)
is cleared to 00H.

Remark The 78K0/LE2 incorporates multiple hardware functions that generate an internal reset signal. A flag
that indicates the reset source 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-detector (LVI). RESF is not
cleared to 00H and the flag is set to 1 when an internal reset signal is generated by WDT or LVI.

For details of RESF, see CHAPTER 20 RESET FUNCTION.

User's Manual U17734EJ2V0OUD



CHAPTER 21 POWER-ON-CLEAR CIRCUIT

21

21

(1)

()

.2 Configuration of Power-on-Clear Circuit
The block diagram of the power-on-clear circuit is shown in Figure 21-1.

Figure 21-1. Block Diagram of Power-on-Clear Circuit

Vob

+ .
Do— Internal reset signal

Reference
voltage
source

o

.3 Operation of Power-on-Clear Circuit

In 1.59 V POC mode (option byte: POCMODE = 0)

¢ An internal reset signal is generated on power application. When the supply voltage (Vob) exceeds the
detection voltage (Vroc = 1.59 V £0.15 V), the reset status is released.

e The supply voltage (Vbp) and detection voltage (Vroc = 1.59 V £0.15 V) are compared. When Vbob < Vroc, the
internal reset signal is generated. It is released when Vob > Vpoc.

In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

¢ An internal reset signal is generated on power application. When the supply voltage (Vob) exceeds the
detection voltage (Vooroc = 2.7 V 0.2 V), the reset status is released.

e The supply voltage (Vbp) and detection voltage (Vroc = 1.59 V £0.15 V) are compared. When Vbob < Vroc, the
internal reset signal is generated. It is released when Vob > Vpoc.

The timing of generation of the internal reset signal by the power-on-clear circuit and low-voltage detector is
shown below.
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Figure 21-2. Timing of Generation of Internal Reset Signal by Power-on-Clear Circuit
and Low-Voltage Detector (1/2)

(1) In1.59 V POC mode (option byte: POCMODE = 0)
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| stabilization (interal high-speed ; osolfon | (internal high-speed | (tsilldion ; stabilization (internal high-speed !
Operation 1 (3.24ms (TYP.)): oscﬂlanon clock)""‘” stop) oscillation clock)Vee3 | sop | (324ms (TYP)) | ! oscillation clock)Nete3 ! )
CPU : i 1 T i ~— Operation stops

Internal reset signal

Notes 1.

Caution

Remark
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stops ' ; ' T ; !
Reset processing (20 us (TYP.)) 3 ‘F{eset processing (20 us (TYF’.))E Reset processing (20 us (TYP.)) 3

] N ] .

The operation guaranteed range is 1.8 V < Voo < 5.5 V. To make the state at lower than 1.8 V reset
state when the supply voltage falls, use the reset function of the low-voltage detector, or input the low
level to the RESET pin.

If the voltage rises to 1.8 V at a rate slower than 0.5 V/ms (MAX.) on power application, input a low
level to the RESET pin after power application and before the voltage reaches 1.8 V, or set the 2.7
V/1.59 V POC mode by using an option byte (POCMODE = 1).

The internal high-speed oscillation clock and a high-speed system clock or subsystem clock can be
selected as the CPU clock. To use the X1 clock, use the OSTC register to confirm the lapse of the
oscillation stabilization time. To use the XT1 clock, use the timer function for confirmation of the lapse

of the stabilization time.

Set the low-voltage detector by software after the reset status is released (see CHAPTER 22
LOW-VOLTAGE DETECTOR).

Vivi:  LVI detection voltage
Vroc: POC detection voltage
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CHAPTER 21 POWER-ON-CLEAR CIRCUIT

Figure 21-2. Timing of Generation of Internal Reset Signal by Power-on-Clear Circuit
and Low-Voltage Detector (2/2)

(2) In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

Set LVI to be Set LVI to be Set LVI to be
used for reset used for interrupt| used for reset

Vivi
Supply voltage 2.7V (TYP.)
(Vop) 1.8 \/Note 1

Vpoc=159V (TYP))

i Wait for oscillation H Wait for oscillation
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(when X1 oscillation

Normal operation EResetperiodf Normal operation Reset perod: Normal operation :
' (internal high-speed  (osilaion | . (intemal high-speed +(scilaon | . (internal high-speed
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CPU stoj : ! | ' ; i : T Operation stops
ps ' : ! ' i ! ' :
fReset processing (20 us (TYP.))E 'Reset processing (20 us (TYP.)). ‘Reset processing (20 us (TYP.))E

Internal reset signal

Notes 1. The operation guaranteed range is 1.8 V < Voo < 5.5 V. To make the state at lower than 1.8 V reset
state when the supply voltage falls, use the reset function of the low-voltage detector, or input the low
level to the RESET pin.

2. The internal high-speed oscillation clock and a high-speed system clock or subsystem clock can be
selected as the CPU clock. To use the X1 clock, use the OSTC register to confirm the lapse of the
oscillation stabilization time. To use the XT1 clock, use the timer function for confirmation of the lapse

of the stabilization time.

Caution Set the low-voltage detector by software after the reset status is released (see CHAPTER 22
LOW-VOLTAGE DETECTOR).

Remark Vivi: LVI detection voltage
Vroc: POC detection voltage
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21.4 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 21-3. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of POC detection voltage

=

Initialization ; Check the reset sourceNote 2
processing <1> Initialize the port.

Power-on-clear

; fers = Internal high-speed oscillation clock (8.4 MHz (MAX.)) (default)
Source: fers (8.4 MHz (MAX.))/2'2,
where comparison value = 102: = 50 ms
Timer starts (TMHE1 = 1).

Setting 8-bit timer H1
(to measure 50 ms)

Clearing WDT

Note 1

50 ms has passed?
(TMIFH1 =17?)

Initialization ; Setting of division ratio of system clock,
processing <2> such as setting of timer or A/D converter

Notes 1. |If resetis generated again during this period, initialization processing <2> is not started.
2. A flowchart is shown on the next page.
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Figure 21-3. Example of Software Processing After Reset Release (2/2)

o Checking reset source

( Check reset source )

WDTRF of RESF Yes
register = 1?

Reset processing by
watchdog timer

Yes

LVIRF of RESF
register = 1?

Reset processing by
low-voltage detector
Power-on-clear/external
reset generated
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CHAPTER 22 LOW-VOLTAGE DETECTOR

22.1 Functions of Low-Voltage Detector

The low-voltage detector (LVI) has the following functions.

e Compares supply voltage (Vop) and detection voltage (Vivi), and generates an internal interrupt signal or

internal reset signal when Vob < Vivi. Detection levels (16 levels) of supply voltage can be changed by software.

e Compares a voltage input from an external input pin (EXLVI) with the detection voltage (Vextvi = 1.21 V (TYP.)),

and generates an internal interrupt signal or internal reset signal when EXLVI < VexLvi.

e The supply voltage (Vop) or voltage input from an external input pin (EXLVI) can be selected by software.

e Interrupt or reset function can be selected by software.

e 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 20 RESET FUNCTION.

22.2 Configuration of Low-Voltage Detector

The block diagram of the low-voltage detector is shown in Figure 22-1.

Figure 22-1. Block Diagram of Low-Voltage Detector

Voo
N-ch
.§ © —— Internal reset signal
35 -
38 g
0 ® EXLVI/P120/ 5 o)
g2 INTPO © G [: &
5 S ko
> 0
1= @ = INTLVI
o
3 t
Reference
4 voltage
source ‘
|Lviss|Lvisz|Lvist | Lviso] 77 | Lvion [LviseL |Lvivp | LviF |
Low-voltage detection level Low-voltage detection register
selection register (LVIS) (LVIM)
8 Internal bus 8
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CHAPTER 22 LOW-VOLTAGE DETECTOR

22.3 Registers Controlling Low-Voltage Detector
The low-voltage detector is controlled by the following registers.
e Low-voltage detection register (LVIM)

¢ Low-voltage detection level selection register (LVIS)
¢ Port mode register 12 (PM12)
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CHAPTER 22 LOW-VOLTAGE DETECTOR

(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.

Reset signal generation sets LVIM to O0H.

Figure 22-2. Format of Low-Voltage Detection Register (LVIM)

Address: FFBEH  After reset: 00H  R/WNete1

Symbol

508

LVIM

<7> 6 5 4 3 <2> <1> <0>
LVION 0 0 0 0 LVISEL | LVIMD | LVIF
LVION"®?3 Enables low-voltage detection operation
0 Disables operation
1 Enables operation
LVISEL""? Voltage detection selection
0 Detects level of supply voltage (Vob)
1 Detects level of input voltage from external input pin (EXLVI)
LVIMD"*? Low-voltage detection operation mode selection
0 ¢ LVISEL = 0: Generates interrupt signal when supply voltage (Voo) < detection voltage
(V)
¢ LVISEL = 1: Generates interrupt signal when input voltage from external input pin
(EXLVI) < detection voltage (Vex.vi)
1 ¢ LVISEL = 0: Generates internal reset signal when supply voltage (Vob) < detection
voltage (Vivi)
¢ LVISEL = 1: Generates internal reset signal when input voltage from external input pin
(EXLVI) < detection voltage (Vex.vi)
LVIFYe* Low-voltage detection flag
0 ¢ LVISEL = 0: Supply voltage (Vopb) > detection voltage (V.vi), or when operation is
disabled
¢ LVISEL = 1: Input voltage from external input pin (EXLVI) > detection voltage (Vex.vi),
or when operation is disabled
1 ¢ LVISEL = 0: Supply voltage (Vopb) < detection voltage (Vivi)
¢ LVISEL = 1: Input voltage from external input pin (EXLVI) < detection voltage (Vex.vi)

Notes 1. Bit 0 is read-only.

2. LVION, LVIMD, and LVISEL 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 wait for an operation stabilization time (10 us (MAX.)) 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.

Cautions 1.

To stop LVI, follow either of the procedures below.

e When using 8-bit memory manipulation instruction: Write 00H to LVIM.
e When using 1-bit memory manipulation instruction: Clear LVION to 0.
Input voltage from external input pin (EXLVI) must be EXLVI < Vopo.
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(2) Low-voltage detection level selection register (LVIS)
This register selects the low-voltage detection level.

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

Reset signal generation input sets LVIS to 00H.

Figure 22-3. Format of Low-Voltage Detection Level Selection Register (LVIS)

Address: FFBFH  After reset: 0OH R/W

Symbol
LVIS

7 6 5 4 3 2 1 0
0 0 0 0 LVIS3 LVIS2 LVISAT LVISO
LVIS3 LVIS2 LVIS1 LVISO Detection level

0 0 0 0 Vivio (4.24 V £0.1 V)

0 0 0 1 Vivit (4.09 V 0.1 V)

0 0 1 0 Viviz (3.93 V £0.1 V)

0 0 1 1 Vivis (3.78 V +0.1 V)

0 1 0 0 Vivis (3.62 V £0.1 V)

0 1 0 1 Vivis (3.47 V £0.1 V)

0 1 1 0 Vuvie (3.32 V £0.1 V)

0 1 1 1 Vv (3.16 V +0.1 V)

1 0 0 0 Vivis (3.01 V +0.1 V)

1 0 0 1 Vivie (2.85V +£0.1 V)

1 0 1 0 Vivio (2.70 V £0.1 V)

1 0 1 1 Vit (2.55 V £0.1 V)

1 1 0 0 Viviiz (2.39 V £0.1 V)

1 1 0 1 Viviis (2.24 V £0.1 V)

1 1 1 0 Vivia (2.08 V £0.1 V)

1 1 1 1 Viviis (1.93 V £0.1 V)

Cautions 1. Be sure to clear bits 4 to 7 to 0.
2. Do not change the value of LVIS during LVI operation.
3. When an input voltage from the external input pin (EXLVI) is detected, the detection

voltage (VexLvi = 1.21 V (TYP.)) is fixed. Therefore, setting of LVIS is not necessary.
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CHAPTER 22 LOW-VOLTAGE DETECTOR

(3) Port mode register 12 (PM12)
When using the P120/EXLVI/INTPO pin for external low-voltage detection potential input, set PM120 to 1. At this
time, the output latch of P120 may be 0 or 1.
PM12 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets PM12 to FFH.

Figure 22-4. Format of Port Mode Register 12 (PM12)

Address: FF2CH Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM12 1 1 1 PM124 PM123 PM122 PM121 PM120
PM12n P12n pin /O mode selection (n = 0 to 4)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

22.4 Operation of Low-Voltage Detector
The low-voltage detector can be used in the following two modes.

(1) Used as reset
e If LVISEL = 0, compares the supply voltage (Vbp) and detection voltage (V.vi), generates an internal reset
signal when Vop < Vwvi, and releases internal reset when Vobp > Vvl
e If LVISEL = 1, compares the input voltage from external input pin (EXLVI) and detection voltage (Vex.vi = 1.21
V(TYP.)), generates an internal reset signal when EXLVI < Vexwvi, and releases internal reset when EXLVI >

VEXLVI.

(2) Used as interrupt
e If LVISEL = 0, compares the supply voltage (Vop) and detection voltage (VLvi), and generates an interrupt
signal (INTLVI) when Vop < Vv
e If LVISEL = 1, compares the input voltage from external input pin (EXLVI) and detection voltage (Vex.vi = 1.21
V(TYP.)), and generates an interrupt signal (INTLVI) when EXLVI < VExLvi.

Remark LVISEL: Bit 2 of low-voltage detection register (LVIM)
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22.4.1 When used as reset

(1) When detecting level of supply voltage (Vop)
e When starting operation

<1>

<2>

<3>

<4>
<5>
<6>

<7>

Mask the LVI interrupt (LVIMK = 1).

Clear bit 2 (LVISEL) of the low-voltage detection register (LVIM) to O (detects level of supply voltage
(Vop)) (default value).

Set the detection voltage using bits 3 to 0 (LVIS3 to LVISO) of the low-voltage detection level selection
register (LVIS).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (MAX.)).

Wait until it is checked that (supply voltage (Vop) > detection voltage (Viwi)) by bit 0 (LVIF) of LVIM.

Set bit 1 (LVIMD) of LVIM to 1 (generates internal reset signal when supply voltage (Vop) < detection
voltage (VLvi)).

Figure 22-5 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers
in this timing chart correspond to <1> to <7> above.

Cautions 1. <1> must always be executed. When LVIMK = 0, an interrupt may occur immediately

after the processing in <4>.
2. If supply voltage (Vop) > detection voltage (ViLvi) when LVIMD is set to 1, an internal reset
signal is not generated.

o When stopping operation

Either of the following procedures must be executed.

. When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 and then LVION to 0.
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Figure 22-5. Timing of Low-Voltage Detector Internal Reset Signal Generation
(Detects Level of Supply Voltage (Vob)) (1/2)

(1) In1.59 V POC mode (option byte: POCMODE = 0)

Supply voltage (Vob)

Vv boce e e e i N

Vpoc=1.59 V (TYP.)

LVIMK flag
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LVISEL flag
(set by software)

LVION flag

(set by software) ' / Not cleared Not cleared
Lo ' ' ' i Clear
| —e—ri=—<5> Wait time | : :
LVIF flag P " H |_\
| ; | | . 1Clear
LVIMD flag ; ; ' ' —
(set by software) : : Not cleared Not cleared ;
: iClear

LVIRF flaghe®e®

—

LVI reset signal

'Cleared by
1software

' Cleared by
» software

POC reset signal

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The LVIF flag may be set (1).
3. LVIRF is bit 0 of the reset control flag register (RESF). For details of RESF, see CHAPTER 20 RESET
FUNCTION.

Remark <1> to <7> in Figure 22-5 above correspond to <1> to <7> in the description of “When starting
operation” in 22.4.1 (1) When detecting level of supply voltage (Vob).
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Figure 22-5. Timing of Low-Voltage Detector Internal Reset Signal Generation
(Detects Level of Supply Voltage (Vob)) (2/2)

(2) In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

Supply voltage (Vob)

Vivi

2TIV(YP) |eoe i
VPoc=159V (TYP) [---34-

- -l =

A L 5 Time
LVIMK flag S E E E E E
(setby software) H™®' 1\ : : : : :
P <1> : : : : :
LVISEL flag b L 5
(set by software) L oL ' ' ' ' I
XN L L i
LVION flag g - ; ; ;
(set by software) ' i Not cleared "Not cleared H
_— > : : : : |
oo : i i i i iClear
| et e <55 Wait time | ! ; Lo
LVIF flag P " ! / |_\
v 1<6> : | | : iClear
LVIMD flag PNz — ' —
(set by software) : ' Not cleared Not cleared :
i iClear

LVIRF flaghet3

—

LVI reset signal

'Cleared by
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Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The LVIF flag may be set (1).
3. LVIRF is bit 0 of the reset control flag register (RESF). For details of RESF, see CHAPTER 20
RESET FUNCTION.

Remark <1> to <7> in Figure 22-5 above correspond to <1> to <7> in the description of “When starting
operation” in 22.4.1 (1) When detecting level of supply voltage (Vob).
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(2) When detecting level of input voltage from external input pin (EXLVI)
e When starting operation

514

<1>

<2>
<3>
<4>

<5>

<6>

Mask the LVI interrupt (LVIMK = 1).

Set bit 2 (LVISEL) of the low-voltage detection register (LVIM) to 1 (detects level of input voltage from
external input pin (EXLVI)).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (MAX.)""*).

Wait until it is checked that (input voltage from external input pin (EXLVI) > detection voltage (Vex.vi =
1.21 V (TYP.))) by bit 0 (LVIF) of LVIM.

Set bit 1 (LVIMD) of LVIM to 1 (generates internal reset signal when input voltage from external input pin

(EXLVI) < detection voltage (Vexvi = 1.21 V (TYP.))).

Figure 22-6 shows the timing of the internal reset signal generated by the low-voltage detector. The numbers

in this timing chart correspond to <1> to <6> above.

Cautions 1. <1> must always be executed. When LVIMK = 0, an interrupt may occur immediately

after the processing in <3>.

2. If input voltage from external input pin (EXLVI) > detection voltage (Vexvi = 1.21 V (TYP.))
when LVIMD is set to 1, an internal reset signal is not generated.

3. Input voltage from external input pin (EXLVI) must be EXLVI < Vob.

e When stopping operation

Either of the following procedures must be executed.

- When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVIMD to 0 and then LVION to 0.
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Figure 22-6. Timing of Low-Voltage Detector Internal Reset Signal Generation
(Detects Level of Input Voltage from External Input Pin (EXLVI))

Input voltage from
external input pin (EXLVI)

LVI detection voltage
(Vexwv)

Time

LVIMK flag
(set by software) Htete -\\

LVISEL flag
(set by software)

Not cleared Not cleared Not cleared

// Not cléared

LVIF flag E " "
/ 1<5> ' :

LVIMD flag Note 2

(set by software) + Not cleared
<6>| [ 1

LVIRF flaghete3 '

LVION flag

(set by software) Not cleared

Not cléared

Not cleared Not cleared

LVI reset signal

' Cleared by
1 software

' Cleared by
1 software

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The LVIF flag may be set (1).
3. LVIRF is bit 0 of the reset control flag register (RESF). For details of RESF, see CHAPTER 20
RESET FUNCTION.

Remark <1> to <6> in Figure 22-6 above correspond to <1> to <6> in the description of “When starting
operation” in 22.4.1 (2) When detecting level of input voltage from external input pin (EXLVI).
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22.4.2 When used as interrupt

(1) When detecting level of supply voltage (Vop)
e When starting operation

516

<1>

<2>

<3>

<4>
<5>
<6>
<7>
<8>

<9>

Mask the LVI interrupt (LVIMK = 1).

Clear bit 2 (LVISEL) of the low-voltage detection register (LVIM) to O (detects level of supply voltage
(Vop)) (default value).

Set the detection voltage using bits 3 to 0 (LVIS3 to LVISO) of the low-voltage detection level selection
register (LVIS).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (MAX.)).

Confirm that “supply voltage (Vob) > detection voltage (VLvi)” at bit O (LVIF) of LVIM.

Clear the interrupt request flag of LVI (LVIIF) to 0.

Release the interrupt mask flag of LVI (LVIMK).

Clear bit 1 (LVIMD) of LVIM to 0 (generates interrupt signal when supply voltage (Vob) < detection
voltage (VLwi)) (default value).

<10> Execute the El instruction (when vector interrupts are used).

Figure 22-7 shows the timing of the interrupt signal generated by the low-voltage detector. The numbers in

this timing chart correspond to <1> to <9> above.

e When stopping operation
Either of the following procedures must be executed.

- When using 8-bit memory manipulation instruction:
Write O0OH to LVIM.

. When using 1-bit memory manipulation instruction:
Clear LVION to 0.
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CHAPTER 22 LOW-VOLTAGE DETECTOR

Figure 22-7. Timing of Low-Voltage Detector Interrupt Signal Generation
(Detects Level of Supply Voltage (Vob)) (1/2)

(1) In 1.59 V POC mode (option byte: POCMODE = 0)

Supply voltage (Vob)

Time

LVIMK flag =

(set by software)

i
'
'
'

T
'
'
'
L
T
'
'
'
'
'
'
'
'
'
'

E <1> ! !
| Note1 1, <8 Cleared by software
LVISEL flag el 3y

(set by software) |

LVIONflag ~ <%%
(set by software)

—

— e <5> Wait time

| R

(set by software) |

LVIF flag Lo

; 6> Lo o

. Note2 1 . : : Lo

INTLVI i 5 -| : -| : ] E
el o ii

LVIIF flag 5 —I —| 5 —| E —|
, <7> :

i Note2 Cleared by software :

LVIMD flag : ; :

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The interrupt request signal (INTLVI) is generated and the LVIF and LVIIF flags may be set (1).

Remark <1> to <9> in Figure 22-7 above correspond to <1> to <9> in the description of “When starting
operation” in 22.4.2 (1) When detecting level of supply voltage (Vob).
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Figure 22-7. Timing of Low-Voltage Detector Interrupt Signal Generation
(Detects Level of Supply Voltage (Vob)) (2/2)

(2) In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1)

Supply voltage (Vob)

Vivi

2IV(TYPY oo S St S
Veoc=1.59 V (TYP.) |----4- :

Time
LVIMK flag ———]

(set by software)

1 <8> Cleared by software

Note 1
LVISEL flag et 35
(set by software) L o :
LVION flag 2 5
(set by software) 1 ,
. <4> !

—m e <55 Wait time

LVIF flag P " i
oA e : : | b
! Note2 ' ' ' ' ' .
INTLVI 5 " -| 5 -| 5 -| 5
E Note 2 E E E E E E
LVIIF flag 5 |—| —| ; —| ; —| !
E / <7> |
' note2 Cleared by software i
LVIMD flag ' , ,
(set by software) L ! - :

Internal reset signal

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The interrupt request signal (INTLVI) is generated and the LVIF and LVIIF flags may be set (1).

Remark <1> to <9> in Figure 22-7 above correspond to <1> to <9> in the description of “When starting
operation” in 22.4.2 (1) When detecting level of supply voltage (Vob).
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(2) When detecting level of input voltage from external input pin (EXLVI)
e When starting operation

<1>

<2>

<3>
<4>

<5>
<6>
<7>

<8>

<9>

Mask the LVI interrupt (LVIMK = 1).

Set bit 2 (LVISEL) of the low-voltage detection register (LVIM) to 1 (detects level of input voltage from
external input pin (EXLVI)).

Set bit 7 (LVION) of LVIM to 1 (enables LVI operation).

Use software to wait for an operation stabilization time (10 us (MAX.)).

Confirm that “input voltage from external input pin (EXLVI) > detection voltage (Vex.vi = 1.21 V (TYP.)” at
bit 0 (LVIF) of LVIM.

Clear the interrupt request flag of LVI (LVIIF) to 0.

Release the interrupt mask flag of LVI (LVIMK).

Clear bit 1 (LVIMD) of LVIM to 0 (generates interrupt signal when supply voltage (Vob) < detection
voltage (VLwi)) (default value).

Execute the El instruction (when vector interrupts are used).

Figure 22-8 shows the timing of the interrupt signal generated by the low-voltage detector. The numbers in

this timing chart correspond to <1> to <8> above.

Caution Input voltage from external input pin (EXLVI) must be EXLVI < Vob.

¢ 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 LVION to 0.

User's Manual U17734EJ2VOUD 519



CHAPTER 22 LOW-VOLTAGE DETECTOR

Figure 22-8. Timing of Low-Voltage Detector Interrupt Signal Generation
(Detects Level of Input Voltage from External Input Pin (EXLVI))

Input voltage from
external input pin (EXLVI)

VEXIVI fommmmm el e N\
Time
LVIMK flag ————3—7 ; ; ; ;
(set by software) :\ " ' ' ' '
<1> : : : :
Note1 1. <7> Cleared by software | '
LVISEL flag : v ' ' ' '
(set by software) bon ' ' ; ;
LVIONflag ~ <%> —& — —
(set by software) N , , i i
< L
L e <> Walt time! ! :
LVIF flag I
1<5> : : : :
Note 2 ! H ' ' ! '
INTLVI 5 -| 5 -| 5 -|
Note2 | L L i
LVIIF flag —| _| 5 —| ; _|
/ <6>
Note2  Cleared by software
LVIMD flag i

(set by software) | .

\

<8>

Notes 1. The LVIMK flag is set to “1” by reset signal generation.
2. The interrupt request signal (INTLVI) is generated and the LVIF and LVIIF flags may be set (1).

Remark <1> to <8> in Figure 22-8 above correspond to <1> to <8> in the description of “When starting
operation” in 22.4.2 (1) When detecting level of supply voltage (Vob).
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22.5 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
(VLvi), 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 (b) of 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 (see Figure 22-9).

(2) When used as interrupt
(a) Check that “supply voltage (Vop) > detection voltage (VLvi)” in the servicing routine of the LVI interrupt by
using bit 0 (LVIF) of the low-voltage detection register (LVIM). Clear bit 0 (LVIIF) of interrupt request flag
register OL (IFOL) to 0.
(b) 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 (Vop) > detection voltage (VLvi)” using the
LVIF flag, and clear the LVIIF flag to 0.

Remark If bit 2 (LVISEL) of the low voltage detection register (LVIM) is set to “1”, the meanings of the above
words change as follows.
e Supply voltage (Vop)  — Input voltage from external input pin (EXLVI)
e Detection voltage (VLvi) — Detection voltage (VexLvi = 1.21 V')
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Figure 22-9. Example of Software Processing After Reset Release (1/2)

o If supply voltage fluctuation is 50 ms or less in vicinity of LVI detection voltage

=

Initialization ;  Check the reset sourceN°t
processing <1> Initialize the port.
LVI reset

. ; Setting of detection level by LVIS
Setting LVI The low-voltage detector operates (LVION = 1).

; fems = Internal high-speed oscillation clock (8.4 MHz (MAX.)) (default)
Setting 8-bit timer H1 Source: fers (8.4 MHz (MAX.))/22,

(to measure 50 ms) Where comparison value = 102: = 50 ms

Timer starts (TMHE1 = 1).

Clearing WDT

Detection
voltage or higher
(LVIF = 0?)

Yes

LVIF=0 ; The low-voltage detection flag is cleared.

Restarting timer H1
(TMHE1 =0 —» TMHE1 = 1)

;. The timer counter is cleared and the timer is started.

50 ms has passed?
(TMIFH1 =1?)

; Setting of division ratio of system clock,
such as setting of timer or A/D converter

Initialization
processing <2>

Note A flowchart is shown on the next page.
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Figure 22-9. Example of Software Processing After Reset Release (2/2)

o Checking reset source

( Check reset source )

WDTRF of RESF Yes

register = 1?

No

Reset processing by
watchdog timer

No

LVIRF of RESF
register =1?

Yes

Power-on-clear/external
reset generated
Reset processing by
low-voltage detector
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CHAPTER 23 OPTION BYTE

23.1 Functions of Option Bytes

The flash memory at 0080H to 0084H of the 78KO0/LE2 is an option byte area. When power is turned on or when
the device is restarted from the reset status, the device automatically references the option bytes and sets specified
functions. When using the product, be sure to set the following functions by using the option bytes.

When the boot swap operation is used during self-programming, 0080H to 0084H are switched to 1080H to 1084H.
Therefore, set values that are the same as those of 0080H to 0084H to 1080H to 1084H in advance.

(1) 0080H/1080H
O Internal low-speed oscillator operation
¢ Can be stopped by software
e Cannot be stopped
O Watchdog timer interval time setting
O Watchdog timer counter operation
o Enabled counter operation
¢ Disabled counter operation
O Watchdog timer window open period setting

(2) 0081H/1081H
O Selecting POC mode

e During 2.7 V/1.59 V POC mode operation (POCMODE = 1)
The device is in the reset state upon power application and until the supply voltage reaches 2.7 V (TYP.). It
is released from the reset state when the voltage exceeds 2.7 V (TYP.). After that, POC is not detected at
2.7 V but is detected at 1.59 V (TYP.).
If the supply voltage rises to 1.8 V after power application at a pace slower than 0.5 V/ms (MAX.), use of the
2.7 V/1.59 V POC mode is recommended.

e During 1.59 V POC mode operation (POCMODE = 0)
The device is in the reset state upon power application and until the supply voltage reaches 1.59 V (TYP.).
It is released from the reset state when the voltage exceeds 1.59 V (TYP.). After that, POC is detected at
1.59 V (TYP.), in the same manner as on power application.

(3) 0084H/1084H
O On-chip debug operation control
¢ Disabling on-chip debug operation
e Enabling on-chip debug operation and erasing data of the flash memory in case authentication of the on-
chip debug security ID fails
¢ Enabling on-chip debug operation and not erasing data of the flash memory even in case authentication of
the on-chip debug security ID fails

Cautions 1. Be sure to set 00H (disabling on-chip debug operation) to 0084H for products not equipped
with the on-chip debug function (4PD78F0361, 78F0362, and 78F0363). Also set 00H to
1084H because 0084H and 1084H are switched at boot swapping.

2. To use the on-chip debug function with products equipped with the on-chip debug function
(uPD78F0363D), set 02H or 03H to 0084H. Set a value that is the same as that of 0084H to
1084H because 0084H and 1084H are switched at boot swapping.

Caution Be sure to set 00H to 0082H and 0083H (0082H/1082H and 0083H/1083H when the boot swap
function is used).
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23.2

Format of Option Byte

The format of the option byte is shown below.

Figure 23-1. Format of Option Byte (1/2)

Address: 0080H/1080H""

7 6 5 4 3 2 1 0
0 WINDOW1 | WINDOWO WDTON WDCS2 | WDCSH WDCS0 LSROSC
WINDOW1 | WINDOWO Watchdog timer window open period
0 0 25%
0 1 50%
1 0 75%
1 1 100%
WDTON Operation control of watchdog timer counter/illegal access detection
0 Counter operation disabled (counting stopped after reset), illegal access detection operation
disabled
1 Counter operation enabled (counting started after reset), illegal access detection operation enabled
WDCS2 WDCSH1 WDCSO0 Watchdog timer overflow time
0 0 0 2"fr (3.88 ms)
0 0 1 2"/frL (7.76 ms)
0 1 0 2%/l (15.52 ms)
0 1 1 2%frL (31.03 ms)
1 0 0 2"/faL (62.06 ms)
1 0 1 2"/ (124.12 ms)
1 1 0 2"/frL (248.24 ms)
1 1 1 2"/frL (496.48 ms)
LSROSC Internal low-speed oscillator operation
0 Can be stopped by software (stopped when 1 is written to bit 0 (LSRSTOP) of RCM register)
1 Cannot be stopped (not stopped even if 1 is written to LSRSTOP bit)

Note Set a value that is the same as that of 0080H to 1080H because 0080H and 1080H are switched during the
boot swap operation.

Cautions 1.

4,

Remarks 1.
2.

The combination of WDCS2 = WDCS1 = WDCS0 = 0 and WINDOW1 = WINDOWO = 0 is
prohibited.

The watchdog timer does not stop during self-programming of the flash memory and
EEPROM emulation. During processing, the interrupt acknowledge time is delayed. Set the
overflow time and window size taking this delay into consideration.

If LSROSC = 0 (oscillation can be stopped by software), the count clock is not supplied to the
watchdog timer in the HALT and STOP modes, regardless of the setting of bit 0 (LSRSTOP) of
the internal oscillation mode register (RCM).

When 8-bit timer H1 operates with the internal low-speed oscillation clock, the count clock is
supplied to 8-bit timer H1 even in the HALT/STOP mode.

Be sure to clear bit 7 to 0.

frL: Internal low-speed oscillation clock frequency
(): frRL = 264 kHz (MAX.)
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Figure 23-1. Format of Option Byte (2/2)

Address: 0081H/1081H"""?

Notes 1.

7 6 5 4 3 2 1 0

0 0 0 0 o | o | o POCMODE
POCMODE POC mode selection

0 1.59 V POC mode (default)

1 2.7 V/1.59 V POC mode

POCMODE can only be written by using a dedicated flash programmer. It cannot be set during self-
programming or boot swap operation during self-programming (at this time, 1.59 V POC mode (default)
is set). However, because the value of 1081H is copied to 0081H during the boot swap operation, it is
recommended to set a value that is the same as that of 0081H to 1081H when the boot swap function
is used.

To change the setting for the POC mode, set the value to 0081H again after batch erasure (chip
erasure) of the flash memory. The setting cannot be changed after the memory of the specified block
is erased.

Caution Be sure to clear bits 7 to 1 to 0.

Address: 0082H/1082H, 0083H/1083H""

7 6 5 4 3 2 1

0 0 0 0 0 0 0

Note Be sure to set 00H to 0082H and 0083H, as these addresses are reserved areas. Also set 00H to 1082 and
1083H because 0082H and 0083H are switched with 1082H and 1083H when the boot swap operation is
used.

Address: 0084H/1084H""*"*

Notes 1.

Remark

526

7 6 5 4 3 2 1 0

0 0 0 0 0 0 OCDENT OCDENO
OCDEN1 OCDENO On-chip debug operation control

0 0 Operation disabled

0 1 Setting prohibited

1 0 Operation enabled. Does not erase data of the flash memory in case authentication

of the on-chip debug security ID fails.

1 1 Operation enabled. Erases data of the flash memory in case authentication of the
on-chip debug security ID fails.

Be sure to set 00H (on-chip debug operation disabled) to 0084H for products not equipped with the on-
chip debug function (©PD78F0361, 78F0362, and 78F0363). Also set 00H to 1084H because 0084H
and 1084H are switched at boot swapping.

To use the on-chip debug function with products equipped with the on-chip debug function
(«uPD78F0363D), set 02H or 03H to 0084H. Set a value that is the same as that of 0084H to 1084H
because 0084H and 1084H are switched at boot swapping.

For the on-chip debug security ID, see CHAPTER 25 ON-CHIP DEBUG FUNCTION (¢#PD78F0363D
ONLY).
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Here is an example of description of the software for setting the option bytes.

OPT CSEG AT 0080H

OPTION: DB

DB
DB
DB
DB

30H

O00H
00H
00H
00H

; Enables watchdog timer operation (illegal access detection operation),
; Window open period of watchdog timer: 50%,

; Overflow time of watchdog timer: 2"/rL,

; Internal low-speed oscillator can be stopped by software.

; 1.59 V POC mode
; Reserved area
; Reserved area

; On-chip debug operation disabled

Remark Referencing of the option byte is performed during reset processing. For the reset processing timing,
see CHAPTER 20 RESET FUNCTION.
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The 78K0/LE2 incorporates the flash memory to which a program can be written, erased, and overwritten while
mounted on the board.
24.1 Internal Memory Size Switching Register

The internal memory capacity can be selected using the internal memory size switching register (IMS).
IMS is set by an 8-bit memory manipulation instruction.
Reset signal generation sets IMS to CFH.

Caution Be sure to set each product to the values shown in Table 24-1 after a reset release.
Figure 24-1. Format of Internal Memory Size Switching Register (IMS)

Address: FFFOH  After reset: CFH R/W

Symbol 7 6 5 4 3 2 1 0
IMS RAM2 RAM1 RAMO 0 ROMS3 ROM2 ROM1 ROMO
RAM2 RAM1 RAMO Internal high-speed RAM capacity selection
0 0 0 768 bytes
1 1 0 1024 bytes
Other than above Setting prohibited
ROMS3 ROM2 ROM1 ROMO Internal ROM capacity selection
0 1 0 0 16 KB
0 1 1 0 24 KB
1 0 0 0 32 KB
Other than above Setting prohibited

Caution To set the memory size, set IMS and then IXS. Set the memory size so that the internal ROM and
internal expansion RAM areas do not overlap.

Table 24-1. Internal Memory Size Switching Register Settings

Flash Memory Versions (78KO0/LE2) IMS Setting
1PD78F0361 04H
1PD78F0362 C6H
4PD78F0363, 78F0363D""° C8H
<R> Note The ROM and RAM capacities of the products with the on-chip debug function can be
debugged according to the debug target products. Set IMS according to the debug target
products.
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24.2 Writing with Flash Programmer

Data can be written to the flash memory on-board or off-board, by using a dedicated flash programmer.

(1) On-board programming
The contents of the flash memory can be rewritten after the 78K0/LE2 has been mounted on the target system.

The connectors that connect the dedicated flash 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 78K0/LE2 is
mounted on the target system.

Remark The FA series is a product of Naito Densei Machida Mfg. Co., Ltd.

Table 24-2. Wiring Between 78K0/LE2 and Dedicated Flash Programmer

Pin Configuration of Dedicated Flash Programmer With CSI10 With UART6
Signal Name I/0 Pin Function Pin Name Pin No. Pin Name Pin No.

SI/RxD Input Receive signal SO10/P12 48 TxD6/P13 47
SO/TxD Output Transmit signal SI10/RxDO/P11 49 RxD6/P14 46
SCK Output Transfer clock SCK10/TxDO/P10 50 - -
CLK Output Clock to 78K0/LE2 _Note1 - EXCLK/X2/P122""? 4
/RESET Output Reset signal RESET 64 RESET 64
FLMDO Output Mode signal FLMDO 3 FLMDO 3
Vop I/0 Voo voltage generation/ Vob 8 Vob 8
power monitoring Voo 39 Voo 39

AVRer 51 AVRer 51

GND - Ground Vss 7 Vss 7
LVss 38 LVss 38

AVss 52 AVss 52

Notes 1. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.

2. Only the X1 clock (fx) or external main system clock (fexcik) can be used when UART®6 is used. When

using the clock out of the flash programmer, connect CLK and EXCLK of the programmer.

User's Manual U17734EJ2VOUD

529
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Examples of the recommended connection when using the adapter for flash memory writing are shown below.

Figure 24-2. Example of Wiring Adapter for Flash Memory Writing in 3-Wire Serial I/0 (CSI10) Mode

———© Voo (2.7105.5 V)
—O anD
© Q
o Q |
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
1 48
2 47
3 46
4 <:> 45
Q| s 44
™ 6 43
o] 7 42
o 8 41
9 40
10 39 O
1 38 O
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
GND
VDD
VDD2

© 0o 0O O O

Sl SO SCK CLK  /RESET FLMDO

WRITER INTERFACE
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Figure 24-3. Example of Wiring Adapter for Flash Memory Writing in UART (UART6) Mode

——©O Voo (2.7105.5V)
—O anD
O Q
o Q |
64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49
1 48
2 47
3 46
4 (:) 45
Q| s 44
= 43
o] 7 42
o 8 41
9 40
10 39 ®
1 38 O
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
GND
VDD
vDD2

© © o O o0 0

SI SO SCK CLK  /RESET FLMDO

WRITER INTERFACE
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24.3 Programming Environment
The environment required for writing a program to the flash memory of the 78KO0/LE2 is illustrated below.

Figure 24-4. Environment for Writing Program to Flash Memory

FLMDO
RS-232C Veo
Vss
uSB RESET
Dedicated flash CSI10/UART6 78KO0/LE2

programmer

Host machine

A host machine that controls the dedicated flash programmer is necessary.

To interface between the dedicated flash programmer and the 78KO0/LE2, CSI10 or UART® is used for manipulation
such as writing and erasing. To write the flash memory off-board, a dedicated program adapter (FA series) is
necessary.

24.4 Communication Mode

Communication between the dedicated flash programmer and the 78KO/LE2 is established by serial
communication via CSI10 or UART®6 of the 78K0/LE2.

(1) Csi10
Transfer rate: 2.4 kHz to 2.5 MHz

Figure 24-5. Communication with Dedicated Flash Programmer (CSI10)

FLMDO FLMDO
Voo —————————— Voo/LVoo/AVrer
GND —— Vss/LVss/AVss
/RESET ————= RESET
SI/RxD SO10
Dedicated flash SO/TxD SI10 78KO0/LE2
programmer 3CK SCK10
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(2) UART6
Transfer rate: 115200 bps

Figure 24-6. Communication with Dedicated Flash Programmer (UART6)

FLMDO
Voo
GND
/RESET
SI/RxD
SO/TxD
CLK

PG-FP4 (Flash Pro4) ©

Dedicated flash
programmer

FLMDO
Voo/LVoo/AVrer
Vss/LVss/AVss

————————— RESET

-~

TxD6
RxD6
EXCLK

78KO0/LE2

If FlashPro4 is used as the dedicated flash programmer, FlashPro4 generates the following signal for the 78KO/LE2.

For details, refer to the FlashPro4 manual.

Table 24-3. Pin Connection

FlashPro4 78K0/LE2 Connection
Signal Name 1/0 Pin Function Pin Name CSI10 | UART6
FLMDO Output Mode signal FLMDO O O
Vop 110 Vop voltage generation/power monitoring Vop, LVob, AVrer (@) (@)
GND - Ground Vss, LVss, AVss (@) (@)
CLK Output Clock output to 78K0/LE2 EXCLK et QM2
/RESET Output Reset signal RESET (@) (@)
SI/RxD Input Receive signal SO10/TxD6 O O
SO/TxD Output Transmit signal SI10/RxD6 (@) (@)
SCK Output Transfer clock SCK10 (®) X
Notes 1. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.
2. Only the X1 clock (fx) or external main system clock (fexcik) can be used when UART®6 is used. When
using the clock out of the flash programmer, connect CLK and EXCLK of the programmer.
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.
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24.5 Handling of Pins on Board

To write the flash memory on-board, connectors that connect the dedicated flash 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 handled as described below.

24.5.1 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. An FLMDO pin connection example is shown below.

<R> Figure 24-7. FLMDO Pin Connection Example

78KO0/LE2
—_— Dedicated flash memory
programmer connection pin

FLMDO * O

10 kQ (recommended)

24.5.2 Serial interface pins
The pins used by each serial interface are listed below.

Table 24-4. Pins Used by Each Serial Interface

Serial Interface Pins Used
CSI10 S010, SI10, SCK10
UART6 TxD6, RxD6

To connect the dedicated flash 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.
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(1) Signal collision
If the dedicated flash 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 24-8. Signal Collision (Input Pin of Serial Interface)

78KO0/LE2

Dedicated flash programmer
Signal collision connection pin
O

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 programmer.
Therefore, isolate the signal of the other device.

(2) Malfunction of other device
If the dedicated flash 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 24-9. Malfunction of Other Device

78K0/LE2
Dedicated flash programmer
) connection pin
Pin O
Other device
§ T Input pin
If the signal output by the 78KO0/LE2 in the flash memory programming
mode affects the other device, isolate the signal of the other device.
78K0/LE2
Dedicated flash programmer
. connection pin
Pin O

Other device

.I T Input pin

If the signal output by the dedicated flash programmer in the flash memory
programming mode affects the other device, isolate the signal of the other
device.
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24.5.3 RESET pin

If the reset signal of the dedicated flash 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
programmer.

Figure 24-10. Signal Collision (RESET Pin)

78K0/LE2
Dedicated flash programmer
Signal collision connection signal
RESET @)

Reset signal generator

T Qutput pin

In the flash memory programming mode, the signal output by the reset
signal generator collides with the signal output by the dedicated flash
programmer. Therefore, isolate the signal of the reset signal generator.

24.5.4 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.

24.5.5 REGC pin
Connect the REGC pin to GND via a capacitor (0.47 to 1 uF: recommended) in the same manner as during normal
operation.

24.5.6 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 EXCLK.

Cautions 1. Only the internal high-speed oscillation clock (frH) can be used when CSI10 is used.
2. Only the X1 clock (fx) or external main system clock (fexcLk) can be used when UART®6 is used.

24.5.7 Power supply

To use the supply voltage output of the flash programmer, connect the Voo pin to Vob of the flash programmer, and
the Vss pin to GND of the flash programmer.

However, be sure to connect the Vop and Vss pins to Vopo and GND of the flash programmer to use the power
monitor function with the flash programmer.

To use the on-board supply voltage, connect in compliance with the normal operation mode.

Supply the same other power supplies (LVbp, LVss, AVRer, and AVss) as those in the normal operation mode.

536 Users Manual U17734EJ2V0UD



CHAPTER 24 FLASH MEMORY

24.6 Programming Method

24.6.1 Controlling flash memory
The following figure illustrates the procedure to manipulate the flash memory.

Figure 24-11. Flash Memory Manipulation Procedure

( Start )

Flash memory programming
mode is set

FLMDO pulse supply —

Selecting communication mode

Manipulate flash memory

No

( )

24.6.2 Flash memory programming mode

To rewrite the contents of the flash memory by using the dedicated flash programmer, set the 78KO0/LE2 in the
flash memory programming mode. To set the mode, set the FLMDO pin to Vob and clear the reset signal.

Change the mode by using a jumper when writing the flash memory on-board.

Figure 24-12. Flash Memory Programming Mode

55V : 3
Vop '
ov E

Vop ; [)[)
RESET \ /i
ov i

' FLMDO pulse

Vob
FLMDO
oV

E Flash memory programming mode

Table 24-5. Relationship Between FLMDO Pin and Operation Mode After Reset Release

FLMDO Operation Mode
0 Normal operation mode
Voo Flash memory programming mode
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24.6.3 Selecting communication mode

In the 78K0/LE2, 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
programmer.

The following table shows the relationship between the number of pulses and communication modes.

Table 24-6. Communication Modes

Communication Standard Setting"**" Pins Used | Peripheral | Number of
Mode Port Speed On Target | Frequency | Multiply Clock FLMDO
Rate Pulses
UART UART-ch0 | 115200 bps"**® | Optional 1to 20 1.0 TxD6, RxD6 | fx
(UARTS) MHz"*"** fexcik
3-wire serial /O | SIO-ch0 2.4kHzto 2.5 SO10, S0, | frH
(CSI10) MHz SCK10

Notes 1. Selection items for Standard settings on FlashPro4.
2. The possible setting range differs depending on the voltage. For details, refer to the chapter of electrical
specifications.
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.

Caution When UARTS6 is selected, the receive clock is calculated based on the reset command sent from the
dedicated flash programmer after the FLMDO pulse has been received.

Remark fx: X1 clock

fexcik:  External main system clock
fRH: Internal high-speed oscillation clock
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24.6.4 Communication commands

The 78K0/LE2 communicates with the dedicated flash programmer by using commands. The signals sent from the
flash programmer to the 78K0/LE2 are called commands, and the signals sent from the 78KO0/LE2 to the dedicated
flash programmer are called response.

Figure 24-13. Communication Commands

Command

Response

Dedicated flash 78K0/LE2
programmer

The flash memory control commands of the 78KO0/LE2 are listed in the table below. All these commands are
issued from the programmer and the 78K0/LE2 perform processing corresponding to the respective commands.

Table 24-7. 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 78KO0/LE2 return a response for the command issued by the dedicated flash programmer. The response
names sent from the 78K0/LE2 are listed below.

Table 24-8. Response Names

Response Name Function
ACK Acknowledges command/data.
NAK Acknowledges illegal command/data.
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24.7 Security Settings

The operations shown below can be performed using the security setting command. The security setting is valid

when the programming mode is set next.

Disabling batch erase (chip erase)

Execution of the block erase and batch erase (chip erase) commands for entire blocks in the flash memory is
prohibited by this setting. Once execution of the batch erase (chip erase) command is prohibited, all of the
prohibition settings can no longer be cancelled.

Caution After the security setting for the batch erase is set, erasure cannot be performed for the device.
In addition, even if a write command is executed, data different from that which has already
been written to the flash memory cannot be written, because the erase command is disabled.

Disabling block erase
Execution of the block erase command for a specific block in the flash memory is prohibited by this setting. This
prohibition setting can be cancelled using the batch erase (chip erase) command.

Disabling write
Execution of the write and block erase commands for entire blocks in the flash memory is prohibited by this
setting. This prohibition setting can be cancelled using the batch erase (chip erase) command.

Disabling rewriting boot cluster 0
Execution of the batch erase (chip erase) command, block erase command, and write command on boot cluster
0 (O000H to OFFFH) in the flash memory is prohibited by this setting.

Caution If a security setting that rewrites boot cluster 0 has been applied, boot cluster 0 of that device
will not be rewritten.

The batch erase (chip erase), block erase, write commands, and rewriting boot cluster 0 are enabled by the default

setting when the flash memory is shipped. The above security settings are only possible for on-board/off-board

programming. Each security setting can be used in combination.

Table 24-9 shows the relationship between the erase and write commands when the 78KO0/LE2 security function is

enabled.
Table 24-9. Relationship Between Commands When Security Function Is Enabled
Command | Batch Erase (Chip Block Erase Write Command
Security Setting Erase) Command Command
Disabling batch erase (chip erase) Invalid Invalid Valid"*
Disabling block erase Valid Valid
Disabling write Invalid
Disabling rewriting boot cluster 0 Invalid
Note Since the erase command is disabled, data different from that which has already been written to the
flash memory cannot be written.
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Table 24-10 shows the relationship between the security setting and the operation in each programming mode.

Table 24-10. Relationship Between Security Setting and Operation In Each Programming Mode

Programming Mode On-Board/Off-Board Programming Self Programming
Security Setting Security Setting | Security Operation Security Setting | Security Operation
Disabling batch erase (chip erase) | Enabled Valig™*" Disabled Invalid"***

Disabling block erase

Disabling write

Disabling rewriting boot cluster 0 Enabled Valid

Notes 1. Execution of each command is prohibited by the security setting.
2. Execution of self programming command is possible regardless of the security setting.
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24.8 Flash Memory Programming by Self-Writing

The 78KO0/LE2 supports a self-programming function that can be used to rewrite the flash memory via a user

program. Because this function allows a user application to rewrite the flash memory by using the 78K0/Kx2 self-

programming sample library, it can be used to upgrade the program in the field.

If an interrupt occurs during self-programming, self-programming can be temporarily stopped and interrupt

servicing can be executed. To execute interrupt servicing, restore the normal operation mode after self-programming

has been stopped, and execute the El instruction. After the self-programming mode is later restored, self-

programming can be resumed.

Remark For details of the self-programming function and the 78KO0/Kx2 self-programming library, refer to
78K0/Kx2 Flash Memory Self Programming User’s Manual (U17516E).

Cautions 1.
2.
3.
4.
5.
542

The self-programming function cannot be used when the CPU operates with the subsystem
clock.

Input a high level to the FLMDO pin during self-programming.

Be sure to execute the DI instruction before starting self-programming.

The self-programming function checks the interrupt request flags (IFOL, IFOH, IF1L, and IF1H).
If an interrupt request is generated, self-programming is stopped.

Self-programming is also stopped by an interrupt request that is not masked even in the DI
status. To prevent this, mask the interrupt by using the interrupt mask flag registers (MKOL,
MKOH, MK1L, and MK1H).

Self-programming is executed with the internal high-speed oscillation clock. If the CPU
operates with the X1 clock or external main system clock, the oscillation stabilization wait
time of the internal high-speed oscillation clock elapses during self-programming.
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The procedure of self-programming is illustrated below.

Figure 24-14. Self-Programming Procedure

C Start self-programming )

Secure entry RAM area

Set parameters
to entry RAM

‘ Entry program

(user program)

FLMDO pin = High level

Execute DI instruction

‘ Al

i

Execute library and access

flash memory according to Library
parameter contents

Interrupt request
‘ El execution instruction

Interrupt servicing No interrupt request

Entry program
(user program)

Check library return value
Self-programming
stopped

FLMDO pin = Low level

CEnd of self-programming)
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24.8.1 Boot swap function

If rewriting the boot area has failed during self-programming due to a power failure or some other cause, the data
in the boot area may be lost and the program may not be restarted by resetting.

The boot swap function is used to avoid this problem.

Note

Before erasing boot cluster 0™°°, which is a boot program area, by self-programming, write a new boot program to
boot cluster 1 in advance. When the program has been correctly written to boot cluster 1, swap this boot cluster 1 and
boot cluster 0 by using the set information function of the firmware of the 78K0/LE2, so that boot cluster 1 is used as a
boot area. After that, erase or write the original boot program area, boot cluster 0.

As a result, even if a power failure occurs while the boot programming area is being rewritten, the program is
executed correctly because it is booted from boot cluster 1 to be swapped when the program is reset and started next.

If the program has been correctly written to boot cluster O, restore the original boot area by using the set

information function of the firmware of the 78K0/LE2.

Note A boot cluster is a 4 KB area and boot clusters 0 and 1 are swapped by the boot swap function.

Boot cluster 0 (0000H to OFFFH): Original boot program area
Boot cluster 1 (1000H to 1FFFH): Area subject to boot swap function

Figure 24-15. Boot Swap Function

XXXXH
User program Self-programming User program Executioq of boot User program
to boot cluster 1 swap by firmware
2000H Boot
New boot program New boot program
1000H User program (boot cluster 1) (boot cluster 1)
Boot
Boot program Boot program Boot program
0000H | (boot cluster 0) (boot cluster 0) (boot cluster 0)
Boot
XXXXH
Self-programming Execution of boot
to boot cluster 0 User program swap by firmware User program
2000H
New boot program New boot program
(boot cluster 1) (boot cluster 1)
1000H Boot
New boot program New boot program
(boot cluster 0) (boot cluster 0)
0000H Boot
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Boot
cluster 1

Boot
cluster 0

Figure 24-16. Example of Executing Boot Swapping

Block number
l Erasing block 4
7 Program 7 Program
6 Program 6 Program
5 Program 5 Program
4 Program 1000H 4
3 Boot program |::> 3 Boot program |:>
2 | Boot program 2 | Boot program
1 | Boot program 1 | Boot program
0 | Boot program 0000H (0 | Boot program
Booted by boot cluster 0
Writing blocks 5 to 7 Boot swap

o

7 New boot program

New boot program
New boot program
New boot program

Boot program
Boot program
Boot program

6
5
4
3 Boot program
2
1
0

Erasing block 2

O=Nwhoo~N

New boot program

New boot program
New boot program

New boot program |:>
Boot program

New boot program

New boot program
New boot program
New boot program

o

Boot program
Boot program
Boot program
Boot program

O=NWwWhouoON

Booted by boot cluster 1

Erasing block 3

New boot program

New boot program
New boot program

New boot program |:>

O=NwWwhrooON

Erasing block 5

O=NwWwhrhoION

1000H

Writing blocks 0 to 3

O=Nwhoo~N

Program

Program

Boot program |::>

Boot program

Boot program

O=NwhrhooO~N

Boot program

7
6
5
4 New boot program
0000H
|:> 3
2
1
0

Erasing block 0

New boot program

New boot program
New boot program

Boot program
Boot program
Boot program

New boot program

New boot program

New boot program

New boot program |:>

New boot program

New boot program

New boot program

New boot program

Erasing block 6

Program

Boot program |:>

Boot program

Boot program

Boot program

Erasing block 7

oO=Nwhoo~N

Erasing block 1

New boot program

New boot program

New boot program

Boot program

7

6

5

4 INew boot program
|:> 3 Boot program

2

1

0

Boot swap canceled

New boot program
New boot program
New boot program

New boot program
New boot program
New boot program

O=NWhoON

Booted by boot cluster 0
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CHAPTER 25 ON-CHIP DEBUG FUNCTION (xPD78F0363D ONLY)

The 4uPD78F0363D uses the Vop, FLMDO, RESET, OCDOA/X1 (or OCD1A/P31), OCDOB/X2 (or OCD1B/P32), and
Vss pins to communicate with the host machine via an on-chip debug emulator (QB-78KOMINI). Whether OCDOA/X1
and OCD1A/P31, or OCDO0B/X2 and OCD1B/P32 are used can be selected.

Caution The zPD78F0363D 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.

Figure 25-1. Connection Example of QB-78KOMINI and 4PD78F0363D
(When OCDOA/X1 and OCDOB/X2 Are Used)

QB-78KOMINI target connector uPD78F0363D
FLMDO FLMDO
Note
RESET_IN Target reset

RESET_OUT RESET
X1 OCDOA/X1
X2 OCDOB/X2

GND GND
Vob Vob

P31
Note %

Cautions 1. Input the clock from the OCDOA/X1 pin during on-chip debugging.
2. Control the OCDOA/X1 and OCDOB/X2 pins by externally pulling down the OCD1A/P31 pin.

Note Make pull-down resistor 470 Q or more.
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Figure 25-2. Connection Example of QB-78KOMINI and 4PD78F0363D
(When OCD1A and OCD1B Are Used)

QB-78KOMINI target connector uPD78F0363D
FLMDO FLMDO
Note
RESET_IN Target reset
RESET_OUT RESET
X1 ¢ OCD1A/P31
7%Note
X2 OCD1B/P32
GND GND
Vop Vob
e .
F L
—
[

Note Make pull-down resistor 470 Q or more.
25.1 On-Chip Debug Security ID

The 4PD78F0363D has an on-chip debug operation control flag in the flash memory at 0084H (see CHAPTER 23
OPTION BYTE) and an on-chip debug security ID setting area at 0085H to 008EH.

When the boot swap function is used, also set a value that is the same as that of 1084H and 1085H to 108EH in
advance, because 0084H, 0085H to 008EH and 1084H, and 1085H to 108EH are switched.

For details on the on-chip debug security ID, refer to the QB-78KOMINI User’'s Manual (U17029E).

Table 25-1. On-Chip Debug Security ID

Address On-Chip Debug Security ID

0085H to 008EH Any ID code of 10 bytes

1085H to 108EH
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This chapter lists each instruction set of the 78K0/LEZ2 in table form. For details of each operation and operation

CHAPTER 26 INSTRUCTION SET

code, refer to the separate document 78K/0 Series Instructions User’s Manual (U12326E).

26.1 Conventions Used in Operation List

26.1.1 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 |:  Absolute address specification
e $: 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 26-1. Operand ldentifiers 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 FF1FH Immediate data or labels (even address only)
addr16 0000H to FFFFH Immediate data or labels

(Only even addresses for 16-bit data transfer instructions)

addri1 0800H to OFFFH Immediate data or labels
addr5 0040H to 007FH 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 3-6 Special Function Register List.
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26.1.2 Description of operation column
A: A register; 8-bit accumulator

X X register

B B register

C C register

D: D register

E E register

H H register

L L register

AX: AX register pair; 16-bit accumulator

BC: BC register pair

DE: DE register pair

HL: HL register pair

PC: Program counter

SP: Stack pointer

PSW:  Program status word

CY: Carry flag

AC: Auxiliary carry flag

Z: Zero flag

RBS: Register bank select flag

IE: Interrupt request enable flag

(): Memory contents indicated by address or register contents in parentheses
XH, XL:  Higher 8 bits and lower 8 bits of 16-bit register

Al Logical product (AND)

Vi Logical sum (OR)

e Exclusive logical sum (exclusive OR)

: Inverted data
addr16: 16-bit immediate data or label
jdisp8:  Signed 8-bit data (displacement value)

26.1.3 Description of flag operation column
(Blank): Not affected

Clearedto 0

Setto 1

Set/cleared according to the result

Previously saved value is restored

I X >
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26.2 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 - sfr « byte
Ar R 2 - Acr
r, A Noted | 4 2 - reA
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)
laddr16, A 3 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 - 6 A < (sfr)
A, laddr16 3 8 10 A < (addr16)
A, [DE] 1 4 6 A < (DE)
A, [HL] 1 4 6 A & (HL)
A, [HL + byte] 2 8 10 A < (HL + byte)
A, [HL + B] 2 8 10 A+ (HL+B)
A, [HL +C] 2 8 10 Ao (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 (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 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 8 (saddrp) « AX
AX, sfrp 2 - 8 AX « sfrp
sfrp, AX 2 - 8 sfrp « AX
AX, rp N3 | 4 - AX < 1p
rp, AX Newes ] 4 4 - p « AX
AX, laddr16 3 10 12 AX « (addr16)
laddr16, AX 3 10 12 (addr16) « AX
XCHW AX, rp noes | o 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 Neted | 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 Neted| 2 4 - A, CY«—A+r+CY X X X
r, A 2 4 - nCY«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) + C 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 (fcru) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.
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CHAPTER 26 INSTRUCTION SET

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 Netes | 2 4 - A CY<A-r X X X
r, A 2 4 - rLCY«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 Netes | 2 4 - A, CY—A-r-CY X X X
r, A 2 4 - rhCY«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

AND A, #byte 2 4 - |A<Anbyte x

saddr, #byte 3 6 8 (saddr) « (saddr) A byte X

Ar st 2 4 - Ac—Anr x

r, A 2 4 - reraA 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« A A (HL) x

A, [HL + byte] 2 8 9 |A« AA(HL+byte) x

A, [HL + B] 2 8 9 |A<AA(HL+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 Nees| 2 4 - A—Avr X
r, A 2 4 - r—rvA 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 |Ac«AvV(HL+C) x
XOR A, #byte 2 4 - A < A~ byte X
saddr, #byte 3 6 8 (saddr) « (saddr) » byte X
Ar Nees| 2 4 - A—Awr X
rA 2 4 - re—r~A X
A, saddr 2 4 5 A <« A (saddr) X
A, laddr16 3 8 9 A « A~ (addr16) X
A, [HL] 1 4 5 |AeAw(HL) x
A, [HL + byte] 2 8 9  |A« Ax(HL + byte) x
A, [HL + B] 2 8 9 |A«Av(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 sl 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. Except“r=A"

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
16-bit ADDW AX, #word 3 6 - AX, CY « AX + word X X X
operation | suBw 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 p 1 4 - perp+1
DECW p 1 4 - p«rp-—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-o0 ¢ (HL)s- o, (HL)7-4 « As-o,
(HL)s-o0 « (HL)7-4
ROL4 [HL] 2 10 12 As-0 < (HL)7-4, (HL)3s-0 « As-o,
(HL)7-4 « (HL)s-0
BCD ADJBA 2 - Decimal Adjust Accumulator after Addition | x x X
adjustment | ApJBS 2 - Decimal Adjust Accumulator after Subtract | x x x
Bit MOV1 CY, saddr.bit 3 CY « (saddr.bit) X
manipulate CY, sfr.bit 3 | - 7 | CY « sfrbit x
CY, A.bit 2 4 - CY « A.bit X
CY, PSW.bit 3 - 7 CY « PSW.bit X
CY, [HL].bit 2 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 A.bit 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 A.bit 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 7 CY « CY ~ (saddr.bit) X
CY, sfr.bit 3 - 7 CY « CY w~ sfr.bit X
CY, A.bit 2 4 - CY « CY v+ A.bit X
CY, PSW. bit 3 - 7 CY « CY ~ PSW.bit X
CY, [HL].bit 2 7 CY « CY  (HL).bit x
SET1 saddr.bit 2 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 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 (HL).bit < 0
SET1 cY 1 2 - CY 1 1
CLR1 CcY 1 2 - CY«O0 0
NOT1 cy 1 2 - |cYeTY 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 (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
Call/return |CALL laddr16 3 7 - (SP—1) « (PC + 3)n, (SP - 2) « (PC + 3)v,
PC « addr16, SP « SP -2
CALLF laddr11 2 5 - (8P —1) « (PC + 2)n, (SP —2) « (PC + 2)1,
PCi5-11 < 00001, PC10-0 < addri11,
SP « SP-2
CALLT [addr5] 1 6 - (SP—=1) « (PC + 1)1, (SP - 2) « (PC + 1),
PCH « (00000000, addr5 + 1),
PCL « (00000000, addr5),
SP«SP-2
BRK 1 6 - (SP = 1) « PSW, (SP —2) « (PC + 1)1,
(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 - (SP-1) « PSW, SP « SP -1
manipulate p 1 4 - (SP — 1) « rpH, (SP — 2) < rpy,
SP « SP -2
POP PSW 1 - PSW « (SP), SP « SP + 1 R R R
() 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 $addri6 2 6 - |PC«PC+2+jdisp8
AX 2 8 - PCH « A, PCL « X
Conditional |BC $addr16 2 6 - PC « PC + 2 +jdisp8if CY = 1
branch BNC $addr16 2 6 - |PC«PC+2+jdisp8ifCY=0
BZ $addr16 2 6 - PC « PC + 2 + jdisp8if Z =1
BNZ $addr16 2 6 - PC « PC +2 +jdisp8if Z=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 + jdisp8 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 + disp8 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 +jdisp8ifB#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 « 0 (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 (fcru) selected by the processor clock

control register (PCC).

2. This clock cycle applies to the internal ROM program.

User's Manual U17734EJ2V0OUD

557




CHAPTER 26 INSTRUCTION SET

26.3 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
SuB ADD ADD |ADD ADD |ADD RORC
SUBC ADDC ADDC |ADDC ADDC |ADDC ROLC
AND SuB SuUB SuUB SuUB SuUB
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 Except “r=A"
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(2) 16-bit instructions
MOVW, XCHW, ADDW, SUBW, CMPW, PUSH, POP, INCW, DECW

Second Operand #word AX rpMe sfrp saddrp laddr16 SP None
First Operand
AX ADDW MOVW MOVW MOVW MOVW MOVW
SUBW XCHW
CMPW
p MOVW MOvVwW"e 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 SET1
BF CLR1
BTCLR
saddr.bit MOVA1 BT SET1
BF CLR1
BTCLR
PSW.bit MOVA1 BT SETH
BF CLR1
BTCLR
[HL].bit MOV1 BT SET1
BF CLR1
BTCLR
CcY MOVA1 MOVA1 MOVA1 MOVA1 MOVA SETH
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 27 ELECTRICAL SPECIFICATIONS

Caution The xPD78F0363D 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)

Parameter Symbol Conditions Ratings Unit

<R> Supply voltage Vop Vop = LVop -0.3to +6.5
<R> LVop Voo = LVop -0.3t0 +6.5 Vv
<R> Vss Vss = LVss -0.3t0 +0.3 \Y
<R> LVss Vss = LVss -0.3t0 +0.3 Vv
<R> AVRer -0.3to Voo + 0.3 Vv
<R> AVss -0.3t0 +0.3 v

Input voltage Vin P00, P01, P10 to P17, P20 to P24, -0.3to Voo + 0.3%" Y

P30 to P33, P120 to P124,
<R> X1, X2, XT1, XT2, FLMDO, RESET
Vi2 SCLO, SDAO (N-ch open drain) -0.3to +6.5 Vv
Output voltage Vor P00, P01, P10 to P17, P20 to P24, -0.3 to Voo + 0.3

P30 to P33, P120 to P124,
X1, X2, XT1, XT2, RESET

Vo2 S0 to S19, COMO to COM3 -0.3 to Vico + 0.3""
Analog input voltage Van ANIO to ANI4 —0.3 to AVrer + 0.3%"° \Y
and -0.3 to Voo + 0.3"*
Output current, high lon Per pin P00, PO1, P10 to P17, -10 mA
P30 to P33, P120

Total of all pins | P00, P01, P120 -25 mA
—80 mA P10 to P17, P30 to P33 55 mA
<R> Per pin P20 to P24 -0.5 mA
<R> Total of all pins -2 mA
<R> Per pin P121to P124 -1 mA
<R> Total of all pins -4 mA

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, P01, P10 to P17, 30 mA
P30 to P33, P120,
SCLO, SDAO
Total of all pins | P00, P01, P120 60 mA
S P10 to P17, P30 to P33, 140 mA
SCLO, SDAO
<R> Per pin P20 to P24 1 mA
<R> Total of all pins 5 mA
<R> Per pin P121to P124 4 mA
<R> Total of all pins 10 mA
Operating ambient Ta In normal operation mode —40 to +85 °C
temperature In flash memory programming mode
<R> Storage temperature Tstg —40to +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,1.8 V< Vb =LVbD<5.5V, Vss = LVss = AVss =0 V)

Resonator | Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Ceramic | | X1 clock 40V<Vop<55V 1.0 20.0 | MHz
resonator YSS X1 X2 oscillation Note2

} Note 1

I frequency (fx) 27V<Vop<4.0V 1.0 10.0

Ci= C2=: Note 2

| — 1.8V <Vop<2.7V 1.0 5.0

b
Crystal | | X1 clock 40V<Vop<55V 1.0 20.0 | MHz
resonator Vss X1 X2 oscillation Note2

Note 1

e | Meaueney BT o7y <von<d0v 1.0 10.0

C1== 02== Note 2

— 1.8V<Vop<2.7V 1.0 5.0

b

Notel. Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
<R> 2. Itis 2.0 MHz (MIN.) when programming on the board via UART6.

Cautions 1. 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.

¢ 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.

2. Since the CPU is started by the internal high-speed oscillation clock after a reset release, check
the X1 clock oscillation stabilization time using the oscillation stabilization time counter status
register (OSTC) by the user. 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.
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Internal Oscillator Characteristics
(TA=-40to +85°C,1.8 V< Vob=LVop<5.5V, Vss = LVss = AVss =0 V)

Resonator Parameter Conditions MIN. | TYP. | MAX. | Unit
8 MHz internal oscillator Internal high-speed oscillation | RSTS=1 |27V <Vopo <55V 7.6 8.0 8.4 MHz
clock frequency (fa)"** 1.8V<Vop<2.7V 76 | 80 | 104 | MHz
RSTS =0 2.48 5.6 9.86 MHz
240 kHz internal oscillator | Internal low-speed oscillation | 2.7V <Vop<5.5V 216 240 264 kHz
clock frequency (fa) 1.8V<Vop<27V 192 | 240 | 264 | kHz
Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.
Remark RSTS: Bit 7 of the internal oscillation mode register (RCM))
XT1 Oscillator Characteristics
(TA=-40to +85°C, 1.8 V< Vpb=LVDD < 5.5V, Vss = LVss = AVss =0 V)
Resonator Recommended Circuit Parameter Conditions MIN. | TYP. | MAX. | Unit
Crystal XT1 clock oscillation 32 |32.768| 35 kHz
Vss XT2 XT1 Note
resonator - frequency (fxt)

Note Indicates only oscillator characteristics. Refer to AC Characteristics for instruction execution time.

Cautions 1.

above figure to avoid an adverse effect from wiring capacitance.

Keep the wiring length as short as possible.

Do not cross the wiring with the other signal lines.
Do not route the wiring near a signal line through which a high fluctuating current flows.
Always make the ground point of the oscillator capacitor the same potential as Vss.

Do not fetch signals from the oscillator.

Do not ground the capacitor to a ground pattern through which a high current flows.

When using the XT1 oscillator, wire as follows in the area enclosed by the broken lines in the

2. The XT1 oscillator is designed as a low-amplitude circuit for reducing power consumption, and
is more prone to malfunction due to noise than the X1 oscillator. Particular care is therefore
required with the wiring method when the XT1 clock is 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.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS

DC Characteristics (1/5)
(Ta =-40 to +85°C, 1.8 V < Vbp = LVbbp < 5.5 V, AVRer < Vbb, Vss = LVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, high"*' loH1 Per pin for P00, P01, 40V<Vop<55V -3.0 mA
P10 to P17, P30 to P33, 27V <Vop<4.0V o5 mA

F120 1.8V<Vmm<27V -1.0 mA

Total*™* of P00, PO1, P120 |40V <Vop <55V -20.0 mA
27V<Vopb<4.0V -10.0 mA

1.8V<Vmm<27V -5.0 mA

Total*™* of P10 to P17, 40V<Vop<55V -30.0 mA

P30 to P33 27V<Von<4.0V -190 | mA
1.8V<Vmm<27V -10.0 mA

Total™* of all pins 40V<Vop<55V -50.0 mA
27V<Vopb<4.0V -29.0 mA

1.8V<Vmm<27V -15.0 mA

loHz Per pin for P20 to P24 AVRer = Vop -0.1 mA
loHs Per pin for P121 to P124 -0.1 mA
Output current, low™™* loLt Per pin for P00, P01, 40V<Vop<55V 8.5 mA
P10toP17,P3010 P33, 57y <vmp<40V 5.0 mA

P120 1.8V<Vmp<27V 2.0 mA

Per pin for SCLO, SDAO 40V<Vop<55V 15.0 mA
27V<Vopb<4.0V 3.0 mA

1.8V<Vmp<27V 0.6 mA

Total"™** of P00, PO1, P120 |40V <Vop<5.5V 20.0 mA
27V<Vopb<4.0V 15.0 mA

1.8V<Vmp<27V 9.0 mA

Total*™ of P10 to P17, 40V<Vop<55V 45.0 mA

P30 to P33, SCLO, SDAD 5 7y <vop<4.0V 350 | mA
1.8V<Vmp<27V 20.0 mA

Total"* of all pins 40V<Vop<55V 65.0 mA
27V<Vopb<4.0V 50.0 mA

1.8V<Vmp <27V 29.0 mA

loL2 Per pin for P20 to P24 AVRerF = Vop 0.4 mA
loLs Per pin for P121 to P124 0.4 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from Vop to an output

pin.
Value of current at which the device operation is guaranteed even if the current flows from an output pin to
GND.
Specification under conditions where the duty factor is 70% (time for which current is output is 0.7 x t and
time for which current is not output is 0.3 x t, where t is a specific time). The total output current of the pins
at a duty factor of other than 70% can be calculated by the following expression.
e Where the duty factor of loH is n%: Total output current of pins = (loH x 0.7)/(n x 0.01)

<Example> Where the duty factor is 50%, loH = 20.0 mA

Total output current of pins = (20.0 x 0.7)/(50 x 0.01) = 28.0 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS

DC Characteristics (2/5)
(Ta =-40 to +85°C, 1.8 V < Vop = LVbb < 5.5 V, AVRer < Vbb, Vss = LVss = AVss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH1 P12, P13, P15, P121 to P124 0.7Vop Vop \
Vinz P00, P01, P10, P11, P14, P16, P17, 0.8Vop Voo \
P30 to P33, P120, RESET
ViHz P20 to P24 AVRer = Vop 0.7AVrer AVRer \
ViHa SCLO, SDAO 0.7Vop 6.0 \'
Input voltage, low ViLt P12, P13, P15, P121 to P124, SCLO, SDAO 0 0.3Vop \
Vi P00, P01, P10, P11, P14, P16, P17, 0 0.2Vop \
P30 to P33, P120, RESET
Vis P20 to P24 AVRer = Vop 0 0.3AVrer \
Output voltage, high VoH1 P00, P01, 40V<Vop<55V, Voo - 0.7 \
P10 to P17, loHt = -3.0 mA
P30t P33, P120 |27V <Vop<4.0V, Voo - 0.5 v
loHt = -2.5 mA
1.8V<Vop<27V, Voo — 0.5 \'
loHt = -1.0 mA
VoH2 P20 to P24 AVRrer = Vop, Voo — 0.5 \Y
loHz = -0.1 mA
P121 to P124 lonz = —-0.1 mA Voo - 0.5 \
Output voltage, low VoLt POO, PO1, 40V<Vop<55YV, 0.7 \Y
P10 to P17, loL1 = 8.5 mA
P30to P33, P120 |27V <Vop<4.0V, 0.7 v
loLt = 5.0 mA
1.8V<Vop<27V, 0.5 \'
loLt = 2.0 mA
1.8V<Vop<27V, 0.4 \
lot = 0.5 mA
VoLz2 P20 to P24 AVRrer = Vop, 0.4 \
lotz = 0.4 mA
P121 to P124 loa=0.4 mA 0.4 \
Vous SCLO, SDAO 40V<Vop<55V, 2.0 \'
los = 15 mA
40V<Vop<55V, 0.4 \
loLs = 3.0 mA
27V<Vopb<4.0V, 0.6 \'
lots = 3.0 mA
27V<Vop<4.0V, 0.4 \
lots = 2.0 mA
1.8V<Vop<27V, 0.5 \
lots = 0.6 mA

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS

DC Characteristics (3/5)

(Ta =-40 to +85°C, 1.8 V < Vbp = LVbbp < 5.5 V, AVRer < Vbb, Vss = LVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage current, high | lun1 P00, PO1, Vi = Vop 1 LA
P10 to P17,
P30 to P33, P120,
SCLO, SDAO,
FLMDO, RESET
ILite P20 to P24 Vi = AVrer = Vop 1 HA
ILiHg P121 to 124 Vi=Voo | I/O port mode 1 HA
(X1, X2, XT1, XT2) 0SC mode 20 LA
Input leakage current, low liet P00, PO1, Vi = Vss -1 HA
P10 to P17,
P30 to P33, P120,
SCLO, SDAO,
FLMDO, RESET
lue P20 to P24 Vi = Vss, -1 7.\
AVrer = Vob
ILis P121 to 124 Vi=Vss | I/O port mode -1 HA
(X1, X2, XT1, XT2) 0SC mode 20 LA
Pull-up resistor Ru Vi=Vss 10 20 100 kQ
FLMDO supply voltage Vie In normal operation mode 0 0.2Vop
ViH In self-programming mode 0.8Vop Vop

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of port pins.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS

DC Characteristics (4/5)
(Ta =-40 to +85°C, 1.8 V < Vop = LVbp < 5.5 V, AVRer < Vbp, Vss = LVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Supply current | Iop1 Operating mode | fxx = 20 MHZ""?, Square wave input 3.2 5.5 mA
o Voo =5.0V Resonator connection 45 6.9

fxn = 10 MHZ""**>°, Square wave input 1.6 2.8 mA
Voo =5.0V Resonator connection 2.3 3.9
fxH = 10 MHZ""**>?, Square wave input 15 27 mA
Voo =3.0V Resonator connection 22 3.2
fxn = 5 MHZ""*?, Square wave input 0.9 1.6 mA
Voo =3.0V Resonator connection 1.3 2.0
fxn = 5 MHZ""*?, Square wave input 0.7 1.4 mA
Voo =2.0V Resonator connection 1.0 1.6
fri =8 MHz, Voo = 5.0 V 1.4 2.5 mA
fsus = 32.768 kHz"**, | Square wave input 6 25 LA
Voo =5.0V Resonator connection 15 30

Ipb2 HALT mode fxn = 20 MHZ""?, Square wave input 0.8 2.6 mA
Voo =5.0V Resonator connection 2.0 4.4
fxn = 10 MHZ"* 22, Square wave input 0.4 1.3 mA
Voo =5.0V Resonator connection 1.0 2.4
fxn = 5 MHZ""*?, Square wave input 0.2 0.65 mA
Voo =3.0V Resonator connection 0.5 1.1
frH = 8 MHz, Voo = 5.0 V 0.4 1.2 mA
fsus = 32.768 kHz""°*, | Square wave input 3.0 22 LA
Voo =5.0V Resonator connection 12 25

Iops"*®® | STOP mode Vopo = 5.0 V 1 20 LA
Vobo =5.0V, Ta=-40 to +70°C 1 10 LA

Notes 1. Total current flowing into the internal power supply (Vob, AVRer), including the peripheral operation current
and the input leakage current flowing when the level of the input pin is fixed to Vop or Vss. However, the
current flowing into the pull-up resistors and the output current of the port are not included.

2. Not including the operating current of the 8 MHz internal oscillator, and the current flowing into the A/D
converter, watchdog timer, LVI circuit and LCD controller/driver.

3. When AMPH (bit O of clock operation mode select register (OSCCTL)) = 0.

4. Not including the operating current of the X1 oscillation, 8 MHz internal oscillator and 240 kHz internal
oscillator, and the current flowing into the A/D converter, watchdog timer, LVI circuit and LCD
controller/driver.

5. Not including the operating current of the 240 kHz internal oscillator and XT1 oscillation, and the current
flowing into the A/D converter, watchdog timer, LVI circuit and LCD controller/driver.

Remarks 1. fx1: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. fru: Internal high-speed oscillation clock frequency
3. fsue: Subsystem clock frequency (XT1 clock oscillation frequency or external subsystem clock
frequency)
568 User's Manual U17734EJ2V0UD



<R>
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DC Characteristics (5/5)
(Ta =-40 to +85°C, 1.8 V < Vbp = LVbbp < 5.5 V, AVRer < Vbb, Vss = LVss = AVss =0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
A/D converter laoc*™®" | During conversion at maximum speed | 2.3 V < AVRer < Vop 0.86 | 1.9 mA
operating current
Watchdog timer | lwom"*°* | During 240 kHz internal low-speed oscillation clock operation 5 10 LA
operating current
LVI operating lov™® 9 18 LA
current
LCD operating lep™e* | When LCD (including booster circuit) is | | \ipp = 5.0 V 150 | 330 UA
current stopped and IIC is operating

LVoo=3.0V 75 160 HA
lep2*e* | When only LCD booster circuit is LVob=5.0V 2 36 LA
operating and IIC is in standby status
LVoo =3.0V 15 16 LA
l.eos™e* | When LCD display is operatingand IC | [ \jpp=5.0V 5 45 LA
is in standby status
LVoo=3.0V 4 22 HA
lepa** | When LCD (including booster circuit) is | | \vpp = 5.0 V 0.1 5 LA
stopped and IIC is in standby status
LVoo=3.0V 0.05 3 LA
Notes 1. This includes only the current that flows through the A/D converter. When the A/D converter is operating
in operation mode or HALT mode, the current value of the 78KO0/LE2 is obtained by adding labc to loo1 or
Ibp2.

2. This includes only the current that flows through the watchdog timer (including the operating current of the
240 kHz internal oscillator). When the watchdog timer is operating in HALT mode or STOP mode, the
current value of the 78K0/LE2 is obtained by adding IwpT to Iop2 or Ibps.

3. This includes only the current that flows through the LVI circuit. When the LVI circuit is operating in HALT
mode or STOP mode, the current value of the 78K0/LE2 is obtained by adding ILvi to Ipp2 or Ippa.

4. This includes only the current that flows through the LCD controller/driver. The current value of the

78KO0/LE2 is obtained by adding the LCD operating current (I.cp1, Icpz, lcps, or Icps) to the supply
current (Iop1, Iopbz, or Ipps).
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CHAPTER 27 ELECTRICAL SPECIFICATIONS

AC Characteristics

(1) Basic operation
(Ta =-40 to +85°C, 1.8 V< Vop = LVbp < 5.5V, AVRer < Vbp , Vss = LVss = AVss = 0 V)

Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main system clock (fxr) 40V<Vop<55V 0.1 32 Us
instruction execution time) operation 27V <Vop<4.0V 0.2 32 us
1.8V<Vop<27V | 04" 32 us
Subsystem clock (fsus) operation 114 122 125 us
External main system clock fexcik 40V<Vop<55V 1.0"*2 20.0 | MHz
frequency 27V<Von<4.0V 1.0"2 10.0 | MHz
1.8V<Vp<27V 1.0 5.0 MHz
<R> | External main system clock texcikH, | 4.0V <Vop<55V 24 500 ns
<R> [ input high-level width, low-level | texcikt 27V <Vop<4.0V 48 500 ns
width
<R> 1.8V<Vop <27V 96 500 ns
External subsystem clock fexciks 32 32.768| 35 kHz
frequency
<R> | External subsystem clock input | texciksH, 12 ns

high-level width, low-level width | texciksL

TI000, TIO10 triHo, 40V<Vop<55V 2/fsam + us
input high-level width, triLo 0.1%*?
low-level width 27V <Voo<4.0V 2/fsam + s
0'2Note3
<R> 1.8V<Vop<2.7V 2/fsam + us
0-5N01e3
TI50, TI51 input frequency fris 40V<Vopb<55V 10 MHz
27V<Vopb<4.0V 10 MHz
1.8V<Vop<27V 5 MHz
TI50, TI51 input high-level width,| tris, 40V<Vop<55V 50 ns
low-level width triLs 27V <Vop<4.0V 50 ns
1.8V<Vp<27V 100 ns
Interrupt input high-level width, | tinth, 1 Us
low-level width tinTL
RESET low-level width tRsL 10 Us

Notes 1. 0.38 us when operating with the 8 MHz internal oscillator.
<R> 2. ltis 2.0 MHz (MIN.) when programming on the board via UART6.
3. Selection of fsam= frrs, fPrs/4, fPRs/256 is possible using bits 0 and 1 (PRM000, PRMO0O01) of prescaler
mode registers 00 (PRM00). Note that when selecting the TI000 valid edge as the count clock, fsam=

feRs.

570 User's Manual U17734EJ2VOUD



CHAPTER 27 ELECTRICAL SPECIFICATIONS

Tcy vs. Vob (Main System Clock Operation)
100

32 [

10

5.0

20 Guaranteed
operation range

Cycle time Tcy [us]
5

0.4
i \\
0.2 i N
0.1 3
0.01 1 : ‘

0 1.0 /20 /30 40 5095560
18 27
Supply voltage Voo [V]

<R> AC Timing Test Points (Excluding External Main System Clock and External Subsystem Clock)

ViH Vin
Test points
Vi > < Vi ><

External Main System Clock Timing, External Subsystem Clock Timing

1/fexcik

texcLkL tExcLKH

0.7Voo (MIN.)
0.3Voo (MAX.)

EXCLK \

f———— 1ffexcoks ————

= tEXCLKSL tEXcLKSH

0.7Voo (MIN.)

EXCLKS 0.3Vop (MAX.)
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Tl Timing

trio triHo

TI000, TIO10

1/fnis

tris triHs

TI50, TI51 \

Interrupt Request Input Timing

tinTL
INTPO to INTP5 \

RESET Input Timing

tiNTH

tRsL
RESET l
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(2) Serial interface
(TA=-40to +85°C,1.8 V< Vpp=LVbD < 5.5V, Vss =LVss = AVss =0 V)

(a) UART®6 (Dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

<R> Transfer rate 625 kbps

(b) UARTO (Dedicated baud rate generator output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
<R> Transfer rate 625 kbps
(c) lico
Parameter Symbol Standard Mode High-Speed Mode Unit
MIN. MAX. MIN. MAX.

SCLO clock frequency fscL 0 100 0 400 kHz
Setup time of start/restart condition™" tsu:sTA 4.8 - 0.7 - US
Hold time tHD:sTA 4.1 - 0.7 - us
Hold time when SCLO = “L” tow 5.0 - 1.25 - us
Hold time when SCLO = “H” tHiGH 5.0 - 1.25 - s
Data setup time (reception) tsu:paT 0 - 0 - us
Data hold time (transmission)"**? tHD:DAT 0.47 4.0 0.23 1.00 US

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHp:DAT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS

(d) CSI10 (Master mode, SCK10... internal clock output)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkovt 40V <Vop<55V 200 ns
27V<Vob<4.0V 400 ns
1.8V<Vop <27V 600 ns
SCK10 high-/low-level width tir1, 40V<Vop<55V tkev1/2 — ns
b gt
27V<Vob<4.0V tkev1/2 — ns
oM
1.8V<Vp<27V tkevi/2 — ns
oM
SI10 setup time (to SCK107T) tsik1 40V<Vop<55V 70 ns
27V<Vop<4.0V 100 ns
1.8V<Vop<27V 100 ns
SI10 hold time (from SCK10T) tisit 30 ns
Delay time from SCK10. to tkso1 C =50 pF"™** 40 ns
SO10 output
Notes 1. This value is when high-speed system clock (fxH) is used.
2. Cis the load capacitance of the SCK10 and SO10 output lines.
(e) CSI10 (Slave mode, SCK10... external clock input)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
SCK10 cycle time tkovz 400 ns
SCK10 high-/low-level width tiriz, tkeva/2 ns
tkL2
SI10 setup time (to SCK10T) tsike 80 ns
SI10 hold time (from SCK10T) tsiz 50 ns
Delay time from SCK10{ to tksoz C=50pF |40V<Vop<55V 120 ns
SO10 output . 27V<Voo<4.0V 120 ns
1.8V<Vop<27V 180 ns

Note C is the load capacitance of the SO10 output line.
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Serial Transfer Timing

lico:

tLow

SCLO

E E E E tricH tHD:sTA E E
1 E H : tHD:sTA tsu:DAT ' E
spa0 i /1 i\ / ﬂ( X \ '/
Sto-p- ) -éia;rt Restart Stop N
condition condition condition condition
CSi10:
tkcym
tkim tkHm
/
SCK10 \
\ N
tsikm tKsim
S0 Input data
tksom

S010 Output data ><

Remark m=1,2
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A/D Converter Characteristics

(Ta=-40to +85°C,1.8 V< Vbob=LVop<5.5V, 2.3 V< AVRer < Vop, Vss = LVss = AVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 10 bit
Overall error"™="? AL 40V <AVRer<55V +0.4 | %FSR
2.7V<AVrer<4.0V +0.6 %FSR
23V <AVRer <27V +1.2 %FSR
Conversion time tconv 40V <AVrRer<55V 6.1 36.7 us
2.7V <AVrer<4.0V 12.2 36.7 us
23V <AVrer <27V 27 66.6 us
Zero-scale error"®="? Ezs 40V <AVRer<55V +0.4 | %FSR
2.7V<AVrer<4.0V +0.6 %FSR
23V <AVRer <27V +0.6 %FSR
Full-scale error*"? Ers 40V <AVRer<55V +0.4 | %FSR
27V <AVrer<4.0V +0.6 %FSR
2.3V <AVrer <27V +0.6 %FSR
Integral non-linearity error*" Ie 40V<AVRer<55V 2.5 LSB
27V<AVrer<4.0V +4.5 LSB
23V <AVRer <27V 16.5 LSB
Differential non-linearity error™®" | Die 40V <AVReF<55V +1.5 LSB
2.7V <AVrer<4.0V 2.0 LSB
2.3V <AVrer <27V 2.0 LSB
Analog input voltage Vain AVss AVRer \%

Notes 1. Excludes quantization error (£1/2 LSB).

2. This value is indicated as a ratio (%FSR) to the full-scale value.
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LCD Characteristics (Ta = —40 to +85°C, 2.0 V< LVbp < 5.5 V)

(1) Resistance division method

(a) Static display mode (2.0 V< LVbb <5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Vico 2.0 LVoo Vv
LCD divider resistor**" Riep 60 100 150 kQ
LCD output resistor*™®? Ronc 40 kQ
(Common)
LCD output resistor*™®? Robs 200 kQ
(Segment)
Pull-up resistor***® Rwu LVob =5.0V, Vico=3.0V 7.3 kQ

between LVop and Vico

(b) 1/3 bias method (2.5 V< LVbpb <5.5V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Vieo 2.5 LVop \Y
LCD divider resistor*™" Rico 60 100 150 kQ
LCD output resistor*™*? Rooc 40 kQ
(Common)
LCD output resistor**®? Robs 200 kQ
(Segment)
Pull-up resistor***® Rwu LVoo=5.0V, Vico=3.0V 7.3 kQ

between LVop and Vico

(c) 1/2 bias method (2.7 V< LVbb < 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Viep 2.7 LVoo Vv
LCD divider resistor*™’ Rico 60 100 150 kQ
LCD output resistor*™®? Robnc Ta =-10to +85°C 40 kQ
<R> (Common) Ta = -40 to —10°C 60 kQ
LCD output resistor*™®? Robs 200 kQ
(Segment)
Pull-up resistor**® Rwu LVob =5.0V, Vico=3.0V 7.3 kQ

between LVop and Vico

Notes 1. When internal resistors are connected only.
2. The output resistor is a resistor connected between one of the Vico, Vici, Vicz and Vss pins, and either of
the SEG and COM pins.
3. Disconnected when LCD mode is entered by setting the LCD mode setting register (LCDMD).

Remark  The figures in the above table indicate the values when a 0.47 u F capacitor is connected between Vico to
Vicz and GND.
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(2) Internal voltage boosting method (1.8 V < LVbb < 5.5 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range | Vicoz C1toC4™' |GAIN=0 |CTSEL1=0,| 1.35 1.43 1.51 \Y
=0.47 u F*°? CTSELO = 1
CTSEL1 =0, 1.42 1.50 1.58 \Y
CTSELO=0
CTSEL1 =1, 1.48 1.57 1.66 \%
CTSELO =1
CTSEL1 =1, | 1.54%"° | 1.63""° | 1.72""** | vV
CTSELO=0
GAIN =1 | CTSEL1 =0, 0.87 0.93 1.00 \%
CTSELO =1
CTSEL1 =0, 0.94 1.00 1.06 \Y
CTSELO=0
CTSEL1 =1, 1.00 1.07 1.14 \Y
CTSELO =1
CTSEL1 =1, 1.06 1.13 1.20 \Y
CTSELO=0
Doubler output voltage Vicor C1to C4""*"' = 0.47 u F**? 2 Vicpe \%
Tripler output voltage Vico C1to C4™"' = 0.47 u F"°? 3 Vicpe \%
<R> | Voltage boost wait time"*** tvawar | GAIN =1 45V<LVop<55V 4 s
1.8V<LVob<4.5V 0.5 s
<R> GAIN=0 0.5 s
LCD output resistor*®® (Common) | Ropc 40 kQ
LCD output resistor*™*® (Segment) | Rops 200 kQ

Notes 1. This is a capacitor that is connected between voltage pins used to drive the LCD.

C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vico and GND
C3: A capacitor connected between Vici and GND
C4: A capacitor connected between Vic: and GND

2. When the frame frequency is 128 Hz or lower, the SEG and COM pins are left open, and (LCDON, SCOC,
VLCON) = 111B.

3. When operating voltage range is 2.0 V < LVoo < 5.5 V.

4. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled
(LCDON = 1).

5. The output resistor is a resistor connected between one of the Vico, Vic1, Vice and Vss pins, and either of
the SEG and COM pins.
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CHAPTER 27 ELECTRICAL SPECIFICATIONS

1.59 V POC Circuit Characteristics (Ta = —40 to +85°C, Vss = LVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vpoc 1.44 1.59 1.74 \
Power voltage rise inclination teTH Voo: 0 V — change inclination of Vroc 0.5 V/ms
Minimum pulse width tPw 200 Us
POC Circuit Timing
Supply voltage
(Vop)
Detection voltage (MAX.) }----------cmmo-- L
Detection voltage (TYP.) [-------=-------- :- -------------------------------------------------
Detection voltage (MIN.) (e e
E ] tew ]
Time
Supply Voltage Rise Time (Ta = —40 to +85°C, Vss = LVss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Maximum time to rise to 1.8 V (Voo (MIN.)) | trupt POCMODE (option byte) = 0, 3.6 ms
(Voo: 0V - 1.8 V) when RESET input is not used
Maximum time to rise to 1.8 V (Voo (MIN.)) | teup2 POCMODE (option byte) =0, 1.9 ms
(releasing RESET input — Vob: 1.8 V) when RESET input is used
Supply Voltage Rise Time Timing
¢ When RESET pin input is not used e When RESET pin input is used
Supply voltage Supply voltage
(Voo) (Vo)
18V [rommmmmmmmmee ————————————————————————————————————————————————— 18V [rommmmmmmmmee —————————————————————————————————————————————————
VPOC oo 7777777777777777777777777777777777777777777777777
‘ Time % : Time
tPuP1 1 l
RESET pin 1|<+}
tPupP2
2.7 V POC Circuit Characteristics (Ta = —40 to +85°C, Vss = LVss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage on application of supply | Vooroc | POCMODE (option bye) = 1 2.50 2.70 2.90 \"
voltage
User's Manual U17734EJ2V0UD 579
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LVI Circuit Characteristics (Ta = —40 to +85°C, Vroc < Vop=LVbp < 5.5V, Vss =LVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage level | Vivio 414 4.24 4.34
voltage Vi 399 | 409 | 419 v
Viviz 3.83 3.93 4.03 Vv
Vivis 3.68 3.78 3.88 \%
Vivia 3.52 3.62 3.72 \Y
Vivis 3.37 3.47 3.57 \%
Vivie 3.22 3.32 3.42 \Y
Viviz 3.06 3.16 3.26 Vv
Vivis 2.91 3.01 3.1 \%
Vivie 2.75 2.85 2.95 \Y
Vwvito 2.60 2.70 2.80 \%
Vivitt 2.45 2.55 2.65 \Y
Vivirz 2.29 2.39 2.49 \%
Vivita 2.14 2.24 2.34 Vv
Vivita 1.98 2.08 2.18 \Y
Vivits 1.83 1.93 2.03 \%
<R> External input pin**" | EXLVI EXLVI < Vop, 1.8 V<VDD<55V 1.1 1.21 1.31 \
Minimum pulse width tw 200 us
Operation stabilization wait time"**? | tuwarr 10 US

Notes 1. The EXLVI/P120/INTPO pin is used.
2. Time required from setting bit 7 (LVION) of the low-voltage detection register (LVIM) to 1 to operation
stabilization.

Remark Vivin-1)>Vivinin=1to 15

LVI Circuit Timing

Supply voltage
(Vob)

Detection voltage (MAX.) b --coomommoooo o L
Detection voltage (TYPR.) [---===========---"fr-mmm--- r ---------------------------------------
Detection voltage (MIN.) [~~~ """""" /" -"""""7""~ e I

E . tw '
E towarr E E
LVION « 1 Time

580 User's Manual U17734EJ2V0UD



CHAPTER 27 ELECTRICAL SPECIFICATIONS

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (Ta = —40 to +85°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

VoopR 1.44"" 5.5 \%

Data retention supply voltage

Note The value depends on the POC detection voltage. When the voltage drops, the data is retained until a POC
reset is effected, but data is not retained when a POC reset is effected.

0 STOP mode Operation mode
~——— Data retention mode ———
)
1
Voo T VoDDR
STOP instruction execution
. /
Standby release signal
(interrupt request) N
A
Flash Memory Programming Characteristics
(Ta=-40 to +85°C,2.7V<Vpp=LVop <5.5V, Vss =LVss = AVss =0 V)
¢ Basic characteristics
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Voo supply current Ioo fxr = 10 MHz (TYP.), 20 MHz (MAX.) 4.5 11.0 mA
Erase time"**’ All block Teraca 20 200 ms
Block unit Terasa 20 200 ms
<R> Write time (in 8-bit units) Twwa 10 100 us
Number of rewrites per chip Cerwr Retention: 10 years 100 Times
1 erase + 1 write after erase = 1 rewrite"™**

Notes 1. The prewrite time before erasure and the erase verify time (writeback time) are not included.
2. When a product is first written after shipment, “erase — write” and “write only” are both taken as one

rewrite.
Remarks 1. fxp: Main system clock oscillation frequency

<R> 2. For serial write operation characteristics, refer to 78K0/Lx2 Flash Memory Programming
(Programmer) Application Note (U18204E).
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CHAPTER 28 PACKAGE DRAWINGS

64-PIN PLASTIC LQFP(FINE PITCH)(10x10)

HD
D
TR
48 33
—49 32—/
—] — \ c—
—] —
—] —
6 — L
—] —
—] — L
—] + — E HE P
—] — — L1 —=
—] —
—] —
— —
—] —
—] —
1 == Q 17 = (UNIT:mm)
ITEM DIMENSIONS
1 D 10.00£0.20
\ E 10.00+0.20
L 7E | L HD 12.00£0.20
HE 12.00+0.20
- ZD A 1.60 MAX.
A1 0.10£0.05
Rl A A2 1.40%0.05
0.25
A2~ b 0.22+0.05
L

L 0.50

J—C__ SNSRENEREN | | | : : : : : TL Lp 0.60+0.15

i ~ L1 1.00+0.20

0+5°

SEAN %
le] 0.50
X 0.08
y 0.08
NOTE ZD 1.25
Each lead centerline is located within 0.08 mm of ZE 125

its true position at maximum material condition. P64GB-50-UEU-1
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CHAPTER 28 PACKAGE DRAWINGS

64-PIN PLASTIC LQFP(12x12)

HD
D
NnnAnnnAnnAAnaan
48 33
49 32
— —
—] 1 \ C—
—] 1
—] 1 L* — = [
—] 1 j
—] — 60— L
:: + :: E HE Lp
— ) —L1——
—] 1
—] 1
—]
—]
— O — (UNIT:mm)
1 =6 1703 ITEM DIMENSIONS
1 D 12.00+0.20
T E 12.00+0.20
IIIT IO 0 tacoioz0
—ZE u HE 14.00£0.20
] ZD A 1.60 MAX.
A1 0.10+0.05
b . A A2 1.4040.05
0.25
A2 b 0.32+0-98
o N c 0.1458:932
J w L 0.50
‘ S Lp 0.60+0.15
L1 1.00£0.20
=y [s] AT p—
le] 0.65
X 0.13
NOTE y 0.10
Each lead centerline is located within 0.13 mm of 7D 1125
its true position at maximum material condition. 7E 1125

P64GK-65-UET-1
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CHAPTER 29 CAUTIONS FOR WAIT

29.1 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 29-
1). This must be noted when real-time processing is performed.
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CHAPTER 29 CAUTIONS FOR WAIT

29.2 Peripheral Hardware That Generates Wait

Table 29-1 lists the registers that issue a wait request when accessed by the CPU, and the number of CPU wait
clocks.

Table 29-1. Registers That Generate Wait and Number of CPU Wait Clocks

Peripheral . .
Register Access Number of Wait Clocks
Hardware
Serial interface ASISO Read 1 clock (fixed)
UARTO
Serial interface ASIS6 Read 1 clock (fixed)
UART6
Serial interface 11ICS0 Read 1 clock (fixed)
lIco
A/D converter ADM Write 1 to 5 clocks (when fap = frrs/2 is selected)
ADS Write 1 to 7 clocks (when fap = frrs/3 is selected)
ADP Wi 1 to 9 clocks (when fap = frrs/4 is selected)
C rite 2 to 13 clocks (when fap = frrs/6 is selected)
ADCR Read 2 to 17 clocks (when fab = frrs/8 is selected)
2 to 25 clocks (when fao = frrs/12 is selected)

The above number of clocks is when the same source clock is selected for fcru and frrs. The number of wait
clocks can be calculated by the following expression and under the following conditions.
<Calculating number of wait clocks>
o Number of wait clocks = {(1/fab) x 2/(1/fceu)} + 1
* Fraction is truncated if the number of wait clocks < 0.5 and rounded up if the number of wait clocks > 0.5.
fao:  A/D conversion clock frequency (frrs/2 to frrs/12)
fcru:  CPU clock frequency
fers:  Peripheral hardware clock frequency
fxe:  Main system clock frequency
<Conditions for maximum/minimum number of wait clocks>
e Maximum number of times: Maximum speed of CPU (fxr), lowest speed of A/D conversion clock (frrs/12)
e Minimum number of times: Minimum speed of CPU (fsue/2), highest speed of A/D conversion clock (frrs/2)

Caution When the CPU is operating on the subsystem clock and the peripheral hardware clock is stopped,
do not access the registers listed above using an access method in which a wait request is issued.

Remark The clock is the CPU clock (fcru).
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APPENDIX A DEVELOPMENT TOOLS

The following development tools are available for the development of systems that employ the 78K0/LE2.
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 98
e Windows NT™
e Windows 2000
e Windows XP
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APPENDIX A DEVELOPMENT TOOLS

Figure A-1. Development Tool Configuration (1/2)

(1) When using the in-circuit emulator QB-78KO0LX2

Notes 1.
2.

e Assembler package

@ e C compiler package
e Device file

o C library source fileNote 1

Language processing software

Software package  ---

» Software package

Debugging software

‘ » Integrated debugger

* Project manager

Control software

(Windows only)Nete

Host machine
(PC or EWS)

Flash memory
write environment

Flash programmer

Flash memory
write adapter

Flash memory

USB interface cable

Power supply unit

In-circuit emulatorNet3

Emulation probe

Target system

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-78K0LX2 is supplied with integrated debugger ID78K0-QB, simple flash memory

programmer PG-FPL3, power supply unit, and USB interface cable.

separately.
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APPENDIX A DEVELOPMENT TOOLS

Figure A-1. Development Tool Configuration (2/2)

(2) When using the on-chip debug emulator QB-78KOMINI

ittt Software package-===-=-===-====-====--=-------------

* Software package

Language processing software —————— — Debugging software

e Assembler package o Integrated debugger
e C compiler package
@ e Device file @

o C library source fileN°te?

Control software

¢ Project manager
(Windows only)Nete2

Host machine (PC or EWS)

USB interface cable

Flash memory
writing environment

Flash programmer On-chip debug emulator™ote®

[

Flash memory
writing adapter Connection cable

[

Flash memory

Target connector

Target system

Notes 1. The C library source file is not included in the software package.
2. The project manager PM+ is included in the assembler package.
PM+ is only used for Windows.
3. On-chip debug emulator 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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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.

USxxxxSP78K0
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 (DF780397) (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: ©SxxxxRA78K0

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

DF780397""" This file contains information peculiar to the device.

Device file This device file should be used in combination with a tool (RA78K0, CC78K0, and
ID78K0-QB) (all sold separately).

The corresponding OS and host machine differ depending on the tool to be used.

Part number: ©SxxxxDF780397

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 DF780397 can be used in common with the RA78K0, CC78KO0, and ID78K0-QB.
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.

USxxxxRA78KO0
USxxxxCC78K0
HSxxxxCC78K0-L

XXXX Host Machine oS 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)

USxxxxDF780397

XXXX Host Machine oS 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+ This is control software designed to enable efficient user program development in the
Project manager 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
manager.
<Caution>

The project manager is included in the assembler package (RA78KO0).
It can only be used in Windows.

<R> A.4 Flash Memory Writing Tools

PG-FP4, FL-PR4 Flash memory programmer dedicated to microcontrollers with on-chip flash memory.
Flash memory programmer

PG-FPL3, FP-LITE3 Simple flash memory programmer dedicated to microcontrollers with on-chip flash
Simple flash memory programmer memory.

FA-64GB-UEU-A Flash memory writing adapter used connected to flash memory programmer.
FA-78F0363GB-UEU-MX e FA-64GB-UEU-A, FA-78F0363GB-UEU-MX

FA-64GK-UET-A : For 64-pin plastic LQFP (GB-UEU type)

FA-78F0363GK-UET-MX o FA-64GK-UET-A, FA-78F0363GK-UET-MX

Flash memory writing adapter : For 64-pin plastic LQFP (GK-UET type)

Remarks 1. FL-PR4, FP-LITE3, FA-64GB-UEU-A, FA-78F0363GB-UEU-MX, FA-64GK-UET-A and
FA-78F0363GK-UET-MX are products of Naito Densei Machida Mfg. Co., Ltd.
TEL: +81-45-475-4191 Naito Densei Machida Mfg. Co., Ltd.
2. Use the latest version of the flash memory programming adapter.
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A.5 Debugging Tools (Hardware)

A.5.1 When using in-circuit emulator QB-78K0LX2

QB-78KoLX2""
In-circuit emulator

This in-circuit emulator serves to debug hardware and software when developing application
systems using the 78K0/LX2. It corresponds to the integrated debugger (ID78K0-QB). This
emulator should be used in combination with a power supply unit and emulation probe, and the
USB is used to connect this emulator to the host machine.

QB-144-CA-01
Check pin adapter

This check pin adapter is used in waveform monitoring using the oscilloscope, etc.

QB-144-EP-01S
Emulation probe

system.

This emulation probe is flexible type and used to connect the in-circuit emulator and target

QB-64GB-EA-07T,
QB-64GK-EA-05T
Exchange adapter

connector.

This exchange adapter is used to perform pin conversion from the in-circuit emulator to target

e QB-64GB-EA-07T: 64-pin plastic LQFP (GB-UEU type)
o QB-64GK-EA-05T: 64-pin plastic LQFP (GK-UET type)

QB-64GB-YS-01T,
QB-64GK-YS-01T
Space adapter

This space adapter is used to adjust the height between the target system and in-circuit emulator.
¢ QB-64GB-YS-01T: 64-pin plastic LQFP (GB-UEU type)
¢ QB-64GK-YS-01T: 64-pin plastic LQFP (GK-UET type)

QB-64GB-YQ-01T,
QB-64GK-YQ-01T
YQ connector

This YQ connector is used to connect the target connector and exchange adapter.
¢ QB-64GB-YQ-01T: 64-pin plastic LQFP (GB-UEU type)
¢ QB-64GK-YQ-01T: 64-pin plastic LQFP (GK-UET type)

QB-64GB-HQ-01T,
QB-64GK-HQ-01T
Mount adapter

This mount adapter is used to mount the target device with socket.
e QB-64GB-HQ-01T: 64-pin plastic LQFP (GB-UEU type)
* QB-64GK-HQ-01T: 64-pin plastic LQFP (GK-UET type)

QB-64GB-NQ-01T,
QB-64GK-NQ-01T
Target connector

This target connector is used to mount on the target system.
¢ QB-64GB-NQ-01T: 64-pin plastic LQFP (GB-UEU type)
¢ QB-64GK-NQ-01T: 64-pin plastic LQFP (GK-UET type)

Note The QB-78K0LX2 is supplied with integrated debugger ID78K0-QB, simple flash memory programmer PG-
FPL3, power supply unit, and USB interface cable.

Remark The packed contents differ depending on the part number, as follows.

acked Contents In-Circuit Emulation Exchange Adapter YQ Connector Target Connector
Part Number Emulator Probe
QB-78K0LX2-ZZZ QB-78K0LX2 None

QB-78K0LX2-T64GB

QB-78K0OLX2-T64GK

QB-144-EP-01S

QB-64GB-EA-07T

QB-64GB-YQ-01T

QB-64GB-NQ-01T

QB-64GK-EA-05T

QB-64GK-YQ-01T

QB-64GK-NQ-01T
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A.5.2 When using on-chip debug emulator QB-78 KOMINI

QB-78KOMINI™* The on-chip debug emulator serves to debug hardware and software when developing
On-chip debug emulator application systems using the 78K0/Lx2. 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 integrated debugger ID78K0-QB, USB interface cable, and connection
cable.

A.6 Debugging Tools (Software)

ID78K0-QB This debugger supports the in-circuit emulators for the 78K/0 Series. The ID78K0-QB is
Integrated debugger 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.

1Sxxxx|D78K0-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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APPENDIX B REGISTER INDEX

B.1 Register Index (In Alphabetical Order with Respect to Register Names)

[A]

A/D converter MOde regiSTEr (ADM) ... .uiiiiiieie ettt ettt s eae et e e s a b e e e sttt e e sbe e e e e abbe e e e nb e e e sbee e e enbeeeaan 253
A/D port configuration register (ADPC) ........cciuiiaiee ettt sttt ettt ettt be et e e se e s be e ene e s beeeneesnreenaneennee 86, 259
Analog input channel specification regiSter (ADS) ..........oi it be e e e s sabe e e 258
Asynchronous serial interface control register 6 (ASICLB)..........ooiiiiiiiiiii e 306
Asynchronous serial interface operation mode register 0 (ASIMO) ......coooiiiiiiiiiiiiiee e 276
Asynchronous serial interface operation mode register 6 (ASIMB) .........c.ciiieiriiiirieiiie e e 300
Asynchronous serial interface reception error status register 0 (ASIS0).......coouieiiiiiiiiriiie e 278
Asynchronous serial interface reception error status register 6 (ASISB).........coouiiriiriiiirieeee e 302
Asynchronous serial interface transmission status register 6 (ASIFB) ..........cooouiiiiiiii i 303
[B]

Baud rate generator control register 0 (BRGCO)........couiiiiiiiiiiiie ittt st e et sanes 279
Baud rate generator control register 6 (BRGICB).......ccc.uiiiiiriiiiiee ettt sttt e e sab e se e sae e e saeeeneeea 305
[C]

Capture/compare control register 00 (CRCO0).......ccuuiiiiiiiieriii ettt ettt ettt st eese e st e e eneesabeesneenane s 133
Clock operation mode select regiSter (OSCCTL) ...uiiiuuiiiiiieeeeiie ettt e e s e e e st e e e snreeesanees 93
Clock output selection re@ister (CKS) ........uii ittt st s b e st e e sab e e saneesbeeesbeesaneeaa 248, 434
Clock selection regiSter B (CKSRB)........cuiiuuiiiiiiiee ettt ettt e e e st e e s e n et e e s be e e e eaabe e e s aane e e e sabeeesanbeeeesanees 304
[E]

8-bit A/D conversion result register (ADCRH) ........cooiiiiiiiiie e bbb e et e e enr e nnes 257
8-bit timer compare register 50 (CR50)........ooitiiiiiieiee ittt b et et e et e e e sbe e et e e e neesabe e saneennee s 193
8-bit timer compare regiSter 51 (CRET) . .ci ittt e e e st et e e aab e e e e sab e e e s anbe e e e sanes 193
8-bit timer COUNTET 5O (TIMB0).......eeiueeiieie ittt ettt ettt ettt sb et b et e bt e e b et e bt e et et e bt e ea b e e eaneeeabeeeseesabeeeaneesabeesaneennnean 193
8-Dit iIMEr COUNTET 5T (TIMST).. ittt e ettt e e e e s et e e e e e e s e s tataeeeaaeeeasntaeeeaaeeeasntseeeaeeeesanssaneeaeseannrns 193
8-bit timer H carrier control register 1 (TMCY CT) ...t s b e s e e s nane s 216
8-bit timer H compare register 00 (CIMPOO) .........eoiiiiiiiieiiie ittt ettt ettt s e bt e e e abb e e e sse e e e sabee e e anneeesanees 211
8-bit timer H compare register 01 (CIMPOT) .....coiiiiiii ittt st b e ne e sab e e sneenane s 211
8-bit timer H compare register 10 (CIMPT0) .....ouuiiiiiiiie ettt e e e s b e e s e e sbe e e e enr e e e sanes 211
8-bit timer H compare register 11 (CIMPT1) ...ttt n e s esn e nane s 211
8-bit timer H mode register O (TMHMDO) .......coiiuiiiiiiiee ettt rbb e e et e e e s sbe e e e sabe e e s eneee e sanees 212
8-bit timer H mode register 1 (TMHMDT) .....cc.uiiiiiiiee ettt ettt et et e b e e et e e e neesab e e enneenane s 212
8-bit timer mode control register 50 (TMCB50) ......ceiiiiiiiiiiii e e e et e s aae e e e sbe e e e eneee e sanees 196
8-bit timer mode control register 51 (TIMOCS5T) ......uiiiiii ittt r e et e e e ne e sb e e s neenane s 196
External interrupt falling edge enable register (EGIN)........cooouiii it 469
External interrupt rising edge enable register (EGP).........oooiii i e e 469
[

IIC clock selection regisSter O (IICCLO)........uueiiieeeeeeeee et iee e et e e e e e st ee e e s ssee e e saeeeeesnteeeeaseeeeeneeeesneeeeennseeeeansenesanneeenn 362
[IC control register 0 (IICC0) ......cccuiiiiieiiie ittt s h e s b e b e e e b e s bt e s b e e en e e ser e e sne e e seneennneeres 353
(11O = Vo T =153 L= O I 1[0 0 ) SR 360

User's Manual U17734EJ2VOUD 593



APPENDIX B REGISTER INDEX

[IC function expansion register O (IICX0) .......eii ittt e e s e e s sbr e e s s nne e e sne e e e anneeeenee 363
(O] oLy C=To Ty (= G O (1170 ) OO O PP PP PP PPPPRRO 350
[IC Status regiSter O (IICS0)......cee ettt ettt et e e e e sk e e e et et e e eane e e e aabe e e e anre e e sneeeeenneeeennee 358
INput SWItCh CONLIrOl rEGISTEr (ISC) ... .eiieiieieiieii ettt ettt e b e e n e s e saeeennnas 308
Internal memory size sWitching regisSter (IMS)........co i e e e s 528
Internal oscillation mode register (RCM) .......couiiiiiiiiie ettt sttt s e e bt s s e e ne e e nneesnee s 97
Interrupt mask flag register OH (IMKOH) .........eii ettt e e s e s s e e e sne e e e anneeeeanee 467
Interrupt mask flag register OL (IMKOL) .........eoiiie ettt et et e et e b e e et e ne e s e e saneennnes 467
Interrupt mask flag register TH (IMKTH) ..ot e e s e e e s e e e ann e e 467
Interrupt mask flag register TL (IMKTL) ..ottt ettt n e e n e s e saneennnas 467
Interrupt request flag register OH (IFOH) .......oiiiieeee e e e e e s e e snn e e e s nnneeeeanee 465
Interrupt request flag re@ister OL (IFOL)........ooo ittt ettt b e een e s e saneennnas 465
Interrupt request flag register TH (IFTH) ..o e e e e e s s e e e 465
Interrupt request flag re@ister TL (IFTL) ... uii et n e s e s e nnnas 465
[L]

LCD clock CONrol regiSTEr (LCDC) ......eiiutieiiieieiieeiee sttt ettt ettt ea e e st e sae e e st e e ean e e sab e e san e e sabeesnneesbneennneean 432
LCD display Mmode regiSter (LCDM) ...ttt et e e sb e e e e st et e s anne e e s snn e e e e anbe e e nannneesanneeeeas 431
LCD mode setting re@ister (LCDIMD) ........cooiiiiieeieeiiee ettt sttt sttt sae e st e e s aee e ssee e ean e e sabeeenneesnneennneean 430
LCD voltage boost control register O (VLCGI0) ......uueeeiiuiieeiiiiie ettt ettt e st sse e emn e e s aare e e s ennne e s anneeeeas 433
Low-voltage detection level selection register (LVIS) .........couii ittt 509
Low-voltage detection regiSter (LVIM)...... .o ittt e e s b e e et e e e s e e e e anneeeeas 508
[(M]

Main clock Mode re@ister (MCOM) ........ooo ittt e s e e s e e e e s e e e e s be e e s esee e e snreeeeanreeennee 99
Main OSC CONErol reGISE (IMOC) ......viiiieeitiiit ettt ettt e e bt sb e e e bt e b e s bt e et e e ea b e e sateesan e e sseeeane e e aneennee s 98
[O]

Oscillation stabilization time counter status register (OSTC)........ooiiiiiieiiieiii e 100, 479
Oscillation stabilization time select regisSter (OSTS) .....oiuiiii i 101, 480
[P]

Port mode regisSter O (PIMO) ........eeiiiiiie ittt ettt e e e et e e e e b e e e s enn et e e e br e e e e nr e e e s annr e e e areeeean 83, 137
Port mode register 1 (PIMT) ..o it e e e 83, 198, 216, 280, 308, 334
Port Mode reQiSter 2 (PIM2) ........eoiiiiieieeee ettt et e e et e e e s e e e s an e e e e e br e e e e nr e e e nnnn e e e naneeeean 83, 260
Port Mode reGister 3 (PIMB) ... ..ottt ettt ettt e e n e e e ean e e e nnre e 83, 198
POrt MOdE regiStEr 6 (PIMB) ........eeiiiiiiieiiiiee ettt ettt et e e et e e e st e e e s asn et e e e be e e e e nr e e e nnnr e e e anneeeean 83, 365
POrt MOAE rEGISIEI 7 (PIM7) ...ttt ettt e e et e st e e et e sae e e eas e e sar e e enn e e saneeane e e anneenee s 83
Port mode regiSter 12 (PIMT2) ...ttt e et e e s e e e s e e e e e as b b e e e enb e e e nnnneeeanneeeean 83, 510
Port Mode reGister 14 (PIMT4) ...ttt sttt et eae e s ae e e bt e e sbe e e ear e e sareene e e nbeeeanee s 249, 435
[ado e (=T o 151 (T G O (0 PP TP PR OURSPR PRSP 84
[Tl =T 1151 (=T I {1 TP TP P P OPPPPPPT 84
PO FEGISTEI 2 (P2) ...ttt e e e bt e e b et e e s e e e e e bt e e e n e et e e eaR e e e e e R e e e s e nn et e nnr e e e e nreeennee 84
[Tl =T 151 (=T {2 ) TSP P PP OTPUPPTN 84
[ae e (o151 (T g Sl dC ) PP U PSR OURUPR PRSP 84
Lo Tl =T 1151 (=T P (o 2 PSP PO PPTOTPPUPPPN 84
o el (oo 151 (T g RO (o G ) PP UF PP PU PP TP 435
Prescaler mode register 00 (PRIMOO) .........ccutiitiiiiieeitie ettt ettt e st e st e s s e e eabe e st e e naneesaneesnneesbneennnenan 136
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Priority specification flag register OH (PROH) ..........uiiiiiiiiiei e snnee s 468
Priority specification flag register OL (PROL) .......c.utiiiieiiieiiie ittt smn e e sneeenes 468
Priority specification flag register TH (PRTH) .....oooiiiiiee e 468
Priority specification flag register TL (PRTL) ......oiiiiiiie ettt 468
Processor Clock CONtrol regiStEr (PCC) ......iii ettt ettt et e e et e e e e e ne e e e snneeeeanreeenans 95
Pull-up resistor option register O (PUD) ..........oooiiiiieiiee ittt ettt ettt sae e bt e s et e e e neenar e e sneennneas 85
Pull-up resistor option re@iSTEr 1 (PUT) ...ttt et e st e st e e s e ne e e e snneeeeanreeeeans 85
Pull-up resistor option register 3 (PUS) ........ui ittt ettt b et en et e e ne e e ne e s 85
Pull-up resistor option re@ister 12 (PUT2) ........uiiiieieeeeie ettt e e e e e et e e s ane e e e snneeeennreeenans 85
[R]

Receive buffer register O (RXBO) .......ceiiiiiieiiiie ittt e e b e e et et e s ane e e e sbn e e e enbe e e nnneeesanneeenn 275
Receive buffer register 6 (RXBB) ........cciuie ittt sttt ettt b e e et e e b e e b e ene e sab e e san e e seneenneeenee 299
Reset control flag register (RESF) ... e e e 499
[s]

Serial clock selection re@ister 10 (CSICT0) .. .u i ieeiitiie ettt eb e e e b e e e e e e e sne e e e sre e e s aneeesannes 333
Serial I/O shift register 10 (SIOT0) .....ccuiiiiieiiie ittt e b e e b e e se e st e e e bt e s b e e ene e s reeanneennne s 331
Serial operation mode register 10 (CSIMT0).......uiiiiiiiieiie e e e e e e e s e e b e e s anre e s snes 332
16-bit timer capture/compare register 000 (CRO00)..........eeitiiiieieieeeitie ettt e e e b e e sereesnee e 128
16-bit timer capture/compare register 010 (CROTO) .......uiiiiiiiie et rb e enne e e snneee s 128
16-bit timer counter 00 (TIMOO0).......ceiueeiree ettt ettt et sb e e b e e b e e e b e et e e e st e s bt e eas e e et e e eaneesabeesnneennneennneeanes 128
16-bit timer mode control register 00 (TMCO0) ........eeiiiriieiiirie e e e s r e e e s e e e e e st e e e sannneessnneeens 131
16-bit timer output control register 00 (TOCO0)........cccuterrierrie ittt r et sne e sb e e saneesereenneeenes 134
Slave address regiSter O (SVAD) ... .coo i uiieiiiiee ittt e et e e s s e e e e et et e s anee e e s b e e e e e b e e e s e nn e e e e r e e e s e nr e e e nanns 350
[T]

10-bit A/D conversion result regiSter (ADCR)..........uiii ittt s e s e e s s e e e annee s 256
Timer clock selection regisSter 50 (TCL50) ....ccc.uiiireriiieieeeitie ettt e st s sb e e s e e sbeesane e sbeesnn e sbreenneeenes 194
Timer clock selection regisSter 51 (TCOLST) .ottt e st s e e s b e e e ne e e e snneeesnneeenans 194
Transmit buffer register 10 (SOTBT0) .......ociiiiiiiieeiie ettt st st s b e e sae e e s s re e eane e sabeesnee e sbreenneeeanes 331
Transmit DUFfEr regiSter 6 (TXBB)........cicuuiie ittt e e et e e s e e s b e e s aabe e e s sane e e e abe e e e anre e e sneeeeanneeeaans 299
Transmit Shift regiSter 0 (TXS0) .....eeiuieeiuiieiieet ettt ettt e sar e e st e e eare e st e e ean e e saneeann e e sbeeeaneeeares 275
(w]

Watch timer operation mode register (WTIM) .........ooiiiiiiie ettt nes 235
Watchdog timer enable register (WDTE) ..o e e 241
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B.2 Register Index (In Alphabetical Order with Respect to Register Symbol)

[A]
ADCR:
ADCRH:
ADM:
ADPC:
ADS:
ASICLS:
ASIF6:
ASIMO:
ASIM6:
ASISO:
ASISE6:

[B]
BRGCO:
BRGCE6:

[C]
CKS:
CKSRé6:
CMPO0O0:
CMPO1:
CMP10:
CMP11:
CRO000:
CRoO10:
CR50:
CR51:
CRCO00:
Csic1o:

CSIM10:

[E]
EGN:
EGP:

[
IFOH:
IFOL:
IF1H:
IF1L:
lico:
licco:
ICCLO:
ICFO:

596

10-bit A/D CONVErSION rESUIL FEGISTEN. ... .eiiiiiiiiiiiee ettt
8-bit A/D coNVersion resSuUlt rEQISTEN.........c.ui i e e e
A/D CONVENET MOTE FEGISTEN .....utiiiitieiiiie ittt ettt et b et sar e e bt asr e e be e e sareenne e e nneenanee s
A/D port configuration register............coi i 86,
Analog input channel Specification FEGISTET .........cooiiiiii i
Asynchronous serial interface control register B............coociiiiiii i
Asynchronous serial interface transmission status register 6..........c.oovviiereriiie e
Asynchronous serial interface operation mode register 0...........oooviii e
Asynchronous serial interface operation Mode register B...........oooieiiiiiir e
Asynchronous serial interface reception error status register 0...........oceeeeiiiiieiiiiee e
Asynchronous serial interface reception error status register 6...........coccvvrieerieinieiiee e

Baud rate generator CONtrol re@iSter O.........ooceiiiiiiiieiiie e
Baud rate generator CONtrol regiSter B...........cocii i s

Clock output Selection re@iSter ..o s 248,
ClOCK SEIECHON FEGISTET B ......eeeeieiiiieeiiee ittt ettt ettt e e et e e be e e beeer e e sab e e snneesereennneeaee
8-bit timer H compare register 00 ...........c.oi i e e e
8-bit timer H compare regiSter 07 ........ooi i
8-bit timer H compare register 10 ... e
8-bit timer H compare register 17 . ... e e
16-bit timer capture/compare regisSter 000............uiiiiiiiieiieee e
16-bit timer capture/compare register 010 ........coiuiiiiiiiiii e
8-bit timer compare register 50..........coi i e
8-bit timer COMPAre regiStEr 51 ... .o e
Capture/compare CONtrol reGISTEr 00 .......c.ueiiiiiiiieiiie et e s e e snee e
Serial Cclock SEIECION rEGISTET 10 ...iiiiiieeiiii et e e e e ettt e st e e e st e e e e ntee e senneeeeanneeeens
Serial operation MOde re@iSter 10.........coiuii i s

External interrupt falling edge enable regiSter ...
External interrupt rising edge enable regiSter......... oo

Interrupt request flag regiSter OH .......... oo et e et e e enee e e eneeas
Interrupt request flag regiSter OL ............ooiiii e
Interrupt request flag regiSter TH .. ..o i et sneeas
Interrupt request flag register TL ...
(O] a1y =TT ] o TSP PP PROPPTOPRUPIN
[IC CONLIOI FEGISTEL O ...t s see e e r e e e e
[IC ClOCk SEIECHION rEGISTEr O.....c.eeiiiiiiiee ettt e sr e sar e snr e e sne e e sneennee s

1LO {FoTo I =T 11 (=T O TP OO UT TP

User's Manual U17734EJ2V0OUD



APPENDIX B REGISTER INDEX

IICS0:
IICX0:
IMS:
ISC:

[L]
LCDC:
LCDM:
LCDMD:
LVIM:
LVIS:

[(M]
MCM:
MKOH:
MKOL:
MK1H:
MK1L:
MOC:

[O]
OSCCTL:
OSTC:
OSTS:

[P]
PO:
P1:
pP2:
P3:
P6:
P12:
P13:
PCC:
PMO:
PM1:
PM2:
PM3:
PM6:
PM7:
PM12:
PM14:
PROH:
PROL:
PR1H:
PR1L:
PRMO0O:
PUO:

1 [OR] = (U (=T 11 (=Y O PRSPPI 358
1IC fuNCtion eXPaNnSION FEISIEN O.....cc.eiiiiiiiiii ettt ettt ettt s ib e sae e e sab e e saneesbe e e sneesneeaas 363
Internal memory Size SWItChING FEGISTEN .........oiiiii e 528
INPUL SWILCh CONIIOI FEGISTE......eeii e e e e e 308
LCD ClOCK CONLIOI FEGISTEN ...ttt bttt st sae e sab e e san e e sbe e e saneebeeenbeesaneean 432
LCD diSplay MOAE FEGISTET ....cciiiii ettt ettt ettt e et e e e st e e e s e nee e e snneeeennreeenan 431
LCD MOdE SEHING FEGISIEN.....eeutieiteeitee ittt ettt et b e e sae e be e e sae e e be e e saeeebeeenbeesaneeaas 430
Low-voltage deteCtion FEQISTEN .........uiiiiiiiiiiii it e e e e e e e s e e e e e e eas 508
Low-voltage detection level SeleCtion regiSter...........uui i 509
Main ClOCK MOAE FEQISIEN .....eeieiii et e e e nne e 929
Interrupt Mask flag regisSter OH ....... ..o et 467
Interrupt Mask flag regiSter OL...........ov i 467
Interrupt mask flag regisSter TH ... . e 467
Interrupt Mask flag regiSter 1L ... . e 467
Main OSC CONLIOI FEGISTET ..o ettt e et ssbe e e sbe e e e nne e e sanes 98
Clock operation Mode SEIECE FEGISTEN ......o.uiiiiiiii et ae e e s nabeeeean 93
Oscillation stabilization time counter status register...........oooooiviiici i 100, 479
Oscillation stabilization time Select regISter.........uui i 101, 480
Lol G =To 1] (=] o O PP P PP PPPPPPRPP 84
Lo AR (=T o 13 1= i PSPPSR 84
Lol A =To[[] (=] o T PP P PP PPPPP PR 84
Lo AR (=T o 11 (=T G PRSPPI 84
[ado ] A =To[[S] (=] o G P PP P PP PPPPP PR 84
Lo g (=T o ] (=T e 1= OO 84
o g =To ] (=T o TSP PP PPPPPR PRI 435
Processor Clock CONTIOI FEQISTEN .....o..eeieiiie e s 95
POrt MOAE regiSTEr Ot e e e e e e e e s e e e s e e e e aan 83, 137
Port mode register 1. ... e 83, 198, 216, 280, 308, 334
POrt MOAE rEQISTEE 2. ..ttt e e e e e e s e e e e an 83, 260
[edo ] Q aaTeTe [oR =T o 1S3 =Y g TSP 83, 198
POt MOAE rEQISTEE ...t e e e e e e e e e e s e e e e an 83, 365
Lo a i aTeTo [ =T 1) =T RS SURRR 83
Port MOde register 12..... .. e e e e e 83, 510
[ado ] Qg aTTe [oa =T o 1S3 Y i PP 249, 435
Priority specification flag register OH ..........ooueiiiiiiii e 468
Priority specification flag regisSter OL..........cooiiiiiie e 468
Priority specification flag regisSter TH .........oo i e 468
Priority specification flag regiSter TL........ooo i 468
Prescaler Mode re@iSter 00 ..........ooieiiiieii et e e e e e e e e e e e e e e s e 136
Pull-up resistor option reGISTEr O.........eui it e 85

User's Manual U17734EJ2V0UD 597



APPENDIX B REGISTER INDEX

PU1:
PU3:
PU12:

[R]
RCM:
RESF:
RXBO:
RXB6:

[S]
SI010:
SOTB10:
SVAQO:

[T]
TCL50:
TCL51:
TMOO:
TM50:
TM51:
TMCOO:
TMC50:
TMC51:
TMCYC1:
TMHMDO:
TMHMD1:
TOCO0O0:
TXB6:
TXSO0:

vl
VLCGO:

(w]
WDTE:
WTM:

598

Pull-up resistor Option regISIEr 1 ... o e a e 85
Pull-up resistor option reGISTEr 3.......coo i 85
Pull-up resistor OptioN rEgISTEr 12 i e e e e e e e e e r e e e e e 85
Internal 0SCillation MOAE FEQISTEN ..ot e e e e e e e e e e e e 97
Reset coNtrol flag regiSTEr..........eeee e 499
ReCEIVE DUFFEI TEGISTET O ..ot e st e e e enr e e e saneeas 275
Receive DUFEr FEQISTEI B ........eeeiiieie et e s e e s e e nnnees 299
Serial I/O Shift FEGISTEI 10 ... .uii ettt ettt e sb e e e bt e e beeeas e sabeesaeeesbneenneeenee 331
Transmit DUFFEr reQISTEr 10 ..o e et e e s eane e e e saneee s 331
SlaVe AAArESS FEGISTEI D......viiiiiiiiiieiie ettt ettt ettt ekt e ab e st e e sab e e sabeeeane e sabeeeaneesabeeenneesareenneeeae 350
Timer clock Selection regiSTEr 5O .......c.uvii i e s e 194
Timer clock SeleCtion regiSter 51 ... e e e e 194
16-Dit tIMEr COUNTET 00......ei et e s e e s e e e e s e e e aare e e s enne e e snnneas 128
8-Dit tIMEr COUNTET 50.....ciiiiiii i aa s rne e 193
8-Dit TIMEE COUNTEE 5.t e e e e et e s e e e s n e e e e e e e s mnneesanneeeeas 193
16-bit timer mode CoNtrol reGiSTEr 00 ..........coii i e e e s e s e e e e 131
8-bit timer mode CONtrol reGISTEr 5O .....ccoiuiiie e e 196
8-bit timer mode CONtrol rEGISTEr BT ... oo e e 196
8-bit timer H carrier CONrol regiSter 1 .........oi i 216
8-bit timer H Mode regiSter O ... et e e e s e e e e e e s e 212
8-bit timer H MOde regiSter 1 ... ... e e 212
16-bit timer output CONtrol reGISTEr 00 ..........ooii i e e e e e e 134
Transmit DUFFEr rEQISTEI 6 .......coi i e s e e 299
Transmit SNIft FEGISTET O ...t e e e e s eab e s sab e e e et e e e s enneeeesnneeeeas 275
LCD voltage boost CONLrOl rEGISTEr O ........eiiiiiiiiiiiiie et e e e e 433
Watchdog timer enable regiSter. .. ... e i 241
Watch timer operation Mode rEGISTEN..........urii it 235
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APPENDIX C REVISION HISTORY

C.1 Major Revisions in This Edition

Page

Description

Classification

Throughout

Addition of P60 and P61 pins, port mode register 6 (PM6), and port register 6 (P6)

(b)

Extending value range of capacitor (“0.47 uF: target” — “0.47 to 1 uF: recommended)

(b)

CHAPTER 1 OUTLINE

p. 17 Deletion of description concerning production process division management from 1.1 Features (d)
p. 18 Change of 1.3 Ordering Information (d)
p. 21 Change of 1.5 78K0/Lx2 Series Lineup (d)
p. 23 Change of 1.6 Block Diagram (d)
p. 24 Deletion of description concerning production process division management from 1.7 Outline of (d)

Functions

CHAPTER 3 CPU ARCHITECTURE

p. 37

Addition of Note to Table 3-1 Set Values of Internal Memory Size Switching Register (IMS)

(c)

p. 56

Addition of Note 3 to Table 3-6 Special Function Register List (3/3)

()

CHAPTER 11 CLOCK OUTPUT CONTROLLER

p. 248

‘ Change of Figure 11-2 Format of Clock Output Selection Register (CKS)

(b)

CHAPTER 15 SERIAL INTERFACE CSI10

p. 333

‘ Change of Figure 15-3 Format of Serial Clock Selection Register 10 (CSIC10)

(b)

CHAPTER 17 LCD CONTROLLER/DRIVER

p. 433 Change of Figure 17-8 Format of LCD Voltage Boost Control Register 0 (a)
p. 434 Addition of Caution 1 to Figure 17-9 Format of Clock Output Selection Register (c)
p. 458 Change of Figure 17-29 Examples of LCD Drive Power Connections (External Resistance (c)

Division Method)

CHAPTER 20 RESET FUNCTION

p. 496

Addition of Note 4 to Table 20-2 Hardware Statuses After Reset Acknowledgment (1/3)

()

CHAPTER 24 FLASH MEMORY

p. 528

Addition of Note to Table 24-1 Internal Memory Size Switching Register Settings

(©)

p. 534

Change of Figure 24-7 FLMDO Pin Connection Example

(b)

CHAPTER 27 ELECTRICAL SPECIFICATIONS

p. 561

Change to formal spec from target spec

(b)

APPENDIX A DEVELOPMENT TOOLS

p. 590

Addition of FA-78F0363GB-UEU-MX and FA-78F0363GK-UET-MX to A.4 Flash Memory Writing
Tools

(d)

APPENDIX C REVISION HISTORY

p. 599

‘ Addition of appendix

(c)

Remark

“Classification” in the above table classifies revisions as follows.

(a): Error correction, (b): Addition/change of specifications, (c): Addition/change of description or note,

(d): Addition/change of package, part number, or management division, (e): Addition/change of related

documents
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