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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

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

(2) 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 VDD 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.

(3) 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.

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS device.
Immediately after the power source is turned ON, devices with reset functions have not yet been initialized.
Hence, power-on does not guarantee output pin levels, 1/O settings or contents of registers. A device is not
initialized until the reset signal is received. A reset operation must be executed immediately after power-on
for devices with reset functions.
POWER ON/OFF SEQUENCE: In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply after switching on the internal
power supply. When switching the power supply off, as a rule, switch off the external power supply and then
the internal power supply. Use of the reverse power on/off sequences may result in the application of an
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements
due to the passage of an abnormal current. The correct power on/off sequence must be judged separately for
each device and according to related specifications governing the device.

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply while
the device is not powered. The current injection that results from input of such a signal or 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.

g

User's Manual U19518EJ1VOUD




EEPROM is a trademark of NEC Electronics Corporation.

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

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.

* The information in this document is current as of February, 2010. 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.

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.

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.

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.

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.

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

(MBE0909)
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INTRODUCTION

Readers This manual is intended for user engineers who wish to understand the functions of the 78K0/Lx2
microcontrollers and design and develop application systems and programs for these devices.
The target products are as follows.

Conventional-specification Products Expanded-specification Products
78KO0/LE2 4 PD78F0361, 78F0362, 78F0363, 78F0363D 4 PD78F0361A, 78F0362A, 78F0363A, 78F0363DA
78K0/LF2 1 PD78F0372, 78F0373, 78F0374, 78F0375, 1 PD78F0372A, 78F0373A, 78F0374A, 78F0375A,
78F0376, 78F0376D, 78F0382, 78F0383, 78F0376A, 78F0376DA, 78F0382A, 78F0383A,
78F0384, 78F0385, 78F0386, 78F0386D 78F0384A, 78F0385A, 78F0386A, 78F0386DA

78K0/LG2 1 PD78F0393, 78F0394, 78F0395, 78F0396, 4 PD78F0393A, 78F0394A, 78F0395A, 78F0396A,
78F0397, 78F0397D 78F0397A, 78F0397DA

Differences Between Conventional-specification Products and Expanded-specification Products
The differences between the conventional-specification products (#PD78F03xx, 78F03xxD) and expanded-
specification products («PD78F03xxA, 78F03xxDA) of the 78K0/Lx2 microcontrollers are described below.

o A/D conversion time

o X1 oscillator characteristics

. Instruction cycle, peripheral hardware clock frequency, external main system clock frequency, external main
system clock input high-level width, and external main system clock input low-level width (AC
characteristics)

. The number of flash memory rewrites and retention time

. Processing time of the self programming library

o Interrupt response time of the self programming library

For details, see 1.1 Differences Between Conventional-specification Products (uPD78F03xx, 78F03xxD)
and Expanded-specification Products (uPD78F03xxA, 78F03xxDA).
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Purpose

Organization

How to Read This Manual

Conventions

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

The manual for the 78K0/Lx2 microcontrollers is separated into two parts: this manual
and the instructions edition (common to the 78K0 microcontrollers).

78K0/Lx2 78K/0 Series
User’s Manual User’s Manual
(This Manual) Instructions
e Pin functions e CPU functions
¢ Internal block functions e Instruction set
o Interrupts o Explanation of each instruction

Other on-chip peripheral functions
Electrical specifications

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

e To gain a general understanding of functions:
— Read this manual in the order of the CONTENTS.
e 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 RA78K0, and is defined as an sfr variable using the
#pragma sfr directive in the CC78K0.

e To know details of the 78K0 microcontroller instructions:
— Refer to the separate document 78K/0 Series Instructions User’s Manual

(U12326E).
Data significance: Higher digits on the left and lower digits on the right
Active low representations: Xxx (overscore over pin and signal name)
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary s XXXX OF XXxxB
Decimal s XXXX
Hexadecimal - xxxxH
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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/Lx2 User's Manual This manual
78K/0 Series Instructions User's Manual U12326E
78K0/Lx2 Flash Memory Programming (Programmer) Application Note U18204E
78K0/Kx2 Flash Memory Self Programming User’s Manual U17516E
78K0/Kx2 EEPROM™ Emulation Application Note U17517E
78K0 Microcontrollers Self Programming Library Type01 User's Manual U18274E
78K0 Microcontrollers EEPROM Emulation Library Type0O1 User's Manual U18275E

Documents Related to Flash Memory Programming

Document Name Document No.
PG-FP5 Flash Memory Programmer User’s Manual U18865E
PG-FP4 Flash Memory Programmer User’s Manual U15260E

Documents Related to Development Tools (Hardware)

Document Name Document No.
QB-78KO0LX2 In-Circuit Emulator User’'s Manual U17468E
QB-MINI2 On-Chip Debug Emulator with Programming Function User’'s Manual U18371E

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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Documents Related to Development Tools (Software)

Document Name

Document No.

RA78KO0 Ver.3.80 Assembler Package Operation U17199E
User's Manual"™*" Language U17198E
Structured Assembly Language U17197E
78K0 Assembler Package RA78KO0 Ver.4.01 Operating Precautions (Notification Document) Note ! ZUD-CD-07-0181-E
CC78KO0 Ver.3.70 C Compiler Operation U17201E
s Note 2
User’s Manual Language U17200E

Note 2

78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions (Notification Document)

ZUD-CD-07-0103-E

ID78K0-QB Ver.2.94 Integrated Debugger User’'s Manual Operation U18330E
ID78K0-QB Ver.3.00 Integrated Debugger User’'s Manual Operation U18492E
PM plus Ver.5.20""°® User's Manual U16934E
PM+ Ver.6.30""°* User's Manual U18416E

Notes 1. This document is installed into the PC together with the tool when installing RA78K0 Ver. 4.01. For
descriptions not included in “78K0 Assembler Package RA78KO0 Ver. 4.01 Operating Precautions”, refer to

the user’'s manual of RA78KO0 Ver. 3.80.

2. This document is installed into the PC together with the tool when installing CC78K0 Ver. 4.00. For
descriptions not included in “78K0 C Compiler CC78K0 Ver. 4.00 Operating Precautions”, refer to the

user’'s manual of CC78K0 Ver. 3.70.

3. PMplus Ver. 5.20 is the integrated development environment included with RA78KO0 Ver. 3.80.
4. PM+ Ver. 6.30 is the integrated development environment included with RA78K0 Ver. 4.01. Software tool

(assembler, C compiler, debugger, and simulator) products of different versions can be managed.

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 Differences Between Conventional-specification Products (1#PD78F03xx and 78F03xxD) and

Expanded-specification Products (#PD78F03xxA and 78F03xxDA)

The differences between the conventional-specification products (#PD78F03xx and 78F03xxD) and expanded-

specification products («PD78F03xxA and 78F03xxDA) of the 78K0/Lx2 microcontrollers are described below.

20

o A/D conversion time

J X1 oscillator characteristics

. Instruction cycle, peripheral hardware clock frequency, external main system clock frequency, external
main system clock input high-level width, and external main system clock input low-level width (AC
characteristics)

. The number of flash memory rewrites and retention time

. Processing time of the self programming library

. Interrupt response time of the self programming library
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1.1.1 A/D conversion time

(1) Conventional-specification products (#PD78F03xx and 78F03xxD)

Parameter Symbol Conditions MIN. MAX. Unit
Conversion time tcony 40V <AVrer<55V 6.1 36.7 us
27V<AVrer<4.0V 12.2 36.7 us
23V <AVrer<2.7V 27 66.6 Us
(2) Expanded-specification products (#zPD78F03xxA and 78F03xxDA)
Parameter Symbol Conditions MIN. MAX. Unit
Conversion time tconv 40V <AVrer <55V 6.1 66.6 Us
27V <AVrer<4.0V 12.2 66.6 Us
23V<AVRer <27V 27 66.6 us
1.1.2 X1 oscillator characteristics
(1) Conventional-specification products (uPD78F03xx and 78F03xxD)
Resonator Parameter Conditions MIN. TYP. MAX. Unit
Ceramic X1 clock 40V<Vop<55V 1.0%* 20.0 MHz
resonator | oscillation 27V <Vop<4.0V 1.gree 10.0
frequency (fx)
1.8V<Vp<27V 1.0 5.0
(2) Expanded-specification products (#zPD78F03xxA and 78F03xxDA)
Resonator Parameter Conditions MIN. TYP. MAX. Unit
Ceramic X1 clock 27V<Vop<55V 1.0 20.0 MHz
resonator | oscillation 18V<Vop <27V 1.0 50

frequency (fx)

Note Itis 2.0 MHz (MIN.) when programming on the board via UART6.
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1.1.3 Time Instruction cycle, peripheral hardware clock frequency, external main system clock frequency,
external main system clock input high-level width, and external main system clock input low-level
width (AC characteristics)

(1) Conventional-specification products (uPD78F03xx and 78F03xxD)

Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main system clock (fxp)| 4.0 V< Vob < 5.5V 0.1 32 us
instruction execution time) operation 27V <Vop<4.0V 0.2 32 us
1.8V<Vop<27V 0.4""" 32 us
Subsystem clock (fsus) operation 114 122 125 us
Peripheral hardware clock frRs frrs = fxH 40V<Vopb<55V 20 MHz
frequency (XSEL = 1) 27V<Vop<4.0V 10 | MHz
1.8V<Vp<27V 5 MHz
frrs = fRH 27V<Vopb<55V 7.6 8.4 MHz
(XSEL=0) 18V<Vo<27V™ | 76 104 | MHz
External main system clock fexcix 40V<Vop<55V 1.0 20.0 | MHz
frequency 27V<Vop<4.0V 1.0M* 10.0 | MHz
1.8V<Vop<27V 1.0 5.0 MHz
External main system clock input | texcikd, | 4.0V <Vop <55V 24 ns
high-level width, low-level width | texcikt 27V <Vop<4.0V 48 ns
1.8V<Vp<27V 96 ns

(2) Expanded-specification products (#PD78F03xxA and 78F03xxDA)

Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle (minimum Tey Main system clock (fxe)| 2.7 V < Vop < 5.5 V 0.1 32 us
instruction execution time) operation 1.8V<Vop <27V 0.4N" 32 us
Subsystem clock (fsus) operation 114 122 125 J7:]

Peripheral hardware clock frRs frrs = fxH 40V<Vop<55V 20 MHz

frequency (XSEL = 1) 2.7V < Vop < 4.0 V" 20 | MHz

1.8V<Vp<27V 5 MHz

frrs = fRH 27V<Vopb<55V 7.6 8.4 MHz

(XSEL=0) 18V<Vop<27V"™: | 76 10.4 | MHz

External main system clock fexcik 27V<Vop<55V 1.0M"* 20.0 | MHz

frequency 1.8V<Vop<27V 1.0 50 | MHz
External main system clock input | texcikd, | 2.7 V<Vob <55V 24 ns
high-level width, low-level width | texcikt 1.8V<Vbp<27V 96 ns

Notes 1. 0.38 us when operating with the 8 MHz internal oscillator.
2. Characteristics of the main system clock frequency. Set the division clock to be set by a peripheral
function to fx+/2 (10 MHz) or less. The multiplier/divider, however, can operate on fxH (20 MHz).
3. Characteristics of the main system clock frequency. Set the division clock to be set by a peripheral
function to frH/2 or less.
4. 2.0 MHz (MIN.) when using UART®6 during on-board programming.
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1.1.4 Number of flash memory rewrites and retention time

Item Conventional-specification Expanded-specification Products (#PD78F03xxA and 78F03xxDA)
Products (#«PD78F03xx and
78F03xxD)
Number of rewrites per chip | 100 times (Retention: 10 *When a flash memory programmer is used, 1,000 times
(retention time) years) and the libraries"" provided by NEC (Retention: 15
Electronics are used years)

e For program update

eWhen the EEPROM emulation libraries™***? 10,000 times
provided by NEC Electronics are used (Retention: 5

 The rewritable ROM size: 4 KB years)

e For data update

Conditions other than the above™** 100 times
(Retention: 10
years)

Notes 1. The sample library specified by the 78K0/Kx2 Flash Memory Self Programming User’s Manual
(Document No.: U17516E) is excluded.
2. The sample program specified by the 78K0/Kx2 EEPROM Emulation Application Note (Document No.:
U17517E) is excluded.
3. These include when the sample library specified by the 78K0/Kx2 Flash Memory Self Programming
User’s Manual (Document No.: U17516E) and the sample program specified by the 78K0/Kx2 EEPROM
Emulation Application Note (Document No.: U17517E) are used.
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1.1.5 Processing time for self programming library

(1) Conventional-specification products (4PD78F03xx and 78F03xxD) (1/3)

<1> When internal high-speed oscillation clock is used and entry RAM is located outside short direct

addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 4.25
Initialize library 977.75
Mode check library 753.875 753.125
Block blank check library 12770.875 12765.875
Block erase library 36909.5 356318 36904.5 356296.25
Word write library 1214 (1214.375) 2409 (2409.375) 1207 (1207.375) 2402 (2402.375)
Block verify library 25618.875 25613.875
Self programming end library 4.25
Get information library | Option value: 03H 871.25 (871.375) 866 (866.125)
Option value: 04H 863.375 (863.5) 858.125 (858.25)
Option value: 05H 1024.75 (1043.625) 1037.5 (1038.375)
Set information library 105524.75 790809.375 105523.75 790808.375
EEPROM write library 1496.5 2691.5 1489.5 2684.5
(1496.875) (2691.875) (1489.875) (2684.875)

<2> When internal high-speed oscillation clock is used and entry RAM is located in short direct

addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 4.25
Initialize library 443.5
Mode check library 219.625 218.875
Block blank check library 12236.625 12231.625
Block erase library 36363.25 355771.75 36358.25 355750
Word write library 679.75 1874.75 672.75 1867.75
(680.125) (1875.125) (673.125) (1868.125)
Block verify library 25072.625 25067.625
Self programming end library 4.25
Get information library | Option value: 03H 337 (337.125) 331.75 (331.875)
Option value: 04H 329.125 (239.25) 323.875 (324)
Option value: 05H 502.25 (503.125) 497 (497.875)
Set information library 104978.5 541143.125 104977.5 541142.125
EEPROM write library 962.25 2157.25 955.25 2150.25
(962.625) (2157.625) (955.625) (2150.625)

Remarks 1. Values in parentheses indicate values when a write start address structure is located other than in the
internal high-speed RAM.
2. The above processing times are those during stabilized operation of the internal high-speed oscillator
(RSTS =1).
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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(1) Conventional-specification products (zPD78F03xx and 78F03xxD) (2/3)

<3> When high-speed system clock (X1 oscillation or external clock input) is used and entry RAM is
located outside short direct addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. | Max. Min. Max.
Self programming start library 34/fcpu
Initialize library 49/fceu + 485.8125

Mode check library

35/fcpu + 374.75

29/fcpu + 374.75

Block blank check library

174/fcpu + 6382.0625

134/fcpu + 6382.0625

Block erase library 174/fceu + 174/fceu + 134/fceu + 134/fceu +
31093.875 298948.125 31093.875 298948.125
Word write library 318 (321)/fcru + 318 (321)/fcru + 262 (265)/fcPu + 262 (265)/fcpu +
644.125 1491.625 644.125 1491.625

Block verify library

174/fceu + 13448.5625

134/fcpu + 13448.5625

Self programming end library

34/fceu

Get information library | Option value: 03H

171 (172 )/icru + 432.4375

129 (130)/fcru + 432.4375

Option value: 04H

181 (182)/fcpu + 427.875

139 (140)/fcpu + 427.875

Option value: 05H

404 (411)/fcpu + 496.125

362 (369)/fcpu + 496.125

Set information library 75/fcru + 75/fcru + 652400 67fcru + 67fcru + 652400
79157.6875 79157.6875
EEPROM write library 318 (321)/fcru + 318 (321)/fcru + 262 (265)/fcru + 262 (265)/fcru +
799.875 1647.375 799.875 1647.375

Remarks 1. Values in parentheses indicate values when a write start address structure is located other than in the

internal high-speed RAM.

2. The above processing times are those during stabilized operation of the internal high-speed oscillator

(RSTS = 1).

3. fepu: CPU operation clock frequency
4. RSTS: Bit 7 of the internal oscillation mode register (RCM)

User's Manual U19518EJ1VOUD

25



CHAPTER 1 OUTLINE

(1) Conventional-specification products (zPD78F03xx and 78F03xxD) (3/3)

<4> When high-speed system clock (X1 oscillation or external clock input) is used and entry RAM is
located in short direct addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 34/fcpu
Initialize library 49/fcru + 224.6875

Mode check library

35/fcru + 113.625

29/fcru + 113.625

Block blank check library

174/fcpu + 6120.9375

134/fcpu + 6120.9375

Block erase library 174/fceu + 174/fceu + 134/fceu + 134/fceu +
30820.75 298675 30820.75 298675
Word write library 318 (321)/fcru + 318 (321)/fcru + 262 (265)/fcPu + 262 (265)/fcru +
383 1230.5 383 1230.5
Block verify library 174/fceu + 13175.4375 134/fceu + 13175.4375
Self programming end library 34/fcpu
Get information library Option value: 03H 171 (172)/fcru + 171.3125 129 (130)/fcru + 171.3125
Option value: 04H 181 (182)/fcru + 166.75 139 (140)/fcru + 166.75
Option value: 05H 404 (411)/fcpu + 231.875 362 (369)/fcru + 231.875
Set information library 75/fcru + 75/fcru + 67/fcru + 67/fcru+
78884.5625 527566.875 78884.5625 527566.875
EEPROM write library 318 (321)/fcru + 318 (321)/fcru + 262 (265)/fcru + 262 (265)/fcru +
538.75 1386.25 538.75 1386.25

Remarks 1. Values in parentheses indicate values when a write start address structure is located other than in the

internal high-speed RAM.

2. The above processing times are those during stabilized operation of the internal high-speed oscillator

(RSTS = 1).

3. fcpu: CPU operation clock frequency
4. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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(2) Expanded-specification products (uPD78F03xxA and 78F03xxDA) (1/3)

<1> When internal high-speed oscillation clock is used and entry RAM is located outside short direct

addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.
Self programming start library 4.0 4.5 4.0 4.5
Initialize library 1105.9 1106.6 1105.9 1106.6
Mode check library 905.7 906.1 904.9 905.3
Block blank check library 12776.1 12778.3 12770.9 12772.6
Block erase library 26050.4 349971.3 26045.3 349965.6
Word write library 1180.1 + 203 x W 1184.3 + 2241 1172.9 + 203 x W 1176.3 + 2241
X W X W
Block verify library 25337.9 25340.2 25332.8 25334.5
Self programming end library 4.0 4.5 4.0 4.5
Get information library | Option value: 03H 1072.9 1075.2 1067.5 1069.1
Option value: 04H 1060.2 1062.6 1054.8 1056.6
Option value: 05H 1023.8 1028.2 1018.3 1022.1
Set information library 70265.9 759995.0 70264.9 759994.0
EEPROM write library 1316.8 + 347 x w 1320.9 + 2385 1309.0 + 347 x w 1312.4 + 2385
X W X W

<2> When internal high-speed oscillation clock is used and entry RAM is located in short direct

addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. Max. Min. Max.

Self programming start library 4.0 4.5 4.0 4.5
Initialize library 449.5 450.2 449.5 450.2
Mode check library 249.3 249.7 248.6 248.9
Block blank check library 12119.7 12121.9 12114.6 12116.3
Block erase library 25344.7 349266.4 25339.6 349260.8
Word write library 445.8 + 203 x W 449.9 + 2241 x w 438.5 + 203 x W 441.9 + 2241 x w
Block verify library 24682.7 24684.9 24677.6 24679.3
Self programming end library 4.0 4.5 4.0 4.5
Get information library | Option value: 03H 417.6 419.8 4121 413.8

Option value: 04H 405.0 407.4 399.5 401.3

Option value: 05H 367.4 371.8 361.9 365.8
Set information library 69569.3 759297.3 69568.3 759296.2
EEPROM write library 795.1 + 347 x w 799.3 + 2385 x w 787.4 + 347 x w 790.8 + 2385 x w

Remarks 1. The above processing times are those when a write start address structure is located in the internal
high-speed RAM and during stabilized operation of the internal high-speed oscillator (RSTS = 1).
2. RSTS: Bit 7 of the internal oscillation mode register (RCM)
3. w: Number of words in write data (1 word = 4 bytes)
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(2) Expanded-specification products (uPD78F03xxA and 78F03xxDA) (2/3)

<3> When high-speed system clock (X1 oscillation or external clock input) is used and entry RAM is
located outside short direct addressing range

Library Name Processing Time (us)
Normal Model of C Compiler Static Model of C Compiler/Assembler
Min. | Max. Min. Max.
Self programming start library 34/fcpu
Initialize library 55/fceu + 594
Mode check library 36/fcpu + 495 30/fcpu + 495
Block blank check library 179/fcpu + 6429 136/fcpu + 6429
Block erase library 179/fcru + 19713 179/fcru + 136/fcpu + 19713 136/fcru +
268079 268079
Word write library 333/fcru + 647 + 333/fcru + 647 + 272/fcru + 647 + 272/fcru + 647 +
136 x w 1647 x w 136 x w 1647 x w
Block verify library 179/fcru + 13284 136/fcru + 13284
Self programming end library 34/fcpu
Get information library | Option value: 03H 180/fcru + 581 134fcru + 581
Option value: 04H 190/fcru + 574 144/fcru + 574
Option value: 05H 350/fcpu + 535 304/fcpu + 535
Set information library 80/fcru + 43181 80/fcru + 572934 72/fcru + 43181 72/fcru + 572934
EEPROM write library 333/fcru + 729 + 333/fcru + 729 + 268/fcru + 729 + 268/fcru + 729 +
209 x w 1722 x w 209 x w 1722 x w

Remarks 1. The above processing times are those when a write start address structure is located in the internal
high-speed RAM and during stabilized operation of the internal high-speed oscillator (RSTS = 1).
2. RSTS: Bit 7 of the internal oscillation mode register (RCM)
3. fcpu: CPU operation clock frequency
4. w: Number of words in write data (1 word = 4 bytes)
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(2) Expanded-specification products (uPD78F03xxA and 78F03xxDA) (3/3)

<4> When high-speed system clock (X1 oscillation or external clock input) is used and entry RAM is
located in short direct addressing range

Library Name

Processing

Time (us)

Normal Model of C Compiler

Static Model of C Compiler/Assembler

Min.

Max.

Min.

Max.

Self programming start library

34/fcru

Initialize library

55/fcpu + 272

Mode check library

36/fcru + 173

30/fcpu + 173

Block blank check library

179/fcpu + 6108

136/fcpu + 6108

Block erase library 179/fcru + 19371 179/fcru + 136/fcru + 19371 136/fcru +
267738 267738
Word write library 333/fcru + 247 + 333/fcru + 247 + 272/fcru + 247 + 272/fcpu + 247 +
136 x w 1647 x w 136 x w 1647 x w
Block verify library 179/fceu + 12964 136/fcru + 12964
Self programming end library 34/fcpu
Get information library | Option value: 03H 180/fcru + 261 134/fcru + 261
Option value: 04H 190/fcpu + 254 144/fcru + 254
Option value: 05H 350/fcpu + 213 304/fcpu + 213
Set information library 80/fcpu + 42839 80/fcru + 572592 72/fcru + 42839 72/fcru + 572592
EEPROM write library 333/fcru + 516 + 333/fcru + 516 + 268/fcru + 516 + 268/fcru + 516 +
209 x w 1722 x w 209 x w 1722 x w

Remarks 1. The above processing times are those when a write start address structure is located in the internal
high-speed RAM and during stabilized operation of the internal high-speed oscillator (RSTS = 1).
2. RSTS: Bit 7 of the internal oscillation mode register (RCM)
3. fcpu: CPU operation clock frequency
4. w: Number of words in write data (1 word = 4 bytes)
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1.1.6 Interrupt response time for self programming library

(1) Conventional-specification products (4PD78F03xx and 78F03xxD) (1/2)

<1> When internal high-speed oscillation clock is used

Library Name

Interrupt Response Time (us (Max.))

Normal Model

of C Compiler

Static Model of C Compiler/Assembler

Entry RAM location
is outside short
direct addressing

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing

Entry RAM location
is in short direct
addressing range

range range
Block blank check library 933.6 668.6 927.9 662.9
Block erase library 1026.6 763.6 1020.9 757.9
Word write library 2505.8 1942.8 2497.8 1934.8
Block verify library 958.6 693.6 952.9 687.9
Set information library 476.5 211.5 475.5 210.5
EEPROM write library 2760.8 2168.8 2759.5 2167.5

Remarks 1. The above interrupt response times are those during stabilized operation of the internal high-speed
oscillator (RSTS = 1).
2. RSTS: Bit 7 of the internal oscillation mode register (RCM)

<2> When high-speed system clock is used (normal model of C compiler)

Library Name

Interrupt Response Time (us (Max.))

RSTOP =0, RSTS = 1

RSTOP =1

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Block blank check library

179/fcpu + 507

179/fcpu + 407

179/fcpu + 1650

179/fcru + 714

Block erase library

179/fcpu + 559

179/fcru + 460

179/fcpu + 1702

179/fcpu + 767

Word write library

333/fcpu + 1589

333/fcru + 1298

333/fcpu + 2732

333/fcpu + 1605

Block verify library

179/fcru + 518

179/fcru + 418

179/fcpu + 1661

179/fcpu + 725

Set information library

80/fcpu + 370

80/fcru + 165

80/fcpu + 1513

80/fcpu + 472

EEPROM write library"

29/fcpu + 1759

333/fcru + 834

29/fcru + 1468

333/fcru + 512

29/fcpu + 1759

333/fcru + 2061

29/fcru + 1468

333/fcru + 873

Note The longer value of the EEPROM write library interrupt response time becomes the Max. value, depending

on the value of fcpu.

Remarks 1. fcru: CPU operation clock frequency
2. RSTOP: Bit 0 of the internal oscillation mode register (RCM)
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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(1) Conventional-specification products (zPD78F03xx and 78F03xxD) (2/2)

<3> When high-speed system clock is used (static model of C compiler/assembler)

Library Name

Interrupt Response Time (us (Max.))

RSTOP =0, RSTS = 1

RSTOP = 1

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Block blank check library

136/fcru + 507

136/fcru + 407

136/fcpu + 1650

136/fcru + 714

Block erase library

136/fcru + 559

136/fcpu + 460

136/fcru + 1702

136/fcru + 767

Word write library

272/fcpu + 1589

272/fcpu + 1298

272/fcru + 2732

272/fcpu + 1605

Block verify library

136/fcru + 518

136/fcru + 418

136/fcpu + 1661

136/fcpu + 725

Set information library

72/fcpu + 370

72/fcru + 165

72/fcpu + 1513

72/fcpu + 472

EEPROM write library"

19/fceu + 1759

268/fcru + 834

19/fcpu + 1468

268/fcru + 512

19/fceu + 1759

268/fcru + 2061

19/fcru + 1468

268/fcru + 873

Note The longer value of the EEPROM write library interrupt response time becomes the Max. value, depending

on the value of fcpu.

Remarks 1. fcru: CPU operation clock frequency
2. RSTOP: Bit 0 of the internal oscillation mode register (RCM)
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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(2) Expanded-specification products (uPD78F03xxA and 78F03xxDA) (1/2)

<1> When internal high-speed oscillation clock is used

Library Name

Interrupt Response Time (us (Max.))

Normal Model

of C Compiler

Static Model of C Compiler/Assembler

Entry RAM location
is outside short
direct addressing

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing

Entry RAM location
is in short direct
addressing range

range range
Block blank check library 1100.9 431.9 1095.3 426.3
Block erase library 1452.9 783.9 1447.3 778.3
Word write library 1247.2 579.2 1239.2 571.2
Block verify library 1125.9 455.9 1120.3 450.3
Set information library 906.9 312.0 905.8 311.0
EEPROM write library 1215.2 547.2 1213.9 545.9

Remarks 1. The above interrupt response times are those during stabilized operation of the internal high-speed
oscillator (RSTS = 1).
2. RSTS: Bit 7 of the internal oscillation mode register (RCM)

<2> When high-speed system clock is used (normal model of C compiler)

Library Name

Interrupt Response Time (us (Max.))

RSTOP =0, RSTS = 1

RSTOP = 1

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Block blank check library

179/fcpu + 567

179/fcpu + 246

179/fceu + 1708

179/fcpu + 569

Block erase library

179/fcpu + 780

179/fcpu + 459

179/fcru + 1921

179/fcpu + 782

Word write library

333/fcru + 763

333/fcru + 443

333/fcru + 1871

333/fcru + 767

Block verify library

179/fcpu + 580

179/fcpu + 259

179/fcpu + 1721

179/fcpu + 582

Set information library

80/fcru + 456

80/fcpu + 200

80/fcru + 1598

80/fcpu + 459

EEPROM write library™®

29/fceu + 767

333/fcru + 696

29/fcpu + 447

333/fceu + 376

29/fceru + 767

333/fcru + 1838

29/fcpu + 447

333/fcru + 700

Note The longer value of the EEPROM write library interrupt response time becomes the Max. value, depending

on the value of fcpu.

Remarks 1. fcru: CPU operation clock frequency
2. RSTOP: Bit 0 of the internal oscillation mode register (RCM)
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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(2) Expanded-specification products (uPD78F03xxA and 78F03xxDA) (2/2)

<3> When high-speed system clock is used (static model of C compiler/assembler)

Library Name

Interrupt Response Time (us (Max.))

RSTOP =0, RSTS = 1

RSTOP = 1

Entry RAM location
is outside short
direct addressing
range

Entry RAM location
is in short direct
addressing range

Entry RAM location

is outside short

direct addressing

range

Entry RAM location
is in short direct
addressing range

Block blank check library

136/fcpu + 567

136/fcru + 246

136/fcpu + 1708

136/fcpu + 569

Block erase library

136/fcru + 780

136/fcru + 459

136/fcru + 1921

136/fcpu + 782

Word write library

272/fcru + 763

272/fcpu + 443

272/fcpu + 1871

272/fceu + 767

Block verify library

136/fcpu + 580

136/fcpu + 259

136/fcru + 1721

136/fcpu + 582

Set information library

72/fcru + 456

72/fcpu + 200

72/fcpu + 1598

72/fcpu + 459

EEPROM write library"

19/fceu + 767

268/fcru + 696

19/fceu + 447

268/fcru + 376

19/fceu + 767

268/fcru + 1838

19/fceuv + 447

268/fcru + 700

Note The longer value of the EEPROM write library interrupt response time becomes the Max. value, depending

on the value of fcpu.

Remarks 1. fcru: CPU operation clock frequency

2. RSTOP: Bit 0 of the internal oscillation mode register (RCM)
3. RSTS: Bit 7 of the internal oscillation mode register (RCM)
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1.2 Features

O 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)

O General-purpose register: 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

O ROM (flash memory), RAM capacities

ROM"™* | High-Speed | Expansion 78K0/LE2 78K0/LF2 78K0/LG2
RAM™® | RAM™* 64 pins 80 pins 100 pins
128 KB 1 KB 6 KB - - 1 PD78F0397, 78F0397A,
78F0397D, 78F0397DA
96 KB 1 KB 4 KB - 1 PD78F0376, 78F0386, 1 PD78F0396, 78F0396A
78F0376A, 78F0386A,
78F0376D, 78F0386D,
78F0376DA, 78F0386DA
60 KB 1 KB 2 KB - 1 PD78F0375, 78F0385, 1 PD78F0395, 78F0395A
78F0375A, 78F0385A
48 KB 1 KB 1 KB - 1 PD78F0374, 78F0384, 1 PD78F0394, 78F0394A
78F0374A, 78F0384A
32 KB 1 KB - 1 PD78F0363, 78F0363A, 1 PD78F0373, 78F0383, 1 PD78F0393, 78F0393A
78F0363D, 78F0363DA 78F0373A, 78F0383A
24 KB 1 KB - 1 PD78F0362, 78F0362A 1 PD78F0372, 78F0382, -
78F0372A, 78F0382A
16 KB 768 B - 1 PD78F0361, 78F0361A - -

Note The internal flash memory, internal high-speed RAM capacities, and internal expansion RAM capacities can

be changed using the internal memory size switching register (IMS) and the internal expansion RAM size
switching register (IXS). For IMS and IXS, see 27.1 Internal Memory Size Switching Register and 27.2
Internal Expansion RAM Size Switching Register.

O On-chip single-power-supply flash memory

O Self-programming (with boot swap function)
O On-chip debug function (#PD78F03xxD and 78F03xxDA only)"*

Note The 4PD78F03xxD and 78F03xxDA have an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass production, because the

guaranteed number of rewritable times of the flash memory may be exceeded when this function is used,

and product reliability therefore cannot be guaranteed. NEC Electronics is not liable for problems occurring
when the on-chip debug function is used.
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O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)

O On-chip watchdog timer (operable with internal low-speed oscillation clock)

O On-chip LCD controller/driver (internal voltage boosting, external resistance division, and internal resistance
division are switchable)

O On-chip 10-bit resolution A/D converter (AVRer = 2.3 t0 5.5 V)

O On-chip multiplier/divider (16 bits x 16 bits, 32 bits/16 bits)

O On-chip key interrupt function, clock output controller, I/O ports, timer, and serial interface

O Power supply voltage: Voo =1.8t0 5.5V

O Operating ambient temperature: Ta = —40 to +85°C

Remark The functions mounted depend on the product. See 1.7 Block Diagram and 1.8 Outline of Functions.

1.3 Applications

O Cameras
o APS cameras
o Digital cameras
O AV equipment
* Home audio
O Household electrical appliances
o Air conditioners
¢ Washing machines
¢ Induction heater cooking
* Microwave ovens
e Electric rice cookers
O Utility meters
e Power meters
O Health care equipments
e Pedometers
* Weight scales
* Blood pressure manometers
® Blood-sugar level meters
O Measurement equipment
e Thermostats
o Electronic measures
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1.4 Ordering Information

[Part Number]

HPDT8FO3xy X X XX - XXX - XX

Semiconductor

Lead- | Product contains no lead in any area

free

Package Type

36y
(LE2)

GB-UEU | 64-pin plastic LQFP (fine pitch) (10x10)

GK-UET | 64-pin plastic LQFP (12x12)

37y
(LF2)

GC-UBT | 80-pin plastic LQFP (14x14)

38y
(LF2)

GK-8EU | 80-pin plastic LQFP (fine pitch) (12x12)

3%y
(LG2)

GC-8EA | 100-pin plastic LQFP (14x14)

Product Type

None

Conventional-specification products

Expanded-specification products

On-chip Debug Function

None

Not mounted

Mounted

High-speed
RAM Capacity

Expansion RAM| Flash Memory
Capacity Capacity

3x1

768 bytes

- 16 KB

3x2

1 KB

- 24 KB

3x3

1 KB

- 32 KB

3x4

1 KB

1KB 48 KB

3x5

1 KB

2 KB 60 KB

3x6

1 KB

4 KB 96 KB

3x7

1 KB

6 KB 128 KB

Product Type

Flash memory version
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[List of Part Number]

78K0/Lx2 Package Product Part Number
Microcontrollers type
78K0/LE2 64-pin plastic LQFP Conventional- | x PD78F0361GB-UEU-A, 78F0362GB-UEU-A,
(fine pitch) (10x10) specification 78F0363GB-UEU-A, 78F0363DGB-UEU-A""
products
Expanded- 1 PD78F0361AGB-UEU-A, 78F0362AGB-UEU-A,
specification 78F0363AGB-UEU-A, 78F0363DAGB-UEU-A"™"
products
64-pin plastic LQFP Conventional- | xPD78F0361GK-UET-A, 78F0362GK-UET-A,
(12x12) specification 78F0363GK-UET-A, 78F0363DGK-UET-A""
products
Expanded- 1 PD78F0361AGK-UET-A, 78F0362AGK-UET-A,
specification 78F0363AGK-UET-A, 78F0363DAGK-UET-A""
products
78KO0/LF2 80-pin plastic LQFP Conventional- | x PD78F0372GC-UBT-A, 78F0373GC-UBT-A,
(14x14) specification 78F0374GC-UBT-A, 78F0375GC-UBT-A,
products 78F0376GC-UBT-A, 78F0376DGC-UBT-A"",
78F0382GC-UBT-A, 78F0383GC-UBT-A,
78F0384GC-UBT-A, 78F0385GC-UBT-A,
78F0386GC-UBT-A, 78F0386DGC-UBT-A""
Expanded- 1 PD78F0372AGC-UBT-A, 78F0373AGC-UBT-A,
specification 78F0374AGC-UBT-A, 78F0375AGC-UBT-A,
products 78F0376AGC-UBT-A, 78F0376DAGC-UBT-A"",
78F0382AGC-UBT-A, 78F0383AGC-UBT-A,
78F0384AGC-UBT-A, 78F0385AGC-UBT-A,
78F0386AGC-UBT-A, 78F0386DAGC-UBT-A""
80-pin plastic LQFP Conventional- | x PD78F0372GK-8EU-A, 78F0373GK-8EU-A,
(fine pitch) (12x12) specification 78F0374GK-8EU-A, 78F0375GK-8EU-A,
products 78F0376GK-8EU-A, 78F0376DGK-8EU-A"",
78F0382GK-8EU-A, 78F0383GK-8EU-A,
78F0384GK-8EU-A, 78F0385GK-8EU-A,
78F0386GK-8EU-A, 78F0386DGK-8EU-A""
Expanded- 1 PD78F0372AGK-8EU-A, 78F0373AGK-8EU-A,
specification 78F0374AGK-8EU-A, 78F0375AGK-8EU-A,
products 78F0376AGK-8EU-A, 78F0376DAGK-8EU-A"",
78F0382AGK-8EU-A, 78F0383AGK-8EU-A,
78F0384AGK-8EU-A, 78F0385AGK-8EU-A,
78F0386AGK-8EU-A, 78F0386DAGK-8EU-A""
78K0/LG2 100-pin plastic LQFP Conventional- | x PD78F0393GC-8EA-A, 78F0394GC-8EA-A,
(14x14) specification 78F0395GC-8EA-A, 78F0396GC-8EA-A,
products 78F0397GC-8EA-A, 78F0397DGC-8EA-A""
Expanded- 1 PD78F0393AGC-8EA-A, 78F0394AGC-8EA-A,
specification 78F0395AGC-8EA-A, 78F0396AGC-8EA-A,
products 78F0397AGC-8EA-A, 78F0397DAGC-8EA-A""

Note The uPD78F0363D, 78F0363DA, 78F0376D, 78F0376DA, 78F0386D, 78F0386DA, 78F0397D, and
78F0397DA have an on-chip debug function, which is provided for development and evaluation. Do not use
the on-chip debug function in products designated for mass production, because the guaranteed number of
rewritable times of the flash memory may be exceeded when this function is used, and product reliability
therefore cannot be guaranteed. NEC Electronics is not liable for problems occurring when the on-chip
debug function is used.
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1.5 Pin Configuration (Top View)

1.5.1 78K0/LE2

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

e 64-pin plastic LQFP (12 x 12)

0
1
2
3
4

O P33/INTP4/T151/TO51
O P120/INTPO/EXLVI

O P00/TI000

O P01/T1010/TO00

O P10/SCK10/TxD0

O P11/SI10/RxD0

O RESET
O SCLO0/P60
O SDAO0/P61
O P20/AN
O P21/AN
O P22/AN
O P23/AN
O P24/AN
O AVss

O AVrer

P124/XT2/EXCLKS O=—]
P123/XT1 O=—m

FLMDO O———
P122/X2/EXCLK/OCDOBNOte O
P121/X1/0OCDOANote e
REGC O———

Vss O——

Voo O——

CAPH O——

CAPL O————

Vico O———

Vict O———

Vice O———

COMO O=———

COM1 O~———

COM2 O=~———

64 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49

O

o N O WN =

- A A a4 a4 a4 ©
o O WN = O
—_
]
—_
e}
—_
©

48
47
46
45
44
43
42
41
40
39
38
37
36
35
34
33

-0 P12/SO10

«——=O P13/TxD6

-~ P14/RxD6

«——=0O P15/TOHO

«——=0O P16/TOH1/INTP5
~—0O P17/TI50/TO50
«—=O P30/INTP1

~———0O P31/INTP2/OCD1ANote
~———0O P32/INTP3/0CD1BNete
—O LVop

—O LVss

—O S19

——0O S18

——0O S17

——0O S16

——0O S15

COM3 O=———
S0 O=———|
IO —
20—
S3O0=—N
S40-—RN
[ O —
S6O0~——R
70—
S8 O0~—— R
S9O~— R}
S100-—®
S11O0-—-RN
S120-——8
S130-— X
S140-— 8

Note Products with on-chip debug function only

Cautions 1. Make AVss the same potential as Vss.
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.

Remark For pin identification, see 1.6 Pin Identification.
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1.5.2 78K0/LF2

(1) 4PD78F037x, 78F0376D, 78F037xA, 78F0376DA

e 80-pin plastic LQFP (14 x 14)
¢ 80-pin plastic LQFP (fine pitch) (12 x 12)

0/P20
1/P21
2/P22
3/P23
4/P24
5/P25
6/P26
7/P27

3 [+~——=0 P120/INTPO/EXLVI

& [+—=0O P76/KR6
N [~—=0O P75/KR5
3 [=—=0 P74/KR4
o f«—0O P73/KR3
N [—0O P72/KR2
3 +—=0 P71/KR1
N [0 P70/KRO
N f«——=0O P00/TI000
S f«—=0O P01/TI010/TO00
@ l—>0AN

@ f+~—=0 AN
Q0O AN
S+—OAN
R0 AN
RF+—OAN

R f~—=0O AN

D f+—=0O AN

O & [«——=0 P33/TI51/TO51/INTP4

P61/SDAQ0 O=——
P60/SCLO O=——»|

RESET O——+
P124/XT2/EXCLKS O=~—
P123/XT1 O=—+

FLMDO O——~
P122/X2/EXCLK/OCDOBNO® Oe—n]
P121/X1/OCDOANOe Ce—»]
REGC O——

Vss O——

Voo O———

CAPH O——

CAPL O——

Vico O——

Vict O———

Vice O———

COMO O=—

COM1 O=——

COM2 O=—

COM3 O=——

0N O WN =

N = = 4 2 2 a4 4 o a©
O WO ~NO”OPWN-—=O

Q+——O AVss

60
59
58
57
56
55
54
53
52
51
50
49
48
47
46
45
44
43
42
41

S0 O=——N
$10-—ARN
82 O——| 8
S30-——N
S40-——N
S50-—N
S6 O~—AN
S70-—R®
S8 O=—R
S9O-—8
S100=~——+1 %
S11O0-—-AQ
S120~—8
S130~—Q
S140=~—— K
S150-—8
S16 O0=—+ 4
S170-— 8
S180=~——38
S190-—+ 8

Note Products with on-chip debug function only

Cautions 1. Make AVss the same potential as Vss.

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

AVRer
P10/SCK10/TxDO
P11/S110/RxD0
P12/SO10

P13/TxD6

P14/RxD6

P15/TOHO
P16/TOH1/INTP5
P17/TI50/TO50
P30/INTP1
P31/INTP2/0OCD1ANote
P32/INTP3//0CD1BNete
LVob

LVss

S25

S24

S23

S22

S21

S20

3. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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(2) xPD78F038x, 78F0386D, 78F038xA, 78F0386DA

e 80-pin plastic LQFP (14 x 14)
e 80-pin plastic LQFP (fine pitch) (12 x 12)

<
E_
23 o ®
= X S o
w0 W owL
o3 = O =
co ko ok - owepo
IS srEbowsrtoa o= IIQnnr
FOQWLZororaoararacrarooeLwWo0o xx0
WHONOESXXXXXXYXXEREREEELE®
$ Orr AN O U TN AN~OOrrMNOULIFTOAN
O OND - NNNMNNNMNNNOOTTTFr v «— —
[ W a WA N o WY N o Y Y o Y o Y o TR o Y A o WY Y o Y N o Y o Y Y
TOTOTTTTTTTTTTTTTTTT
807978 7776 7574 7372 71 70 69 68 67 66 6564 63 62 61
P124/XT2/EXCLKS O~—|1 O 60 [=—=O P11/SI10/RxD0
P123/XT1 O=~—{2 59 [«—O P10/SCK10/TxDO
FLMDO O——| 3 58 =——O P30/INTP1
P122/X2/EXCLK/OCDOBNo Oe—={ 4 57 [«—O P31/INTP2/0OCD1ANoe
P121/X1/OCDOAN® Oe—l 5 56 [«—=O P32/INTP3//0CD1BNete
REGC O——|6 55 ——O LVoo
Vss O———7 54 —O LVss
Voo O———{8 53 (—O S35
CAPH O——|9 52 |——=O S34
CAPL O———10 51 ——O S33
Vico O——— 11 50 |—O S32
Vict O——— 12 49 —O S31
Vice O———1 13 48 —0O S30
COMO0 O=~——{ 14 47 |—=0O S29
COM1 O=~——|15 46 ——0O S28
COM2 O=——| 16 45 | —~0O 827
COM3 O=——{17 4 —=0O S26
S0 O=~—-| 18 43|—0 825
S1 O=—-—]19 42 —0 S24
S2 O=——120 41 —~0 823
2627 2829 30 31 32 33 34 35 36 37 38 39 40

Note Products with on-chip debug function only

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

Remark For pin identification, see 1.6 Pin Identification.
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1.5.3 78K0/LG2

¢ 100-pin plastic LQFP (14 x 14)

32
£z
8/
o
5§35 8%y Z
Zov—gv— o g Z?—ﬁ Zv‘: 10—
OCUUTNA-TOTrrOOrrrr—¥x O - ANOFOON X
Crrorrrreeleoccozzzzzzzz O
XXX XXX XEEEEQQANL LI LILLL ), 5D
PRIRIERSEES:S383IRTNRIAE8R==2
[ Y W o R o I o Y Y T o WY o WY WY WY o TR o WY o WY Y T o Y o Y Y Y o Y o . S 0 N
1009998 97 96 9594 9392919089 8887868584 8382818079787776
P77/KR7 O=—v] 1 75 =0 P11/SI110/RxDO
P120/INTPO/EXLVI O=—+] 2 O 74 |0 P12/SO10
P33/INTP4/TI51/TO51 O=—»| 3 73 |0 P13/TxD6
P61/SDA0 O=—={ 4 72 |«—O P14/RxD6
P60/SCLO O=—~{ 5 71 |«—0O P15/TOHO
RESET O—~{ 6 70 |=~—=O P16/TOH1/INTP5
P124/XT2/EXCLKS O=—»{ 7 69 |~—=O P17/TI50/TO50
P123/XT1 O=—] 8 68 [«—=0O P30/INTP1
FLMDO O—~{ 9 67 [~—O P31/INTP2/OCD1ANot!
P122/X2/EXCLK/OCDOBN°®! Oe—nl 10 66 |+—=O P32/INTP3/0CD1BNot!
P121/X1/0OCDOAN®! Oe—»] 11 65 O LVoo
REGC O—] 12 64 |——O LVss
Vss O—| 13 63 =0 S39
Voo O— 14 62 0O S38
CAPH O—— 15 61 |—=0O S37
CAPL O— 16 60 |—O S36
Vico O— 17 59 O S35
Vici O— 18 58 —=O S34
Vice O— 19 57 |—=O S33
COMo O=— 20 56 |—=O S32
COM1 O=—{ 21 55 |—=O S31
COM2 O=— 22 54 —=O S30
COM3 O=— 23 53 |—=0O S29
S0 O~—1 24 52 —=0O S28
S1 O=—25 51 —=0 S27
262728293031323334353637 38394041 424344 454647484950

Notes 1. Products with on-chip debug function only
2. Products whose flash memory is at least 48 KB only

Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF: recommended).
3. P20/ANIO to P27/ANI7 are set in the analog input mode after release of reset.

Remark For pin identification, see 1.6 Pin Identification.
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1.6 Pin Identification

ANIO to ANI7:
AVREF:

AVss:

CAPH, CAPL:

COMO to COMa:
EXCLK:

EXCLKS:
EXLVI:

FLMDO:

INTPO to INTP5:
KRO to KR7:

LVob:

LVss:

OCDOA, OCDOB:
OCD1A, OCD1B:

P00 to PO6:
P10 to P17:
P20 to P27:
P30 to P33:
P60, P61:
P70 to P77:
P120 to P124:

42

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

Key return

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 7

Port 12

REGC
RESET:
RxDO0, RxD6:
S0 to S39:

SCK10, SCK11:

SCLO:

SDAO:

S0, SIt1:
S010, SO11:
SSI1:
TI000, TI010:
TI001, TIO11:
TI50, TI51:
TOO00, TOO1:
TO50, TO51:
TOHO, TOH1:
TxDO, TxD6:
Vob:

Vss:

Vico to Vica:
X1, X2:

XT1, XT2:

User's Manual U19518EJ1VOUD

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

Serial interface chip select input
Timer input

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)
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1.7 Configuration

78K0/Lx2 is the SiP (System in a Package) product configured by the CPU part and LCD part.

1.7.1 78K0/LE2

Vico
Vict
Vice
CAPH
CAPL
COMO
COM1
COM2
COMS3
SO

S1

S19

P60/SCLO
P61/SDAO

P120/INTPO/EXLVI

P121/X1/OCDOA™"*
P122/X2/EXCLK/OCDOB"**
P123/XT1
P124/XT2/EXCLKS

Notes 1. Itis an internal pin.

LVop LVss

1 [
LCD part CPU part
LRESETB""”‘%:S P130™*"
LCLK"™™' P140/PCL"*
LSCLNme1 LS DANute1
1 1

T

.

D S

2. Products with on-chip debug function only

FLMDO Vss AVRer AVss
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P00/TI000
P01/T1010/TO00
P10/SCK10/TxDO
P11/S110/RxDO
P12/S010

P13/TxD6

P14/RxD6

P15/TOHO
P16/TOH1/INTP5
P17/TI50/TO50
P20/ANIO

P21/ANI1

P22/ANI2

P23/ANI3

P24/ANI4

P30/INTP1
P31/INTP2/OCD1AN"*?
P32/INTP3/0CD1B"**
P33/INTP4/TI51/TO51
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1.7.2 78K0/LF2

(1) 4PD78F037x, 78F0376D, 78F037xA, 78F0376DA

RESET REGC Voo
) O) e

M) N
— -
Vico POO/TIO00
Vict P01/T1010/TO00
Vice P10/SCK10/TxDO
CAPH P11/S110/RxDO
CAPL LCD part CPU part P12/S010
COMO P13/TxD6
Ccom1 P14/RxD6
comz P15/TOHO
COM3 P16/TOH1/INTP5
S0 LRESETB"™' g:g P130™* P17/T150/TO50
S1 LCLK"™™' P140/PCL"*" P20/ANIO
: P21/ANI1
P22/ANI2
525 LSCLM  [gDAM™ P23/ANI3
r 1 P24/ANI4
T T P25/ANI5
P60/SCLO L P26/ANI6
P61/SDAO l > P27/ANI7
P120/INTPO/EXLVI P30/INTP1 .
P31/INTP2/OCD1A"*
P121/X1/OCDOA "°*2 > P32/INTP3/0CD1B"**
P122/X2/EXCLK/OCDOB "' P33/INTP4/TI51/TO51
P123/XT1 P70/KRO
P124/XT2/EXCLKS > P71/KR1
P72/KR2
P73/KR3
P74/KR4
P75/KR5
P76/KR6

FLMDO Vss AVRer AVss

Notes 1. Itis an internal pin.
2. Products with on-chip debug function only
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(2) xPD78F038x, 78F0386D, 78F038xA, 78F0386DA

LVoo LVss RESET REGC Vob
M) ) M) )
b 5
Vico P00/TI000
Viet P01/TI010/TO00
Vice P10/SCK10/TxDO
CAPH P11/SI10/RxDO
CAPL LCD part CPU part P12/S010
COMo P13/TxD6
comt P14/RxD6
com2 P15/TOHO
COm3 P16/TOH1/INTP5
S0 LRESETB"™' P130™*" P17/T150/TO50
S1 LCLK"™™' g:E P140/PCL* P30/INTP1
: P31/INTP2/OCD1A"**
P32/INTP3/0CD1B"**
S35 LsoLM LA P33/INTP4/TI51/TO51
1 N P70/KRO
T P71/KR1
P60/SCLO L P72/KR2
P61/SDA0 O+ > P73/KR3
P120/INTPO/EXLVI P74/KR4
P75/KR5
P121/X1/0OCDOA "** > P76/KR6
P122/X2/EXCLK/OCDOB "
P123/XT1

P124/XT2/EXCLKS (¢ g

1 1
I I
\9 9,

FLMDO  Vss

Notes 1. Itis an internal pin.
2. Products with on-chip debug function only
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1.7.3 78K0/LG2

LVoo LVss RESET REGC Voo
7 D
L1 1 [ [
Vico
Vict
Vicz
CAPH
CAPL LCD part CPU part
COMo
Ccom1
CoM2
com3
S0 LRESETB"™ g:g P130™*
S1 LCOLKNe®! P140/PCL"*
S39 Notor Notet
LSCLM® LSDAM"
1 1
P60/SCLO T T L
P61/SDAO l >

P120/INTPO/EXLVI

P121/X1/OCDOA ™** ()¢

P122/X2/EXCLK/OCDOB "'

P123/XT1

P124/XT2/EXCLKS (¢

Notes 1. Itis an internal pin.

FLMDO Vss AVRer AVss

2. Products with on-chip debug function only

46

User's Manual U19518EJ1VOUD

P00/TI000
P01/T1010/TO00
P02/SO11

P03/SI11

P04/SCK11
P05/TI001/SSI11
P06/T1011/TOO01
P10/SCK10/TxD0O
P11/S110/RxDO
P12/SO10

P13/TxD6

P14/RxD6

P15/TOHO
P16/TOH1/INTP5
P17/T150/TO50
P20/ANIO

P21/ANI1

P22/ANI2

P23/ANI3

P24/ANI4

P25/ANI5

P26/ANI6

P27/ANI7

P30/INTP1
P31/INTP2/OCD1A*
P32/INTP3/0CD1B"**
P33/INTP4/TI51/TO51
P70/KRO

P71/KR1

P72/KR2

P73/KR3

P74/KR4

P75/KR5

P76/KR6

P77/KR7
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1.8 Block Diagram

1.8.1 78KO0/LE2

TOO00/TI010/P0O1 ~——
TIO00/P0O

16-bit TIMER/
EVENT COUNTER 00

RxD6/P14 (LINSEL)

TOHO/P15 =——

8-bit TIMER HO

{

TOH1/P16 =———

8-bit TIMER H1

g

INTERNAL
LOW-SPEED
OSCILLATOR
v

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

SERIAL
INTERFACE UART6

LINSEL

SIHo/P11 —— =
SO10/P12 =——
SCK10/P10 ~—~

SERIAL
INTERFACE CSI10

g8 ¢ 04§ 0838 3§43

CPU part
7(?"3(60 FLASH
oot | | memory

g U

g U

P61/SDAO SERIAL
P60/SCLO INTERFACE 1ICO
CLOCK OUTPUT
CONTROL
RESET CONTROL
LSCL LSDA
S0to §19 oo
CoMo-com3<{_4 | CONTROLLER
Vico-Vice DRIVER
CAPH RAM SPACE
CAPL
Lyep LCS%RATA
LVss
LCD part

INTERNAL INTERNAL
HIGH-SPEED EXPANSION
RAM RAM

Voo Vss FLMDO

Note Products with on-chip debug function only

g 848880

g

g
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porTo K2 > Poo, POt
PORT 1 P10 to P17
PORT2 [ 5> P20toP24
PORT3 K 4 > P30to P33
PorT6 K Z> P60, P61
PORT12 [ 5 > P120toP124
ANIO/P20 to
AD ANI4/P24
CONVERTER AVrer
AVss
RxD6/P14 (LINSEL)
L INTPoPi20
INTERRUPT INTP1/P30 to
CONTROL INTP4/P33
-1 INTP5/P16
POWER ON CLEAR/
LOW VOLTAGE
INDICATOR
POC/LVI
CONTROL EXLVI/P120
ON-CHIP OCDOAN'®/X1, OCD1AN¢/P31
DEBUG 0CDOBN°'®/X2, OCD1BNo/P32
SYSTEM [~ RESET
CONTROL X1/P121
[~ X2/EXCLK/P122
INTERNAL XT1/P123
HIGH-SPEED
Osertaron XT2/EXCLKS/P124
VOLTAGE
REGULATOR REGC
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1.8.2 78K0/LF2

TOO00/TI010/P0O1 ~——~

TI000/P0O0

RxD6/P14 (LINSEL)

48

16-bit TIMER/
EVENT COUNTER 00

16-bit TIMER/EVENT
COUNTER 01Note!

TOHO/P15 ~——

8-bit TIMER HO

TOH1/P16 =——

8-bit TIMER H1

g ¢ g U

1
INTERNAL
LOW-SPEED
OSCILLATOR

[

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 ~——

SERIAL
INTERFACE UART6

LINSEL

SHO/P11 ——=
SO10/P12 -—
SCK10/P10 =—~]

SERIAL
INTERFACE CSI10

P61/SDAO

SERIAL

P60/SCLO

INTERFACE IICO

CLOCK OUTPUT
CONTROL

RESET CONTROL

CPU part [
P < PorTo K 2> Poo, Po1
()| PoRT1 P10-P17
()| PoRT2Noez P20 to P27Note2
< porrsa K. 2 P3o-ps3
| porte K Z> Peo, P61
< port7 K> Pro-P76
<N pPorT12 K5 P120-P124
ANIO/P20 to
AD ANI7/p27Note2
78K/0 D convERTERNot2 AVaeNote2
cPy FLASH AVgghote2
CORE | | MEMORY
RxD6/P14 (LINSEL)
INTPO/P120
@ @ <:> INTERRUPT INTP1/P30-
CONTROL INTP4/P33

[*+—— INTP5/P16

IR

g8 8 ¢ g 89484 448

LSCLl

LSDA
S0-S25 G—
$26-535N0te3 LCD
como-coms {4 | CONTROLLER
Vico-Vicz DRIVER
CAPH RAM SPACE
CAPL FOR
wz: LCD DATA
LCD part
Notes 1.

POWER ON CLEAR/
(> LOWVOLTAGE
INTERNAL INTERNAL INDICATOR
HIGH-SPEED | | EXPANSION
Note1
RAV RATEE POC/LVI EXLVI/P120
CONTROL
KRO/P70-
K(~P| KEYRETURN KR6/P76
- MULTIPLIER&
DIVIDERNete!
<:> ON-CHIP [<——— OCDOANY®%/X1, OCD1ANe®4/P31
DEBUGNote4 OCDOBNot®4/X2, OCD1BNote4/P32
SYSTEM RESET
CONTROL X1/P121
INTERNAL ﬁﬁﬁ%ﬁ /P22
HIGH-SPEED
OSCILLATOR XT2/EXCLKS/P124
‘ ‘ VOLTAGE
REGC
Voo Vss FLMDO REGULATOR

Products whose flash memory is at least 48 KB only
4PD78F037x, 78F0376D, 78F037xA, 78F0376DA only
. uPD78F038x, 78F0386D, 78F038xA, 78F0386DA only
Products with on-chip debug function only

. Products whose flash memory is at least 96 KB only
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1.8.3 78K0/LG2

TOO00/TI010/PO1 ~——=~

TI000/POO -]
RxD6/P14 (LINSEL) T

16-bit TIMER/
EVENT COUNTER 00

TO01N2/TI011NoE2/POE ~—fmi
TI001No2/P05 ——— =]

16-bit TIMER/EVENT
COUNTER 01Note?

g ¢ 4 ¢

CPU part
78K/0
CPU FLASH
CORE MEMORY
BANKNmm

8 83808800

g

porTo  KI7_>P00to P0G
PORT 1 K18 >P10to P17
PORT 2 K'l8">P20to P27
porT3  KJ4_>P30to P33
porT6 K 2 >P60, P61
porT7 K8 >P701t0 P77
PoRT12 KI5 >P1201t0 P124
ANIO/P20 to
{8 anirp2r
A/D CONVERTER
F——— AVrer
——— AVss
RxD6/P14 (LINSEL)
|+ INTPO/P120
INTERRUPT INTP1/P30 to
controL |12 INTP4/P33
[~ — INTP5/P16

POWER ON CLEAR/

TOHO/P15 =—— -  8-bit TIMER HO
TOH1/P16 ~——{ 8-bit TIMER Hf
4
INTERNAL
LOW-SPEED
OSCILLATOR
¥
WATCHDOG TIMER
8-bit TIMER/
TIS0/TOS0/P17 =—| EVENT COUNTER 50
8-bit TIMER/
TI51/TO51/P33 ~——~{ EVENT COUNTER 51
WATCH TIMER
RxDO/P11 ——=| SERIAL
TXDO/P10 — || INTERFACE UARTO
SERIAL
RxDE/P14 | INTERFACE UARTS
TXD6/P13 =] TINGEL
stopt —f
SO10/P12 =]

SCK10/P10 ~——~

INTERFACE CSI10

SI11Note2/Po3 —— -
S011Note2/P02
SCK11Noe2/P04 ==
SS111Ne2/po5 —— -

SERIAL INTERFACE
CS|11Note2

P61/SDAQ ~—1-~|
P60/SCLO =t~

SERIAL
INTERFACE IICO

CLOCK OUTPUT
CONTROL

RESET CONTROL

g8 0 ¢ ¢4 488 ¢4y

— |

LSCL{ tLSDA ¥ 1

S0 to 539 < 40|

1 LCD
comotocom3< 4| CONTROLLER
Vico to Vice B DRIVER
CAPH 1| "RAM SPACE
CAPL
LVoo 1 FOR
LVss i LCD DATA
LCD part
Notes 1.

()| LowvoLTAGE
INDICATOR
POC/LVI |
@ @ CONTROL EXLVI/P120
INTERNAL INTERNAL KRO/P70 to
KEY RETURN
HIGH-SPEED | | EXPANSION <:> <E KR7/P77
RAM RAMNote2
MULTIPLIER&
<A DIVIDERNoe2
<:> ON-CHIP [++—— OCDO0AN¢%/x1, OCD1AN°e3/P31
DEBUGN®S | I ocDoBNete3/x2, 0CD1BNOe3/p32
~——RESET
SYSTEM FH——X1/P121
CONTROL  |=1——X2/EXCLK/P122
FH——XT1/P123
INTERNAL | f«|——XT2/EXCLKS/P124
HIGH-SPEED
OSCILLATOR
| \ \ VOLTAGE |
Voo Vss FLMDO REGULATOR REGC

Products whose flash memory is at least 96 KB only

2. Products whose flash memory is at least 48 KB only

3. Products with on-chip debug function only
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1.9 Outline of Functions

78K0/Lx2 78KO0/LE2 78KO0/LF2 78K0/LG2
H#PD78F036x 1PD78F037x ‘ #PD78F038x #PD78F039x

Item 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

Bank - 4 - 4 - 4 6
High-Speed RAM (KB) 0.75| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Expansion RAM (KB) - - - - - 1 2 4 - - 1 2 4 - 1 2 4 6
LCD display RAM (bits) 20x 4 26 x 4 36 x 4 40x 4
Memory space (KB) 64
Power supply voltage Voo=1.8t055V
Regulator Provided

Minimum instruction
execution time

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

Note 1

High-speed system 20 MHz: Vop = 2.7 10 5.5 V / 5 MHz: Voo = 1.8 to 5.5 V™'
.% clock
« 2| Internal high-speed 8 MHz (TYP.): Voo =1.8t0 5.5V
8 oscillation clock
© Subclock 32.768 kHz (TYP.): Vob =1.8t0 5.5V
Internal low-speed 240 kHz (TYP.): Vob =1.8t0 5.5V
oscillation clock
5| Total 24 34 26 40
a
16 bits (TMO) 1ch 2ch 1ch 2ch 1ch 2ch
_ | 8 bits (TM5) 2ch
iqg) 8 bits (TMH) 2ch
Watch 1ch
Watchdog (WDT) 1ch
§ 3-wire CSI - 1c¢ch
S | 3-wire CSI/UART "*** 1ch
g UART supporting LIN-bus 1ch
8| IFC bus 1 ¢ch
Type Internal voltage boosting, external resistance division, and internal resistance division are switchable.
LS) Segment signal 20 26 ‘ 36 ‘ 40
Common signal 4
10-bit AID 5 ch 8 ch \ - \ 8 ch
5| External 6 7
}g Internal 16 18 15 17 16 19
Key interrupt - 7 ch 8ch
RESET pin Provided
@ POC 1.59 V0.15V
E(T]ZJ 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

uPD78F03xxD, 78F03xxDA only

Operating ambient
temperature

TA=-40to +85°C

50
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Notes 1. This is applicable to the expanded-specification products (uPD78F03xxA and 78F03xxDA). See
CHAPTER 30 ELECTRICAL SPECIFICATIONS for the conventional-specification products.
2. Select either of the functions of these alternate-function pins.
An outline of the timer is shown below.
16-Bit Timer/ 8-Bit Timer/ 8-Bit Timers HO and Watch Watchdog
Event Counters Event Counters HA1 Timer Timer
00 and 01"’ 50 and 51
TMOO TMO1"*" TM50 TM51 TMHO TMH1
Function | Interval timer 1 channel | 1 channel | 1 channel | 1 channel | 1 channel | 1 channel |1 channel*** -
External event 1 channel | 1 channel | 1 channel | 1 channel - - - -
counter
PPG output 1 output 1 output - - - - - -
PWM output - - 1 output 1 output 1 output 1 output - -
Pulse width 2 inputs 2 inputs - - - - - -
measurement
Square-wave 1 output 1 output 1 output 1 output 1 output 1 output - -
output
Carrier generator - - - - - 1 output - -
Note 3
Watch timer - - - - - - 1 channel -
Note 2
Watchdog timer - - - - - - - 1 channel
Interrupt source 2 2 1 1 1 1 -
Notes 1. Products whose flash memory is at least 48 KB only
2. Inthe watch timer, the watch timer function and interval timer function can be used simultaneously.
3. 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 Vop. The relationship between these
power supplies and the pins is shown below.

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

Power Supply Corresponding Pins
AVerer"™* P20 to P27""
LVoo CAPH, CAPL, COMO to COMS3, SO to S39, Vico to Vicz
Vop Pins other than above

Note This is not mounted onto #/PD78F038x, 78F0386D, 78F038xA, and 78F0386DA.
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CHAPTER 2 PIN FUNCTIONS

2.1.1 78K0/LE2

(1) Port functions: 78K0/LE2

Function Name I/0 Function After Reset Alternate Function
P00 110 Port 0. Input port TIO00
2-bit 1/0 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 port SCK10/TxD0
P11 8-bit I/ 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 /0 Port 2. Analog input | ANIO to ANI4
5-bit 1/0 port.
Input/output can be specified in 1-bit units.
P30 1/0 Port 3. Input port INTP1 to INTP3
P31 4-bit VO port. INTP2/OCD1A™*
Input/output can be specified in 1-bit units. N
P32 . . - INTP3/0OCD1B"™"*
Use of an on-chip pull-up resistor can be specified by a
P33 software setting. INTP4/T151/TO51
P60 110 Port 6. Input port SCLO
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 port INTPO/EXLVI
P121 5-bit I/O port. X1/OCDOAN"
b Input/output can be specified in 1-bit units. X2/EXCLK/OCDOB™™
122 Only for P120, use of an on-chip pull-up resistor can be 2 0
P123 specified by a software setting. XT1
P124 XT2/EXCLKS

Note PD78F0363D and 78F0363DA (products with on-chip debug function) only

Remark The port function of P60 and P61 is used only when initializing the pin level of I’C bus.
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (1/2): 78 K0/LE2

Function Name I/0 Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising | Input port 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 port P11/RxD0
SO10 Output Serial data output from serial interface Input port P12
SDAO /0 Serial data I/O for serial interface Input port P61
LSDA""" /10 Serial data I/O of serial interface for LCD controller/driver Input -
SCK10 110 Clock input/output for serial interface Input port P10/TxDO
SCLO P60
LScL"*! Input Clock input of serial interface for LCD controller/driver Input -
RxDO Input Serial data input to asynchronous serial interface Input port P11/SI10
RxD6 P14
TxDO Output Serial data output from asynchronous serial interface Input port P10/SCK10
TxD6 P13
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port 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 port P0O1/TI010
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port 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 port 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 Analog 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 Qutput port -
COMO to COM3 | Output LCD controller/driver common signal outputs Output port -
Notes 1. Itis an internal pin.
2. 4PD78F0363D and 78F0363DA (products with on-chip debug function) only
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(2) Non-port functions (2/2): 78K0/LE2

Function Name I/0 Function After Reset | Alternate Function

LVoo - Positive power supply for LCD controller/driver - -
LVss - Ground potential for LCD controller/driver - -
Vico to Viez - LCD drive voltage - -
CAPH - LCD drive voltage booster capacitor connection - -
CAPL -
REGC - Connecting regulator output (2.5 V) stabilization capacitance - -

for internal operation.

Connect to Vss via a capacitor (0.47 to 1 xF: recommended).
RESET Input System reset input - -
EXLVI Input Potential input for external low-voltage detection Input port | P120/INTPO
X1 - Connecting resonator for main system clock Input port | P121/OCDOA™"
X2 - P122/EXCLK/OCDOB"*
EXCLK Input External clock input for main system clock Input port | P122/X2/0CD0OB"*
XT1 - Connecting resonator for subsystem clock Input port | P123
XT2 - P124/EXCLKS
EXCLKS Input External clock input for subsystem clock Input port | P124/XT2
Vob - Positive power supply - -
Vss - Ground potential - -
FLMDO - Flash memory programming mode setting - -
OCDOA™" Input On-chip debug mode setting connection Input port | P121/X1
OCD1A™® P31/INTP2
OCcDoB™* - P122/X2/EXCLK
OocD1B"™* P32/INTP3

Note 4PD78F0363D and 78F0363DA (products with on-chip debug function) only
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2.1.2 78K0/LF2

(1) Port functions: 78K0/LF2

Function Name I/0 Function After Reset Alternate Function
P00 110 Port 0. Input port TIO00
2-bit 1/0 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 port SCK10/TxD0
P11 8-bit 1/0 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 P27""" 110 Port 2. Analog ANIO to ANI7"*"
8-bit 1/0 port. input
Input/output can be specified in 1-bit units.
P30 1/0 Port 3. Input port INTP1 to INTP3
P31 4-bit I/ port. INTP2/OCD1A""*
Input/output can be specified in 1-bit units. o2
P32 . . - INTP3/0CD1B"™"
Use of an on-chip pull-up resistor can be specified by a
P33 software setting. INTP4/T151/TO51
P60 110 Port 6. Input port SCLO
P61 2-bit 1/0 port. SDAO
N-ch open-drain output (6 V tolerance).
Input/output can be specified in 1-bit units.
P70 to P76 110 Port 7. Input port KRO to KR6
7-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P120 110 Port 12. Input port INTPO/EXLVI
P121 5-bit 110 port. X1/OCDOAN®2
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
Notes 1. PD78F037x, 78F0376D, 78F037xA, and 78F0376DA only

2. 4PD78F0376D, 78F0386D, 78F0376DA, and 78F0386DA (products with on-chip debug function) only

Remark The port function of P60 and P61 is used only when initializing the pin level of I’C bus.
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(2) Non-port functions (1/2): 78K0/LF2

Function Name I/0 Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising | Input port 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 port P11/RxD0
SO10 Output Serial data output from serial interface Input port P12
SDAO /0 Serial data I/O for serial interface Input port P61
LSDA""" 1/10 Serial data I/O of serial interface for LCD controller/driver Input -
SCK10 110 Clock input/output for serial interface Input port P10/TxDO
SCLO P60
LScL"*! Input Clock input of serial interface for LCD controller/driver Input -
RxDO Input Serial data input to asynchronous serial interface Input port P11/SI10
RxD6 P14
TxDO Output Serial data output from asynchronous serial interface Input port P10/SCK10
TxD6 P13
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port 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 port P0O1/TI010
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port 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 port 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 ANI7"*® | Input A/D converter analog input Analog input | P20 to P27""*
AVRger"™©® 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 S25 Output LCD controller/driver segment signal outputs Output -
S26 to S35""*

Notes 1.

It is an internal pin.

2. 4PD78F0376D, 78F0386D, 78F0376DA, and 78F0386DA (products with on-chip debug function) only
3. ©PD78F037x, 78F0376D, 78F037xA, and 78F0376DA only
4. PD78F038x, 78F0386D, 78F038xA, and 78F0386DA only
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(2) Non-port functions (2/2): 78K0/LF2

Function Name I/0 Function After Reset | Alternate Function

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 -
KRO to KR6 Input Key interrupt input Input port | P70 to P76
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 port | P120/INTPO
X1 - Connecting resonator for main system clock Input port | P121/OCDOA™"
X2 - P122/EXCLK/OCDOB"*
EXCLK Input External clock input for main system clock Input port | P122/X2/0CDOB™"*
XT1 - Connecting resonator for subsystem clock Input port | P123
XT2 - P124/EXCLKS
EXCLKS Input External clock input for subsystem clock Input port | P124/XT2
Vob - Positive power supply - -
Vss - Ground potential - -
FLMDO - Flash memory programming mode setting - -
OCDOA™" Input On-chip debug mode setting connection Input port | P121/X1
OCD1A™" P31/INTP2
oCcDoB"™* - P122/X2/EXCLK
OocD1B"™* P32/INTP3

Note PD78F0376D, 78F0386D, 78F0376DA, and 78F0386DA (products with on-chip debug function) only
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2.1.3 78K0/LG2

(1) Port functions: 78K0/LG2

Function Name I/0 Function After Reset Alternate Function
P00 110 Port 0. Input port TIO00
PO 7-bit /O port. TI010/TO00
Input/output can be specified in 1-bit units. oo
P02 . . . SO11™*
Use of an on-chip pull-up resistor can be specified by a
P03 software setting. Si11"*!
P04 SCK11"!
P05 SSI1™*"TI001™""
P06 TI011""*"/TO01"""
P10 1/0 Port 1. Input port SCK10/TxD0
P11 8-bit I/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 P27 110 Port 2. Analog ANIO to ANI7
8-bit 1/0 port. input
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input port INTP1
P31 4-bit I/0 port. INTP2/0CD1A"?
Input/output can be specified in 1-bit units. o2
P32 . . - INTP3/0OCD1B™"*
Use of an on-chip pull-up resistor can be specified by a
P33 software setting. INTP4/TI51/TO51
P60 1/0 Port 6. Input port SCLO
P61 2-bit I/O port. SDAO
N-ch open-drain output (6 V tolerance).
Input/output can be specified in 1-bit units.
P70 to P77 1/0 Port 7. Input port KRO to KR7
8-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P120 110 Port 12. Input port INTPO/EXLVI
P121 5-bit I/O port. X1/OCDOAM"?
122 Input/output can be specified in 1-bit units. X2/EXCLK/OCDOB™™
Only for P120, use of an on-chip pull-up resistor can be 0
P123 specified by a software setting. XT1
P124 XT2/EXCLKS
Notes 1. Products whose flash memory is at least 48 KB only

2. uPD78F0397D and 78F0397DA (products with on-chip debug function) only

Remark The port function of P60 and P61 is used only when initializing the pin level of I°C bus.
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(2) Non-port functions (1/2): 78K0/LG2

Function Name I/0 Function After Reset | Alternate Function
INTPO Input External interrupt request input for which the valid edge (rising | Input port P120/EXLVI
INTP1 edge, falling edge, or both rising and falling edges) can be P30

specified Noter
INTP2 P31/OCD1A™"*
INTP3 P32/0CD1B"*"
INTP4 P33/TI51/TO51
INTP5 P16/TOH1
S0 Input Serial data input to serial interface Input port P11/RxD0
Sl P03
SO10 Output Serial data output from serial interface Input port P12
SO11M* P02
SDAO /0 Serial data I/O for serial interface Input port P61
LSDA™"? 1/0 Serial data /O of serial interface for LCD controller/driver Input -
SCK10 110 Clock input/output for serial interface Input port P10/TxDO
SCK11"* P04
SCLO 110 Clock input/output for serial interface Input port P60
LSCL"*? Input Clock input of serial interface for LCD controller/driver Input -
SSI11"* Input Chip select input for serial interface Input port PO5/TI001
RxDO Input Serial data input to asynchronous serial interface Input port P11/S110
RxD6 P14
TxDO Output Serial data output from asynchronous serial interface Input port P10/SCK10
TxD6 P13
TI000 Input External count clock input to 16-bit timer/event counter 00 Input port P00
Capture trigger input to capture registers (CR000, CR010) of
16-bit timer/event counter 00
TI00 1" External count clock input to 16-bit timer/event counter 01 P05/SSI11"*
Capture trigger input to capture registers (CR001, CR011) of
16-bit timer/event counter 01
TIO10 Capture trigger input to capture register (CR000) of 16-bit P01/TO00
timer/event counter 00
TIO1 1" Capture trigger input to capture register (CR001) of 16-bit P06/TO01"**
timer/event counter 01
TO00 Output 16-bit timer/event counter 00 output Input port PO1/TI010
TOO1"* 16-bit timer/event counter 01 output P06/TI01 1"
TI50 Input External count clock input to 8-bit timer/event counter 50 Input port 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 port P17/TI50
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
Notes 1. xPD78F0397D and 78F0397DA (products with on-chip debug function) only
2. Products whose flash memory is at least 48 KB only
3. Itis an internal pin.
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(2) Non-port functions (2/2): 78K0/LG2

Function Name I/0 Function After Reset Alternate Function
ANIO to ANI7 Input A/D converter analog input Analog input | P20 to P27
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 S39 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 -
KRO to KR7 Input Key interrupt input Input port P70 to P77
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 port P120/INTPO
X1 - Connecting resonator for main system clock Input port P121/OCDOA"™"
X2 - P122/EXCLK/OCDOB""
EXCLK Input External clock input for main system clock Input port P122/X2/0CDOB"*
XT1 - Connecting resonator for subsystem clock Input port P123
XT2 - P124/EXCLKS
EXCLKS Input External clock input for subsystem clock Input port P124/XT2
Vob - Positive power supply - -
Vss - Ground potential - -
FLMDO - Flash memory programming mode setting - -
OCDOA™" Input On-chip debug mode setting connection Input port P121/X1
OCD1A™" P31/INTP2
ocDoB™* - P122/X2/EXCLK
ocD1B"™* P32/INTP3

Note PD78F0397D and 78F0397DA (products with on-chip debug function) only
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2.2 Description of Pin Functions

Remark The pins mounted depend on the product. See 1.5 Pin Configuration (Top View) and 2.1 Pin
Function List.

2.2.1 P00 to P06 (port 0)
P00 to P06 function as an I/O port. These pins also function as timer I/O, serial interface data 1/O, clock 1/O, and
chip select input.

78K0/LE2 78K0/LF2 78K0/LG2
Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB

P00/TI000 v v v v
P01/T1010/TO00 v v V v
P02/SO11 - - pPo2"e N
P03/SI11 - - Po3"e N
P04/SCK11 - - P04\ N
PO5/TI001/SSI11 - - PO5™" v
P06/TI011/TO01 - - P06" N

Note The 78K0/LG2 products whose flash memory is less than 32 KB are only provided with port functions and not
alternate functions.

Remark +: Mounted, —: Not mounted
The following operation modes can be specified in 1-bit units.

(1) Port mode
P00 to P06 function as an I/O port. P00 to P06 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 to P06 function as timer 1/O, serial interface data I/O, clock 1/0O, and chip select input.

(a) TIOOO, TIOO1
These are the pins for inputting an external count clock to 16-bit timer/event counters 00 and 01 and are also
for inputting a capture trigger signal to the capture registers (CR000, CR010 or CR001, CR011) of 16-bit
timer/event counters 00 and 01.

(b) TIO10, TIO11
These are the pins for inputting a capture trigger signal to the capture register (CR0O00 or CR001) of 16-bit
timer/event counters 00 and 01.

(c) TOO00, TOO1
These are timer output pins of 16-bit timer/event counters 00 and 01.
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(d) si1

This is a serial data input pin of serial interface CSI11.

(e) SO11

This is a serial data output pin of serial interface CSI11.

() SCKi11

This is a serial clock 1/0O pin of serial interface CSI11.

(g) SSI1

This is a chip select input pin of serial interface CSI11.

2.2.2 P10 to P17 (port 1)

P10 to P17 function as an I/O port. These pins also function as pins for external interrupt request input, serial

interface data /O, clock I/O, and timer I/O.

78KO0/LE2

78KO0/LF2

78K0/LG2

Products whose flash Products whose flash

memory is less than

32 KB

memory is at least
48 KB

P10/SCK10/TxDO

P11/S110/RxDO0

P12/SO10

P13/TxD6

P14/RxD6

P15/TOHO

P16/TOH1/INTP5

P17/T150/TO50

Ea PN - = I R

Remark +: Mounted

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

(1) Port mode

P10 to P17 function as an 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 /O, clock I/O, and timer 1/O.

(a) SI10

This is a serial data input pin of serial interface CSI10.

(b) SO10

This is a serial data output pin of serial interface CSI10.
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(c) SCK10
This is a serial clock 1/0O pin of serial interface CSI10.

(d) RxDO
This is a serial data input pin of serial interface UARTO.

(e) RxD6
This is a serial data input pin of serial interface UART®6.

(f) TxDO
This is a serial data output pin of serial interface UARTO.

(g) TxD6
This is a serial data output pin of serial interface UART®6.

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

(i) TO50
This is a timer output pin of 8-it timer/event counter 50.

(j) TOHO, TOH1
These are the timer output pins of 8-bit timers HO and H1.

(k) 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 P27 (port 2)
P20 to P27 function as an I/O port. These pins also function as pins for A/D converter analog input.

78K0/LE2 78K0/LF2 78K0/LG2
Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB

P20/ANIO d et J

P21/ANI1 \ e \

P22/ANI2 J et J

P23/ANI3 \ e \

P24/ANI4 v e \

P25/ANI5 - et N

P26/ANI6 - et \

P27/ANI7 - et J

Note PD78F037x, 78F0376D, 78F037xA, 78F0376DA only

Remark +: Mounted, —: Not mounted

64 User's Manual U19518EJ1VOUD




CHAPTER 2 PIN FUNCTIONS

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

(1) Port mode
P20 to P27 function as an I/O port. P20 to P27 can be set to input or output port in 1-bit units using port mode

register 2 (PM2).

(2) Control mode
P20 to P27 function as A/D converter analog input pins (ANIO to ANI7). When using these pins as analog input
pins, see (5) ANIO/P20 to ANI7/P27 in 13.6 Cautions for A/D Converter.

Caution ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.
2.2.4 P30 to P33 (port 3)

P30 to P33 function as an I/O port. These pins also function as pins for external interrupt request input and timer
I/0.

78KO0/LE2 78K0/LF2 78K0/LG2

Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB

P30/INTP1

P31/INTP2/
OCD1A™™

P32/INTP3/ v
ocD1B™™

P33/INTP4/TI51/ 3
TO51

Note OCD1A and OCD1B are provided to the products with an on-chip debug function («PD78F03xxD and
78F03xxDA) only.

Remark +: Mounted
The following operation modes can be specified in 1-bit units.

(1) Port mode
P30 to P33 function as an 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).

(2) 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.

(b) TI51
This is an external count clock input pin to 8-bit timer/event counter 51.
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(c) TO51
This is a timer output pin from 8-bit timer/event counter 51.

Cautions 1. In the product with an on-chip debug function (uPD78F03xxD and 78F03xxDA), be sure
to pull the P31/INTP2/0CD1A pin down before a reset release, to prevent malfunction.

2. Process the P31/INTP2/0CD1A pin of the products without an on-chip debug function
and with the flash memory of 48 KB or more and having a product rank of “E”, and for
the product with an on-chip debug function (uPD78F03xxD and 78F03xxDA) as follows,
when it is not used when it is connected to a flash memory programmer or an on-chip
debug emulator.

P31/INTP2/OCD1A
Flash memory programmer connection Connect to Vss via a resistor.
On-chip debug During reset
emulator connection During reset released Input:  Connect to Vob or Vss via a
(when it is not used resistor.
as an on-chip debug Output: Leave open.
mode setting pin)

Remarks 1. For the product ranks, consult an NEC Electronics sales representative.

2. P31 and P32 of the product with an on-chip debug function («PD78F03xxD and 78F03xxDA)
can be used as on-chip debug mode setting pins (OCD1A and OCD1B) when the on-chip
debug function is used. For how to connect an on-chip debug emulator (QB-MINI2), see
CHAPTER 28 ON-CHIP DEBUG FUNCTION (4PD78F03xxD and 78F03xxDA ONLY).

2.2.5 P60, P61 (port 6)
P60 and P61 function as an I/O port. These pins also function as pins for serial interface clock I/O and data /0.

78K0/LE2 78K0/LF2 78K0/LG2
Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB
P60/SCLO
P61/SDAO

Remark +: Mounted
The following operation modes can be specified in 1-bit units.
(1) Port mode
P60 and P61 function as an 1/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).

Remark The port function of P60 and P61 is used only when initializing the pin level of I°C bus.
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(2) Control mode

P60 and P61 function as serial interface clock I/O and data I/O.

(a) SCLO

This is a serial clock 1/O pin for serial interface 11CO.
Be sure to pull the SCLO pin up externally.

(b) SDAO

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

Caution In the 78K0/Lx2 microcontrollers, be sure to use the P60/SCL0O and P61/SDAO as the serial clock
I/0 pin and serial data I/O pin, respectively, in accordance with the specifications.

2.2.6 P70 to P77 (port7)

P70 to P77 function as an I/O port. These pins also function as key interrupt input pins.

78KO0/LE2

78KO0/LF2

78K0/LG2

Products whose flash Products whose flash
memory is less than memory is at least

32 KB

48 KB

P70/KRO -

P71/KR1 -

P72/KR2 -

P73/KR3 -

P74/KR4 -

P75/KR5 -

P76/KR6 -

P - - = - e .

P77/KR7 -

P | - - - I I

Remark +: Mounted, —: Not mounted

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

(1) Port mode

P70 to P77 function as an I/O port. P70 to P77 can be set to input or output port in 1-bit units using port mode
register 7 (PM7). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 7 (PU7).

(2) Control mode

P70 to P77 function as key interrupt input pins.

(a) KRO to KR7

These are the key interrupt input pins.
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2.2.7 P120 to P124 (port 12)

P120 to P124 function as an I/O port. These pins also function as pins for external interrupt request input, potential
input for external low-voltage detection, connecting resonator for main system clock, connecting resonator for

subsystem clock, external clock input for main system clock, and external clock input for subsystem clock.

78K0/LE2 78K0/LF2 78K0/LG2
Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB

P120/INTPO/EXLVI

P121/X1/OCDOA™"

P122/X2/EXCLK/

OCDOB"™"

P123/XT1

P124/XT2/EXCLKS

Note OCDOA and OCDOB are provided to the products with an on-chip debug function (4PD78F03xxD and

78F03xxDA) only.

Remark +: Mounted

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

(1) Port mode

P120 to P124 function as an 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 pins for external interrupt request input, potential input for external low-voltage
detection, connecting resonator for main system clock, connecting resonator for subsystem clock, external clock

input for main system clock, and external clock input for subsystem clock.

(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.

68
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() EXCLKS

This is an external clock input pin for subsystem clock.

Caution Process the P121/X1/OCDOA pin of the products without an on-chip debug function and
with the flash memory of 48 KB or more and having a product rank of “E”, and for the
product with an on-chip debug function (#zPD78F03xxD and 78F03xxDA) as follows, when it
is not used when it is connected to a flash memory programmer or an on-chip debug

emulator.
P121/X1/OCDOA
Flash memory programmer connection Leave open or connect to Vss via a
resistor.
On-chip debug During reset Connect to Vss via a resistor.
emulator connection During reset released Input:  Connect to Voo or Vss via a
(when it is not used resistor
as an on-chip debug Output: Leave open.
mode setting pin)

Remarks 1. For the product ranks, consult an NEC Electronics sales representative.
2. X1 and X2 of the product with an on-chip debug function (xPD78F03xxD and 78F03xxDA) can

be used as on-chip debug mode setting pins (OCDOA and OCDOB) when the on-chip debug

function is used. For how to connect an on-chip debug emulator (QB-MINI2), see CHAPTER

28 ON-CHIP DEBUG FUNCTION (1PD78F03xxD and 78F03xxDA ONLY).
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CHAPTER 2 PIN FUNCTIONS

2.2.8 AVreF, AVss, Vob, LVbb, Vss, LVss

78K0/LE2 78K0/LF2 78K0/LG2
Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB

AVRer N o N

AVss N o v

Vop N \ \/

LVoo N N v

Vss N \ N

LVss N N v

Note This is not mounted onto #PD78F038x, 78F0386D, 78F038xA, and 78F0386DA.

Remark +: Mounted

(a)

AVREF
This is the A/D converter reference voltage input pin and the positive power supply pin of P20 to P27 and
A/D converter.

Note

When the A/D converter is not used, connect this pin directly to Vbp™".

Note Make the AVRer pin the same potential as the Vop pin when port 2 is used as a digital port.

(b) AVss

(c)

(d)

(e)

®

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 Vss.

Vob
This is the positive power supply pin.

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

Vss
This is the ground potential pin.

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

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

Remark 78KO/LE2: S0-S19

70

1PD78F037x of 78K0/LF2: S0-S25
1PD78F038x of 78KO/LF2: S0-S35
78K0/LG2: S0-S39
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CHAPTER 2 PIN FUNCTIONS

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

2.2.11 Vicoto Vic2
These pins are the power supply voltage pins for driving the LCD.

2.2.12 CAPH, CAPL
These pins are the capacitor connection pins for driving the LCD.

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

2.2.14 REGC

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

REGC

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

2.2.15 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, connect this pin to the flash memory programmer.
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CHAPTER 2 PIN FUNCTIONS

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.

Remark The pins mounted depend on the product. See 1.5 Ordering Information (Top View) and 2.1 Pin
Function List.

Table 2-2. Pin I/O Circuit Types (1/2)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
POO0/TI000 5-AH 1/0 Input:  Independently connect to Voo or Vss via a resistor.
PO1/TI010/TO00 Output: Leave open.

P02/SO11 5-AG

P03/SI11 Note 1

P04/SCK11

P05/SSI11/T1001

P06/T1011/TO01

P10/SCK10/TxDO 5-AH

P11/SI10/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 11-G <Analog setting>

P27/ANI7""? Connect to AVrer or AVss.
<Digital setting>
Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

Notes 1. “5-AG” type: 78K0/LG2 products whose flash memory is less than 32 KB
“5-AQ” type: 78K0/LG2 products whose flash memory is at least 48 KB
(Products other than the above are not mounted with P03 to P06.)
2. ANIO/P20 to ANI7/P27 are set in the analog input mode after release of reset.
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Table 2-2. Pin I/O Circuit Types (2/2)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P30/INTP1 5-AH 1/0 Input:  Independently connect to Voo or Vss via a resistor.
P31/INTP2/OCD1A"®" Output: Leave open.

P32/INTP3/0CD1B

P33/TI51/TO51/INTP4

P60/SCLO 13-AD Be sure to pull up externally.

P61/SDAO

P70/KRO0 to P77/KR7 5-AH Input: Independently connect to Voo or Vss via a resistor.
P120/INTPO/EXLVI Output:  Leave open.

P121/X1/OCDOA™*"? |37

P122/X2/EXCLK
/OCDoB""**

P123/XT1""?

P124/XT2/EXCLKS""*

S0 to S39 17

Output

COMO to COM3 18

Leave open.

Vico to Vice

CAPH, CAPL

AVRer

AVss

Note 3

Connect directly to Voo.

Connect directly to Vss.

FLMDO 38

Input

Note 4

Connect to Vss.

RESET 2

Input

Connect directly to Voo or via a resistor.

Notes 1. Process the P31/INTP2/OCD1A and P121/X1/OCDOA pins of the products without an on-chip debug
function and with the flash memory of 48 KB or more and having a product rank of “E”, and for the
product with an on-chip debug function (#zPD78F03xxD and 78F03xxDA) as follows, when it is not used

when it is connected to a flash memory programmer or an on-chip debug emulator.

On-chip debug
emulator
connection (when
it is not used as an
on-chip debug
mode setting pin)

During reset

P31/INTP2/OCD1A P121/X1/OCDOA
Flash memory programmer connection Connect to Vss via a Leave open or connect to Vss
resistor. via a resistor.

Connect to Vss via a resistor.

During reset
released

Input:  Connect to Vob or Vss via a resistor.
Output: Leave open.

2. Use recommended connection above in I/O port mode (see Figure 6-3 and 6-4 Format of Clock

Operation Mode Select Register (OSCCTL)) when these pins are not used.
3. Make the same potential as the Vop pin when port 2 is used as a digital port.

4. FLMDO is a pin that is used to write data to the flash memory. To rewrite the data of the flash memory
on-board, connect this pin to Vss via a resistor. The same applies when executing on-chip debugging

with a product with an on-chip debug function («PD78F03xxD and 78F03xxDA).

Remark For the product ranks, consult an NEC Electronics sales representative.
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PIN FUNCTIONS

Figure 2-1. Pin I/O Circuit List (1/2)

Type 2 Type 11-G
AVrer
Data 4q pech
»—O INJOUT
Output
disable
IN
AVss
P-ch
Comparator I
i
. . . . . . . N Ch
Schmitt-triggered input with hysteresis characteristics v T
(threshold voltapg(EeF) %
AVss
Type 5-AG Type 13-AD
VbD
Pull-up
enable {>O I P-ch
Data »——O IN/OUT
VoD Output ><>—| N-ch
disable
Data 44 P-ch
Vss
IN/OUT <—@_‘
Input
Output ~+—N-ch enable
disable
Vss
Input
enable
Type 5-AH Type 17
VDD
1
Vico i
Pull-up P-ch
enable {>O I P-ch 1
P-ch[ ¥
Voo Vict N-ohl 4 |
—| E P-ch
Data 44 P-ch SEG O OUT
o data
IN/OU
N-ch
) —E
utput [¥ ]P-ch
disable Vicz i N-ch
ch~ T
Vss N-ch
(T L
Input
enable

74

User's Manual U19518EJ1VOUD
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Figure 2-1. Pin I/O Circuit List (2/2)

Type 18

Type 38

Reset

X2,
O xT2

Data | b—{ P-ch
Output ~
disable % % >: [~ N-eh

Vss

Input # [~—

enable
VbD E
>

Reset

X1,

Data | ): P-ch
Output =
disable % %:) O [ Nen

Vss
Input

enable

XT1
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R
Vico ¥
P-ch
R
P-chm
Vict
N-ch Y] Dc
— O IN
T P-ch N-ch
| |~—o ouT | =———<J i—‘
COM | |— Input
data N-chl P enable
R
[¥ |P-ch
Vicz2 I e
N-ch ' _
-
Type 37
VDD
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the 78K0/Lx2 microcontrollers can access a 64 KB memory space. Figures 3-1 to 3-10 show the
memory maps.

Cautions 1. Regardless of the internal memory capacity, the initial values of the internal memory size
switching register (IMS) and internal expansion RAM size switching register (IXS) of all
products in the 78K0/Lx2 microcontrollers are fixed (IMS = CFH, IXS = OCH). Therefore, set
the value corresponding to each product as indicated below.

2. 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 3-1. Set Values of Internal Memory Size Switching Register (IMS) (78KO0/LE2)

78K0/LE2 IMS ROM Capacity Internal High-Speed RAM
Capacity
uPD78F0361, 78F0361A 04H 16 KB 768 bytes
uPD78F0362, 78F0362A C6H 24 KB 1 KB
uPD78F0363, 78F0363A, C8H 32 KB
78F0363D""°, 78F0363DA™"

Note The ROM and RAM capacities of the products with the on-chip debug function can be debugged by
setting IMS, according to the debug target products. Set IMS according to the debug target products.
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Table 3-2. Set Values of Internal Memory Size Switching Register (IMS) and Internal Expansion RAM Size
Switching Register (IXS) (78K0/LF2, 78K0/LG2)

78K0/LF2 78K0/LG2 IMS IXS ROM Internal Internal
Capacity High- Expansion
Speed RAM
RAM Capacity
Capacity
uPD78F0372""", 78F0382""", - C6H OCH 24 KB 1 KB -
78F0372A™"", 78F0382A"""
1PD78F0373""", 78F0383""", | 4PD78F0393""°", 78F0393A"™" | C8H 32 KB
78F0373A™"", 78F0383A"""
1PD78F0374, 78F0384, uPD78F0394, 78F0394A CCH | 0AH 48 KB 1KB
78F0374A, 78F0384A
1PD78F0375, 78F0385, 4PD78F0395, 78F0395A CFH 08H 60 KB 2KB
78F0375A, 78F0385A
1PD78F0376, 78F0386, 1PD78F0396, 78F0396A CCH 04H 96 KB"™** 4 KB
78F0376A, 78F0386A,
78F0376D"°?, 78F0386D""?,
78F0376DA""*?, 78F0386DA" ">
- 4PD78F0397, 78F0397A, CCH | 00H 128 KB"** 6 KB
78F0397D""° 78F0397DA"? | Nore?

Notes 1. A product that does not have an internal expansion RAM is not provided with IXS.

2. 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 and IXS according to the debug target products.

3. The uPD78F03x6 and 78F03x6A (x = 7 to 9) have internal ROMs of 96 KB, and the xPD78F0397,
78F0397A, 78F0397D and 78F0397DA have those of 128 KB. However, the set value of IMS of these
devices is the same as those of the 48 KB product because memory banks are used. For how to set
the memory banks, see 4.3 Memory Bank Select Register (BANK).
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CHAPTER 3 CPU ARCHITECTURE

Figure 3-1. Memory Map (©#PD78F0361, 78F0361A)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits 3FFFH
FEDFH
= o= -+ Program area - -
Internal high-speed RAM 1085H 1FFFH
768 x 8 bits 1084H Option byte areaNote 1
1080H 5 x 8 bits
FCOOH 107FH Boot cluster 1
FBFFH
Program area
Data memory 1000H
space OFFFH
o0 CALLF entry area -~
2048 x 8 bits
~ Reserved -+ 0800H
07FFH
is Program area L
T 1915 x 8 bits T
0085H
0084H Option byte areaNote 1 Boot cluster oNote 2
0080H 5 x 8 bits
007FH
4000H CALLT table area
3FFFH 64 x 8 bits
0040H
003FH
Program L 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 27.8 Security

78

Settings).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-3 Correspondence Between Address Values and Block Numbers in Flash Memory.

3FFFH

3C00H
3BFFH

Block OFH

Block 01H

Block 00H 1KB
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Figure 3-2. Memory Map (¢PD78F0362, 78F0362A, 78F0372, 78F0372A, 78F0382, 78F0382A)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
Internal high-speed RAM
1024 x 8 bits
FBOOH
FAFFH
Data memory
space
+~ Reserved A
6000H
5FFFH
Program Flash memory .

memory space

0000H

24576 x 8 bits

5FFFH

1085H
1084H

1080H
107FH

1000H
OFFFH

0800H
07FFH

0085H
0084H

0080H
007FH

0040H
003FH

0000H

~ Program area -

s CALLF entry area pt

T 1915 x 8 bits T

T 1FFFH

Option byte areaNote 1

bit
5 x 8 bits Boot cluster 1

Program area

2048 x 8 bits

Program area

Option byte areaNote 1 Boot cluster oNote 2
5 x 8 bits

CALLT table area
64 x 8 bits

Vector table area
64 x 8 bits

Notes 1.

When boot swap is used:

When boot swap is not used: Set the option bytes to 0080H to 0084H.

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 27.8 Security
Settings).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-3 Correspondence Between Address Values and Block Numbers in Flash Memory.

5FFFH

5C00H
5BFFH

Block 17H

Block 01H

Block 00H

1KB
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Figure 3-3. Memory Map (¢#PD78F0363, 78F0363A, 78F0373, 78F0373A, 78F0383, 78F0383A, 78F0393,

78F0393A)
FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH 7FFFH
e = -~ Program area L .
Internal high-speed RAM (085H 1FFFH
1024 i
024 x 8 bits 1084H Option byte areaNote?
1080H 5 x 8 bits Boot cluster 1
FBOOH 107FH
FAFFH
Program area
Data memory
space 1000H
0FFFH
L CALLF entry area L
B 2048 x 8 bits B
-~ Reserved ot 0800H
07FFH
Program area
- 1915 x 8 bits -
0085H Note2
0084H Option byte areaNote! Boot cluster 07
0080H 5 x 8 bits
007FH
8000H CALLT table area
TFFFH 64 x 8 bits
0040H
Program A Flash memory 1 003FH
memory space T 32768 x 8 bits T Vector table area
64 x 8 bits
0000H 0000H

Notes 1.

Remark

80

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 27.8 Security

Setting).

The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

TFFFH Block 1FH
7C00H
7BFFH
07FFH
Block 01H
0400H
03FFH
Block 00H 1KB
0000H
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Figure 3-4. Memory Map (©#PD78F0363D, 78F0363DA)

FFFFH

FFOOH

FEFFH

FEEOH
FEDFH

Special function registers
(SFR)
256 x 8 bits

General-purpose
registers
32 x 8 bits

Internal high-speed RAM

1024 x 8 bits
FBOOH
FAFFH
Data memory
space
L Reserved L
8000H
7FFFH
Program Flash memory A+

memory space

0000H

32768 x 8 bits

7FFFH
o~ Program area - .
1FFFH
108FH
108EH
On-chip debug security
ID setting areaNote 1
10 x 8 bits
1085H Boot cluster 1
1084H Option byte areaNote 1
1080H 5 x 8 bits
107FH
Program area
1000H
OFFFH
L CALLF entry area L
2048 x 8 bits
0800H
07FFH
A1 Program area 1
T 1905 x 8 bits T
008FH
008EH ) -
On-chip debug securit
D se,t)ting argeaNote i Boot cluster oNote 2
0085H 10 x 8 bits
0084H Option byte areaNote !
0080H 5 x 8 bits
007FH
CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits
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:

Settings).

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

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

TFFFH
7C00H

Block 1FH

7BFFH

Block 01H

Block 00H

1KB
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Figure 3-5. Memory Map (#PD78F0374, 78F0374A, 78F0384, 78F0384A, 78F0394, 78F0394A)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
L Internal high-speed RAM L
T 1024 x 8 bits T
FBOOH
FAFFH
o+ Reserved ~
Data memory
space F800H
4 F7FFH

Program RAM area

Internal expansion RAM L

memory space

0000H

RAM spcae in |
which instruction 7 1024 x 8 bits I~
can be fetched
¢ F400H
F3FFH
4 Reserved T
COO0O0H
BFFFH
Program Flash memory L

49152 x 8 bits

BFFFH

- Program area L -

1FFFH
1085H
1084H Option byte areaNote!
1080H 5 x 8 bits
107FH Boost cluster 1
Program area

1000H
0FFFH

-4 CALLF entry area AL

T 2048 x 8 bits T
0800H
07FFH

€L Program area L

T 1915 x 8 bits T
0085H
0084H Option byte areaNote! Boot cluster oNote2
0080H 5 x 8 bits
007FH

CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits

0000H

82

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 27.8 Security

Setting).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

BFFFH Block 2FH
BCOOH
BBFFH
07FFH
Block 01H
0400H
03FFH
Block 00H 1KB
0000H
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Figure 3-6. Memory Map (¢PD78F0375, 78F0375A, 78F0385, 78F0385A, 78F0395, 78F0395A)

Data memory

space

|

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
_LL Internal high-speed RAM  _|L
T 1024 x 8 bits T
FBOOH
FAFFH
~ Reserved -
F800H
F7FFH

Program RAM area

RAM spcae in
which instruction 3
can be fetched

FOOOH

Internal expansion RAM
2048 x 8 bits i

EFFFH

Program
memory space

0000H

Flash memory
61440 x 8 bits T

EFFFH

- Program area L

1FFFH
1085H
1084H Option byte areaNote!
1080H 5 x 8 bits
107FH Boot cluster 1
Program area

1000H
0FFFH

A CALLF entry area A

T 2048 x 8 bits T
0800H
07FFH

g Program area L

T 1915 x 8 bits T
0085H
0084H Option byte areaNote! Boot cluster oNote2
0080H 5 x 8 bits
007FH

CALLT table area
64 x 8 bits
0040H
003FH
Vector table area
64 x 8 bits

0000H

Notes 1.

When boot swap is used:

When boot swap is not used: Set the option bytes to 0080H to 0084H.
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 27.8 Security

Setting).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

EFFFH
Block 3BH
ECOOH
EBFFH
07FFH
Block 01H
0400H
03FFH
Block O0OH 1 KB
0000H
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Figure 3-7. Memory Map (¢PD78F0376, 78F0376A, 78F0386, 78F0386A, 78F0396, 78F0396A)

FFFFH

FFOOH
FEFFH

FEEOH
FEDFH

Special function registers
(SFR)
256 x 8 bits

General-purpose
registers
32 x 8 bits

Internal high-speed RAM

1024 x 8 bits 7FFFH
FBOOH
FAFFH o~ Program area .
1085H 1FFFH
| L 1084H : Note1
3 Reserved ~ 1080H Optlonsb)zlt:;{sa o
107FH Boot cluster 1
Data memory
space F800H
& FTFFH Program area
Program RAM area 1000H
RAM spcae in 1 0FFFH
which instruction Internal expansion RAM
can be fetched 4096 x 8 bits (Memory bank 2) - Cp‘zl-()'-‘l';in;r)[; i"ti;ea -
¥ EBOOH
E7FFH 0800H
Reserved 07FFH
C000H L Program area L
T BFFFH B 1915 x 8 bits B
0085H
Flash memory 0084H . Note2
Bank B 16384 x 8 bits R Option byte a.reaN°'e1 Boot cluster oNote
area (memory bank 0) W 0080H 5 x 8 bits
Program 8000H i A 007FH
memory & 7FFFH CALLT table area
space (Memory bank 3) 64 x 8 bits
c 0040H
ar"’;;‘m"” | Flash memory L omory bank 1) 003FH
a 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.

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 27.8 Security
Setting).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

(Memory bank 0) N

(Memory bank 1)

(Memory bank 2)

(Memory bank 3)

BFFFH
BCO0H Block 2FH Block 3FH Block 4FH Block 5FH
BBFFH
Bank L A L - P e A
area 84FFH
83FFH
8000H Block 20H Block 30H Block 40H Block 50H
TRFFH Block 1FH
7C00H
7BFFH
Common T +
area
07FFH
Block 01H
0400H
§ 03FFH
1KB Block 00H
Y 0000H
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Figure 3-8. Memory Map (zPD78F0376D, 78F0376DA, 78F0386D, 78F0386DA)

Data memory

space

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH TFFFH
FEFFH General-purpose 1
registers T Program area B S
32 x 8 bits 1FFFH
res:
L Interal high-speed RAM L 108EH | On-chip debug security
1024 x 8 bits ID setting areaNete?
Eggg: 1085H 10 x 8 bits Boot cluster 1
1084H Option byte areaNote1
1080H 5 x 8 bits
107FH
Reserved Program area
1000H
0FFFH
47;82'8: L CALLF entry area 1
T 2048 x 8 bits T
Program RAlM area (Memory bank 2) 0800H
RAM spcae in L Internal expansion RAM 07FFH
which instruction B 4096 x 8 bits
can be fetched 1 Program area g
| E800H T 1905 x 8 bits T
E7FFH
Reserved ggg E : - -
COO00H On-chip debug security
f BFFEH ID setting areaNete! Boot cluster oNote2
Bank Flash memory 0085H 10x 8 bits
an .
area 3= 16384 x 8 bits 0084H Option byte arealete!
(memory bank 0) 0080H 5 x 8 bits
Program 8000H 007FH
memory § 7FFFH CALLT table area
space 64 x 8 bits
c (Memory bank3) 0040 H
aror:mon L Flash memory £ 003FH
e T ; T
32768 x 8 bits
(Memory bank 1) 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 008EH.
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 27.8 Security
Settings).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,

see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

(Memory bank 0) (Memory bank 1) (Memory bank 2) (Memory bank 3)
BFFFH
BCOOH Block 2FH Block 3FH Block 4FH Block 5FH
BBFFH
Bank A L L A L i . A
area 84FFH
83FFH
8000H Block 20H Block 30H Block 40H Block 50H
TFFFH Block 1FH
7C00H
7BFFH
Common T
area
07FFH
Block 01H
0400H
F 03FFH
1KB Block 00H
¥ 0000H
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Figure 3-9. Memory Map (©#PD78F0397, 78F0397A)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH
FEFFH General-purpose
registers
FEEOH 32 x 8 bits
FEDFH
~L Internal high-speed RAM L
1024 x 8 bits 7FFFH
FBOOH
FAFFH 3 Program area -~
1FFFH
1085H
L L 1084H Option byte areaNotel
o Reserved -+ 1080H P 5 )218 bits
107FH Boot cluster 1
Data memory
space F800H
[} F7FFH (Memory bank 4) Program area
Program RAM area (Memory bank 2) 1000H
RAM spcae in Internal expansion RAM  _| 0FFFH
which instruction 6144 x 8 bit ]
can be fetched xS bis - CALLF entry area -+
2048 x 8 bit
1 E000H x 8 bits
DFFFH 0800H
Reserved 07FFH
C000H - Program area L
T BFFFH 1915 x 8 bits B
Flash memory 0085H
Bank =+ 16384 x 8 bits - 0084H Option byte areaN°te! Boot cluster ONote2
area (memory bank 0) LI 0080H 5 x 8 bits
Program 8000H e 007FH
memory 4 7FFFH CALLT table area
(Memory bank 5)
space 64 x 8 bits
(Memory bank3) 0040H
gfer:mon L Flash memory 1 003FH
T 32768 x 8 bits T
(Memory bank 1) 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 27.8 Security

Setting).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

(Memory bank 0) (Memory bank 1) (Memory bank 2) (Memory bank 5)
BFFFH o - 1
BCOOH Block 2FH Block 3FH Block 4FH Block 7FH
BBFFH
Bank L A1 L A A A A
area 84FFH
83FFH
8000H Block 20H Block 30H Block 40H Block 70H
7FFFH ) -
Block 1FH
7C00H
7BFFH
Common - T
area
07FFH
0400H Block 01H
1:BOSFFH Block 00H
¥ 0000H
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Figure 3-10. Memory Map (4PD78F0397D, 78F0397DA)

FFFFH
Special function registers
(SFR)
256 x 8 bits
FFOOH TFFFH
FEFFH General-purpose A1
registers T Program area -
FEEOH 32 x 8 bits 1FFFH
108FH
FEDFH 108EH - -
-L Internal high-speed RAM ~ -L On-chip debug security
1024 x 8 bits ID setting areaNete?
FBOOH 1085H 10 x 8 bits Boot cluster 1
FAFFH 1084H Option byte areaNote!
1080H 5 x 8 bits
107FH
Reserved Program area
1000H
Data memory OFFFH
space F800H 1 CALLF entry area L
) F7FFH (Memory bank 4) T 2048 x 8 bits T
Program RAlM area (Memory bank 2) 0800H
RAM spcae in -L Internal expansion RAM L 07FFH
which instruction B 6144 x 8 bits i
can be fetched A Program area g
¥ E000H T 1905 x 8 bits T
o Reserved 008FH
COO0H 008EH On-chip debug security
f BFFFH ID setting areaNote? Boot cluster Note2
Flash 0085H 10 x 8 bits
Bank ash memory :
area = 16384 x 8 bits 3 0084H Option byte area™o'e!
(memory bank 0) T 1 0080H 5 x 8 bits
Program , 8000H ) 007FH
memory TFFFH (Memory bank 5) CALLT table area
space 64 x 8 bits
c (Memory bank3) 0040H
arc;r:mon L Flash memory L 003FH
B 32768 x 8 bits T
(Memory bank 1) 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 008EH.
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 27.8 Security

Setting).

Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers,
see Table 3-2 Correspondence Between Address Values and Block Numbers in Flash Memory.

(Memory bank 0) (Memory bank 1) (Memory bank 2) (Memory bank 5)
BFFFH N - 71 777
BCOOH Block 2FH Block 3FH Block 4FH Block 7FH
BBFFH
Bank L 1 L 1 L 1 1 1
area 84FFH
83FFH
8000H Block 20H Block 30H Block 40H Block 70H
7FFFH -
Block 1FH
7C00H
7BFFH
Common T
area
07FFH
0400H Block 01H
wfa 03FFH Block 00H
y 0000H
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-3. Correspondence Between Address Values and Block Numbers in Flash Memory (1/2)

(1) Products whose flash memory is less than 60 KB (without memory bank)

Remark «PD78F0361, 78F0361A:

uPD78F03x2, 78F03x2A (x = 6 to 8
uPD78F03x3, 78F03x3A (x = 6 to 9
uPD78F03x4, 78F03x4A (x =7 t0 9
UPD78F03x5, 78F03x5A (x = 7 to 9

88

—_ — — ~—

, 78F0363D, 78F0363DA:
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Block numbers 00H to OFH
Block numbers 00H to 17H
Block numbers 00H to 1FH
Block numbers 00H to 2FH
Block numbers 00H to 3BH

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number

0000H to 03FFH 00H 4000H to 43FFH 10H 8000H to 83FFH 20H CO00H to C3FFH | 30H
0400H to 07FFH 01H 4400H to 47FFH 11H 8400H to 87FFH 21H C400H to C7FFH | 31H
0800H to OBFFH 02H 4800H to 4BFFH 12H 8800H to 8BFFH | 22H C800H to CBFFH | 32H
0COOH to OFFFH | O3H 4CO0H to 4FFFH | 13H 8COOH to 8FFFH | 23H CCOOH to CFFFH | 33H
1000H to 13FFH 04H 5000H to 53FFH 14H 9000H to 93FFH 24H DOOOH to D3FFH | 34H
1400H to 17FFH 05H 5400H to 57FFH 15H 9400H to 97FFH 25H D400H to D7FFH | 35H
1800H to 1BFFH 06H 5800H to 5BFFH 16H 9800H to 9BFFH | 26H D800H to DBFFH | 36H
1COOH to 1FFFH 07H 5CO00H to 5FFFH 17H 9COO0H to 9FFFH | 27H DCOOH to DFFFH | 37H
2000H to 23FFH 08H 6000H to 63FFH 18H AOOOH to ABFFH | 28H EOOOH to E3FFH | 38H
2400H to 27FFH 09H 6400H to 67FFH 19H A400H to A7FFH | 29H E400H to E7FFH | 39H
2800H to 2BFFH 0AH 6800H to 6BFFH 1AH A800H to ABFFH | 2AH E800H to EBFFH | 3AH
2CO0H to 2FFFH 0BH 6CO0H to 6FFFH 1BH ACOOH to AFFFH | 2BH ECOOH to EFFFH | 3BH
3000H to 33FFH | OCH 7000H to 73FFH | 1CH BOOOH to B3FFH | 2CH

3400H to 37FFH | ODH 7400H to 77FFH | 1DH B40OH to B7FFH | 2DH

3800H to 3BFFH | OEH 7800H to 7BFFH | 1EH B8OOH to BBFFH | 2EH

3CO0H to 3FFFH | OFH 7CO0H to 7FFFH | 1FH BCOOH to BFFFH | 2FH
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Table 3-3. Correspondence Between Address Values and Block Numbers in Flash Memory (2/2)

(2) Products whose flash memory is at least 96 KB (with memory bank)

Address Value Block Address Value x Block Address Value x Block Address Value x Block
Number & |Number & |Number & |Number
= s >
0000H to 03FFH | O0OH 8000H to 83FFH |0 |20H 8000H to 83FFH |2 |40H 8000H to 83FFH |4 |60H
0400H to O7FFH | 01H 8400H to 87FFH 21H 8400H to 87FFH 41H 8400H to 87FFH 61H
0800H to OBFFH | 02H 8800H to 8BFFH 22H 8800H to 8BFFH 42H 8800H to 8BFFH 62H
0COOH to OFFFH | 03H 8COOH to 8FFFH 23H 8CO0H to 8FFFH 43H 8COO0H to 8FFFH 63H
1000H to 13FFH | 04H 9000H to 93FFH 24H 9000H to 93FFH 44H 9000H to 93FFH 64H
1400H to 17FFH | 05H 9400H to 97FFH 25H 9400H to 97FFH 45H 9400H to 97FFH 65H
1800H to 1BFFH | 06H 9800H to 9BFFH 26H 9800H to 9BFFH 46H 9800H to 9BFFH 66H
1CO0H to 1FFFH | 07H 9COO0H to 9FFFH 27H 9COO0H to 9FFFH 47H 9COO0H to 9FFFH 67H
2000H to 23FFH | 08H AOO0OH to ASFFH 28H AOO0OH to ASFFH 48H AOOOH to ASFFH 68H
2400H to 27FFH | 09H A400H to A7FFH 29H A400H to A7FFH 49H A400H to A7FFH 69H
2800H to 2BFFH | OAH A800H to ABFFH 2AH A800H to ABFFH 4AH A800H to ABFFH 6AH
2COO0H to 2FFFH | OBH ACOOH to AFFFH 2BH ACOOH to AFFFH 4BH ACOOH to AFFFH 6BH
3000H to 33FFH | OCH BOOOH to B3FFH 2CH BOOOH to B3FFH 4CH BOOOH to B3FFH 6CH
3400H to 37FFH | ODH B400H to B7FFH 2DH B400H to B7FFH 4DH B400H to B7FFH 6DH
3800H to 3BFFH | OEH B800H to BBFFH 2EH B800OH to BBFFH 4EH B800OH to BBFFH 6EH
3CO00H to 3FFFH | OFH BCOOH to BFFFH 2FH BCOOH to BFFFH 4FH BCOOH to BFFFH 6FH
4000H to 43FFH | 10H 8000H to 83FFH 30H 8000H to 83FFH |3 |50H 8000H to 83FFH |5 |70H
4400H to 47FFH | 11H 8400H to 87FFH 31H 8400H to 87FFH 51H 8400H to 87FFH 71H
4800H to 4BFFH | 12H 8800H to 8BFFH 32H 8800H to 8BFFH 52H 8800H to 8BFFH 72H
4COO0H to 4FFFH | 13H 8CO0H to 8FFFH 33H 8CO00H to 8FFFH 53H 8CO0H to 8FFFH 73H
5000H to 53FFH | 14H 9000H to 93FFH 34H 9000H to 93FFH 54H 9000H to 93FFH 74H
5400H to 57FFH | 15H 9400H to 97FFH 35H 9400H to 97FFH 55H 9400H to 97FFH 75H
5800H to 5BFFH | 16H 9800H to 9BFFH 36H 9800H to 9BFFH 56H 9800H to 9BFFH 76H
5CO0H to 5FFFH | 17H 9CO0H to 9FFFH 37H 9CO0H to 9FFFH 57H 9CO0H to 9FFFH 77H
6000H to 63FFH | 18H AOOOH to A3FFH 38H AOOOH to A3BFFH 58H AOOOH to A3BFFH 78H
6400H to 67FFH | 19H A400H to A7FFH 39H A400H to A7FFH 59H A400H to A7FFH 79H
6800H to 6BFFH | 1AH A800H to ABFFH 3AH A800H to ABFFH 5AH A800H to ABFFH 7AH
6CO0H to 6FFFH | 1BH ACOOH to AFFFH 3BH ACOOH to AFFFH 5BH ACOOH to AFFFH 7BH
7000H to 73FFH | 1CH BOOOH to B3FFH 3CH BOOOH to B3FFH 5CH BOOOH to B3FFH 7CH
7400H to 77FFH | 1DH B400H to B7FFH 3DH B400H to B7FFH 5DH B400H to B7FFH 7DH
7800H to 7BFFH | 1EH B800H to BBFFH 3EH B800OH to BBFFH 5EH B800H to BBFFH 7EH
7CO0H to 7FFFH | 1FH BCOOH to BFFFH 3FH BCOOH to BFFFH 5FH BCOOH to BFFFH 7FH
Remark 4PD78F03x6, 78FO03x6A (x =7 to9)
78F0376D, 78F0376DA, 78F0386D, 78F0386DA: Block numbers 00H to 5FH
uPD78F0397, 78F0397A, 78F0397D, 78F0397DA: Block numbers 00H to 7FH
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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).

78K0/Lx2 microcontrollers incorporate internal ROM (flash memory), as shown below.

Table 3-4. Internal ROM Capacity

78K0/LE2

78KO0/LF2

78K0/LG2

64 pins

80 pins

100 pins

Internal ROM
(Flash memory)

4 PD78F0361, 78F0361A

16384 x 8 bits
(0000H to 3FFFH)[

u PD78F0362, 78F0362A

4 PD78F0372, 78F0382,
78F0372A, 78F0382A

24576 x 8 bits
(0000H to 5FFFH)

4 PD78F0363, 78F0363A,
78F0363D, 78F0363DA

4 PD78F0373, 78F0383,
78F0373A, 78F0383A

1 PD78F0393, 78F0393A

32768 x 8 bits
(0000H to 7FFFH)

4 PD78F0374, 78F0384,
78F0374A, 78F0384A

1 PD78F0394, 78F0394A

49152 x 8 bits
(0000H to BFFFH)

4 PD78F0375, 78F0385,
78F0375A, 78F0385A

1 PD78F0395, 78F0395A

61440 x 8 bits
(0000H to EFFFH)

4 PD78F0376, 78F0386,
78F0376A, 78F0386A,
78F0376D, 78F0386D,
78F0376DA, 78F0386DA

1 PD78F0396, 78F0396A

98304 x 8 bits

(0000H to 7FFFH
(common area: 32 KB)
+ 8000H to BFFFH
(bank area: 16 KB) x 4)

1 PD78F0397, 78F0397A,
78F0397D, 78F0397DA

131072 x 8 bits

(0000H to 7FFFH
(common area: 32 KB)
+ 8000H to BFFFH
(bank area: 16 KB) x 6)

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 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.
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Table 3-5. Vector Table

Vector Table Address Interrupt Source LE2 LF2 LG2
0000H RESET input, POC, LVI, WDT \ v N
0004H INTLVI R y \/
0006H INTPO v y y
0008H INTP1 R y \/
000AH INTP2 J y y
000CH INTP3 v v v
000EH INTP4 J y y
0010H INTP5 J y y
0012H INTSRE6 \ y \/
0014H INTSR6 v y y
0016H INTST6 v y V
0018H INTCSIH0/INTSTO J y y
001AH INTTMH1 R v V
001CH INTTMHO R y \/
001EH INTTM50 J y y
0020H INTTMO00 R y \/
0022H INTTMO10 J y y
0024H INTAD Y et y
0026H INTSRO J \ y
0028H INTWTI v y y
002AH INTTM51 R \/ \/
002CH INTKR - y y
002EH INTWT R v V
0034H INTICO/NTDMU yNete? ere? e
0036H INTCSI11 - - Nere?
0038H INTTMOO1 - etes e
003AH INTTMO11 - hoes Neres
003EH BRK R \/ \/

Notes 1. 4PD78F037x, 78F0376D, 78F037xA, and 78F0376DA only

2. INTIICO:

products whose flash memory is less than 32 KB
INTIIC/INTDMU: products whose flash memory is at least 48 KB

3. Products whose flash memory is at least 48 KB only

Remark +: Mounted, —: Not mounted
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(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 26 OPTION BYTE.

(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 (4PD78F03xxD and 78F03xxDA 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 28 ON-CHIP
DEBUG FUNCTION (#PD78F03xxD and 78F03xxDA ONLY).

3.1.2 Memory bank (products whose flash memory is at least 96 KB only)

The 16 KB area 8000H to BFFFH is assigned to memory banks 0 to 3 in the 4PD78F03x6 and 78F03x6A (x = 7 to
9), and assigned to memory banks 0 to 5 in the xPD78F0397, 78F0397A, 78F0397D, and 78F0397DA.

The banks are selected by using a memory bank select register (BANK). For details, sse CHAPTER 4 MEMORY
BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY).

Cautions 1. Instructions cannot be fetched between different memory banks.
2. Branch and access cannot be directly executed between different memory banks. Execute
branch or access between different memory banks via the common area.
3. Allocate interrupt servicing in the common area.
4. An instruction that extends from 7FFFH to 8000H can only be executed in memory bank 0.

92 User's Manual U19518EJ1VOUD



CHAPTER 3 CPU ARCHITECTURE

3.1.3 Internal data memory space
78K0/Lx2 microcontrollers incorporate the following RAMs.

(1) Internal high-speed RAM
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.

Table 3-6. Internal High-Speed RAM Capacity

78K0/LE2 78K0/LF2 78K0/LG2 Internal High-Speed
64 pins 80 pins 100 pins RAM
1 PD78F0361, 78F0361A - - 768 x 8 bits
(FCOOH to FEFFH)
1 PD78F0362, 78F0362A 1 PD78F0372, 78F0382, - 1024 x 8 bits

78F0372A, 78F0382A

4 PD78F0363, 78F0363A,
78F0363D, 78F0363DA

4 PD78F0373, 78F0383,
78F0373A, 78F0383A

1 PD78F0393, 78F0393A

4 PD78F0374, 78F0384,
78F0374A, 78F0384A

1 PD78F0394, 78F0394A

4 PD78F0375, 78F0385,
78F0375A, 78F0385A

1 PD78F0395, 78F0395A

4 PD78F0376, 78F0386,
78F0376A, 78F0386A,
78F0376D, 78F0386D,
78F0376DA, 78F0386DA

1 PD78F0396, 78F0396A

1 PD78F0397, 78F0397A,
78F0397D, 78F0397DA

(FBOOH to FEFFH)
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(2) Internal expansion RAM

The internal expansion RAM can also be used as a normal data area similar to the internal high-speed RAM, as

well as a program area in which instructions can be written and executed.

The internal expansion RAM cannot be used as a stack memory.

Table 3-7. Internal Expansion RAM Capacity

78K0/LE2 78K0/LF2 78K0/LG2 Internal Expansion
64 pins 80 pins 100 pins RAM
4 PD78F0361, 78F0361A - - -
1 PD78F0362, 78F0362A 1 PD78F0372, 78F0382, -
78F0372A, 78F0382A
1 PD78F0363, 78F0363A, 4 PD78F0373, 78F0383, 1 PD78F0393, 78F0393A
78F0363D, 78F0363DA 78F0373A, 78F0383A
- 1 PD78F0374, 78F0384, 1 PD78F0394, 78F0394A 1024 x 8 bits
78F0374A, 78F0384A (FA00H to F7FFH)
- 4 PD78F0375, 78F0385, 1 PD78F0395, 78F0395A 2048 x 8 bits
78F0375A, 78F0385A (FOOOH to F7FFH)
- 1 PD78F0376, 78F0386, 1 PD78F0396, 78F0396A 4096 x 8 bits
78F0376A, 78F0386A, (E800H to F7FFH)
78F0376D, 78F0386D,
78F0376DA, 78F0386DA
_ - 1 PD78F0397, 78F0397A, 6144 x 8 bits
78F0397D, 78F0397DA (EOOOH to F7FFH)

(3) LCD display RAM
LCD display RAM is incorporated in the LCD controller/driver (see Figure 18-4 LCD Display RAM).

Table 3-8. LCD Display RAM Capacity

Part Number LCD Display RAM
78KO0/LE2 20 x 4 bits (O0H to 13H of LCDSEG)
78K0/LF2 1 PD78F037x, 78F0376D, 78F037xA, 78F0376DA 26 x 4 bits (00H to 19H of LCDSEG)

1 PD78F038x, 78F0386D, 78F038xA, 78F0386DA 36 x 4 bits (00H to 23H of LCDSEG)
78K0/LG2 40 x 4 bits (00H to 27H of LCDSEG)

3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFOOH to FFFFH (see
Table 3-9 Special Function Register List in 3.2.3 Special function registers (SFRs)).

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

3.1.5 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
78K0/Lx2 microcontrollers, 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 3-11 to 3-17 show correspondence between data memory and

addressing. For details of each addressing mode, see 3.4 Operand Address Addressing.
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Figure 3-11. Correspondence Between Data Memory and Addressing (4PD78F0361, 78F0361A)

SFR addressing

Register addressing

'

Short direct
addressing

FFFFH
Special function registers (SFR)
256 x 8 bits
FF2OM(
FF1FH
FFOOH
FEFFH
General-purpose registers
32 x 8 bits
FEEOH
FEDFH
ot Internal high-speed RAM -
768 x 8 bits
FE20H} ]
FE1FH
FCOOH
FBFFH
it Reserved 3
4000H
3FFFH
L Flash memory -
B 16384 x 8 bits
0000H

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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Figure 3-12. Correspondence Between Data Memory and Addressing (uPD78F0362, 78F0362A, 78F0372,
78F0372A, 78F0382, 78F0382A)

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
- Internal high-speed RAM -
1024 x 8 bits
FE20H ]
FE1FH
FBOOH Direct addressing
FAFFH
Register indirect addressing
Based addressing
Based indexed addressing
9~ Reserved =~
6000H
5FFFH
L Flash memory L
B 24576 x 8 bits B
0000H
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Figure 3-13. Correspondence Between Data Memory and Addressing (uPD78F0363, 78F0363A, 78F0373,

FFFFH

FF20H
FF1FH

FFOOH
FEFFH

FEEOH
FEDFH

FE20H
FE1FH

FBOOH
FAFFH

8000H
7FFFH

0000H

78F0373A, 78F0383, 78F0383A, 78F0393, 78F0393A, 78F0363D, 78F0363DA)

Special function registers

|

(SFR) SFR addressing
256 x 8 bits
General-purpose *

registers
32 x 8 bits

- 1024 x 8 bits

Internal high-speed RAM

Register addressing

'

Short direct
addressing

Reserved

Flash memory

— 32768 x 8 bits -*

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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Figure 3-14. Correspondence Between Data Memory and Addressing (uPD78F0374, 78F0374A, 78F0384,
78F0384A, 78F0394, 78F0394A)

98

FFFFH I
Special function registers
pect U(SFIR) g SFR addressing
256 x 8 bits
FR2OH |
FF1FH
FFOOH
FEFFH General-purpose
registers Register addressing
FEEOH 32 x 8 bits ; Short direct
FEDFH addressing
i Internal high-speed RAM i
T 1024 x 8 bits T
FE20H{
FE1FH
FBOOH
FAFFH
-~ Reserved -0
Direct addressing
F800H Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
L Internal expansion RAM L
B 1024 x 8 bits B
F400H
F3FFH
T Reserved =
C000H
BFFFH
iy Flash memory iy
T 49152 x 8 bits T
0000H Y
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Figure 3-15. Correspondence Between Data Memory and Addressing (uPD78F0375, 78F0375A, 78F0385,
78F0385A, 78F0395, 78F0395A)

FFFFH
Special function registers .
(SFR) SFR addressing
256 x 8 bits
FR2OH | .
FF1FH
FFOOH
FEFFH General-purpose * )
registers Register addressing
FEEOH 32 x 8 bits { Short direct
FEDFH addressing
B Internal high-speed RAM 1
T 1024 x 8 bits T
FE20H | ______]
FE1FH
FBOOH
FAFFH
o+~ Reserved ~
Direct addressing
F800H Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
- Internal expansion RAM -
2048 x 8 bits
FOOOH
EFFFH
Flash memory
] 61440 x 8 bits |
0000H
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Figure 3-16. Correspondence Between Data Memory and Addressing (uPD78F0376, 78F0376A, 78F0386,
78F0386A, 78F0396, 78F0396A, 78F0376D, 78F0376DA, 78F0386D, 78F0386DA)

FFFFH A
Special function registers .
(SFR) SFR addressing
256 x 8 bits
FR2OH |- oo
FF1FH
FFOOH
FEFFH General-purpose
registers Register addressing
FEEOH 32 x 8 bits { Short direct
FEDFH addressing
A Internal high-speed RAM 1
T 1024 x 8 bits T
FE20H | ____ o ______]
FE1FH
FBOOH
FAFFH
-~ Reserved ot
Direct addressing
F800H Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
Internal expansion RAM
4096 x 8 bits
16384 x 8 bits
(memory bank 2)N°t
E800H
E7FFH
Reserved
CO000H
BFFFH
g Flash memory |
T 16384 x 8 bits 7
(memory bank 0) Note
8000H
7FFFH
16384 x 8 bits
L Flash memory L (memory bank 3)°*®
32768 x 8 bits 16384 x 8 bits
(memory bank 1)
0000H Y

Note To branch to or address a memory bank that is not set by the memory bank select register (BANK), change
the setting of the memory bank by using BANK.
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Figure 3-17. Correspondence Between Data Memory and Addressing (4PD78F0397, 78F0397A, 78F0397D,

78F0397DA)
FFFFH '
Special function registers )
(SFR) SFR addressing
256 x 8 bits
FF2OH
FF1FH
FFOOH
FEFFH General-purpose
registers Register addressing .
FEEOH 32 x 8 bits ; Short direct
FEDFH —_— addressing
B Internal high-speed RAM 1
T 1024 x 8 bits T
FE20H(
FE1FH
FBOOH
FAFFH
-~ Reserved -
Direct addressing
F80OH Register indirect addressing
F7FFH
Based addressing
Based indexed addressing
- Internal expansiqn RAM L 16384 X 8 bits
- 6144 x 8 bits - (memory bank 4)"
16384 x 8 bits
(memory bank 2)N°'
E00OH
DFFFH
Reserved
C000H
BFFFH
Flash memory
- 16384 x 8 bits .
(memory bank 0) Note
8000H
7FFFH 16384 x 8 bits
(memory bank 5)N°'
16384 x 8 bits
A Flash memory A (memory bank 3)N'
T 32768 x 8 bits T
16384 x 8 bits
(memory bank 1)N°'
0000H y

Note To branch to or address a memory bank that is not set by the memory bank select register (BANK), change
the setting of the memory bank by using BANK.
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3.2

T

Processor Registers

he 78K0/Lx2 microcontrollers 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

()

102

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 3-18. Format of Program Counter

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

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 stored in the stack area upon vectored interrupt request acknowledgement 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 3-19. 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). Itis 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 20.3 (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 3-20. 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 3-21 and 3-22.

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

Figure 3-21. Data to Be Saved to Stack Memory

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

FEEOH

— FEEOH

FEDFH

FEDEH

l<—— FEDEH

Register pair higher

Register pair lower

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

SP

SP

SP

SP

— FEEOH

FEDFH

l«—— FEDEH

FEEOH — FEEOH
i FEDFH
3 FEDEH
Y

FEDDH l«—— FEDDH

PC15 to PC8

PC7 to PCO

PSW

PC15 to PC8

PC7 to PCO
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SP

SP

SP

SP

SP

SP

Figure 3-22. Data to Be Restored from Stack Memory

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

<—— FEEOH

FEDFH

——» FEDEH

Register pair higher

Register pair lower

(b) RET instruction (when SP = FEDEH)

<—— FEEOH

FEDFH

—» FEDEH

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 3-23. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FEFFH
H
Register bank 0 HL
L
FEF8H
D
Register bank 1 DE
E
FEFOH
B
Register bank 2 BC
FEE8SH c
A
Register bank 3 AX
X
FEEOH
15 0 7 0
(b) Absolute name
16-bit processing 8-bit processing
FEFFH
R7
Register bank 0 RP3
R6
FEF8H
R5
Register bank 1 RP2
R4
FEFOH
R3
Register bank 2 RP1
R2
FEE8H
R1
Register bank 3 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 assembiler 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 assembler 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 17.7

Communication with LCD Controller/Driver.

Table 3-9 gives a list of the special function registers. The meanings of items in the table are as follows.

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 and ID78K0-QB,
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 3-9. Special Function Register List (1/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable After L L L
Bit Unit Reset E F G
18|16 212 |2
Bit | Bits | Bits
FFOOH Port register 0 PO RW | v | v | - 00H S \ N
FFO1H Port register 1 P1 RW| v | ¥ | - 00H J J v
FFO2H | Port register 2 P2 RW | v | N | - 00H v | Note |
FFO3H Port register 3 P3 RW| v | ¥ | - 00H J J v
FFO6H Port register 6 P6 RW| v | v | - 00H \ R v
FFO7H Port register 7 P7 RW| v | ¥ | - 00H - J v
FFO8H 10-bit A/D conversion result register ADCR R | - | - | N [ 0000H | v [Note|
FFO9H 8-bit A/D conversion result register | ADCRH - | A - 00H v | Note |
FFOAH | Receive buffer register 6 RXB6 R - | A — FFH \ R v
FFOBH | Transmit buffer register 6 TXB6 RW| - | ¥ | - FFH J Xl N
FFOCH | Port register 12 P12 RW| v | v | - 00H \ R v
FFODH | Port register 13 P13 RW| v | v | - 00H J J x/
FFOFH | Serial I/O shift register 10 SI010 R | - | N | - 00H \ R v
FF10H 16-bit timer counter 00 TMOO - | = | ¥ | ooooH | V J x/
FF11H R R
FF12H 16-bit timer capture/compare register 000 CR000 RW | — | - | ¥ | 0000H | J x/
FF13H
FF14H 16-bit timer capture/compare register 010 CR010 RW | — | - | ¥ | 0000H | J x/
FF15H R R
FF16H | 8-bit timer counter 50 TM50 R | - | N | - 00H J J x/
FF17H | 8-bit timer compare register 50 CR50 RW| - | v | - 00H \ v v
FF18H | 8-bit timer H compare register 00 CMP00 RW| - | ¥ | - 00H J J x/
FF19H 8-bit timer H compare register 10 CMP10 RW | - | + - OO0H S v N
FF1AH | 8-bit timer H compare register 01 CMPO1 RW| - | ¥ | - 00H J J x/
FF1BH | 8-bit timer H compare register 11 CMP11 RW| - | v | - 00H \ v v
FF1IFH | 8-bit timer counter 51 TM51 R | - | N | - 00H J J x/
FF20H Port mode register 0 PMO RW| v | v | - FFH \ R v
FF21H Port mode register 1 PM1 RW| v | v | - FFH J J N
FF22H | Port mode register 2 PM2 RW | v | N | - FFH v | Note |
FF23H Port mode register 3 PM3 RW| v | v | - FFH J J N
FF26H Port mode register 6 PM6 RW| v | v | - FFH \ R v
FF27H Port mode register 7 PM7 RW| v | v | - FFH J J N
FF28H | A/D converter mode register ADM RW| v | v | - 00H A | Note |
FF29H Analog input channel specification register ADS RW | v - 00H v | Note | V
FF2CH | Port mode register 12 PM12 RW | v — FFH \ R v
FF2EH | Port mode register 14 PM14 RW| v | v | - FFH J J J
FF2FH | A/D port configuration register ADPC RW| v | v | - O0H A | Note |

Note «PD78F037x, 78F0376D, 78F037xA, and 78F0376DA only
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Table 3-9. Special Function Register List (2/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable After L L L
Bit Unit Reset E F G
18|16 212 |2
Bit | Bits | Bits
FF30H Pull-up resistor option register 0 PUO RW | v - O0H S \ N
FF31H Pull-up resistor option register 1 PU1 RW | v | v | - 00H J J v
FF33H Pull-up resistor option register 3 PU3 RW | v - OO0H S v N
FF37H Pull-up resistor option register 7 PU7 RW | v - 00H - J v
FF3CH | Pull-up resistor option register 12 PU12 RW | v - OO0H S v N
FF40H | Clock output selection register CKS RW| v | v | - 00H J J v
FF41H | 8-bit timer compare register 51 CR51 RW| - | ¥ | - 00H \ v v
FF43H | 8-bit timer mode control register 51 TMC51 RW| v | v | - 00H J J v
FF48H External interrupt rising edge enable register EGP RW| v | v | - 00H \ v v
FF49H External interrupt falling edge enable register EGN RW | v - 00H J J N
FF4AH Serial 1/O shift register 11 SIO11 R - y - 00H - — | Note
FF4CH Transmit buffer register 11 SOTB11 RW | - v - 00H - Note
FF4FH | Input switch control register ISC RW| v | v | - 00H v
FF50H Asynchronous serial interface operation mode ASIM6 R/W v - 01H J J \/
register 6
FF53H | Asynchronous serial interface reception error AsIS6 R |- |+ |- OoH S A I
status register 6
FF55H | Asynchronous serial interface transmission ASIF6 R | - | V| - 00H \ \ N
status register 6
FF56H Clock selection register 6 CKSR6 RW | - | + - OO0H \ v N
FF57H Baud rate generator control register 6 BRGC6 RW| - | v | - FFH S \ \/
FF58H Asynchronous serial interface control register 6 | ASICL6 RW | v - 16H \ v N
FF60H Remainder data register 0 SDRO [sproL | R | — | ¥ | W 00H — | Note | Note
FF61H SDROH - | A O0H — | Note | Note
FF62H | Multiplication/division data register AO MDAOL |MpaoLL | RW | — | ~ | 00H — | Note | Note
FF63H MDAOLH - | A O0H — | Note | Note
FF64H MDAOH|MDAGHL | RW | — | ~ | 00H — | Note | Note
FF65H MDAOHH - | A O0H — | Note | Note
FF66H | Multiplication/division data register BO MDBO |mpBoL |RW | — | v | 00H — | Note | Note
FF67H MDBOH - | A O0H — | Note | Note
FF68H | Multiplier/divider control register 0 DMUCO RW | v | v | - 00H — | Note | Note
FF69H | 8-bit timer H mode register 0 TMHMDO RW| v | ¥ | - 00H \ R v
FF6AH | Timer clock selection register 50 TCL50 RW | v | v | - 00H \ \ N
FF6BH | 8-bit timer mode control register 50 TMC50 RW | v - OOH \ v N
FF6CH | 8-bit timer H mode register 1 TMHMD1 RW | v | v | - 00H \ \ N
FF6DH | 8-bit timer H carrier control register 1 TMCYC1 RW| v | v | - 00H \ R v
FF6EH | Key return mode register KRM RW| v | ¥ | - 00H - \ N
FF6FH | Watch timer operation mode register WTM RW| v | v | - 00H \ R v
Note This register is incorporated only in products whose flash memory is at least 48 KB.
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Table 3-9. Special Function Register List (3/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable After L L L
Bit Unit Reset E F G
1|8 |16 212 |2
Bit | Bits | Bits
FF70H Asynchronous serial interface operation mode | ASIMO RW | v - 01H S RN N
register 0
FF71H Baud rate generator control register 0 BRGCO RW| - | — 1FH \ R v
FF72H Receive buffer register 0 RXBO R - | A - FFH S \ N
FF73H Asynchronous serial interface reception error ASIS0 R - v - 00H \ v N
status register 0
FF74H | Transmit shift register 0 TXS0 w | - | V|- FFH J \/ V
FF80H Serial operation mode register 10 CSIM10 RW | v - 00H w/ \ N
FF81H Serial clock selection register 10 csic10 RW | v - 00H \ v N
FF84H Transmit buffer register 10 SOTB10 RW | - | - 00H S \ N
FF88H Serial operation mode register 11 CSIM11 RW | v - 00H - — | Notet
FF89H Serial clock selection register 11 csic11 RW| v | v | - 00H - — | Notet
FF8CH | Timer clock selection register 51 TCL51 RW | v | v | - 00H S \ v
FF99H | Watchdog timer enable register WDTE RW| - | ¥ | - g,j.\ﬁl':‘i’{“ \ R v
FFOFH | Clock operation mode select register OSCCTL RW | v - 00H w/ \ N
FFAOH | Internal oscillation mode register RCM RW | ~ | v | - |80H"™?*| R v
FFATH | Main clock mode register MCM RW | v | v | - 00H S \ v
FFA2H | Main OSC control register MOC RW | v - 80H w/ \ N
FFA3H | Oscillation stabilization time counter status register| OSTC R Y v — 00H S v v
FFA4H | Oscillation stabilization time select register OSTS RW | - | - 05H S \ v
FFA5H IC shift register 0 lico RW| - | - 00H \ R v
FFAGH | IIC control register 0 licco RW| v | v | - 00H S v v
FFA7H | Slave address register 0 SVAO RW | - | v - 00H w/ \ N
FFA8SH | IIC clock selection register 0 lICCLO RW | v - 00H \ v N
FFA9H | IIC function expansion register 0 lICX0 RW | v | v | - 00H S \ v
FFAAH | IIC status register 0 lICSo R N v - 00H w/ \ N
FFABH | IIC flag register 0 IICFO RW | v | N | - 00H J v J
FFACH | Reset control flag register RESF R - | W — | ooH™"* |+ \ N
FFBOH 16-bit timer counter 01 TMO1 R - - \ 0000H — | Notel | Notet
FFB1H
FFB2H 16-bit timer capture/compare register 001 CROO01 RW | - - \ 0000H — | Notel | Notet
FFB3H
FFB4H 16-bit timer capture/compare register 011 CRO11 RW | - - \/ 0000H — | Note1 | Notet
FFB5H
FFB6H | 16-bit timer mode control register 01 TMCOT RW| v | v | - 00H — | Notet | Notet
Notes 1. This register is incorporated only in products whose flash memory is at least 48 KB.

2. The reset value of WDTE is determined by setting of option byte.

3 The value of this register is 00H immediately after a reset release but automatically changes to 80H after
oscillation accuracy stabilization of high-speed internal oscillator has been waited.

4. The reset value of RESF varies depending on the reset source.
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Table 3-9. Special Function Register List (4/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable After L L L
Bit Unit Reset E F G
18|16 212 |2
Bit | Bits | Bits
FFB7H | Prescaler mode register 01 PRMO1 RW | v | v | - 00H — | Notet | Notet
FFB8H | Capture/compare control register 01 CRCO1 RW | v - 00H - — | Notet
FFB9H 16-bit timer output control register 01 TOCO1 RW | v - 00H - — | Notet
FFBAH | 16-bit timer mode control register 00 TMCO00 RW| v | v | - 00H S \ N
FFBBH | Prescaler mode register 00 PRMO00 RW| v | ¥ | - 00H J J v
FFBCH | Capture/compare control register 00 CRCO00 RW | v - OO0H S v N
FFBDH | 16-bit timer output control register 00 TOC00 RW| v | ¥ | - 00H J J v
FFBEH | Low-voltage detection register LVIM RW | v | v | = |O00HY?| \ v
FFBFH | Low-voltage detection level selection register LVIS RW | v — | OOH™"* | J v
FFEOH | Interrupt request flag register OL IFO [IFoL |RW | ~ | ~ | 00H \ v v
FFE1H | Interrupt request flag register OH IFOH |RW | ~ | 00H J J \/
FFE2H | Interrupt request flag register 1L IF1 |IFIL |[RW | ~ | N | 00H J N V
FFE3H | Interrupt request flag register 1H IFIH |RW | ~ | 00H J J \/
FFE4H | Interrupt mask flag register OL MKO | MKOL |RW | v | N | FFH J v y
FFE5H | Interrupt mask flag register OH MKOH| RW | v | FFH J J N
FFE6H | Interrupt mask flag register 1L MK1 | MKIL|RW | v | N | FFH J \/ y
FFE7H | Interrupt mask flag register 1H MKIH|RW | v | FFH J J N
FFE8H | Priority specification flag register OL PRO | PROL | RW | v S FFH S v N
FFE9H | Priority specification flag register OH PROH|RW | v | FFH J J N
FFEAH | Priority specification flag register 1L PR1 |PRIL|{RW | v | N | FFH J \/ y
FFEBH | Priority specification flag register 1H PRIH|RW | v | FFH J J N
FFFOH | Internal memory size switching register">* IMS RW| - | ¥ | - CFH \ v v
FFF3H Memory bank select register BANK RW | - v - 00H — | Note5 | Note5
FFF4H Internal expansion RAM size switching IXS RW | - y - OCH — | Note6 | Note6
register">***
FFFBH | Processor clock control register PCC RW| v | ¥ | - 01H J J \/
Notes 1. This register is incorporated only in products whose flash memory is at least 48 KB.

2. The reset values of LVIM and LVIS vary depending on the reset source.

3. Regardless of the internal memory capacity, the initial values of the internal memory size switching
register (IMS) and internal expansion RAM size switching register (IXS) of all products in the 78K0/Lx2
microcontrollers are fixed (IMS = CFH, IXS = OCH). Therefore, set the value corresponding to each
product as indicated in Tables 3-1 and 3-2.

4. The ROM and RAM capacities of the products with the on-chip debug function can be debugged by
setting IMS and 1XS, according to the debug target products. Set IMS and IXS according to the debug
target products.

5. This register is incorporated only in products whose flash memory is at least 96 KB.

6. This register is incorporated only in products with internal expansion RAM.
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Table 3-9. Special Function Register List (5/5)

Address Special Function Register (SFR) Name Symbol R/W | Manipulatable After L L L

Bit Unit Reset E F G

1816 212 |2

Bit | Bits | Bits

LCDCTL's | LCD mode setting register LCDMD RW| - | ¥ | - 00H S \ N
O00H

LCDCTL's | LCD display mode register LCDM RW| - | ¥ | - 00H S \ N
01H

LCDCTL's | LCD clock control register LCDC RW| - | - 00H \ R v
02H

LCDCTL's | LCD voltage boost control register 0 VLCGO RW| - | ¥ | - 00H S \ N
03H
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CHAPTER 3 CPU ARCHITECTURE

3.3 Instruction Address Addressing

An instruction address is determined by contents of the program counter (PC) and memory bank select register
(BANK), 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 PC and branched by the following addressing (for details of instructions, refer to the
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.

[llustration]

15 0
PC indicates the start address

PC of the instruction after the BR instruction.

+
15 8 7 6 0

o S
jdisp8

15 0

PC

When S = 0, all bits of @ are 0.
When S =1, all bits of 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. However, before
branching to a memory bank that is not set by the memory bank select register (BANK), change the setting of
the memory bank by using BANK.
The CALLF laddr11 instruction is branched to the 0800H to OFFFH area.

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

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

PC

In the case of CALLF !addr11 instruction

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

PCfoOo 0 O 0 1

114 User's Manual U19518EJ1VOUD



CHAPTER 3 CPU ARCHITECTURE

3.3.3 Table indirect addressing

[Function]
Table contents (branch destination address) of the particular location to be addressed by bits 1 to 5 of the
immediate data of an operation code are transferred to the program counter (PC) and branched.
This function is carried out when the CALLT [addr5] instruction is executed.
This instruction references the address stored in the memory table from 0040H to 007FH, and allows branching
to the entire memory space. However, before branching to a memory bank that is not set by the memory bank
select register (BANK), change the setting of the memory bank by using BANK.

[Mustration]

15 6 5 10

addr5|0000000001‘ tas-o ‘0|

7 6 5 l 10
Operation code | 11 ‘ tas-o ‘ 1 |
15 8 7 6 5 l 10
. ... The value of the effective address is
Effective address |0 0O 0 0 0 0O O OO0 1 ‘ ‘0| the same as that of addr5.
7 Memory (Table) 0
Low Addr.
Effective address+1 High Addr.
15 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/Lx2 microcontroller 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 of an operation code.

Register addressing is carried out when an instruction with the following operand format is executed. When an
8-bit register is specified, one of the eight registers is specified with 3 bits in the operation code.

[Operand format]
Identifier Description
r X,A CB,ED,LH
rp 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.

This addressing can be carried out for all of the memory spaces. However, before addressing a memory bank
that is not set by the memory bank select register (BANK), change the setting of the memory bank by using

BANK.
[Operand format]
Identifier Description
addr16 Label or 16-bit immediate data
[Description example]
MOV A, I0FEOOH; when setting !laddr16 to FEOOH
Operation code |1 000 1 11 0| OP code
|00000000| 00H
|11111110| FEH
[MMustration]
7 0
OP code

addr16 (lower)

addr16 (upper)

Memory
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3.4.4 Short direct addressing

[Function]
The memory to be manipulated in the fixed space is directly addressed with 8-bit data in an instruction word.
This addressing is applied to the 256-byte space FE20H to FF1FH. Internal RAM and special function registers
(SFRs) are mapped at FE20H to FEFFH and FFOOH to FF1FH, respectively.
The SFR area (FFOOH to FF1FH) where short direct addressing is applied is a part of the overall SFR area.
Ports that are frequently accessed in a program and compare and capture registers of the timer/event counter
are mapped in this area, allowing SFRs to be manipulated with a small number of bytes and clocks.
When 8-bit immediate data is at 20H to FFH, bit 8 of an effective address is 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]
LB1 EQU OFE30H ; Defines FE30H by LB1.

MOV LB1, A ; When LB1 indicates FE30H of the saddr area and the value of register A is transferred to
that address

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

7 0

OP code

saddr-offset ﬁ

Short direct memory

15 8 7 0

Effective address 111 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

SFR

15 8 7 0

Effective address 11 1 1 1 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 of the memory spaces. However, before addressing a memory bank
that is not set by the memory bank select register (BANK), change the setting of the memory bank by using

BANK.

[Operand format]

Identifier Description

- [DE], [HL]

[Description example]

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

Operation code 10 0 0 0 1 0 1
[lustration]
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 of the memory spaces. However, before addressing a memory bank
that is not set by the memory bank select register (BANK), change the setting of the memory bank by using

BANK.

[Operand format]

Identifier

Description

[HL + byte]

[Description example]

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

[lustration]

16

Operation code

HL

The contents of the memory
addressed are transferred.

7 Memory
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3.4.8 Based indexed addressing

[Function]

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

This addressing can be carried out for all of the memory spaces. However, before addressing a memory bank
that is not set by the memory bank select register (BANK), change the setting of the memory bank by using
BANK.

[Operand format]

Identifier Description

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

[Description example]

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

Operation code 101 01 0 11
[llustration]
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

Operation code 1011 010 1
[Mustration]
7 Memory 0
SP FEEOH — FEEOH
: FEDFH D
y
SP FEDEH <—— FEDEH E
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CHAPTER 4 MEMORY BANK SELECT FUNCTION
(PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

4.1 Memory Bank

The uPD78F03x6, 78F03x6A, 78F03x6D, 78F03x6DA, 78F0397, 78F0397A, 78F0397D, and 78F0397DA of
78K0/LF2 and 78K0/LG2 implement a ROM capacity of 96 KB or 128 KB by selecting a memory bank from a memory
space of 8000H to BFFFH.

The ©PD78F03x6, 78F03x6A, 78F03x6D, and 78F03x6DA have memory banks 0 to 3, and the 78F0397,
78F0397A, 78F0397D, and 78F0397DA have memory banks 0 to 5, as shown below.
The memory banks are selected by using a memory bank select register (BANK).

Figure 4-1. Internal ROM (Flash Memory) Configuration

(a) uPD78F03x6, 78F03x6A, 78F03x6D, 78F03x6DA (products whose flash memory is 96 KB)

,//I (Memory bank 3)
A (Memory bank 2)
//I (Memory bank 1)
T BFFFH
Flash memory
Bank 16384 x 8 bits
area (memory bank 0)
8000H
7FFFH
C
arc;r:mon Flash memory
32768 x 8 bits
0000H

(b) 4PD78F0397, 78F0397A, 78F0397D, 78F0397DA (products whose flash memory is 128 KB)

| (Memory bank 5)
| (Memory bank 4)
,/ | (Memory bank 3)
A (Memory bank 2)
//I (Memory bank 1)

T BFFFH
Flash memory
Bank 16384 x 8 bits
area (memory bank 0)
8000H
TFFFH
C
ag:mon Flash memory
32768 x 8 bits
0000H

Remark x=71t09
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CHAPTER 4 MEMORY BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

4.2 Difference in Representation of Memory Space

With the 78K0/Lx2 microcontroller products which support the memory bank, addresses can be viewed in the
following two different ways.

e Memory bank number + CPU address
¢ Flash memory real address (HEX FORMAT [BANK])

Figure 4-2. Address View

(a) Memory bank number + CPU address (b) Flash memory real address (HEX FORMAT [BANK])
] Memory bank 5 1FFFFH Memory bank 5
,|’/| T 1C000H (16 KB)
i oty oen 1BFFFH Memory bank 4
| Memory bank 2
/II Memory bank 1 18000H (16 KB)
BEFFH 17FFFH Memory bank 3
14000H (16 KB)
Bank Memory bank 0 13FFFH Memory bank 2
area (16 KB) 10000H (16 KB)
FFFFH
i 8000H 0 MemoryKbBank 1
7FFFH 0C000H (16 KB)
0BFFFH Memory bank 0
08000H (16 KB)
Sommor Common e Common
area 2 KB
(32KB) (32 KB)
{ 00000H
0000H

“Memory bank number + CPU address” is represented with a vacancy in the address space, while the flash
memory real address is shown with no vacancy in the address space.
“Memory bank number + CPU address” is used for addressing in the user program. For on-board programming

Note 1

and self programming not using the self programming sample library™" ", the flash memory real address is used.
Note that the HEX file that is output by the assembler (RA78K0) by default uses the flash memory real address.

For address representation of the other tools such as the debugger"*°?, see Table 4-1.
Notes 1. “Memory bank number + CPU address” can be used when performing self programming, using the self

programming sample library, because the addresses are automatically translated.
2. ID78K0-QB
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CHAPTER 4 MEMORY BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

Table 4-1. Memory Bank Address Representation

Memory Bank Number CPU Address Flash Memory Real Address Address Representation in

Debugger

Note 1

Memory bank 0

Memory bank 1

Memory bank 2

Memory bank 3

Memory bank 4

Memory bank 5

08000H-0BFFFH"*?

08000H-0BFFFH

08000H-0BFFFH

0CO00H-OFFFFH

18000H-1BFFFH

10000H-13FFFH

28000H-2BFFFH

14000H-17FFFH

38000H-3BFFFH

18000H-1BFFFH

48000H-4BFFFH

1CO00H-1FFFFH

58000H-5BFFFH

Notes 1. ID78K0-QB
2. Set the memory bank to be used by the memory bank select register (BANK) (see Figure 4-3).

For details, see the RA78K0 Ver. 3.80 Assembler Package Operation User’s Manual (U17199E) and the 78K0
Microcontrollers Self Programming Library Type01 User’s Manual (U18274E).

4.3 Memory Bank Select Register (BANK)
The memory bank select register (BANK) is used to select a memory bank to be used.
BANK can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears BANK to 00H.

Figure 4-3. Format of Memory Bank Select Register (BANK)

Address: FFF3H After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
BANK 0 0 0 0 0 BANK2 BANK1 BANKO
BANK2 BANK1 BANKO Bank setting

uPD78F03x6, 78F03x6A,
78F03x6D, 78F03x6DA

uPD78F0397, 78F0397A,
78F0397D, 78F0397DA

0 0 0 Common area (32 KB) + memory bank 0 (16 KB)
0 0 1 Common area (32 KB) + memory bank 1 (16 KB)
0 1 0 Common area (32 KB) + memory bank 2 (16 KB)
0 1 1 Common area (32 KB) + memory bank 3 (16 KB)
1 0 0 Setting prohibited Common area (32 KB) +

memory bank 4 (16 KB)

Common area (32 KB) +
memory bank 5 (16 KB)

Other than above Setting prohibited

Caution Be sure to change the value of the BANK register in the common area (0000H to 7FFFH).
If the value of the BANK register is changed in the bank area (8000H to BFFFH), an inadvertent
program loop occurs in the CPU. Therefore, never change the value of the BANK register in the
bank area.

Remark x=71t09
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CHAPTER 4 MEMORY BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

4.4 Selecting Memory Bank

The memory bank selected by the memory bank select register (BANK) is reflected on the bank area and can be
addressed. Therefore, to access a memory bank different from the one currently selected, that memory bank must be
selected by using the BANK register.

The value of the BANK register must not be changed in the bank area (8000H to BFFFH). Therefore, to change
the memory bank, branch an instruction to the common area (0000H to 7FFFH) and change the value of the BANK
register in that area.

Cautions 1.
2.

Instructions cannot be fetched between different memory banks.

Branching and accessing cannot be directly executed between different memory banks.
Execute branching or accessing between different memory banks via the common area.
Allocate interrupt servicing in the common area.

An instruction that extends from 7FFFH to 8000H can only be executed in memory bank 0.

4.4.1 Referencing values between memory banks

Values cannot be directly referenced from one memory bank to another.

To access another memory bank from one memory bank, branch once to the common area (0000H to 7FFFH),
change the setting of the BANK register there, and then reference a value.

128

Memory bank n

T / i
Bank Memory bankm _

area Referencing value

Common
area

Memory bank n

T 7

Bank Memory bank m
area L,

I

|

Common

area N /

|

Referencing value
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CHAPTER 4 MEMORY BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

¢ Software example (to store a value to be referenced in register A)

RAMD DSEG SADDR
R_BNKA: DS 2 ; Secures RAM for specifying an address at the reference destination.
R_BNKN: DS 1 ; Secures RAM for specifying a memory bank number at the reference destination.
R_BNKRN: DS 1 ; Secures RAM for saving a memory bank number at the reference source.
ETRC CSEG UNIT
ENTRY:
MOV R_BNKN,#BANKNUM DATA1 ; Stores the memory bank number at the reference destination.
MOVW  R_BNKA #DATA1 ; Stores the address at the reference destination.
CALL IBNKRD ; Calls a subroutine for referencing between memory banks.
BNKC CSEG AT 7000H
BNKRD: ; Subroutine for referencing between memory banks.
PUSH HL ; Saves the contents of the HL register.
MOV A,R_BNKN ; Acquires the memory bank number at the reference destination.
XCH A,BANK ; Swaps the memory bank number at the reference source for that at the reference
; destination
MOV R_BNKRN,A ; Saves the memory bank number at the reference source.
XCHW  AX,HL ; Saves the contents of the X register.
MOVW  AX,R_BNKA ; Acquires the address at the reference destination.
XCHW AX,HL ; Specifies the address at the reference destination.
MOV A[HL] ; Reads the target value.
XCH A,R_BNKRN ; Acquires the memory bank number at the reference source.
MOV BANK,A ; Specifies the memory bank number at the reference source.
MOV A,R_BNKRN ; Write the target value to the A register.
POP HL ; Restores the contents of the HL register.
RET ; Return
DATA CSEG BANK3
DATA1: DB 0AAH
END

User's Manual U19518EJ1VOUD

129



CHAPTER 4 MEMORY BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

4.4.2 Branching instruction between memory banks

Instructions cannot branch directly from one memory bank to another.

To branch an instruction from one memory bank to another, branch once to the common area (0000H to 7FFFH),
change the setting of the BANK register there, and then execute the branch instruction again.

Memory bank n
> <

Bank Memory bank m //

area Instruction branch

!

|

Common
area

T Memory bank n

Bank
area

Memory bank m

Instruction branch

Common
area |
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¢ Software example 1 (to branch from all areas)

RAMD DSEG SADDR
R_BNKA: DS 2 ; Secures RAM for specifying a memory bank at the branch destination.
R_BNKN: DS 1 ; Secures RAM for specifying a memory bank number at the branch destination.
RSAVEAX: DS 2 ; Secures RAM for saving the AX register.
ETRC CSEG UNIT
ENTRY:
MOV R_BNKN,#BANKNUM TEST ; Stores the memory bank number at the branch destination in RAM.
MOVW  R_BNKA#TEST ; Stores the address at the branch destination in RAM.
BR IBNKBR ; Branches to inter-memory bank branch processing.
BNKC CSEG AT 7000H
BNKBR:
MOVW  RSAVEAX,AX ; Saves the AX register.
MOV A,R_BNKN ; Acquires the memory bank number at the branch destination.
MOV BANK,A ; Specifies the memory bank number at the branch destination.
MOVW  AX,R_BNKA ; Specifies the address at the branch destination.
PUSH AX ; Sets the address at the branch destination to stack.
MOVW  RSAVEAX, AX ; Restores the AX register.
RET ; Branch
BN3 CSEG BANKS3
TEST:
MOV -
END

Software example 2 (to branch from common area to any bank area)

ETRC CSEG AT 2000H

ENTRY:
MOV R_BNKN,#BANKNUM TEST ; Stores the memory bank number at the branch destination in RAM.
BR ITEST ; Stores the address at the branch destination in RAM.

BN3 CSEG BANK3

TEST:
MOV ..

END
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CHAPTER 4 MEMORY BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

4.4.3 Subroutine call between memory banks

Subroutines cannot be directly called between memory banks.

To call a subroutine between memory banks, branch once to the common area (0000H to 7FFFH), specify the
memory bank at the calling destination by using the BANK register there, execute the CALL instruction, and branch to
the call destination by that instruction.

At this time, save the current value of the BANK register to RAM. Restore the value of the BANK register before
executing the RET instruction.

Memory bank n
T > '

Bank
area

Memory Ui ianc—" CALL instruction

Common
area

T Memory bank n

Bank /

Memory bank m BR instruction

Common
area

CALL
instruction
-

N\ RET instruction

RET instruction
| AN
\' Change BANK and save

memory bank number at
calling source.
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Software example

RAMD DSEG SADDR
R_BNKA: DS 2 ; Secures RAM for specifying an address at the calling destination.
R_BNKN: DS 1 ; Secures RAM for specifying a memory bank number at the calling destination.
R_BNKRN: DS 1 ; Secures RAM for saving a memory bank number at the calling source.
RSAVEAX: DS 2 ; Secures RAM for saving the AX register.
ETRC CSEG UNIT
ENTRY:
MOV R_BNKN,#BANKNUM TEST ; Store the memory bank number at the calling destination in RAM.
MOVW  R_BNKA#TEST ; Stores the address at the calling destination in RAM.
CALL IBNKCAL ; Branches to an inter-memory bank calling processing routine.
BNKC CSEG AT 7000H
BNKCAL: ; Inter-memory bank calling processing routine
MOVW  RSAVEAX,AX ; Saves the AX register.
MOV A,R_BNKN ; Acquires the memory bank number at the calling destination.
XCH A,BANK ; Changes the bank and acquires the memory bank number at the calling source.
MOV R_BNKRN,A ; Saves the memory bank number at the calling source to RAM.
CALL IBNKCALS ; Calls a subroutine to branch to the calling destination.
MOVW  RSAVEAX,AX ; Saves the AX register.
XCH A,R_BNKRN ; Acquires the memory bank number at the calling source.
MOV BANK,A ; Specifies the memory bank number at the calling source.
MOVW  AX,RSAVEAX ; Restores the AX register.
RET ; Returns to the calling source.
BNKCALS:
MOVW  AX,R_BNKA ; Specifies the address at the calling destination.
PUSH AX ; Sets the address at the calling destination to stack.
MOVW  AX,RSAVEAX ; Restores source AX register.
RET ; Branches to the calling destination.
BN3 CSEG BANKS3
TEST:
MOV -
RET
END

Remark In the software example above, multiplexed processing is not supported.

Users Manual U19518EJ1VOUD 133



CHAPTER 4 MEMORY BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

4.4.4 Instruction branch to bank area by interrupt

When an interrupt occurs, instructions can branch to the memory bank specified by the BANK register by using the
vector table, but it is difficult to identify the BANK register when the interrupt occurs.

Therefore, specify the branch destination address specified by the vector table in the common area (0000H to
7FFFH), specify the memory bank at the branch destination by using the BANK register in the common area, and
execute the CALL instruction. At this time, save the BANK register value before the change to RAM, and restore the
value of the BANK register before executing the RETI instruction.

Remark Allocate interrupt servicing that requires a quick response in the common area.

T Memory bank n

Instruction branch
Bank /
Memory bank m

area

I

e

Common

area \

Vector table

/\

Save the original memory bank number.
Specify the address and memory bank
at the destination, and execute the call
instruction.

o Software example (when using interrupt request of 16-bit timer/event counter 00)

VCTBL CSEG AT 0020H
DW BNKITMO000 ; Specifies an address at the timer interrupt destination.

RAMD DSEG SADDR
1

R_BNKRN: DS ; Secures RAM for saving the memory bank number before the interrupt occurs.

BNKC CSEG AT 7000H
BNKITMOO00: ; Inter-memory bank interrupt servicing routine
PUSH AX ; Saves the contents of the AX register.
MOV A,BANK
MOV R_BNKRN,A ; Saves the memory bank number before the interrupt to RAM.
MOV BANK,#BANKNUM TEST ; Specifies the memory bank number of the interrupt routine.
CALL ITEST ; Calls the interrupt routine.
MOV A,R_BNKRN ; Restores the memory bank number before the interrupt.
MOV BANK,A
POP AX ; Restores the contents of the AX register.
RETI
BN3 CSEG BANKS3
TEST: ; Interrupt servicing routine
MQV -
RET

END
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CHAPTER 4 MEMORY BANK SELECT FUNCTION (PRODUCTS WHOSE FLASH MEMORY IS AT LEAST 96 KB ONLY)

Remark

Note the following points to use the memory bank select function efficiently.

Allocate a routine that is used often in the common area.

If a value that is planned to be referenced is placed in RAM, it can be referenced from all of the areas.
If the reference destination and the branch destination of the routine placed in a memory bank are
placed in the same memory bank, then the code size and processing are more efficient.

Allocate interrupt servicing that requires a quick response in the common area.
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CHAPTER 5 PORT FUNCTIONS

5.1 Port Functions

Note

There are two types of port pin I/O buffer power supplies: AVrer - and Vop. The relationship between these power

supplies and the pins is shown below.

Table 5-1. Port Pin I/O Buffer Power Supplies

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

Note This is not mounted onto 4/PD78F038x, 78F0386D, 78F038xA, and 78F0386DA.

78K0/Lx2 microcontrollers are provided with digital 1/0 ports, which enable variety of control operations. The
functions of each port are shown in Table 5-2.

In addition to the function as digital 1/0 ports, these ports have several alternate functions. For details of the
alternate functions, see CHAPTER 2 PIN FUNCTIONS.
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CHAPTER 5 PORT FUNCTIONS

Table 5-2. Port Functions (1/2)

L L L |Function| 1/O Function After Reset Alternate Function
E F G Name
2 2 2
N[N | V| POO 110 Port 0. Input port TI000
N N v | Pot 1/0 port. TI010/TO00
Input/output can be specified in 1-bit units.
- — |Notet1 | PO2 . . o SO11
Use of an on-chip pull-up resistor can be specified by a
- — |Notet | PO3 software setting. Sit1
- — |Note1| PO4 SCK11
- — |Notet | PO5 SSI11/T1001
- — |Notet1 | PO6 TI011/TOO01
N | N | Y| P10 110 Port 1. Input port SCK10/TxDO
N N v | P11 1/0 port. SI10/RxD0
Input/output can be specified in 1-bit units.
NN NP2 P P ¢ Sp . " S010
Use of an on-chip pull-up resistor can be specified by a
V| V|V |P13 software setting. TxD6
N \ \ | P14 RxD6
V| V| VP15 TOHO
\/ \ \ | P16 TOH1/INTP5
NN AN P17 TI50/TO50
v |Note2| Y | P20 110 Port 2. Analog input | ANIO
v |note2| ¥ | P21 /O port. ANI1
Input/output can be specified in 1-bit units.
v [Note2| V| P22 P P P ANI2
v [Note2| V | P23 ANI3
v |Note2| ¥ | P24 ANI4
— |Note2| ¥ | P25 ANI5
— |note2| V| P26 ANI6
— |Note2| V | P27 ANI7
N | N | Y|P30 110 Port 3. Input port INTP1
J I v v [est 1/0 port. INTP2/OCD1A""*
Input/output can be specified in 1-bit units.
N \ v | P32 P P . P . o INTP3/0CD1B""**
Use of an on-chip pull-up resistor can be specified by a
NN | V| P33 software setting. INTP4/TI51/TO51
NN | V| P6eO 110 Port 6. Input port SCLO
V|| N | Pet VO port. SDAO
N-ch open-drain output (6 V tolerance).
Input/output can be specified in 1-bit units.
Notes 1. The 78KO0/LG2 products whose flash memory is less than 32 KB are only provided with port functions (P02
(0] and not alternate functions. e roducts whose flash memory is at leas are
to P06 d not alt te functi The 78K0/LG2 products wh flash y is at least 48 KB
provided with port functions (P02 to P06) and alternate functions.
2. uPD78F037x, 78F0376D, 78F037xA, and 78F0376DA only

78F03xxDA) only.

Remarks 1. V: Mounted, —: Not mounted

2. The port function of P60 and P61 is used only when initializing the pin level of I°C bus.
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CHAPTER 5 PORT FUNCTIONS

Table 5-2. Port Functions (2/2)

L L L |Function| 1/O Function After Reset Alternate Function
E F |G Name
2 2 2
- | N | ¥ |P70 110 Port 7. Input port KRO
- | V| ¥ |P71 VO port. KR
Input/output can be specified in 1-bit units.
- | N | N |P72 . . . KR2
Use of an on-chip pull-up resistor can be specified by a
- | V|V |P73 software setting. KR3
- | N | ¥ |P74 KR4
- | N | N |P75 KR5
- \ \ | P76 KR6
- | - | ¥ |P77 KR7
N | N | N [ P120 110 Port 12. Input port INTPO/EXLVI
V| V|V P12t /O port. X1/OCDOA""*
Input/output can be specified in 1-bit units. oo
A v V | P122 Only for P120, use of an on-chip pull-up resistor can be X2/EXCLK/OCDOB
V| N |V |P123 specified by a software setting. XT1
N N v | P12a XT2/EXCLKS

Note OCD1A and OCD1B are provided to the products with an on-chip debug function («PD78F03xxD and
78F03xxDA) only.

Remark +: Mounted, —: Not mounted
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CHAPTER 5 PORT FUNCTIONS

5.2 Port Configuration
Ports include the following hardware.

Table 5-3. Port Configuration

Iltem Configuration

Control registers | e 78K0/LE2

Port mode register (PMxx): PMO to PM3, PM6, PM7, PM12, PM14
Port register (Pxx): PO to P3, P6, P12

Pull-up resistor option register (PUxx): PUO, PU1, PU3, PU12

A/D port configuration register (ADPC)

e 78K0/LF2
Port mode register (PMxx): PMO to PM3, PM6, PM7, PM12, PM14
Port register (Pxx): PO to P3, P6, P7, P12

Pull-up resistor option register (PUxx): PUO, PU1, PU3, PU7, PU12
A/D port configuration register (ADPC)

e 78K0/LG2
Port mode register (PMxx): PMO to PM3, PM6, PM7, PM12, PM14
Port register (Pxx): PO to P3, P6, P7, P12

Pull-up resistor option register (PUxx): PUO, PU1, PU3, PU7, PU12

A/D port configuration register (ADPC)

Port e 78K0/LE2: Total: 24 (CMOS 1/0: 24)
* /PD78F037x, 78F0376D, 78F037xA, and 78F0376DA of 78K0/LF2: Total: 34 (CMOS I/O: 34)
* 1/PD78F038x, 78F0386D, 78F038xA, and 78F0386DA of 78K0/LF2: Total: 26 (CMOS I/O: 26)
» 78K0/LG2: Total: 40 (CMOS 1/O: 40)
Pull-up resistor e 78K0/LE2:  Total: 15

e 78K0/LF2:  Total: 22

e 78KO/LG2: Total: 28
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CHAPTER 5 PORT FUNCTIONS

5.2.1 Port0
78KO0/LE2 78KO0/LF2 78K0/LG2
Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB
P00/TI000 v V
P01/T1010/TO00 \/ v
P02/SO11 - - po2" v
P03/SI11 - _ PO3™* N
P04/SCK11 - - po4™e N
PO5/TI1001/SSI11 - - PO5™" v
P06/TI011/TO01 - - P06 N

Note The 78K0/LG2 products whose flash memory is less than 32 KB are only provided with port functions and not
alternate functions.

Remark +: Mounted, —: Not mounted

Port 0 is an 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 to P06 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, serial interface data I/O, clock 1/0, and chip select input.
Reset signal generation sets port 0 to input mode.

Figures 5-1 to 5-6 show block diagrams of port 0.

Caution When P02/SO11 and P04/SCK11 are used as general-purpose ports, set serial operation mode

register 11 (CSIM11) and serial clock selection register 11 (CSIC11) to the initial setting (00H).
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CHAPTER 5 PORT FUNCTIONS

Figure 5-1. Block Diagram of P00

Selector

P-ch

™1 WRe
l PUO
O PUOO
Alternate function
RD
) I
%) ~ |
]
o]
g WRPporT
8
IS
A Qutput latch
~ (P0O)
WRepm
PMO
S PMO00O
%
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-2. Block Diagram of P01

Vop
M-  WRru
l PUO
© PUO1
P-ch
Alternate
function
RD
| e R GE
& 3
3 | 3
g WRPpoRT
2
£
A Qutput latch
S (PO1) ——O) P01/TI010/TO00
WRem
PMO
S PMO1
Alternate
function
AN
PO: Port register 0

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

RD: Read signal

WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-3. Block Diagram of P02 (1/2)

(1) 78K0/LG2 products whose flash memory is less than 32 KB

P-ch

© P02

™1 WReu
PUO
S PU02 ) |
RD
. =
3 ) | % N
] ~ | ©
= 7))
2
£ WRPpoRT
PO
N Output latch
~ (P02)
WRem
PMO
S PMO02
%
PO: Port register 0

PUOQ: Pull-up resistor option register 0

PMO:  Port mode register O
RD: Read signal
WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-3. Block Diagram of P02 (2/2)

(2) 78K0/LG2 products whose flash memory is at least 48 KB

144

P-ch
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M WReu
l PUO
S PU02 ) |
RD
S
Pary | S L
O | Q<
[
n
g WRporT
3 PO
S
I} A Output latch
£ ~ (P02)
WReM
PMO
S PMO02
Alternate
function
N
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-4. Block Diagram of P03 and P05 (1/2)

(1) 78K0/LG2 products whose flash memory is less than 32 KB

Voo

P-ch

© P03, P05

PUOQ: Pull-up resistor option register 0

PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal
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PUO
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[ WRPpoRT
g
<
Vany Output latch
~ (P03, PO5)
WRem
PMO
S PMO03, PM05
%
PO: Port register 0
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CHAPTER 5 PORT FUNCTIONS

Figure 5-4. Block Diagram of P03 and P05 (2/2)

(2) 78K0/LG2 products whose flash memory is at least 48 KB

Voo
™1 WReu
l PUO
S PUO3, PU05
P-ch
Alternate function
RD
. g
3

(%) ~ <@
E ! 3
o WRPpoRT
g
£

Vany Output latch

~ (P03, PO5) ©) P03/sI11,

P05/SSI11/TI001
WRem
PMO
S PMO03, PM05
—~_
PO: Port register 0

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

RD: Read signal

WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-5. Block Diagram of P04 (1/2)

(1) 78K0/LG2 products whose flash memory is less than 32 KB

Voo
™1 WReu
PUO
S PU04
P-ch
RD
§ Pary | 8 L
= J | %
2 »
WRPpoRT
A Output latch
&S (PO4) O Po4
WRpm
PMO
S PMO04
—~_/
PO: Port register 0

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

RD: Read signal

WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-5. Block Diagram of P04 (2/2)

(2) 78K0/LG2 products whose flash memory is at least 48 KB

Voo
M- WReu
l PUO
© PU0O4
P-ch
Alternate
function
RD
5 o<]—o@]‘
A /I S
3 »
Ko)
© WRProRT
c
Q
<
= A Output latch =
~ (PO4) ] ———© PO4/SCKT1
WRem
PMO
S PMO04
Alternate
function
N
PO: Port register 0

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

RD: Read signal

WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-6. Block Diagram of P06 (1/2)

(1) 78K0/LG2 products whose flash memory is less than 32 KB

P-ch

© Pos

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

RD: Read signal
WRxx: Write signal
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M- WReru
PUO
S PU06 ) |
RD
S
Pary | 43 L
g [ ° | 2
a »n
g WRpProRrT
2
£
A Output latch
~ (PO6)
WRem
PMO
S PMO06
N
PO: Port register 0
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CHAPTER 5 PORT FUNCTIONS

Figure 5-6. Block Diagram of P06 (2/2)

(2) 78K0/LG2 products whose flash memory is at least 48 KB

Voo
M-  WReru
J PUO
© PUO6
P-ch
Alternate
function
RD
I 8 i] i] |
o [0 | -
3 @
g WRPpoRT
2
£
A Output latch
¥ (POB) L—© P06/TIO11/TOO1
WRpm
PMO
S PMO06
Alternate
function
™~
PO: Port register 0

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

RD: Read signal

WRxx: Write signal

150 Users Manual U19518EJ1V0OUD



CHAPTER 5 PORT FUNCTIONS

5.2.2 Port 1

78KO0/LE2 78KO0/LF2 78K0/LG2

Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB

P10/SCK10/TxDO

P11/S110/RxDO0

P12/SO10

P13/TxD6

P14/RxD6

P15/TOHO

P16/TOH1/INTP5

P P - (- I R

P17/TI150/TO50

Remark +: Mounted

Port 1 is an I/O port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units using
port mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up resistor
can be specified 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/O, clock 1/O, and timer 1/O.

Reset signal generation sets port 1 to input mode.

Figures 5-7 to 5-11 show block diagrams of port 1.

Cautions 1. To use P10/SCK10/TxDO0 and P12/SO10 as general-purpose ports, set serial operation mode
register 10 (CSIM10) and serial clock selection register 10 (CSIC10) to the default status (00H).
2. To use P13/TxD6 as general-purpose port, clear bit 0 (TXDLV6) of asynchronous serial

interface control register 6 (ASICL6) to 0 (normal output of TxD6).
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CHAPTER 5 PORT FUNCTIONS

Figure 5-7. Block Diagram of P10

Vop
M- WReu
l PU1
© PU10 : | bt
-C
Alternate
function
RD
| et
3 l %)
Ke)
© WRPpoRT
c
L
[
- A Output latch
- (P10) ] +——© P10/SCK10/TXDO
WRem
PM1
S PM10
Alternate
function
AN
P1: Port register 1

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

RD: Read signal

WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-8. Block Diagram of P11 and P14

Vob
WRPru
l PU1
O PU11, PU14
P-ch
Alternate
function
RD
2 & | 9
© e =
= | &
2
= WRPpoRT
A Output latch
S (P11, P14) © P11/SI110/RxD0O
P14/RxD6
WRem
PM1
&S PM11, PM14
o %
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-9. Block Diagram of P12 and P15

Vop
M-  WReru
PU1
S PU12, PU15
P-ch
RD
S
an | © L
O | o2
[
17}
3 WRPpoRT
Qo
©
c
o A Qutput latch
£ ~ (P12, P15) ——O P12/S010
WRem P15/TOHO
PM1
S PM12, PM15
Alternate
function
AN
P1: Port register 1

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

RD: Read signal

WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-10. Block Diagram of P13

Voo
M-  WReru
PU1
S PU13
P-ch
RD
S
5 g ~—
©

%) w
]
2 WRPpoRT
©
c
2
£ Pary Output latch

= (P13) ——O P13/TxD6

WRem
PM1
S PM13
Alternate
function
AN
P1: Port register 1

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

RD: Read signal

WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-11. Block Diagram of P16 and P17
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Vob
M~  WRpu
J PU1
S PU16, PU17
P-ch
Alternate
function
RD
I 2 i] i] |
& 8
) | 3
o
T WRroRT
£
)
C
- A Output latch
S (P16, P17) ——© P16/TOH1/INTP5,
P17/T150/TO50
WRem
PMA1
&S PM16, PM17
Alternate
function
%
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

5.2.3 Port 2
78K0/LE2 78KO0/LF2 78K0/LG2
Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB

P20/ANIO J e J

P21/ANI1 \/ [Note N

P22/ANI2 \ e J

P23/ANI3 S Nt v

P24/ANI4 v M \

P25/ANI5 - e y

P26/ANI6 - et \

P27/ANI7 - e \

Note PD78F037x, 78F0376D, 78F037xA, 78F0376DA only

Remark +: Mounted, —: Not mounted

Port 2 is an 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 P27/ANI7 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 P27/ANI7 are used as digital output ports, select digital I/O using ADPC, and then set output

mode using PM2.

Table 5-4. Settings of P20/ANIO to P27/ANI7 pin function

ADPC

PM2

ADS

P20/ANIO to P27/ANI7 Pins

Digital I/O selection

Input mode

Digital input

Output mode

Digital output

Analog input selection

Input mode

ANI selection

Analog input (to be converted)

ANI non-selection

Analog input (not to be converted)

Output mode

ANI selection

ANI non-selection

Setting prohibited

When a reset signal is generated, P20/ANIO to P27/ANI7 are all set to analog input mode.

Figure 5-12 shows a block diagram of port 2.

Caution Make the AVRer pin the same potential as the Vop pin when port 2 is used as a digital port.
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CHAPTER 5 PORT FUNCTIONS

Figure 5-12. Block Diagram of P20 to P27

A
RD
S

| )
%) 0]
>
o)
= WRpoRrT
c
o
[
- Output latch

O P20/ANIO to
~ (P20 to P27) ©) P27/ANI7
WRem
PM2
S PM20 to PM27
A/D converter
e
P2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

5.2.4 Port3

78KO0/LE2

78KO0/LF2

78K0/LG2

Products whose flash Products whose flash
memory is less than memory is at least

32 KB

48 KB

P30/INTP1

P31/INTP2/
OCD1A™"

P32/INTP3/
ocD1B™™

P33/INTP4/T151/
TO51

Note OCD1A and OCD1B are provided to the products with an on-chip debug function («PD78F03xxD and

78F03xxDA) only.

Remark +: Mounted

Port 3 is an I/O 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 the P30 to P33 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 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 5-13 and 5-14 show block diagrams of port 3.

Cautions 1. In the product with an on-chip debug function (#zPD78F03xxD and 78F03xxDA), be sure to pull
the P31/INTP2/OCD1A pin down before a reset release, to prevent malfunction.
2. Process the P31/INTP2/OCD1A pin of the products without an on-chip debug function and
with the flash memory of 48 KB or more and having a product rank of “E”, and for the
product with an on-chip debug function (uPD78F03xxD and 78F03xxDA) as follows, when it is
not used when it is connected to a flash memory programmer or an on-chip debug emulator.

P31/INTP2/OCD1A

Flash memory programmer connection

On-chip debug
emulator connection
(when it is not used
as an on-chip debug
mode setting pin)

During reset

Connect to Vss via a resistor.

During reset released

Input:  Connect to Voo or Vss via a
resistor.
Output: Leave open.

Remarks 1. For the product ranks, consult an NEC Electronics sales representative.
2. P31 and P32 of the product with an on-chip debug function (#PD78F03xxD and 78F03xxDA) can be

used as on-chip debug mode setting pins (OCD1A and OCD1B) when the on-chip debug function is
used. For how to connect an on-chip debug emulator (QB-MINI2), sece CHAPTER 28 ON-CHIP

DEBUG FUNCTION (#PD78F03xxD and 78F03xxDA ONLY).
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CHAPTER 5 PORT FUNCTIONS

Figure 5-13. Block Diagram of P30 to P32

Vop
™1 WReu
l PU3
© PU30 to PU32
P-ch
Alternate
function
RD
(]
] — ,
2 | k] <| <|
£ = | s
Q
E n
WRProrT
P3
Qutput latch
~ (P30 to P32) © P30/INTP1,
P31/INTP2/OCD1A,
WRpm P32/INTP3/0CD1B
PM3
S PM30 to PM32
%
P3: Port register 3

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

RD: Read signal

WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

Figure 5-14. Block Diagram of P33
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P-ch

——© P33/INTP4/TI51/TO51

M-  WReru
l PU3
&S PU33 ) |
Alternate
function
RD
| e
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o [ ° | 3
2 »
E] WRPpoRT
o
IS
Vany Output latch
~ (P33)
WRem
PM3
S PM33
Alternate
function
N/
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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CHAPTER 5 PORT FUNCTIONS

5.2.5 Port 6
78K0/LE2 78K0/LF2 78K0/LG2
Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB
P60/SCLO
P61/SDAO

Remark +: Mounted

Port 6 is an I/O port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units using
port mode register 6 (PM6). When the P60 and P61 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 6 (PU6).

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 clock I/O and data I/O.

Reset signal generation sets port 6 to input mode.

Figure 5-15 shows block diagrams of port 6.

Caution In the 78K0/Lx2 microcontrollers, be sure to use the P60/SCL0 and P61/SDAO0 as the serial clock
I/0 pin and serial data I/O pin, respectively, in accordance with the specifications.
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Figure 5-15. Block Diagram of P60 and P61

M\
Alternate
function
RD
1 S < | < |
= | ks
[0}
]
WRPpoRT
8 P6
Ke]
= Output latch
k5 - (P60, P61) —© P60/SCLO,
= P61/SDAO
WRem
l PM6
© PM60, PM61
Alternate
function
—~_"
P6: Port register 6

PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal

Caution A through current flows through P60 and P61 if an intermediate potential is input to these pins,
because the input buffer is also turned on when P60 and P61 are in output mode. Consequently,
do not input an intermediate potential when P60 and P61 are in output mode.

163

User's Manual U19518EJ1VOUD



CHAPTER 5 PORT FUNCTIONS

5.2.6 Port7

78KO0/LE2 78K0/LF2 78K0/LG2

Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB

P70/KRO -

P71/KR1 -

P72/KR2 -

P73/KR3 -

P74/KR4 -

P75/KR5 -

P R - - - = =

P76/KR6 -

P [ B - - )

P77/KR7 -

Remark +: Mounted, —: Not mounted

Port 7 is an I/O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using
port mode register 7 (PM7). When the P70 to P77 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 7 (PU7).

This port can also be used for key return input.

Reset signal generation sets port 7 to input mode.

Figure 5-16 shows a block diagram of port 7.
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Figure 5-16. Block Diagram of P70 to P77

Vob

>

Selector

<o

Y
WReu
l PU7
© PU70 to PU77
Alternate
function
RD
[2]
=}
Ke)
) S
@
£
WRPpoRT
A Qutput latch
~ (P70 to P77)
WRem
PM7
S PM70 to PM77
—~_/
P7: Port register 7

PU7: Pull-up resistor option register 7
PM7:  Port mode register 7
RD: Read signal
WRxx: Write signal
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5.2.7 Port 12

78KO0/LE2 78KO0/LF2 78K0/LG2

Products whose flash Products whose flash
memory is less than memory is at least
32 KB 48 KB

P120/INTPO/EXLVI

P121/X1/OCDOA"™"

P122/X2/EXCLK/

ocDoB™"

P123/XT1

P124/XT2/EXCLKS

Note OCDOA and OCDOB are provided to the products with an on-chip debug function (¢«PD78F03xxD and
78F03xxDA) only.

Remark +: Mounted

Port 12 is an 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 as pins for external interrupt request input, potential input for external low-voltage

detection, connecting resonator for main system clock, connecting resonator for subsystem clock, external clock input

for main system clock, and external clock input for subsystem clock.

Reset signal generation sets port 12 to input mode.

Figures 5-17 and 5-18 show block diagrams of port 12.

Cautions 1.

166

When using the P121 to P124 pins to connect a resonator for the main system clock (X1, X2)
or subsystem clock (XT1, XT2), or to input an external clock for the main system clock
(EXCLK) or subsystem clock (EXCLKS), 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 6.3 (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
of the P121 to P124 pins are I/O port pins). At this time, setting of the PM121 to PM124 and
P121 to P124 pins is not necessary.

Process the P121/X1/OCDOA pin of the products without an on-chip debug function and with
the flash memory of 48 KB or more and having a product rank of “E”, and for the product
with an on-chip debug function (#PD78F03xxD and 78F03xxDA) as follows, when it is not
used when it is connected to a flash memory programmer or an on-chip debug emulator.

P121/X1/OCDOA
Flash memory programmer connection Leave open or connect to Vss via a resistor.
On-chip debug During reset Connect to Vss via a resistor.
emulator connection During reset released Input:  Connect to Voo or Vss via a resistor.
(when it is not used Output: Leave open.
as an on-chip debug
mode setting pin)
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Remarks 1. For the product ranks, consult an NEC Electronics sales representative.

2. X1 and X2 of the product with an on-chip debug function (#PD78F03xxD and 78F03xxDA) can
be used as on-chip debug mode setting pins (OCDOA and OCDOB) when the on-chip debug
function is used. For how to connect an on-chip debug emulator (QB-MINI2), see CHAPTER
28 ON-CHIP DEBUG FUNCTION (¢PD78F03xxD and 78F03xxDA ONLY).

Figure 5-17. Block Diagram of P120

>

e

P-ch

© P120/INTPO/EXLVI

™1 WRe
l PU12
O PU120
Alternate
function
RD
2] =
a | g
g > | 3
2 n
C
- WReProRT
Vany Output latch
~ (P120)
WRpm
PM12
S PM120
~_/
P12: Port register 12
PU12:  Pull-up resistor option register 12
PM12: Port mode register 12
RD: Read signal
WRxx:  Write signal
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Figure 5-18. Block Diagram of P121 to P124

M T
OSCCTL
OSCSEL/
RD OSCSELS
S
Pary | g L
| T
w
WRproRrT
P12
A Output latch
& (P122/P124) © P122/X2/EXCLK/OCDOB,
P124/XT2/EXCLKS
WRem
PM12
D PM122/PM124 @
OSCCTL
OSCSEL/
OSCSELS OSCCTL
g EXCLK, OSCSEL/ g
= EXCLKS, OSCSELS 0
c
g
£

RD
S
VanY | g L
| @
w
WRporT
P12
A Output latch
~ (P121/P123) @) P121/X1/OCDOA,
P123/XT1
WRem
PM12
S PM121/PM123 \ N\
OSCCTL
OSCSEL/
OSCSELS

P12: Port register 12

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

RD: Read signal

WRxx: Write signal
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5.3 Registers Controlling Port Function
Port functions are controlled by the following four types of registers.

e Port mode registers (PMxx)

o Port registers (Pxx)

e Pull-up resistor option registers (PUxx)
e A/D port configuration register (ADPC)

(1) Port mode registers (PMxx)
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 by referencing 5.5 Settings of
Port Mode Register and Output Latch When Using Alternate Function.

Figure 5-19. Format of Port Mode Register (78K0/LE2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
o | 1 | 1 [ 1 [ 1 1 ] PMO1 | PMoo | FF20H FFH RIW

PM1 | PM17 | P16 | PM1s | PM14 | PM13 | PMi2 | P11 | P10 | FR21iH FFH RW
PM2 [ 1 | 1 | 1 | pmea | PM23 | PM22 | PM21 | PM20 | FF22H  FFH RW
s [T T T T v Towes [owe Lo [ ] reoon s
e [T+ [+ T v [ e [ T ] e e e
PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | FF27H FFH RW
Pmi2 | 1 | 1 | 1 | pm12a | Pmi23 | Pm122 | Pmi21 | P20 | FR2cH  FFH RW
e [ T 7 T T T T T Do) et o o
PMmn Pmn pin /O mode selection

(m=01t03,6,7,12,14;,n=01t07)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Caution After a reset release, be sure to set PM62 and PM140 to 0, and set PM7 to O0H.
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Figure 5-20. Format of Port Mode Register (78K0/LF2)

Symbol 7 6 5 4 3 2 1 0  Address Afterreset  R/W
o [T+ T+ [+ Tvwos [rwoe [wr [rum ] rroon  #ow e
PMt | PM17 | PM16 | PMi5 | PM14 | PM13 | PM12 | PM11 | PMi0 | FF21H  FFH R/W

PM2Note [ pM27 | PM26 | PM2s | PM24 | PM23 | PM22 | PM21 | PM20 | FF2eH  FFH RW
M3 | 1 | 1 | 1 | 1 | Pwss | Pws2 | Pmat | PM30 | FF2sH  FFH RW
o B R AT e
PM7 | PM77 | PM76 | PM75 | PM74 | PM73 | PM72 | PM71 | PM70 | FR27H FFH RW
Pmi2 | 1 [ 1 | 1 [ Pmi2a | Pmi23 | PM122 | Pmi21 | P20 | FR2cH  FFH RIW
s [T T 7 T+ T v T v T v [+ Towm] o e o

PMmn Pmn pin /O mode selection

(m=0t03,6,7,12,14;n=010 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Note 1PD78F037x, 78F0376D, 78F037xA, 78F0376DA only

Caution After a reset release, be sure to set PM02, PM03, PM62, PM77, and PM140 to 0.
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Figure 5-21. Format of Port Mode Register (78K0/LG2)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMo | 1 | Pmos | Pmos | Pmo4 | Pmo3 | Pmo2 | Pmot | Pmoo | FF2oH  FFH RW
PM1 | PM17 | PM16 | PM15 | PM14 | PM13 | PMi2 | PM11 | PM10 | FF21H FFH RIW
PM2 | PM27 | PM26 | PM25 | PM24 | PM23 | PM22 | PM21 | PM20 | FF2zH FFH R/W
M3 [ 1 | 1 | 1 | 1 | Pwss | P32 | PM31 | PM30 | FF2sH FFH RIW
Pme [ 1 | 1 | 1 | 1 | 1 | PMe2 | PM61 | PM60 | FF2eH  FFH RW
PM7 | PM77 \ PM76 \ PM75 \ PM74 \ PM73 \ PM72 \ PM71 \ PM70 | FE27H FEH RIW
Pmi2 | 1 | 1 | 1 | pm12a | Pmi23 [ Pm122 | Pm121 | Pmizo | FF2cH  FFH RIW
pmia | 1+ | 1 [ 1 [ 1 | 1 | 1 | pwat|pPwao | FF2EH FFH RIW

PMmn Pmn pin /0 mode selection
(m=0t03,6,7,12,14;n=010 7)
0 QOutput mode (output buffer on)
1 Input mode (output buffer off)

Caution After a reset release, be sure to set PM62, PM140, and PM141 to 0.
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(2) Port registers (Pxx)
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 clears these registers to 00H.

Figure 5-22. Format of Port Register (78K0/LE2)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
po| o | o | o | o | o | o | pot | Poo | FFOOH  00H (outputlaich) RMW
Pt [ P17 | Pte | P15 | P1a | P13 | P12 | P11 | P10 | FFOIH  OOH (outputlatch) RW
P2 o | o | o | P | Pes | P2 | P21 | P20 | FFO2H  00H (outputlaich) RMW
P o | o | o | o | P | Pe2 | P31 | P30 | FFOBH  O0OH (outputlaich) RW
P o | o | o | o | o | o | pet | Peo | FFOBH  0OH (outputlatch) RMW
P2 [ o | o | o [Ptoave|piogiee | proovee | prathee | p12o | FFOCH  00H (output latch) R

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

Note “0”is always read from the output latch of P121 to P124 if the pin is in the external clock input mode.

Remark For P13, see 18.4 Registers Controlling LCD Controller/Driver.
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Figure 5-23. Format of Port Register (78K0/LF2)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
pp| o | o | o | | o | o | Pot | Poo | FFOOH  00H (outputlatch) R
Pt | P17 | Pt6 | P15 | P1a | P13 | Pi2 | P11 | P10 | FFOIH  0OH (outputlaich) RMW

poVoiet | po7 | pos | P25 | Poa | P23 | P22 | P2t | P20 | FFO2H  OOH (outputlatch) RMW
P o | o | o | o | P | P2 | P31 | P30 | FFosH  0OH (outputlatch) RMW
P6 | 0 \ 0 \ 0 \ 0 \ 0 \ 0 \ P61 \ P60 | FFOBH  OOH (output latch) R/W
P7 | 0 \ P76 \ P75 \ P74 \ P73 \ P72 \ P71 \ P70 | FFO7H  OOH (output latch) R/W
Pi2 | o | o | o [proavoez|pioguene|propnent [pragtesz] prao | FFOCH  00H (output latch) R

Pmn m=01t03,6,7,12;,n=0t0 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
Notes 1. uPD78F037x, 78F0376D, 78F037xA, 78F0376DA only

2. “0”is always read from the output latch of P121 to P124 if the pin is in the external clock input mode.

Remark For P13, see 18.4 Registers Controlling LCD Controller/Driver.
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Symbol
PO

P1

P2

P3

P6

P7

P12

Note “0”is always read from the output latch of P121 to P124 if the pin is in the external clock input mode.

Figure 5-24. Format of Port Register (78K0/LG2)

7 6 5 4 3 2 1 0 Address After reset R/W
| o | Pos | Pos | Poa | Pos | Poz | Pot | Poo | FFOOH  00H (outputlatch) R
[ P17 | pie | P15 | P1a | P13 | P2 P11 | P10 | FFOTH  0OH (outputlatch) R/W
| Pz | Pos | Pos | poa | Pas | P2 P2t | P20 | FFO2H  0OH (output latch) R/W
[ o | o | o | o [ P | pa P31 | P30 | FFO3H  OOH (outputlatch) R/W
| 0 \ 0 \ 0 \ 0 \ 0 \ 0 P61 \ P60 | FFOBH  OOH (output latch) R/W
| P77 \ P76 \ P75 \ P74 \ P73 \ P72 P71 \ P70 | FFO7H  OOH (output latch) R/W
[ o | o | o |Pioawe]pragioe|pioavee [ praghee| p12o | FFocH  00H (outputlatch) R

Pmn m=01t03,6,7,12,n=01t07
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

Remark For P13, see 18.4 Registers Controlling LCD Controller/Driver.
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(3) Pull-up resistor option registers (PUxx)
These registers specify whether the on-chip pull-up resistors 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 these registers. 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 these registers.

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

Symbol
PUO

PU1

PU3

PU12

Figure 5-25. Format of Pull-up Resistor Option Register (78K0/LE2)

7 6 5 4 3 2 1 0 Address  After reset R/W
[ o o | o | o | o | o | puot | Puoo | FFsoH oo RIW
[ Pu17 | Pute | Puts | Puta | Pu1s | Put2 | Put1 | Puto | FFatH 00H RIW
[ o o | o | o | puss | Pus2 | Pust | PUSD | FF33H 00H RIW
[ o 0 0 0 0 0 o |Puio | FFaCH  ooH 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
1 On-chip pull-up resistor connected
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Symbol
PUO

PU1

PU3

PU7

PU12

176

Figure 5-26. Format of Pull-up Resistor Option Register (78K0/LF2)

7 6 5 4 3 2 1 0 Address  After reset R/W
[ o | o | o | o | o | o | Puot | Puoo | FFaoH  ooH RIW
[ Pu17 | Pute | Puts | puta | Pu1s | put2 | Put1 | Puto | FratH 00H RIW
[ o | o | o | o [ puss|pus2 | pPust | PU30D | FFaaH 00H RIW
| 0 \ PU76 \ PU75 \ PU74 \ PU73 \ PU72 \ PU71 | PU70 | FF37H 00H RW
[ o | o | o | o | o | o | o [Ppuizo]| FracH  ooH RIW

PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,3,7,12,n=01t07)
0 On-chip pull-up resistor not connected

On-chip pull-up resistor connected
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Symbol
PUO

PU1

PU3

PU7

PU12

Figure 5-27. Format of Pull-up Resistor Option Register (78K0/LG2)

7 6 5 4 3 2 1 0 Address  After reset R/W
| o | puos | Puos | Puos | Puos | Puo2 | Puot | Puoo | FFaoH  ooH RIW
[ Pu17 | Pute | Puts | puta | Pu1s | put2 | Put1 | Puto | FratH 00H RIW
[ o | o | o | o [ puss|pus2 | pPust | PUs0 | FFaaH 00H RIW
| PU77 \ PU76 \ PU75 \ PU74 \ PU73 \ PU72 | PU71 | PU70 | FF37H 00H R/W
[ o | o | o | o | o | o 0 |Put2o | FFacH oo RIW

PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,8,7,12,n=01t07)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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(4) A/D port configuration register (ADPC)
This register switches the P20/ANIO to P27/ANI7 pins to digital I/O of port or analog input of A/D converter.
ADPC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Remark P20/ANIO to P24/ANI4 pins: 78KO0/LE2
P20/ANIO to P27/ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2,
78K0/LG2

Figure 5-28. 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 ADPC3 ADPC2 | ADPC1 ADPCO
ADPC3 ADPC2 ADPCA1 ADPCO Digital I/O (D)/analog input (A) switching
P27/ | P26/ | P25/ | P24/ | P23/ | P22/ | P21/ | P20/
Note2  Note1l ANI7|ANI6 | ANI5|ANI4 | ANI3| ANI2 | ANI1 |ANIO
i 0 0 0 0 A|lA| A Al A|lA|A|A
0 0 1 A | A A|A|A|A|D
0 0 1 0 A|A|A|A|A|A|D|D
Setting
permitted 0 0 1 1 A|A|A|A|A|D|D|D
Setting 0 1 0 0 A|A|A|A|D|D|D|D
permitted
0 1 0 1 A|A|A|D|D|D|D|D
T 0 1 1 0 AlA|D|D|D|D|D]|D
Setting
orohiblind 0 1 1 1 A|D|D|D|D|DJ|D]|D
! J 1 0 0 0 D|D|D|D|D|D|D]|D
Other than above Setting prohibited

Notes 1. 78KO/LE2
2. uPD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78KO0/LF2, and 78K0/LG2

Cautions 1. Set the channel used for A/D conversion in the input mode by using port mode register 2
(PM2).
2. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 33 CAUTIONS FOR
WAIT.
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5.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
5.4.1 Writing to I/0 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 when a reset signal is generated.

(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.
The data of the output latch is cleared when a reset signal is generated.

5.4.2 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.

5.4.3 Operations on I/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 when a reset signal is generated.
(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.
The data of the output latch is cleared when a reset signal is generated.
5.5 Settings of Port Mode Register and Output Latch When Using Alternate Function

To use the alternate function of a port pin, set the port mode register and output latch as shown in Table 5-5.

Remark The mounted port pins vary depending on the product. See Table 5-2. Port Functions.
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Table 5-5. Settings of Port Mode Register and Output Latch When Using Alternate Function (1/2)

Pin Name Alternate Function PMxx Pxx
Function Name I/0

P00 TIO00 Input 1 X
PO1 TI010 Input 1 X
TOO00 Output 0 0

P02 SO11 Output 0 0
P03 Si1 Input 1 X
P04 SCK11 Input 1 X
Output 0 1

P05 SSH1 Input 1 X
TI001 Input 1 X

P06 TIO11 Input 1 X
TOO01 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 S010 Output 0 0
P13 TxD6 Output 0 1
P14 RxD6 Input 1 X
P15 TOHO Output 0 0
P16 TOHA1 Output 0 0
INTP5 Input 1 X

P17 TI50 Input 1 X
TO50 Output 0 0

P20 to P27"" | ANIO to ANI7"" Input 1 X

Note The function of the ANIO/P20 to ANI7/P27 pins can be selected by using the A/D port configuration register
(ADPC), the analog input channel specification register (ADS), and PM2.

ADPC PM2 ADS ANIO/P20 to ANI7/P27 Pins
Analog input selection Input mode ANI selection Analog input (to be converted)
ANI non-selection Analog input (not to be converted)
Output mode ANI selection Setting prohibited

ANI non-selection

Digital I/O selection Input mode - Digital input

Output mode - Digital output

Remark x: Don’t care
PMxx: Port mode register
Pxx:  Port output latch
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Table 5-5. Settings of Port Mode Register and Output Latch When Using Alternate Function (2/2)

Pin Name Alternate Function PMxx Pxx
Function Name I/0
P30 to P32 INTP1 to INTP3 Input 1 X
P33 INTP4 Input 1 X
TI51 Input 1 X
TO51 Output 0 0
P60 SCLO 1/0 0 0
P61 SDAO 1/O 0 0
P70 to P77 KRO to KR7 Input 1 X
P120 INTPO Input 1 X
EXLVI Input 1 X
P121 X1t - x X
P122 xaree - X X
EXCLK"™"* Input x x
P123 XT1"e - X X
P124 XT2"* - X X
EXCLKS"* Input x x

Note When using the P121 to P124 pins to connect a resonator for the main system clock (X1, X2) or subsystem
clock (XT1, XT2), or to input an external clock for the main system clock (EXCLK) or subsystem clock
(EXCLKS), 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 6.3 (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 of the P121 to P124 are I/O port pins). At this time, setting of PM121 to
PM124 and P121 to P124 is not necessary.

Remarks 1. x: Don’t care
PMxx: Port mode register
Pxx:  Port output latch
2. X1, X2, P31, and P32 of the product with an on-chip debug function (¢PD78F03xxD and 78F03xxDA)
can be used as on-chip debug mode setting pins (OCDOA, OCDO0B, OCD1A, and OCD1B) when the
on-chip debug function is used. For how to connect an on-chip debug emulator (QB-MINI2), see
CHAPTER 28 ON-CHIP DEBUG FUNCTION (¢PD78F03xxD AND 78F03xxDA ONLY).
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5.6 Cautions on 1-Bit Manipulation Instruction for Port Register n (Pn)

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

<Example>  When P10 is an output port, P11 to P17 are input ports (all pin statuses are high level), and the port
latch value of port 1 is 00H, if the output of output port P10 is changed from low level to high level
via a 1-bit manipulation instruction, the output latch value of port 1 is FFH.

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the
output latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the 78K0/Lx2.

<1> The Pn register is read in 8-bit units.
<2> The targeted one bit is manipulated.
<3> The Pn register is written in 8-bit units.

In step <1>, the output latch value (0) of P10, which is an output port, is read, while the pin statuses
of P11 to P17, which are input ports, are read. If the pin statuses of P11 to P17 are high level at
this time, the read value is FEH.

The value is changed to FFH by the manipulation in <2>.

FFH is written to the output latch by the manipulation in <3>.

Figure 5-29. Bit Manipulation Instruction (P10)

1-bit manipulation

P10 @ instruction P10 @

g (set1 P1.0)
Low-level output is executed for P10

bit.
P11to P17 @ :> P11to P17 @

Pin status: High level Pin status: High level

High-level output

Port 1 output latch Port 1 output latch

[ofofofofefo]ofo] EEENERENERERENED

1-bit manipulation instruction for P10 bit

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

<2> Set the P10 bit to 1.

<3> Write the results of <2> to the output latch of port register 1 (P1)
in 8-bit units.
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6.1 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.

Remark fx: X1 clock oscillation frequency

fRH: Internal high-speed oscillation clock frequency
fexck:  External main system clock frequency

fxT: XT1 clock oscillation frequency

fexciks:  External subsystem clock frequency

Users Manual U19518EJ1V0OUD 183



CHAPTER 6 CLOCK GENERATOR

(3) Internal low-speed oscillation clock (clock for watchdog timer)

¢ 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

6.2

Configuration of Clock Generator

The clock generator includes the following hardware.

Table 6-1. 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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Remark fx: X1 clock oscillation frequency
fRH: Internal high-speed oscillation clock frequency
fexcik:  External main system clock frequency
fxH: High-speed system clock frequency
fxp: Main system clock frequency
frrs: Peripheral hardware clock frequency
fcpu: CPU clock frequency
fx: XT1 clock oscillation frequency
fexciks:  External subsystem clock frequency
fsus: Subsystem clock frequency
fRL: Internal low-speed oscillation clock frequency

6.3 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)
¢ 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 6-2. Format of Clock Operation Mode Select Register (OSCCTL)

Address: FF9FH After reset: 0O0OH R/W

Symbol <7> <6> <5> <4> 3 2 1 <0>
OSCCTL | EXCLK | OscsEL |Exciks™ foscsets™| 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 main system mode register (MCM).

3. 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 the high-speed
system clock (X1 oscillation) is selected as the CPU clock, supply of the CPU
clock is stopped for 4.06 to 16.12 us after AMPH is set to 1. When the high-
speed system clock (external clock input) is selected as the CPU clock, supply of
the CPU clock is stopped for the duration of 160 external clocks after AMPH is
setto 1.

4. If the STOP instruction is executed when AMPH = 1, supply of the CPU clock is
stopped for 4.06 to 16.12 us after the STOP mode is released when the internal
high-speed oscillation clock is selected as the CPU clock, or for the duration of
160 external clocks when the high-speed system clock (external clock input) is
selected as the CPU clock. When the high-speed system clock (X1 oscillation) is
selected as the CPU clock, the oscillation stabilization time is counted after the
STOP mode is released.

5. 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).

6. Be sure to clear bits 1 to 3 to 0.

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 6-3. 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.

Cautions 1. Be sure to clear bits 3 and 7 to “0”.
2. The peripheral hardware clock (frrs) is not divided when the division ratio of the
PCC is set.

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

The fastest instruction can be executed in 2 clocks of the CPU clock in the 78K0/Lx2 microcontrollers. Therefore,
the relationship between the CPU clock (fcru) and the minimum instruction execution time is as shown in Table
6-2.
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Table 6-2. Relationship Between CPU Clock and Minimum Instruction Execution Time

CPU Clock (fcru)

Minimum Instruction Execution Time: 2/fcru

Main System Clock

Note

High-Speed System Clock

Internal High-Speed
Oscillation Clock"™

Subsystem 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 6-6).

(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 6-3. 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 6-4. 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.

190 Users Manual U19518EJ1V0OUD



CHAPTER 6 CLOCK GENERATOR

(5) Main OSC control register (MOC)
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 6-5. 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.

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

. 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 6-6. 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 (fxr) 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. Do not rewrite MCMO when the CPU clock operates with the subsystem clock.
3. A clock other than frrs is supplied to the following peripheral functions
regardless of the setting of XSEL and MCMO.
o Watchdog timer (operates with internal low-speed oscillation clock)
e When “fr”, “frU/27”, or “frU/2°” is selected as the count clock for 8-bit timer H1
(operates with internal low-speed oscillation clock)
¢ Peripheral hardware selects the external clock as the clock source
(Except when the external count clock of TMOn (n = 0, 1) is selected (TIOOn 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 6-7. 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 6-8. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFA4H  After reset: 05SH R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTSH1 OSTS0
OSTS2 OSTSH1 OSTSO0 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"°/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.

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.

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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6.4 System Clock Oscillator

6.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (1 to 20 MHz) connected to the X1 and X2

pins.

An external clock can also be input. In this case, input the clock signal to the EXCLK pin.

Figure 6-9 shows an example of the external circuit of the X1 oscillator.

Figure 6-9. Example of External Circuit of X1 Oscillator

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

| Vss
i
! —

X2

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.

6.4.2 XT1 oscillator

External clock ——————— |

EXCLK

The XT1 oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1 and XT2 pins.
An external clock can also be input. In this case, input the clock signal to the EXCLKS pin.
Figure 6-10 shows an example of the external circuit of the XT1 oscillator.

Figure 6-10. Example of External Circuit of XT1 Oscillator

(a) Crystal oscillation

Vss
XT1

XT2

Cautions are listed on the next page.

(b) External clock

External clock ————————
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Cautions 1. When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the
broken lines in the Figures 6-9 and 6-10 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 6-11 shows examples of incorrect resonator connection.

Figure 6-11. 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 6-11. 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

Vs X2

R AN
T 9 l
T

S
A . B TC
High current
77 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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6.4.3 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)

6.4.4 Internal high-speed oscillator

The internal high-speed oscillator is incorporated in the 78K0/Lx2 microcontrollers. 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.)).

6.4.5 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the 78K0/Lx2 microcontrollers.

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.

6.4.6 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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6.5 Clock Generator Operation

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

mode (see Figure 6-1).

e Main system clock fxp
e High-speed system clock fxH
X1 clock fx
External main system clock fexcik
¢ Internal high-speed oscillation clock frH
e Subsystem clock fsus
e XT1 clock fxr
e External subsystem clock fexciks
o |Internal low-speed oscillation clock frL
e CPU clock fcru
e Peripheral hardware clock frrs

The CPU starts operation when the internal high-speed oscillator starts outputting after a reset release in the

78K0/Lx2 microcontrollers, thus enabling the following.

1

()

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 6-12.
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Power supply
voltage (Vbb)

Internal reset signal <1~

Figure 6-12. Clock Generator Operation When Power Supply Voltage Is Turned On
(When 1.59 V POC Mode Is Set (Option Byte: POCMODE = 0))
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<1>

<2>

<3>

<4>

<5>

Starting XT1 oscillation
is set 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 (MIN.), 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 6.6.1 Example of controlling high-
speed system clock and (1) in 6.6.3 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 6.6.1 Example of controlling high-speed system clock and (3) in 6.6.3
Example of controlling subsystem clock).

Notes 1. If the voltage rises with a slope of less than 0.5 V/ms (MIN.) from power application until the voltage
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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 6-13).
When a low level has been input to the RESET pin until the voltage reaches 1.8 V, the CPU operates
with the same timing as <2> and thereafter in Figure 6-12, after the reset has been released by the
RESET pin.

2. The internal voltage stabilization time includes the oscillation accuracy stabilization time of the internal

high-speed oscillation clock.

3. 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).
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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.

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 6.6.1 Example of controlling high-speed
system clock, (3) in 6.6.2 Example of controlling internal high-speed oscillation clock, and (4) in
6.6.3 Example of controlling subsystem clock).

Figure 6-13. 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 (VbD)

oV

‘
Internal reset signal I

:.<3> Reset processing

' (11 to 45 pus) Switched by
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, ! <5> <5>
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:<2> :
Internal high-speed
oscillation clock (frH)
High-speed e ' :
system clock (fxH) Waiting for oscillation accuracy 4
(when X1 oscillation stabilization (86 to 361 us) ~
selected) : !

' X1 clock '
foscillation stabilization time:
2"/fx to 2'¢/fxNte
Subsystem clock (fsus) Starting X1 oscillation <4>
(when XT1 oscillation is set by software.

selected)

Starting XT1 oscillation
is set 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 6.6.1 Example of controlling high-
speed system clock and (1) in 6.6.3 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 6.6.1 Example of controlling high-speed system clock and (3) in 6.6.3
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).
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Cautions 1. A voltage oscillation stabilization time of 1.93 to 5.39 ms is required after the supply voltage
reaches 1.59 V (TYP.). If the supply voltage rises from 1.59 V (TYP.) to 2.7 V (TYP.) within 1.93
ms, the power supply oscillation stabilization time of 0 to 5.39 ms is automatically generated
before reset processing.

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.

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 6.6.1 Example of controlling high-speed
system clock, (3) in 6.6.2 Example of controlling internal high-speed oscillation clock, and (4) in
6.6.3 Example of controlling subsystem clock).

6.6 Controlling Clock

6.6.1 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> 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 < fxi £ 10 MHz
1 10 MHz < fxn £ 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 4.06 to 16.12 us.

Remark fxH: High-speed system clock oscillation frequency
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<2>

<3>

<4>

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 MSTORP is cleared to 0, the X1 oscillator starts oscillating.

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 30 ELECTRICAL SPECIFICATIONS).

(2) Example of setting procedure when using the external main system clock

<1>

<2>

<3>

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. The clock supply to the CPU is stopped for the
duration of 160 external clocks after AMPH is set to 1.

Remark fxH: High-speed system clock oscillation frequency

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

Controlling external main system clock input (MOC register)
When MSTORP 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 30 ELECTRICAL SPECIFICATIONS).
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(3) Example of setting procedure when using high-speed system clock as CPU clock and peripheral

hardware clock

<1>

<2>

<3>

Note

Setting high-speed system clock oscillation
(See 6.6.1 (1) Example of setting procedure when oscillating the X1 clock and (2) Example of
setting procedure when using the external main system clock.)

Note The setting of <1> is not necessary when high-speed system clock is already operating.
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 (fxr) Peripheral Hardware Clock (fers)
1 1 High-speed system clock (fxH) High-speed system clock (fxH)

Caution 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.

Setting the main system clock as the CPU clock and selecting the 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 PCCO, PCC1, and PCC2.

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 fxp/2°
1 0 0 fxe/2*
Other than above Setting prohibited

(4) Example of setting procedure when stopping the high-speed system clock

204

The

high-speed system clock can be stopped in the following two ways.

e Executing the STOP instruction and stopping the X1 oscillation (disabling clock input if the external clock is
used)
¢ 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 22 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.

6.6.2 Example of controlling internal high-speed oscillation clock

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

(1)
@)

(3)

(1

When restarting oscillation of the internal high-speed oscillation clock
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
When stopping the internal high-speed oscillation clock
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 1""**,

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 6.6.2 (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 6.6.1 (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 (fxw)

<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.

CSSs 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

206

(a) To execute a STOP instruction

<1>

<2>

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 22 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. To operate the CPU immediately after the STOP mode has been released,
set MCMO to 0, switch the CPU clock to the internal high-speed oscillation clock, and check that
RSTSis 1.
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<3> 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.

(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 RSTORP 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.

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

e XT1 clock:

o External subsystem clock: External clock is input to the EXCLKS pin.

Crystal/ceramic resonator is connected across the XT1 and XT2 pins.

When the subsystem clock is not used, the XT1/P123 and XT2/EXCLKS/P124 pins can be used as I/O port pins.

Cautions 1. The XT1/P123 and XT2/EXCLKS/P124 pins are in the I/O port mode after a reset release.
2. Do not start the peripheral hardware operation with the external clock from peripheral
hardware pins when the internal high-speed oscillation clock and high-speed system clock
are stopped while the CPU operates with the subsystem clock, or when in the STOP mode.

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
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(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.

(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 1/0 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 6.6.3 (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
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(4) Example of setting procedure when stopping the subsystem clock
<1> Confirming the CPU clock status (PCC and MCM registers)

<2> Stopping the subsystem clock (OSCCTL register)

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

When OSCSELS is cleared to 0, XT1 oscillation is stopped (the input of the external clock is disabled).

Cautions 1. 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.

6.6.4 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.
o Watchdog timer

¢ 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.

 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)

(2) Example of setting procedure when restarting oscillation of the internal low-speed oscillation clock

When LSRSTORP is set to 1, the internal low-speed oscillation clock is stopped.

<1> Clearing LSRSTOP to 0 (RCM register)

Caution

When LSRSTORP is cleared to 0, the internal low-speed oscillation clock is restarted.

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.
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6.6.5 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 6-4. 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. MCMO: 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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6.6.6 CPU clock status transition diagram
Figure 6-14 shows the CPU clock status transition diagram of this product.

Figure 6-14. 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 (I/O port mode)
Vop < 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 (I/O port mode)

Vop > 1.8 V (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:

) Ao D Selectable by CPU AT
Internal high-speed oscillation: (D) [xr oscitationExcLs input: speed oscilation.” ~ . /EpU: Internal high- Operable
Selectable by CPU Selectable by CPU Internal high-speed oscillation:

X1 oscillation/EXCLK input: / speed gﬁ_cci)llé’ition Stops
Selectable by CPU — - —

i — " . N X1 oscillation/EXCLK input: Stops
XT1 oscillation/EXCLKS input: Operating CPU: Operating XT1 oscillation/EXCLKS input:

with XT1 oscillation or (E) Operable

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 . illation:
! oscillation/EXCLK e S pesd osclaon:
input — HALT Internal high-speed oscillation:
Stops
— X1 oscillation/EXCLK input: Stops
Internal low-speed oscillation: XT1 oscillation: Operable
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 (11 to 45

US).
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Table 6-5 shows transition of the CPU clock and examples of setting the SFR registers.

Table 6-5. 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 30 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 6-5 correspond to (A) to (I) in Figure 6-14.
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 6-5. 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 30 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 6-5 correspond to (A) to (l) in Figure 6-14.
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 6-5. 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 6-5 correspond to (A) to (I) in Figure 6-14.

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

214

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 6-5. 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 30 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 6-5 correspond to (A) to (I) in Figure 6-14.
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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6.6.7 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 6-6. Changing CPU Clock

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

speed oscillation
clock

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

stopped (RSTOP =1).
e Clock supply to CPU is stopped for 4.06
to 16.12 us after AMPH has been set to 1.

External main
system clock

Enabling input of external clock from EXCLK
pin
¢ MSTOP =0, OSCSEL =1, EXCLK =1

e Internal high-speed oscillator can be
stopped (RSTOP = 1).

o Clock supply to CPU is stopped for the
duration of 160 external clocks from the
EXCLK pin 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

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

o Clock supply to CPU is stopped for 4.06
to 16.12 us after AMPH has been set to 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

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

o Clock supply to CPU is stopped for the
duration of 160 external clocks from the
EXCLK pin after AMPH has been set to 1.

216

User's Manual U19518EJ1VOUD




CHAPTER 6 CLOCK GENERATOR

6.6.8 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 6-7).

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 6-7. 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 6-7 is the number of CPU clocks before switchover.
2. When switching the CPU clock from the main system clock to the subsystem 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 fxp/2 to fsus/2 (@ oscillation with fxr = 10 MHz, fsus =
32.768 kHz)
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 6-8).

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 6-8. Maximum Time Required for Main System Clock Switchover

Set Value Before Switchover Set Value After Switchover
MCMO MCMO
0 1
0 1 + 2fru/fxH clock
1 + 2fxw/frH clock

Cautions 1. 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.

2. Do not rewrite MCMO when the CPU clock operates with the subsystem clock.

Remarks 1. The number of clocks listed in Table 6-8 is the number of main system clocks before switchover.

2. Calculate the number of clocks in Table 6-8 by removing the decimal portion.

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

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

high-speed system clock (@ oscillation with frRi = 8 MHz, fxn = 10 MHz)
1+ 2fa/fxi=1+2x810=1+2x0.8=1+1.6=2.6 — 2clocks

Table 6-9. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

External 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 =0o0rCLS =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

(The CPU is operating on a clock other than the subsystem clock)
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6.6.10 Peripheral hardware and source clocks
The following lists peripheral hardware and source clocks incorporated in the 78K0/Lx2 microcontrollers.

Remark The peripheral hardware depends on the product.

Functions.

Table 6-10. Peripheral Hardware and Source Clocks

See 1.8 Block Diagram and 1.9 Outline of

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/ 00 Y N N Y (TI000 pin)"**®
event counter 01 Y N N N Y (TI001 pin)™*
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
CSl0 Y N N N Y (SCK10 pin)™®
CSli11 Y N N N Y (SCK11 pin)**
1ICO Y N N N Y (SCLO pin)**
LCD controller/driver Y Y N N N

Note Do not start the peripheral hardware operation with the external clock from peripheral hardware pins when

the internal high-speed oscillation clock and high-speed system clock are stopped while the CPU operates

with the subsystem clock, or when in the STOP mode.

Remark Y: Can be selected, N: Cannot be selected
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78KO0/LE2

78KO0/LF2

78K0/LG2

Products whose
flash memory is
less than 32 KB

Products whose
flash memory is
at least 48 KB

Products whose
flash memory is
less than 32 KB

Products whose
flash memory is
at least 48 KB

16-bit timer/event

\/

counters 00

16-bit timer/event - Jete _ N
counters 01

Remark +: Mounted, —: Not mounted

Note Only interval timer function is mounted.

7.1 Functions of 16-Bit Timer/Event Counters 00 and 01
16-bit timer/event counters 00 and 01 have the following functions.

(1) Interval timer
16-bit timer/event counters 00 and 01 generate an interrupt request at the preset time interval.

(2) Square-wave output
16-bit timer/event counters 00 and 01 can output a square wave with any selected frequency.

(3) External event counter
16-bit timer/event counters 00 and 01 can measure the number of pulses of an externally input signal.

(4) One-shot pulse output
16-bit timer event counters 00 and 01 can output a one-shot pulse whose output pulse width can be set freely.

(5) PPG output
16-bit timer/event counters 00 and 01 can output a rectangular wave whose frequency and output pulse width can

be set freely.

(6) Pulse width measurement
16-bit timer/event counters 00 and 01 can measure the pulse width of an externally input signal.
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7.2 Configuration o

16-bit timer/event co

f 16-Bit Timer/Event Counters 00 and 01
unters 00 and 01 include the following hardware.

Table 7-1. Configuration of 16-Bit Timer/Event Counters 00 and 01

ltem

Configuration

Time/counter

16-bit timer counter On (TMOn)

Register

16-bit timer capture/compare registers 00n, 01n (CR0On, CR01n)

Timer input

TIOON, TI01n pins

Timer output

TOON pin, output controller

Control registers

16-bit timer mode control register On (TMCOn)

16-bit timer capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCON)

Prescaler mode register On (PRMON)

Port mode register 0 (PMO)

Port register 0 (P0)

Remark n=0:
n=0,

Figures 7-1 and 7-2

Products whose flash memory is less than 32 KB
1: Products whose flash memory is at least 48 KB

show the block diagrams.

Figure 7-1. Block Diagram of 16-Bit Timer/Event Counter 00

S Internal bus S
Capture/compare control
register 00 (CRC00)
5
To CR0O10 % INTTMO00
Noise rg 16-bit timer capture/compare 2
TI010/TO00/P01 ©——= elirt'ni- § register 000 (CR000)
nator
U Match
frrs —] ﬁ
frrs/22 —» % ——
fprs/28 3 16-bit timer counter 00 CIeE] TO00
| (TMO0) Output | output TO00/TIO10/
5 I controller ) > ’. © po1
Noise Match
feRs — glimi- | 12 Output latch
nator (P01) PMO1
I Noise 16-bit timer capture/compare
T1000/P00 © elmi- 71 register 010 (CR010)
] g INTTMO10
5]
CRC002 —
PRMO01 [PRMOOO) [vMcoos[TMcoo2imcon1/ovFoo] [ospraojospEcalTocoodLvsoo [LvRoo Tocooi[ToE00]
16-bit timer mode 16-bit timer output
Prescaler mode control register 00 control register 00
register 00 (PRMO00) (TMCO00) (TOC00)
S Internal bus
221
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Figure 7-2. Block Diagram of 16-Bit Timer/Event Counter 01 (1/2)

(a) 78K0/LG2 products whose flash memory is at least 48 KB

¢ Internal bus §

Capture/compare control
register 01 (CRCO01)

S
To CRO11 | | 8 INTTMOO1
— [}
Noise r% 16-bit timer capture/compare 2
TI011/TO01/P06 ©@——=elimi- 3 register 001 (CR001)
nator 2]
U Match
frrs —* ﬁ
frrs/2% ——= g ——
fprs/26 2 16-bit timer counter 01 ICI‘*E] TOO1
?] (TMO1) Output | OUPU! TOO1/TIO1/
5 U [ controller ) > ’. © pos
. Noise ) Match
PRS — 1 elimi- Output latch
nator ﬁ (P06) PMo6
Noise _bit ti
R e B e I
nator g =
‘ ‘ a|g‘ INTTMO11
]
CRCO012 —
PRMO11|PRMO10 [rmcota[mmcata[mcot lovFo1] [ospTotospEnt Tocot4Lvsot [LvRot[rocot1iToE01]
16-bit timer mode 16-bit timer output
Pre.scaler mode control register 01 control register 01
register 01 (PRMO01) 1y (TMCO1) (TOCO01)
S Internal bus

Cautions 1. The valid edge of TI010 and timer output (TO00) cannot be used for the P01 pin at the same
time, and the valid edge of TI011 and timer output (TO01) cannot be used for the P06 pin at
the same time. Select either of the functions.

2. If clearing of bits 3 and 2 (TMCOn3 and TMCOn2) of 16-bit timer mode control register On
(TMCOn) to 00 and input of the capture trigger conflict, then the captured data is undefined.
3. To change the mode from the capture mode to the comparison mode, first clear the TMCOn3
and TMCOR2 bits to 00, and then change the setting.
A value that has been once captured remains stored in CR00On unless the device is reset. If
the mode has been changed to the comparison mode, be sure to set a comparison value.
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Figure 7-2. Block Diagram of 16-Bit Timer/Event Counter 01 (2/2)

(b) 78K0/LF2 products whose flash memory is at least 48 KB

q Internal bus :

@ = INTTMO0O01

16-bit timer capture/compare
register 001 (CR001)

M Match

16-bit timer counter 01
(TMO1) ~—{Clear

L
Match

frrRs —

ferrs/2% ——=

fPRs/26 — =

INTTMO11

2 |

16-bit timer capture/compare
register 011 (CR011)

| S
[mmcotatmcos2Mco1ovFot|

16-bit timer mode
control register 01
(TMCO1)

PRM011|PRM010]
Prescaler mode

register 01 (PRMO1)

S Internal bus

Caution The 78K0/LF2 products whose flash memory is at least 48 KB have only interval timer function

of 16-bit timer/event counter 01.
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Q)

()

224

16-bit timer counter On (TMOn)
TMOn 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.

Figure 7-3. Format of 16-Bit Timer Counter On (TMOn)

Address: FF10H, FF11H (TM0O), FFBOH, FFB1H (TMO1)  After reset: 0000H R
FF11H (TM0O), FFB1H (TMO1) FF10H (TM00), FFBOH (TMO1)

i5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
oo T T T T T T T T T T T T T T

The count value of TMOn can be read by reading TMOn when the value of bits 3 and 2 (TMCOn3 and TMCOn2) of
16-bit timer mode control register On (TMCOn) is other than 00. The value of TMOn is 0000H if it is read when
TMCONn3 and TMCONn2 = 00.

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

o At reset signal generation
e |[f TMCON3 and TMCON2 are cleared to 00
If the valid edge of the TIOOn pin is input in the mode in which the clear & start occurs when inputting the valid

edge to the TIOON pin
If TMOn and CROONn match in the mode in which the clear & start occurs when TMOn and CROOn match
e OSPTOn is set to 1 in one-shot pulse output mode or the valid edge is input to the TIOOn pin

Caution Even if TMOn is read, the value is not captured by CRO1n.

16-bit timer capture/compare register 00n (CR00nN)), 16-bit timer capture/compare register 01n (CR01n)
CRO0OONn and CRO1n are 16-bit registers that are used with a capture function or comparison function selected by
using CRCOn.

Change the value of CROOn while the timer is stopped (TMCOn3 and TMCOn2 = 00).

The value of CR0O1n can be changed during operation if the value has been set in a specific way. For details, see
7.5.1 Rewriting CR01n during TMOn operation.

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

Reset signal generation sets these registers to 0000H.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-4. Format of 16-Bit Timer Capture/Compare Register 00n (CROOnN)

Address: FF12H, FF13H (CR000), FFB2H, FFB3H (CRO01)  After reset: 0000H  R/W
FF13H (CR000), FFB3H (CR001) FF12H (CR000), FFB2H (CR001)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CROON
it I N I I O B B R

(i) When CRO0OOn is used as a compare register

The value set in CROON is constantly compared with the TMOn count value, and an interrupt request signal
(INTTMOON) is generated if they match. The value is held until CROOn is rewritten.

Caution CRO0ONn does not perform the capture operation when it is set in the comparison mode, even
if a capture trigger is input to it.

(ii) When CROOnN is used as a capture register
The count value of TMOn is captured to CROOn when a capture trigger is input.
As the capture trigger, an edge of a phase reverse to that of the TIOOn pin or the valid edge of the TI01n pin
can be selected by using CRCOn or PRMOn.

Figure 7-5. Format of 16-Bit Timer Capture/Compare Register 01n (CR01n)

Address: FF14H, FF15H (CR010), FFB4H, FFBSH (CRO11)  After reset: 0000H  R/W
FF15H (CR010), FFB5H (CRO11) FF14H (CRO10), FFB4H (CRO11)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CRO1n
ooy L [ [ [ [ [ [ [ [ [ [ [ [ |

(i) When CRO1n is used as a compare register
The value set in CRO1n is constantly compared with the TMOn count value, and an interrupt request signal
(INTTMO1n) is generated if they match.

Caution CRO01n does not perform the capture operation when it is set in the comparison mode, even
if a capture trigger is input to it.

(ii) When CRO1n is used as a capture register
The count value of TMOn is captured to CRO1n when a capture trigger is input.
It is possible to select the valid edge of the TIOOn pin as the capture trigger. The TIOOn pin valid edge is set
by PRMON.

Remark n=0: Products whose flash memory is less than 32 KB
n=0,1: Products whose flash memory is at least 48 KB
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(iii) Setting range when CR0ONn or CR01n is used as a compare register
When CRO0OONn or CRO1n is used as a compare register, set it as shown below.

Operation CROON Register Setting Range CRO1n Register Setting Range
Operation as interval timer 0000H < N < FFFFH 0000H"" < M < FFFFH
Operation as square-wave output Normally, this setting is not used. Mask the

Operation as external event counter match interrupt signal (INTTMO1n).

Operation in the clear & start mode 0000H"" < N < FFFFH 0000H"" < M < FFFFH
entered by TI0On pin valid edge input

Operation as free-running timer

Operation as PPG output M < N < FFFFH 0000H"™ <M < N

Operation as one-shot pulse output 0000H"™" < N < FFFFH (N = M) 0000H"™"° <M < FFFFH (M # N)

Note When 0000H is set, a match interrupt immediately after the timer operation does not occur and timer output
is not changed, and the first match timing is as follows. A match interrupt occurs at the timing when the
timer counter (TMOn register) is changed from 0000H to 0001H.

e When the timer counter is cleared due to overflow

e When the timer counter is cleared due to TIOOn pin valid edge (when clear & start mode is entered by
TIOON pin valid edge input)

e When the timer counter is cleared due to compare match (when clear & start mode is entered by match
between TMOn and CR0OONn (CROON = other than 0000H, CR0O1n = 0000H))

Timer counter clear —,

TMOn register

Compare register set value
(O000H)

Timer operation enable bit Operation Operation enabled
disabled (00
(TMCOR3, TMCON2) (00) (other than 00)

|

Interrupt request signal

Interrupt signal Interrupt signal
is not generated is generated

Remarks 1. N: CROOn register set value, M: CRO1n register set value
2. For details of TMCONn3 and TMCON2, see 7.3 (1) 16-bit timer mode control register On (TMCOn).
3.n=0: Products whose flash memory is less than 32 KB
n=0, 1: Products whose flash memory is at least 48 KB
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Table 7-2. Capture Operation of CROOn and CR01n

External Input

Signal TI0ON Pin Input Il ' | TI0O1n Pin Input I | | |
Capture )

Operation
Capture operation of | CRCOn1 =1 Set values of ESOn1 and | CRCOn1 bit=0 Set values of ES1n1 and
CROON TIOON pin input ESOn0 TI01n pin input ES1n0
(reverse phase) Position of edge to be Position of edge to be
captured captured
01: Rising | | | | 01: Rising
00: Falling 00: Falling
11: Both edges 11: Both edges
(cannot be captured) I t I Y
Interrupt signal INTTMOOn signal is not | Interrupt signal INTTMOOn signal is
generated even if value generated each time
is captured. value is captured.
Capture operation of | TIOOn pin input**® Set values of ESOn1 and
CRO1n ESOnO

Position of edge to be

I—I _I_ captured
! 01: Rising

-

00: Falling

-
7|

11: Both edges

1

Interrupt signal INTTMO1n signal is
generated each time
value is captured.

=

Note The capture operation of CRO1n is not affected by the setting of the CRCOn1 bit.

Caution To capture the count value of the TMOn register to the CROOn register by using the phase
reverse to that input to the TIOOn pin, the interrupt request signal (INTTMOOR) is not generated
after the value has been captured. If the valid edge is detected on the TI01n pin during this
operation, the capture operation is not performed but the INTTMOOn signal is generated as an
external interrupt signal. To not use the external interrupt, mask the INTTMOON signal.

Remarks 1. CRCOn1: See 7.3 (2) Capture/compare control register On (CRCOn).
ES1n1, ES1n0, ESOn1, ESOn0: See 7.3 (4) Prescaler mode register On (PRMON).
2. n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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7.3

Registers Controlling 16-Bit Timer/Event Counters 00 and 01

Registers used to control 16-bit timer/event counters 00 and 01 are shown below.

Q)

228

16-bit timer mode control register On (TMCOn)
Capture/compare control register On (CRCOn)
16-bit timer output control register On (TOCON)
Prescaler mode register On (PRMOn)

Port mode register 0 (PMO)

Port register 0 (P0)

16-bit timer mode control register On (TMCOn)

TMCOn is an 8-bit register that sets the 16-bit timer/event counter On operation mode, TMOn clear mode, and
output timing, and detects an overflow.

Rewriting TMCOn is prohibited during operation (when TMCOn3 and TMCOn2 = other than 00). However, it can
be changed when TMCOn3 and TMCON2 are cleared to 00 (stopping operation) and when OVFOn is cleared to 0.
TMCOn can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets TMCOn to 00H.

Caution 16-bit timer/event counter On starts operation at the moment TMCOn2 and TMCOn3 are set to
values other than 00 (operation stop mode), respectively. Set TMCOn2 and TMCOn3 to 00 to

stop the operation.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-6. Format of 16-Bit Timer Mode Control Register 00 (TMCO00)

Address: FFBAH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO00 0 0 0 0 TMCO003 ‘ TMC002 ‘ TMCO01 | OVF00
TMCO003 TMC002 Operation enable of 16-bit timer/event counter 00
0 0 Disables 16-bit timer/event counter 00 operation. Stops supplying operating clock.

Clears 16-bit timer counter 00 (TMO0O).

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 (PRM00).
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Figure 7-7. Format of 16-Bit Timer Mode Control Register 01 (TMCO01)

Address: FFB6H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TMCO1 0 0 0 0 TMCO013 ‘ TMCO012 | TMCO11 ‘ OVFo1
TMCO013 TMCO012 Operation enable of 16-bit timer/event counter 01
0 0 Disables 16-bit timer/event counter 01 operation. Stops supplying operating clock.

Clears 16-bit timer counter 01 (TMO1).

0 1 Free-running timer mode

1 0 Clear & start mode entered by TI001 pin valid edge input"™

1 1 Clear & start mode entered upon a match between TM01 and CR001
TMCO11 Condition to reverse timer output (TO01)

0 e Match between TMO1 and CR001 or match between TMO1 and CR0O11

1 e Match between TMO1 and CR001 or match between TMO1 and CR0O11

o Trigger input of TI001 pin valid edge

OVFO1 TMO1 overflow flag

Clear (0) Clears OVF01 to 0 or TMC013 and TMC012 = 00

Set (1) Overflow occurs.

OVFO1 is set to 1 when the value of TMO1 changes from FFFFH to 0000H in all the operation modes (free-running
timer mode, clear & start mode entered by TI001 pin valid edge input, and clear & start mode entered upon a match
between TM01 and CR001).

It can also be set to 1 by writing 1 to OVFO1.

Note The TIOO01 pin valid edge is set by bits 5 and 4 (ES011, ES010) of prescaler mode register 01 (PRMO01).
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(2) Capture/compare control register On (CRCOn)
CRCOn is the register that controls the operation of CR0On and CRO1n.
Changing the value of CRCOn is prohibited during operation (when TMCOn3 and TMCONn2 = other than 00).
CRCOn can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears CRCOn to 00H.

Figure 7-8. 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.
If ES001 and ES000 are set to 11 (both edges) when CRCO001 is 1, the valid edge of the TI0O00 pin cannot
be detected.

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

If TMCO003 and TMCO002 are set to 11 (clear & start mode entered upon a match between TM0O and
CRO000), be sure to set CRC000 to 0.

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).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-9. Example of CR01n Capture Operation (When Rising Edge Is Specified)

Valid edge

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

™on Y N-3 J N-2 T N-1 )

TIOONn |

Rising edge detection

X
/

|
I
N
|

I
N+ 1
L

1

- -
P4

CRO1n

\
INTTMO1n \‘l_l

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB

Figure 7-10. Format of Capture/Compare Control Register 01 (CRC01)

Address: FFB8H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CRCO1 0 0 0 0 0 CRCO012 CRCO11 CRCO010
CRCO012 CRO011 operating mode selection
0 Operates as compare register
1 Operates as capture register
CRCO11 CRO0O01 capture trigger selection
0 Captures on valid edge of TI0O11 pin
1 Captures on valid edge of TI001 pin by reverse phase"™®

The valid edge of the TI011 and TI001 pin is set by PRMO1.
If ES011 and ES010 are set to 11 (both edges) when CRCO11 is 1, the valid edge of the TI001 pin cannot
be detected.

CRCO010 CRO001 operating mode selection
0 Operates as compare register
1 Operates as capture register

If TMC013 and TMCO012 are set to 11 (clear & start mode entered upon a match between TMO1 and
CRO001), be sure to set CRC010 to 0.

Note When the valid edge is detected from the TIO11 pin, the capture operation is not performed but the
INTTMOO1 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 01 (PRMO01) (see
Figure 7-9 Example of CR0O1n Capture Operation (When Rising Edge Is Specified).
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(3) 16-bit timer output control register On (TOCOn)
TOCOnN is an 8-bit register that controls the TOOn output.
TOCONn can be rewritten while only OSPTOn is operating (when TMCOn3 and TMCOn2 = other than 00).
Rewriting the other bits is prohibited during operation.
However, TOCONn4 can be rewritten during timer operation as a means to rewrite CRO1n (see 7.5.1 Rewriting
CRO1n during TMOn operation).
TOCON can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TOCOn to 00H.

Caution Be sure to set TOCOn using the following procedure.
<1> Set TOCOn4 and TOCON1 to 1.
<2> Set only TOEON to 1.
<3> Set either of LVSOn or LVRON to 1.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-11. Format of 16-Bit Timer Output Control Register 00 (TOCO00)

Address: FFBDH  After reset: 00H R/W

Symbol 7 <6> <5> 4 <3> <2> 1 <0>
TOCO00 0 OSPT00 OSPEO0 TOCO004 LVS00 LVROO ‘ TOCO001 ‘ TOEO00
OSPTO00 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.

OSPEOO 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
TI000 pin valid edge input.
The one-shot pulse cannot be output in the clear & start mode entered upon a match between TM00 and

CRO000.
TOC004 TOO00 output control on match between CR010 and TM00
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO010) is generated even when TOC004 = 0.

LVS00 LVR00 Setting of TO00 output status
0 0 No change
0 1 Initial value of TO0O0 output is low level (TOO0O0 output is cleared to 0).
1 0 Initial value of TOO0O0 output is high level (TO0O0 output is set to 1).
1 1 Setting prohibited

e LVSO00 and LVROO can be used to set the initial value of the TO0O0 output level. If the initial value does
not have to be set, leave LVS00 and LVRO0O as 00.

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

e LVSO00 and LVROO are trigger bits. By setting these bits to 1, the initial value of the TO00 output level
can be set. Even if these bits are cleared to 0, the TO00 output 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 7.5.2 Setting LVSOn and LVRON.

e The actual TO00/TI010/P01 pin output is determined depending on PM01 and P01, besides TO00

output.
TOCO001 TOO00 output control on match between CR000 and TM0O
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMOOO) is generated even when TOC001 = 0.

TOEO00 TOO00 output control
0 Disables output (TO00 output fixed to low level)
1 Enables output
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Figure 7-12. Format of 16-Bit Timer Output Control Register 01 (TOCO01)

Address: FFBOH  After reset: 00H R/W

Symbol
TOCO1

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

0 OSPTO1 OSPEO1 TOCO014 LVSO01 LVRO1 TOCO11 TOEO1
OSPTO1 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, TMO1 is cleared and started.

OSPEO1 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

TI001 pin valid edge input.

The one-shot pulse cannot be output in the clear & start mode entered upon a match between TMO1 and

CRO001.
TOCO014 TOO1 output control on match between CR011 and TMO1
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMO11) is generated even when TOC014 = 0.

LVSO01 LVRO1 Setting of TO01 output status
0 0 No change
0 1 Initial value of TOO1 output is low level (TOO1 output is cleared to 0).
1 0 Initial value of TOO1 output is high level (TOO01 output is set to 1).
1 1 Setting prohibited

e LVS01 and LVRO1 can be used to set the initial value of the TOO1 output level. If the initial value does

not have to be set, leave LVS01 and LVRO1 as 00.
e Be sure to set LVS01 and LVRO1 when TOEO1 = 1.
LVS01, LVRO1, and TOEO1 being simultaneously set to 1 is prohibited.

e LVSO01 and LVROT1 are trigger bits. By setting these bits to 1, the initial value of the TO01 output level

can be set. Even if these bits are cleared to 0, TO01 output is not affected.
e The values of LVS01 and LVRO1 are always 0 when they are read.
e For how to set LVS01 and LVRO1, see 7.5.2 Setting LVSOn and LVRON.

e The actual TO01/T1011/P06 pin output is determined depending on PMO06 and P06, besides TOO01

output.
TOCO011 TOO01 output control on match between CR001 and TMO1
0 Disables inversion operation
1 Enables inversion operation

The interrupt signal (INTTMOO1) is generated even when TOCO011 = 0.

TOEO1 TOO01 output control
0 Disables output (TOO01 output is fixed to low level)
1 Enables output
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(4)
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Prescaler mode register On (PRMOnN)

PRMOn is the register that sets the TMOn count clock and TIOOn and TI01n pin input valid edges.
Rewriting PRMOn is prohibited during operation (when TMCOn3 and TMCONn2 = other than 00).
PRMOn can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets PRMOn to O0H.

Cautions 1. Do not apply the following setting when setting the PRMOn1 and PRMOnO bits to 11 (to

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

2. If the operation of the 16-bit timer/event counter On is enabled when the TIOOn or TI01n pin
is at high level and when the valid edge of the TIOOn or TI0O1n pin is specified to be the rising
edge or both edges, the high level of the TIOOn or TI0O1n pin is detected as a rising edge.
Note this when the TI0OOn or TI0O1n 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, and the valid edge of TI011 and timer output (TO01) cannot be used for the P06 pin at
the same time. Select either of the functions.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Address: FFBBH After reset: 00H R/W

Figure 7-13. Format of Prescaler Mode Register 00 (PRMO00)

Remark

supply voltage and product specifications.

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 TI00O0 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO001 PRMO000 Count clock selection™*"
frrRs =2 MHz | frrs =5 MHz | frrs = 10 MHz | frrs = 20 MHz
0 0 fers"™®? 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™***
Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power

Conventional-specification Products
(«PD78F03xx and 78F03xxD)

Supply Voltage

Expanded-specification Products
(«PD78F03xxA and 78F03xxDA)

40V<Vop<55V fers <20 MHz

27V<Vob<4.0V frrs < 10 MHz

fers <20 MHz

1.8V<Vop<27V frrs <5 MHz

fers <5 MHz

(The values shown in the table above are those when fPRS = fxH (XSEL = 1).)
2. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
=0), when 1.8 V < Vbp < 2.7 V, the setting of PRM001 = PRMO00O0 = 0 (count clock: frrs) is prohibited.

3. Thisis settable only if 4.0V <Vpop<5.5V.

4. The external clock from the TIO00 pin requires a pulse longer than twice the cycle of the peripheral

hardware clock (frrs).

5. Do not start timer operation with the external clock from the TI0O00 pin when the internal high-speed
oscillation clock and high-speed system clock are stopped while the CPU operates with the subsystem

clock, or when in the STOP mode.

frrs: Peripheral hardware clock frequency
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Figure 7-14. Format of Prescaler Mode Register 01 (PRMO01)

Address: FFB7H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PRMO1 ES111 ES110 ES011 ES010 0 ‘ 0 ‘ PRMO11 ‘ PRMO010
ES111 ES110 TI011 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
ESO011 ES010 TIOO01 pin valid edge selection
0 0 Falling edge
0 1 Rising edge
1 0 Setting prohibited
1 1 Both falling and rising edges
PRMO011 PRMO010 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° 125 kHz 312.5 kHz 625 kHz 1.25 MHz
1 0 frrs/2° 31.25 kHz 78.125 kHz 156.25 kHz 312.5 kHz
1 1 TI001 valid edge™***

Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) (uPD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz frrs < 20 MHz
27V<Vopb<4.0V frrs < 10 MHz
1.8V<Vm<27V frrs < 5 MHz frrs < 5 MHz

(The values shown in the table above are those when fPRS = fxH (XSEL = 1).)

2. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
=0), when 1.8 V < Vbp < 2.7 V, the setting of PRM011 = PRMO010 = 0 (count clock: frrs) is prohibited.

3. Thisis settable only if 4.0V <Vbop <55 V.

4. The external clock from the TIO01 pin requires a pulse longer than twice the cycle of the peripheral
hardware clock (frrs).

5. Do not start timer operation with the external clock from the TIO01 pin when the internal high-speed
oscillation clock and high-speed system clock are stopped while the CPU operates with the subsystem
clock, or when in the STOP mode.

Remark frrs: Peripheral hardware clock frequency
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(5) Port mode register 0 (PMO)
This register sets port 0 input/output in 1-bit units.

When using the P0O1/TO00/TI010 and P06/TO01/TI011 pins for timer output, set PM01 and PM06 and the output
latches of PO1 and P06 to 0.

When using the P0O0/TI000, PO1/TO00/TI010, P05/T1001/SSI11, and P0O6/TO01/TI011 pins for timer input, set
PMO00, PM01, PMO05, and PMO06 to 1. At this time, the output latches of P00, PO1, P05, and P06 may be 0 or 1.
PMO can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets PMO to FFH.

Figure 7-15. Format of Port Mode Register 0 (PMO)

Address: FF20H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PMO| 1 |PMO06|PMO5|PM04|PMO03|PMO02|PMO1|PMOO

PMOnN POn pin I/O mode selection (n = 0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Remark The figure shown above presents the format of port mode register 0 of 78K0/LG2
products. For the format of port mode register 0 of other products, see (1) Port
mode registers (PMxx) in 5.3 Registers Controlling Port Function.
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7.4.1 Interval timer operation

7.4 Operation of 16-Bit Timer/Event Counters 00 and 01

If bits 3 and 2 (TMCOn3 and TMCOn2) of the 16-bit timer mode control register (TMCOn) are set to 11 (clear & start
mode entered upon a match between TMOn and CROOnN), the count operation is started in synchronization with the

count clock.

When the value of TMOn later matches the value of CR0OONn, TMOn is cleared to 0000H and a match interrupt signal
(INTTMOON) is generated. This INTTMOOnN signal enables TMOn to operate as an interval timer.

Remarks 1. For the setting of I/O pins, see 7.3 (5) Port mode register 0 (PMO).

2. For how to enable the INTTMOOn interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.

Count clock

Figure 7-16. Block Diagram of Interval Timer Operation

Clear ¢—

D-

Operable bits
TMCOn3, TMCOn2

16-bit counter (TMOn)

{} Match signal
i

CROON register

INTTMOOn signal

Figure 7-17. Basic Timing Example of Interval Timer Operation

TMOn register

Operable bits
(TMCOn3, TMCONn2)

Compare register

Compare match interrupt
(INTTMOON)

Remark n=0:
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N

- N

N

0000H

00

11

X

(CROON)

Interval
(N+1)

Interval
(N+1)

Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND 01

Figure 7-18. Example of Register Settings for Interval Timer Operation

(a) 16-bit timer mode control register On (TMCOR)

TMCOn3 TMCOn2 TMCOn1 OVFOn
Lo [ ol ol ol + [ 1+ [ ol o]

Clears and starts on match

between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCOnO
L o ] ol of o o] of ol o
| CROOn used as
compare register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEOn

Lol ofofofo]ofeofeo]

(d) Prescaler mode register On (PRMOnN)

ES1n1 ES1n0 ESOn1 ESONn0O 3 2 PRMOn1 PRMONO

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 01 |

\—l—l— Selects count clock

(e) 16-bit timer counter On (TMON)
By reading TMOn, the count value can be read.

(f) 16-bit capture/compare register 00n (CRO0N)
If M is set to CROON, the interval time is as follows.

o Interval time = (M + 1) x Count clock cycle
Setting CROON to 0000H is prohibited.
(g) 16-bit capture/compare register 01n (CR01n)
Usually, CRO1n is not used for the interval timer function. However, a compare match interrupt (INTTMO1n)
is generated when the set value of CRO1n matches the value of TMOn.

Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO1n).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-19. Example of Software Processing for Interval Timer Function

N — N — N —
TMOn register

0000H

Operable bits

(TMcon3, TMCon2) . %° "

CROON register x N

INTTMOOn signal —| —| —|

<1> <2>

<1> Count operation start flow

oD

Register initial setting Initial setting of these registers is performed before

PRMOn register, . :
CRCON register. setting the TMCONn3 and TMCON2 bits to 11.

CROON register,
port setting

TMCOn3, TMCON2 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMCOnN3, TMCON2 bits = 00 by clearing the TMCOn3 and TMCON?2 bits to 00.

=

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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7.4.2 Square wave output operation

When 16-bit timer/event counter On operates as an interval timer (see 7.4.1), a square wave can be output from the

TOON pin by setting the 16-bit timer output control register On (TOCON) to 03H.

When TMCOn3 and TMCONn2 are set to 11 (count clear & start mode entered upon a match between TMOn and

CRO0O0N), the counting operation is started in synchronization with the count clock.

When the value of TMOn later matches the value of CROOn, TMOn is cleared to 0000H, an interrupt signal

Remarks 1. For the setting of I/O pins, see 7.3 (5) Port mode register 0 (PMO0).

2. For how to enable the INTTMOON signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.

Figure 7-20. Block Diagram of Square Wave Output Operation

Count clock

D-

Clear ¢—

16-bit counter (TMOn)

Output
controller

Operable bits

TMCOn3, TMCONn2

{} Match signal

{}

CROON register

TOON output

INTTMOON signal

Figure 7-21. Basic Timing Example of Square Wave Output Operation

TMOn register

0000H

Operable bits
(TMCON3, TMCONn2)

Compare register
(CROON)

TOON output

Compare match interrupt
(INTTMOON)

Remark n=0:

©) TOON pin

N — N — N — N —
00 11
X N
Interval Interval Interval Interval
(N+1) (N+1) (N+1) (N+1)

Products whose flash memory is less than 32 KB

n =0, 1: Products whose flash memory is at least 48 KB
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(INTTMOON) is generated, and TOOn output is inverted. This TOOn output that is inverted at fixed intervals enables
TOON to output a square wave.
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Figure 7-22. Example of Register Settings for Square Wave Output Operation

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOn1 OVFOn
Lo [ ol ol ol «+ [+ [ ol o]

LH

(b) Capture/compare control register On (CRCOn)

Clears and starts on match
between TMOn and CROON.

CRCOn2 CRCOn1 CRCON0
Lo [ o[ o] ol of o o o]

\— CROOnN used as
compare register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOni TOEON
|0\o\o\o\0/1\0/1\1\1|

L]

\— Enables TOON output.

Inverts TOON output on match
between TMOn and CR0OON.

Specifies initial value of TOOn output F/F
(d) Prescaler mode register On (PRMOnN)

ES1n1 ES1n0  ESOn1 ESOn0 3 2 PRMOn1 PRMONO

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

T

Selects count clock

(e) 16-bit timer counter On (TMOnN)
By reading TMOn, the count value can be read.

(f) 16-bit capture/compare register 00n (CROON)
If M is set to CROON, the interval time is as follows.

e Square wave frequency = 1/[2 x (M + 1) x Count clock cycle]

Setting CROON to 0000H is prohibited.

(g) 16-bit capture/compare register 01n (CR01n)
Usually, CRO1n is not used for the square wave output function. However, a compare match interrupt
(INTTMO1n) is generated when the set value of CR01n matches the value of TMOn.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO1n).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
User's Manual U19518EJ1VOUD
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Figure 7-23. Example of Software Processing for Square Wave Output Function

N — N — N -
TMOn register

0000H

Operable bits
(TMCOn3, TMCOn2) 22 ' 00

CROOnN register x N

TOON output

INTTMOOnN signal —| —| —|

TOON output control bit |
(TOCONn1, TOEON)

<1> <2>

<1> Count operation start flow

(o )

Register initial setting Initial setting of these registers is performed before
PRMOn register, setting the TMCOn3 and TMCON2 bits to 11.
CRCOn register,

TOCON registertote,
CROOnN register,
port setting

TMCOn3, TMCON2 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMCON3, TMCON2 bits = 00 by clearing the TMCONn3 and TMCON2 bits to 00.

=

Note Care must be exercised when setting TOCOn. For details, see 7.3 (3) 16-bit timer output control
register On (TOCOn).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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7.4.3 External event counter operation

When bits 1 and 0 (PRMOn1 and PRMONO) of the prescaler mode register On (PRMOn) are set to 11 (for counting
up with the valid edge of the TI0OOn pin) and bits 3 and 2 (TMCOn3 and TMCON2) of 16-bit timer mode control register
On (TMCOn) are set to 11, the valid edge of an external event input is counted, and a match interrupt signal indicating
matching between TMOn and CROOn (INTTMOOn) is generated.

To input the external event, the TIOOn pin is used. Therefore, the timer/event counter cannot be used as an
external event counter in the clear & start mode entered by the TIOOn pin valid edge input (when TMCONn3 and
TMCONn2 = 10).

The INTTMOOnN signal is generated with the following timing.

¢ Timing of generation of INTTMOON signal (second time or later)
= Number of times of detection of valid edge of external event x (Set value of CROOn + 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 INTTMOON signal (first time only)
= Number of times of detection of valid edge of external event input x (Set value of CROOn + 2)

To detect the valid edge, the signal input to the TIOOn 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 7.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOON signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.

Figure 7-24. Block Diagram of External Event Counter Operation

frrs
Clear l—
O— Output | TOON output .
' o P © TOON pin
TIOON pin detection >—~ 16-bit counter (TMOn) controller
r {} Match signal )
Operable bits {} INTTMOON signal
TMCOn3, TMCOn2
CROOnN register

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-25. Example of Register Settings in External Event Counter Mode (1/2)

(a) 16-bit timer mode control register On (TMCOR)

TMCOn3 TMCOn2 TMCOn1 OVFOn
Lo [ o[ of ol «+ [+ [ of o]

LH

(b) Capture/compare control register On (CRCOn)

Clears and starts on match
between TMOn and CROON.

CRCOn2 CRCOn1 CRCONO
Lo [ o[ o] ol of o o] o]

\— CROON used as
compare register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOR4 LVSOn LVROn TOCOni TOEON
|o\0\0\0/1\0/1\0/1\0/1\0/1|

L]

\— 0: Disables TOOn output
1: Enables TOOnN output

Specifies initial value of
TOON output F/F

00: Does not invert TOOn output on match
between TMOn and CR0OONn/CRO1n.

01: Inverts TOON output on match between
TMOn and CROON.

10: Inverts TOON output on match between
TMONn and CRO1n.

11: Inverts TOON output on match between
TMOn and CROON/CRO1n.

(d) Prescaler mode register On (PRMON)

ES1n1 ES1n0 ESOn1 ESOn0O 3 2 PRMOn1 PRMONO

| 0 ‘ 0 ‘ 01 ‘ 0/1 ‘ 0 ‘ 0 ‘ 1 ‘ 1 |

L
Selects count clock

(specifies valid edge of TIOOn).

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

11: Both edges detection

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-25. Example of Register Settings in External Event Counter Mode (2/2)

(e) 16-bit timer counter On (TMON)
By reading TMOn, the count value can be read.

(f) 16-bit capture/compare register 00n (CR0O0n)
If M is set to CROON, the interrupt signal (INTTMOON) is generated when the number of external events
reaches (M + 1).
Setting CROON to 0000H is prohibited.

(g) 16-bit capture/compare register 01n (CR01n)
Usually, CRO1n is not used in the external event counter mode. However, a compare match interrupt
(INTTMO1n) is generated when the set value of CR01n matches the value of TMOn.
Therefore, mask the interrupt request by using the interrupt mask flag (TMMKO1n).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-26. Example of Software Processing in External Event Counter Mode

N — N — N A
TMOn register

0000H

Operable bits ) )
(TMCOn3, TMCon2) ~ 9° " 00

Compare register X N
(CROON)

TOON output

Compare match interrupt
(INTTMOON)

TOON output control bits
(TOCONn4, TOCON1, TOEON) __| |

<1> <2>

<1> Count operation start flow

(s )

Register initial setting
PRMOn register,
CRCOn register,

TOCON registerNee,
CROON register,
port setting

Initial setting of these registers is performed before
setting the TMCOn3 and TMCON2 bits to 11.

TMCOn3, TMCON2 bits = 11 Starts count operation

<2> Count operation stop flow

The counter is initialized and counting is stopped

TMCON3, TMCON2 bits =
C0n3, TMCON2 bits = 00 by clearing the TMCON3 and TMCON2 bits to 00.

=

Note Care must be exercised when setting TOCOn. For details, see 7.3 (3) 16-bit timer output control
register On (TOCOn).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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7.4.4 Operation in clear & start mode entered by TI0OOn pin valid edge input

When bits 3 and 2 (TMCOn3 and TMCOn2) of 16-bit timer mode control register On (TMCOn) are set to 10 (clear &
start mode entered by the TIOOn pin valid edge input) and the count clock (set by PRMOn) is supplied to the
timer/event counter, TMOn starts counting up. When the valid edge of the TI0On pin is detected during the counting
operation, TMOn is cleared to 0000H and starts counting up again. If the valid edge of the TIOOn pin is not detected,
TMOn overflows and continues counting.

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

CRO0ONn and CRO1n are used as compare registers and capture registers.

(a) When CR0OONn and CRO1n are used as compare registers
Signals INTTMOOn and INTTMO1n are generated when the value of TMOn matches the value of CR0ONn and
CRO1n.

(b) When CR0OONn and CRO1n are used as capture registers
The count value of TMOn is captured to CROOn and the INTTMOOnN signal is generated when the valid edge is
input to the TIO1n pin (or when the phase reverse to that of the valid edge is input to the TI0On pin).
When the valid edge is input to the TIOOn pin, the count value of TMOn is captured to CRO1n and the
INTTMO1n 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 TIOOn pin (PRMOn1 and PRMOn0 = 11). When
PRMONn1 and PRMONnO = 11, TMOn is cleared.

Remarks 1. For the setting of the I/O pins, see 7.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOON signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.
3. n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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(1) Operation in clear & start mode entered by TI0OOn pin valid edge input
(CROON: compare register, CRO1n: compare register)

Figure 7-27. Block Diagram of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CR0OON: Compare Register, CR01n: Compare Register)

Edge

T100n pin © detection

Clear

Timer counter
(TMOn)

Count clock )

Operable bits
TMCOn3, TMCOn2

& Match signal

Interrupt signal

ﬁ

Compare register
(CROON)

Match signal

!

(INTTMOON)

Output
controller

TOON output

© TOON pin

!

Interrupt signal

ﬁ

Compare register
(CRO1N)

Remark n=0: Products whose flash memory is less than 32 KB

n =0, 1: Products whose flash memory is at least 48 KB
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(INTTMO1n)
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252

Figure 7-28. Timing Example of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CROON: Compare Register, CR01n: Compare Register)

(a) TOCON = 13H, PRMOn = 10H, CRCOn, = 00H, TMCOn = 08H

TMOn register

0000H

Operable bits
(TMCOn3, TMCONn2)
Count clear input
(TI00N pin input)

Compare register
(CROON)

Compare match interrupt
(INTTMOON)

Compare register
(CRO1n)

Compare match interrupt
(INTTMO1n)

TOON output

(b) TOCON = 13H, PRMOn = 10H, CRCOn, = 00H, TMCOn = OAH

TMOn register

0000H

Operable bits
(TMCONn3, TMCONn2)
Count clear input
(TI00N pin input)

Compare register
(CROON)

Compare match interrupt
(INTTMOON)

Compare register
(CRO1n)

Compare match interrupt
(INTTMO1n)

TOON output

(a) and (b) differ as follows depending on the setting of bit 1 (TMCOn1) of the 16-bit timer mode control register On

(TMCOn).

rare

M
N T

v

A}

00

10

X

X

rare

v

A}

00

10

X

X

— |

(a) The TOON output level is inverted when TMOn matches a compare register.

(b) The TOON output level is inverted when TMOn matches a compare register or when the valid edge of the

TIOON pin is detected.

Remark n=0:

Products whose flash memory is less than 32 KB

n =0, 1: Products whose flash memory is at least 48 KB
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(2) Operation in clear & start mode entered by TI0OOn pin valid edge input
(CROON: compare register, CR01n: capture register)

Figure 7-29. Block Diagram of Clear & Start Mode Entered by TI0On Pin Valid Edge Input
(CR0OON: Compare Register, CR01n: Capture Register)

TI00n pin O—

Count clock

Edge

detector

Clear

N

r_)

Operable bits
TMCONn3, TMCOn2

Remark n=0:

Capture signal

n =0, 1: Products whose flash memory is at least 48 KB

Timer counter
(TMON)

12

Match signal

Interrupt signal

ﬁ

!

Compare register
(CROON)

]

Capture register

Output
controller

TOON output

(INTTMOON)

© TOON pin

Interrupt signal

(CRO1N)

Products whose flash memory is less than 32 KB
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(INTTMO1n)
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Figure 7-30. Timing Example of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CROON: Compare Register, CR01n: Capture Register) (1/2)

(a) TOCONn = 13H, PRMOn = 10H, CRCOn, = 04H, TMCOn = 08H, CROONn = 0001H

M N P Q

TMOn register

0000H

Operable bits
(TMCOn3, TMCON2)

Capture & count clear input _l '|
(TI0ON pin input)

Compare register
(CROON) :>< 0001H
Compare match interrupt '| '| '| ‘| '|
(INTTMOON)

Capture register
(CRO1n) 0000H M >

Capture interrupt '| '| '| '|
(INTTMO1n)

TOON output

00 10

—

b2
»
o
P
ol —

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

The count value is captured to CRO1n and TMOn is cleared (to 0000H) when the valid edge of the TIOOn pin is
detected. When the count value of TMOn is 0001H, a compare match interrupt signal (INTTMOON) is generated,
and the TOOnN output level is inverted.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-30. Timing Example of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CROON: Compare Register, CR01n: Capture Register) (2/2)

(b) TOCON = 13H, PRMONn = 10H, CRCOn, = 04H, TMCOn = 0AH, CROOn = 0003H

M N P Q

TMOn register

0003H
0000H

Operable bits 00 >
(TMCONn3, TMCONn2)

Capture & count clear input —l _l
(TI00N pin input)

Compare register
(CROON) X 0003H

Compare match interrupt '| ] '| '| '|
(INTTMOON)

Capture register
(CRO1n) 0000H M > N

Capture interrupt '| '| '| '|
(INTTMO1n)

TOON output

10

This is an application example where the width set to CROOn (4 clocks in this example) is to be output from the
TOON pin when the count value has been captured & cleared.

The count value is captured to CR01n, a capture interrupt signal (INTTMO1n) is generated, TMOn is cleared (to
0000H), and the TOON output level is inverted when the valid edge of the TIOOn pin is detected. When the count
value of TMOn is 0003H (four clocks have been counted), a compare match interrupt signal (INTTMOON) is
generated and the TOOn output level is inverted.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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(3) Operation in clear & start mode by entered TIOOn pin valid edge input
(CROON: capture register, CR0O1n: compare register)

Figure 7-31. Block Diagram of Clear & Start Mode Entered by TI0OOn Pin Valid Edge Input
(CROON: Capture Register, CR01n: Compare Register)

Edge

TI00n pin ©— detection

Count clock

Clear

D

Operable bits
TMCOn3, TMCOn2

Capture signal

Remark n=0: Products whose flash memory is less than 32 KB

Timer counter
(TMOn)

& Match signal

Interrupt signal

ﬁ

Compare register
(CRO1N)

]

Capture register

!

Output
controller

TOON output

(INTTMO1n)

© TOON pin

Interrupt signal

(CROON)

n =0, 1: Products whose flash memory is at least 48 KB
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Remark n=0:

Figure 7-32. Timing Example of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CROON: Capture Register, CR01n: Compare Register) (1/2)

(a) TOCON = 13H, PRMOn = 10H, CRCOn, = 03H, TMCOn = 08H, CR01n = 0001H

TMOn register

0000H

Operable bits
(TMCONn3, TMCON2)

Capture & count clear input
(TI0ON pin input)

Capture register
(CROON)

Capture interrupt
(INTTMOON)

Compare register
(CRO1n)

Compare match interrupt
(INTTMO1n)

TOON output

captured & cleared.

detection of the TI00n pin.

e

N

v

/

00>

10

0000H M

X

0001H

L

Products whose flash memory is less than 32 KB

n =0, 1: Products whose flash memory is at least 48 KB
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This is an application example where the TOOn output level is to be inverted when the count value has been

TMOn is cleared at the rising edge detection of the TIOOn pin and it is captured to CROOn at the falling edge

When bit 1 (CRCONn1) of capture/compare control register On (CRCOn) is set to 1, the count value of TMOn is
captured to CROOnN in the phase reverse to that of the signal input to the TIOOn pin, but the capture interrupt signal
(INTTMOON) is not generated. However, the INTTMOON signal is generated when the valid edge of the TI01n pin
is detected. Mask the INTTMOON signal when it is not used.
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Figure 7-32. Timing Example of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CROON: Capture Register, CRO1n: Compare Register) (2/2)

(b) TOCON = 13H, PRMONn = 10H, CRCOn, = 03H, TMCOn = 0AH, CR01n = 0003H

TMOn register /
M S =)

0003H
0000H N

Operable bits
(TMCONn3, TMCONn2)

00 10

Capture & count clear input
(TI00N pin input)

Capture register
(CROON) 0000H M N S P

Capture interrupt
(INTTMoon) _L

Compare register
(CRO1n) X 0003H

Compare match interrupt '| '| '| '|
(INTTMO1n)

TOON output

This is an application example where the width set to CRO1n (4 clocks in this example) is to be output from the
TOON pin when the count value has been captured & cleared.

TMOn is cleared (to 0000H) at the rising edge detection of the TIOOn pin and captured to CR0OOn at the falling
edge detection of the TI00n pin. The TOONn output level is inverted when TMOn is cleared (to 0000H) because the
rising edge of the TIOOn pin has been detected or when the value of TMOn matches that of a compare register
(CRO1n).

When bit 1 (CRCON1) of capture/compare control register On (CRCOn) is 1, the count value of TMOn is captured
to CROON in the phase reverse to that of the input signal of the TIOOn pin, but the capture interrupt signal
(INTTMOON) is not generated. However, the INTTMOOn interrupt is generated when the valid edge of the TI01n
pin is detected. Mask the INTTMOOnN signal when it is not used.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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(4) Operation in clear & start mode entered by TIOOn pin valid edge input
(CROON: capture register, CR01n: capture register)

Figure 7-33. Block Diagram of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CROON: Capture Register, CR01n: Capture Register)

Operable bits

TMCONn3, TMCONn2
Clear
L \ Timer counter
Count clock / (TMOn)
Capture register Interrupt signal
Capture signal (CRO1n) ﬁ—> (INTTMO1n)
Output TOON output ot
Ed | controller © 00N pin
TI00n pin © ge =
detection § Capture register Interrupt signal
o CROON) (INTTMOON)
inNote Edge D Capture (
TI01n pin'* © detection @ signal

Note The timer output (TOON) cannot be used when detecting the valid edge of the TIO1n pin is used.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-34. Timing Example of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CR0OON: Capture Register, CR01n: Capture Register) (1/3)

(a) TOCONn = 13H, PRMOn = 30H, CRCOn = 05H, TMCOn = 0AH

L
TMOn register N__ Q
M_ O p_ 1 Brs_ Tx
0000H
Operable bits 00 10

(TMCOn3, TMCOn2)

Capture & count clear input
(TIOON pin input)

Capture register
(CROON)

Capture interrupt
(INTTMoon) L

Capture(éeg(i)itﬁ; Y @< " @@I E@E
P T | |

TOON output

0000H

I =

This is an application example where the count value is captured to CRO1n, TMOn is cleared, and the TOOn
output is inverted when the rising or falling edge of the TI00n pin is detected.

When the edge of the TIO1n pin is detected, an interrupt signal (INTTMOON) is generated. Mask the INTTMOOnN
signal when it is not used.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-34. Timing Example of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CROON: Capture Register, CR01n: Capture Register) (2/3)

(b) TOCON = 13H, PRMONn = COH, CRCOn = 05H, TMCOn = 0AH

FFFFH

L] [® R T~
TMOn register /N/ Q / /
0000H e >

Operable bits 00 >
(TMCONn3, TMCONn2)

10

Capture trigger input
(TI01n pin input)

Capture register

T O € 0) O 6 € &) €3 ¢
Capture interrupt '| '| '| '| '| '|
(INTTMOQON)
Capture & count clear input

(Tloon) L

Capture register
(CRO1N) 0000H

Capture interrupt
(INTTMO1n) L

This is a timing example where an edge is not input to the TI0On pin, in an application where the count value is
captured to CROONn when the rising or falling edge of the TI01n pin is detected.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Remark n=0:

Figure 7-34. Timing Example of Clear & Start Mode Entered by TIOOn Pin Valid Edge Input
(CROON: Capture Register, CR01n: Capture Register) (3/3)

(c) TOCOn = 13H, PRMOn = 00H, CRCOn = 07H, TMCOn = 0AH

TMOnN register

0000H

Operable bits
(TMCOn3, TMCONn2)

Capture & count clear input
(TI0ON pin input)

Capture register
(CROON)

Capture register
(CRO1n)

Capture interrupt
(INTTMO1n)

Capture input
(TI01n)

Capture interrupt
(INTTMOON)

M_— O_— S_— W —
Y N e
Qz R
P
00 10
0000H L N P R T

0000H M 0 Q s Xw
| | | L

L

L

This is an application example where the pulse width of the signal input to the TIOOn pin is measured.
By setting CRCOn, the count value can be captured to CROOn in the phase reverse to the falling edge of the
TIOOnN pin (i.e., rising edge) and to CRO1n at the falling edge of the TI0On pin.

The high- and low-level widths of the input pulse can be calculated by the following expressions.

¢ High-level width = [CRO1n value] — [CROON value] x [Count clock cycle]
¢ Low-level width = [CROON value] x [Count clock cycle]

If the reverse phase of the TIOOn pin is selected as a trigger to capture the count value to CROOn, the INTTMOON
signal is not generated. Read the values of CROOn and CR0O1n to measure the pulse width immediately after the
INTTMO1n signal is generated.
However, if the valid edge specified by bits 6 and 5 (ES1n1 and ES1n0) of prescaler mode register On (PRMOn) is
input to the TI01n pin, the count value is not captured but the INTTMOOnN signal is generated. To measure the
pulse width of the TI00On pin, mask the INTTMOON signal when it is not used.

Products whose flash memory is less than 32 KB

n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-35. Example of Register Settings in Clear & Start Mode Entered by TIOOn Pin Valid Edge Input (1/2)

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOni OVFOn
[ o | o [ o | o | 1+ ] o | on | o |

L]

0: Inverts TOON output on match
between TMOn and CR0OOn/CRO1n.

1: Inverts TOON output on match
between TMOn and CROOn/CRO1n
and valid edge of TIOOn pin.

Clears and starts at valid
edge input of TIOON pin.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCON1_CRCONO
[ o [ o [ o | o | o [ ot | on | on |

—— 0: CROON used as compare register
1: CROON used as capture register

0: TIO1n pin is used as capture
trigger of CROON.

1: Reverse phase of TIOOn pin is
used as capture trigger of CROON.

0: CRO1n used as compare register
1: CRO1n used as capture register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCONn4 LVSOn LVROn TOCOn1 TOEOnN

0 0\0/1\0/1\0/1\0/1\0/1|

L]

\— 0: Disables TOON outputNet®
1: Enables TOOnN output

Specifies initial value of
TOON output F/F

‘ 00: Does not invert TOONn output on match

between TMOn and CR0OONn/CRO1n.

01: Inverts TOON output on match between
TMONn and CROON.

10: Inverts TOON output on match between
TMOn and CRO1n.

11: Inverts TOON output on match between
TMOn and CROON/CRO1n.

Note The timer output (TOON) cannot be used when detecting the valid edge of the TIO1n pin is used.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-35. Example of Register Settings in Clear & Start Mode Entered by TI0OOn Pin Valid Edge Input (2/2)

(d) Prescaler mode register On (PRMON)

ESTn1 ESIn0 ESOn1  ESON0 3 2 PRMOn1 PRMONO
| 0/ \ 0/1 \ 0/ \ 0/ \ 0 0 \ 0/ \ 0/1 |
] ] ]

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 CRCONn1 = 1)

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

11: Both edges detection

(e) 16-bit timer counter On (TMOn)
By reading TMOn, the count value can be read.

(f) 16-bit capture/compare register 00n (CRO0N)
When this register is used as a compare register and when its value matches the count value of TMOn, an
interrupt signal (INTTMOOn) is generated. The count value of TMOn is not cleared.
To use this register as a capture register, select either the TI0On or TIO1n pin“*
When the valid edge of the capture trigger is detected, the count value of TMOn is stored in CR0ON.

input as a capture trigger.

Note The timer output (TOON) cannot be used when detection of the valid edge of the TIO1n pin is used.

(g) 16-bit capture/compare register 01n (CR01n)
When this register is used as a compare register and when its value matches the count value of TMOn, an
interrupt signal (INTTMO1n) is generated. The count value of TMOn is not cleared.
When this register is used as a capture register, the TIOOn pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of TMOn is stored in CRO1n.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-36. Example of Software Processing in Clear & Start Mode Entered by TIOOn Pin Valid Edge Input

TMOn regist M_~1 M_~ M, M
n register N A N A N A

0000H —/ /N / I/ /
]

Operable bits
(TMCOn3, TMCOn2)

al

00

Count clear input
(TI0ON pin input)

Compare register > (
(CROON)

Compare match interrupt '|
(INTTMOON)

Compare register
(CRO1n) >< N

Compare match interrupt
(INTTMO1n)

TOON output ’_

]

<1> <2> 2> <2> <2> <3>
<1> Count operation start flow <3> Count operation stop flow
) The counter is initialized
START TMCON3, TMCOn2 bits =00 | and counting is stopped
by clearing the TMCONn3
and TMCOn2 bits to 00.
Register initial setting Initial setting of these
PRMOn register, registers is performed
CRCOn register, before setting the STOP
TOCON register°te, TMCOn3 and TMCOn2

CRO0On, CRO1n registers, bits to 10.
TMCON.TMCOn1 bit,
port setting

TMCOn3, TMCON2 bits = 10 Starts count operation

<2> TMOn register clear & start flow

I

Edge input to TIOOn pin

l

When the valid edge is input to the TIOOn pin,
the value of the TMOn register is cleared.

Note Care must be exercised when setting TOCOn. For details, see 7.3 (3) 16-bit timer output control
register On (TOCOnN).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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7.4.5 Free-running timer operation

When bits 3 and 2 (TMCOn3 and TMCOn2) of 16-bit timer mode control register On (TMCOn) are set to 01 (free-
running timer mode), 16-bit timer/event counter On continues counting up in synchronization with the count clock.
When it has counted up to FFFFH, the overflow flag (OVFOn) is set to 1 at the next clock, and TMOn is cleared (to
0000H) and continues counting. Clear OVFOn to 0 by executing the CLR instruction via software.

The following three types of free-running timer operations are available.

e Both CROOn and CRO1n are used as compare registers.
¢ One of CROONn or CRO1n is used as a compare register and the other is used as a capture register.

¢ Both CROOn and CRO1n are used as capture registers.

Remarks 1. For the setting of the I/O pins, see 7.3 (5) Port mode register 0 (PMO).
2. For how to enable the INTTMOON signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.

(1) Free-running timer mode operation
(CR0OON: compare register, CRO1n: compare register)

Figure 7-37. Block Diagram of Free-Running Timer Mode
(CR0OON: Compare Register, CRO1n: Compare Register)

Count clock Timer counter
r (TMOn)

- {} Match signal _ Interrupt signal
Operable bits ﬁ I (INTTMOON)
TMCONn3, TMCONn2
Compare register Output | TOON output .
(CROON) controller ©T00n pin
Match signal i Interrupt signal

ﬁ ¢ (INTTMO1n)

Compare register
(CRO1n)

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-38. Timing Example of Free-Running Timer Mode
(CR0OON: Compare Register, CR01n: Compare Register)

¢ TOCON = 13H, PRMOn = 00H, CRCOn = 00H, TMCOn = 04H

FFFFH
1 v ] v

. NI N N M~
TMOn register
0000H

Operable bits ><
(TMCONn3, TMCONn2) 00 of 00

Compare register M
(CRoON) x

Compare match interrupt
(INTTMOON) -| -| -| -|

Compare register
(CRO1n) X N

Compare match interrupt
(INTTMO1n) -| -| -| -|

TOON output

OVFOn 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 TOON output level is reversed each time the count value of TMOn matches the set value of CROOn or CRO1n.
When the count value matches the register value, the INTTMOON or INTTMO1n signal is generated.

(2) Free-running timer mode operation
(CR0OON: compare register, CR01n: capture register)

Figure 7-39. Block Diagram of Free-Running Timer Mode
(CR0OON: Compare Register, CR01n: Capture Register)

Count clock Timer counter
r (TMOn)

@ Match signal Interrupt signal
Operable bits ﬁ I (INTTMOON)
TMCOn3, TMCONn2
Compare register Output | TOON output .
(CROON) controller ©T00n pin
in O Edge Capture register Interrupt signal
Tioon pin detection Capture Signa| (CRO1 n) (INT]—M01 n)

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-40. Timing Example of Free-Running Timer Mode
(CROON: Compare Register, CR01n: Capture Register)

* TOCOn = 13H, PRMOn = 10H, CRCOn = 04H, TMCOn = 04H

FFFFH
M
TMOnN register N S P /

0000H

Operable bits
(TMCONn3, TMCONn2)

00 01

Capture trigger input
(TI0ON)

Compare register
(CROON) X 0000H

Compare match interrupt -| -| -| -|

(INTTMOON)

Capture register

(CRO1n) 0000H M N S P < Q
Capture interrupt

(INTTMO1n) -| -| -| -| |
TOON output
Overflow flag

(OVFOn) _l _|

T T 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 INTTMOON signal is generated and the TOOn output level is reversed each time the count
value of TMOn matches the set value of CROOn (compare register). In addition, the INTTMO1n signal is
generated and the count value of TMOn is captured to CR0O1n each time the valid edge of the TIOOn pin is
detected.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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(3) Free-running timer mode operation
(CROON: capture register, CR01n: capture register)

TI00n pin ©

TI01n pin ©

Figure 7-41. Block Diagram of Free-Running Timer Mode
(CROON: Capture Register, CR01n: Capture Register)

Operable bits
TMCOn3, TMCOn2

L}

Timer counter

Count clock (TMOn)
Capture register Interrupt signal
Capture signal (CRO1n) (INTTMO1n)
Edge 5
detection ] Capture register Interrupt signal
Edge 8 Capture (CROON) (INTTMOON)
detection signal

Remarks 1. If both CROOn and CRO1n are used as capture registers in the free-running timer mode, the TOOn

. n=0:

output level is not inverted.
However, it can be inverted each time the valid edge of the TIOOn pin is detected if bit 1 (TMCOn1)
of 16-bit timer mode control register On (TMCOn) is set to 1.
Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-42. Timing Example of Free-Running Timer Mode
(CROON: Capture Register, CR01n: Capture Register) (1/2)

(a) TOCOn = 13H, PRMOn = 50H, CRCOn = 05H, TMCOn = 04H

FFFFH

| w] ] e
TMOn register / . /N c }-/D /P . }/

0000H
Operable bits
(TMCONn3, TMCONn2)

Capture trigger input _l |—_
(TI00N)
Capture register

(CRO1n)

Capture interrupt 5
(INTTMO1n) -| -| -|

Capture trigger input
(T101n) —l

Capture register
(CRoon) 0000H A B C D

Capture interrupt M
(INTTMOON) -| -| -| -|

Overflow flag

(OVFOn)

00 01

0000H M N S P

=15

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 CRO1n when the valid edge of the TI00On pin input is detected and to CROOn when
the valid edge of the TI01n pin input is detected.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-42. Timing Example of Free-Running Timer Mode
(CROON: Capture Register, CR01n: Capture Register) (2/2)

(b) TOCONn = 13H, PRMOn = COH, CRCOn = 05H, TMCOn = 04H

i 4//EL7£ T
TMOn register N Q /
M / P / S

0000H

Operable bits
(TMCONn3, TMCONn2)

FFFFH

NQD

00 01

Capture trigger input
(TI01n)

R BT 0000 0.0 & G
il L

Capture interrupt
(INTTMOON)

—
—

Capture trigger input
(Tioon) L

Capture register
(CRO1n) 0000H

Capture interrupt
(INTTMO1n) L

This is an application example where both the edges of the TIO1n pin are detected and the count value is
captured to CROOnN in the free-running timer mode.

When both CR0O0On and CRO1n are used as capture registers and when the valid edge of only the TI01n pin is to
be detected, the count value cannot be captured to CRO1n.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-43. Example of Register Settings in Free-Running Timer Mode (1/2)

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOn1 OVFON
[ o [ o | o | o | o | 1+ | on | o |

L]

0: Inverts TOON output on match
between TMOn and CROOn/CRO1n.

1: Inverts TOON output on match
between TMOn and CROONn/CRO1n
valid edge of TI0On pin.

Free-running timer mode

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCON1 CRCONO
[ o | o [ o | o | o [ ot | on | on |

—— 0: CROON used as compare register
1: CROON used as capture register

0: TIO1n pin is used as capture
trigger of CROON.

1: Reverse phase of TI0On pin is
used as capture trigger of CROON.

0: CRO1n used as compare register
1: CRO1n used as capture register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEOnN

| 0 ‘ 0 ‘ 0 ‘ 01 ‘ 01 ‘ 0/1 ‘ 01 ‘ 0/1 |

L]

\— 0: Disables TOOn output
1: Enables TOOnN output

Specifies initial value of
TOON output F/F

‘ 00: Does not invert TOONn output on match

between TMOn and CR0OONn/CRO1n.

01: Inverts TOON output on match between
TMOn and CROON.

10: Inverts TOON output on match between
TMOn and CRO1n.

11: Inverts TOON output on match between
TMOn and CROON/CRO1n.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-43. Example of Register Settings in Free-Running Timer Mode (2/2)

(d) Prescaler mode register On (PRMON)

ESTn1  ES1n0  ESOni  ESOnO 3 2 PRMOn1 PRMONO
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

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 CRCOn1 = 1)

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

11: Both edges detection

(e) 16-bit timer counter On (TMOn)
By reading TMOn, the count value can be read.

(f) 16-bit capture/compare register 00n (CR0O0N)
When this register is used as a compare register and when its value matches the count value of TMOn, an
interrupt signal (INTTMOON) is generated. The count value of TMOn is not cleared.
To use this register as a capture register, select either the TIOOn or TIO1n pin input as a capture trigger.
When the valid edge of the capture trigger is detected, the count value of TMOn is stored in CROON.

(g) 16-bit capture/compare register 01n (CR01n)
When this register is used as a compare register and when its value matches the count value of TMOn, an
interrupt signal (INTTMO1n) is generated. The count value of TMOn is not cleared.
When this register is used as a capture register, the TI0OOn pin input is used as a capture trigger. When the
valid edge of the capture trigger is detected, the count value of TMOn is stored in CRO1n.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-44. Example of Software Processing in Free-Running Timer Mode

FFFFH
M M M

TMOn register N / N,_—] N _—] N__—]
0000H —/ .

Operable bits
(TMCON3, TMCOn2) EX 01 >@
Compare register :>< M
(CROON)

Compare match interrupt _| _l _|
(INTTMOON)

Compare register :>< N
(CRO1n)
Compare match interrupt _l _l _l _l
(INTTMO1n)

Timer output control bits
(TOEON, TOCON4, TOCON1) J

TOON output

<1> <2>

<1> Count operation start flow

=

Register initial setting Initial setting of these registers is performed
PRMOn register, before setting the TMCONn3 and TMCONn2
CRCOn register, bits to 01.

TOCON registerNee,
CROON/CRO1n register,
TMCONn.TMCOn1 bit,
port setting

TMCOn3, TMCON2 bits = 0, 1 Starts count operation

<2> Count operation stop flow

) The counter is initialized and counting is stopped
TMCON3, TMCOn2 bits =0, 0 by clearing the TMCOn3 and TMCON2 bits to 00.

=

Note Care must be exercised when setting TOCOn. For details, see 7.3 (3) 16-bit timer output control
register On (TOCON).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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7.4.6 PPG output operation

A square wave having a pulse width set in advance by CRO1n is output from the TOOn pin as a PPG
(Programmable Pulse Generator) signal during a cycle set by CR0O0On when bits 3 and 2 (TMCOn3 and TMCOn2) of 16-
bit timer mode control register On (TMCOn) are set to 11 (clear & start upon a match between TMOn and CROOn).

The pulse cycle and duty factor of the pulse generated as the PPG output are as follows.

¢ Pulse cycle = (Set value of CR0ON + 1) x Count clock cycle
e Duty = (Set value of CRO1n + 1) / (Set value of CROON + 1)

Caution To change the duty factor (value of CR01n) during operation, see 7.5.1 Rewriting CR01n during
TMON operation.

Remarks 1. For the setting of I/O pins, see 7.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOON signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.

Figure 7-45. Block Diagram of PPG Output Operation

Clear
Count clock Timer counter
r (TMOn)
- & Match signal Interrupt signal
Operable bits ﬁ I (INTTMOON)
TMCONn3, TMCONn2
Compare register Output | TOON output )
(CR0OON) controller ©T00n pin
Match signal i Interrupt signal

ﬁ (INTTMO1n)

Compare register
(CRO1nN)

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-46. Example of Register Settings for PPG Output Operation

(a) 16-bit timer mode control register On (TMCOR)

TMCOn3 TMCOn2 TMCOn1 OVFOn
Lo ol ol ol «+ [+ 1 ol o]

LH

(b) Capture/compare control register On (CRCOn)

Clears and starts on match
between TMOn and CROON.

CRCOn2 CRCOn1 CRCONO
Lo [ o[ o] ol of o o o]

—— CROOn used as
compare register

CRO1n used as
compare register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEON

| 0 ‘ 0 ‘ 0 ‘ 1 ‘ 01 ‘ 0/1 ‘ 1 ‘ 1 |

\;J \—’—‘ \— Enables TOON output

Specifies initial value of
TOON output F/F

‘ 11: Inverts TOON output on
match between TMOn
and CROOn/CRO1nN.

00: Disables one-shot pulse
output

(d) Prescaler mode register On (PRMOnN)

ES1n1 ES1n0 ESOn1 ESONn0O 3 2 PRMOn1 PRMONO

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—l—‘— Selects count clock

(e) 16-bit timer counter On (TMOn)
By reading TMOn, the count value can be read.

(f) 16-bit capture/compare register 00n (CRO0ON)
An interrupt signal (INTTMOON) is generated when the value of this register matches the count value of TMOn.
The count value of TMOn is cleared.

(g) 16-bit capture/compare register 01n (CR01n)
An interrupt signal (INTTMO1n) is generated when the value of this register matches the count value of TMOn.
The count value of TMOn is not cleared.

Caution Set values to CR00On and CRO1n such that the condition 0000H < CR01n < CR0On < FFFFH is
satisfied.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-47. Example of Software Processing for PPG Output Operation

TMOn register

0000H

Operable bits

(TMCon3, TMCon2) 20

.

/

7N

Compare register
(CROON)

Compare match interrupt
(INTTMOON)

Compare register
(CRO1n)

Compare match interrupt
(INTTMO1n)

Timer output control bits
(TOEON, TOCON4, TOCON1)

TOON output

N+1

N+1 N+1

M+ 1

<1>

<1> Count operation start flow

C )

START

Register initial setting
PRMOn register,
CRCOn register,

TOCON registerNe'e,
CROOn, CRO1nN registers,
port setting

Initial setting of these
registers is performed
before setting the
TMCONn3 and TMCONn2
bits.

TMCOn3, TMCON2 bits = 11

Starts count operation

Note Care must be exercised when setting TOCOn.

register On (TOCOn).

M+ 1 M+ 1

<2> Count operation stop flow

TMCOn3, TMCON2 bits = 00

C )

STOP

<2>

The counter is initialized
and counting is stopped
by clearing the TMCOn3
and TMCOn2 bits to 00.

For details, see 7.3 (3) 16-bit timer output control

Remarks 1. PPG pulse cycle = (M + 1) x Count clock cycle

PPG duty = (N +
2. n=0:

1)/(M + 1)

Products whose flash memory is less than 32 KB

n =0, 1: Products whose flash memory is at least 48 KB
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CHAPTER 7 16-BIT TIMER/EVENT COUNTERS 00 AND 01

7.4.7 One-shot pulse output operation

A one-shot pulse can be output by setting bits 3 and 2 (TMCOn3 and TMCOn2) of the 16-bit timer mode control
register On (TMCOn) to 01 (free-running timer mode) or to 10 (clear & start mode entered by the TI0On pin valid edge)
and setting bit 5 (OSPEON) of 16-bit timer output control register On (TOCON) to 1.

When bit 6 (OSPTON) of TOCOn is set to 1 or when the valid edge is input to the TI00n pin during timer operation,
clearing & starting of TMOn is triggered, and a pulse of the difference between the values of CROOn and CRO1n is
output only once from the TOOnN pin.

Cautions 1. Do not input the trigger again (setting OSPTOn to 1 or detecting the valid edge of the TIOOn
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 OSPTOn to 1 as the trigger of one-shot pulse output, do not change
the level of the TIOOn 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 7.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOON signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.

Figure 7-48. Block Diagram of One-Shot Pulse Output Operation

TIOONn edge detection Clear

OSPEON bit

Timer counter

r ) (TMOn)
& Match signal Interrupt signal

Operable bits ﬁ I (INTTMOON)
TMCOn3, TMCON2

Count clock

Compare register Output TOON output )
(CROON) controller ©T00n pin
Match signal i Interrupt signal

{} (INTTMO1n)

Compare register
(CRO1n)

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-49. Example of Register Settings for One-Shot Pulse Output Operation (1/2)

(a) 16-bit timer mode control register On (TMCOR)

TMCON3 TMCOn2 TMCOn1 _OVFOn
[ o | o [ o [ o | ot | on | o [ o |

LH

01: Free running timer mode
10: Clear and start mode by
valid edge of TI0On pin.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO
Lo [ o[ o] ol of o o] o]

—— CROOn used as
compare register

CRO1n used as
compare register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEONn

|o‘0/1‘1‘1‘0/1‘0/1‘1‘1|

\— Enables TOOn output

Specifies initial value of
TOON output

Inverts TOON output on
match between TMOn
and CROOn/CRO1n.

Enables one-shot pulse
output

Software trigger is generated
by writing 1 to this bit
(operation is not affected
even if 0 is written to it).

(d) Prescaler mode register On (PRMON)

ES1n1 ES1n0  ESOn1 ESOn0 3 2 PRMOn1 PRMONO

| 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0/1 ‘ 0/1 |

\—|—1— Selects count clock

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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280

Figure 7-49. Example of Register Settings for One-Shot Pulse Output Operation (2/2)

(e) 16-bit timer counter On (TMOn)
By reading TMOn, the count value can be read.

(f) 16-bit capture/compare register 00n (CR0O0n)
This register is used as a compare register when a one-shot pulse is output. When the value of TMOn
matches that of CROON, an interrupt signal (INTTMOON) is generated and the TOOn output level is inverted.
(g) 16-bit capture/compare register 01n (CR01n)
This register is used as a compare register when a one-shot pulse is output. When the value of TMOn
matches that of CRO1n, an interrupt signal (INTTMO1n) is generated and the TOOn output level is inverted.

Caution Do not set the same value to CROn0 and CRON1.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-50. Example of Software Processing for One-Shot Pulse Output Operation (1/2)

N 4/// N N 4///
TMOn register M / M /4 M/

0000H

FFFFH

Operable bits
(TMCONn3, TMCONn2)

One-shot pulse enable bit
(OSPEN)

L L

< Otjor 10 ><£
L

One-shot pulse trigger bit ‘|
(OSPTn)

One-shot pulse trigger input
(TIOON pin)

Overflow plug _l
(OVFOn)

Compare register
(CROON) N

Compare match interrupt '|
(INTTMOON)

Compare register >( M
(CRO1n)

Compare match interrupt _l _| _l
(INTTMO1n) L

TOON output

M+1 N-M M+1 N-M
TOON output control bits | |
(TOEOn, TOCON4, TOCON1) TOON output level is not
T ? 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

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-50. 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
PRMOn register, before setting the TMCOn3 and TMCON2 bits.
CRCOn register,

TOCON registerNte,
CROOn, CRO1n registers,
port setting

TMCOn3, TMCON2 bits =

01 or 10 Starts count operation

<2> One-shot trigger input flow

|

TOCON.OSPTON bit =1 Write the same value to the bits other than the
or edge input to TIOOn pin OSTPON bit.

|

<3> Count operation stop flow

The counter is initialized and counting is stopped

TMCOn3, TMCON2 bits = 00 by clearing the TMCOn3 and TMCON2 bits to 00.

C=

Note Care must be exercised when setting TOCOn. For details, see 7.3 (3) 16-bit timer output control
register On (TOCOn).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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7.4.8 Pulse width measurement operation
TMOn can be used to measure the pulse width of the signal input to the TIOOn and TIO1n pins.
Measurement can be accomplished by operating the 16-bit timer/event counter On in the free-running timer mode

or by restarting the timer in synchronization with the signal input to the TI00n pin.
When an interrupt is generated, read the value of the valid capture register and measure the pulse width. Check

bit 0 (OVFON) of 16-bit timer mode control register On (TMCOn). If it is set (to 1), clear it to O by software.

Figure 7-51. Block Diagram of Pulse Width Measurement (Free-Running Timer Mode)

Operable bits
TMCOn3, TMCOn2

L Timer counter
Count clock (TMOn)

Capture register Interrupt signal
(CRO1n) (INTTMO1n)

Capture signal

: Edge
T100n pin © : 5
detection *§ Capture register Interrupt signal
Tio1n pin © detection @ signal
Figure 7-52. Block Diagram of Pulse Width Measurement
(Clear & Start Mode Entered by TI0OOn Pin Valid Edge Input)
Operable bits
TMCOn3, TMCOn2
L Clear
\ Timer counter
Count clock / (TMOn)
Capture register Interrupt signal
Capture signal (CRO1N) (INTTMO1n)

i Edge
Tloon pin © ; <
p detection % Capture register Interrupt signal
i Edge © Capture (CROON) (INTTMOON)
T101n pin ©—~ getection @ signal

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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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 TI0O0n and TI01n pins (free-running timer mode)

e Measuring the pulse width by using one input signal of the TI00n pin (free-running timer mode)

e Measuring the pulse width by using one input signal of the TIOOn pin (clear & start mode entered by the TIOOn pin
valid edge input)

Remarks 1. For the setting of the 1/O pins, see 7.3 (5) Port mode register 0 (PMO0).
2. For how to enable the INTTMOON signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.
3. n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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(1) Measuring the pulse width by using two input signals of the TIOOn and TI0O1n pins (free-running timer

mode)

Set the free-running timer mode (TMCOn3 and TMCOn2 = 01). When the valid edge of the TIOOn pin is detected,
the count value of TMOn is captured to CRO1n. When the valid edge of the TI01n pin is detected, the count value
of TMOn is captured to CROON. Specify detection of both the edges of the TI0On and TI01n 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 (OVFOn) of
16-bit timer mode control register On (TMCOn) to 0.

FFFFH
TMOn register

0000H

Operable bits
(TMCON3, TMCON2)

Capture trigger input
(TI00N)

Capture register
(CRO1n)

Capture interrupt
(INTTMO1n)

Capture trigger input
(TI01n)

Capture register
(CROON)

Capture interrupt
(INTTMOON)

Overflow flag
(OVFON)

Remark n=0:

Figure 7-53. Timing Example of Pulse Width Measurement (1)

e TMCOn = 04H, PRMOn = FOH, CRCOn = 05H

M

v

7

N P.
B/ C} D/

00 01
0000H < M N S P <Cz
0000H A B C D E
0 write clear 0 write clear 0 write clear 0 write clear

Products whose flash memory is less than 32 KB

n =0, 1: Products whose flash memory is at least 48 KB
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(2) Measuring the pulse width by using one input signal of the TIOOn pin (free-running mode)
Set the free-running timer mode (TMCOn3 and TMCOn2 = 01). The count value of TMOn is captured to CR0On in
the phase reverse to the valid edge detected on the TI0On pin. When the valid edge of the TIOOn pin is detected,
the count value of TMOn is captured to CRO1n.
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 (OVFOn) of 16-bit timer mode control
register On (TMCOn) to O.

Figure 7-54. Timing Example of Pulse Width Measurement (2)

¢ TMCOn = 04H, PRMOn = 10H, CRCOn = 07H

FFFFH ; / / / i / _

. N

TMOn register S Q
° }‘/ B / C / D / E /
0000H

Operable bits
(TMCON3, TMCONn2) 00 * o

Capture trigger input
(TI00N)

Capture register
(CROON)

Capture register
(CRO1n) XOOOOH
Capture interrupt '| '| [T '|
(INTTMO1n)

Overflow flag
(OVFOnN)

o
o
o
=]
I
>
oy}
(@)
w)
m

PN
<
b
(0
o

T [°

0 write clear 0 write clear 0 write clear O write clear
Capture trigger input
(Tloin) L

Capture interrupt
(NTTMoon) L

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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(3) Measuring the pulse width by using one input signal of the TIOOn pin (clear & start mode entered by the
TIOON pin valid edge input)
Set the clear & start mode entered by the TI0OOn pin valid edge (TMCOn3 and TMCOn2 = 10). The count value of
TMOn is captured to CR0OON in the phase reverse to the valid edge of the TI0On pin, and the count value of TMOn
is captured to CR0O1n and TMOn is cleared (0000H) when the valid edge of the TIOOn pin is detected. Therefore,
a cycle is stored in CRO1n if TMOn does not overflow.
If an overflow occurs, take the value that results from adding 10000H to the value stored in CRO1n as a cycle.
Clear bit 0 (OVFON) of 16-bit timer mode control register On (TMCOn) to 0.

Figure 7-55. Timing Example of Pulse Width Measurement (3)

e TMCOn = 08H, PRMOn = 10H, CRCOn = 07H

FFFFH 5o

N_— B — Q
TMOnN register /M / ; C / D /
A —

0000H

Operable bits
(TMCONn3, TMCONn2) OO>< 10 >@

<1> <1> <1> <1>

Capture & count clear input
(TI0ON)

<2>|  <3> <2> <3> <2> <3> <2> <3>

Capture register
(CROON) 0000H A B C D

Capture register
(CRO1n) 0000H M N S P Q

Capture interrupt _| _| -| -| -|
(INTTMO1n)

Overflow flag

(OVFOnN)

0 write clear
Capture trigger input
(Tio1n) L

Capture interrupt
(INTTMOON)

L

<1> Pulse cycle = (10000H x Number of times OVFOn bit is set to 1 + Captured value of CR0O1n) x
Count clock cycle

<2> High-level pulse width = (10000H x Number of times OVFOn bit is set to 1 + Captured value of CROON) x
Count clock cycle

<3> Low-level pulse width = (Pulse cycle — High-level pulse width)

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-56. Example of Register Settings for Pulse Width Measurement (1/2)

(a) 16-bit timer mode control register On (TMCOn)

TMCON3 TMCOn2 TMCOn1 OVFOn
[ o [ o | o | o | on | on | o | o |

01: Free running timer mode

10: Clear and start mode entered
by valid edge of TI0On pin.

(b) Capture/compare control register On (CRCOn)

CRCOn2 CRCOn1 CRCONO
[ o [ o [ o | o | o [ 1 [ on | 1 |

—— 1: CROOnN used as capture register

0: TIO1n pin is used as capture
trigger of CROON.

1: Reverse phase of TIOOn pin is
used as capture trigger of CROON.

1: CRO1n used as capture register

(c) 16-bit timer output control register On (TOCOn)

OSPTOn OSPEOn TOCOn4 LVSOn LVROn TOCOn1 TOEONn

Lol ol ofofo]ofofeo]

(d) Prescaler mode register On (PRMON)

ESTni  ESn0 ESOnt  ESOn0 3 2 PRMOn1 PRMONO
|0/1\0/1\0/1\0/1\0\0\0/1\0/1|

L Selects count clock
(setting valid edge of TIOOn is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection
(setting when CRCONn1 = 1 is prohibited)

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

11: Both edges detection

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-56. Example of Register Settings for Pulse Width Measurement (2/2)

(e) 16-bit timer counter On (TMON)
By reading TMOn, the count value can be read.

(f) 16-bit capture/compare register 00n (CRO0N)
This register is used as a capture register. Either the TIOOn or TI01n pin is selected as a capture trigger.
When a specified edge of the capture trigger is detected, the count value of TMOn is stored in CROON.

(g) 16-bit capture/compare register 01n (CR01n)
This register is used as a capture register. The signal input to the TI0On pin is used as a capture trigger.

When the capture trigger is detected, the count value of TMOn is stored in CRO1n.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-57. Example of Software Processing for Pulse Width Measurement (1/2)

FFFFH
TMOn register

0000H
Operable bits
(TMCONn3, TMCONn2)

Capture trigger input
(TIo0n)

Capture register
(CRO1n)

Capture interrupt
(INTTMO1n)

(a) Example of free-running timer mode

Doo

D1o

v

D11

v

v

D12

Dos /

D13

00

01

(o

0000H

D1o

D12

D13

Capture trigger input
(TI01n)

Capture register
(CRO0ON)

0000H

Dos

Dos

Capture interrupt
(INTTMOON)

|

|

|

1

|

<1><2> <2>

<2>

<2>

<2> <2>

<2>

<2>

(b) Example of clear & start mode entered by TIOOn pin valid edge

FFFFH
TMOn register

0000H

Operable bits
(TMCOn3, TMCON2)

Capture & count clear input
(TI0ON)

Capture register
(CROON)

Capture interrupt
(INTTMOON)

Capture register
(CRO1N)

Capture interrupt
(INTTMO1n)

Remark n=0:

<2><3>

D2 __ Ds De Ds A~
Do . : Ds } D~ /8
D1 Da
00 > 10 @
0000H D1 Ds Ds D7
L
0000H Do D2 D4 Ds Ds
<1> <2> <2> <2> <2> <2> <2> <2> <2> <2><3>

Products whose flash memory is less than 32 KB

n =0, 1: Products whose flash memory is at least 48 KB
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Figure 7-57. 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
PRMOn register, before setting the TMCOn3 and TMCON2 bits.
CRCOn register,

port setting

TMCONn3, TMCON2 bits =

01 0r 10 Starts count operation

<2> Capture trigger input flow

|

Edge detection of TIOOn, TIO1n pins

Stores count value to
CROOn, CRO1n registers
Generates capture interrupt™ete

Calculated pulse width
from capture value

l

<3> Count operation stop flow

The counter is initialized and counting is stopped

TMCOn3, TMCON2 bits = 00 by clearing the TMCON3 and TMCON2 bits to 00.

=

Note The capture interrupt signal (INTTMOON) is not generated when the reverse-phase edge of the TIOOn pin

input is selected to the valid edge of CROON.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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7.5 Special Use of TMOn

7.5.1 Rewriting CRO1n during TMOn operation

In principle, rewriting CROOn and CRO1n of the 78K0/LG2 when they are used as compare registers is prohibited
while TMOn is operating (TMCOn3 and TMCOn2 = other than 00).

However, the value of CRO1n can be changed, even while TMOn is operating, using the following procedure if
CRO1n is used for PPG output and the duty factor is changed. (When changing the value of CRO1n to a smaller value
than the current one, rewrite it immediately after its value matches the value of TMOn. When changing the value of

CRO1n to a larger value than the current one, rewrite it immediately after the values of CROOn and TMOn match. If the
value of CRO1n is rewritten immediately before a match between CR0O1n and TMOn, or between CROOn and TMOn, an
unexpected operation may be performed.).

| Procedure for changing value of CRO1n |

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

<7>

Disable interrupt INTTMO1n (TMMKO1n = 1).

Disable reversal of the timer output when the value of TMOn matches that of CRO1n (TOCOn4 = 0).
Change the value of CRO1n.

Wait for one cycle of the count clock of TMOn.

Enable reversal of the timer output when the value of TMOn matches that of CRO1n (TOCOn4 = 1).
Clear the interrupt flag of INTTMO1n (TMIFO1n = 0) to 0.

Enable interrupt INTTMO1n (TMMKO1n = 0).

Remark For TMIFO1n and TMMKO1n, see CHAPTER 20 INTERRUPT FUNCTIONS.

7.5.2 Setting LVSOn and LVRONn

(1) Usage of LVSOn and LVRONn
LVSOn and LVRON are used to set the default value of the TOOn output and to invert the timer output without
enabling the timer operation (TMCONn3 and TMCOn2 = 00). Clear LVSOn and LVROn to 00 (default value: low-
level output) when software control is unnecessary.

LVSOn LVRONn Timer Output Status
0 0 Not changed (low-level output)
0 1 Cleared (low-level output)
1 0 Set (high-level output)
1 1 Setting prohibited

Remark n=0: Products whose flash memory is less than 32 KB
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n =0, 1: Products whose flash memory is at least 48 KB
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(2) Setting LVSOn and LVRONn
Set LVSOn and LVROnN using the following procedure.

Figure 7-58. Example of Flow for Setting LVSOn and LVROn Bits

\

Setting TOCON.OSPEON, TOCON4, TOCON1 bits
\ <1> Setting of timer output operation
Setting TOCON.TOEON bit

|
Setting TOCON.LVSOn, LVRON bits <2> Setting of timer output F/F
|
Setting TMCONn.TMCOn3, TMCON2 bits <3> Enabling timer operation

Caution Be sure to set LVSOn and LVRON following steps <1>, <2>, and <3> above.
Step <2> can be performed after <1> and before <3>.

Figure 7-59. Timing Example of LVROn and LVSOn

TOCON.LVSOn bit

TOCON.LVRON bit

Operable bits 00 >

(TMCON3, TMCOn2) (_01, 10, or 11

TOON output

INTTMOOn signal

<1> <2> <1> <3><4>  <4> <4>

<1> The TOOnN output goes high when LVSOn and LVROn = 10.

<2> The TOON output goes low when LVSOn and LVROn = 01 (the pin output remains unchanged from the high

level even if LVSOn and LVRON are cleared to 00).

<3> The timer starts operating when TMCOn3 and TMCOn2 are set to 01, 10, or 11. Because LVSOn and
LVRONn were set to 10 before the operation was started, the TOOn output starts from the high level. After
the timer starts operating, setting LVSOn and LVROn is prohibited untii TMCOn3 and TMCOn2 = 00

(disabling the timer operation).
<4> The TOON output level is inverted each time an interrupt signal (INTTMOON) is generated.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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7.6 Cautions for 16-Bit Timer/Event Counters 00 and 01

(1) Restrictions for each channel of 16-bit timer/event counter On
Table 7-3 shows the restrictions for each channel.

Table 7-3. Restrictions for Each Channel of 16-Bit Timer/Event Counter On

Operation Restriction

As interval timer _

As square wave output

As external event counter

As clear & start mode entered by | Using timer output (TOOnN) is prohibited when detection of the valid edge of the TI01n pin is
TIOON pin valid edge input used. (TOCOn = 00H)

As free-running timer -

As PPG output 0000H < CP01n < CROON < FFFFH
As one-shot pulse output Setting the same value to CR0OOn and CPO1n is prohibited.
As pulse width measurement Using timer output (TOON) is prohibited (TOCOn = 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 TMOn is started asynchronously to the count pulse.

Figure 7-60. Start Timing of TMOn Count

Countpuse | [ [ [ [ [ [ [[ |

TMOn count value ~ 0000H X 0001H X 0002H X 0003H X 0004H

Timer start
(3) Setting of CR0O0n and CRO1n (clear & start mode entered upon a match between TMOn and CR0ON)
Set a value other than 0000H to CR00On and CRO1n (TMOn cannot count one pulse when it is used as an external

event counter).

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB

294 User's Manual U19518EJ1VOUD
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(4) Timing of holding data by capture register

(a) When the valid edge is input to the TIOOn/TI01n pin and the reverse phase of the TI0On pin is detected while
CRO0OON/CRO1n is read, CRO1n performs a capture operation but the read value of CROOn/CRO1n is not
guaranteed. At this time, an interrupt signal (INTTMOOn/INTTMO1n) is generated when the valid edge of the
TIOON/T101n pin is detected (the interrupt signal is not generated when the reverse-phase edge of the TIOOn
pin is detected).

When the count value is captured because the valid edge of the TIOOn/TI01n pin was detected, read the
value of CROON/CRO1n after INTTMOOn/INTTMO1n is generated.

Figure 7-61. Timing of Holding Data by Capture Register

Count pulse _| L1 L1 1 I_:_l |_| |_| |_

TMOn count value X N XN+t XN+2 X © X M XM+1 X M+2
Edge input | . |

INTTMO1n []

Capture read signal | |

Value captured to CRO1n X X . N +1 ¢
Capture operation Capture operation is performed

but read value is not guaranteed.
(b) The values of CROOn and CRO1n are not guaranteed after 16-bit timer/event counter On stops.
(5) Setting valid edge
Set the valid edge of the TI0On pin while the timer operation is stopped (TMCOn3 and TMCOn2 = 00). Set the
valid edge by using ESOn0 and ESOn1.
(6) 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.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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(7) Operation of OVFOn flag

(a) Setting OVFON flag (1)
The OVFOn flag is set to 1 in the following case, as well as when TMOn overflows.

Select the clear & start mode entered upon a match between TMOn and CROON.
l

Set CROONn to FFFFH.
2

When TMOn matches CR0On and TMOn is cleared from FFFFH to 0000H

Figure 7-62. Operation Timing of OVFOn Flag

Count pulse _| | | | | | | | |_

CROON FFFFH

TMon  FFFEH X FFFFH X 0000H X 0001H X

OVFOn

INTTMOON []

(b) Clearing OVFOn flag
Even if the OVFOn flag is cleared to O after TMOn overflows and before the next count clock is counted
(before the value of TMOn 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
TIOONn pin valid edge. The one-shot pulse cannot be output in the clear & start mode entered upon a match
between TMOn and CROON.

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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(9) Capture operation

(a) When valid edge of TI0On is specified as count clock
When the valid edge of TIOOn is specified as the count clock, the capture register for which TI0On is specified
as a trigger does not operate correctly.

(b) Pulse width to accurately capture value by signals input to TI01n and TIOOn pins
To accurately capture the count value, the pulse input to the TIOOn and TI01n pins as a capture trigger must
be wider than two count clocks selected by PRMOn (see Figure 7-9).

(c) Generation of interrupt signal
The capture operation is performed at the falling edge of the count clock but the interrupt signals (INTTMOONn
and INTTMO1n) are generated at the rising edge of the next count clock (see Figure 7-9).

(d) Note when CRCON1 (bit 1 of capture/compare control register On (CRCOn)) is set to 1
When the count value of the TMOn register is captured to the CROOnN register in the phase reverse to the
signal input to the TIOOn pin, the interrupt signal (INTTMOON) is not generated after the count value is
captured. If the valid edge is detected on the TI01n pin during this operation, the capture operation is not
performed but the INTTMOON signal is generated as an external interrupt signal. Mask the INTTMOOn 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 On is enabled after reset and while the TIOOn or TI01n pin is
at high level and when the rising edge or both the edges are specified as the valid edge of the TI00n or TIO1n
pin, then the high level of the TIOOn or TI01n pin is detected as the rising edge. Note this when the TI00n or
TI01n 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 TI0On 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 PRMOn is used for sampling.
When the signal input to the TIOOn 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 7-9).

(11) Timer operation
The signal input to the TIOOn/TI01n pin is not acknowledged while the timer is stopped, regardless of the
operation mode of the CPU.

Remarks 1. frrs: Peripheral hardware clock frequency

2. n=0: Products whose flash memory is less than 32 KB
n = 0, 1: Products whose flash memory is at least 48 KB
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(12) Reading of 16-bit timer counter On (TMOn)
TMOnN can be read without stopping the actual counter, because the count values captured to the buffer are fixed
when it is read. The buffer, however, may not be updated when it is read immediately before the counter counts
up, because the buffer is updated at the timing the counter counts up.

Figure 7-63. 16-bit Timer Counter On (TMOn) Read Timing

Count clock [ 1 1 1 I °1:_I |
TMOn count value X_003an X 0035H X 0036H X _0037H X 0038H X 0039H X 003AH X 003BH
Read buffer X 0034H X 0035H :X 0037H X 0038H X 003BH

Read signal | | | |

Remark n=0: Products whose flash memory is less than 32 KB
n =0, 1: Products whose flash memory is at least 48 KB
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8.1 Functions of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 are mounted onto all 78K0/Lx2 microcontroller products.

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

8.2 Configuration of 8-Bit Timer/Event Counters 50 and 51

8-bit timer/event counters 50 and 51 include the following hardware.

Table 8-1. 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 8-1 and 8-2 show the block diagrams of 8-bit timer/event counters 50 and 51.
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Figure 8-1. Block Diagram of 8-Bit Timer/Event Counter 50

2 Internal bus 2

U

8-bit imer compare
i 5 Selector INTTM50
register 50 (CR50) 3 To TMHO
5 To UARTO
TI50/T OSO/I:RZ ©——4> . %@ M Note 1 To UART6
fers/2 — 2 g S _ TO50
2 - Q Q o
;:de I % | 8-bit timer OVF p D> INV g output
fprs/28 — | & counter 50 (TM50) R T © TO50/TI50/
fprs/213  —— €N 17
Note 2 Output latch
S P17) PM17
3 | Invert
R level
[ Clear }——— I
{
¢
[reLso2]reLsotfteLsoo] [TCE50TMC506 |LVS50] LVR50|TMC501 [TOE50|
Timer clock selection 8-bit timer mode control
register 50 (TCL50) register 50 (TMC50)
Internal bus 2
Figure 8-2. Block Diagram of 8-Bit Timer/Event Counter 51
2 Internal bus 2

U

8-bit timer compare
register 51 (CR51)

INTTMS51

:%‘
TI51/TO51/ e
P33/INTP4 O] %@ < Note 1
PRS — ™ . ®» —+
frrs/2 — 8 g S - 1051
¢ - 3 Q o)

Iiigfge 13 |, |8-bit timer OVF D»INV 9 output

fers/28 —= P [ |counter51 (TM51) R < ) O[>~ To51MI51/
fers/212  ——= 2 P33/INTP4

4fNote 2 Output latch
utput late
s Py | |PV33
3 || Invert
R level
[Clear —
—— -

[reLsi2TeLsi1]ToLsid [TCE51[TMC516 |LVS51|LVR51/TMC511 [TOE51|
Timer clock selection 8-bit timer mode control
register 51 (TCL51) 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 8-3. 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, TO5n output 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 8-4. 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
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8.3 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
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Figure 8-5. 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 fers"™®° 2 MHz 5 MHz 10 MHz 20 MHZz""*
0 1 1 frrs/2 1 MHz 2.5 MHz 5 MHz 10 MHz
1 0 0 frrs/2” 500 kHz 1.25MHz | 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

Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs <20 MHz frrs <20 MHz
27V<Vopb<4.0V frrRs < 10 MHz
1.8V<Vop<27V frrs <5 MHz frrs <5 MHz

(The values shown in the table above are those when fPRs = fxH (XSEL = 1).)

2. Do not start timer operation with the external clock from the TI50 pin when the internal high-speed
oscillation clock and high-speed system clock are stopped while the CPU operates with the subsystem
clock, or when in the STOP mode.

3. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
=0), when 1.8 V < Vbbp < 2.7 V, the setting of TCL502, TCL501, TCL500 = 0, 1, 0 (count clock: frrs) is
prohibited.

4. This is settable only if 4.0V <Vbop <55 V.

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 8-6. Format of Timer Clock Selection Register 51 (TCL51)

Address: FF8CH  After reset: OOH 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 fers"™®® 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 312.5kHz | 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

Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz frrs <20 MHz
27V<Vopb<4.0V frrs < 10 MHz
1.8V<Vop<27V frrs <5 MHz frrs <5 MHz

(The values shown in the table above are those when fPRS = fxH (XSEL = 1).)

2. Do not start timer operation with the external clock from the TI51 pin when the internal high-speed
oscillation clock and high-speed system clock are stopped while the CPU operates with the subsystem
clock, or when in the STOP mode.

3. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
=0), when 1.8 V < Vbp < 2.7 V, the setting of TCL512, TCL511, TCL510 = 0, 1, O (count clock: frrs) is
prohibited.

4. This is settable only if 4.0V <Vbop<55V.

Cautions 1. When rewriting TCL51 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

304 Users Manual U19518EJ1V0OUD



CHAPTER 8 8-BIT TIMER/EVENT COUNTERS 50 AND 51

(2) 8-bit timer mode control register 5n (TMC5n)
TMC5n is a register that performs the following five types of settings.

<1>
<2>
<3>
<4>

<5>

8-bit timer counter 5n (TM5n) count operation control

8-bit timer counter 5n (TM5n) operating mode selection

Timer output F/F (flip flop) status setting

Active level selection in timer F/F control or PWM (free-running) mode.

Timer output control

TMCb5n 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 8-7. Format of 8-Bit Timer Mode Control Register 50 (TMC50)

After reset: 00H  R/W"™*®

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC50 TCES50 TMC506 0 0 LVS50 LVR50 TMC501 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 value of TO50 output: low level)
1 0 Timer output F/F set (1) (default value of TO50 output: 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
TOES50 Timer output control

0 Output disabled (TO50 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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Figure 8-8. Format of 8-Bit Timer Mode Control Register 51 (TMC51)

Address: FF43H  Afterreset: OOH R/W"™

Symbol <7> 6 5 4 <3> <2> 1 <0>
TMC51 TCE51 TMC516 0 0 LVS51 ‘ LVR51 ‘ TMC511 ‘ TOES51

TCE51 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 value of TO51 output: low)
1 0 Timer output F/F set (1) (default value of TO51 output: 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
TOES51 Timer output control

0 Output disabled (TO51 output is low level)
1 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.

2. Perform <1> to <4> below in the following order, not at the same time.
<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

3. When TCE5n = 1, setting the other bits of TMC5n is prohibited.

4. The actual TO50/TI50/P17 and TO51/T151/P33/INTP4 pin outputs are determined depending on
PM17 and P17, and PM33 and P33, besides TO5n output.

Remarks 1. In PWM mode, PWM output is made inactive by clearing TCE5n to 0.
2. If LVS5n and LVR5n are read, the value is 0.
3. The values of the TMC5n6, LVS5n, LVR5n, TMC5n1, and TOE5n bits are reflected at the TO5n
output regardless of the value of TCE5n.
4. n=0,1
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(3) Port mode registers 1 and 3 (PM1, PM3)
These registers set port 1 and 3 input/output in 1-bit units.

When using the P17/TO50/T150 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/T151/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 8-9. 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 8-10. 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/O mode selection (n = 0 to 3)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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8.4 Operations of 8-Bit Timer/Event Counters 50 and 51

8.4.1 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
(TCL5n).

<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.
Remark For how to enable the INTTMb5n signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.
Figure 8-11. Interval Timer Operation Timing (1/2)

(a) Basic operation

ot

TMsn countvalue _ 00H X01HYX X N XooHXotHX X N XooHXotHX X N X
A A A '
Count start Clear Clear E
CR5n N o N o N TN

A
Interrupt acknowledged

Interrupt acknowledged

Interval time Interval time

Remark Intervaltime = (N + 1) xt

N =01H to FFH
n=0,1
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Figure 8-11. Interval Timer Operation Timing (2/2)

(b) When CR5n = 00H

gl
1 1
1 1
Count clock M
1 1 1 1 1 1
TM5n 00H ' 00OH ' OOH ! . . .
CRS5n 00H ' 00H

TCE5n|
INTTM5n ||||||||||||

1 1
-
1 1

Interval time

(¢) When CR5n = FFH

[
1 1
Count clock | | | | . I | I | I | | | I | . I | I | I | | | I |
1 1
TM5n [oH] [FEH]FFHJOOH] [ FEH [ FFH [ ooH |
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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8.4.2 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, INTTMb5n 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 = 00000000B)
<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, INTTM5n 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 20 INTERRUPT FUNCTIONS.

Figure 8-12. External Event Counter Operation Timing (with Rising Edge Specified)

e [T UL LLTLTLL

A |
Count start |
F— |
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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8.4.3 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
(TOESN) 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.

e TCL5n: Select the count clock.

e CR5n: Compare value

e TMC5n: Stop the count operation, select the mode in which clear & start occurs on a match of TM5n and

CRb5n.
LVS5n | LVR5n Timer Output F/F Status Setting
1 0 Timer output F/F clear (0) (default value of TO5n output: low level)
0 1 Timer output F/F set (1) (default value of TO5n output: 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 O0H.
After these settings, the timer output F/F is inverted at the same interval and a square wave is output from
TOS5n.
The frequency is as follows.
e 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 20 INTERRUPT FUNCTIONS.

2.n=0,1
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Figure 8-13. Square-Wave Output Operation Timing

ot

L
countcos [T 11 LMLl TLrLrLr
| |
T™sn countvalue _ 00HJ o1HJo2HY N -1{ N Yoon YotHYo2HY ~~  YN-1 N YooH
Cour%start E E

1
1
|

TOSNNet 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).

8.4.4 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
(TMC5n) is set to 1.

The duty pulse determined by the value set to 8-bit timer compare register 5n (CR5n) is output from TO5n.

Set the active level width of the PWM pulse to CR5n; the active level can be selected with bit 1 (TMC5n1) of
TMC5n.

The count clock can be selected with bits 0 to 2 (TCL5n0 to TCL5n2) of timer clock selection register 5n (TCL5n).

PWM output can be enabled/disabled with bit 0 (TOE5n) of TMC5n.

Caution In PWM mode, make the CR5n rewrite period 3 count clocks of the count clock (clock selected by
TCL5n) or more.

Remark n=0,1
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(1) PWM output basic operation

<1> Set each register.
e Clear the port output latch (P17 or P33)"" and port mode register (PM17 or PM33)"" to 0.
e TCL5n: Select the count clock.
e CR5n: Compare value
e TMC5n: Stop the count operation, select PWM mode.
The timer output F/F is not changed.

TMC5n1 Active Level Selection

0 Active-high

1 Active-low

Timer output enabled
(TMC5n = 01000001B or 01000011B)

<2> The count operation starts when TCE5n = 1.
Clear TCE5n to 0 to stop the count operation.

Note 8-bit timer/event counter 50: P17, PM17
8-bit timer/event counter 51: P33, PM33

| PWM output operation |

<1> PWM output (TO5n output) outputs an inactive level until an overflow occurs.

<2> 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).

<3> After the CR5n matches the count value, the inactive level is output until an overflow occurs again.

<4> Operations <2> and <3> are repeated until the count operation stops.
<5> When the count operation is stopped with TCE5n = 0, PWM output becomes inactive.
For details of timing, see Figures 8-14 and 8-15.
The cycle, active-level width, and duty are as follows.
e Cycle = 2%
o Active-level width = Nt
e Duty = N/2°
(N = O0H to FFH)

Remark n=0, 1
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Figure 8-14. PWM Output Operation Timing

(a) Basic operation (active level = H)
[N
]
Countelock __ 1M . LML LML T L
| | | | | !
Tmsn _ooHTotH[ -~ JFFH[ooR[oiH[o2HT  ~_ TN IN+f[ -~ TFFH[ooH[ofH[o2H] -~ TM] ooH
1
1 1 1 1 1 |
CRsn N - - - -
| | | | | |
TCESI”I_I 0T I 1 o 1 o 1 1 0T |
1 1 1 1 1 1
1 1 1 1 1 1
INTTM5n . 1 ' .. Lo 1 : o
1 1 1 1
- ! [—
TO5n . L__. _|_

<1> Inactive level <2> Active level <3> Inactive level <5> Inactive level

<2> Active level

(b) CR5n = 00H

[
i

ountdock 1 M. LMLMMML. LM

TM5n __00H [01H] .. |FFH||00H|01H|02H| ::|FFH||00H|01H|02H| -~ TwmTooH
1
CR5n I — - .
1
INTTM5n I_I M

TOs5n L (Inactive level)

(c) CR5n =FFH

|t|

_|_L|_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 J01H] |FFH|00H|01H|02H| |FFH|00H|01H|02H| |M|00H
1
- - - |
CR5n FFH . . .
| | Co |
TCE5n_| o 1 1 o : 1 1 o |
1 1 1 1 1 1
INTTM5n I g R o
i i |
TO5n |
{

<2> Active IeveIT

< i .
2> Active level <5> Inactive level

<1> Inactive level
<3> Inactive level

Remarks 1. <1> to <3> and <5> in Figure 8-14 (a) correspond to <1> to <3> and <5> in | PWM output operation | in
8.4.4 (1) PWM output basic operation.
2.n=0,1
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(2) Operation with CR5n changed
Figure 8-15. 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.

o

-]
1 1
Countclock||||||||||||||||||||||||||||||||||||||||||||||||||||

I 1 I 1 I I I I
T™M5n _T N IN: N2 ~”~ “TFFHTooHToir 0T - T MW {]We2] -~ TFFA]ooHTofH[0oHT - ~~ T M W+ i[W:2]
! 1 1 1 1 1

1

1
CRSn N__ A M : : : :
1 1 1 1 1 1 1 1
TCE5n™ H | | | | | | | |
INTTM5n ! ! | ! | M . .
1 1 1 1 1 1 1
Tosn T 1 I I f i f |'

f 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 |||||||||||.|||||||||||||||||||||||||||||||||||||||||||
I : 1 1 1 1 1
TM5n TN _IN+1IN+2] .. _TFEAJooRToiH[02A] 1. [N IN+1|N+2] .. _JFFAJOOHTOTH]0oA] ... T M [M+1[M+2]
! | | | | | :
CRn X XN . S .
1 1 1 1 1 1 1
TCE5n ™ H | | | | | | |
INTTMS5n : 11 : : M ' '
1 1 1 1 1 1 1
Tosn T | | f | I f 1
<1> CR5n change (N — M) <2>

Caution When reading from CR5n between <1> and <2> in Figure 8-15, the value read differs from the
actual value (read value: M, actual value of CR5n: N).
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8.5 Cautions for 8-Bit Timer/Event Counters 50 and 51

M

)

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 8-16. 8-Bit Timer Counter 5n (TM5n) Start Timing

Count clock | | | | | | | |

TM5n count value 00H X 0iH X 02H X 03H X 04H

Timer start

Reading of 8-bit timer counter 5n (TM5n)

TM5n can be read without stopping the actual counter, because the count values captured to the buffer are fixed
when it is read. The buffer, however, may not be updated when it is read immediately before the counter counts
up, because the buffer is updated at the timing the counter counts up.

Figure 8-17. 8-bit Timer Counter 5n (TM5n) Read Timing

Counteock [ [ [ | L [ LI L i1 |
TM5n count value X _3aH X 3sH X seH X 37H X 38H X 3oH X 3AH X 3BH
Read buffer X 340 X 35H :X 37H_ X 38H X__3BH

Read signal | | | |

Remark n=0,1
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9.1 Functions of 8-Bit Timers HO and H1

8-bit timers HO and H1 are mounted onto all 78K0/Lx2 microcontroller products.
8-bit timers HO and H1 have the following functions.

e Interval timer
e Square-wave output
o PWM output
o Carrier generator (8-bit timer H1 only)
9.2 Configuration of 8-Bit Timers HO and H1

8-bit timers HO and H1 include the following hardware.

Table 9-1. 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 9-1 and 9-2 show the block diagrams.
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Figure 9-1. Block Diagram of 8-Bit Timer HO

8 Internal bus

8-bit timer H mode register 0
(TMHMDO)

i

&

[ Tweo | cksoz | cksot | cksoo | ot [Tumoo | ToLevo | ToENo | . .
8-bit timer H 8-bit timer H
compare register compare register
10 (CMP10) 00 (CMP0O0)
3 2
| Decoder |
Selector
)
Match Interrupt F/F Output Level
generator R controller inversion
frPRs —* ‘ ‘ :
fers/2 — o
fors/22 — 8 | T ) 8-bit timer
frrs/26 —— G L/ counter HO
fers/210 ——= @ Cloar

8-bit timer/ ———=
event counter 50

output PWM mode signal

)

Timer H enable signal D@

TOHO
output

©@TOHO/P15

Output latch
(P15)

PM15

= INTTMHO

IH ANV OH SH3WIL 119-8 6 H31ldVHO



ANOALr38LS6LN [enue sJasn

61€

Figure 9-2. Block Diagram of 8-Bit Timer H1
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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 9-3. 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 [ T ]

Caution CMPON cannot be rewritten during timer count operation. CMPOn can be refreshed (the same
value is written) 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 TOHNn. 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 refreshed (the same value is written) and 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 9-4. Format of 8-Bit Timer H Compare Register 1n (CMP1n)

Address: FF19H (CMP10), FF1BH (CMP11)  After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 1 0

own [ [T [ [ 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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9.3 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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Figure 9-5. Format of 8-Bit Timer H Mode Register 0 (TMHMDO)

Address: FF69H  After reset: OOH R/W

<7> 6 5 4 3 2 <1> <0>
TMHMDO | TMHEO | CKS02 | CKSO1 | CKS00 | TMMDO1|TMMDOO | TOLEVO | TOENO |

TMHEO Timer operation enable
0 Stops timer count operation (counter is cleared to 0)
1 Enables timer count operation (count operation started by inputting clock)

CKS02 | CKS01 | CKS00 Count clock selectionete
fers = fers = fers = frrs =
2 MHz 5 MHz 10 MHz |20 MHz
0 0 0 frrsM°2| 2 MHz 5 MHz 10 MHz | 20 MHZ""*®
0 0 1 fers/2 |1 MHz 25MHz |5 MHz 10 MHz
0 1 0 frrs/22 | 500 kHz | 1.25 MHz | 2.5 MHz |5 MHz
0 1 1 frrs/26 | 31.25 kHz | 78.13 kHz| 156.25 kHz | 312.5 kHz
1 0 0 frrs/2'° | 1.95 kHz | 4.88 kHz | 9.77 kHz | 19.54 kHz
1 0 1 TM50 output™'e*
Other than above Setting prohibited

TMMDO1| TMMDOO Timer operation mode
0 0 Interval timer mode
1 0 PWM output mode

Other than above | Setting prohibited

TOLEVO Timer output level control (in default mode)
0 Low level
1 High level

TOENO Timer output control
0 Disables output
1 Enables output

Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz fers <20 MHz
27V<Vob<4.0V frrs < 10 MHz
1.8V<Vop<27V frrs <5 MHz frrs <5 MHz

(The values shown in the table above are those when fPRS = fxH (XSEL = 1).)
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Notes 2. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
= 0), when 1.8 V < Vop < 2.7 V, the setting of CKS02 = CKS01 = CKS00 = 0 (count clock: frrs) is
prohibited.

3. Thisis settable only if 4.0 V<Vop<5.5V.
4. 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 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 (TOE50 = 1) TO50 output in any mode.

Cautions 1. When TMHEO = 1, setting the other bits of TMHMDO is prohibited. However, TMHMDO can be
refreshed (the same value is written).
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).
3. The actual TOHO/P15 pin output is determined depending on PM15 and P15, besides TOHO
output.

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 9-6. Format of 8-Bit Timer H Mode Register 1 (TMHMD1)
Address: FF6CH  After reset: 00H 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 frrRs"*®2|2 MHz  |5MHz |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/28 | 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

Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(4PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz frrs < 20 MHz
27V<Vob<4.0V frrs < 10 MHz
1.8V<Vp<27V fers < 5 MHz frrs < 5 MHz

(The values shown in the table above are those when fPRS = fxH (XSEL = 1).)
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Notes 2. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
= 0), when 1.8 V < Vop < 2.7 V, the setting of CKS12 = CKS11 = CKS10 = 0 (count clock: frrs) is
prohibited.

3. Thisis settable only if 4.0 V<Vop<5.5V.

Cautions 1. When TMHE1 = 1, setting the other bits of TMHMD?1 is prohibited. However, TMHMD1 can be
refreshed (the same value is written).

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.

4. The actual TOH1/INTP5/P16 pin output is determined depending on PM16 and P16, besides
TOH1 output.

Remarks 1. frrs: Peripheral hardware clock frequency
2. fr.:  Internal low-speed oscillation clock frequency

(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 9-7. Format of 8-Bit Timer H Carrier Control Register 1 (TMCYC1)

Address: FF6DH  After reset: O0H  R/wWhete

7 6 5 4 3 2 1 <0>
mcyer | o | o | o | o | o |[rRmct |NRzB1 | NRZ1 |

RMCH1 NRZB1 Remote control output

0 0 Low-level output

0 1 High-level output at rising edge of INTTM51 signal input

1 0 Low-level output

1 1 Carrier pulse output at rising edge of INTTM51 signal input
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.

Caution Do not rewrite RMC1 when TMHE = 1. However, TMCYC1 can be refreshed (the same value is
written).
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(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 9-8. 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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9.4 Operation of 8-Bit Timers HO and H1

9.4.1 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 9-9. 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 9.3 (3) Port mode register 1 (PM1).

2. For how to enable the INTTMHn signal interrupt, see CHAPTER 20 INTERRUPT FUNCTIONS.
3.n=0,1
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Figure 9-10. 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 9-10. Timing of Interval Timer/Square-Wave Output Operation (2/2)

(b) Operation when CMPOn = FFH

Count clock ||||g<||||||||g<||||||

4 Count start

8-bit timer counter Hn

0oH X o1H X X FEH X FFHAX 00H X

. Clear

X FEH X FFHAX OOHX:

Clear

CMPON

FFH

TMHERN J

INTTMHnN

TOHN

(c) Operation when CMPOn = 00H

Interval time

Count clock ||||||||||||||||||||||

L-----»

Count start

8-bit timer counter Hn

00H

CMPON

00H

TMHER J

INTTMHRN

TOHN

Remark n=0,1

'
lo—————

Interval time
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9.4.2 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.

PWM output (TOHnN output) outputs an active level and 8-bit timer counter Hn is cleared to 0 when 8-bit timer
counter Hn and the CMPOn register match after the timer count is started. PWM output (TOHn output) outputs an
inactive level when 8-bit timer counter Hn and the CMP1n register match.

<1> Set each register.
Figure 9-11. 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 an active level is output. 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, an inactive level is output 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 9.3 (3) Port mode register 1 (PM1).

For details on how to enable the INTTMHn signal interrupt, see CHAPTER 20 INTERRUPT
FUNCTIONS.

n=0,1
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Figure 9-12. Operation Timing in PWM Output Mode (1/4)

(a) Basic operation

canoosc [ LI T T T
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<3>
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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, PWM output outputs an inactive level.

When the values of the 8-bit timer counter Hn and the CMPOn register match, an active level is output. At
this time, the value of the 8-bit timer counter Hn is cleared, and the INTTMHn signal is output.

When the values of the 8-bit timer counter Hn and the CMP1n register match, an inactive level is output. At
this time, the 8-bit timer counter value is not cleared and the INTTMHn signal is not output.

Clearing the TMHER bit to 0 during timer Hn operation sets the INTTMHn signal to the default and PWM
output to an inactive level.

Remark n=0,1
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Figure 9-12. Operation Timing in PWM Output Mode (2/4)
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(c) Operation when CMPOn
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Remark n=0,1
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Figure 9-12. Operation Timing in PWM Output Mode (3/4)

= 00H

01H, CMP1n

(d) Operation when CMPOn

Count clock
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Remark n=0,1
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Figure 9-12. Operation Timing in PWM Output Mode (4/4)

(e) Operation by changing CMP1n (CMP1n = 02H — 03H, CMPOn = A5H)

Count clock ||||||||||||||||I||||||||||||I|||||I
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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, PWM output outputs an inactive level.

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, an active level is output, 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, an inactive
level is output. The 8-bit timer counter Hn is not cleared and the INTTMHn signal is not generated.

Clearing the TMHERN bit to 0 during timer Hn operation sets the INTTMHn signal to the default and PWM
output to an inactive level.

Remark n=0,1
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9.4.3 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 at rising edge of
INTTM51 signal input
1 0 Low-level output
1 1 Carrier pulse output at rising edge of

INTTM51 signal input
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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 9-13. 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.

Remark INTTM5H1 is an internal signal and not an interrupt source.
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<1> Set each register.

Figure 9-14. 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>
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| | 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
¢ See 8.3 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 by TOH1 output.
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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 9.3 (3) Port mode register 1 (PM1).

2. For how to enable the INTTMH1 signal interrupt, sece CHAPTER 20 INTERRUPT
FUNCTIONS.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>

Figure 9-15. Carrier Generator Mode Operation Timing (1/3)

(a) Operation when CMP01 =N, CMP11 =N

8-bit timer H1
count clock | |
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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 O0H. 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.

Remark INTTM5H1 is an internal signal and not an interrupt source.
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<1>

<2>

<3>

<4>

<5>

<6>

<7>

Figure 9-15. Carrier Generator Mode Operation Timing (2/3)

(b) Operation when CMP01 =N, CMP11 =M
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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 OOH. 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).

Remark INTTM5H1 is an internal signal and not an interrupt source.
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Figure 9-15. 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>

342

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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CHAPTER 10 WATCH TIMER

10.1 Functions of Watch Timer

The watch timer is mounted onto all 78K0/Lx2 microcontroller products.
The watch timer has the following functions.

o Watch timer
e Interval timer

The watch timer and the interval timer can be used simultaneously.
Figure 10-1 shows the watch timer block diagram.

Figure 10-1. Block Diagram of Watch Timer

. fwx/24 =
Clear g | fwx . 2
S 5-bit counter fwx/2® | § F=INTWT
7 . —_ E
fers/2 S 11-bit prescaler ? n
3 fw Clear
fsus A /29 fuu/ 25 | fu/ 28 /27 fu/ 28 /2" ff2' fuw/29 4
S
°© INTWTI
Q
[0}
(0]
[ wrvz | wrmve | wrms | wrma | wims | wimz | wimt | wTmo |
Watch timer operation
mode register (WTM)
8 Internal bus 8

Remark frrs: Peripheral hardware clock frequency
fsus: Subsystem clock frequency
fw:  Watch timer clock frequency (fers/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 10-1. 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 10-2. 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:

10.2 Configuration of Watch Timer

The watch timer includes the following hardware.

344

Watch timer clock frequency (frrs/2” or fsus)

Table 10-3. 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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10.3 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.
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Figure 10-2. Format of Watch Timer Operation Mode Register (WTM)

Address: FF6FH  After reset: OOH R/W

Symbol 7 6 5 4 3 2 <1> <0>
WTM WTM7 WTM6 WTM5 WTM4 WTM3 WTM2 ‘ WTM1 ‘ WTMO
WTM7 Watch timer count clock selection (fw)"**®
fsus = 32.768 kHz | frrs =2 MHz frrRs =5 MHz | frrs = 10 MHz | fers = 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 2'ffw
0 0 1 2°/fw
0 1 0 2°ffw
0 1 1 2'/fw
1 0 0 2w
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 2w
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)
1 Operation enable

Note The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) (uPD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz frrs <20 MHz
27V<Vopb<4.0V frrs < 10 MHz
1.8V<Vm<27V frrs < 5 MHz frrs < 5 MHz

(The values shown in the table above are those when fPRs = fxH (XSEL = 1).)
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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. fers: Peripheral hardware clock frequency
3. fsue: Subsystem clock frequency

10.4 Watch Timer Operations

10.4.1 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 10-4. 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 frrs = 5 MHz frrRs = 10 MHz frrs = 20 MHz
(WTM7 = 1) (WTM?7 = 0) (WTM7 = 0) (WTM7 = 0) (WTM?7 = 0)
0 2"%/fw 05s 1.05s 0.419 s 0.210s 0.105 s
1 2%/ w 0.25s 0.52s 0.210s 0.105s 52.5 ms
1 0 |2%w 977 s 2.05 ms 819 us 410 us 205 us
1 1 2w 488 us 1.02 ms 410 us 205 us 102 us

Remarks 1. fw: Watch timer clock frequency (frrs/2” or fsus)
2. fers: Peripheral hardware clock frequency
3. fsus: Subsystem clock frequency
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10.4.2 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 10-5. 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 frrs = 20 MHz
kHz (WTM7 =1)| (WTM7 =0) (WTM7 = 0) (WTM7 = 0) (WTM7 = 0)
0 0 0 2'/fw 488 us 1.02 ms 410 us 205 us 102 us
0 0 1 2°/fw 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 2w 31.3ms 65.5 ms 26.2 ms 13.1 ms 6.55 ms
1 1 1 2" ffw 62.5 ms 131.1 ms 52.4 ms 26.2 ms 13.1 ms
Remarks 1. fw: Watch timer clock frequency (fers/2” or fsus)
2. fers: Peripheral hardware clock frequency
3. fsus: Subsystem clock frequency
Figure 10-3. Operation Timing of Watch Timer/Interval Timer
5-bit counter
OH
Start Ove‘rflow Overflow

Count clock

Watch timer
interrupt INTWT

Interval timer
interrupt INTWTI

Interval time

M

Remark fw: Watch timer clock frequency
Figures in parentheses are for operation with fw = 32.768 kHz (WTM7 = 1, WTM3, WTM2 = 0, 0)
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CHAPTER 10 WATCH TIMER

10.5 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 (WTMO) 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 10-4. 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 | | :

! 0515625s | 05s | 05s |

SN B |
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11.1 Functions of Watchdog Timer

The watchdog timer is mounted onto all 78K0/Lx2 microcontroller products.

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.

If the watchdog timer counter overflows

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 data is written to WDTE during a window close period

Note (

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)

If the CPU accesses an area that is not set by the IMS and IXS registers™™ (excluding FBOOH to FFCFH and
FFEOH to FFFFH) by executing a read/write instruction (detection of an abnormal access during a CPU program

loop)

Note A product that does not have an internal expansion RAM is not provided with the IXS register.

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 23 RESET FUNCTION.
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11.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 11-1. 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 11-2. 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 26 OPTION BYTE.

Figure 11-1. Block Diagram of Watchdog Timer

CPU access signal

CPU access
error detector

WDCS2 to WDCSO0 of
option byte (0080H) i
2'%fRL to Overfi
17 vertiow
Clock 17-bit 2V ffrL signal
frU/2 input counter Selector
controller

Count clear Window size

signal determination

signal

WINDOW1 and WINDOWO ___ Clear, reset control

of option byte (0080H)

WDTON of option Watchdog timer enable

byte (0080H) register (WDTE)

U

Reset
output |—— Internal reset signal

controller

Internal bus
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11.3 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 11-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFO9H  After reset: 9AH/1AHN*®  R/W
Symbol 7 6 5 4 3 5 1 :

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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11.4 Operation of Watchdog Timer

11.4.1 Controlling operation of watchdog timer

1.

When the watchdog timer is used, its operation is specified by the option byte (0080H).

e 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, sce CHAPTER 26).

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
11.4.2 and CHAPTER 26).

e Set a window open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (0080H) (for
details, see 11.4.3 and CHAPTER 26).

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.

e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
If data other than “ACH” is written to WDTE
e 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 FFCFH and
FFEOH to FFFFH) by executing a read/write instruction (detection of an abnormal access during a CPU
program loop)

Note A product that does not have an internal expansion RAM is not provided with the IXS register.

Cautions 1. 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.

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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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 LSROSC = 1 (Internal Low-Speed
Oscillator Can Be Stopped by Software) Oscillator Cannot Be Stopped)
In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.
In STOP mode

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 continues its operation during self-programming and EEPROM
emulation of the flash memory. During processing, the interrupt acknowledge time is
delayed. Set the overflow time and window size taking this delay into consideration.

11.4.2 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 11-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH1 WDCSO0 Overflow Time of Watchdog Timer

0 0 0 2"/faL (3.88 ms)

0 0 1 2"/fRL (7.76 ms)

0 1 0 2%/faL (15.52 ms)

0 1 1 2%/aL (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)

Cautions 1. The combination of WDCS2 = WDCS1 = WDCS0 = 0 and WINDOW1 = WINDOWO = 0
is prohibited.

2. The watchdog timer continues its operation during self-programming and EEPROM
emulation of the flash memory. 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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11.4.3 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%) ——»f= 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 11-4. Setting Window Open Period of Watchdog Timer

WINDOW1 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. Setting WINDOW1 = WINDOWO = 0 is prohibited when using the watchdog timer at
1.8V<Vbb<2.7V.

3. The watchdog timer continues its operation during self-programming and EEPROM
emulation of the flash memory. During processing, the interrupt acknowledge time
is delayed. Set the overflow time and window size taking this delay into
consideration.
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356

Remark If the overflow time is set to 2"'/frL, the window close time and open time are as follows.

(when 2.7V <Vpp<5.5V)
Setting of Window Open Period

25% 50% 75% 100%

Window close time 0to7.11 ms 0to 4.74 ms 0t02.37 ms None

Window open time 711t07.76 ms |4.74t07.76 ms |2.37t07.76 ms 0to7.76 ms

<When window open period is 25%>
e Overflow time:
2"/frL (MAX.) = 2''/264 kHz (MAX.) = 7.76 ms
e Window close time:
0to 2"/frL (MIN.) x (1 — 0.25) = 0 to 2"/216 kHz (MIN.) x 0.75=0t0 7.11 ms
e Window open time:
2"/frL (MIN.) x (1 — 0.25) to 2'/frL (MAX.) = 2""/216 kHz (MIN.) x 0.75 to 2''/264 kHz (MAX.)
=7.11t07.76 ms
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12.1 Functions of Clock Output Controller

The clock output controller is mounted onto all 78K0/Lx2 microcontroller products.
The clock output controller of 78K0/Lx2 microcontrollers 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 12-1 shows the block diagram of clock output controller.

Figure 12-1. Block Diagram of Clock Output Controller

fPRS —— Prescaler
2
fPRs/25, fPRs/27 .
s % coilt?glll(er ﬂ»@ LCD controller/driver
[ i I
CLOE | CCS3 | CCS2 | CCs1 | CCSo
@ Clock output selection register (CKS)
g Internal bus g

Caution After a reset release, be sure to set PM140 to 0.
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12.2 Configuration of Clock Output Controller

The clock output controller includes the following hardware.

Table 12-1. Configuration of Clock Output Controller

Item

Configuration

Control registers

Clock output selection register (CKS)

12.3 Registers Controlling Clock Output Controller

The following register is used to control the clock output controller.

o Clock output selection register (CKS)

358
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(1) Clock output selection register (CKS)
CKS 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.

Figure 12-2. Format of Clock Output Selection Register (CKS)

Address: FF40H After reset: 00H R/W

Symbol 7 6 5 3 2 1 0
CKS 0 0 0 CLOE™"! CCS3 CCs2 CCSH CCSo0
CLOE Specification of enable/disable for clock output

to LCD controller/driver

1 Clock output to LCD controller/driver enabled

0 Clock output to LCD controller/driver disabled

CCS3 CCSs2 CCS1 CCS0 LCD output clock selection™®?
fsus = frRs = frRs =
32.768 kHz| 10 MHz 20 MHz
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

Notes 1. The LCLK pin is pulled down while the LRESETB pin is at low level. Enable clock output (CLOE = 1)
after having released the reset state by setting P130 to 1.
2. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the

power supply voltage and product specifications.
Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs <20 MHz frrs <20 MHz
27V<Vob<4.0V frrRs < 10 MHz
1.8V<Vp<27V fers < 5 MHz fers < 5 MHz

(The values shown in the table above are those when fPRS = fxH (XSEL = 1).)

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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12.4 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 (CCSO0 to CCS3) of the clock output selection register
(CKS) (clock pulse output in disabled status).
<2> Set bit 4 (CLOE) of CKS to 1 to enable clock output.

Remark The clock output controller is designed not to output pulses with a small width during output
enable/disable switching of the clock output. As shown in Figure 12-3, be sure to start output from the
low period of the clock (marked with * in the figure). When stopping output, do so after the high-level
period of the clock.

Figure 12-3. Clock Output Application Example

Caution After a reset release, be sure to set PM140 to 0.
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78K0/LE2 78K0/LF2 78K0/LG2
uPD78F037x, 78F0376D, #PD78F038x, 78F0386D,
78F037xA, 78F0376DA 78F038xA, 78F0386DA
10-bit A/D 5ch 8ch - 8 ch
converter

13.1 Function of A/D Converter

The A/D converter converts an analog input signal into a digital value, and consists of up to eight channels (ANIO to

ANI7) with a resolution of 10 bits.
The A/D converter has the following 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

ANI7. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated.

Figure 13-1. Block Diagram of A/D Converter

é—© AVrer
ADCS bit —
ANIO/P20 ©— - ' '
ANI1/P21 ©—~ Sample & hold circuit P
ANI2IP22@—~| = 1 ! -
ANI3/P23 © g : Voltage comparator g
ANK/PAO— & _L 2
ANI5/P25 @— on i ! 2 R
ANI6/P26 @— . l ! ! %: P
ANI7/P27 ©—] 3 AVss ! e
”””””””””” Successive P
approximation Co AVss
register (SAR) |  t--2 i ——————
Controller { INTAD
A/D conversion result
3 4 5 register (ADCR)
| [ T T ]
|AD52 ‘ADS1 ‘ADSO| |ADPCB‘ADPCZ‘ADPC1‘ADPCO| |ADCS‘ FR2 ‘ FR1 ‘ FRO ‘ LV1 | LVO ‘ADCE|
Analog input channel A/D port configuration A/D converter mode
specification register (ADS)J | register (ADPC) register (ADM)
Internal bus S

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2
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13.2 Configuration of A/D Converter
The A/D converter includes the following hardware.

(1) ANIO to ANI7 pins
These are the analog input pins of the 8-channel A/D converter. They input analog signals to be converted into
digital signals. Pins other than the one selected as the analog input pin can be used as I/O port pins.

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78KO0/LF2, and 78K0/LG2

(2) 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.

(3) 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 13-2. Circuit Configuration of Series Resistor String

AVRrer ©

P-ch = | o<} ADCS

Series resistor string

AVss ©

(4) Voltage comparator
The voltage comparator compares the sampled voltage value and the output voltage of the series resistor string.

(5) 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).

(6) 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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@)

®)

)

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 peripheral hardware clock (frrs) is stopped. For details, see
CHAPTER 33 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
Vop pin when port 2 is used as a digital port.

The signal input to ANIO to ANI7 is converted into a digital signal, based on the voltage applied across AVrer and
AVss.

(10) 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.

(11) 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.

(12) A/D port configuration register (ADPC)

This register switches the ANIO/P20 to ANI7/P27 pins to analog input of A/D converter or digital I/O of port.

(13) 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.

(14) Port mode register 2 (PM2)

This register switches the ANIO/P20 to ANI7/P27 pins to input or output.

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2
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13.3 Registers Used in A/D Converter
The A/D converter uses the following six registers.

e A/D converter mode register (ADM)

¢ 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)

e 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 13-3. 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 | |yoneet | 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

Notes 1. For details of FR2 to FRO, LV1, LVO, and A/D conversion, see Table 13-2 A/D Conversion Time
Selection (Conventional-specification Products (#PD78F03xx and 78F03xxD)), and Table 13-3
A/D Conversion Time Selection (Expanded-specification Products (uPD78F03xxA and
78F03xxDA)).

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 13-1. 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 operation, only comparator consumes
power)
1 0 Conversion mode (comparator operation stopped")
1 1 Conversion mode (comparator operation)

Note Ignore data of the first conversion because it is not guaranteed range.
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Figure 13-4. Timing Chart When Comparator Is Used

Comparator operation

Conversion , Conversion ., Conversion | Conversion
. - e —————— . -
operation waiting i operation

Comparator oo :,\

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
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 33 CAUTIONS FOR
WAIT.
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Table 13-2. A/D Conversion Time Selection (Conventional-specification Products
(uPD78F03xx and 78F03xxD))

(1) 2.7 V < AVrer <5.5 V (LVO = 0)

A/D Converter Mode Register (ADM)

Conversion Time Selection

Conversion Clock

FR2 | FR1 | FRO | LV1 | LVO foas=2MHz | feas=10 MHz |fers=20 MHZ"" (fao)

0 0 0 0 0 264/frrs Setting prohibited | 26.4 us 13.2 us™* frrs/12

0 0 1 0 0 176/frrs 17.6 us 8.8 us"™* frrs/8

0 1 0 0 0 132/fers 13.2 us 6.6 us"* frrs/6

0 1 1 0 0 88/frrs 8.8 us"* Setting prohibited | frrs/4

1 0 0 0 0 66/frrs 33.0 us 6.6 us"™* frrs/3

1 0 1 0 0 44/frrs 22.0 us Setting prohibited fPrs/2

Other than above Setting prohibited
Note This can be set only when 4.0V < AVrRer<5.5V.

(2) 2.3V <AVRer <2.7V (LVO = 1)

A/D Converter Mode Register (ADM)

Conversion Time Selection

Conversion Clock

FR2 | FR1 | FRO | LV1 | LVO fors = 2 MHz fors = 5 MHz (fao)
0 0 0 0 1 480/frrs Setting prohibited Setting prohibited frrs/12
0 0 1 0 1 320/frrs 64.0 us frrs/8
0 1 0 0 1 240/frrs 48.0 us frrs/6
0 1 1 0 1 160/fers 32.0 us fers/4
1 0 0 0 1 120/frrs 60.0 us Setting prohibited frrs/3
1 0 1 0 1 80/frrs 40.0 us Setting prohibited frrs/2

Other than above

Setting prohibited

Cautions 1. Set the conversion times with the following conditions.
e 40V <AVRer<5.5V: fap = 0.6 to 3.6 MHz
e 27V <AVRer< 4.0 V: fap = 0.6 to 1.8 MHz
e 23V <AVRer < 2.7 V: fap = 0.6 to 1.48 MHz
2. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.
3. Change LVO from the default value, when 2.3 V < AVRer < 2.7 V.
4. The above conversion time does not include clock frequency errors. Select conversion time,

Remark

366

taking clock frequency errors into consideration.

frrs: Peripheral hardware clock frequency
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Table 13-3. A/D Conversion Time Selection (Expanded-specification Products
(uPD78F03xxA and 78F03xxDA))

(1) 2.7 V< AVrer <5.5 V (LVO = 0)

A/D Converter Mode Register (ADM) Conversion Time Selection Conversion
FR2 | FR1 | FRO | LV1 | LVO foas=2MHz | fers=5MHz | feas=10 MHz | fers=20 MHz | Clock (f0)

0 0 0 0 0 264/frrs | Setting prohibited | 52.8 us 26.4 us 13.2 us frrs/12

0 0 1 0 0 |[176/fers 35.2 us 17.6 us 8.8 us™* frrs/8

0 1 0 0 0 |132/fers |66.0 us 26.4 us 13.2 us 6.6 us™"* frrs/6

0 1 1 0 0 88/frrs | 44.0 us 17.6 us 8.8 us"* Setting prohibited | frs/4

1 0 0 0 0 |66firrs |33.0 us 13.2 us 6.6 us™® fers/3

1 0 1 0 0 44/frrs | 22.0 us 8.8 us"* Setting prohibited frrs/2

Other than above Setting prohibited
Note This can be set only when 4.0V < AVrRer<5.5V.
(2) 23 V<AVRer<5.5V (LVO=1)
A/D Converter Mode Register (ADM) Conversion Time Selection Conversion
FR2 | FR1 | FRO | LVi | LVO fors=2MHz | fers=5 MHz fors = fors = Clock (fao)
10 MHZ""* 20 MHZ""*?

0 0 0 0 1 480/fers | Setting prohibited | Setting prohibited | 48.0 us"*"** 24.0 us"* frrs/12

0 0 1 0 1 320/fers 64.0 us 32.0 us"*? 16.0 us"*’ frrs/8

0 1 0 0 1 | 240/ers 48.0 us 24.0 ys™e? 12.0 us"*’ frrs/6

0 1 1 0 1 160/frrs 32.0 us 16.0 us"™’ Setting prohibited | frrs/4

1 0 0 0 1 | 120/fers | 60.0 us 24.0 ys™e? 12.0 us™’ frrs/3

1 0 1 0 1 80/frrs | 40.0 us 16.0 us™*’ Setting prohibited fers/2

Other than above Setting prohibited
Notes 1. This can be set only when 4.0V < AVRer < 5.5 V.

2. This can be set only when 2.7 V < AVRer < 5.5 V.

Cautions 1. Set the conversion times with the following conditions.
(1) 2.7 V< AVRrer<5.5 V (LVO = 0)
e 40V <AVRer<5.5V: fap = 0.33 to 3.6 MHz
e 27V <AVRer < 4.0 V: fap = 0.33 to 1.8 MHz
(2) 23 V< AVRer<5.5V (LVO =1)
e 40V <AVRer<5.5V: fap = 0.6 to 3.6 MHz
e 27V <AVRer < 4.0 V: fap = 0.6 to 1.8 MHz
e 23V < AVRer < 2.7 V: fapo = 0.6 to 1.48 MHz
2. When rewriting FR2 to FRO, LV1, and LVO to other than the same data, stop A/D conversion
once (ADCS = 0) beforehand.
3. Change LVO from the default value, when 2.3 V < AVrer < 2.7 V.
4. 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 13-5. A/D Converter Sampling and A/D Conversion Timing

ADCS « 1 or ADS rewrite

1§
ADCS
Sampling
timing [ |
)]
INTAD |_|
[
)]
Wait SAR Sampling Successive conversion|Transfer | SAR Sampling
periodNote | clear to ADCR, | clear
INTAD
generation
)
Conversion time Conversion time

Note For details of wait period, see CHAPTER 33 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 13-6. Format of 10-Bit A/D Conversion Result Register (ADCR)

Address: FFO8H, FFO9H  After reset: 0000H R

FFO9H FFO8H
Symbol N N

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
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 33 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 13-7. 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 peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 33 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.

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: xPD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78KO0/LF2, and 78K0/LG2

Figure 13-8. Format of Analog Input Channel Specification Register (ADS)

Address: FF29H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
aps| o | o | o | o | o |aAps2| Apst| ADso |
Note2  Note1l ADS2 | ADS1 | ADSO Analog input channel specification
t 0 0 o | Ano
0 0 1 ANI1
Setting 0 1 0 ANI2
permitted
Setting 0 1 1 ANI3
permitted 1 0 0 ANI4
1 0 1 ANI5
Setting
prohillaited 1 1 0 ANI6
v 1 1 1 ANI7

Notes 1. 78KO/LE2
2. uPD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2

Cautions 1. Be sure to clear bits 3to 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. If data is written to ADS, a wait cycle is generated. Do not write data to ADS when the
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 33 CAUTIONS FOR
WAIT.
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(5) AJD port configuration register (ADPC)
This register switches the ANIO/P20 to ANI7/P27 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.

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2

Figure 13-9. 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 ADPC3 ADPC2 ADPCAH ADPCO
ADPC3 ADPC2 ADPCH1 ADPCO Digital I/O (D)/analog input (A) switching
P27/ | P26/ | P25/ | P24/ | P23/ | P22/ | P21/ | P20/
Note 2 Note 1 ANI7 |[ANI6 | ANI5 | ANI4 | ANI3| ANI2 | ANI1 |ANIO
t 0 0 0 0 Al A| Al A|A]A|A
0 0 0 1 A A A A A A D
0 0 1 0 A A A A A A D D
Setting
permitted 0 0 1 1 A A A A A D D D
Setting 0 1 0 0 A A A A D D D D
permitted
0 1 0 1 A A A D D D D D
t 0 1 1 0 A|lA|lD| D|D|D|D|D
Setting
oroniad 0 1 1 1 A|D|D|D|D|D|D|D
! i 1 0 0 0 D|D|/D|D|D|D|D|D
Other than above Setting prohibited

Notes 1. 78KO/LE2
2. uPD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78KO0/LF2, and 78K0/LG2

Cautions 1. Set a channel to be used for A/D conversion in the input mode by using port mode register 2
(PM2).
2. If data is written to ADPC, a wait cycle is generated. Do not write data to ADPC when the
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 33 CAUTIONS FOR
WAIT.
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(6) Port mode register 2 (PM2)
When using the ANIO/P20 to ANI7/P27 pins for analog input port, set PM20 to PM27 to 1. The output latches of
P20 to P27 at this time may be 0 or 1.
If PM20 to PM27 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.

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78KO0/LF2, and 78K0/LG2

Figure 13-10. Format of Port Mode Register 2 (PM2)

Address: FF22H Afterreset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20
PM2n P2n pin 1/0 mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Remark The format of port mode register 2 of 78K0/LE2 and 78KO0/LF2 products is different from the
above format. See 5.3 Registers Controlling Port Function (1) Port mode registers
(PMxx).
ANIO/P20 to ANI7/P27 pins are as shown below depending on the settings of ADPC, ADS, and PM2.

Table 13-4. Setting Functions of ANI0O/P20 to ANI7/P27 Pins

ADPC PM2 ADS ANIO/P20 to ANI7/P27 Pin
Analog input selection Input mode ANI selection Analog input (to be converted)
ANI non-selection Analog input (not to be converted)
Output mode ANI selection Setting prohibited

ANI non-selection

Digital I/0 selection Input mode - Digital input

Output mode - Digital output
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13.4 A/D Converter Operations

13.4.1 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

User's Manual U19518EJ1VOUD 373



CHAPTER 13 A/D CONVERTER

Figure 13-11. 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
beginning.

Reset signal generation sets the A/D conversion result register (ADCR, ADCRH) to 0000H or O0H.

Sampling A/D conversion

13.4.2 Input voltage and conversion results

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the theoretical
A/D conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the following
expression.

VAN
REF
ADCR = SAR x 64

SAR = INT (

x 1024 + 0.5)

or

ADCR ADCR
-0.5) x AVrer < VaiN < ( c + 0.5) x AVrer
64 1024 64 1024

(

where, INT(): Function which returns integer part of value in parentheses
VaN: Analog input voltage
AVRer: AVREF pin voltage
ADCR: A/D conversion result register (ADCR) value
SAR:  Successive approximation register

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2
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Figure 13-12 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 13-12. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR

10023————F— 11— T1-~"""""" FFCOH
1n22——r——1—+1— 1 T T~ """ FF80H
1021 | | | | | | R | | | | } FF40H

A/D conversion result : 1 1 1 1 1 1 : 1 1 1 1 1 1
3! | | | | | | | | | ' 00COH
21— T T T~ " 0080H
1—1TT1T1 7T T """ " 0040H
oO———————————————— 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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13.4.3 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
ANI7 by the analog input channel specification register (ADS) and A/D conversion is executed.

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2

(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 13-13. 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 —| —| —|

Remark 78KO/LE2: n=0to4, m=0to 4
1PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2
:n=0to7, m=0to7
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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 3 to 0 (ADPC3 to ADPCO) of the A/D
port configuration register (ADPC) and bits 7 to 0 (PM27 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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13.5 How to Read A/D Converter Characteristics Table
Here, special terms unique to the A/D converter are explained.

(1) 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.

(2) 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.

(3) 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 13-14. Overall Error Figure 13-15. 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

(4) 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 13-16. Zero-Scale Error Figure 13-17. Full-Scale Error

111L

Full-scale error

)
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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 13-18. Integral Linearity Error Figure 13-19. 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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13.6 Cautions for A/D Converter

Q)

)

©))

(4)

380

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 ANI7

Observe the rated range of the ANIO to ANI7 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 ANI7.

<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 13-20 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.

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78KO0/LF2, and 78K0/LG2
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(®)

(6)

@)

Figure 13-20. 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 ANI7
C =100 to 1,000 pF 7_7[
AVss

J; Vss

ANIO/P20 to ANI7/P27

<1> The analog input pins (ANIO to ANI7) are also used as input port pins (P20 to P27).
When A/D conversion is performed with any of ANIO to ANI7 selected, do not access P20 to P27 while
conversion is in progress; otherwise the conversion resolution may be degraded. It is recommended to
select pins used as P20 to P27 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.

Input impedance of ANIO to ANI7 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 ANI7 pins (see Figure 13-
20).

AVREF 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.

Remark ANIO to ANI4 pins: 78KO0/LE2
ANIO to ANI7 pins: ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2
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(8)

(9)

(10)

382

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 13-21. 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

| ) )

ANIn ANIm >< ANIm

ADCR, >< ANIn
ADCRH

ADIF

Remark 78KO/LE2: n=0to4, m=0to 4
1PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2
:n=0to7, m=0to7

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 13-22. Internal Equivalent Circuit of ANIn Pin

R1

C1 c2

Table 13-5. 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 13-5 are not guaranteed values.
2. 78K0/LE2: n=0to 4
uPD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2, and 78K0/LG2
:n=0to7
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14.1 Functions of Serial Interface UARTO

Serial interface UARTO are mounted onto all 78K0/Lx2 microcontroller products.

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

()

384

consumption.

For details, see 14.4.1 Operation stop mode.

Asynchronous serial interface (UART) mode

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.

e Maximum transfer rate: 625 kbps

e Two-pin configuration TxDO: Transmit data output pin

RxDO0: Receive data input pin

e 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 TXEOQ = 0.

. Set POWERO = 1 and then set TXEO = 1 (transmission) or RXEO = 1 (reception) to start

communication.

TXEO and RXEOQ 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 TXS0 at least one base clock (fxcLko) after setting TXEO = 1.
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14.2 Configuration of Serial Interface UARTO

Serial interface UARTO includes the following hardware.

Table 14-1. 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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M

()

@)

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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14.3 Registers Controlling Serial Interface UARTO
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 14-2. 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 14-2. 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 14-3. 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
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 33 CAUTIONS FOR
WAIT.

390 User's Manual U19518EJ1VOUD



CHAPTER 14 SERIAL INTERFACE UARTO

(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 14-4. 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 TPS00 Base clock (fxcLko) 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
. o o o . . .
. o o o . . .
. . B . . . .
. o o . . . .
. o o o . . .
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

Note1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power

supply voltage and product specifications.

Expanded-specification Products
(uPD78F03xxA and 78F03xxDA)

Supply Voltage Conventional-specification Products

(uPD78F03xx and 78F03xxD)

40V<Vopb<55V frrs < 20 MHz
27V<Vob<4.0V

1.8V<Vm<27V

frrs <20 MHz
frrs < 10 MHz
frrRs <5 MHz

frrs <5 MHz

(The values shown in the table above are those when fPRs = fxH (XSEL = 1).)
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Note 2. 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 (TOE50 = 1) TO50 output in any mode.

Cautions 1. Make sure that bit 6 (TXEO) and bit 5 (RXEO) of the ASIMO register = 0 when rewriting the
MDLO04 to MDLOO bits.
2. Make sure that bit 7 (POWERO) of the ASIMO register = 0 when rewriting the TPS01 and TPS00
bits.
3. 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 TPSO00 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

a bk owbd=

(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 14-5. 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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14.4 Operation of Serial Interface UARTO
Serial interface UARTO 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, 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 5
PORT FUNCTIONS.
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14.4.2 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 14-4).
<2> Set bits 1 to 4 (SLO, CLO, PS00, and PS01) of the ASIMO register (see Figure 14-2).
<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 14-2. 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 et et et et Stop 'SCK10/P10 SIHO/P11
1 0 1 o xee 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 14-6 and 14-7 show the format and waveform example of the normal transmit/receive data.

Figure 14-6. 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 14-7. 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

1 data frame
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3. Data length: 8 bits, 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.

(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 14-8 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 14-8. 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

User's Manual U19518EJ1VOUD 397



CHAPTER 14 SERIAL INTERFACE UARTO

398

(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 14-9). 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 14-9. 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.

User's Manual U19518EJ1VOUD



CHAPTER 14 SERIAL INTERFACE UARTO

(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 14-3).
The contents of ASISO are cleared to 0 when ASISO 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.

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 14-10, the internal processing of the reception operation

is delayed by two clocks from the external signal status.

Figure 14-10. Noise Filter Circuit

Base clock

RxD0/SI10/P11 ©

Internal signal A

In Q [|—= Internal signal B

Match detector LD_EN
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14.4.3 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

400

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 14-11. 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.

14.4.4 Calculation of baud rate

(1) Baud rate calculation expression
The baud rate can be calculated by the following expression.

fxcLko
bps
5w K [bps]

e Baud rate =

fxciko:  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)

Table 14-4. Set Value of TPS01 and TPS00

Note 1

TPSO01 TPS00 Base clock (fxcLko) 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

Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz frrs < 20 MHz
27V<Vob<4.0V fers < 10 MHz
1.8V<Vp<27V frrs < 5 MHz frrs < 5 MHz

(The values shown in the table above are those when fPRs = fxH (XSEL = 1).)
2. 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).

e 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 (TOE50 = 1) TO50 output in any mode.
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(2) Error of baud rate
The baud rate error can be calculated by the following expression.

Actual baud rate (baud rate with error)

e Error (%) =[

- 1] x 100 [%]
Desired baud rate (correct baud rate)
Cautions 1. Keep the baud rate error during transmission to within the permissible error range at the
reception destination.
2. Make sure that the baud rate error during reception satisfies the range shown in (4)
Permissible baud rate range during reception.

Example: Frequency of base clock = 2.5 MHz = 2,500,000 Hz
Set value of MDL04 to MDLOO 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 [%)]

(3) Example of setting baud rate

Table 14-5. Set Data of Baud Rate Generator

Baud frrs = 2.0 MHz fers = 5.0 MHz fers = 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] | psoo Value | [%] |TPSo00 Value | [%] |TPSo00 Value | [%] |TPS00 Value | [%]

4800 2H 26 4808 | 0.16 | 3H 16 | 4883 | 1.73 - - - - - - - -
9600 2H 13 9615 | 0.16 | 3H 8 9766 | 1.73 | 3H 16 9766 | 1.73 - - - -
10400 | 2H 12 | 10417 | 0.16 | 2H | 30 | 10417 | 0.16 | 3H 15 | 10417 [ 0.16 | 3H | 30 | 10417 | 0.16
19200 | 1H 26 | 19231 | 0.16 | 2H 16 | 19531 | 1.73 | 3H 8 19531 | 1.73 | 3H 16 | 19531 | 1.73
24000 | 1H 21 | 23810 |-0.79| 2H 13 | 24038 | 0.16 | 2H | 26 | 24038 | 0.16 | 3H 13 | 24038 | 0.16

31250 | 1H 16 | 31250 0 2H 10 | 31250 0 2H | 20 | 31250 0 3H 10 | 31250 0

33600 [ 1H 15 | 33333 |-0.79| 2H 9 | 34722 | 3.34 | 2H 19 | 32895 | -2.1| 3H 9 | 34722 | 3.34

38400 | 1H 13 | 38462 | 0.16 | 2H 8 | 39063 | 1.73 | 2H 16 | 39063 | 1.73 | 3H 8 | 39063 | 1.73

56000 | 1H 9 | 55556 |-0.79| 1H | 22 | 56818 | 1.46 | 2H 11 | 56818 | 1.46 | 2H | 22 | 56818 | 1.46
62500 | 1H 8 | 62500 0 1H | 20 | 62500 0 2H 10 | 62500 0 2H | 20 | 62500 0

76800 - - - - 1H 16 | 78125 [ 1.73 | 2H 8 78125 | 1.73 | 2H 16 | 78125 | 1.73
115200 - - - - 1H 11 | 113636 [-1.36| 1H 22 | 113636 |-1.36| 2H 11 | 113636 |-1.36
153600 - - - - 1H 8 | 156250 | 1.73 1H 16 | 156250 | 1.73 | 2H 8 | 156250 | 1.73
312500 - - - - - - - - 1H 8 | 312500 0 1H 16 | 312500 0
625000 - - - - - - - - - - - - 1H 8 | 625000 0
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)

fems: 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 14-12. 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 14-12, 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[ 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 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%
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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15.1 Functions of Serial Interface UART6

Serial interface UART6 are mounted onto all 78K0/Lx2 microcontroller products.

Serial interface UART® 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 15.4.1 Operation stop mode.

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 15.4.2 Asynchronous serial interface (UART) mode and 15.4.3 Dedicated baud rate

generator.

e Maximum transfer rate: 625 kbps

e Two-pin configuration TxD6: Transmit data output pin

RxD6: Receive data input pin

e 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

e 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.

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 UART6 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.

Set POWER6 = 1 and then set TXE6 = 1 (transmission) or RXE6 = 1 (reception) to start
communication.

. 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.

Set transmit data to TXB6 at least one base clock (fxcLke) after setting TXE6 = 1.

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 communication operation.
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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 15-1 and 15-2 outline the transmission and reception operations of LIN.

Figure 15-1. 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 15.4.2 (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 15-2. 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 7.4.8 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 15-3 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 15-3. Port Configuration for LIN Reception Operation

P14/RxD6 O %
3 RXD6 input
&
Port mode
(PM14)
Output latch
(P14)
P120/INTPO/EXLVI O——— s S
S =]
2 S BH————INTPOinput
3 : i
[}
Port mode -
(PM120) Port input
switch control
(ISC0)
Ou(tg:ﬂzlcé)a)tCh <ISCOo>
0: Select INTPO (P120)
1: Select RxD6 (P14)
P0O/TI000 O & S
S 2
o & |—————=TI000 input
b K]
n
Port mode
(PMOO) Port input
switch control
(1ISC1)
Out(;;uéé{;ltch <ISC1>
0: Select TIO00 (P00)

1: Select RxD6 (P14)

Remark ISCO, ISC1: Bits 0 and 1 of the input switch control register (ISC) (see Figure 15-11)

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.

¢ 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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15.2 Configuration of Serial Interface UART6

Serial interface UARTS6 includes the following hardware.

Table 15-1. 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 15-4. Block Diagram of Serial Interface UART6
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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 bits 7 and 6 (POWERG6, TXE6) of asynchronous serial interface operation
mode register 6 (ASIM6) are 1 or when bits 7 and 5 (POWERG6, 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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15.3 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 bits 7 and 6 (POWERG6, TXE6) of asynchronous serial interface operation mode register 6
(ASIM®6) are 1 or when bits 7 and 5 (POWERS6, RXE6) of ASIMG6 are 1).

Figure 15-5. 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. If POWERG6 = 0 is set while transmitting data, the output of the TxD6 pin will be fixed to high level (if
TXDLV6 = 0). Furthermore, the input from the RxD6 pin will be fixed to high level.
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 15-5. 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 15-6. 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
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 33 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 15-7. 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.

(4) Clock selection register 6 (CKSR6)
This register selects the base clock of serial interface UART6.
CKSR6 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 bits 7 and 6 (POWERS, TXE6) of ASIM6 = 1 or bits 7 and 5 (POWERS6, RXE6) of ASIM6 = 1).
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Figure 15-8. Format of Clock Selection Register 6 (CKSR6)

Address: FF56H After reset: 00H 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 (fxcLks) selection™™®’
frRs = frrs = frrs = frrs =
2 MHz 5 MHz 10 MHz 20 MHz
0 0 0 0 frrs"™*? | 2 MHz 5 MHz 10 MHz 20 MHZ"**
0 0 0 1 fers/2 | 1 MHz 25MHz |5MHz 10 MHz
0 0 1 0 frrs/2® [500kHz |1.25MHz |25MHz |5 MHz
0 0 1 1 frrs/2° | 250 kHz | 625kHz |1.25MHz |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

Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(4PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz frrs < 20 MHz
27V<Vob<4.0V frrs < 10 MHz
1.8V<Vop<27V frrRs <5 MHz frrRs <5 MHz

(The values shown in the table above are those when fPRS = fxH (XSEL = 1).)
2. If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH) (XSEL
=0), when 1.8 V < Vbobp < 2.7 V, the setting of TPS63 = TPS62 = TPS61 = TPS60 = 0 (base clock: fPrs)
is prohibited.
3. This is settable only if 4.0V <Vbop <55 V.
4. 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 (TOES50 = 1) TO50 output in any mode.

Caution Make sure POWERG6 = 0 when rewriting TPS63 to TPS60.
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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

(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 bits 7 and 6 (POWERS, TXES6) of ASIM6 = 1 or bits 7 and 5 (POWERS6, RXE6) of ASIM6 = 1).

Figure 15-9. 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 0 X X x | Setting prohibited
0 0 0 0 0 1 0 0 4 | fxcike/d
0 0 0 0 0 1 0 1 5 | fxcike/5
0 0 0 0 0 1 1 0 6 | fxcLke/6
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 =4, 5, 6, ..., 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 bits 7 and 6 (POWERG6, TXE6) of ASIM6 = 1 or bits 7 and 5 (POWER6, 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 15-10. 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 15-10. 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.

When the TXDLV6 bit is set to 1 (inverted TxD6 output), the TxD6/P13 pin cannot be used as a
general-purpose port, regardless of the settings of POWER6 and TXE6. When using the
TxD6/P13 pin as a general-purpose port, clear the TXDLV6 bit to 0 (normal TxD6 output).
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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 15-11. 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 15-12. 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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15.4 Operation of Serial Interface UART6
Serial interface UART6 has the following two modes.

e Operation stop mode
¢ Asynchronous serial interface (UART) mode

15.4.1 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. If POWERSG6 = 0 is set while transmitting data, the output of the TxD6 pin will be fixed to high level (if
TXDLV6 = 0). Furthermore, the input from the RxD6 pin will be fixed to high level.
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 5 PORT
FUNCTIONS.
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15.4.2 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 15-8).
<2> Set the BRGCES register (see Figure 15-9).
<3> Set bits 0 to 4 (ISRM6, SL6, CL6, PS60, PS61) of the ASIM6 register (see Figure 15-5).
<4> Set bits 0 and 1 (TXDLV6, DIR6) of the ASICL®6 register (see Figure 15-10).
<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 (RXE6) 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 15-2. 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:

422

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 15-13 and 15-14 show the format and waveform example of the normal transmit/receive data.

Figure 15-13. 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 15-14. 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

1 data frame
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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 used in LIN communication operation.

(M)

(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 15-15 shows the timing of the transmission completion interrupt request (INTST6). This interrupt
occurs as soon as the last stop bit has been output.

Figure 15-15. 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

426

\ \
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.

When the device is use in LIN communication operation, 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 TXSF®6 flag.
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Figure 15-16 shows an example of the continuous transmission processing flow.

Figure 15-16. 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 15-17 shows the timing of starting continuous transmission, and Figure 15-18 shows the timing of
ending continuous transmission.

Figure 15-17. 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 15-18. 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 15-19). 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 15-19. 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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432

(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 15-6).
The contents of ASIS6 are cleared to 0 when ASIS6 is read.

Table 15-3. 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 15-20. 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 15-21, the internal processing of the reception operation
is delayed by two clocks from the external signal status.

Figure 15-21. 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 use in LIN communication operation, the SBF (Synchronous Break Field) transmission
control function is used for transmission. For the transmission operation of LIN, see Figure 15-1 LIN
Transmission Operation.
When bit 7 (POWERS) 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 15-22. 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 U19518EJ1VOUD 433



CHAPTER 15 SERIAL INTERFACE UART6

(i) SBF reception

When the device is used in LIN communication operation, the SBF (Synchronous Break Field) reception
control function is used for reception. For the reception operation of LIN, see Figure 15-2 LIN Reception
Operation.

Reception is enabled when bit 7 (POWERS6) of asynchronous serial interface operation mode register 6
(ASIM®) is set to 1 and then bit 5 (RXE6) of ASIM6 is set to 1. SBF reception is enabled when bit 6 (SBRT6)
of asynchronous serial interface control register 6 (ASICLS) 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 15-23. SBF Reception

1. Normal SBF reception (stop bit is detected with a width of more than 10.5 bits)

RD6 | | 11 2 1 8 1 41 5 1 6 1 7 {8 1 9 110 | 11

SBRT6 f

/SBRF6 | I

INTSR6 ”

2. SBF reception error (stop bit is detected with a width of 10.5 bits or less)

RxD6 E | 1 E 2 E 3 E 4 E 5 E 6 E 7 E 8 E 9 E 10

SBRT6 | :
/SBRF6

INTSR6 “0’ :

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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15.4.3 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 15-24. 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

frrs/210 ——=
8-bit timer/ .
event counter
50 output ‘ ‘ l ‘

1
1
1
1
1 Match detector 1/2 |1+ Baud rate
1
1
1
1

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/4 to fxcLke/255) of the 8-bit counter can be set by bits 7 to 0 (MDL67 to MDL60) of BRGC6.

15.4.4 Calculation of baud rate

(1) Baud rate calculation expression
The baud rate can be calculated by the following expression.

fxcLke
bps
5wk [bps]

¢ Baud rate =

fxcLke:  Frequency of base clock selected by TPS63 to TPS60 bits of CKSR6 register
k: Value set by MDL67 to MDL60 bits of BRGCS register (k = 4, 5, 6, ..., 255)
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Table 15-4. Set Value of TPS63 to TPS60

TPS63 TPS62 TPS61 TPS60 Base Clock (fxciks) Selection™™"

fers = fers = fers = 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 |5 MHz 10 MHz
0 0 1 0 frrs/2° | 500 kHz 1.25MHz |25MHz |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
Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the

power supply voltage and product specifications.

Supply Voltage

Conventional-specification Products
(«PD78F03xx and 78F03xxD)

Expanded-specification Products
(«PD78F03xxA and 78F03xxDA)

40V<Vop<55V

fers <20 MHz

27V<Vob<40V

frrRs < 10 MHz

fers <20 MHz

1.8V<Vop<27V

frrs <5 MHz

fers <5 MHz

(The values shown in the table above are those when fPRs = fxH (XSEL = 1).)

If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (frH)
(XSEL = 0), when 1.8 V < Vobp < 2.7 V, the setting of TPS63 = TPS62 = TPS61 = TPS60 = 0 (base

clock: frrs) is prohibited.

This is settable only if 4.0 V<Vob <5.5V.
Note the following points when selecting the TO50 output as the base clock.
e 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 (TOE50 = 1) TO50 output in any mode.
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(2) Error of baud rate
The baud rate error can be calculated by the following expression.

e Error (%) = [

Cautions 1.

Actual baud rate (baud rate with error)
Desired baud rate (correct baud rate)

- 1} x 100 [%]

Keep the baud rate error during transmission to within the permissible error range at the
reception destination.

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 [%]

(3) Example of setting baud rate

Table 15-5. 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
(brs] | rpseo 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 0.16 | 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 | 0.16 | 4H | 65 | 2404 |0.16 | 5H | 65 | 2404 | 0.16 | 6H | 65 | 2404 | 0.16
4800 4H 13 4808 0.16 | 3H 65 4808 0.16 | 4H 65 4808 0.16 | 5H 65 4808 0.16
9600 3H 13 9615 0.16 | 2H 65 9615 0.16 | 3H 65 9615 0.16 | 4H 65 9615 0.16
19200 | 2H 13 | 19231 | 0.16 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 16 | 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
312500 - - - - OH 8 | 312500 0 1H 8 | 312500 0 2H 8 | 312500 0
625000 - - - - OH 4 | 625000 0 1H 4 | 625000 0 2H 4 | 625000 0
Remark TPS63to TPS60: Bits 3 to 0 of clock selection register 6 (CKSRB6) (setting of base clock (fxcLks))
k: Value set by MDL67 to MDL60 bits of baud rate generator control register 6
(BRGCS) (k = 4, 5, 6, ..., 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 15-25. 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 15-25, 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

User's Manual U19518EJ1VOUD 439



CHAPTER 15 SERIAL INTERFACE UART6

k-2 21k +2

Minimum permissible data frame length: FLmin = 11 x FL - x FL ” FL

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[ 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 UART6 and the transmission destination can be calculated from the
above minimum and maximum baud rate expressions, as follows.

Table 15-6. Maximum/Minimum Permissible Baud Rate Error

Division Ratio (k) Maximum Permissible Baud Rate Error Minimum Permissible Baud Rate Error
4 +2.33% —2.44%
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 15-26. 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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78K0/LE2 78K0/LF2 78K0/LG2
Products whose flash Products whose flash
memory is less than 32 KB memory is at least 48 KB
Serial interface v
CSIH0
Serial interface - RN
CSIt1

Remark V: Mounted, — Not mounted

16.1 Functions of Serial Interfaces CSI10 and CSI11

Serial interfaces CSI10 and CSI11 have the following two modes.

M

()

442

Operation stop mode
3-wire serial /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 16.4.1 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 (SCW) and two serial data
lines (SI1n and SO1n).

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 16.4.2 3-wire serial /O mode.

Remark n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78KO0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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16.2 Configuration of Serial Interfaces CSI10 and CSI11
Serial interfaces CSI10 and CSI11 include the following hardware.

Table 16-1. Configuration of Serial Interfaces CSI10 and CSI11

ltem Configuration

Controller Transmit controller
Clock start/stop controller & clock phase controller

Registers Transmit buffer register 1n (SOTB1n)
Serial I/O shift register 1n (SIO1n)

Control registers Serial operation mode register 1n (CSIM1n)

Serial clock selection register 1n (CSIC1n)

Port mode register 0 (PMO0) or port mode register 1 (PM1)
Port register 0 (P0) or port register 1 (P1)

Remark n=0: 78KO0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB

Figure 16-1. Block Diagram of Serial Interface CSI10

2 Internal bus 8

1 - - -
' 1| Serial /O shift || Transmit buffer | .| Output
SI10/P11/RxD0 © b register 10 (SIO10) register 10 (SOTB10) selector

| Transmit data Output latch (P12)

I controller
Lo o o o o e o e e e e e e e e e e e e e e e e e — — —r

I
I
: Output latch
I
I

PM10 Output latch
(P10)

0
4 - . Transmit controller

SCK10/P10/TxD0®©

frRS/2 ——=1
frrs/22 — =
frrs/23 — =
frrs/24 —
frrs/25 — =
frrs/28 ——=
frrs/27 ——=

Clock start/stop controller &
clock phase controller

INTCSI10

Selector
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& ’ Serial I/O shift || Transmit buffer Output H output
SI11/P03 © b : register 11 (SIO11) register 11 (SOTB11) selector |1

SCK11/P04®
ssmﬁL/P\ % i

(1)

)
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Figure 16-2. Block Diagram of Serial Interface CSI11

2 Internal bus 8

©S011/P02

Transmit data Output latch

: Output latch
' (P02)

Q
o
=1
=
=
=X
[0}
ol

Output latch PMO02

(PO4)

Transmit controller

frrS/2 —— =
frrs/22 — =
fprs/23 — ]
frrs/24 —
frrs/25 —
frrs/28 ——=
frrs/27 ——=

Clock start/stop controller &
clock phase controller

INTCSI11

Selector

Transmit buffer register 1n (SOTB1n)

This register sets the transmit data.

Transmission/reception is started by writing data to SOTB1n when bit 7 (CSIE1n) and bit 6 (TRMD1n) of serial
operation mode register 1n (CSIM1n) is 1.

The data written to SOTB1n is converted from parallel data into serial data by serial 1/O shift register 1n, and
output to the serial output pin (SO1n).

SOTB1n can be written or read by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to 00H.

Cautions 1. Do not access SOTB1n when CSOT1n = 1 (during serial communication).
2. In the slave mode, transmission/reception is started when data is written to SOTB11 with a
low level input to the SSI11 pin. For details on the transmission/reception operation, see
16.4.2 (2) Communication operation.

Serial 1/0 shift register 1n (SI01n)

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 SIO1n if bit 6 (TRMD1n) of serial operation mode register 1n (CSIM1n)
is 0.

During reception, the data is read from the serial input pin (SI1n) to SIO1n.

Reset signal generation sets this register to 00H.

Cautions 1. Do not access SIO1n when CSOT1n = 1 (during serial communication).
2. In the slave mode, reception is started when data is read from SIO11 with a low level input
to the SSI11 pin. For details on the reception operation, see 16.4.2 (2) Communication
operation.

Remark n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78KO0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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16.3 Registers Controlling Serial Interfaces CSI10 and CSI11

Serial interfaces CSI10 and CSI11 are controlled by the following four registers.
o Serial operation mode register 1n (CSIM1n)

o Serial clock selection register 1n (CSIC1n)

e Port mode register 0 (PMO0) or port mode register 1 (PM1)

o Port register 0 (P0) or port register 1 (P1)

(1) Serial operation mode register 1n (CSIM1n)
CSIM1n is used to select the operation mode and enable or disable operation.
CSIM1n can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Remark n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78K0/LF2 products

n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB

Figure 16-3. 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
ove® Receive mode (transmission disabled).
1 Transmit/receive mode
DIR10Q™"® 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/TxD0 and P12/SO10 as general-purpose ports, set CSIM10 in the default status

(O0H).
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 Figure 16-1) 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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Figure 16-4. Format of Serial Operation Mode Register 11 (CSIM11)

Address: FF88H After reset: 00H R/W"™'

Symbol <7> 6 5 4 3 2 1 0
CSIM11 CSIE11 TRMD11 SSE11 DIR11 0 0 0 CSOT11
CSIE11 Operation control in 3-wire serial I/O mode
0 Disables operation"”* and asynchronously resets the internal circuit"®®.
1 Enables operation
TRMD11""** Transmit/receive mode control
o"r® Receive mode (transmission disabled).
1 Transmit/receive mode
SSE11MV®7 SSI11 pin use selection
0 SSI11 pin is not used
1 SSI11 pin is used
DIR{ 1M First bit specification
0 MSB
1 LSB
CSOT11 Communication status flag
0 Communication is stopped.
1 Communication is in progress.

Notes 1. Bit 0 is a read-only bit.
2. To use P02/SO11, P04/SCK11, and P05/SSI11/TI001 as general-purpose ports, set CSIM11 in the
default status (O0H).
3. Bit0(CSOT11) of CSIM11 and serial I/O shift register 11 (SIO11) are reset.
4. Do not rewrite TRMD11 when CSOT11 = 1 (during serial communication).
5. The SO11 output (see Figure 16-2) is fixed to the low level when TRMD11 is 0. Reception is started
when data is read from SIO11.
6. Do not rewrite SSE11 when CSOT11 = 1 (during serial communication).
Before setting this bit to 1, fix the SSI11 pin input level to 0 or 1.
8. Do not rewrite DIR11 when CSOT11 = 1 (during serial communication).

N
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(2) Serial clock selection register 1n (CSIC1n)
This register specifies the timing of the data transmission/reception and sets the serial clock.
CSIC1n can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB

Remark

Figure 16-5. 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 | ckeio | DpaPto | cksto2 | ckstor | ckstoo
CKP10 DAP10 Specification of data transmission/reception timing Type
0 0 sckio - L LT L Lo 1
SO10 __XD7XD6XD5XD4XD3XD2X D1 X DO
SI10 input timing | I A S I O
0 1 sckio ~ L[ LI LML Lo 2
SO10 XD7 X D6 XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |
1 0 sckio _ [ LT LT LI LU 3
SO10 __XD7XD6XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |
1 1 sckio _ [ L LI LI L L Lo 4
SO10 XD7 X D6 XD5XD4XD3XD2XD1XDO
SI10 input timing | | | | | | | |
CKS102 CKS101 CKS100 CSI10 serial clock selection™*"? Mode
fers = fers = fers = fers =
2 MHz 5 MHz 10 MHz 20 MHz
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 625 kHz 1.25 MHz | 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 | 156.25 kHz | 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 from SCK10""** Slave mode
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Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) (4uPD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz frrs < 20 MHz
27V<Vopb<4.0V frrs < 10 MHz
1.8V<Vp<27V fers < 5 MHz frrs < 5 MHz

(The values shown in the table above are those when fPRS = fxH (XSEL = 1).)
2. Set the serial clock to satisfy the following conditions.

Supply Voltage Conventional-specification Products (¢#PD78F03xx and 78F03xxD),
Expanded-specification Products (#«PD78F03xxA and 78F03xxDA)

40V<Vop<55V Serial clock <5 MHz
27V<Vob<4.0V Serial clock < 2.5 MHz
1.8V<Vm<27V Serial clock < 1.66 MHz

3. Do not start communication with the external clock from the SCK10 pin when the internal high-speed
oscillation clock and high-speed system clock are stopped while the CPU operates with the subsystem
clock, or when in the STOP 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 frequency
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Figure 16-6. Format of Serial Clock Selection Register 11 (CSIC11)

Address: FF89H After reset: 00OH R/W

Symbol 7 6 5 4 3 2 1 0
CSIC11 0 0 0 | CKP11 | DAP11 | CKS112 | CKS111 | CKS110
CKP11 DAP11 Specification of data transmission/reception timing Type
° ° sekit LML LML !

SO11 \ D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
SI11 input timing | I O I O

0 1 SeahminipigigininEnl 2
SO11 X D7XD6XD5XD4XD3XD2XD1XD0

SHtinputtiming | | | | 1 | | ]

! 0 sokri LML | @
SO11 _AD7AD6XD5XD4XD3XD2AD1ADO

SI11 input timing | | | | | | | |

1 1 sckii _ [ LT 1L LML L 4
SO11 X D7 )X D6XD5XD4XD3XD2XD1XD0

SI11 input timing | | | | | | | |

CKS112 CKS111 CKS110 CSI11 serial clock selection™*"? Mode

frrs = frrs = frRs = frRs =
2 MHz 5 MHz 10 MHz 20 MHz

0 0 0 frrs/2 | 1 MHz 25MHz |5MHz Setting Master mode

prohibited

0 0 1 frrs/2® | 500 kHz 1.25MHz {25 MHz |5 MHz

0 1 0 frrs/2® | 250 kHz | 625 kHz 1.25 MHz | 2.5 MHz

0 1 1 frrs/2* | 125 kHz 312.5 kHz | 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 | 78.13 kHz | 156.25 kHz | 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 from SCK11""** Slave mode

Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs <20 MHz frrs <20 MHz
27V<Vopb<4.0V frrs < 10 MHz
1.8V<Vop<27V frrs <5 MHz frrs <5 MHz

(The values shown in the table above are those when fPRS = fxH (XSEL = 1).)
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Notes 2.  Set the serial clock to satisfy the following conditions.

Supply Voltage Conventional-specification Products (#PD78F03xx and 78F03xxD),
Expanded-specification Products (#PD78F03xxA and 78F03xxDA)
40V<Vop<55V Serial clock <5 MHz
27V<Vopb<4.0V Serial clock < 2.5 MHz
1.8V<Vm<27V Serial clock < 1.66 MHz

3. Do not start communication with the external clock from the SCK11 pin when the internal high-speed
oscillation clock and high-speed system clock are stopped while the CPU operates with the subsystem
clock, or when in the STOP mode.

Cautions 1. Do not write to CSIC11 while CSIE11 = 1 (operation enabled).
2. To use P02/SO11 and P04/SCK11 as general-purpose ports, set CSIC11 in the default status
(OOH).
3. The phase type of the data clock is type 1 after reset.

Remark frrs: Peripheral hardware clock frequency

(3) Port mode registers 0 and 1 (PMO, PM1)
These registers set port 0 and 1 input/output in 1-bit units.
When using P10/SCK10 and P04/SCK11 as the clock output pins of the serial interface, clear PM10 and PM04 to
0, and set the output latches of P10 and P04 to 1.
When using P12/SO10 and P02/SO11 as the data output pins of the serial interface, clear PM12, PM02, and the
output latches of P12 and P02 to 0.
When using P10/SCK10 and P04/SCK11 as the clock input pins of the serial interface, P11/SI10/RxDO and
P03/SI11 as the data input pins, and P05/SSI11/TI001 as the chip select input pin, set PM10, PM04, PM11,
PMO03, and PMO05 to 1. At this time, the output latches of P10, P04, P11, P03, and P05 may be 0 or 1.
PMO and PM1 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 16-7. Format of Port Mode Register 0 (PMO)

Address: FF20H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0

PMO| 1 |PMO6|PMO05|PMO04|PMO3|PMO2|PMO1|PMO0

PMOn POn pin I/O mode selection (n = 0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Remark The figure shown above presents the format of port mode register 0 of 78K0/LG2
products. For the format of port mode register 0 of other products, see (1) Port
mode registers (PMxx) in 5.3 Registers Controlling Port Function.
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Figure 16-8. 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)

16.4 Operation of Serial Interfaces CSI10 and CSI11

Serial interfaces CSI10 and CSI11 can be used in the following two modes.
e Operation stop mode
e 3-wire serial I/O mode

16.4.1 Operation stop mode

Serial communication is not executed in this mode. Therefore, the power consumption can be reduced. In
addition, the P10/SCK10/TxDO0, P11/SI10/RxDO0, P12/SO10, P02/SO11, P03/SI11, and P04/SCK11 pins can be used
as ordinary I/O port pins in this mode.

Note Available only in the xPD78F0394, 78F0395, 78F0396, 78F0397, 78F0397D

(1) Register used
The operation stop mode is set by serial operation mode register 1n (CSIM1n).
To set the operation stop mode, clear bit 7 (CSIE1n) of CSIM1n to 0.

(a) Serial operation mode register 1n (CSIM1n)
CSIM1n can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets CSIM1n to O0H.

Remark n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB

o 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""®?,

Notes 1. To use P10/SCK10/TxD0 and P12/SO10 as general-purpose ports, set CSIM10 in the default
status (O0H).
2. Bit0 (CSOT10) of CSIM10 and serial I/O shift register 10 (SIO10) are reset.
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o Serial operation mode register 11 (CSIM11)

Address: FF88H After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
CSIM11 CSIE11 TRMD11 ‘ SSE11 ‘ DIR11 ‘ 0 0 0 CSOT11
CSIE11 Operation control in 3-wire serial I/O mode
0 Disables operation"*®" and asynchronously resets the internal circuit""®?.

Notes 1. To use P02/SO11, P04/SCK11, and P05/SSI11/TI001 as general-purpose ports, set CSIM11 in
the default status (O0H).
2. Bit0 (CSOT11) of CSIM11 and serial I/O shift register 11 (SIO11) are reset.

16.4.2 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 (SCK1n), serial output (SO1n), and
serial input (Sl1n) lines.

(1) Registers used

o Serial operation mode register 1n (CSIM1n)

e Serial clock selection register 1n (CSIC1n)

e Port mode register 0 (PMO) or port mode register 1 (PM1)
e Port register 0 (PO) or port register 1 (P1)

The basic procedure of setting an operation in the 3-wire serial I/O mode is as follows.

<1> Set the CSIC1n register (see Figures 16-5 and 16-6).

<2> Set bits 4 to 6 (DIR1n, SSE11 (serial interface CSI11 only), and TRMD1n) of the CSIM1n register (see
Figures 16-3 and 16-4).

<3> Set bit 7 (CSIE1n) of the CSIM1n register to 1. — Transmission/reception is enabled.

<4> Write data to transmit buffer register 1n (SOTB1n). — Data transmission/reception is started.
Read data from serial I/O shift register 1n (SIO1n). — Data reception is started.

Caution Take relationship with the other party of communication when setting the port mode register
and port register.

Remark n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78KO0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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The relationship between the register settings and pins is shown below.
Table 16-2. Relationship Between Register Settings and Pins (1/2)

(a) Serial interface CSI10

CSIE10 [TRMD10| PM11 P11 PM12 P12 PM10 P10 CSi10 Pin Function
Operation | 510/R«D0/ | SO10/P12 | SCK10/
P11 TxDO/P10
0 0 XNote 1 XNote 1 ><Nme 1 XNcle 1 Note 1 Note 1 StOp RXDO/P1 1 P1 2N0le 2 TXDO/
P1 oNo(ea
1 0 1 X )Mttt 1 x Slave S0 p12te? SCK10
reception™™** (input)**
1 1 e e 0 0 1 X Slave RxD0O/P11 SO10 SCK10
transmission™** (input)™**
1 1 1 X 0 0 1 X Slave S0 SO10 SCK10
transmission/ (input)***
reception™™**
1 0 1 x et | et 0 1 Master reception S0 piotee? SCK10
(output)
1 1 e xte ! 0 0 0 1 Master RxD0/P11 S0O10 SCK10
transmission (output)
1 1 1 X 0 0 0 1 Master S0 S0O10 SCK10
transmission/ (output)
reception

Notes 1. Can be set as port function.
2. To use P12/SO10 as general-purpose port, set the serial clock selection register 10 (CSIC10) in
the default status (O0H).
3. To use P10/SCK10/TxD0 as port pins, clear CKP10 to 0.
4. To use the slave mode, set CKS102, CKS101, and CKS100to 1, 1, 1.

Remark x: don’t care
CSIE10: Bit 7 of serial operation mode register 10 (CSIM10)
TRMD10: Bit 6 of CSIM10
CKP10: Bit 4 of serial clock selection register 10 (CSIC10)
CKS102, CKS101, CKS100: Bits 2 to 0 of CSIC10
PM1x: Port mode register
P1x: Port output latch
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Table 16-2. Relationship Between Register Settings and Pins (2/2)

(b) Serial interface CSI11

CSIE11TRMD11|SSE11|PM03| P03 [PM02| P02 [PM04| P04 |PM05| P05 CSIt1 Pin Function
Operation | g111/ | SO11/ | SCK11/| SSH1/
PO3 | P02 | PO4 [TIO01/PO5
0 0 X ><Note1 ><Nmel ><Nv:ne1 ><Nmel ><Note1 ><Nmel ><Nv:ne1 ><Nv:ne1 Stop P03 P02Ndb2 P04Nolea T|001/
P05
1 0 0 1 x|t et o x| et | et Slave S11 | Po2“** | 'SCK11 | TI0O1/
reception™™** (input) P05
Note —_—
1 1| x * | ssid
1 1 0 ™[l 0 | 0 | 1 | x |xver|xteer Slave P03 | SO11 | SCK11 | TI001/
transmission"*** (input) P05
1 1] x | ssi
1 1 0 1 X 0 0 1 x [ Mt | e Slave Si1 SO11 | SCK11 | TI001/
transmission/ (input) P05
1 1 < receptionNme4 Note 4 m
1 0 0 1| x| MRt g | g | x| e Master SI1 | P02*** | SCK11 | TI001/
reception (output) P05
1 1 0 xteet [yt 0 0 1| XNt et Master P03 SO11 | SCK11 | TI001/
transmission (output) P05
1 1 0 1 x 0 0 0 1| ettt Master SIH1 | SO11 | SCK11 | TI001/
transmission/ (output) P05
reception
Notes 1. Can be set as port function.
2. To use P02/SO11 as general-purpose port, set the serial clock selection register 11 (CSIC11) in
the default status (O0H).
3 Touse P04/SCK11 as port pins, clear CKP11 to 0.
4 To use the slave mode, set CKS112, CKS111, and CKS110to 1, 1, 1.
Remark x: don’t care
CSIE11: Bit 7 of serial operation mode register 11 (CSIM11)
TRMD11: Bit 6 of CSIM11
CKP11: Bit 4 of serial clock selection register 11 (CSIC11)
CKS112, CKS111, CKS110: Bits 2 to 0 of CSIC11
PMOx: Port mode register
POx: Port output latch
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(2) Communication operation
In the 3-wire serial I/O mode, data is transmitted or received in 8-bit units. Each bit of the data is transmitted or
received in synchronization with the serial clock.
Data can be transmitted or received if bit 6 (TRMD1n) of serial operation mode register 1n (CSIM1n) is 1.
Transmission/reception is started when a value is written to transmit buffer register 1n (SOTB1n). In addition,
data can be received when bit 6 (TRMD1n) of serial operation mode register 1n (CSIM1n) is 0.
Reception is started when data is read from serial I/O shift register 1n (SIO1n).
However, communication is performed as follows if bit 5 (SSE11) of CSIM11 is 1 when serial interface CSI11 is in
the slave mode.

<1> Low level input to the SSI11 pin
— Transmission/reception is started when SOTB11 is written, or reception is started when SIO11 is read.
<2> High level input to the SSI11 pin
— Transmission/reception or reception is held, therefore, even if SOTB11 is written or SIO11 is read,
transmission/reception or reception will not be started.
<3> Data is written to SOTB11 or data is read from SIO11 while a high level is input to the SSI11 pin, then a low
level is input to the SSI11 pin
— Transmission/reception or reception is started.
<4> A high level is input to the SSI11 pin during transmission/reception or reception
— Transmission/reception or reception is suspended.

After communication has been started, bit 0 (CSOT1n) of CSIM1n is set to 1. When communication of 8-bit data
has been completed, a communication completion interrupt request flag (CSIIF1n) is set, and CSOT1n is cleared
to 0. Then the next communication is enabled.

Cautions 1. Do not access the control register and data register when CSOT1n = 1 (during serial
communication).
2. When using serial interface CSI11, wait for the duration of at least one clock before the
clock operation is started to change the level of the SSI11 pin in the slave mode; otherwise,
malfunctioning may occur.

Remark n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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Figure 16-9. Timing in 3-Wire Serial I/0 Mode (1/2)

(a) Transmission/reception timing (Type 1: TRMD1n =1, DIR1n = 0, CKP1n = 0, DAP1n = 0, SSE11 = 1"™)

m Note

SCKi1in

Read/write trigger

SOTB1n

SIO1n

CSOT1n

INTCSI1n

CSIIF1n

Sl1n (receive AAH)

SO1n

55H is written to SOTB1n.

0 O A 0 0
LR
D T O O
RS

Note The SSE11 flag and SSI11 pin are available only for serial interface CSI11, and are

mode.

Remark n=0:

456
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Figure 16-9. Timing in 3-Wire Serial I/O Mode (2/2)

(b) Transmission/reception timing (Type 2: TRMD1n =1, DIR1n =0, CKP1n = 0, DAP1n = 1, SSE11 = 1"")

o 1

SCKi1n

L
L]

Readwitewigger (| - b i n i b b p

SOTB1n : ! ! : 55H (communication data)i ! ! o ! ! ! !

WO TS T T T T TR R O

o LT

COTSCINE SRS N N A S N NN A N N NN N N A

Sl1n (input AAH) d : E E E : E L
SO1n ¥ E § E § E § E Lo

55H is written to SOTB1n.

Note The SSE11 flag and SSI11 pin a
mode.

=

e available only for serial interface CSI11, and are used in the slave

Remark n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78KO0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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Figure 16-10. Timing of Clock/Data Phase

(a) Type 1: CKP1n =0, DAP1n =0, DIR1n =0

SCK1n i

Sl1n capture : | | | | | | | |

SO1n 5 X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO
Writing to SOTB1n or I-l
reading from SIO1n ;

csiFin L II
CSOTin '. '.

(b) Type 2: CKP1n =0, DAPin=1,DIR1n=0
SCK1n
Sl1n capture : | | | | | | | [ ¢

SO1n X D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO |
Writing to SOTB1n or I-l
reading from SIO1n

CsiFtn L II
CSOTin '. '.

(c) Type 3: CKP1n =1, DAP1n =0, DIR1n =0

SCKi1n 1
Sl1n capture : | | | | | | | |

SO1n 5 X D7 X D6 X D5 X D2 X D3 X D2 X D1 X . DO
Writing to SOTB1n or n ,
reading from SIO1n ;

CSIIF1n L
CSOT1n | |

(d) Type 4: CKP1n=1,DAPin=1,DIR1n=0

SCK1n 1
Slin capture : | | | | | | | [ ¢

SO1in X D7 X D6 X D5 X D2 X D3 X D2 X b1 X Do
Writing to SOTB1n or I-l '
reading from SIO1n ;

CSIIF1n L
CSOT1n | |

Remarks 1. n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
2. The above figure illustrates a communication operation where data is transmitted with the MSB first.
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(3) Timing of output to SO1n pin (first bit)
When communication is started, the value of transmit buffer register 1n (SOTB1n) is output from the SO1n pin.
The output operation of the first bit at this time is described below.

Figure 16-11. Output Operation of First Bit (1/2)

SCKi1in

Writing to SOTB1n or
reading from SIO1n

SOTB1n
SIO1n
Output latch

SO1n

SCK1n

Writing to SOTB1n or
reading from SIO1n

SOTB1n

SIO1n

Output latch

SO1n

(a) Type 1: CKP1n =0, DAP1n=0

X

N

A

2nd bit

—

; X Firslt bit

A

2nd bit

The first bit is directly latched by the SOTB1n register to the output latch at the falling (or rising) edge of SCK1n,
and output from the SO1n pin via an output selector. Then, the value of the SOTB1n register is transferred to the
SIO1n register at the next rising (or falling) edge of SCK1n, and shifted one bit. At the same time, the first bit of
the receive data is stored in the SIO1n register via the SI1n pin.
The second and subsequent bits are latched by the SIO1n register to the output latch at the next falling (or rising)
edge of SCK1n, and the data is output from the SO1n pin.

Remark n=0:

n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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460

Figure 16-11. Output Operation of First Bit (2/2)

SCK1n

Writing to SOTB1n or
reading from SIO1n

SOTB1n
SIO1n
Output latch

SO1n

SCKi1in

Writing to SOTB1n or
reading from SIO1n

SOTB1n

SIO1n

Output latch

SO1n

(c) Type 2: CKP1in=0,DAP1In=1

:X Firstgit X 2ndl bit X 3rd bit

(d) Type 4: CKP1n =1, DAP1n =1

X Firs;lbit X 2nd bit X 3rd bit

The first bit is directly latched by the SOTB1n register at the falling edge of the write signal of the SOTB1n
register or the read signal of the SIO1n register, and output from the SO1n pin via an output selector. Then, the
value of the SOTB1n register is transferred to the SIO1n register at the next falling (or rising) edge of SCK1n, and
shifted one bit. At the same time, the first bit of the receive data is stored in the SIO1n register via the Sl1n pin.
The second and subsequent bits are latched by the SIO1n register to the output latch at the next rising (or falling)
edge of SCK1n, and the data is output from the SO1n pin.

n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78KO0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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(4) Output value of SO1n pin (last bit)
After communication has been completed, the SO1n pin holds the output value of the last bit.

Figure 16-12. Output Value of SO1n Pin (Last Bit) (1/2)

(a) Type 1: CKP1in=0,DAP1n=0

SCK1n

Writing to SOTB1n or , , , , | | («— Next request is issued.)
reading from SIO1n H H H ;

SOTB1n X

SIO1n ; X ; X ;

Qutput latch X X

SO1n X H X ' Last bit '

SCKi1n

Writing to SOTB1n or : :
reading from SIO1n . .

E | ( < Next request is issued.)

SOTB1n : : X
som 1 X1 X
Output latch X X
SO1n X X Last bit

Remark n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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Figure 16-12. Output Value of SO1n Pin (Last Bit) (2/2)

(c) Type 2: CKP1in=0,DAPIn=1

SCK1n .

Writing to SOTB1n or : : : : | ‘ ( < Next request is issued.)
reading from SIO1n . . ; ;

SOTB1n X

SI01n X X

Output latch : X : : :

SO1n X Last bit X

(d) Type 4: CKP1n =1, DAP1n =1

SCKi1n

Wrn;g:j? ntg f?(?r:n— 2}810': H | ( « Next request is issued.)

SOTB1N 5 : X
SIO1n X ; X ; ;

Output latch ; X ; ; ;

SO1n 1 X: E Last b.it X

Remark n=0: 78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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(5) SO1n output (see Figures 16-1 and 16-2)
The status of the SO1n output is as follows depending on the setting of CSIE1n, TRMD1n, DAP1n, and DIR1n.

Table 16-3. SO1n Output Status

CSIE1n TRMD1n DAP1n DIR1n SO1n Output™™’
CSIE1n =0""°? | TRMD1n = Q""*=?* - - Low level output***?
TRMD1n =1 DAP1n =0 - Low level output
DAP1n =1 DIR1n=0 Value of bit 7 of SOTB1n
DIR1n =1 Value of bit 0 of SOTB1n

CSIE1tn=1

TRMD1n = 0"

Low level output

TRMD1n =1

Note 4

Transmission data

Notes 1. The actual output of the SO10/P12 or SO11/P02 pin is determined according to PM12 and P12
or PM02 and P02, as well as the SO1n output.

2. This is a status after reset.

3. To use the P12/SO10 or P02/SO11 pin as general-purpose port, set the serial clock selection
register 1n (CSIC1n) in the default status (O0H).

4. After transmission has been completed, the SO1n pin holds the output value of the last bit of

transmission data.

Caution If a value is written to CSIE1n, TRMD1n, DAP1n, and DIR1n, the output value of SO1n
changes.

Remark n=0:

78K0/LG2 whose flash memory is less than 32 KB, 78K0/LE2, and 78K0/LF2 products
n =0, 1: 78K0/LG2 products whose flash memory is at least 48 KB
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Caution Must be exercised when using serial interface IICO and the multiplier/divider at the same time,

because they share various flags for interrupt request sources.

Remark The multiplier/divider is mounted only onto the 78K0/Lx2 microcontroller products whose flash memory is at

least 48 KB.

17.1 Functions of Serial Interface IIC0O

Serial interface 11CO is mounted onto all 78K0/Lx2 microcontroller products.
Serial interface 11CO has the following two modes.

(1

)

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”, “address”,
“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, IICO requires pull-up resistors for the serial
clock line and the serial data bus line.

Figure 17-1 shows a block diagram of serial interface 11CO.

464
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Figure 17-1. Block Diagram of Serial Interface 11CO

Internal bus

1IC status register 0 (11ICS0)

|MSTSO‘ALDO‘EXCO‘ (o10][0] TRCO‘ACKDO‘STDO‘SPDO|
1IC control register 0 (IICCO0)
| IICEOQ ‘LRELO‘WRELO‘SPIEO‘WTIMO‘ACKEO‘ STTO ‘SPTO|
Slave address
SoA0/ register 0 (SVAD)|  Clear st
P61 © [2 Y Match Set generator
Noise Usignal \
eliminator
v {4
S0 latch Stop
T IIC shift CE(; condition
register 0 (11C0) ) generator
DFCO I CLOO
Data hold
TRCO time correction
N-ch open- circuit
drain output
ACK
Output control | generator Wake-up
controller
[ ACKdetector |*—%
$—=|  Start condition
1 » detector
|  Stop condition
SCLO/® detector +
Peo Interrupt request
Noise |1 | Serial clock . signal generator [ INTIICO
eliminator counter ;
Y _icsomsTso,
LDFCO Serial clock EXCo, COI0
Serial clock wait controller  |«—||C shift register 0 (11C0)
Nech ope. controller ] Bus status
drain output 1ICC0.STTO, SPTO detector
1ICS0.MSTS0, EXCO, COI0 T
P60 frRs—w| Prescaler [=—
|CLDO‘DADO‘SMCO DFCO0|CLO1|CL00 |CLXO| | STCF ‘ IICBSY | STCEN ‘ IICRSV

1IC clock selection
register 0 (IICCLO)

IIC function expansion
register 0 (1ICX0)

IIC flag register 0
(lICF0)

3

Internal bus

S
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Figure 17-2 shows a serial bus configuration example.

Master CPU1
Slave CPU1
Address 0

466

SDAO

SCLO

+ Vop + Vob

Serial data bus

Figure 17-2. Serial Bus Configuration Example Using I’C Bus
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CHAPTER 17 SERIAL INTERFACE IICO

17.2 Configuration of Serial Interface IICO
Serial interface [ICO includes the following hardware.

Table 17-1. Configuration of Serial Interface 11CO

Item Configuration
Registers 1IC shift register 0 (11C0)
Slave address register 0 (SVAO)
Control registers 1IC control register 0 (11ICCO0)

1IC status register 0 (IICS0)

IIC flag register 0 (1ICF0)

1IC clock selection register 0 (IICCLO)
1IC function expansion register 0 (IICXO0)
Port mode register 6 (PM6)

Port register 6 (P6)

(1) lIC shift register 0 (11C0)
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 IICO during the wait period.
IICO is set by an 8-bit memory manipulation instruction.
Reset signal generation sets [IC0O to 00H.

Figure 17-3. Format of IIC Shift Register 0 (1IC0)
Address: FFA5H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ico | | | | | | | | |

Cautions 1. Do not write data to IICO 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, lICO can be written only once after the communication trigger bit (STTO) is set to
1.

(2) Slave address register 0 (SVA0)
This register stores local addresses when in slave mode.
SVAO 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 SVAQ to 00H.

Figure 17-4. Format of Slave Address Register 0 (SVAO0)
Address: FFA7H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
svao | | | | | | | o |

Note Bit O is fixed to 0.
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(3) SO latch
The SO latch is used to retain the SDAO pin’s output level.

(4) 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 (SVA0) or when an extension code is received.

(5) Prescaler
This selects the sampling clock to be used.

(6) 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.

(7) 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 [IC control register 0 (11CCO0)
SPIEOQ bit: Bit 4 of [IC control register 0 (11ICCO0)

(8) Serial clock controller
In master mode, this circuit generates the clock output via the SCLO pin from a sampling clock.

(9) 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 1IC control register 0 (11ICCO)
SPTO bit: ~ Bit 0 of IIC control register 0 (IICCO)
IICRSV bit:  Bit 0 of IIC flag register 0 (IICFO0)
IICBSY bit: Bit 6 of IIC flag register 0 (IICF0)
STCF bit:  Bit 7 of lIC flag register 0 (IICFO)
STCEN bit: Bit 1 of IIC flag register 0 (IICFO)
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17.3 Registers to Control Serial Interface 11ICO
Serial interface 11CO is controlled by the following seven registers.

* |IC control register 0 (IICCO)

¢ |IC flag register 0 (IICFO)

¢ |IC status register 0 (11CS0)

* |IC clock selection register 0 (IICCLO)

* |IC function expansion register 0 (IICXO0)
¢ 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 SPIEO, 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 [ICCO to 00H.
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Figure 17-5. Format of IIC Control Register 0 (1ICCO0) (1/4)

Address: FFA6H 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 to 0

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 e Set by instruction
¢ Reset
WRELQ""** 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 STCF0 and IICBSY bits of the IICFO register, and the CLDO and DADO bits of the
[ICCLO register are reset.
2. This flag’s signal is invalid when IICEOQ = 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 17-5. Format of IIC Control Register 0 (11ICC0) (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 (SPIEO = 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 (ﬁ) 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 (ACKEO = 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 is generated regardless
of the set value.

472 User’'s Manual U19518EJ1VOUD



CHAPTER 17 SERIAL INTERFACE IICO

Figure 17-5. Format of IIC Control Register 0 (11CCO0) (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 (wait state).
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.
o 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.
e 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)

e Cleared by setting STTO 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
o Cleared by LRELO = 1 (exit from communications)
e When IICEQ = 0 (operation stop)

* Reset

Note This flag’s signal is invalid when IICEO = 0.

Remarks 1. Bit 1 (STTO) becomes 0 when it is read after data setting.

2. IICRSV: Bit 0 of IIC flag register (IICFO)
STCF: Bit 7 of lIC flag register (IICFO)
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Figure 17-5. Format of IIC Control Register 0 (11ICC0) (4/4)

SPTO

Stop condition trigger

Stop condition is not generated.

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
o For master reception: Cannot be set to 1 during transfer.

» For master transmission: A stop condition cannot be generated normally during the acknowledge period. Therefore, set it

e Cannot be set to 1 at the same time as STTO.

e 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.

Can be set to 1 only in the waiting period when ACKEOQ has been cleared to 0 and slave has been
notified of final reception.

during the wait period that follows output of the ninth clock.

Note

Condition for clearing (SPTO = 0) Condition for setting (SPTO = 1)

o Reset

o Cleared by loss in arbitration ¢ Set by instruction
* Automatically cleared after stop condition is detected
e Cleared by LRELO = 1 (exit from communications)

e When IICEO = 0 (operation stop)

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
17.5.15 Other cautions.

Caution

Remark

474

When bit 3 (TRCO) of IIC status register 0 (IICS0) is set to 1, WRELDO is set to 1 during the ninth
clock and wait is canceled, after which TRCO is cleared and the SDAO line is set to high
impedance.

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 IICS0 when the
peripheral hardware clock (frrs) is stopped. For details, see CHAPTER 33 CAUTIONS FOR

WAIT.
Figure 17-6. Format of IIC Status Register 0 (IICS0) (1/3)
Address: FFAAH After reset: O0H R
Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IICSO | MSTSO0 ‘ ALDO ‘ EXCO ‘ COlo ‘ TRCO | ACKDO ‘ STDO ‘ SPDO |
MSTSO0 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 e 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)

o 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

o Automatically cleared after IICSO0 is read o When the arbitration result is a “loss”.

e When I[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 (11CCO0)
IICEO: Bit 7 of lIC control register 0 (IICCO)
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Figure 17-6. Format of IIC Status Register 0 (I1ICS0) (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)
* When a start condition is detected * When the received address matches the local address
* When a stop condition is detected (slave address register 0 (SVAO0))
o Cleared by LRELO = 1 (exit from communications) (set at the rising edge of the eighth clock).
* When IICEO changes from 1 to 0 (operation stop)
* Reset

TRCO Detection of transmit/receive status
0 Receive status (other than transmit status). The SDAO 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> <Master>
* When a stop condition is detected * When a start condition is generated
o Cleared by LRELO = 1 (exit from communications) e When “0” is output to the first byte’s LSB (transfer
* When IICEO changes from 1 to O (operation stop) direction specification bit)
e Cleared by WRELO = 1" (wait cancel) <Slave>
¢ When ALDO changes from 0 to 1 (arbitration loss) e When “1” is input to the first byte’s LSB (transfer
* Reset direction specification bit)
<Master>

o 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>

Note If the wait status is canceled by setting bit 5 (WRELO) of 1IC control register 0 (IICCO0) to 1 at the ninth
clock when bit 3 (TRCO) of IIC status register 0 (IICSO0) is 1, TRCO is cleared, and the SDAO line goes
into a high-impedance state.

Remark LRELO: Bit 6 of IIC control register 0 (11ICCO)
IICEO: Bit 7 of IIC control register 0 (IICCO0)
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Figure 17-6. Format of IIC Status Register 0 (IICS0) (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)

e When a stop condition is detected

» At the rising edge of the next byte’s first clock

o Cleared by LRELO = 1 (exit from communications)
e When IICEO 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)

e When IICEO changes from 1 to O (operation stop)

* Reset

e 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

e When a stop condition is detected

Remark LRELO: Bit 6 of IIC control register 0 (11CCO0)
IICEO: Bit 7 of lIC control register 0 (IICCO)

(3) IIC flag register 0 (IICF0)

This register sets the operation mode of I°C and indicates the status of the I’C bus.

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 17.5.14

Communication reservation).

STCEN can be used to set the initial value of the IICBSY bit (see 17.5.15 Other cautions).

IICRSV and STCEN can be written only when the operation of I°C is disabled (bit 7 (IICEQ) of IIC control

register 0 (IICCO0) = 0). When operation is enabled, the IICFO0 register can be read.

Reset signal generation sets IICFO to O0H.
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Address: FFABH

Symbol <7>

Figure 17-7. Format of IIC Flag Register 0 (IICF0)

After reset: 00H R/WNote

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

icFo | stcF | ncesy | o 0 0 o | stcen | icmsv |
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 ¢ Generating start condition unsuccessful and STTO
e When IICEO = 0 (operation stop) cleared to 0 when communication reservation is
e Reset disabled (IICRSV = 1).
lICBSY I2C bus status flag
0 Bus release status (communication initial status when STCEN = 1)
1 Bus communication status (communication initial status when STCEN = 0)
Condition for clearing (IICBSY = 0) Condition for setting (IICBSY = 1)
o Detection of stop condition o Detection of start condition
e When IICEO = 0 (operation stop) e Setting of ICEO when STCEN =0
e 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)
¢ Detection of start condition e Set by instruction
¢ 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)
¢ Cleared by instruction e Set by instruction
¢ 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.

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 (IICCO0)
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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, CL0O1, and CLOO bits are set in combination with bit 0 (CLXO0) of IIC function expansion
register O (IICXO0) (see 17.3 (6) FC transfer clock setting method).
Set IICCLO while bit 7 (IICEQ) of IIC control register 0 (IICCO) is 0.
Reset signal generation sets [ICCLO to O0H.

Figure 17-8. Format of IIC Clock Selection Register 0 (IICCLO0)

Address: FFA8H After reset: 0OH  R/W"*
Symbol 7 6 <5> <4> <3> <2> 1 0
licCLO 0 0 CLDO DADO SMCO DFCO CLot CLOO
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)
e When the SCLO pin is at low level e 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
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.

Note Bits 4 and 5 are read-only.

Remark 1ICEOQ: Bit 7 of IIC control register 0 (11CCO0)
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(5) lIC function expansion register 0 (IICXO0)
This register sets the function expansion of I’C.
IICXO0 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 17.3 (6) FC transfer clock
setting method).
Set 1ICX0 while bit 7 (IICEOQ) of IIC control register 0 (IICCO) is 0.
Reset signal generation sets 1ICX0 to O0H.

Figure 17-9. Format of lIC Function Expansion Register 0 (11ICX0)

Address: FFA9H After reset: O0H 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/(m x T + R + tF)

m =12, 18, 24, 44, 66, 86 (see Table 17-2 Selection Clock Setting)
T:  1/fw

tr:  SCLO rise time

tr:  SCLO fall time

For example, the I’C transfer clock frequency (fscL) when fw = frrs/2 = 4.19 MHz, m = 86, tr = 200 ns, and tr =
50 ns is calculated using following expression.

fscL = 1/(88 x 238.7 ns + 200 ns + 50 ns) = 48.1 kHz

mxT+tr+trF
tr_| m/2 x T F m2exT
SCLO \
— \
SCLO inversion SCLO inversion SCLO inversion
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The selection clock is set using a combination of bits 3, 1, and 0 (SMCO0, CL01, and CLO00) of IIC clock selection
register 0 (IICCLO) and bit 0 (CLXO0) of IIC function expansion register 0 (11CX0).

Table 17-2. Selection Clock Setting

IICX0 IICCLO Selection Clock Transfer Clock Settable Selection Clock Operation Mode
BitO | Bit3 | Bit1 | Bit0 ()" (fw/m) (fw) Range
CLXO0 | SMCO | 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 4.19 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/a fw/12 (SMCO bit =1)
1 1 1 1 Setting prohibited

Notes 1. The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power

supply voltage and product specifications.
Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz fers < 20 MHz
27V<Vopb<4.0V frrRs < 10 MHz
1.8V<Vp<27V fers < 5 MHz fers < 5 MHz

(The values shown in the table above are those when fPRs = fxH (XSEL = 1).)
2. |If the peripheral hardware clock (frrs) operates on the internal high-speed oscillation clock (fxH) (XSEL =
0), set CLX0, SMCO, CLO1 and CLOO as follows.

IICX0 IICCLO Selection Clock Transfer Clock Settable Selection Operation Mode

CLXO0 | SMCo | CLO1 | CLOO

0 0 0 0 frrs/2 fw/44 3.8 MHz to 4.2 MHz Normal mode
(SMCO bit = 0)

0 1 0 X frrs/2 fw/24 High-speed mode
(SMCO bit = 1)

Caution Determine the transfer clock frequency of FC by using CLX0, SMCO, CLO1, and CL0O0O before
enabling the operation (by setting bit 7 (IICEOQ) of IIC control register 0 (IICC0) to 1). To change
the transfer clock frequency, clear IICEO once to 0.

Remarks 1. x: don’t care
2. fprms: 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/O and the P61/SDAO pin as serial data I/O, clear PM60 and PM61,
and the output latches of P60 and P61 to 0.

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.

PM®6 is set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets PM6 to FFH.

Figure 17-10. 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 PM62 to 0.
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(8) Port register 6 (P6)

This register writes 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.

When using the P60/SCLO pin as clock I/O and the P61/SDAOQ pin as serial data /O, set the output latches of

P60 and P61 to 0.

If EEPROM is outputting a low level to the P61/SDAO pin, output a clock pulse from the output port by using

this register.

P6 is set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets P6 to O0H.

Figure 17-11. Format of Port Register 6 (P6)

Address: FFO6H  After reset: O0H (output latch) R/W
Symbol 7 6 5 4 2 1 0
P6 0 0 0 0 0 P61 P60
P61 SDAO pin output data control SDAO pin input data read
(in output mode) (in input mode)
0 Output 0 or serial data Input low level
1 Output 1 Input high level
P60 SCLO pin output data control SCLO pin input data read
(in output mode) (in input mode)
0 Output 0 or serial clock Input low level
1 Output 1 Input high level
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17.4 I’C Bus Mode Functions

17.4.1 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 17-12. 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
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17.5 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 17-13 shows the transfer timing for the “start condition”, “address”, “data”, and “stop condition” output via the

I°C bus’s serial data bus.

Figure 17-13. 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.

17.5.1 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 17-14. 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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17.5.2 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 17-15. 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 17.5.3 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.

17.5.3 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 17-16. 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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17.5.4 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 17-17. 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.
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17.5.5 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 17-18. 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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17.5.6 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 17-19. 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 17-19. 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
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17.5.7 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
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.

17.5.8 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 17-3.

Table 17-3. 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 ACK 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).

17.5.9 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.

17.5.10 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.
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17.5.11 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 17-4. Extension Code Bit Definitions

Slave Address R/W Bit Description
0000000 0 General call address
1111 0xx 0 10-bit slave address specification (for address authentication)
1111 0xx 1 10-bit slave address specification (for read command issuance
after address match)

Remark For extension codes other than the above, refer to THE I°C-BUS SPECIFICATION published by NXP.
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17.5.12 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 17.5.17 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 17-20. Arbitration Timing Example

Master 1
Hi-Z
SeLo _\_/_\_/ \ / \_/_\_/_\ -----

SDAO

Master 2

o\ \__/\ /[
e \

=\ N
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Table 17-5. 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)

17.5.13 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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17.5.14 Communication reservation

(1) When communication reservation function is enabled (bit 0 (ICRSV) of IIC flag register 0 (IICF0) = 0)

496

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 17-6.

Table 17-6. 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 17-21 shows the communication reservation timing.
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Figure 17-21. 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 17-22. Timing for Accepting Communication Reservations

SCLO

SDAO

STDO

SPDO

Standby mode

Figure 17-23 shows the communication reservation protocol.
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Figure 17-23. Communication Reservation Protocol

DI

SET1 STTO Sets STTO flag (communication reservation)

Define communication
reservation

Wait Secures wait period set by software (see Table 17-6).

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 17-7 is required until STCF is set to 1 after setting STTO = 1. Therefore, secure the
time by software.
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Table 17-7. Wait Periods

CLO1 CL0O Wait Period
0 0 6 clocks
0 1 6 clocks
1 0 12 clocks
1 1 3 clocks

17.5.15 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 SMCO, CLO1, CLOO (bits 3, 1, and 0 of lICLO0), and CLXO (bit O

of [ICX0) before enabling the operation (IICEQ = 1). To change the transfer clock frequency, clear IICEO to 0
once.
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(5)

(6)

Setting STTO and SPTO (bits 1 and 0 of IICCO0) again after they are set and before they are cleared to 0 is
prohibited.

When transmission is reserved, set SPIEO (bit 4 of IICLO) to 1 so that an interrupt request is generated when
the stop condition is detected. Transfer is started when communication data is written to 1ICO 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 SPIEQ to 1 when MSTSO (bit 7 of ICS0) is detected by software.

17.5.16 Communication operations
The following shows three operation procedures with the flowchart.

(1

)

@)

500

Master operation in single master system

The flowchart when using the 78K0/LG2 as the master in a single master system is shown below.

This flowchart is broadly divided into the initial settings and communication processing. Execute the initial
settings at startup. If communication with the slave is required, prepare the communication and then execute
communication processing.

Master operation in multimaster system

In the I’C bus multimaster system, whether the bus is released or used cannot be judged by the I°C bus
specifications when the bus takes part in a communication. Here, when data and clock are at a high level for a
certain period (1 frame), the 78K0/LG2 takes part in a communication with bus released state.

This flowchart is broadly divided into the initial settings, communication waiting, and communication processing.
The processing when the 78K0/LG2 looses in arbitration and is specified as the slave is omitted here, and only
the processing as the master is shown. Execute the initial settings at startup to take part in a communication.
Then, wait for the communication request as the master or wait for the specification as the slave. The actual
communication is performed in the communication processing, and it supports the transmission/reception with
the slave and the arbitration with other masters.

Slave operation

An example of when the 78K0/LG2 is used as the I’C bus slave is shown below.

When used as the slave, operation is started by an interrupt. Execute the initial settings at startup, then wait
for the INTIICO interrupt occurrence (communication waiting). When an INTIICO interrupt occurs, the
communication status is judged and its result is passed as a flag over to the main processing.

By checking the flags, necessary communication processing is performed.
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(1) Master operation in single-master system

Figure 17-24. Master Operation in Single-Master System

Initializing 1°C busNete
Illg:(;(L%io)z(XHH Selects a transfer clock.
SVAOQ « XXH Sets a local address.
IICFO « OXH -
Setting STCEN, IICRSV = 0 Sets a start condition.
IICCO « XXH
ACKEOQ = WTIMO = SPIEQ = 1
o IICEO =1
<
E
% Sets each pin in the I°C mode (see 17.3 (7) Port mode register 6 (PM6)).
£
Yes
Prepares for starting communication
(generates a stop condition).
INTIICO
Interrupt occurs?
e ur Waits for detection of the stop condition.
Prepares for starting communication
(generates a start condition).
Starts communication
(specifies an address and transfer
direction).
INTIICO
interrupt occurs? Waits for detection of acknowledge.
Yes
ACKEO = 1
2 WTIMo = 0
@
0
(o3
8
s Starts reception.
5
T
L
3 INTIICO
i ?
£ interrupt occurs? Waits for data
o Yes reception.
Reading I1CO
ACKEO =0
WTIMO = WRELO = 1
Waits for detection
of acknowledge.

Note Release (SCLO and SDAO 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 in multi-master system

Figure 17-25. Master Operation in Multi-Master System (1/3)

g
( START )
\
1ICX0 « 0XH
IICCLO < XXH Selects a transfer clock.
\
SVAOQ « XXH Sets a local address.
IICFO « OXH "
Setting STCEN and IICRSy | Sets @ start condition.
\
1ICCO « XXH
ACKEO = WTIMO = SPIEO = 1
IICEO =1
2 Setting port Sets each pin in the I1°C mode (see 17.3 (7) Port mode register 6 (PM6)).
@
8
c
Checking bus statusN® Releases the bus for a specific period.
Bus status is No
being checked. STCEN =17 ‘
Prepares for starting
No ~INTICO Yes SPTO=1 communication
interrupt occurs? (generates a stop condition).
INTIICO
SPDO = 1? interrupt ocours? Waits for detection
o of the stop condition.
Yes ( Slave operation )
% ( Slave operation )
* Waiting to be specified as a slave by other master
* 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
8 INTIICO
© = i ?
5 SPIEO = 1 interrupt occurs? Waits for a communication request.
2L
2
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 17-25. Master Operation Flowchart (Multi-Master System) (2/3)

Enables reserving communication.

STTO =1

(generates a start condition).

Wait

(see Table 17-6).

MSTS0 =1?

Yes

No

Secure wait time by software

Prepares for starting communication

No

INTIICO

interrupt occurs? Waits for bus release

(communication being reserved).

EXCO0 =1 or COIO =1?

Wait state after stop condition

was detected and start condition

was generated by the communication
reservation function.

No

( Slave operation )

(generates a start condition).

(see Table 17-7).

STCF =07?

Yes

No

Prepares for starting communication

Secure wait time by software

INTIICO
interrupt occurs?

No
Waits for bus release

No
Detects a stop condition.

EXCO =1 or COIO =1?

( Slave operation )
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Figure 17-25. 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 17-26. Slave Operation Flowchart (1)

o

Setting port Sets each pin to the I1°C mode (see 17.3 (7) Port mode register 6 (PM6)).

[
IICX0 « OXH

IICCLO « XXH
[

SVAO « XXH Sets a local address.

IICFO « OXH
Setting IICRSV

[
1ICCO « XXH
ACKEO = WTIMO = 1
SPIEO =0, IICE0 =1

Selects a transfer clock.

Initial setting

Sets a start condition.

Communication
mode flag = 1?2

Communication
direction flag = 12

Starts
. WRELO =1 reception.

Starts
transmission.

Writing 11ICO

Communication
mode flag =1?

Communication
mode flag = 1?

Communication

No direction flag = 12

Communication
direction flag = 12

Yes
No
Ready flag =1?
Yes

Clearing ready flag ‘

Yes Clearing ready flag
@ e
No

Clearing communication
mode flag
WRELO =1

L]

Communication processing

Reading 11ICO

Remark Conform to the specifications of the product that is in communication, regarding the transmission and
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 17-27 Slave Operation Flowchart (2).

Figure 17-27. 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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17.5.17 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
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(1) Master device operation

(a) Start ~ Address ~ Data ~ Data ~ Stop (transmission/reception)

(i) When WTIMO = 0

A1:1ICSO = 1000x110B
A2: ]ICSO = 1000x000B

A3: 1ICS0 = 1000x000B (Sets WTIMO to 1)**
A4: ICSO = 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

x: Don’t care
n=61t0

A:  Generated only when SPIEO = 1

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: 1ICS0 = 1000x100B (Clears 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
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(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: 1ICS0 = 1000x100B (Clears 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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17.6 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 17-28 and 17-29 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 17-28. 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 |

lco | IICO « address | lICO « data Note 1
' N
ACKDO 4 \ |
stDo0 | / |
SPDO
WTIMO ~ H / /

ACKEO ~ H

MSTSO | / /
STTO / /
sPTO _|\L / /

1 —
e ]

TRCO

SCLO

Transmit

SDAO
Start condition

| Processing by slave device |

lico
\ I
ACKDO / |
stoo | |
sp0 ] /
WTIMO  H /
ACKEO  H
MSTSO _ L /
STT0O L
SPTO L
WRELO [ |Note2

INTIICO “I

TRCO L Receive

Notes 1. Write data to IICO, not setting WRELDO, in order to cancel a wait state during master transmission.
2. To cancel slave wait, write “FFH” to 11ICO or set WRELDO.
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(2) Data

Figure 17-28. Example of Master to Slave Communication
(When 9-Clock Wait Is Selected for Both Master and Slave) (2/3)

[ Processing by master device |

lICo

ACKDO

STDO

SPDO

WTIMO

ACKEO

MSTS0

STTO

SPTO

WRELO

INTIICO

SCLO

SDAO

| ICO «— data Note 1

IICO < data Note 1

pl \

L \
Ry /

\ /
| |
| |
] \ |
T —
] —
= e
L/ ] \ |

DO \ACK

[Processing by slave device |

lIcCo

ACKDO ﬂ

STDO

SPDO

WTIMO

ACKEO

MSTSO0

STTO

SPTO

WRELO

INTIICO

TRCO

Notes 1.
2. To cancel slave wait, write “FFH” to 11ICO or set WRELO.

/11IC0 « FFH Note 2
T

IICO « FFH Note 2

L |
I~

] I

] /

/ |
— /
| |
| |
| |

\ [ ]Note 2 \ [ |Note 2

\ \

Write data to 11CO, not setting WRELDO, in order to cancel a wait state during master transmission.
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Figure 17-28. 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 |

Ico |_lICO « data Note 1 1 IICO « address
) I

ACKDO /i

/
oo | /

/
WTIMO  H
ACKEO  H
MSTSO0 |
STTO /
SPTO / \ /1 R /

wmoo ___| L

TRCO Transmit

Transfer lines

SCLO

] I —
\\\

SDAO

[
Stop Start

condition

[ Processing by slave device |

llco [ICO « FFH Note 2 | 1ICO « FFH Note 2
| / I
ACKDO \‘{ | )
STDO /

SPDO /
WTIMO H / /
ACKEO H
MSTS0 L / /

—_— | |

SPTO L \ \
WRELO [ |Note 2 \ [ |Note 2

INTIICO \1_\

TRCO L Receive

(When SPIEO = 1)

Notes 1. Write data to 11CO, not setting WRELDO, in order to cancel a wait state during master transmission.

2. To cancel slave wait, write “FFH” to 11CO or set WRELDO.
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Figure 17-29. 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 | lICO « address | ICO « FFH Note 1
ACKDO
sTDo | : / N
SPDO —I\
WTIMO L }

ACKEO

MSTSO0 JH \\ //

o ] [

WRELO \\ / / /I_lNote1

INTIICO \\ / /v|_| \
A

TRCO |

\ Receive

Transmit

[ Processing by slave device |

Ico |ICO ¢ data_Note 2
ACKDO / \‘!_—I
stD0 | / |
sPDO | // //
WTIMO ~ H
/

ACKEO H
MSTS0 L

/
|
- |
|
|

SPTO L
WRELO L
INTIICO \ \{_‘
TRCO Receive \‘l Transmit

Notes 1. To cancel master wait, write “FFH” to IICO or set WRELDO.
2. Write data to IICO, not setting WRELDO, in order to cancel a wait state during slave transmission.
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Figure 17-29. 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 |

1ICo 1 1ICO « FFH Note 1 | 1ICO « FFH Note 1
ACKDO | 1l _
. 1 |
SPDO L \ \ \ \
WTIMO L \\ \ \\ \

R \

MSTSO  H

sTT0 _ L J / J
sPTo _ L / /

WRELO |_|N9{e 1/ Note 1] | / /

=l /7
T W

SCLO

A1) [2] [3
D7X D6 X D5

SDA0 DO \ ACK

[Processing by slave device|

lIcCo ( / \I 1ICO « data Note 2 I 1ICO « data Note 2

ACKDO

STDO L

SPDO L / /
WTIMO  H / //
ACKEO H
MSTS0 L

STTO L

SPTO L

weo 1| \
oo N1 A

TRCO H Transmit

Notes 1. To cancel master wait, write “FFH” to 11CO or set WRELDO.
2. Write data to IICO, not setting WRELQO, in order to cancel a wait state during slave transmission.
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Figure 17-29. 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 |

1ICO

ACKDO

STDO

SPDO

WTIMO

ACKEO

MSTS0

STTO

SPTO

WRELO

INTIICO

TRCO

Transfer lines

SCLO

1ICO « address

—
L]
[1
[ N
[|_|Note1 )\\ \\ /
/AN
Receive \ \\ // \ (When SPIEO = 1)

SDAO NACK | AD6
Stop Start
condition condition
[ Processing by slave device |
1ICO 1ICO « data Note 2 | 1ICO « FFH Note 1
T T

ACKDO )

STDO /

SPDO /
WTIMO  H
ACKEO H /
MSTSO L

STTO L /

SPTO L \
WRELO \ [ |Notes1,3
INTICO [ ] []

(When SPIEO = 1)
TRCO  Transmit Note 3 Receive
Notes 1. To cancel wait, write “FFH” to [ICO or set WRELDO.
2. Write data to 1ICO, not setting WRELO, in order to cancel a wait state during slave transmission.
3. If a wait state during slave transmission is canceled by setting WRELO, TRCO will be cleared.
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17.7 Communication with LCD Controller/Driver

With the 78K0/Lx2 microcontroller, 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.

17.7.1 System configuration
The system configuration of the LCD controller/driver in the 78K0/Lx2 microcontroller is illustrated in Figure 17-30.

Figure 17-30. System configuration

78K0/Lx2
CPU part LCD part
P60/SCLO LSCL
P61/SDAO LSDA

®)

WV" <
w5
wn
S
7
&
0

SCLO

Serial clock

Serial data bus
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17.7.2 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 18-3).

(1) Processing procedure

Figure 17-31. Processing procedure of Write Operation

CPU side (master) LCD controller/driver side (slave)

4 N

Transfer direction

| stgemeraion | )
| Slave ID transmission | |:> | Slave ID reception

ID matched?

ST detected?

No

I ACK transmission |

Address transmission | I:> | Address reception |

I ACK transmission |

| WD reception |

| ACK transmission |

R —

| 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 17-32. Communication Format for Write Operation (When Writing Twice)

Access <1> <2> <3> <4> <5> <6>
target ST Slave ID RW | ACK Address ACK
LcbcTL | ST |0 1 1 1 0. 0 0] O ACK | A7 A6 A5 A4 A3 A2 A1 A0 | ACK
LCDSEG | ST [0 1 1 1.0 0 {1 0 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 Di DO| ACK | SP
D7 D6 D5 D4 D3 D2 D1 DO| ACK |D7 D6 D5 D4 D3 D2 Di DO| ACK | SP
— _
NG g — —
Address Address™*
LCDCTL : A7, A6, A5, A4, A3, A2, A1, A0 LCDCTL : (A7, A6, A5, A4, A3, A2, A1, AO) + 1
LCDSEG: A7, A6, A5, A4, A3, A2, A1, AO LCDSEG: (A7, A6, A5, A4, A3, A2, A1, AO) + 1

Note With the 78K0/Lx2 microcontroller, 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

Master

SCLO

SDAO

1IC shift
register 0

LSCL \ 1 SS 8 9 1 § 8 9
LSDA >> ACK >S ACK
1IC shift
register oH xH g xxH SS xH

The operation flow when transmitting write data twice is shown below.
Steps <1> to <11> correspond to <1> to <11> in Figure 17-32.

<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 17-33 shows the timing chart of the write operation.

Figure 17-33. Timing Chart of Write Operation

Start condition Setup Setup Setup

ENED e e S I g e

‘ )
S S EVU I ST )/ ED ) | e

Write to IIC shift register 0 Write to IIC shift register 0 Write to IIC shift register 0

Start condition

T UL A ULl S LILELEL /]

Stop condition

WDO /1

xxH

Stop condition
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17.7.3 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 18-3).

(1) Processing procedure

Figure 17-34. Processing procedure of Read Operation

CPU side (master) LCD controller/driver side (slave)

ST detected?

Yes

Transfer direction

| Slave ID reception |

ID matched?

Yes

| ACK transmission |

| Address reception |

| ACK transmission |

| Slave ID reception |

ACK reception | ACK transmission |

Yes

RD reception | | RD transmission |

ACK transmission

| 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 17-35. Communication Format for Read Operation (When Reading Twice)

Access <1> <2> <3> <4> <5> <6>
target ST Slave ID R/W | ACK Address ACK
LcbecTL | ST |o 1 1 1 0 0 0] 0 |ACK|A7 A6 A5 A4 A3 A2 A1 A0 | ACK
LCDSEG | ST [0 11 1.0 0 1| O ACK | A7 | A6 | A5 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 0 0] f1 ACK | D7 D6 D5 D4 D3 D2 D1 DO | ACK
RST |0 1 1. 0 1] 1 ACK | D7 D6 D5 D4 D3 D2 D1 DO | ACK
NG %
~
Address
LCDCTL : A7, A6, A5, A4, A3, A2, A1, A0
LCDSEG: A7, A6, A5, A4, A3, A2, A1, AO
<13> <14> | <15>
Read data2 ACK SP
D7 D6 D5 D4 D3 D2 D1 DO |NACK| SP
D7 D6 D5 D4 D3 D2 D1 DO |NACK| SP
N _/
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/Lx2 microcontroller, 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

542

The operation flow when receiving read data twice is shown below.
Steps <1> to <15> correspond to <1> to <15> in Figure 17-35.

<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 17-36 shows the timing chart of the read operation.

SCLO

J—

SDAO

Start condition

B -

Setup

Figure 17-36. Timing Chart of Read Operation

1IC shift o

register 0

Start condition

Setup

0

et

Write to IC shift register 0

= pupiyslolp

A0

xxH

xxH

LSDA

1IC shift
register

xxH

(Continued from above)

1IC shift
register 0

Restart condition

SCLO_— \ é:,semp 1 SS

xxH

ACK

xxH

xxH

xxH

xxH

R ACK

@ xxH g

Write FFH or WRELO = 1

RD7

LSDA

1IC shift
register

xxH

RD7 S

Write to IIC shift register

Write FF

@ xxH

Hor WRELO =1

RD7

Write to 1IC shift register
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Stop condition

SEpEpEY,

(e a—

Write to IIC shift register

543



CHAPTER 18 LCD CONTROLLER/DRIVER

With the 78K0/Lx2 microcontroller, 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 (see 17.7 Communication
with LCD Controller/Driver).

78KO0/LE2

78KO0/LF2

uPD78F037x, 78F0376D, uPD78F038x, 78F0386D,

78F037xA, 78F0376DA 78F038xA, 78F0386DA

78K0/LG2

LCD
controller/driver

Segment signals: 20
Common signals: 4

Segment signals: 26
Common signals: 4

Segment signals: 36
Common signals: 4

Segment signals: 40
Common signals: 4

18.1 Functions of LCD Controller/Driver

The functions of the LCD controller/driver in the 78K0/Lx2 microcontroller 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
(8) Five different display modes:

* Static

e 1/2 duty
e 1/3 duty
e 1/3 duty
1/4 duty

(1/2 bias)
(1/2 bias)
(1/3 bias)
(1/3 bias)

(4) Four different frame frequencies, selectable in each display mode
Segment signal outputs: 20 (SEGO to SEG19),
Common signal outputs: 4 (COMO to COMS3)
uPD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78KO0/LF2
Segment signal outputs: 26 (SEGO to SEG25),
Common signal outputs: 4 (COMO to COM3)
,uPD78F038x 78F0386D, 78F038xA, 78F0386DA of 78K0/LF2
Segment signal outputs: 36 (SEGO to SEG35),
Common signal outputs: 4 (COMO to COM3)
Segment signal outputs: 40 (SEGO to SEG39),
Common signal outputs: 4 (COMO to COMS3)

(5) 78KO/LE2:

78KO0/LG2:

544
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Table 18-1 lists the maximum number of pixels that can be displayed in each display mode.

Table 18-1. Maximum Number of Pixels (1/2)

(a) 78K0/LE2
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,
B Note 1
* Internal resistance division 1 common signal)
1/2 2 COMO, COMA1 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,

¢ Internal resistance division

4 common signals)"***

Notes 1. 2-digit LCD panel, each digit having an 8-segment B. configuration.
2. 5-digit LCD panel, each digit having a 4-segment B. configuration.
3. 7-digit LCD panel, each digit having a 3-segment &. configuration.
4. 10-digit LCD panel, each digit having a 2-segment B. configuration.

(b) uPD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2

¢ Internal resistance division

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) | 26 26 (26 segment signals,
: Note 1
* Internal resistance division 1 common signal)
1/2 2 COMO, COMA1 52 (26 segment signals,
2 common signals)"**?
3 COMO to COM2 78 (26 segment signals,
. Note 3
* Internal voltage boosting 1/3 3 COMO to COM2 3 common signals)
* External resistance division 4 COMO to COM3 104 (26 segment signals,

4 common signals)"***

Notes 1. 3-digit LCD panel, each digit having an 8-segment &. configuration.
2. 6-digit LCD panel, each digit having a 4-segment B. configuration.
3. 9-digit LCD panel, each digit having a 3-segment B. configuration.
4. 13-digit LCD panel, each digit having a 2-segment B. configuration.
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Table 18-1. Maximum Number of Pixels (2/2)

(c) 4PD78F038x, 78F0386D, 78F038xA, 78F0386DA of 78K0/LF2

¢ Internal resistance division

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) | 36 36 (36 segment signals,
: Note 1
* Internal resistance division 1 common signal)
1/2 2 COMO, COMA1 72 (36 segment signals,
2 common signals)"*?
3 COMO to COM2 108 (36 segment signals,
. Note 3
* Internal voltage boosting 1/3 3 COMO to COM2 3 common signals)
* External resistance division 4 COMO to COM3 144 (36 segment signals,

4 common signals)"**

Notes 1.

4-digit LCD panel, each digit having an 8-segment B. configuration.

2. 9-digit LCD panel, each digit having a 4-segment B. configuration.
3. 13-digit LCD panel, each digit having a 3-segment B. configuration.
4. 18-digit LCD panel, each digit having a 2-segment B. configuration.

(d) 78K0/LG2
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) | 40 40 (40 segment signals,
B Note 1
* Internal resistance division 1 common signal)
1/2 2 COMO, COMA1 80 (40 segment signals,
2 common signals)"**?
3 COMO to COM2 120 (40 segment signals,
. Note 3
* Internal voltage boosting 1/3 3 COMO to COM2 3 common signals)
* External resistance division 4 COMO to COM3 160 (40 segment signals,

¢ Internal resistance division

4 common signals)"***

Notes 1.

5-digit LCD panel, each digit having an 8-segment 8. configuration.

2. 10-digit LCD panel, each digit having a 4-segment B. configuration.
3. 15-digit LCD panel, each digit having a 3-segment B. configuration.
4. 20-digit LCD panel, each digit having a 2-segment B. configuration.

546
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CHAPTER 18 LCD CONTROLLER/DRIVER

18.2 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 18-2. Configuration of LCD Controller/Driver

Item Configuration
LCD Display outputs 78KO0/LE2: 20 segment signals, 4 common signals
controller/ | (LCDSEG) uPD78F037x of 78K0/LF2: 26 segment signals, 4 common signals
driver 1PD78F038x of 78K0/LF2: 36 segment signals, 4 common signals
78K0/LG2: 40 segment signals, 4 common signals
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)

Figure 18-1. Hardware Configuration of LCD Controller/Driver

SCLO

LCD Controller

CPU SDAO

LCDSEG

I°C Bus Interface LCD Driver

K LCDCTL

Reset Input

Clock Input

frcL
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8PS

Figure 18-2. Block Diagram of LCD Controller/Driver

ANOALMr38LS6LN [enuep sJesn

Internal bus
LCD mode setting LCD clock control LCD display mode LCD voltage boost control )
register (LCDMD) register (LCDC) register (LCDM) register 0 (VL.CGO) Display data memory
|secserz|seaser|seaserd wosert [wosero| | Looca| Loncz onor | ooon| [Lepon] scoc [vicon|Leome]Lcomi [Leowo]| - [cTseLcTseLo] Gain | [LGDSEGS 0OH| ... [LoDSEG's 27H|
| L, 1
3
2 2 2
frcL 5
S| f
frcL/2 3 2 Prescaler |
fre/2*—= & | | fico] fron| foo f'—ﬂL
26 27 28 2°
5(0:3( LCDCL Timing .
selector controller
Clock VLCON 3210 3210
gegera;_or for Segment voltage selector | T selector
oostin
LL g controller LCDON T LCDON 6
Booster 1 1 -------
circuit
> Segmentvoltage }-) —— 1 I
u controller [ | [ 11 —
LCD drive voltage controller
ive vi
Common voltage ﬁ : Segment Segment
> controller Common driver driver | 7T driver
@ ..........
CAPH CAPL Vicz Vici Vico COMOo COM{ COM2 COM3 S0 S39

Remarks 1. frcL: The clock generated by the clock output controller
2. 78K0/LE2: 20 segment signals, 4 common signals
H1PD78F037x of 78K0/LF2: 26 segment signals, 4 common signals
1PD78F038x of 78K0/LF2: 36 segment signals, 4 common signals
78K0/LG2: 40 segment signals, 4 common signals
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18.3 Controlling LCD Controller/Driver

LCDCTL (operating mode control part) and LCDSEG (display part) have the individual slave ID, and control
registers and display RAM have unique addresses. The target control registers and display RAM are accessed by I°C
with these slave ID and addresses.

Table 18-3. Slave ID and Address of LCDCTL and LCDSEG

Block Control registers/Display RAM
Slave ID (7 bits) Address (8 bits)

LCDCTL 0[1(1[1]0]0]| 0 |LCDmode setting register (LCDMD) 00H

(Control block) LCD display mode register (LCDM) 01H
LCD clock control register (LCDC) 02H
LCD voltage boost control register 0 (VLCGO) | 03H

LCDSEG ol1]111110l0]l1|78KO/LE2: S0 to S19 78KO/LE2: 00H to 13H

(Display block) uPD78F037x of 78K0/LF2: S0 to S25 uPD78F037x of 78KO/LF2: 00H to 19H
uPD78F038x of 78K0/LF2: SO to S35 uPD78F038x of 78KO/LF2: 00H to 23H
78K0/LG2: S0 to S39 78K0/LG2: 00H to 27H

Remark For details of communication format, see 17.7 Communication with LCD Controller/Driver.
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Figure 18-3 shows the controll register of LCD controller/driver, and Figure 18-4 shows the LCD display RAM.

Address

LCDCTL's 03H

02H
01H

LCDCTL's 00H

Address

LCDSEG's 27H

26H
25H
24H
23H
22H
21H
20H
1FH
1EH
1DH
1CH
1BH
1AH
19H
18H
17H
16H
15H
14H
13H
12H
11H
10H
OFH
OEH
ODH
OCH
0BH
O0AH
09H
08H
o7H
06H
05H
04H
03H
02H
01H

LCDSEG's 00H

550

Figure 18-3. Controll Register of LCD Controller/Driver

Bit
7 6 5 4 3 2 1 0
CTSEL1 | CTSELO 0 0 0 0 0 GAIN
0 0 0 0 LCDC3 LCDC2 LCDC1 LCDCO
LCDON SCOC VLCON 0 0 LCDM2 | LCDM1 LCDMO
SEGSET2|SEGSET1|SEGSETO 0 0 0 MDSET1 | MDSETO
Figure 18-4. LCD Display RAM
Bit
7 6 5 4 3 2 1 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
T T T 0
Common cOM3 COM2 COM1 COMO

Remark Bits 4 to 7 are fixed to 0.
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Register

— VLCGO
— LCDC
— LCDM
— LCDMD

Segment

— S39
— S38
— 837
— S36
— S35
— S34
— S33
— 832
— S31
— S30
— 529
— S28
— 827
— S26
— 825
— S24
— S23
— S22
— 821
— S20
— S19
— S18
— S17
— S16
— S15
— S14
— S13
— S12
— S11
— S10
— S9

— S8

— S7

— S6

— S5

— 5S4

— S3

— 82

— 81

— S0
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18.4 Registers Controlling LCD Controller/Driver

The following six registers are used to control the LCD controller/driver.

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)

(1) LCD mode setting register (LCDMD)

Port register 13 (P13)

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.

Address: LCDCTL's 00H After reset: 00H R/W

Symbol
LCDMD

Figure 18-5. Format of LCD Mode Setting Register

7 6 5 4 3 2 1 0
SEGSET2 SEGSET1 SEGSETO 0 0 0 MDSET1 MDSETO
SEGSET2 SEGSET1 SEGSETO Segment number setting

1 0 0 20 (78KO0/LE2)

0 1 0 26 (uPD78F037x of 78K0/LF2)

0 1 1 36 (uPD78F038x of 78KO0/LF2)

0 0 X 40 (78K0/LG2)

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.
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. It also specifies whether to enable segment
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.

Figure 18-6. Format of LCD Display Mode Register

Address: LCDCTL's 01H After reset: 00H R/W

Symbol
LCDM

552

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 30 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 18-7. Format of LCD Clock Control Register

Address: LCDCTL's 02H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
LCDC 0 0 0 0 LCDC3 LCDC2 LCDC1 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 fen/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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@

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 18-8. Format of LCD Voltage Boost Control Register 0

Address: LCDCTL's 03H After reset: 00H R/W

Symbol
VLCGO

554

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 4.89 V' 3.39V 3.27 V' 227V 1.63 V" 113V
1 1 471V 3.21V 3.13V 213V 1.57V 1.07V
0 0 450V 3.00V 3.00V 2.00V 1.50V 1.00V
0 1 429V 2.79V 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. Operating voltage range: 2.0 V<LV < 5.5V

Cautions 1.

2.

3.

Bits 1 to 5 must be set to 0.

Before changing the VLCGO setting, be sure to stop voltage boosting (VLCON = 0).
When using the resistance division method, voltage boosting must be stopped (VLCON
=0).
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(5) Clock output selection register (CKS)
CKS enables/disables the clock output 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 18-9. Format of Clock Output Selection Register

Address: FF40H  After reset: 00H R/W

Symbol 7 6 5 3 2 1 0
CKS 0 0 0 CLOE CCS3 CCSs2 CCSst CCSo
CLOE Specification of enable/disable for clock output

to LCD controller/driver

1 Clock output to LCD controller/driver enabled
0 Clock output to LCD controller/driver disabled
CCS3 CCs2 CCst CCS0 LCD 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 The frequency that can be used for the peripheral hardware clock (frrs) differs depending on the power
supply voltage and product specifications.

Supply Voltage Conventional-specification Products Expanded-specification Products
(«PD78F03xx and 78F03xxD) («PD78F03xxA and 78F03xxDA)
40V<Vop<55V frrs < 20 MHz frrs < 20 MHz
27V<Vop<4.0V fers < 10 MHz
1.8V<Vp <27V frrs < 5 MHz frrs < 5 MHz

(The values shown in the table above are those when fPrs = fxH (XSEL = 1).)

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 18-10. Format of Port Register 13

Address: FFODH  After reset: 00H (Output latch) R/W

Symbol
P13

556

7 6 5 4 3 2 0

0 0 0 0 0 0 P130
P130 LCD controller/driver reset control

0 Reset status set

1 Reset status released
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18.5 Setting LCD Controller/Driver

Set the LCD controller/driver using the following procedure.

(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 CLOE (bit 4 of CKS) to 1 to enable the clock output.
<4> Set MDSET1 (bit 1 of LCDMD""?) to 1 to set the internal voltage boosting method
(initial setting: external resistance division method)
<5> Set the initial values to the LCD display data area (bits 0 to 3) in the LCD display RAM
<6> Set the display mode using LCDMO, LCDM1, and LCDM2 (bits 0, 1, and 2 of LCD display mode register
(LCDM)"*?) (1/2 bias mode and static mode cannot be set).
<7> Set the LCD clock using LCD clock control register (LCDC)""**.
<8> Set the voltage boost level and contrasts using LCD voltage boost control register 0 (VLCG0)""?.
GAIN=0:Vico=4.5V,Vic1 =3V, Vicac=15V
GAIN=1:Vico=3V,Vict=2V, Vicc=1V
<9> Set VLCON (bit 5 of LCDM"*?) to 1 to enable voltage boosting.
<10> Wait for voltage boost wait time (tvawar) from setting of VLCON (see CHAPTER 30 ELECTRICAL
SPECIFICATIONS).
<11> Set SCOC (bit 6 of LCDM"™*?) to 1 to output the deselect voltage.
<12> 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.

Note 2

Subsequent to this procedure, set the data to be displayed in the data memory.
Notes 1. The LCLK pin is pulled down while the LRESETB pin is at low level. Enable clock output (CLOE =
1) after having released the reset state by setting P130 to 1.

2. This is a register or a RAM of the LCD part. Write to this register or RAM via I°C communication,
because registers cannot be directly written from the CPU.

Caution After a reset release, be sure to set PM140 to 0.

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 CLOE (bit 4 of CKS) to 1 to enable the clock output.
<4> 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)
<5> Set the initial values to the LCD display data area (bits 0 to 3) in the LCD display RAM
<6> Set the display mode using LCDMO, LCDM1, and LCDM2 (bits 0, 1, and 2 of LCD display mode register
(LCDM)™*?).

<7> Set the LCD clock using LCD clock control register (LCDC)"*°?,
<8> Set SCOC (bit 6 of LCDM"™**) to 1 to output the deselect voltage.

<9> 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.

Note 2

Subsequent to this procedure, set the data to be displayed in the data memory.

Notes 1. The LCLK pin is pulled down while the LRESETB pin is at low level. Enable clock output (CLOE =
1) after having released the reset state by setting P130 to 1.
2. This is a register or a RAM of the LCD part. Write to this register or RAM via I°C communication,
because registers cannot be directly written from the CPU.

Cautions 1. After a reset release, be sure to set PM140 to 0.
2. When using the resistance division method, voltage boosting must be stopped (VLCON
=0).

Remark The register can be set in 1-bit units because the I’C bus is used for setting.
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18.6 LCD Display Data Memory

The LCD display data memory is mapped at addresses 00H to 13H of LCDSEG (78KO0/LE2), O0H to 19H of
LCDSEG (uPD78F037x of 78K0/LF2), 00H to 23H of LCDSEG (¢PD78F038x of 78K0/LF2), 00H to 27H of LCDSEG
(78K0/LG2). Data in the LCD display data memory can be displayed on the LCD panel using the LCD controller/driver.

Figure 18-11 shows the relationship between the contents of the LCD display data memory and the
segment/common outputs.

Figure 18-11. Relationship Between LCD Display Data Memory Contents and Segment/Common Outputs (1/2)

(a) 78K0/LE2
Address b7 b6 b5 b4 b3 b2 b1 b0
777777 | e
I
LCDSEG's 13H ' |~ s19
: ****** 1= === t----- F----
I I I
LCDSEG's 12H , ! ! ! I S18
: —————— R - - - F----
I I I
LCDSEG's 11H ! ! ! ! — 17
: ,,,,,, I m = = [ [
1 1 1
LCDSEG's 10H ! ! ! ! -~ s16
o __ 2 LS R |,
! [ [ |
l | l l
! 1 1 |
| |
% e e ——
I I I
e
I
LCDSEG's 02H ! | | | - s2
A R S
LCDSEG's 01H ! | | 1 L+ 51
R o P AR
I I I
LCDSEG's 00H | ! ! ! — SO
| — L

TR

COM3 COM2 COM1 COMo

(b) ©PD78F037x, 78F0376D, 78F037xA, 78F0376DA of 78K0/LF2

Address b7 b6 b5 b4 b3 b2 b1 b0
””” [ e
I
LCDSEG's 19H ! 1 l l — s25
beo-- Am e S R
I I I
LCDSEG's 18H ! ! : |~ S04
: ————— P — dm———— -———
I I I
LCDSEG's 17H | ! ! ! |~ s23
: 77777 P, 1o oo [
I I I
LCDSEG's 16H | ! ! ! | . g0
P Al T T
1 | |
! 1 1 |
| ]
Eam————_ I ——
I I I
---- R -
I
LCDSEG's 02H ! 1 1 1 = 52
oo R To---- P
LCDSEG's 01H ! | | l L~ 51
beo-- Am e tom - R
I I I
LCDSEG's 00H ! 1 1 | | - so
. e e =

TR

COM3 COM2 COM1 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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Figure 18-11. Relationship Between LCD Display Data Memory Contents and Segment/Common Outputs (2/2)

(c) 4PD78F038x, 78F0386D, 78F038xA, 78F0386DA of 78K0/LF2

Address b7 b6 b5 b4 b3 b2 b1 b0
777777 [ e
1
LCDSEG's 23H ' -~ S35
: ****** 1= = === t----- ===
| | |
LCDSEG's 22H | ! ! ! | S34
: —————— 1= - == = - - R
1 1 1
LCDSEG's 21H | ! ! ! I S33
I e PR I
1 1 1
LCDSEG's 20H ! ! ! |- S32
(R | i | I
1
1
1
I
1
1
|

I [ I
LCDSEG's 02H ! | | | - s2
R - - Tmm—-- r----
LCDSEG's O1H ! i i i L v 51
: ****** 1= = === T--=-=- ===
I I I
LCDSEG's 00H ! ! 1 | ~ S0
S
COM3 COM2 COMi1 COMO
(d) 78K0/LG2
Address b7 b6 b5 b4 b3 b2 b1 b0
””” [ R
I
LCDSEG's 27H ! 3 3 | |~ 539
: ****** == ——— tm———- r-————
I I I
LCDSEG's 26H | ! ! ! — S38
: —————— Im = - ————— -
I I I
LCDSEG's 25H ! ! ! [ S37
: ,,,,,, [, Lo oo oo [
1 1 1
LCDSEG's 24H , ! ! ! I S36
P e Too Foooo
1 | | |
! | | |
I B —— R
% e —
1 1 1
AR EREEEE TR F----
1
LCDSEG's 02H ! | | l L~ 32
oo R E—— R
LCDSEG's 01H ! i i i L - 51
: 777777 1= = === t----- ===
1 1 1
LCDSEG's 00H ! ! ! ! = S0
S T

T

COM3 COM2 COM1 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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18.7 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 18-4. In the static display mode, the same signal is output to COMO to COM3.

In the two-time-slice mode, leave the COM2 and COMS3 pins open. In the three-time-slice mode, leave the
COMB3 pin open.

Table 18-4. COM Signals

COM Signal COMo COM1 COM2 COM3
Number of Time Slices
Static display mode ! | |4 || & | 1A
Two-time-slice mode A | | Open Open
Three-time-slice mode A ]| Open
Four-time-slice mode A

Segment signals

The segment signals correspond to LCD display data memory (see 18.6 LCD Display Data Memory). Bits
0, 1, 2, and 3 of each byte are read in synchronization with COM0, COM1, COM2, and COMS, 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.

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.

Remark The mounted segment pins vary depending on the product.
78KO0/LE2: S0-S19
HuPD78F037x of 78K0/LF2: S0-S25
uPD78F038x of 78K0/LF2: S0-S35
78K0/LG2: S0-S39
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(3) Output waveforms of common and segment signals
The voltages listed in Table 18-5 are output as common and segment signals.
When both common and segment signals are at the select voltage, a display on-voltage of £Vi.cp is obtained.
The other combinations of the signals correspond to the display off-voltage.

Table 18-5. 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 = Vice —?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 +§ VLCD/—E Viep
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Figure 18-12 shows the common signal waveforms, and Figure 18-13 shows the voltages and phases of the
common and segment signals.

Figure 18-12. 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
ffffffffffffffffffffffffffffffffffffff Vico
COMn  —----
n Vict Vieo

(Four-time slot mode)

T: One LCD clock period Tr: Frame frequency
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Figure 18-13. Voltages and Phases of Common and Segment Signals

(a) Static display mode

564

Select Deselect
- - ----- Vico
1 1 1 1
Common signal ! ! ! ! Vico
T T
1 1 1 1
L Vi
| | | |
| | | |
Segment signal | | | | Vico
| | | |
R S N
| | | |
AR
T: One LCD clock period
(b) 1/2 bias method
Select Deselect
b e e - Vico
Common signal - - S--4--F---——-- Vicz |Viop
R
| | | |
| | | |
c 1 1 Vo
| | | |
Segment signal - - -|--{--------{-- == Vicz |Vico
| | | |
R S e Y
| | | |
A
T: One LCD clock period
(c) 1/3 bias method
Select Deselect
S i
. BINREE J—v y
ommon S|gna7”:” 77:7777\ **‘r** Vics LCD
e
| | | |
| | | |
it e i~~~ Vico
Segment si naliﬁl" ”:””‘_J:” Vier
g [¢] ST N L Ve Vieo
et AR R - LVss
| | | |
A R

T: One LCD clock period
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18.8 Display Modes
This section shows the example of 78K0/LG2 (40 segment signal output, 4 common signal output).

18.8.1 Static display example

Figure 18-15 shows how the five-digit LCD panel having the display pattern shown in Figure 18-14 is connected to
the segment signals (SO to S39) and the common signal (COMO) of the 78K0/LG2 chip. This example displays data
"12.345" in the LCD panel. The contents of the display data memory (addresses 00H to 27H of LCDSEG) correspond
to this display.

The following description focuses on numeral "2." (2.) displayed in the fourth digit. To display "2." in the LCD
panel, it is necessary to apply the select or deselect voltage to the S24 to S31 pins according to Table 18-6 at the
timing of the common signal COMO; see Figure 18-14 for the relationship between the segment signals and LCD

segments.
Table 18-6. Select and Deselect Voltages (COMO)
Segment S24 S25 S26 S27 S28 S29 S30 S31
Common
COMO Select Deselect Select Select Deselect Select Select Select

According to Table 18-6, it is determined that the bit-0 pattern of the display data memory locations (18H to 1FH of
LCDSEG) must be 10110111.

Figure 18-16 shows the LCD drive waveforms of S27 and S28, and COMO. When the select voltage is applied to
S27 at the timing of COMO, an alternate rectangle waveform, +Vico/-VLcp, is generated to turn on the corresponding
LCD segment.

COM1 to COMS are supplied with the same waveform as for COM0. So, COMO to COM3 may be connected
together to increase the driving capacity.

Figure 18-14. Static LCD Display Pattern and Electrode Connections

Srrex

Sﬁﬂd—U Strv
e Tuws

S Uiﬂmﬁ
F_H ':l—Sa-.

SHrad

a0

Remark n=0to4
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Figure 18-15. Example of Connecting Static LCD Panel
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Figure 18-16. Static LCD Drive Waveform Examples
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18.8.2 Two-time-slice display example

Figure 18-18 shows how the 10-digit LCD panel having the display pattern shown in Figure 18-17 is connected to
the segment signals (SO to S39) and the common signals (COMO and COM1) of the 78K0/LG2 chip. This example
displays data "123456.7890" in the LCD panel. The contents of the display data memory (addresses 00H to 27H of
LCDSEG) correspond to this display.

The following description focuses on numeral "3" ( 3) displayed in the eighth digit. To display "3" in the LCD panel,
it is necessary to apply the select or deselect voltage to the S28 to S31 pins according to Table 18-7 at the timing of
the common signals COMO and COM1; see Figure 18-17 for the relationship between the segment signals and LCD
segments.

Table 18-7. Select and Deselect Voltages (COMO and COM1)

Segment S28 S29 S30 S31
Common
COMo Select Select Deselect | Deselect
COM1 Deselect Select Select Select

According to Table 18-7, it is determined that the display data memory location (1FH of LCDSEG) that
corresponds to S31 must contain xx10.

Figure 18-19 shows examples of LCD drive waveforms between the S31 signal and each common signal. When
the select voltage is applied to S31 at the timing of COM1, an alternate rectangle waveform, +ViLco/~Vicp, is generated
to turn on the corresponding LCD segment.

Figure 18-17. Two-Time-Slice LCD Display Pattern and Electrode Connections

Remark n=0to9
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Figure 18-18. Example of Connecting Two-Time-Slice LCD Panel
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Figure 18-19. Two-Time-Slice LCD Drive Waveform Examples (1/2 Bias Method)
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18.8.3 Three-time-slice display example

Figure 18-21 shows how the 13-digit LCD panel having the display pattern shown in Figure 18-20 is connected to
the segment signals (SO to S38) and the common signals (COMO to COM2) of the 78K0/LG2 chip. This example
displays data "123456.7890123" in the LCD panel. The contents of the display data memory (addresses 00H to 26H
of LCDSEG) correspond to this display.

The following description focuses on numeral "6." (b.) displayed in the eighth digit. To display "6." in the LCD
panel, it is necessary to apply the select or deselect voltage to the S21 to S23 pins according to Table 18-8 at the
timing of the common signals COMO to COM2; see Figure 18-20 for the relationship between the segment signals and
LCD segments.

Table 18-8. Select and Deselect Voltages (COMO0 to COM2)

Segment S21 S22 S23
Common
COMO Deselect Select Select
COM1 Select Select Select
COM2 Select Select -

According to Table 18-8, it is determined that the display data memory location (15H of LCDSEG) that
corresponds to S21 must contain x110.

Figures 18-22 and 18-23 show examples of LCD drive waveforms between the S21 signal and each common
signal in the 1/2 and 1/3 bias methods, respectively. When the select voltage is applied to S21 at the timing of COM1
or COM2, an alternate rectangle waveform, +ViLco/—VLcp, is generated to turn on the corresponding LCD segment.

Figure 18-20. Three-Time-Slice LCD Display Pattern and Electrode Connections
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Figure 18-21. Example of Connecting Three-Time-Slice LCD Panel
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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 18-22. Three-Time-Slice LCD Drive Waveform Examples (1/2 Bias Method)
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Figure 18-23. Three-Time-Slice LCD Drive Waveform Examples (1/3 Bias Method)
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18.8.4 Four-time-slice display example

Figure 18-25 shows how the 20-digit LCD panel having the display pattern shown in Figure 18-24 is connected to
the segment signals (SO to S39) and the common signals (COMO to COMS3) of the 78K0/LG2 chip. This example
displays data "123456.78901234567890" in the LCD panel. The contents of the display data memory (addresses 0O0H
to 27H of LCDSEG) correspond to this display.

The following description focuses on numeral "6." (B) displayed in the 15th digit. To display "6." in the LCD panel,
it is necessary to apply the select or deselect voltage to the S28 and S29 pins according to Table 18-9 at the timing of
the common signals COMO to COMS; see Figure 18-24 for the relationship between the segment signals and LCD
segments.

Table 18-9. Select and Deselect Voltages (COMO0 to COM3)

Segment S28 S29
Common
COMo Select Select
COM1 Deselect Select
COM2 Select Select
COM3 Select Select

According to Table 18-9, it is determined that the display data memory location (1CH of LCDSEG) that
corresponds to S28 must contain 1101.

Figure 18-26 shows examples of LCD drive waveforms between the S28 signal and each common signal. When
the select voltage is applied to S28 at the timing of COMO, an alternate rectangle waveform, +Vico/~Vicp, is generated
to turn on the corresponding LCD segment.

Figure 18-24. Four-Time-Slice LCD Display Pattern and Electrode Connections
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Remark n=0to 19

User's Manual U19518EJ1VOUD 575



CHAPTER 18 LCD CONTROLLER/DRIVER

Figure 18-25. Example of Connecting Four-Time-Slice LCD Panel
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