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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, I/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.

(5) 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.
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Windows and Windows NT are registered trademarks or trademarks of Microsoft Corporation in the United
States and/or other countries.

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

EEPROM is a trademark of NEC Electronics Corporation.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the
United States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

* The information in this document is current as of November, 2009. 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).

(M8E0909)
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Readers

Purpose

Organization

How to Read This Manual

INTRODUCTION

This manual is intended for user engineers who wish to understand the functions of the
78KO0R/Ix3 and design and develop application systems and programs for these devices.
The target products are as follows.

o 78KOR/IB3: 4PD78F1201, 78F1203

e 78KOR/IC3: 4PD78F1211, 78F1213, 78F1214, 78F1215

e 78KOR/ID3: 1PD78F1223, 78F1224, 78F1225

o 78KOR/IE3: 4PD78F1233, 78F1234, 78F1235

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

The 78KO0R/Ix3 manual is separated into two parts: this manual and the instructions
edition (common to the 78KOR Microcontroller).

78KO0R/Ix3 78KO0R Microcontroller
User’s Manual User’s Manual
(This Manual) Instructions
e Pin functions e CPU functions
¢ Internal block functions ¢ 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 RA78KOR, and is defined as an sfr variable using the
#pragma sfr directive in the CC78KO0R.

e To know details of the 78K0OR Series instructions:

— Refer to the separate document 78KOR Microcontroller Instructions User’s

Manual (U17792E).
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Conventions Data significance: Higher digits on the left and lower digits on the right

Active low representations: xxx (overscore over pin and signal name)

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numerical representations: Binary s XXXX OF xxxxB
Decimal e XXXX
Hexadecimal ---xxxxH
Related Documents The related documents indicated in this publication may include preliminary versions.

However, preliminary versions are not marked as such.

Documents Related to Devices

Document Name

Document No.

78KOR/Ix3 User’'s Manual

This manual

78K0R Microcontroller Instructions User’'s Manual

U17792E

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

Document Name

Document No.

CC78KOR Ver. 2.00 C Compiler Operation U18549E

Language U18548E
RA78KOR Ver. 1.20 Assembler Package Operation U18547E

Language U18546E
SM+ System Simulator Operation U18601E
PM+ Ver. 6.30 U18416E
ID78KOR-QB Ver. 3.20 Integrated Debugger | Operation U17839E

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

Document Name

Document No.

QB-MINI2 On-Chip Debug Emulator with Programming Function

U18371E

QB-78KO0RIX3 In-Circuit Emulator

U19228E

Documents Related to Flash Memory Programming

Document Name

Document No.

PG-FP5 Flash Memory Programmer User's Manual

U18865E

Caution The related documents listed above are subject to change without notice
version of each document when designing.
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Other Documents

Document Name

Document No.

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

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

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

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

version of each document when designing.
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CHAPTER 1 OUTLINE

The 78KO0OR/IX3 is a 16-bit single-chip microcontroller that uses a 78KOR CPU core and incorporates peripheral
functions, such as ROM/RAM, a multi-function timer, a multi-function serial interface, an A/D converter, a
programmable gain amplifier (PGA), a comparator, a real-time counter, and a watchdog timer.

This product has been developed for inverter control applications that are enabled to control system easily by using
one chip. The 78KOR/Ix3 includes a multifunction timer (timer array unit TAUS) that can generate various PWM
schemes to enable use in a variety of sets and that operates at a maximum resolution of 40 MHz. This timer is
provided with several functions, such as a PWM (complementary PWM x 2 channels) output function with dead time,
a 6-phase PWM output function with dead time, and a DC inverter real-time output function. The timer can also
perform inverter control. The 78KOR/Ix3 also incorporates a fail-safe function whereby the multi-function timer links
with a comparator to set the PWM output pins (TO02 to TO07) to high impedance.

Moreover, because the 78KO0R/Ix3 includes an internal high-speed oscillator (CPU clock: 20 MHz, timer: 40 MHz), it
can be used with confidence in applications in which the resonator might come loose.

The 78K0R/Ix3 provides high cost performance in various situations.

Remark The functions mounted depend on the product. See 1.6 Block Diagram and 1.7 Outline of Functions.
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CHAPTER 1 OUTLINE

1.1 Features

O Minimum instruction execution time can be changed from high speed (0.05 us: @ 20 MHz operation with high-

speed system clock) to ultra low-speed (61 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, RAM capacities

Flash ROM RAM 78KO0R/IB3 78KO0OR/IC3 78KO0OR/ID3 78KOR/IE3
30-pin 38-pin 44-pin 48-pin 52-pin 64-pin
64 KB 3KB™* - - - 1 PD78F1215 | 4 PD78F1225 | u PD78F1235
48 KB 2KB - - - u PD78F1214 | 4 PD78F1224 | . PD78F1234
32 KB 1.5 KB 4 PD78F1203 | nPD78F1213 | nPD78F1213 | nPD78F1213 | n PD78F1223 | x PD78F1233
16 KB 1 KB u PD78F1201 1 PD78F1211 u PD78F1211 - - -

Note This is 2 KB when the self-programming function is used.

O On-chip internal high-speed oscillation clocks
¢ 40 MHz internal high-speed oscillation clock: 40 MHz (TYP.) (TIMER ARRAY UNIT)
: 20 MHz (TYP.) (Peripheral functions other than CPU and TIMER
ARRAY UNIT)
e 8 MHz internal high-speed oscillation clock: 8 MHz (TYP.)
O On-chip single-power-supply flash memory (with prohibition of chip erase/block erase/writing function)
O Self-programming (with boot swap function/flash shield window function)
O On-chip debug function
O On-chip power-on-clear (POC) circuit and low-voltage detector (LVI)
O On-chip watchdog timer (operable with the dedicated internal low-speed oscillation clock)
O On-chip multiplier/divider (16 bits x 16 bits, 32 bits + 32 bits)
O On-chip clock output/buzzer output controller
O On-chip BCD adjustment
O 1/O ports: 23 to 55 (N-ch open drain: 2)
O Timer
e 16-bit timer
¢ Watchdog timer
¢ Real-time counter
¢ On-chip motor control option unit
O On-chip comparator/programmable gain amplifier function
O Serial interface
e CSI
e UART/UART (LIN-bus supported)
e Simplified I°C
e I°C
O 10-bit resolution A/D converter (AVRer = 2.7 to 5.5 V): 6 to 12 channels
O Power supply voltage: Vob=2.710 5.5V
O Operating ambient temperature: Ta= —40 to +85°C

Remark The functions mounted depend on the product. See 1.6 Block Diagram and 1.7 Outline of Functions.
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CHAPTER 1 OUTLINE

1.2 Applications

O Home appliances
o Air cleaners
e Air conditioners
o Refrigerators
o Dishwashers
O Electric bicycles

1.3 Ordering Information

¢ Flash memory version (lead-free product)

78KO0R/Ix3 Package Part Number

Microcontroller

78KO0OR/IB3 30-pin plastic SSOP (7.62 mm (300) ) 1 PD78F1201MC-CAB-AX, 78F1203MC-CAB-AX

78KOR/IC3 38-pin plastic SSOP (7.62 mm (300) ) 1 PD78F1211MC-GAA-AX, 78F1213MC-GAA-AX
44-pin plastic LQFP (10 x 10) 1 PD78F1211GB-GAF-AX, 78F1213GB-GAF-AX

48-pin plastic TQFP (fine pitch) (7 x 7) 1 PD78F1213GA-HAA-AX, 78F1214GA-HAA-AX,
78F1215GA-HAA-AX

78KOR/ID3 52-pin plastic LQFP (10 x 10) 1 PD78F1223GB-GAG-AX, 78F1224GB-GAG-AX,
78F1225GB-GAG-AX
78KOR/IE3 64-pin plastic LQFP (12 x 12) 1 PD78F1233GK-GAJ-AX, 78F1234GK-GAJ-AX,

78F1235GK-GAJ-AX
64-pin plastic LQFP (fine pitch) (10 x 10) | x PD78F1233GB-GAH-AX, 78F1234GB-GAH-AX,
78F1235GB-GAH-AX

Caution The 78KO0R/Ix3 has 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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1.4 Pin Configuration (Top View)

1.4.1 78KOR/IB3

e 30-pin plastic SSOP (7.62 mm (300) )

P23/ANI3 O=——{1 O 30 —O P24/ANI4
P22/ANI2 O=—2 29+—O P25/ANI5
P21/ANI1 O=—3 28|—O AVss
P20/ANI0 O=—4 271—0 AVrer
P120/INTPO/EXLVI O=—=5 26 [«—0O P80/CMPOP/TMOFFO/INTP3/PGAI
RESET O 6 25~—=0O P81/CMPOM
FLMDO O——=7 24 («~—0O P83/CMP1M
P122/X2/EXCLK/INTP5 O—={8 23+~—=0O P10/T102/TO02/TXDO0
P121/X1/INTP4 O—={9 22 [=—=0O P11/T103/TO03/RXDO0
REGC O—{10 21 |=—=0O P12/T104/TO04
Vss O—11 20[=—=0O P13/T105/TO05
Voo O——12 19|+——=O P50/T106/TO06
P30/SO10/TXD1/TO11 O=—{13 18 |+——=O P51/TI107/TO07
P31/S110/RXD1/SDA10/INTP1/TI09 O=—{14 17 f+—O P40/TOOLO
P32/SCK10/SCL10/INTP2 O~—+15 16 f+=—=O P41/TOOL1

Cautions 1. Make AVss the same potential as Vss.

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

3. P20/ANIO to P25/ANI5 are set as analog inputs in the order of P25/ANI5, P24/ANI4, ..., P20/ANIO
by the A/D port configuration register (ADPC). When using P20/ANIO to P25/ANI5 as analog
inputs, start designing from P25/ANI5 (see 12.3 (7) A/D port configuration register (ADPC) for
details).

Remark For pin identification, see 1.5 Pin Identification.
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1.4.2 78KOR/IC3

e 38-pin plastic SSOP (7.62 mm (300) )

O

P23/ANI3 O=—1 38 [«—0O P24/ANI4

P22/ANI2 O=—{2 37 [~—0O P25/ANI5

P21/ANIH1 O=—+{3 36 [+—O P26/ANI6

P20/ANIO O~—=~4 35 ——>0O P27/ANI7

P120/INTPO/EXLVI O=~—=5 34—0O AVss
RESET O—16 33[——O AVrer

P124/XT2 O—={7 32|=—0O P80/CMPOP/TMOFFO/INTP3/PGAI
P123/XT1 O——{8 31 —0O P81/CMPOM

FLMDO O—={9 30 |«—O P82/CMP1P/TMOFF1/INTP7

P122/X2/EXCLK/INTP5 O—={10 29|~—=0O P83/CMP1M

P121/X1/INTP4 O—~{ 11 28 |«—0O P10/T102/TO02

REGC O——|12 27f——=0O P11/TI03/TO03

Vss O—113 26 |~—=0O P12/TI04/TO04

Voo O—|14 25«——=QO P13/TI05/TO05

P30/SO10/TxD1/TO11 O~—=15 24 f«——(Q P50/TI06/TO06

P31/SI10/RxD1/SDA10/INTP1/TI09 O~—={16 23 [«—0O P51/TI07/TO07

P32/SCK10/SCL10/INTP2 O~—=17 22 f«——Q P52/SLTI/SLTO
P73/TxD0O/TO10 O~—{18 21«0 P40/TOOLO
P72/INTP6/RXxD0 O=—{19 20|~——=0O P41/TOOL1

Cautions 1. Make AVss the same potential as Vss.

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

3. P20/ANIO to P27/ANI7 are set as analog inputs in the order of P27/ANI7 and P26/ANI6, ...,
P20/ANIO by the A/D port configuration register (ADPC). When using P20/ANIO to P27/ANI7 as
analog inputs, start designing from P127/ANI7 (see 12.3 (7) A/D port configuration register
(ADPC) for details).

Remark For pin identification, see 1.5 Pin Identification.
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24

e 44-pin plastic LQFP (10 x 10)
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Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. P20/ANIO to P27/ANI7, P150/ANI8 and P151/ANI9 are set as analog inputs in the order of
P151/ANI9, P150/ANI8 and P27/ANI7, ..., P20/ANIO by the A/D port configuration register
(ADPC). When using P20/ANIO to P27/ANI7, P150/ANI8 and P151/ANI9 as analog inputs, start
designing from P151/ANI9 (see 12.3 (7) A/D port configuration register (ADPC) for details).

Remark For pin identification, see 1.5 Pin Identification.
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e 48-pin plastic TQFP (fine pitch) (7 x 7)
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P75/SCK0O0/TI11 O=—= 31|=—=0O P24/ANI4
P74/S100/RxDO/TI10 O=— 30|=—=0O P25/ANI5
P73/SO00/TxD0/TO10 O 29|=——>=0O P26/ANI6

P72/SCK01/INTP6 O=~—=9 28|=——>=0O P27/ANI7
P71/SI01/INTP5 O=—{10 27|=~——>0O P150/ANI8
P70/SO01/INTP4 O=—=11 26[=—=0O P151/ANI9

P52/SLTI/SLTO O 12 25|=——>=0 P152/ANI10
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P82/CMP1P/TMOFF1/INTP7
P80/CMPOP/TMOFFO/INTP3/PGAl O=—

Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. P20/ANIO to P27/ANI7 and P150/ANI8 to P152/ANI10 are set as analog inputs in the order of
P152/ANI10 to P150/ANI8 and P27/ANI7, ..., P20/ANIO by the A/D port configuration register
(ADPC). When using P20/ANIO to P27/ANI7 and P150/ANI8 to P152/ANI10 as analog inputs,
start designing from P152/ANI10 (see 12.3 (7) A/D port configuration register (ADPC) for
details).

Remark For pin identification, see 1.5 Pin Identification.
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1.4.3 78KOR/ID3

e 52-pin plastic LQFP (10 x 10)
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&—0 P152/ANI10
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P140/PCLBUZ0 O=~—{ 1 39 |——O AVss
P120/INTPO/EXLVI O~—— 2 38 |———O AVrer
P41/TOOL1 O=—~ 3 37 |=——=O P80/CMPOP/TMOFFO/INTP3/PGAI
P40/TOOLO O=——=] 4 36 [~——O P81/CMPOM
RESET O———{5 35 [«——=O P82/CMP1P/TMOFF1/INTP7
P124/XT2 O———~| 6 34 |=—O P83/CMP1M
P123/XT1 O———= 7 33 [=—O P10/TI02/TO02
FLMDO O—— g 32 |~ P11/TI03/TO03
P122/X2/EXCLK O——= g 31 f=———=0O P12/TI104/TO04

P121/X1 O——{ 10 30 f=—=O P13/TI05/TO05
REGC O———{ 11 29 |=—=O P50/TI06/TO06
Vss O—— 12 28 |=—=O P5L/TIO7/TO07
Voo O——113 27 f=—*O P52/SLTI/SLT
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Cautions 1. Make AVss the same potential as Vss.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).
3. P20/ANIO to P27/ANI7 and P150/ANI8 to P152/ANI10 are set as analog inputs in the order of
P152/ANI10 to P150/ANI8 and P27/ANI7, ..., P20/ANIO by the A/D port configuration register
(ADPC). When using P20/ANIO to P27/ANI7 and P150/ANI8 to P152/ANI10 as analog inputs,
start designing from P152/ANI10 (see 12.3 (7) A/D port configuration register (ADPC) for
details).

Remark For pin identification, see 1.5 Pin Identification.
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1.4.4 78KOR/IE3

e 64-pin plastic LQFP (12 x 12)
e 64-pin plastic LQFP (fine pitch) (10 x 10)

0
1
2
3
4
5
6
7

& f=—0O P00O/TIO0

Q@ f=—=0O POL/TO00
S +—O P20/AN

S l=—0 P21/AN

B =—0 P22/AN

A f=—0 P23/AN

S f=—=0 P24/AN

S =——0O P25/AN

L f=—0O P26/AN

B l=+—=0 P27/AN

& |=—0O P150/ANI8
A f«—O P151/ANI9
g [«—O P152/ANI10
& —0 P153/ANI11

 ——0O P140/PCLBUZ0
A +—0 P141/PCLBUZ1

P120/INTPO/EXLVI O=—»| 1 O 48 ——O AVss
P43 O=——+ 2 47 ——O AVrer
P42 O=—» 3 46 f=——0O P80/CMPOP/TMOFFO/INTP3/PGAI
P41/TOOLL O=~—| 4 45 f«——=0O P81/CMPOM
P40/TOOLO O=—{ 5 44 +«—=(O P82/CMP1P/TMOFF1/INTP7
RESET O 6 43 f=—0O P83/CMP1M
P124/XT2 O———{ 7 42 f=——0O P10/TI02/TO02
P123/XT1 O———{ 8 41 f=—0O P11/TI03/TO03
FLMDO O——— 9 40 =—0O P12/T104/TO04

P122/X2/[EXCLK O——{ 10 39 |=—0O P13/TI05/TO05
P121/X1 O—— 11 38 |~—0O P14/TI06/TO06
REGC O— 12 37 |~—0O P15/TI07/TO07
Vss O—— 13 36 [~—O P16/TI08/TO08
EVss O——— 14 35 |f=—0O P17/TI09/TO09
Voo O—— 15 34 =—0O P50
EVoo O—— 16 33 —0O P51

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
9SSR RISgRETBO
OOOEEAQOOQOEEOEEELQNR
ok zZz sk zZ2z22Z2 0
SSS== s =
£823979 LR
Lo X O XI¥ 50 )
£E80 as50%s &
[=} n 5 © 9 — =
o 0@ w2 sNT S o
o 49/S E(/)o(\lﬂ_l\ o
22 Tog *®
2 L3 bR
D-:'(YN-) o
Do
—
m
o

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

2. Make EVop and Vob the same potential as Vop.

3. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

4. P20/ANIO to P27/ANI7 and P150/ANI8 to P153/ANI11 are set as analog inputs in the order of
P153/ANI11, ..., P150/ANI8, P27/ANI7, ..., P20/ANIO by the A/D port configuration register
(ADPC). When using P20/ANIO to P27/ANI7 and P150/ANI8 to P153/ANI11 as analog inputs,
start designing from P153/ANI11 (see 12.3 (7) A/D port configuration register (ADPC) for
details).

Remark For pin identification, see 1.5 Pin Identification.
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1.5 Pin Identification

ANIO to ANI11: Analog Input
AVReF: Analog Reference Voltage
AVss: Analog Ground

CMPOM, CMP1M:
CMPOP, CMP1P:

Comparator Input (Minus)
Comparator Input (Plus)

EVob: Power Supply for Port

EVss: Ground for Port

EXCLK: External Clock Input
(Main System Clock)

EXLVI: External potential Input
for Low-voltage detector

FLMDO: Flash Programming Mode

INTPO to INTP7: External Interrupt Input

P00, PO1: Port 0

P10 to P17: Port 1

P20 to P27: Port 2

P30 to P33: Port 3

P40 to P43: Port 4

P50 to P53: Port 5

P60, P61: Port 6

P70 to P77: Port 7

P80 to P83: Port 8

P120 to P124: Port 12

P140, P141: Port 14

P150 to P153: Port 15

PCLBUZ0, PCLBUZ1:
PGAI:
REGC:

RESET:
RxDO0, RxD1:

SCKO00, SCK01, SCK10:

SCLO, SCL10:
SDAO, SDA10:
SI00, SI01, SI10:
SLTI:

SLTO:

S0O00, SO01, SO10:
TIOO, TIO2 to TI11:
TMOFFO, TMOFF1:
TOO00, TO02 to TO11:
TOOLO:

TOOLA1:

TxDO, TxD1:

Vob:

Vss:

X1, X2:

XT1, XT2:
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Programmable Clock Output/
Buzzer Output
Programmable Gain Amplifier
Input

Regulator Capacitance
Reset

Receive Data

Serial Clock Input/Output
Serial Clock Input/Output
Serial Data Input/Output
Serial Data Input
Selectable Timer Input
Selectable Timer Output
Serial Data Output

Timer Input

Timer Hi-Z control Input
Timer Output

Data Input/Output for Tool
Clock Output for Tool
Transmit Data

Power Supply

Ground

Crystal Oscillator (Main System Clock)
Crystal Oscillator (Subsystem Clock)
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1.6 Block Diagram

1.6.1 78KOR/IB3

TI02/TO02/P10 ~—p=

1

TIO3/TO03/P11 ~—|
RXDO/P11 (LINSEL) — =

TI04/TO04/P12 ~—1=

TIO5/TO05/P13 ~—~|

TI06/TO06/P50 ~—~|

TIO7/TO07/P51 ~——~

TIO9/P31 —

TO11/P30 ~—

TIMER ARRAY
UNIT (12ch)

cho

ch1

ch2

ch3

ch4

ch5

ché

ch7

h8

o

h

o
©

ch10

ch11

TIMER ARRAY
TMOFFO/PB0 ——=1 " \i7 0PTION
CMPOM/P81,

CMP1M/P83 COMPARATOR
CMPOP/P80 ——~
SERIAL ARRAY
UNIT (4ch)
RxDO/P11 UARTO
TxDO/P10 LINSEL
T - || v |
TxD1/P30 UART!
SCK10/P32
Slo/P31 —t+ csi0
SO10/P30

SCL10/P32 =—~
SDA10/P31 -—

lIc10

RxDO/P10 (LINSEL)
INTPO/P120 1.

INTP1/P31,
INTP2/P32 INTERRUPT
INTP3/Pg0 —~|  CONTROL
INTP4/P121,
INTP5/P122
MULTIPLIERS
DIVIDER

()

M eport1 KCapio-pis
) PomrT2 (6> P20-P2s
{)| porTs (3 >Pso-Pa2
< PORT 4 K2~ >pao, Pat
{1 pomrts K2 >Pso,Psi
<—)| PorTs K3 >peo, Pet, Pes
< PorT12 P120
K ZpP121, P122
ANIO/P20-
ANI5/P25
<;> A/D CONVERTER
AVrer
AVss
PROGRAMMABLE
<~ GAIN AMPLIFIER PGAI/P&0
LOW-SPEED
INTERNAL
OSCILLATOR
[}
WINDOW
K> WATCHDOG
TIMER
78KOR DIRECT MEMORY
CPU M%Gg:y <= AGCESS CONTROL
CORE
POWER ON CLEAR/
@ @ LOW VOLTAGE C'DO?\‘?;\SL ~——— EXLVIP120
INDICATOR
<:> RESET CONTROL
RAM -~ TOOLO/P40
{Z>| oN-CHIP DEBUG TOOL1/Pa1
SYSTEM
CONTROL AESET
HIGH-SPEED X1/P121
INTERNAL X2/EXCLK/P122
OSCILLATOR
VOLTAGE
REGULATOR REGC
‘ <::> BCD
Ves  Ves FLMDO ADJUSTMENT
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1.6.2 78KOR/IC3

e 38-pin products

TIMER ARRAY
UNIT (12ch)

SLTI/SLTO/P52 cho
"1 ch1
TI02/TO02/P10 ch2
TI03/TO03/P11 ch3
TI04/TO04/P12 ch4
TI05/TO05/P13 ~—1~| ch5
TI06/TO06/P50 ché
TI07/TO07/P51 o

RxDO/P72 (LINSEL)
™ chg
TI09/P31 o

: |
TO11/P30

L e ]

g

TMOFF0O/P80 —| TIMER ARRAY
TMOFF1/P82 —|  UNIT OPTION
CMPOM/P8T,
CMP1M/P83
CMPOP/P80, COMPARATOR
CMP1P/P82
SERIAL ARRAY
UNIT (4ch)
RxDO/P72 UARTO
TxDO/P73 LINSEL
RxD1/P31 —~]
TXD1/P30 ~—| UART!
SCK10/P32
SI10/P31 CSI10
SO10/P30

SCL10/P32 -—

SDA10/P31 -—

e

RxDO0/P72 (LINSEL) 1,

INTPO/P120

INTP1/P31,
INTP2/P32

INTP6/P72 —™

INTP3/P80,
INTP7/P82

INTP4/P121,
INTP5/P122

30

2

INTERRUPT
CONTROL

2

MULTIPLIER&
DIVIDER

-

PORT 1

K2 >p10-P13

PORT 2

P20-P27

PORT 3

K3~ >P30-p32

PORT 4

K2 >Pa0, P41

PORT 5

K3 >p50-ps52

PORT 7

K2 >p72,P73

PORT 8

K2 >pso-Pa3

PORT 12

~—P120

K @ IP121-P124

A/D CONVERTER

.5- ANIO/P20-
ANI7/P27

g U U ¢8880¢0

AVrer
AVss
PROGRAMMABLE
GAIN AMPLIFIER PGAI/P80
LOW-SPEED
INTERNAL
OSCILLATOR
[}
WINDOW
WATCHDOG
7?;?? FLASH TIMER
cone | | mEmoRY
K >|REALTIME COUNTER
@ @ (| DIRECT MEMORY
@ ACCESS CONTROL
POWER ON CLEAR/
LOW VOLTAGE POG/LV! EXLVI/P120
INDICATOR CONTROL
RAM @
| RESET CONTROL
TOOLO/P40
()| ON-CHIPDEBUG |~ 100 b
SYSTEM [~ RESET
CONTROL X1/P121
~— X2/EXCLK/P122
HIGH-SPEED XT1/P123
INTERNAL XT2/P124
‘ OSCILLATOR
Vi Vi
v TR VOLTAGE REGo
REGULATOR
- BCD
ADJUSTMENT
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e 44-pin products

TIMER ARRAY
UNIT (12ch)
SLTI/SLTO/P52 ho
t-1 chi
TI02/TO02/P10 ch2
TI03/TO03/P11 h3
TI04/TO04/P12 cha
TIO5/TO05/P13 chs -
TI06/TO06/P50 h6
TI07/TO07/P51 | .
RxDO/P74 (LINSEL)
T ch8
TI09/P31 1] "
THO/P74
TO10/P73 1o
RXDO/P74 (LINSEL) — =
TIH1/P75
TO11/P30 chit
TMOFFO/P80 — |  TIMER ARRAY -
TMOFF1/P82 —|  UNIT OPTION
CMPOM/P81,
CMP1M/P83
CMPOP/P80, comPARATOR (>
CMP1P/P82
SERIAL ARRAY
UNIT(4ch)
RxDO/P74 UARTO
TxDO/P73 LINSEL
RXD1/P31 ——
TXD1/P30 ~—| UARTI
SCKO00/P75
SI00/P74 CSI00
SO00/P73 -
SCKO1/P72
S101/P71 csiod
S001/P70
SCK10/P32
SI10/P31 CcSso
SO10/P30
SCL10/P32 ~— e
SDA10/P31 ~—]

RxDO0/P74 (LINSEL)
INTPO/P120

INTP1/P31,
INTP2/P32
INTP4/P70,
INTP5/P71,
INTP8/P72

INTP3/P80,
INTP7/P82

1.

INTERRUPT
CONTROL

MULTIPLIER&
DIVIDER “

73?,(3:( FLASH
CORE MEMORY

o U

g

RAM

Vss  FLMDO

<

PORT 2

<

PORT 7

<

-

P20-P27

<:> P30-P32
<:><Z>P4o, P41

K6 >p70-P75

<:> ~—P120
«- P121-P124

-

-

-

-

-n ANIO/P20-
ANI7/P27
ANI8/P150,
A/D CONVERTER ANI9/P151
AVRer
t AVss
PROGRAMMABLE
GAIN AMPLIFIER PGAI/P80
LOW-SPEED
INTERNAL
OSCILLATOR
i
WINDOW
WATCHDOG
TIMER
REALTIME COUNTER
DIRECT MEMORY
ACCESS CONTROL
PCIJ_WER ON CLEAR/ POCILVI
OW VOLTAGE ool
INDICATOR
RESET CONTROL
<= TOOLO/P40
ON-CHIPDEBUG |~ 100L1/P4t
SYSTEM RESET
CONTROL X1/P121
X2/EXCLK/P122
HIGH-SPEED XT1/P123
INTERNAL XT2/P124
OSCILLATOR
VOLTAGE
REGULATOR REGC
BCD
ADJUSTMENT
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e 48-pin products

TIMER ARRAY
UNIT (12ch) | PomT1 "2 >pP10-P13
SLTI/SLTO/PS2 cho
> PomT2 "8 >P20-P27
11 ch1
<) pPorta KT )pso-pa2
TI02/TO02/P10 ch2
TI03/TO03/P11 ch3 - PORT 4 (2> P40, P41
TI04/TO04/P12 chd >  PomTs K 3" >P50-P52
TI05/TO05/P13 chs - PORT 6 2" >Pe0, P61
TI06/TO06/P50 ch6
{_J{ PoRT7 K8 >P70-P75
TI07/TO07/P51 | o
RxDO/P74 (LINSEL) —>| PorTs K2 >Pso-Ps3
1 ch8
(— )  PORT12 P120
TIo9/P31
i ho "4 ]P121-P124
THOP74
TO10/P73 eh10 < ~P140
RXDO/P74 (LINSEL) —H-~]
o
TH1/P75 PORT 15 P150-P152
(o _romre K=
@ BUZZER OUTPUT
————————— PCLBUZO/P140
CLOCK OUTPUT
TMOFF0/P80 TIMER ARRAY CONTROL
TMOFF1/P82 —[  UNIT OPTION
80n || agy ANITIPg?
CMPOM/P81, o glejE MEMORY ANI8/P150-
CMP1M/P83 COMPARATOR {~>| AID CONVERTER ANIHO/P152
CMPOP/P80,
CMP1P/P82 @ @ AVrer
AVss
SERIAL ARRAY
UNIT(4ch) @ PROGRAMMABLE PGAIPSO
N UARTO GAIN AMPLIFIER
TXDO/PT. LINSEL
xDO/P73 aAu LOW-SPEED
RxD1/P31 —~ INTERNAL
SCKOO/P75 o WINDOW
Sl00/P74 K| watcHpoa
S000/P73 TIMER
SCKO1/P72
SI01/P71 cslo1 <:> REALTIME COUNTER|
S001/P70
SCK10/P32 N - DIRECT MEMORY
SI10/P31 ACCESS CONTROL
SO10/P30
Iict POWER ON CLEAR/
SDA10/P31 — c10 POC/LVI
LOW VOLTAGE CONTROL
INDICATOR
SDAO/PE1~——|  SERIAL Voo Vss FLMDO
SCLO/P60~——=|  INTERFACE IICA
RXDO/P74 (LINSEL) ¢| RESET CONTROL
INTPO/P120 —+—
INTP1/P31, - TOOLO/P40
INTP2/P32 {—)| ON-CHIP DEBUG TOOL1/P41
INTP4/P70, INTERRUPT
INTPS/P71, CONTROL ~——RESET
SYSTEM
INTP6/P72 CONTROL X1/P121
INTP3/P8O0, - X2/EXCLK/P122
INTP7/P82 HIGH-SPEED XT1/P123
INTERNAL XT2/P124
OSCILLATOR
BCD
ADJUSTMENT

VOLTAGE
REGULATOR
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1.6.3 78KOR/ID3

TIMER ARRAY
UNIT (12ch)
TIOO/PO0 — =
TO00/PO1 ~— ch0
SLTI/SLTO/P52 oht
TI02/TO02/P10 ch2
TIO3/TOO03/P11 ch3
TI04/TO04/P12 chd
TI05/TO05/P13 chs -
TIO6/TO06/P50 h6
TI07/TO07/P51 | g
RxDO/P74 (LINSEL)
i ch8
TI09/P31 | "
TIHO/P74
TO10/P73 o
RxDO/P74 (LINSEL)
N
TI1/P75
TO11/P30 ch1d
TMOFFO/P80 — | TIMER ARRAY s
TMOFF1/P82 —=|  UNIT OPTION
78KOR FLASH
CMPOM/P81, CCoPFl{JE [FLASH
CMP1M/P83
CMPOP/P80, COMPARATOR  [(—>
CMP1P/P82 @ @
SERIAL ARRAY
UNIT(4ch) @
UARTO
RxDO/P74
TXDO/P73 LINSEL
RxD1/P31 — o RAM
TXD1/P30 ~—
SCKO0/P75
SI00/P74 CSl00
S000/P73 -
SCKO01/P72
S101/P71 CSI01
S001/P70
SCK10/P32
SI10/P31 cSlo
SO10/P30
SCL10/P32 ~— o
SDA10/P31 — ‘ ‘
SDA0/PE1 ~—|  SERIAL Voo Ves FLMDO

SCLO/P60~—

INTERFACE IICA

RxDO0/P74 (LINSEL)
INTPO/P120 1»

INTP1/P31,
INTP2/P32
INTP4/P70,
INTP5/P71,
INTP6/P72

INTP3/P80,
INTP7/P82

2N
INTERRUPT
controL |V
BCD
ADJUSTMENT -

MULTIPLIER&
DIVIDER “

g 88

o]

BUZZER OUTPUT

CLOCK OUTPUT
CONTROL

<:> P00, PO
<:> P10-P13
<:> P20-P27
<:> P30-P32
<:> P40, P41
<:> P50-P52
P60, P61
P70-P77
P80-F’83

()| PORT12 P120
K2 IP121-P124

P140

<:>P150-P152

PCLBUZ0/P140

n ANI0/P20-
ANI7/P27

ANI8/P150-
{=>| A CONVERTER ANIO/P152
AVrer
AVss
PROGRAMMABLE
GAIN AMPLIFIER PGAI/P80
LOW-SPEED
INTERNAL
OSCILLATOR
¥
WINDOW
K> WATCHDOG
TIMER
K —>|REALTIME COUNTER
(| DIRECT MEMORY
ACCESS CONTROL
POWER ON CLEAR/ .
LOW VOLTAGE o
INDICATOR

RESET CONTROL
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-~ TOOLO/P40
(| ON-CHIP DEBUG TooLia1

SYSTEM RESET
CONTROL X1/P121
X2/EXCLK/P122
HIGH-SPEED P23
INTERNAL XT2/P124
OSCILLATOR
VOLTAGE

EXLVI/P120
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1.6.4 78KOR/IE3

78KOR
CPU
CORE

FLASH
MEMORY

g U

TIMER ARRAY
UNIT (12ch)
TIOO/PO0 ——»=
TOO00/POT ~—] cho
SLTI/SLTO/P52 chi
TI02/TO02/P10 ch2
TI03/TO03/P11 ch3
TI04/TO04/P12 cha
TIO5/TO05/P13 chs -
TI06/TO06/P14 ché
TIO7/TO07/P15 | e
RxDO/P74 (LINSEL)
TIO8/TO08/P16 chs
L
TI09/TO09/P17 N e
TIHO/P74
TO10/P73 h1o
RxDO/P74 (LINSEL) ¢
(o]
TI11/P75
TO11/P30 chii
TMOFF0O/P80 —~|  TIMER ARRAY
TMOFF1/P82 —|  UNIT OPTION -
CMPOM/P81,
CMP1M/P83
GCMPOP/PS0, comparaTorR [
CMP1P/P82
SERIAL ARRAY
UNIT(4ch)
RxDO/P74 UARTO
TxDO/P73 LINSEL
RxD1/P31 —
TXD1/P30 ~—] UART!
SCKO0/P75
SI00/P74 Csloo
S000/P73 K
SCK01/P72
SI01/P71 Cslo1
S001/P70
SCK10/P32
SI10/P31 csio
S010/P30

SCL10/P32 -— IIc10
SDA10/P31 —

SDAQ/P61 ~—n|

SERIAL

SCLO/P60~——=|  INTERFACE IICA
RxDO/P74 (LINSEL)

INTPO/P1201—>

INTP1/P31,

INTP2/P32

INTP4/P70, INTERRUPT

INTP5/P71, 3y  CONTROL

INTP6/P72

INTP3/P80,

INTP7/P82

BCD
ADJUSTMENT -

MULTIPLIER& “
DIVIDER

34

0

RAM

Vob, Vss,
EVop EVss

FLMDO

<:> P00, PO1
<:> P10-P17
<:>P20-P27
<:>P30-P33
<:>P40-P43
<:>P50-P53
<:>Pso, P61
<:>P70-P77
<:>P80-P83
~—P120
<:> P121-P124
oo ] o
<:>P150-P153

BUZZER OUTPUT

CLOCK OUTPUT
CONTROL
5 ANIO/P20-
ANI7/P27
ANI8/P150-
<{~>| A/ CONVERTER ANIT1/P153
AVRrer
AVss
PROGRAMMABLE
GAIN AMPLIFIER PGAIPEO
LOW-SPEED
INTERNAL
OSCILLATOR
i
WINDOW
<:> WATCHDOG
TIMER
<:> REALTIME COUNTER
- DIRECT MEMORY
ACCESS CONTROL
POWER ON CLEAR/ POCILVI
LOW VOLTAGE CONTROL
INDICATOR
RESET CONTROL
-~ TOOLO/P40

{Z>| ON-CHIP DEBUG

SYSTEM
CONTROL

HIGH-SPEED
INTERNAL
OSCILLATOR

VOLTAGE
REGULATOR
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[— TOOL1/P41

~—RESET
X1/P121
[~——X2/EXCLK/P122
XT1/P123
XT2/P124

REGC

|I>PCLBUZO/P140, PCLBUZ1/P141

EXLVI/P120
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1.7 Outline of Functions

(1/2)
ltem 78KO0R/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
38-pin 44-pin 48-pin
X X X X X X S X X X X X X X X
Part Number T T T T T T T T o o ) o ) ) L)
M AR A IR A A A A A A A A R S
o] o] o] o] o] o] © o] @ @ [e) @ © [e) o]
T T N T T T 1 T il 1 T 1 1 T LN
3 ] N n N n N N N N N N N 3 M
Q S = » = @ » N o N x A &3 ® &
Internal Flash memory 16 | 32 16 | 32 16 | 32| 32| 48| 64| 32| 48| 64 | 32| 48| 64
memory (self-programming
supported) (KB)
RAM (KB) 1] 15| 1 15 1| 15| 15| 2 |3 15| 2 |3 15[ 2 [ 3
Memory space 1 MB
Main system| High-speed system | X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock clock 21020 MHz: Voo =2.7t0 5.5 V
(Oscillation Internal high-speed | Internal oscillation
frequency) | oqcillation clock 8 MHz (TYP.): Voo = 2.7 t0 5.5 V
40 MHz internal Internal oscillation
high-speed 40 MHz (TYP.): Vob =2.7t0 5.5 V
oscillation clock
Subsystem clock - XT1 (crystal) oscillation
(Oscillation frequency) 32.768 kHz (TYP.): Voo =2.7t0 5.5V
Internal low-speed oscillation clock | Internal oscillation
(dedicated to WDT) 30 kHz (TYP.): Vop=2.7t0 5.5V
General-purpose register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)
Minimum instruction execution time | 0.05 us (High-speed system clock: fux = 20 MHz operation)
0.125 us (Internal high-speed oscillation clock: fin = 8 MHz (TYP.) operation)
- 61 us (Subsystem clock: fsus = 32.768 kHz operation)
Instruction set * 8-bit operation, 16-bit operation
o Multiply (8 bits x 8 bits)
¢ Bit manipulation (Set, reset, test, and Boolean operation), etc.
1/0 port Total 23 31 37 41 45 55
CMOS I/0 21 27 33 34 38 48
CMOS input 2 4 4 4 4 4
CMOS output - - - 1 1 1
N-ch open-drain 1/0O - - - 2 2 2
(6 V tolerance)
Timer 16-bit timer 12 channels
Watchdog timer 1 channel
Real-time counter - 1 channel
Timer outputs 7 9 10 12
(PWM output "“***?) (7) (9) (9) (11)
Notes 1. This is 2 KB when the self-programming function is used.

2. The number of outputs varies, depending on the setting.
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o Internal reset by watchdog timer

o Internal reset by power-on-clear

o Internal reset by low-voltage detector

« Internal reset by illegal instruction execution
* Internal reset by a reset processing check error

(2/2)
Item 78KOR/IB3 78KOR/IC3 78KO0OR/ID3 78KOR/IE3
38-pin 44-pin 48-pin
Part Number Sl 33| 2| 3| 33|32 3|3l 3 33
81 B| 2| 3] 2| 3| 3| 5| 3| BN B|B| 8|8
Clock output/buzzer output - 1 2
e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz
5 MHz, 10 MHz
(peripheral hardware clock: fuan = 20 MHz operation)
e 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz
4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)
10-bit resolution A/D converter| 6 channels | 8 channels |10 channels 11 channels 12 channels
(AVRer = 2.7 t0 5.5 V)
Serial interface 78KO0R/IB3, 78KOR/IC3 (38-pins)
e UART (LIN-bus supported): 1 channel
e CSI: 1 channel/UART: 1 channel/simplified I°C: 1 channel
78KOR/IC3 (44-pins)
e CSI: 2 channel/ UART (LIN-bus supported): 1 channel
e CSI: 1 channel/lUART: 1 channel/simplified I’C: 1 channel
78KOR/IC3 (48-pins), 78KOR/ID3, 78KOR/IE3
e CSI: 2 channel/ UART (LIN-bus supported): 1 channel
e CSI: 1 channel/lUART: 1 channel/simplified I°C: 1 channel
e I°C: 1 channel
Multiplier/divider e 16 bits x 16 bits = 32 bits (multiplication)
e 32 bits + 32 bits = 32 bits (division)
DMA controller 2 channels
Vectored interrupt| Internal 31 33 33 34 34 34
sources External 6 8 8 8 8 8
Reset o Reset byFSETpin

Power-on-clear circuit

e Power-on-reset: 1.61 £0.09 V

* Power-down-reset: 1.59 £0.09 V

Low-voltage detector

2.84 Vto 4.22 V (10 stages)

On-chip debug function

Provided

Power supply voltage

Voo =2.7t05.5V

Operating ambient temperature

Ta=-40to +85 °C

Note The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip debug

emulator.
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2.1 Pin Function List

CHAPTER 2 PIN FUNCTIONS

power supplies and the pins is shown below.

Table 2-1. Pin I/O Buffer Power Supplies (78KOR/IB3)

30-pin plastic SSOP (7.62 mm (300))

Power Supply Corresponding Pins
AVRer P20 to P25, P80, P81, P83
Vob » Port pins other than P20 to P25, P80, P81, P83

o Pins other than port pins

Table 2-2. Pin I/O Buffer Power Supplies (78KOR/IC3)

38-pin plastic SSOP (7.62 mm (300))
44-pin plastic LQFP (10x10)
48-pin plastic TQFP (fine pitch) (7x7)

Power Supply Corresponding Pins
AVRer P20 to P27, P150 , P151 (44-pin products), P150 to P152 (48-pin products),
P80 to P83
Vop e Port pins other than P20 to P27, P150 to P152, P80 to P83

* Pins other than port pins

Table 2-3. Pin I/0O Buffer Power Supplies (78K0OR/ID3)

52-pin plastic LQFP (10x10)

Power Supply Corresponding Pins
AVRer P20 to P27, P150 to P152, P80 to P83
Vop » Port pins other than P20 to P27, P150 to P152, P80 to P83

¢ Pins other than port pins

Table 2-4. Pin I/O Buffer Power Supplies (78 KOR/IE3)

64-pin plastic LQFP (12x12)
64-pin plastic LQFP (fine pitch) (10x10)

Power Supply Corresponding Pins
AVrer P20 to P27, P150 to P153, P80 to P83
EVoo o Port pins other than P20 to P27, P150 to P153, P80 to P83, P121 to P124
e The RESET pin and FLMDO pin
Voo e P121to P124

 Pins other than port pins (other than the RESET pin and FLMDO pin)
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CHAPTER 2 PIN FUNCTIONS

2.1.1 78KO0R/IB3

(1) Port functions : 78KOR/IB3

Function Name /0 Function After Reset | Alternate Function
P10 110 Port 1. Input port TI02/TO02/TxD0O
P11 4-bit /O port. TI03/TO03/RxDO
Input/output can be specified in 1-bit units.
P12 . . - TI04/TO04
Use of an on-chip pull-up resistor can be specified by a software
P13 setﬁng_ TI05/TO05
P20 to P25 110 Port 2. Digital input | ANIO to ANI5
6-bit 1/0 port. port
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input port SO10/TxD1/TO11
3-bit I/0 port.
Input of P31 and P32 can be set to TTL buffer.
P31 Output of P30 to P32 can be set to N-ch open-drain output (Voo SI10/RxD1/SDA10/
tolerance). INTP1/T109
Input/output can be specified in 1-bit units. —
P32 pulioultput can be speailied . SCK10/SCL10/
Use of an on-chip pull-up resistor can be specified by a software INTP2
setting.
P4Q"* 110 Port 4. Input port TOOLO
2-bit I/0 port.
Input/output can be specified in 1-bit units.
P41 Use of an on-chip pull-up resistor can be specified by a software TOOL1
setting.
P50 110 Port 5. Input port TI06/TO06
P51 2-bit I/O port. TI07/TO07
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P80 1/0 Port 8. Analog input | CMPOP/TMOFFO/
3-bit I/0 port. INTP3/PGAI
P81 Inputs/output can be specified in 1-bit units. CMPOM
Inputs of P80, P81 and P83 can be set as comparator inputs or
programmable gain amplifier inputs.
P83 CMP1M
P120 I/10 Port 12. Input port INTPO/EXLVI
P121 Input 1-bit I/0O port and 2-bit input port. X1/INTP4
For only P120, input/output can be specified in 1-bit units.
P122 X2/EXCLK/INTP5

For only P120, use of an on-chip pull-up resistor can be specified
by a software setting.

Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally (see
Caution in 2.2.5 P40 to P43 (port 4)).
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (1/2): 78KOR/IB3

Function Name I/0 Function After Reset | Alternate Function
ANIO to ANI5 Input A/D converter analog input Digital input | P20 to P25
port
CMPOM Input Input voltage on the (-) side of comparator 0 Analog input | P81
CMPOP Input Input voltage on the (+) side of comparator 0 P80/TMOFFO0/
INTP3/PGAI
CMP1M Input Input voltage on the (-) side of comparator 1 P83
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
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 P31/SI10/RxD1/
specified SDA10/TI09
INTP2 P32/SCK10/SCL10
INTP3 Analog input | P80/CMPOP/
TMOFFO/PGAI
INTP4 Input port P122/X1
INTP5 P122/X2/EXCLK
PGAI Input Programmable gain amplifier input Analog input | P80/CMPOP/
TMFOFFO/INTP3
REGC - Connecting regulator output stabilization capacitance for internal - -
operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P11/T103/TO03
RxD1 Serial data input to UART1 P31/SI110/SDA10/
INTP1/T109
SCK10 /0 Clock input/output for CSI10 Input port P32/SCL10/INTP2
SCL10 /0 Clock input/output for simplified I°C Input port P32/SCK10/INTP2
SDA10 1/0 Serial data /O for simplified I°C Input port P31/S110/RxD1/
INTP1/T109
S0 Input Serial data input to CSI10 Input port P31/RxD1/SDA10/
INTP1/T109
SO10 Output | Serial data output from CSI10 Input port P30/TxD1/TO11
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (2/2): 78 KOR/IB3

Function Name /0 Function After Reset | Alternate Function
TI0o2 Input External count clock input to 16-bit timer 02 Input port P10/TO02/TxD0
TIO3 External count clock input to 16-bit timer 03 P11/TO03/RxD0
TIO4 External count clock input to 16-bit timer 04 P12/TO04
TIO5 External count clock input to 16-bit timer 05 P13/TO05
TIO6 External count clock input to 16-bit timer 06 P50/TO06
TIO7 External count clock input to 16-bit timer 07 P51/TO07
TI0O9 External count clock input to 16-bit timer 09 P31/S110/RxD1/
SDA10/INTP1
TMOFFO Input Timer output pin (TO02 to TO07) Hi-Z control input Analog input | P8O/CMPOP/INTP3/
PGAI
TOO02 Output | 16-bit timer 02 output Input port P10/T102/TxD0O
TOO03 16-bit timer 03 output P11/T103/RxD0
TO04 16-bit timer 04 output P12/TI04
TOO05 16-bit timer 05 output P13/TI05
TOO06 16-bit timer 06 output P50/TI06
TOO07 16-bit timer 07 output P51/T107
TO11 16-bit timer 11 output P30/SO10/TO11
TxDO Output | Serial data output from UARTO Input port P10/T102/TO02
TxD1 Output | Serial data output from UART1 Input port P30/SO10/TO11
X1 - Resonator connection for main system clock Input port P121/INTP4
X2 - Input port P122/EXCLK/
INTP5
EXCLK Input External clock input for main system clock Input port P122/X2/INTP5
Voo - Positive power supply (Port pins other than P20 to P25, P80, P81, - -
P83 and other than ports)
AVrer - e A/D converter and comparator reference voltage input - -
o Positive power supply for P20 to P25, P80, P81, P83,
A/D converter, programmable gain amplifier, and comparator
Vss - Ground potential (Port pins other than P20 to P25, P80, P81, P83, - -
and other than ports)
AVss - Ground potential for A/D converter, programmable gain amplifier, - -
comparator, P20 to P25, P80, P81, P83
FLMDO - Flash memory programming mode setting - -
TOOLO I/0 Data 1/O for flash memory programmer/debugger Input port P40
TOOL1 Output | Clock output for debugger Input port P41
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CHAPTER 2 PIN FUNCTIONS

2.1.2 78KO0R/IC3

(1) 38-pin products

(a) Port functions (1/2): 78 KOR/IC3 38-pin products

Function Name /0 Function After Reset | Alternate Function

P10 110 Port 1. Input port T102/TO02

P11 4-bit 1/0 port. TI03/TO03
Input/output can be specified in 1-bit units.

P12 . . - TI04/TO04
Use of an on-chip pull-up resistor can be specified by a software

P13 setting. TI05/TO05

P20 to P27 /0 Port 2. Digital input | ANIO to ANI7
8-bit I/0 port. port
Input/output can be specified in 1-bit units.

P30 1/0 Port 3. Input port SO10/TxD1/TO11
3-bit I/O port.
Input of P31 and P32 can be set to TTL buffer.

P31 Output of P30 to P32 can be set to N-ch open-drain output (Voo SI10/RxD1/SDA10/
tolerance). INTP1/T109
Input/output can be specified in 1-bit units. —

P32 . . - SCK10/SCL10/
Use of an on-chip pull-up resistor can be specified by a software INTP2
setting.

P4Q™* 1/10 Port 4. Input port TOOLO
2-bit I/0 port.
Input/output can be specified in 1-bit units.

P41 Use of an on-chip pull-up resistor can be specified by a software TOOL1
setting.

P50 1/0 Port 5. Input port TI06/TO06

P51 3-bit 1/O port. TI07/TO07
Input/output can be specified in 1-bit units.

P52 . . - SLTI/SLTO
Use of an on-chip pull-up resistor can be specified by a software
setting.

P72 110 Port 7. Input port INTP6/RxD0O
2-bit I/0 port.
Input of P72 can be set to TTL buffer.
Output of P73 can be set to N-ch open-drain output (Voo

P73 tolerance). TxDO/TO10
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.

P80 110 Port 8. Analog input | CMPOP/TMOFF0/
4-bit 1/0 port. INTP3/PGAI
Inputs/output can be specified in 1-bit units.

P81 . CMPOM
Inputs of P80 to P83 can be set as comparator inputs or

P82 programmable gain amplifier inputs. CMP1P/TMOFF1/

INTP7
P83 CMP1M
Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally (see

Caution in 2.2.5 P40 to P43 (port 4)).
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CHAPTER 2 PIN FUNCTIONS

(a) Port functions (2/2): 78KOR/IC3 38-pin products

Function Name I/0 Function After Reset | Alternate Function
P120 I/0 Port 12. Input port INTPO/EXLVI
For only P120, input/output can be specified in 1-bit units.
P122 . . - X2/EXCLK /INTP5
For only P120, use of an on-chip pull-up resistor can be specified
P123 by a software setting. XT1
P124 XT2
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CHAPTER 2 PIN FUNCTIONS

(b) Non-port functions (1/2): 78 KOR/IC3 38-pin products

Function Name I/0 Function After Reset | Alternate Function
ANIO to ANI7 Input A/D converter analog input Digital input | P20 to P27
port
CMPOM Input Input voltage on the (-) side of comparator 0 Analog input | P81
CMPOP Input Input voltage on the (+) side of comparator 0 P80/TMOFFO/
INTP3/PGAI
CMP1M Input Input voltage on the (-) side of comparator 1 P83
CMP1P Input Input voltage on the (+) side of comparator 1 P82/TMOFF1/
INTP7
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
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 P31/SI10/RxD1/
specified SDA10/TI09
INTP2 P32/SCK10/SCL10
INTP3 Analog input | P80/CMPOP/
TMOFFO/PGAI
INTP4 Input port P121/X1
INTP5 P122/X2/EXCLK
INTP6 P72/RxD0
INTP7 Analog input | P82/CMP1P/
TMOFF1
PGAI Input Programmable gain amplifier input Analog input | PBO/CMPOP/
TMOFFO/INTP3
REGC - Connecting regulator output stabilization capacitance for internal - -
operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input | System reset input - -
RxDO Input Serial data input to UARTO Input port P72/INTP6
RxD1 Serial data input to UART1 P31/S110/SDA10/
INTP1/TI09
SCK10 /0 Clock input/output for CSI10 Input port | P32/SCL10/INTP2
SCL10 I/0 Clock input/output for simplified I°C Input port | P32/SCK10/INTP2
SDA10 1/0 Serial data 1/O for simplified I°C Input port P31/S110/RxD1/
INTP1/TI09
S0 Input Serial data input to CSI10 Input port P31/RxD1/SDA10/
INTP1/T109
SLTI Input 16-bit timer 00, 01, 08, 09, 10, 11 input Input port P52/SLTO
SLTO Qutput | 16-bit timer 00, 01, 08, 09, 10, 11 output Input port P52/SLTI
SO10 Output | Serial data output from CSI10 Input port P30/TxD1/TO11
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CHAPTER 2 PIN FUNCTIONS

(b) Non-port functions (2/2): 78 KOR/IC3 38-pin products

Function Name | I/O Function After Reset | Alternate Function
TI02 Input External count clock input to 16-bit timer 02 Input port P10/TO02
TIO3 External count clock input to 16-bit timer 03 P11/TO03
TIO4 External count clock input to 16-bit timer 04 P12/TO04
TIO5 External count clock input to 16-bit timer 05 P13/TO05
TIO6 External count clock input to 16-bit timer 06 P50/TO06
TIO7 External count clock input to 16-bit timer 07 P51/TO07
TI0O9 External count clock input to 16-bit timer 09 P31/S110/RxD1/
SDA10/INTP1
TMOFFO Input Timer output pin (TO02 to TO07) Hi-Z control input Analog input | P8O/CMPOP/INTP3/
PGAI
TMOFF1 P82/CMP1P/INTP7
TOO02 Output | 16-bit timer 02 output Input port P10/TI02
TO03 16-bit timer 03 output P11/TI03
TOO04 16-bit timer 04 output P12/T104
TOO05 16-bit timer 05 output P13/TI05
TOO06 16-bit timer 06 output P50/T106
TO07 16-bit timer 07 output P51/TI07
TO10 16-bit timer 10 output P73/TxD0
TO11 16-bit timer 11 output P30/SO10/TxD1
TxDO Output | Serial data output from UARTO Input port P73/SO00
TxD1 Serial data output from UART1 P30/SO10/TO11
X1 - Resonator connection for main system clock Input port P121/ITNP4
X2 - Input port P122/EXCLK/
INTP5
EXCLK Input External clock input for main system clock Input port P122/X2/INTP5
XT1 - Resonator connection for subsystem clock Input port P123
XT2 - Input port P124
Vop - Positive power supply (Port pins other than P20 to P27, P80 to - -
P83 and other than ports)
AVRer - e A/D converter and comparator reference voltage input - -
o Positive power supply for P20 to P27, P80 to P83, A/D
converter, programmable gain amplifier, and comparator
Vss - Ground potential (Port pins other than P20 to P27, P80 to P83 and - -
other than ports)
AVss - Ground potential for A/D converter, programmable gain amplifier, - -
comparator, P20 to P27 and P80 to P83
FLMDO - Flash memory programming mode setting - -
TOOLO I/0 Data 1/O for flash memory programmer/debugger Input port P40
TOOL1 Output | Clock output for debugger Input port P41
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CHAPTER 2 PIN FUNCTIONS

(2) 44-pin products

(a) Port functions (1/2): 78KOR/IC3 44-pin products

Function Name /0 Function After Reset | Alternate Function
P10 110 Port 1. Input port TI02/TO02
P11 4-bit 1/O port. TI03/TO03
Input/output can be specified in 1-bit units.
P12 . . - TI04/TO04
Use of an on-chip pull-up resistor can be specified by a software
P13 setﬁng_ TIO5/TO05
P20 to P27 110 Port 2. Digital input | ANIO to ANI7
8-bit 1/0 port. port
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input port SO10/TxD1/TO11
P31 S:bit O port. SI10/RxD1/SDA10/
Input of P31 and P32 can be set to TTL buffer. X
Output of P30 to P32 can be set to N-ch open-drain output (Voo INTP1/T109
P32 tolerance). SCK10/SCL10/
Input/output can be specified in 1-bit units. INTP2
Use of an on-chip pull-up resistor can be specified by a software
setting.
P4Q"* 110 Port 4. Input port TOOLO
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P50 110 Port 5. Input port TIO6/TO06
P51 3-bit O port. TI07/TO07
Input/output can be specified in 1-bit units.
P52 . . - SLTI/SLTO
Use of an on-chip pull-up resistor can be specified by a software
setting.
P70 1/0 Port 7. Input port SO01/INTP4
P71 6-bit 1/O port. SI01/INTP5
b Input of P71, P72, P74, and P75 can be set to TTL buffer. SCKOTINTP
2 Output of P70, P72, P73, and P75 can be set to N-ch open-drain ot 6
P73 output (Voo tolerance). S000/TxD0/TO10
P74 Input/output can be specified in 1-bit units. SI100/RxDO/TI10
P75 Use. of an on-chip pull-up resistor can be specified by a software SCKOO/TI 1
setting.
P80 110 Port 8. Analog input | CMPOP/TMOFFO/
4-bit 1/0 port. INTP3/PGAI
P81 Input/output can be specified in 1-bit units. CMPOM
Inputs of P80 to P83 can be set as comparator inputs or
P82 . e CMP1P/TMOFF1/
programmable gain amplifier inputs.
INTP7
P83 CMP1M
Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally (see

Caution in 2.2.5 P40 to P43 (port 4)).
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CHAPTER 2 PIN FUNCTIONS

(a) Port functions (2/2): 78KOR/IC3 44-pin products

Function Name 1/0 Function After Reset Alternate Function

P120 1/0 Port 12. Input port INTPO/EXLVI

P121 Input 1-bit I/O port and 4-bit input port. X1
For only P120, input/output can be specified in 1-bit units.

P122 . . . X2/EXCLK
For only P120, use of an on-chip pull-up resistor can be specified

P123 by a software setting. XT1

P124 XT2

P150, P151 1/0 Port 15. Digital input | ANI8, ANI9
2-bit 1/0 port. port
Input/output can be specified in 1-bit units.
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CHAPTER 2 PIN FUNCTIONS

(b) Non-Port functions (1/2): 78K0OR/IC3 44-pin products

Function Name I/0 Function After Reset | Alternate Function
ANIO to ANI7 Input A/D converter analog input Digital input | P20 to P27
ANI8, ANI9 port P150, P151
CMPOM Input Input voltage on the () side of comparator 0 Analog input | P81
CMPOP Input Input voltage on the (+) side of comparator 0 P80/TMOFFO/
INTP3/PGAI
CMP1M Input Input voltage on the () side of comparator 1 P83
CMP1P Input Input voltage on the (+) side of comparator 1 P82/TMOFF1/
INTP7
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
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 P31/SI10/RxD1/
specified SDA10/TI09
INTP2 P32/SCK10/SCL10
INTP3 Analog input | PBO/CMPOP/
TMOFFO/PGAI
INTP4 Input port P70/SO01
INTP5 P71/S101
INTP6 P72/SCKO1
INTP7 Analog input | P82/CMP1P/
TMOFF1
PGAI Input Programmable gain amplifier input Analog input | PBO/CMPOP/
TMOFFO/INTP3
REGC - Connecting regulator output stabilization capacitance for internal - -
operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P74/S100/T100
RxD1 Serial data input to UART1 P31/SI10/SDA10/
INTP1/TI09
SCKO00 I/0 Clock input/output for CSI00, CSI01, and CSI10 Input port | P75/TI11
SCKo1 P72/INTP6
SCK10 P32/SCL10/INTP2
SCL10 I/0 Clock input/output for simplified I°C Input port P32/SCK10/INTP2
SDA10 I/0 Serial data /O for simplified I°C Input port P31/SI110/RxD1/
INTP1/TI09
SI00 Input Serial data input to CSI00, CSI01, and CSI10 Input port P74/RxDO/TI10
SI01 P71/INTP5
S0 P31/RxD1/SDA10/
INTP1/TI09
SLTI Input 16-bit timer 00, 01, 08, 09, 10, 11 input Input port P52/SLTO
SLTO Qutput | 16-bit timer 00, 01, 08, 09, 10, 11 output Input port P52/SLTI
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CHAPTER 2 PIN FUNCTIONS

(b) Non-Port functions (2/2): 78KOR/IC3 44-pin products

Function Name I/0 Function After Reset | Alternate Function
SO00 Output | Serial data output from CSI00, CSI01, and CSI10 Input port P73/TxD0O/TO10
SO01 P70/INTP4
SO10 P30/TxD1/TO11
TI0o2 Input External count clock input to 16-bit timer 02 Input port P10/TO02
TIO3 External count clock input to 16-bit timer 03 P11/TO03
TIO4 External count clock input to 16-bit timer 04 P12/TO04
TIO5 External count clock input to 16-bit timer 05 P13/TO05
TIO6 External count clock input to 16-bit timer 06 P50/TO06
TIO7 External count clock input to 16-bit timer 07 P51/TO07
TIO9 External count clock input to 16-bit timer 09 P31/S110/RxD1/
SDA10/INTP1
TIHO External count clock input to 16-bit timer 10 P74/S100/RxD0
TI1 External count clock input to 16-bit timer 11 P75/SCK00
TMOFFO Input Timer output pin (TOO02 to TO07) Hi-Z control input Analog input | P8O/CMPOP/INTP3/
PGAI
TMOFF1 P82/CMP1P/INTP7
TOO02 Output | 16-bit timer 02 output Input port P10/T102
TO03 16-bit timer 03 output P11/TI03
TOO04 16-bit timer 04 output P12/T104
TOO05 16-bit timer 05 output P13/TI05
TOO06 16-bit timer 06 output P14/TI06
TOO07 16-bit timer 07 output P15/T107
TO10 16-bit timer 10 output P73/SO00/TxD0
TO11 16-bit timer 11 output P30/SO10/TxD1
TxDO Output | Serial data output from UARTO Input port P73/SO00/TO10
TxD1 Serial data output from UART1 P30/SO10/TO11
X1 - Resonator connection for main system clock Input port P121
X2 - Input port P122/EXCLK
EXCLK Input External clock input for main system clock Input port P122/X2
XT1 - Resonator connection for subsystem clock Input port P123
XT2 - Input port P124
Vop - Positive power supply (P20 to P27, P80 to P83, P150, P151 and - -
other than ports
AVRrer - « A/D converter and comparator reference voltage input - -
¢ Positive power supply for P20 to P27, P80 to P83, P150, P151,
A/D converter, programmable gain amplifier, and comparator
Vss - Ground potential (P20 to P27, P80 to P83, P150, P151 and other - -
than ports
AVss - Ground potential for A/D converter, programmable gain amplifier, - -
comparator, P20 to P27, P80 to P83, P150, P151
FLMDO - Flash memory programming mode setting - -
TOOLO I/0 Data 1/O for flash memory programmer/debugger Input port P40
TOOL1 Output | Clock output for debugger Input port P41
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CHAPTER 2 PIN FUNCTIONS

(3) 48-pin products

(a) Port functions (1/2): 78KOR/IC3 48-pin products

Function Name /0 Function After Reset | Alternate Function
P10 110 Port 1. Input port TI02/TO02
P11 4-bit 1/O port. TI03/TO03
Input/output can be specified in 1-bit units.
P12 . . - TI04/TO04
Use of an on-chip pull-up resistor can be specified by a software
P13 setﬁng_ TIO5/TO05
P20 to P27 110 Port 2. Digital input | ANIO to ANI7
8-bit 1/0 port. port
Input/output can be specified in 1-bit units.
P30 110 Port 3. Input port SO10/TxD1/TO11
P31 S:bit O port. SI10/RxD1/SDA10/
Input of P31 and P32 can be set to TTL buffer. X
Output of P30 to P32 can be set to N-ch open-drain output (Voo INTP1/T109
P32 tolerance). SCK10/SCL10/
Input/output can be specified in 1-bit units. INTP2
Use of an on-chip pull-up resistor can be specified by a software
setting.
P4Q"* 110 Port 4. Input port TOOLO
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a software
setting.
P50 110 Port 5. Input port TIO6/TO06
P51 3-bit O port. TI07/TO07
Input/output can be specified in 1-bit units.
P52 . . - SLTI/SLTO
Use of an on-chip pull-up resistor can be specified by a software
setting.
P60 1/0 Port 6. Input port SCLO
2-bit I/O port.
b Output of P60 and P61 is N-ch open-drain output (6 V tolerance). SDA
61 Input/output can be specified in 1-bit units. 0
P70 110 Port 7. Input port SO01/INTP4
P71 6-bit 1/O port. SI01/INTP5
b Input of P71, P72, P74, and P75 can be set to TTL buffer. SCROT/NTP
2 Output of P70, P72, P73, and P75 can be set to N-ch open-drain SCKo1/ 6
P73 output (Voo tolerance). S000/TxDO/TO10
P74 Input/output can be specified in 1-bit units. SI00/RxDO/TI10
P75 Use. of an on-chip pull-up resistor can be specified by a software SCKOO/TIH4
setting.
P80 1/0 Port 8. Analog input | CMPOP/TMOFFO0/
4-bit 1/0 port. INTP3/PGAI
P81 Inputs/output can be specified in 1-bit units. CMPOM
Inputs of P80 to P83 can be set as comparator inputs or
P82 . I CMP1P/TMFF1/
programmable gain amplifier inputs.
INTP7
P83 CMP1M
Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally (see

Caution in 2.2.5 P40 to P43 (port 4)).
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CHAPTER 2 PIN FUNCTIONS

(a) Port functions (2/2): 78KOR/IC3 48-pin products

Function Name /0 Function After Reset | Alternate Function

P120 110 Port 12. Input port INTPO/EXLVI

P121 Input 1-bit I/O port and 4-bit input port. X1
For only P120, input/output can be specified in 1-bit units.

P122 . . - X2/EXCLK
For only P120, use of an on-chip pull-up resistor can be specified

P123 by a software setting. XT1

P124 XT2

P140 Output | Port 14. Output port | PCLBUZ0
1-bit I/O output port.

P150to P152 | I/O Port 15. Digital input | ANI8 to ANI11
3-bit I/O port. port

Input/output can be specified in 1-bit units.
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CHAPTER 2 PIN FUNCTIONS

(b) Non-Port functions (1/3): 78K0R/IC3 48-pin products

Function Name I/0 Function After Reset | Alternate Function
ANIO to ANI7 Input A/D converter analog input Digital input | P20 to P27
ANI8 to ANI10 port P150 to P152
CMPOM Input Input voltage on the () side of comparator 0 Analog input | P81
CMPOP Input Input voltage on the (+) side of comparator 0 P80/TMOFFO/
INTP3/PGAI
CMP1M Input Input voltage on the () side of comparator 1 P83
CMP1P Input Input voltage on the (+) side of comparator 1 P82/TMOFF1/
INTP7
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
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 P31/SI10/RxD1/
specified SDA10/TI09
INTP2 P32/SCK10/SCL10
INTP3 Analog input | PBO/CMPOP/
TMOFFO/PGAI
INTP4 Input port P70/ SO01
INTP5 P71/ Sl01
INTP6 P72/ SCKO1
INTP7 Analog input | P82/CMP1P/
TMOFF1
PCLBUZ0 Qutput | Clock output/buzzer output Output port | P140
PGAI Input Programmable gain amplifier input Analog input | PBO/CMPOP/
TMOFFO/INTP3
REGC - Connecting regulator output stabilization capacitance for internal - -
operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P74/S100/T100
RxD1 Serial data input to UART1 P31/SI110/SDA10/
INTP1/TI09
SCKO00 I/0 Clock input/output for CSI00, CSI01, and CSI10 Input port | P75/TI11
SCKo1 P72/INTP6
SCK10 P32/SCL10/INTP2
SCLO I/0 Clock input/output for I’C Input port P60
SCL10 I/0 Clock input/output for simplified I°C Input port P32/SCK10/INTP2
SDAO 1/0 Serial data I/O for I’C Input port P61
SDA10 Serial data /O for simplified I°'C P31/S110/RxD1/
INTP1/TI09
SI00 Input Serial data input to CSI00, CSI01, and CSI10 Input port P74/RxDO/TI10
SI01 P71/INTP5
S0 P31/RxD1/SDA10/
INTP1/T109
SLTI Input 16-bit timer 00, 01, 08, 09, 10, 11 input Input port P52/SLTO
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CHAPTER 2 PIN FUNCTIONS

(b) Non-Port functions (2/3): 78K0OR/IC3 48-pin products

Function Name I/0 Function After Reset | Alternate Function

SLTO Output | 16-bit timer 00, 01, 08, 09, 10, 11 output Input port P52/SLTI

SO00 Output | Serial data output to CSI00, CSI01, and CSI10 Input port P73/TxD0O/TO10

SO01 P70/INTP4

SO10 P30/TxD1/TO11

TI02 Input External count clock input to 16-bit timer 02 Input port P10/TO02

TIO3 External count clock input to 16-bit timer 03 P11/TO03

TIO4 External count clock input to 16-bit timer 04 P12/TO04

TIO5 External count clock input to 16-bit timer 05 P13/TO05

TIO6 External count clock input to 16-bit timer 06 P14/TO06

TIO7 External count clock input to 16-bit timer 07 P15/TO07

TI0O9 External count clock input to 16-bit timer 09 P31/SI110/RxD1/
SDA10/INTP1

THO External count clock input to 16-bit timer 10 P74/S100/RxD0

TI1 External count clock input to 16-bit timer 11 P75/SCK00

TMOFFO Input Timer output pin (TO02 to TO07) Hi-Z control input Analog input | PBO/CMPOP/INTP3/
PGAI

TMOFF1 P82/CMP1P/INTP7

TOO02 Output | 16-bit timer 02 output Input port P10/TI02

TOO03 16-bit timer 03 output P11/T103

TO04 16-bit timer 04 output P12/T104

TOO05 16-bit timer 05 output P13/TI05

TOO06 16-bit timer 06 output P50/TI06

TOO07 16-bit timer 07 output P51/T107

TO10 16-bit timer 10 output P73/SO00/TxD0

TO11 16-bit timer 11 output P30/SO10/TxD1

TxDO Output | Serial data output from UARTO Input port P73/SO00/TO10

TxD1 Serial data output from UART1 P30/SO10/TO11

X1 - Resonator connection for main system clock Input port P121

X2 - Input port P122/EXCLK

EXCLK Input External clock input for main system clock Input port P122/X2

XT1 - Resonator connection for subsystem clock Input port P123

XT2 - Input port P124
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CHAPTER 2 PIN FUNCTIONS

(b) Non-Port functions (3/3): 78K0R/IC3 48-pin products

Function Name I/0 Function After Reset | Alternate Function
Vob - Positive power supply (P20 to P27, P80 to P83, P150 to P152 and - -
other than ports
AVRer - o A/D converter and comparator reference voltage input - -
» Positive power supply for P20 to P27, P80 to P83, P150 to
P152, A/D converter, programmable gain amplifier, and
comparator
Vss - Ground potential (P20 to P27, P80 to P83, P150 to P152 and - -
other than ports
AVss - Ground potential for A/D converter, programmable gain amplifier, - -
comparator, P20 to P27, P80 to P83, P150 to P152
FLMDO - Flash memory programming mode setting - -
TOOLO I/0 Data 1/O for flash memory programmer/debugger Input port P40
TOOL1 Output | Clock output for debugger Input port P41
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CHAPTER 2 PIN FUNCTIONS

2.1.3 78KO0R/ID3

(1) Port functions (1/2): 78KOR/ID3

Function Name I/0 Function After Reset | Alternate Function
POO I/0 Port 0. Input port TIOO
PO1 2-bit 1/0 port. TO00
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P10 I/0 Port 1. Input port TI102/TO02
P11 4-bit I/O port. TI03/TO03
Input/output can be specified in 1-bit units.
P12 ) . - TI04/TO04
Use of an on-chip pull-up resistor can be specified by a
P13 software setting. TI05/TO05
P20 to P27 I/0 Port 2. Digital input | ANIO to ANI7
8-bit 1/0 port. port
Input/output can be specified in 1-bit units.
P30 I/0 Port 3. Input port SO10/TxD1/TO11
P31 3-bit /O port. SI10/RxD1/SDA10/
Input of P31 and P32 can be set to TTL buffer.
) INTP1/T109
Output of P30 to P32 can be set to N-ch open-drain output (Vop
P32 tolerance). SCK10/SCL10/
Input/output can be specified in 1-bit units. INTP2
Use of an on-chip pull-up resistor can be specified by a
software setting.
P40 " I/0 Port 4. Input port | TOOLO
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.
P50 I/0 Port 5. Input port TI06/TO06
P51 8-bit /O port. TI07/TO07
Input/output can be specified in 1-bit units.
P52 . . " SLTI/SLTO
Use of an on-chip pull-up resistor can be specified by a
software setting.
P60 I/0 Port 6. Input port SCLO
Output of P60 and P61 is N-ch open-drain output (6 V
tolerance).
Input/output can be specified in 1-bit units.
P70 I/0 Port 7. Input port SOO01/INTP4
P71 8-bit /O port. SI01/INTP5
Input of P71, P72, P74, and P75 can be set to TTL buffer.
P72 Output of P70, P72, P73, and P75 can be set to N-ch open- SCKO1/INTP6
P73 drain output (Vop tolerance). S000/TXDO/TO10
Input/output can be specified in 1-bit units.
P74 Use of an on-chip pull-up resistor can be specified by a SI00/RxDO/TI10
P75 software setting. SCKOO0/TI11
P76 -
P77 -

Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally (see

Caution in 2.2.5 P40-P43 (port 4)).
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CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2): 78KOR/ID3

Function Name I/0 Function After Reset | Alternate Function
P80 I/0 Port 8. Analog input | CMPOP/TMOFFO/
4-bit 1/0 port. INTP3/PGAI
P81 Inputs/output can be specified in 1-bit units. CMPOM
Inputs of P80 to P83 can be set as comparator inputs or
P82 programmable gain amplifier inputs. CMP1P/TMOFF1/
INTP7
P83 CMP1M
P120 I/0 Port 12. Input port INTPO/EXLVI
P121 Input 1-bit I/O port and 4-bit input port. X1
For only P120, input/output can be specified in 1-bit units.
P122 For only P120, use of an on-chip pull-up resistor can be X2/EXCLK
P123 specified by a software setting. XT1
P124 XT2
P140 Output | Port 14. Output port | PCLBUZO
1-bit output port.
P150 to P152 I/0 Port 15. Digital input | ANI8 to ANI10
3-bit I/O port. port

Input/output can be specified in 1-bit units.
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (1/3): 78KOR/ID3

Function Name I/0 Function After Reset Alternate Function
ANIO to ANI7 Input A/D converter analog input Digital input |P20 to P27
ANI8 to ANI10 port P150 to P152
CMPOM Input Input voltage on the (-) side of comparator O Analog input |P81
CMPOP Input Input voltage on the (+) side of comparator O P80/TMOFFO/
INTP3/PGAI
CMP1M Input Input voltage on the () side of comparator 1 P83
CMP1P Input Input voltage on the (+) side of comparator 1 P82/TMOFF1/INTP7
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
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 P31/SI10/RxD1/
specified SDA10/TI09
INTP2 P32/SCK10/SCL10
INTP3 Analog input [P80/CMPOP/
TMOFFO/PGAI
INTP4 Input port  |P70/SO01
INTP5 P71/S101
INTP6 P72/SCKO01
INTP7 Analog input |P82/CMP1P/TMOFF1
PCLBUZ0 Output | Clock output/buzzer output Output port |P140
PGAI Input Programmable gain amplifier input Input port P80/CMPOP/
TMOFFO/INTP3
REGC - Connecting regulator output stabilization capacitance for - -
internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port P74/S100/TI10
RxD1 Serial data input to UART1 P31/S110/SDA10/
INTP1/TI109
SCK00 Input Clock input/output for CSI00, CSI01, and CSI10 Input port  |P75/TI11
SCKO1 P72/INTP6
SCK10 P32/SCL10/INTP2
SCLO I/0 Clock input/output for I’C Input port  |P60
SCL10 /0 Clock input/output for simplified I°C Input port  |P32/SCK10/INTP2
SDAO 1’0 Serial data /O for I’C Input port  |P61
SDA10 Serial data 1/O for simplified I°C Input port  [P31/SI10/RxD1/
INTP1/T109
Sloo Input Serial data input to CSI00, CSI01, and CSI10 Input port  |P74/RxD0/TI10
SIo1 P71/INTP5
S0 P31/RxD1/SDA10/
INTP1/TI09
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (2/3): 78KO0R/ID3

Function Name I/0 Function After Reset | Alternate Function

SLTI Input 16-bit timer 00, 01, 08, 09, 10, 11 input Input port P52/SLTO

SLTO Output | 16-bit timer 00, 01, 08, 09, 10, 11 output Input port P52/SLTI

SO00 Output | Serial data output from CSI00, CSI01, and CSI10 Input port P73/TxD0O/TO10

SO01 P70/INTP4

SO10 P30/TxD1/TO11

TI0OO Input External input to 16-bit timer 00 Input port P00

TIO2 External input to 16-bit timer 02 P10/TO02

TIO3 External input to 16-bit timer 03 P11/TO03

TIO4 External input to 16-bit timer 04 P12/TO04

TIO5 External input to 16-bit timer 05 P13/TO05

TIO6 External input to 16-bit timer 06 P50/TO06

TI07 External input to 16-bit timer 07 P51/TO07

TI09 External input to 16-bit timer 09 P31/RxD1/SDA10/
INTP1

TIHO External input to 16-bit timer 10 P74/S100/RxD0

T External input to 16-bit timer 11 P75/SCK00

TMOFFO Input Timer output pin (TO02 to TO07) Hi-Z control input Analog input | PBO/CMPOP/INTP3/
PGAI

TMOFF1 P82/CMP1P/INTP7

TOO00 Qutput 16-bit timer 00 output Input port PO1

TOO02 16-bit timer 02 output P10/T102

TOO03 16-bit timer 03 output P11/TI03

TOO04 16-bit timer 04 output P12/T104

TOO05 16-bit timer 05 output P13/TI05

TOO06 16-bit timer 06 output P50/T106

TOO07 16-bit timer 07 output P51/T107

TO10 16-bit timer 10 output P73/SO00/TxD0

TO11 16-bit timer 11 output P30/SO10/TxD1

TxDO OQutput | Serial data output from UARTO Input port P73/SO00/TO10

TxD1 Serial data output from UART1 P30/SO10/TO11

X1 - Resonator connection for main system clock Input port P121

X2 - Input port P122/EXCLK

EXCLK Input External clock input for main system clock Input port P122/X2

XT1 - Resonator connection for subsystem clock Input port P123

XT2 - Input port P124
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CHAPTER 2 PIN FUNCTIONS

(2) Non-port functions (3/3): 78KO0R/ID3

Function Name I/0 Function After Reset Alternate Function
Voo - Positive power supply (P20 to P27, P80 to P83, P150 to P152 - -
and other than ports
AVRer - o A/D converter and comparator reference voltage input - -
o Positive power supply for P20 to P27, P80 to P83, P150 to
P152, A/D converter, programmable gain amplifier, and
comparator
Vss - Ground potential (P20 to P27, P80 to P83, P150 to P152 and - -
other than ports)
AVss - Ground potential for A/D converter, programmable gain - -
amplifier, comparator, P20 to P27, P80 to P83, P150 to P152.
FLMDO - Flash memory programming mode setting — -
TOOLO 1/0 Data 1/O for flash memory programmer/debugger Input port P40
TOOL1 Output | Clock output for debugger Input port P41
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CHAPTER 2 PIN FUNCTIONS

2.1.4 78KOR/IE3

(1) Port functions (1/2): 78 KOR/IE3

Function Name I/0 Function After Reset | Alternate Function

POO I/0 Port 0. Input port TIOO

PO1 2-bit 1/0 port. TO00
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a
software setting.

P10 I/0 Port 1. Input port TI102/TO02

P11 8-bit /O port. TI03/TO03
Input/output can be specified in 1-bit units.

P12 . . - TI04/TO04
Use of an on-chip pull-up resistor can be specified by a

P13 software setting. TI05/TO05

P14 TI06/TO06

P15 TIO7/TO07

P16 TI08/TO08

P17 TI09/TO09

P20 to P27 I/0 Port 2. Digital input | ANIO to ANI7
8-bit 1/0 port. port
Input/output can be specified in 1-bit units.

P30 I/0 Port 3. Input port SO10/TxD1/TO11

P31 4-bit /O port. SI10/RxD1/SDA10/
Input of P31 and P32 can be set to TTL buffer. INTP1
Output of P30 to P32 can be set to N-ch open-drain output (Voo

P32 tolerance). SCK10/SCL10/
Input/output can be specified in 1-bit units. INTP2

P33 Use of an on-chip pull-up resistor can be specified by a _
software setting.

P4o™*® /0 Port 4. Inputport | TOOLO

a2 Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by a _

P43 software setting. -

P50 I/0 Port 5. Input port -

P51 4-bit 1/0 port. _
Input/output can be specified in 1-bit units.

P52 ) ) - SLTI/SLTO
Use of an on-chip pull-up resistor can be specified by a

P53 software setting. -

P60 IO Port 6. Input port SCLO
2-bit 1/0 port.

P61 Output of P60 and P61 is N-ch open-drain output (6 V SDAO
tolerance).
Input/output can be specified in 1-bit units.

Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally (see

Caution in 2.2.5 P40-P43 (port 4)).
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CHAPTER 2 PIN FUNCTIONS

(1) Port functions (2/2): 78KOR/IE3

Function Name I/0 Function After Reset Alternate Function
P70 I/0 Port 7. Input port SOO01/INTP4
P71 8-bit /O port. SI01/INTP5
Input of P71, P72, P74, and P75 can be set to TTL buffer.
P72 Output of P70, P72, P73, and P75 can be set to N-ch open- SCKO1/INTP6
P73 drain output (Vop tolerance). SO00/TXDO/TO10
Input/output can be specified in 1-bit units.
P74 Use of an on-chip pull-up resistor can be specified by a SI00/RxDO/TI10
P75 software setting. SCKO00/TI11
P76 -
P77 -
P80 I/0 Port 8. Analog input | CMPOP/TMOFF0/
4-bit 1/0 port. INTP3/PGAI
P81 Inputs/output can be specified in 1-bit units. CMPOM
Inputs of P80 to P83 can be set as comparator inputs or
P82 programmable gain amplifier inputs. CMP1P/TMOFF1/
INTP7
P83 CMP1M
P120 I/0 Port 12. Input port INTPO/EXLVI
P121 Input 1-bit 1/O port and 4-bit input port. X1
For only P120, input/output can be specified in 1-bit units.
P122 For only P120, use of an on-chip pull-up resistor can be X2/EXCLK
P123 specified by a software setting. XT1
P124 XT2
P140 Output | Port 14. Output port | PCLBUZO0
1-bit output port and 1-bit I/O port.
For only P141, input/output can be specified in 1-bit units.
P141 Vo For only P141, use of an on-chip pull-up resistor can be Input port PCLBUZ1
specified by a software setting.
P150 to P153 I/0 Port 15. Digital input | ANI8 to ANI11
4-bit I/O port. port

Input/output can be specified in 1-bit units.
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CHAPTER 2 PIN FUNCTIONS

(2) Non-Port functions (1/3): 78KOR/IE3

Function Name I/0 Function After Reset Alternate Function
ANIO to ANI7 Input A/D converter analog input Digital input |P20 to P27
ANI8 to ANI11 port P150 to P153
CMPOM Input Input voltage on the (-) side of comparator O Analog input |P81
CMPOP Input Input voltage on the (+) side of comparator O P80/TMOFFO/
INTP3/PGAI
CMP1M Input Input voltage on the () side of comparator 1 P83
CMP1P Input Input voltage on the (+) side of comparator 1 P82/TMOFF1/INTP7
EXLVI Input Potential input for external low-voltage detection Input port P120/INTPO
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 P31/SI10/RxD1/
specified SDA10
INTP2 P32/SCK10/SCL10
INTP3 Analog input |P80/CMPOP/
TMOFFO/PGAI
INTP4 Input port  |P70/SO01
INTP5 P71/S101
INTP6 P72/SCKO01
INTP7 Analog input |P82/CMP1P/TMOFF1
PCLBUZ0 Output | Clock output/buzzer output Output port |P140
PCLBUZ1 Input port  |P141
PGAI Input Programmable gain amplifier input Input port  |P80/CMPOP/
TMOFFO/INTP3
REGC - Connecting regulator output stabilization capacitance for - -
internal operation.
Connect to Vss via a capacitor (0.47 to 1 uF).
RESET Input System reset input - -
RxDO Input Serial data input to UARTO Input port  |P74/SI00/TI10
RxD1 Serial data input to UART1 P31/SI10/SDA10/
INTP1
SCKO00 Input | Clock input/output for CSI00, CSI01, and CSI10 Input port  [P75/TI11
SCKO1 P72/INTP6
SCK10 P32/SCL10/INTP2
SCLO Input Clock input/output for I’C Input port  [P60
SCL10 Input Clock input/output for simplified I°C Input port P32/SCK10/INTP2
SDAO Input Serial data 1/O for I’C Input port  |P61
SDA10 Serial data /O for simplified I°C Input port  |P31/SI10/RxD1/
INTP1
SI00 Input Serial data input to CSI00, CSI01, and CSI10 Input port  |P74/RxDO/TI10
SI01 P71/INTP5
Si1o P31/RxD1/SDA10/
INTP1
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CHAPTER 2 PIN FUNCTIONS

(2) Non-Port functions (2/3): 78KOR/IE3

Function Name I/0 Function After Reset | Alternate Function

SLTI Input 16-bit timer 00, 01, 08, 09, 10, 11 input Input port P52/SLTO

SLTO Output | 16-bit timer 00, 01, 08, 09, 10, 11 output Input port P52/SLTI

SO00 Output | Serial data output from CSI00, CSI01, and CSI10 Input port P73/TxD0O/TO10

SO01 P70/INTP4

SO10 P30/TxD1/TO11

TI0OO Input External input to 16-bit timer 00 Input port P00

TI0o2 External input to 16-bit timer 02 P10/TO02

TIO3 External input to 16-bit timer 03 P11/TO03

TI0O4 External input to 16-bit timer 04 P12/TO04

TIO5 External input to 16-bit timer 05 P13/TO05

TIO6 External input to 16-bit timer 06 P14/TO06

TI07 External input to 16-bit timer 07 P15/TO07

TI08 External input to 16-bit timer 08 P16/TO08

TI09 External input to 16-bit timer 09 P17/TO09

TIHO External input to 16-bit timer 10 P74/S100/RxD0

T External input to 16-bit timer 11 P75/SCKO00

TMOFFO Input Timer output pin (TO02 to TO07) Hi-Z control input Analog input | PBO/CMPOP/INTP3/

PGAI

TMOFF1 P82/CMP1P/INTP7

TOO00 Qutput 16-bit timer 00 output Input port PO1

TOO02 16-bit timer 02 output P10/T102

TOO03 16-bit timer 03 output P11/TI03

TOO04 16-bit timer 04 output P12/T104

TOO05 16-bit timer 05 output P13/TI05

TO06 16-bit timer 06 output P14/T106

TOO07 16-bit timer 07 output P15/T107

TOO08 16-bit timer 08 output P16/TI08

TOO09 16-bit timer 09 output P17/T109

TO10 16-bit timer 10 output P73/SO00/TxDO0

TO1M 16-bit timer 11 output P30/SO10/TxD1

TxDO Output | Serial data output from UARTO Input port P73/SO00/TO10

TxD1 Serial data output from UART1 P30/SO10/TO11

X1 - Resonator connection for main system clock Input port P121

X2 - Input port P122/EXCLK

EXCLK Input External clock input for main system clock Input port P122/X2

XT1 - Resonator connection for subsystem clock Input port P123

XT2 - Input port P124

Vob - Positive power supply (P121 to P124 and other than ports - -
(excluding RESET pin and FLMDO pin))

EVop - Positive power supply for ports (other than P20 to P27, P80 to - -
P83, P150 to P153, and P121 to P124), RESET pin, and
FLMDO pin
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CHAPTER 2 PIN FUNCTIONS

(2) Non-Port functions (3/3): 78KOR/IE3

Function Name I/0 Function After Reset Alternate Function
AVRer - « A/D converter and comparator reference voltage input - -
* Positive power supply for P20 to P27, P80 to P83, P150 to
P153, A/D converter, programmable gain amplifier, and
comparator
Vss - Ground potential (P121 to P124 and other than ports (excluding - -
RESET and FLMDO pins))
EVss - Ground potential for ports (other than P20 to P27, P80 to P83, - -
P150 to P153, and P121 to P124), RESET pin, and FLMDO pin
AVss - Ground potential for A/D converter, programmable gain - -
amplifier, comparator, P20 to P27, P80 to P83, and P150 to
P153. Make AVss the same potential as EVss and Vss.
FLMDO - Flash memory programming mode setting — -
TOOLO I/0 Data 1/O for flash memory programmer/debugger Input port P40
TOOL1 Output | Clock output for debugger Input port P41
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2.2 Description of Pin Functions

Remark The pins mounted depend on the product.
Function List.

2.2.1 P00, P01 (port 0)
P00 and P01 function as I/O port. These pins also function as timer 1/O.

See 1.4 Pin Configuration (Top View) and 2.1

78KOR/IB3

78KOR/IC3

(38-pin)

(44-pin)

(48-pin)

78KOR/ID3

78KOR/IE3

P0OO/TI00

P01/TO00

The following operation modes can be specified in 1-bit units.
(1) Port mode
P00 and P01 function as I/O port. P00 and P01 can be set to input or output port in 1-bit units using port mode

register 0 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 (PUO).

(2) Control mode
P00 and P01 function as timer 1/O.

(a) TIOO
This is the pin for inputting an external count clock/capture trigger to 16-bit timer 00.

(b) TOO0
This is the timer output pin of 16-bit timer 00.
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2.2.2 P10 to P17 (port 1)
P10 to P17 function as I/O port. These pins also function as timer I/O.

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P10/T102/TO02/ v P10/TI02/TO02""" | P10/TI02/TO02" " | P10/TI02/TO02"" " | P10/TI02/TO02""* | P10/TI02/TO02"" !
TxDO
P11/TI03/TO03/ v P11/TI03/T003"" " |P11/TI03/TO03"* ' | P11/TI03/TO03"**" | P11/TI03/TO03"* ' | P11/TI03/TO03"**"
RxDO
P12/T104/TO04 v v v v v v
P13/T105/TO05 y y \/ J J J
P14/T|06/T006 _Nclez _Nolez _Nolez _Note2 _Note2 \/
P1 5/TIO7/TOO7 _ Note 2 _ Note 2 _ Note 2 _No!eZ _No!eZ \/
P16/TI08/TO08 - - - - - v
P1 7/T|09/T009 _ Note 3 _ Note 3 _ Note 3 _No!eB _No!eB \/
Notes 1. In the 38-pin products of the 78K0R/IC3, TxD0 and RxDO are shared with P73 and P72, respectively.

In the 44-pin products of the 78KOR/IC3 and in the 78KOR/ID3 and 78KOR/IE3, TxDO and RxDO are
shared with P73 and P74, respectively.
2. TIOB/TO06 and TIO7/TO07 are shared with P50 and P51, respectively, in products other than the
78KOR/IES.
3. TI09 is shared with P31, in products other than the 78KOR/IES.

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

(1) Port mode

P10 to P17 function as 8-bit I/0 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).

)

Control mode

P10 to P17 function as timer I/O and serial interface data 1/O.

(a) TIO2 to TIO9
These are the pins for inputting an external count clock/capture trigger to 16-bit timers 02 to 09.

(b)

TOO02 to TO09

These are the timer output pins of 16-bit timers 02 to 09.

(c) TxDO

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

(d) RxDO

This is a serial data input pin of serial interface UARTO.
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2.2.3 P20 to P27 (port 2)
P20 to P27 function as an 8-bit I/O port. These pins also function as A/D converter analog input.

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P20/ANIO 3 v v J V J
P21/ANI1 y y y V V J
P22/ANI2 y v v J d J
P23/ANI3 y y \/ J J J
P24/ANI4 y v 3 J d J
P25/ANI5 y x/ x/ J J J
P26/ANI6 - y v V V J
P27/ANI7 - x/ x/ J J J

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

(1) Port mode
P20 to P27 function as 1/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 12.6 (5) ANIO/P20 to ANI7/P27, ANI8/P150 to ANI11/P153.

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

P30 to P33 function as I/O port. These pins also function as serial interface data I/O, clock I/O, external interrupt

request input, and timer 1/0.

Input to the P30 and P31 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units,

using port input mode register 3 (PIM3).

Output from the P30 to P32 pins can be specified as normal CMOS output or N-ch open-drain output (Vop

tolerance) in 1-bit units, using port output mode register 3 (POM3).

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)

P30/SO10/TxD1 V y y J «/ \
/TO11
P31/SI10/RxD1/ v v v J N P31/SI10/RxD1/
SDA10/INTP1/ SDATOINTP1™*
TIO9
P32/SCK10/ v N y d d J
SCL10/INTP2
P33 - - - - - N

Note TIO9 is shared with P17, in the 78KOR/IES.

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

(1) Port mode

P30 to P33 function as 1/0O 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 P32 function as serial interface data I/O, clock 1/O, external interrupt request input, and timer 1/0.

(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.

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

(d) TxD1

This is a serial data output pin of serial interface UART1.

(e) RxD1
This is a serial data input pin of serial interface UART1.

(f) SDA10

This is a serial data /O pin of serial interface for simplified I°C.
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(g) SCL10
This is a serial clock 1/O pin of serial interface for simplified 1°C.

(h) INTP1, INTP2
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.

(i) TOM1
This is a timer output pin of 16-bit timer 11.

(j) TI09
There is the pin for inputting an external count clock/capture trigger to 16-bit timers 09.

2.2.5 P40 to P43 (port 4)
P40 to P43 function as 1/O port. These pins also function as data 1/O for a flash memory programmer/debugger

and clock output.

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P40/TOOLO v v v v v
P41/TOOL1 v v v v v
P42 - - - - - S
P43 - - - - - J

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

(1) Port mode
P40 to P43 function as I/O port. P40 to P43 can be set to input or output port in 1-bit units using port mode
register 4 (PM4). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4 (PU4).
Be sure to connect an external pull-up resistor to P40 when on-chip debugging is enabled (by using an option
byte).

(2) Control mode
P40 and P41 function as data 1/O for a flash memory programmer/debugger and clock output.
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(a) TOOLO
This is a data I/O pin for a flash memory programmer/debugger.
Be sure to pull up this pin externally when on-chip debugging is enabled (pulling it down is prohibited).

(b) TOOL1
This is a clock output pin for a debugger.
When the on-chip debug function is used, P41/TOOL1 pin can be used as follows by the mode setting on the
debugger.
1-line mode: can be used as a port (P41).
2-line mode: used as a TOOL1 pin and cannot be used as a port (P41).

Caution The function of the P40/TOOLO pin varies as described in (a) to (c) below.
In the case of (b) or (c), make the specified connection.

(a) In normal operation mode and when on-chip debugging is disabled (OCDENSET = 0) by
an option byte (000C3H)
=> Use this pin as a port pin (P40).
(b) In normal operation mode and when on-chip debugging is enabled (OCDENSET = 1) by
an option byte (000C3H)
=> Connect this pin to Vop via an external resistor, and always input a high level to the
pin before reset release.
(c) When on-chip debug function is used, or in write mode of flash memory programmer
=> Use this pin as TOOLO.
Directly connect this pin to the on-chip debug emulator or a flash memory
programmer, or pull it up by connecting it to Vop via an external resistor.

2.2.6 P50 to P53 (port 5)
P50 to P53 function as I/O port. These pins also function as timer I/O.

78KOR/IB3 78KO0OR/IC3 78KO0OR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P50/T106/TO06 N N N N P50 "o
P51/T107/TO07 v N N N N P51 et
P52/SLTI/SLTO - v N N N N
P53 - - - — _ N

Note TI06/TO06 and TI07/TO07 are shared with P14 and P15, in the 78KOR/IES.
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(1) Port mode
P50 to P53 function as 1/O port. P50 to P53 can be set to input or output port in 1-bit units using port mode

register 5 (PM5). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 5 (PU5).

(2) Control mode

P52 functions as timer /0.

(a) TIO6, TIO7

These are the pins for inputting an external count clock/capture trigger to 16-bit timers 06 and 07.

(b) TOO6, TOO7

These are the timer output pins of 16-bit timers 06 and 07.

(c) SLTI
This is used as a pin for inputting an external count clock or a capture trigger to 16-bit timers 00, 01, 08, 09,
10, and 11, by setting the input switching control register (ISC).

(d) SLTO
This is used as a timer output pin of 16-bit timers 00, 01, 08, 09, 10, and 11, by setting the input switching

control register (ISC).

2.2.7 P60 and P61 (port 6)
P60 and P61 function as I/O port. These pins also function as serial interface data I/0 and clock 1/O.

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P60/SCLO - - - J
P61/SDAO - - - V

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

(1) Port mode
P60 and P61 function as I/O port. P60 and P61 can be set to input port or output port in 1-bit units using port

mode register 6 (PM6).

Output of P60 and P61 is N-ch open-drain output (6 V tolerance).

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

(a) SDAO

This is a serial data I/O pin of serial interface [ICA.

(b) SCLO

This is a serial clock 1/0O pin of serial interface [ICA.
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2.2.8 P70 to P77 (port 7)

P70 to P77 function as I/O port. These pins also function as serial interface data I/O, clock I/O, external interrupt
request input, and timer 1/0.

Input to the P71, P72, P74, and P75 pins can be specified through a normal input buffer or a TTL input buffer in 1-
bit units, using port input mode register 7 (PIM7).

Output from the P70, P72, P73, and P75 pins can be specified as normal CMOS output or N-ch open-drain output
(Voo tolerance) in 1-bit units, using port output mode register 7 (POM7).

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)

P70/SO01/INTP4 et et V J

P71/SI01/INTP5 —tore! et y J

P72/SCKO1/ - P72/INTP6/RxD0 N v

INTP6

P73/SO00/TxDO e P73/TxD0/TO10 N v v J

/TO10

P74/SI00/RxD0/ e —fees V v J J

THO

P75/SCKO0/TI11 - - v J V

P76 - - - - \

P77 - - J

Notes 1. In the 78KO0OR/IB3 and the 38-pin products of the 78KO0R/IC3, INTP4 and INTP5 are shared with P121
and P122, respectively.

2. Inthe 78KOR/IB3, TxD0 and RxDO0 are shared with P10 and P11, respectively.

3. Inthe 38-pin products of the 78K0OR/IC3, RxDO is shared with P72.

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

(1) Port mode
P70 to P77 function as 1/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 P75 function as serial interface data 1/O, clock I/O, external interrupt request input, and timer 1/0.

(a) THoO, TI11
These are the pins for inputting an external count clock/capture trigger to 16-bit timers 10 and 11.

(b) TO10
This is a timer output pin of 16-bit timer 10.

(c) Sloo, sio1
These are the serial data input pin of serial interface CSI00 and CSIO1.

(d) S000, SO01
These are the serial data output pin of serial interface CSI00 and CSIO01.

(e) SCKO00, SCKo1
These are the serial clock I/O pins of serial interface CSI00 and CSI01.
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(f) TxDO
This is a serial data output pin of serial interface UARTO.

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

(h) INTP4 to INTP6
These are the external interrupt request input pin for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

2.2.9 P80 to P83 (port 8)

P80 to P83 function as 1/0 port. These pins also function as input voltages on the (+) side of comparators 0 and 1,
input voltages on the (-) side of comparators 0 and 1, timer pin Hi-Z control inputs, external interrupt request inputs,
and programmable gain amplifier inputs.

Inputs to the P80 to P83 pins must be enabled or disabled in 1-bit units using port input mode register 8 (PIM8).

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P80/CMPOP/ v v v J J J
TMOFF0/
INTP3/PGAI
P81/CMPOM v
P82/CMP1P/ -
TMOFF1/INTP7
P83/CMP1M y v v J J J

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

(1) Port mode
P80 to P83 function as I/O port. P80 to P83 can be set to input port or output port in 1-bit units using port mode
register 8 (PM8).

(2) Control mode
P80 to P83 function as input voltages on the (+) side of comparators 0 and 1, input voltages on the (-) side of
comparators 0 and 1, timer pin Hi-Z control inputs, external interrupt request inputs, and programmable gain
amplifier inputs.

(a) CMPOP, CMP1P
These are the input voltage pins on the (+) sides of comparators 0 and 1.

(b) CMPOM, CMP1M
These are the input voltage pins on the (-) sides of comparators 0 and 1.

(c) TMOFF0, TMOFF1
These are the timer output pin (TO02 to TO07) Hi-Z control input pins.
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(d) INTP3, INTP7
These are the external interrupt request input pin for which the valid edge (rising edge, falling edge, or both

rising and falling edges) can be specified.

(e) PGAI

This is an programmable gain amplifier input pin.

2.2.10 P120 to P124 (port 12)

P120 functions as a 1-bit I/0 port. P121 to P124 function as a 4-bit input port. These pins also function as external
interrupt request input, potential input for external low-voltage detection, connecting resonator for main system clock,

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

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P120/INTPO/ v v v J J v
EXLVI
P121/X1/INTP4 P121/X1"* P121/X1 ™" P121/X1M" P121/X1M"
P122/X2/ P122/X2/EXCLK " |P122/X2/EXCLK""® |P122/X2/EXCLK ™" [P122/X2/EXCLK "
EXCLK/INTP5
P123/XT1 -
P124/XT2 -
Note In products other than the 78KOR/IB3 and the 38-pin products of the 78KOR/IC3, INTP4 and INTP5 are

shared with P70 and P71, respectively.

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

(1) Port mode

P120 functions as a 1-bit I/O port. P120 can be set to input or output port using port mode register 12 (PM12).

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 12 (PU12).
P121 to P124 function as a 4-bit input port.

(2) Control mode

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

for main system clock.

(a) INTPO, INTP4, 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.
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(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) XT1, XT2
These are the pins for connecting a resonator for subsystem clock.

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

2.2.11 P140, P141 (port 14)
P140 functions as a 1-bit output port. P141 functions as a 1-bit I/O port. These pins also function as clock/buzzer

output.
78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P140/PCLBUZ0 - - - N N
P141/PCLBUZ1 - - - - -

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

(1) Port mode
P140 functions as a 1-bit output port.
P141 functions as a 1-bit I/O port. P141 can be set to input or output port in 1-bit units using port mode register
14 (PM14). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 14 (PU14).

(2) Control mode
P140 and P141 function as clock/buzzer output.

(a) PCLBUZ0, PCLBUZ1
These are the clock/buzzer output pins.
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2.2.12 P150 to P153 (port 15)
P150 to P153 function as I/O port.

These pins also function as A/D converter analog input.

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P150/ANI8 - - N N N J
P151/ANI9 - - v v v v
P152/ANI10 - - - N N J
P153/ANI11 - - - - - J

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

(1) Port mode

P150 to P153 function as 1/0O port. P150 to P153 can be set to input or output port in 1-bit units using port mode
register 15 (PM15).

(2) Control mode

P150 to P153 function as A/D converter analog input pins (ANI8 to ANI11). When using these pins as analog

input pins, see 12.6 (5) ANIO/P20 to ANI7/P27 and ANI8/P150 to ANI11/P153.

Caution ANI8/P150 to ANI11/P153 are set in the digital input (general-purpose port) mode after release of

2.2.13 AVRer

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

P27, P150 to P153, P80 to P83, A/D converter, programmable gain amplifier, and comparator.

When all pins of port 2, port 15, and port 8 are used as the analog port pins, make the potential of AVRer be such

that 2.7 V < AVRrer < Vop. When one or more of the pins of port 2, port 15, and port 8 are used as the digital port pins

or when the A/D converter, programmable gain amplifier, and comparator are not used, make AVRer the same

potential as EVop and Vob.

2.2.14 AVss

This is the ground potential pin of A/D converter, programmable gain amplifier, comparator, P20 to P27, P150 to

P153, and P80 to P83. Even when the A/D converter, programmable gain amplifier, and comparator are not used,

always use this pin with the same potential as EVss and Vss.

2.2.15 RESET

This is the active-low system reset input pin.

When the external reset pin is not used, connect this pin directly or via a resistor to EVop.

When the external reset pin is used, design the circuit based on Vbb.
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2.2.16 REGC

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

Also, use a capacitor with good characteristics, since it is used to stabilize internal voltage.

: f REGC
1
1
1
1
1
1
!

H;""' Vss

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.

2.2.17 Vob, EVbp

Vop is the positive power supply pin for P121 to P124 and other than ports (other than the RESET pin and FLMDO
pln) Note.

EVop is the positive power supply pin for ports other than those of P20 to P27, P150 to P153, P80 to P83, and
P121 to P124, as well as for the RESET pin and FLMDO pin.

Note With products not provided with an EVop pin, use Vop as the positive power supply pin for port pins other
than P20 to P27, P150 to P153, and P80 to P83, as well as for pins other than those of ports.

2.2.18 Vss, EVss

Vss is the ground potential pin for P121 to P124 and other than ports (other than the RESET pin and FLMDO
pln) Note.

EVss is the ground potential pin for ports other than those of P20 to P27, P150 to P153, P80 to P83, and P121 to
P124, as well as for the RESET pin and FLMDO pin.

Note With products not provided with an EVss pin, use Vss as the ground potential pin for port pins other than
P20 to P27, P150 to P153, and P80 to P83, as well as for pins other than those of ports.
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2.2.19 FLMDO
This is a pin for setting flash memory programming mode.
Perform either of the following processing.

(a)

(b)

(c)

In normal operation mode

It is recommended to leave this pin open during normal operation.

The FLMDO pin must always be kept at the Vss level before reset release but does not have to be pulled
down externally because it is internally pulled down by reset. However, pulling it down must be kept selected
(i.e., FLMDPUP = “0”, default value) by using bit 7 (FLMDPUP) of the background event control register
(BECTL) (see 24.5 (1) Back ground event control register). To pull it down externally, use a resistor of
200 kQ or smaller.

Self programming and the rewriting of flash memory with the programmer can be prohibited using hardware,
by directly connecting this pin to the Vss pin.

In self programming mode

It is recommended to leave this pin open when using the self programming function. To pull it down
externally, use a resistor of 100 kQ to 200 kQ.

In the self programming mode, the setting is switched to pull up in the self programming library.

In flash memory programming mode

Directly connect this pin to a flash memory programmer when data is written by the flash memory
programmer. This supplies a writing voltage of the Vop level to the FLMDO pin.

The FLMDO pin does not have to be pulled down externally because it is internally pulled down by reset. To
pull it down externally, use a resistor of 1 kQ to 200 k<.
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2.3 Pin I/0 Circuits and Recommended Connection of Unused Pins

2.3.1 78KOR/IB3

Table 2-5 shows the types of pin I/O circuits and the recommended connections of unused pins.

Table 2-5. Connection of Unused Pins(78KO0R/IB3) (1/2)

Pin Name 1/0 Circuit Type /0 Recommended Connection of Unused Pins
P10/T102/TO02/TxD0 8-R 110 Input:  Independently connect to Voo or Vss via a resistor.
P11/TI03/TO03/RxDO Output: Leave open.

P12/T104/TO04
P13/T105/TO05
P20/ANIO to P25/ANI5 """ 11-G Input: Independently connect to AVrer or AVss via a resistor.
Output: Leave open.
P30/SO10/TxD1/TO11 5-AG Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P31/S110/RxD1/SDA10/ 5-AN <When N-ch open-drain>
INTP1/T109 Output
P32/SCK10/SCL10/INTP2 o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P40/TOOLO 8-R <When on-chip debugging is enabled>
Pull this pin up (pulling it down is prohibited).
<When on-chip debugging is disabled>
Input:  Independently connect to Vob or Vss via a resistor.
Output: Leave open.
P41/TOOLA Input:  Independently connect to Voo or Vss via a resistor.
P50/TI06/TO06 Output: Leave open.
P51/T107/TO07
P80/CMPOP/TMOFFO0/ 11-J Input: Independently connect to AVrer or AVss via a resistor.
INTP3/PGAI""*? Output: Leave open.
P81/CMPOM " 11-H
P83/CMP1M "*°*
P120/INTPO/EXLVI 8-R Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P121/X1/INTP4""*? 37-C Input Independently connect to Vob or Vss via a resistor.
P122/X2/EXCLK/INTP5 "*°*

Notes 1.

after release of reset.

3. Use recommended connection above in input port mode (see Figure 5-3 Format of Clock Operation

P25/ANIO to P25/ANI5 are set in the digital input port mode after release of reset.
2. P80/CMPOP/TMOFFO/INTP3/PGAI, P81/CMPOM and P83/CMP1M are set in the analog input port mode

Mode Control Register (CMC)) when these pins are not used.
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CHAPTER 2 PIN FUNCTIONS

Table 2-5. Connection of Unused Pins(78KOR/IB3) (2/2)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
AVRer - - <When one or more of P20 to P25, or P80, P81, P83 are set as a
digital port>
Make this pin the same potential as Vop.
<When all of P20 to P25, and P80, P81, P83 are set as analog
ports>
Make this pin to have a potential where 2.7 V < AVRer < Vop.
AVss - - Make this pin the same potential as the Vss.
FLMDO 2-W - Leave open or connect to Vss via a resistor of 100 kQ or more.
RESET 2 Input Connect directly to Voo or via a resistor.
REGC - - Connect to Vss via capacitor (0.47 to 1 uF).
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CHAPTER 2 PIN FUNCTIONS

2.3.2 78KOR/IC3
Table 2-6 to 2-8 shows the types of pin I/O circuits and the recommended connections of unused pins.

(1) 38-pin products
Table 2-6. Connection of Unused Pins(78KOR/IC3 38-pin products) (1/2)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P10/T102/TO02 8-R 1/0 Input: Independently connect to Voo or Vss via a resistor.
P11/TI03/TO03 Output: Leave open.

P12/T104/TO04
P13/T105/TO05
P20/ANIO to P27/ANI7 " 11-G Input: Independently connect to AVrer or AVss via a resistor.
Output: Leave open.
P30/SO10/TxD1/TO11 5-AG Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P31/SI10/RxD1/SDA10/ 5-AN <When N-ch open-drain>
INTP1/T109 Output
P32/SCK10/SCL10/INTP2 o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Vop
or Vss via a resistor.
P40/TOOLO 8-R <When on-chip debugging is enabled>
Pull this pin up (pulling it down is prohibited).
<When on-chip debugging is disabled>
Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.
P41/TOOLA Input:  Independently connect to Voo or Vss via a resistor.
P50/TI06/TO06 Output: Leave open.
P51/T107/TO07
P52/SLTI/SLTO
P72/INTP6/RxDO0 5-AN
P73/TxD0O/TO10 8-R Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
<When N-ch open-drain>
Output
e Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Vop
or Vss via a resistor.
P80/CMPOP/TMOFFO0/ 11-J Input: Independently connect to AVrer or AVss via a resistor.
INTP3/PGAI"*? Output: Leave open.
P81/CMPOM "°* 11-H
P82/CMP1P/TOMOFF1/ 11-1
INTP7 "2
P83/CMP1M "** 11-H

Notes 1. P20/ANIO to P27/ANI7 are set in the digital input port mode after release of reset.
2. P80/CMPOP/TMOFFO/INTP3/PGAI, P81/CMPOM, P82/CMP1P/TMOFF1/INTP7, P83/CMP1M are set in
the analog input port mode after release of reset.
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Table 2-6. Connection of Unused Pins(78KOR/IC3 38-pin products) (2/2)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P120/INTPO/EXLVI 8-R 1’0 Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.
P121/X1/INTP4 “* 37-C Input Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK/INTP5""
P123/XT1"" 37-B
P124/XT2""
AVrer - - <When one or more of P20 to P27, or P80 to P83 are set as a
digital port>
Make this pin the same potential as Vob.
<When all of P20 to P27, and P80 to P83 are set as analog
ports>
Make this pin to have a potential where 2.7 V < AVrer < Vob.
AVss - - Make this pin the same potential as the Vss.
FLMDO 2-W - Leave open or connect to Vss via a resistor of 100 kQ or more.
"RESET 2 Input Connect directly to Vop or via a resistor.
REGC - - Connect to Vss via capacitor (0.47 to 1 uF).

Note Use recommended connection above in input port mode (see Figure 5-3 Format of Clock Operation Mode
Control Register (CMC)) when these pins are not used.

Users Manual U19678EJ1V1UD 81




CHAPTER 2 PIN FUNCTIONS

(2) 44-pin products

Table 2-7. Connection of Unused Pins(78KOR/IC3 44-pin products) (1/3)

Pin Name I/O Circuit Type I/0 Recommended Connection of Unused Pins
P10/T102/TO02 8-R 1/0 Input:  Independently connect to Voo or Vss via a resistor.
P11/T103/TO03 Output: Leave open.

P12/T104/TO04
P13/T105/TO05
P20/ANIO to P27/ANI7 11-G Input: Independently connect to AVrer or AVss via a resistor.
Output: Leave open.
P30/SO10/TxD1/TO11 5-AG Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P31/SI110/RxD1/SDA10/ 5-AN <When N-ch 0pen-drain>
INTP1/T109 Output
P32/SCK10/SCL10/INTP2 o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P40/TOOLO 8-R <When on-chip debugging is enabled>
Pull this pin up (pulling it down is prohibited).
<When on-chip debugging is disabled>
Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.
P41/TOOL1 Input:  Independently connect to Voo or Vss via a resistor.
P50/TI06/TO06 Output: Leave open.
P51/T107/TO07
P52/SLTI/SLTO
P70/SO01/INTP4 8-R Input:  Independently connect to Voo or Vss via a resistor.

Output: Leave open.

<When N-ch open-drain>

Output

o Set the port output latch to 0: Leave open.

e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.

Note P20/ANIO to P27/ANI7 are set in the digital input port mode after release of reset.
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Table 2-7. Connection of Unused Pins(78KOR/IC3 44-pin products) (2/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P71/SI01/INTP5 5-AN /0 Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P72/SCKO01/INTP6 Input:  Independently connect to Vob or Vss via a resistor.
P73/SO00/TXDO/TO10 8R Output: Leave open.
<When N-ch open-drain>
Output
o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P74/S100/RxDO0/TI10 5-AN Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.
P75/SCKO00/TI11 Input:  Independently connect to Vob or Vss via a resistor.
Output: Leave open.
<When N-ch open-drain>
Output
o Set the port output latch to 0: Leave open.
o Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P80/CMPOP/TMOFFO0/ 11-J Input: Independently connect to AVrer or AVss via a resistor.
INTP3/PGAI"™"" Output: Leave open.
P81/CMPOM """ 11-H
P82/CMP1P/TOMOFF1/ 11-1
INTP7 !
P83/CMP1M """ 11-H
P120/INTPO/EXLVI 8-R Input:  Independently connect to Vob or Vss via a resistor.
Output: Leave open.
P121/X1""? 37-C Input Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK" " *
P123/XT1"" ? 37-B
P124/XT2""
P150/ANI8, P151/ANI9""* 11-G I/0 Input:  Independently connect to AVrer or AVss via a resistor.
Output: Leave open.

Notes 1. P80/CMPOP/TMOFFO/INTP3/PGAI, P81/CMPOM, P82/CMP1P/TMOFF1/INTP7, P83/CMP1M are set in
the analog input port mode after release of reset.

2. Use recommended connection above in input port mode (see Figure 5-3 Format of Clock Operation
Mode Control Register (CMC)) when these pins are not used.
3. P150/ANI8 and P151/ANI9 are set in the digital input port mode after release of reset.
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Table 2-7. Connection of Unused Pins(78KOR/IC3 44-pin products) (3/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
AVRer - - <When one or more of P20 to P27, P150, P151, or P80 to P83
are set as a digital port>
Make this pin the same potential as Voo.
<When all of P20 to P27, P150, P151, and P80 to P83 are set as
analog ports>
Make this pin to have a potential where 2.7 V < AVRer < Vop.
AVss - - Make this pin the same potential as the Vss.
FLMDO 2-W - Leave open or connect to Vss via a resistor of 100 kQ or more.
RESET 2 Input Connect directly to Voo or via a resistor.
REGC - - Connect to Vss via capacitor (0.47 to 1 uF).
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(3) 48-pin products

Table 2-8. Connection of Unused Pins(78KOR/IC3 48-pin products) (1/3)

Pin Name I/O Circuit Type I/0 Recommended Connection of Unused Pins
P10/T102/TO02 8-R 1/0 Input:  Independently connect to Voo or Vss via a resistor.
P11/T103/TO03 Output: Leave open.

P12/T104/TO04
P13/TI05/TO05
P20/ANIO to P27/ANI7 11-G Input: Independently connect to AVrer or AVss via a resistor.
Output: Leave open.
P30/SO10/TxD1/TO11 5-AG Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P31/SI10/RxD1/SDA10/ 5-AN <When N-ch open-drain>
INTP1/T109 Output
P32/SCK10/SCL10/INTP2 o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P40/TOOLO 8-R <When on-chip debugging is enabled>
Pull this pin up (pulling it down is prohibited).
<When on-chip debugging is disabled>
Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.
P41/TOOL1 Input:  Independently connect to Voo or Vss via a resistor.
P50/TI06/TO06 Output: Leave open.
P51/T107/TO07
P52/SLTI/SLTO
P60/SCLO 13-R Input:  Independently connect to Voo or Vss via a resistor.
P61/SDAO Output
o Set the port output latch to 0: Leave open.
o Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P70/SO01/INTP4 8-R Input:  Independently connect to Voo or Vss via a resistor.

Output: Leave open.

<When N-ch open-drain>

Output

o Set the port output latch to 0: Leave open.

e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.

Note P20/ANIO to P27/ANI7 are set in the digital input port mode after release of reset.
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Table 2-8. Connection of Unused Pins(78KOR/IC3 48-pin products) (2/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P71/SI01/INTP5 5-AN 1/0 Input:  Independently connect to Vob or Vss via a resistor.
Output: Leave open.
P72/SCKO01/INTP6 Input:  Independently connect to Vob or Vss via a resistor.
P73/SO00/TXDO/TO10 8R Output: Leave open.
<When N-ch open-drain>
Output

o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.

P74/S100/RxDO0/TI10 5-AN Input:  Independently connect to Vob or Vss via a resistor.
Output: Leave open.

P75/SCKO00/TI11 Input:  Independently connect to Vop or Vss via a resistor.

Output: Leave open.

<When N-ch open-drain>

Output

o Set the port output latch to 0: Leave open.

o Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.

P80/CMPOP/TMOFFOQ/ 11-J Input:  Independently connect to AVrer or AVss via a resistor.

INTP3/PGAI""" Output: Leave open.

P81/CMPOM """ 11-H

P82/CMP1P/TMOFF1/ 11-1

INTP7 !

P83/CMP1M """ 11-H

P120/INTPO/EXLVI 8-R Input:  Independently connect to Vob or Vss via a resistor.
Output: Leave open.

P121/X1""? 37-C Input Independently connect to Voo or Vss via a resistor.

P122/X2/EXCLK""**

P123/XT1""* 37-B

P124/XT2""*

P140/PCLBUZ0 3-C Output | Leave open.

P150/ANI8 to P152/ANI10™"*® | 11-G /0 Input:  Independently connect to AVrer or AVss via a resistor.

Output: Leave open.

Notes 1. P80/CMPOP/TMOFFO/INTP3/PGAI, P81/CMPOM, P82/CMP1P/TMOFF1/INTP7, and P83/CMP1M are set
in the analog input port mode after release of reset.
2. Use recommended connection above in input port mode (see Figure 5-3 Format of Clock Operation
Mode Control Register (CMC)) when these pins are not used.
2. P150/ANI8 to P152/ANI10 are set in the digital input port mode after release of reset.
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Table 2-8. Connection of Unused Pins(78KOR/IC3 48-pin products) (3/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
AVRer - - <When one or more of P20 to P27, P150 to P152, or P80 to P83
are set as a digital port>
Make this pin the same potential as Vop.
<When all of P20 to P27, P150 to P152, and P80 to P83 are set
as analog ports>
Make this pin to have a potential where 2.7 V < AVRer < Vop.
AVss - - Make this pin the same potential as the Vss.
FLMDO 2-W - Leave open or connect to Vss via a resistor of 100 kQ or more.
RESET 2 Input Connect directly to Voo or via a resistor.
REGC - - Connect to Vss via capacitor (0.47 to 1 uF).
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2.3.3 78KO0R/ID3

Table 2-9 show the types of pin I/O circuits and the recommended connections of unused pins.

Table 2-9. Connection of Unused Pins (78 KOR/ID3) (1/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
PO0/TI00 8-R 1/0 Input:  Independently connect to Vob or Vss via a resistor.
PO1/TO00 5-AG Output: Leave open.

P10/T102/TO02 8-R
P11/T103/TO03
P12/T104/TO04
P13/T105/TO05
P20/ANIO to P27/ANI7 " 11-G Input: Independently connect to AVrer or AVss via a resistor.
Output: Leave open.
P30/SO10/TxD1/TO11 5-AG Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.
P31/SI110/RxD1/SDA10/ 5-AN <When N-ch Open-drain>
INTP1/T109 Output
P32/SCK10/SCL10/INTP2 e Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P40/TOOLO 8-R <When on-chip debugging is enabled>
Pull this pin up (pulling it down is prohibited).
<When on-chip debugging is disabled>
Input: Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P41/TOOL1 Input:  Independently connect to Voo or Vss via a resistor.
P50/TI06/TO06 Output: Leave open.
P51/T107/TO07
P52/SLTI/SLTO

Note P20/ANIO to P27/ANI7 are set in the digital input port mode after release of reset.
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Table 2-9. Connection of Unused Pins (78 KOR/ID3) (2/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P60/SCLO 13-R /0 Input:  Independently connect to Voo or Vss via a resistor.
P61/SDAO Output

o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P70/SO01/INTP4 8-R Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
<When N-ch open-drain>
Output
o Set the port output latch to 0: Leave open.
o Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P71/SI01/INTP5 5-AN Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P72/SCKO1/INTP6 Input:  Independently connect to Vob or Vss via a resistor.
P73/SO00/TxD0/TO10 8-R Output: Leave open.
<When N-ch open-drain>
Output
o Set the port output latch to 0: Leave open.
o Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P74/S100/RxDO0/TI10 5-AN Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P75/SCKO00/TI11 Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.
<When N-ch open-drain>
Output
o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to Voo
or Vss via a resistor.
P76 8-R Input: Independently connect to Voo or Vss via a resistor.
P77 Output: Leave open.
P80/CMPOP/TMOFFO0/ 11-J Input:  Independently connect to AVrer or AVss via a resistor.
INTP3/PGAI™" Output: Leave open.
P81/CMPOM"* 11-H
P82/CMP1P/TOMOFF1/ 11-1
INTP7""
P83/CMP1M"™"* 11-H
P120/INTPO/EXLVI 8-R Input:  Independently connect to Voo or Vss via a resistor.

Output: Leave open.

Note P80/CMPOP/TMOFFO/INTP3/PGAI, P81/CMPOM, P82/CMP1P/TMOFF1/INTP7, and P83/CMP1M are set in

the analog input port mode after release of reset.
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Table 2-9. Connection of Unused Pins (78 KOR/ID3) (3/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P121/X1%"! 37-C Input Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK"*"

P123/XT1"*"! 37-B

P124/xXT2"""

P140/PCLBUZ0O 3-C Qutput | Leave open.

P150/ANI8 to P152/ANI10™"*? | 11-G 110 Input: Independently connect to AVrer or AVss via a resistor.

Output: Leave open.

AVRer - - <When one or more of P20 to P27, P150 to P152, or P80 to P83
are set as a digital port>

Make this pin the same potential as Voo.

<When all of P20 to P27, P150 to P152, and P80 to P83 are set
as analog ports>

Make this pin to have a potential where 2.7 V < AVRer < Vob.

AVss - - Make this pin the same potential as the Vss.

FLMDO 2-W - Leave open or connect to Vss via a resistor of 100 kQ2 or more.
RESET 2 Input Connect directly to Voo or via a resistor.

REGC - - Connect to Vss via capacitor (0.47 to 1 uF).

Notes 1. Use recommended connection above in input port mode (see Figure 5-3 Format of Clock Operation
Mode Control Register (CMC)) when these pins are not used.
2. P150/ANI8 to P152/ANI10 are set in the digital input port mode after release of reset.
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2.3.4 78KOR/IE3

Table 2-10 show the types of pin I/O circuits and the recommended connections of unused pins.

Table 2-10. Connection of Unused Pins (78KOR/IE3) (1/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
PO0/TI00 8-R 1/0 Input:  Independently connect to EVop or EVss via a resistor.
PO1/TO00 5-AG Output: Leave open.

P10/T102/TO02 8-R

P11/T103/TO03

P12/T104/TO04

P13/T105/TO05

P14/T106/TO06

P15/T107/TO07

P16/T108/TO08

P17/T109/TO09

P20/ANIO to P27/ANI7 " 11-G Input:  Independently connect to AVrer or AVss via a resistor.
Output: Leave open.

P30/SO10/TxD1/TO11 5-AG Input:  Independently connect to EVop or EVss via a resistor.
Output: Leave open.

P31/S110/RxD1/SDA10/ 5-AN <When N-ch open-drain>

INTP1 Output

P32/SCK10/SCL10/INTP2 o Set the port output latch to 0: Leave open.
o Set the port output latch to 1: Independently connect to EVop

or EVss via a resistor.

P33 5-AG Input:  Independently connect to EVob or EVss via a resistor.
Output: Leave open.

P40/TOOLO 8-R <When on-chip debugging is enabled>
Pull this pin up (pulling it down is prohibited).
<When on-chip debugging is disabled>
Input: Independently connect to EVop or EVss via a resistor.
Qutput: Leave open.

P41/TOOL1 Input:  Independently connect to EVoo or EVss via a resistor.

P42 5-AG Output: Leave open.

P43

P50 8-R

P51

P52/SLTI/SLTO

P53 5-AG

P60/SCLO 13-R Input:  Independently connect to EVoo or EVss via a resistor.

P61/SDAO Output

o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to EVoo
or EVss via a resistor.

Note P20/ANIO to P27/ANI7 are set in the digital input port mode after release of reset.
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Table 2-10. Connection of Unused Pins (78KOR/IE3) (2/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins

P70/SO01/INTP4 8-R /0 Input:  Independently connect to EVoo or EVss via a resistor.

Output: Leave open.

<When N-ch open-drain>

Output

o Set the port output latch to 0: Leave open.

e Set the port output latch to 1: Independently connect to EVop
or EVss via a resistor.

P71/SI01/INTP5 5-AN Input:  Independently connect to EVoo or EVss via a resistor.
Output: Leave open.

P72/SCKO1/INTP6 Input:  Independently connect to EVoo or EVss via a resistor.
P73/SO00/TXDO/TO10 8R Output: Leave open.

<When N-ch open-drain>

Output

o Set the port output latch to 0: Leave open.
e Set the port output latch to 1: Independently connect to EVop
or EVss via a resistor.

P74/S100/RxDO/TI10 5-AN Input:  Independently connect to EVob or EVss via a resistor.
Output: Leave open.

P75/SCKO00/TI11 Input:  Independently connect to EVoo or EVss via a resistor.

Output: Leave open.

<When N-ch open-drain>

Output

o Set the port output latch to 0: Leave open.

e Set the port output latch to 1: Independently connect to EVop
or EVss via a resistor.

P76 8-R Input:  Independently connect to EVoo or EVss via a resistor.
P77 Output: Leave open.

P80/CMPOP/TMOFFO/ 11-J Input:  Independently connect to AVrer or AVss via a resistor.
INTP3/PGAI"™" Output: Leave open.

P81/CMPOM"*® 11-H

P82/CMP1P/TOMOFF1/ 11-1

INTP7""

P83/CMP1M"* 11-H

P120/INTPO/EXLVI 8-R Input: Independently connect to Voo or Vss via a resistor.

Output: Leave open.

Note P80/CMPOP/TMOFFO/INTP3/PGAI, P81/CMPOM, P82/CMP1P/TMOFF1/INTP7, and P83/CMP1M are set in
the analog input port mode after release of reset.
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Table 2-10. Connection of Unused Pins (78KOR/IE3) (3/3)

Pin Name I/0 Circuit Type I/0 Recommended Connection of Unused Pins
P121/X1%"! 37-C Input Independently connect to Voo or Vss via a resistor.
P122/X2/EXCLK"*"

P123/XT1"*" 37-B
P124/xXT2"""
P140/PCLBUZ0O 3-C Qutput | Leave open.
P141/PCLBUZA 5-AG /0 Input:  Independently connect to EVoo or EVss via a resistor.
Output: Leave open.
P150/ANI8 to 53/ANI11""** | 11-G Input:  Independently connect to AVrer or AVss via a resistor.
Output: Leave open.
AVRer - - <When one or more of P20 to P27, P150 to P153, or P80 to P83
are set as a digital port>
Make this pin the same potential as EVoo and Voo.
<When all of P20 to P27, P150 to P153, and P80 to P83 are set
as analog ports>
Make this pin to have a potential where 2.7 V < AVger < Vob.
AVss - - Make this pin the same potential as the EVss and Vss.
FLMDO 2-W - Leave open or connect to Vss via a resistor of 100 kQ or more.
RESET 2 Input Connect directly to EVop or via a resistor.
REGC - - Connect to Vss via capacitor (0.47 to 1 uF).
Notes 1. Use recommended connection above in input port mode (see Figure 5-3 Format of Clock Operation

Mode Control Register (CMC)) when these pins are not used.
2. P150/ANI8 to P153/ANI11 are set in the digital input port mode after release of reset.
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Figure 2-1. Pin I/O Circuit List (1/3)

Type 2

Schmitt-triggered input with hysteresis characteristics

Type 2-W |

P-ch j pull-up
enable

pull-down

N-ch —=
enable

/77 EVss

IN o }17

Schmitt-triggered input with hysteresis characteristics

Type 3-C Type 5-AG
EVDD
EVDD
Pull-up
enable {>O I P-ch
4| ™= P-ch
EVDD
data {>o ° OUT| Dat E—— ) ¢ poch
IN/OUT
—~a— N-ch
Output N-ch
disable
EVss
Input
enable
Type 5-AN ‘ Type 8-R |
EVDD EVDD
Pull-up |
enable [>o |~ P-ch Pull-up |
EVDD enable {>O | P-ch
Data P-ch EVDD
+0 IN/OUT
Output N-ch Data 4":[)9—| P-ch
disable
EVss IN/OUT
Output ~=—N-ch
cMos disable
I
- EVss
IEy - 0@}
TTL
Input
characteristic

Remark With products not provided with an EVop or EVss pin, replace EVop with Vob, or replace EVss with Vss.
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Figure 2-1. Pin I/O Circuit List (2/3)

Type 11-G Type 11-H ‘

AVREF

44
data P-ch

»——O IN/OUT

AVREF
output =+—N-ch
Data — 4 disable
P-ch
. - AVss
Voltage generated by internal amplifier or
' O Injout CMPOP (pin level)
Output - »
disable N-ch
Comparator
P
AVss
Comparator N-ch

-
HT%

T N-ch
Series resistor string voltage

Internally
I P-ch " generated
reference
AVss -
¢ N-ch voltage

Input enal

put enabﬁ

Type 11-I ‘ Type 11-J ‘
AVREF
data —— ¢ || —pon
AVREF o
data ———
’:Df‘ P-ch output [~—N-ch
disable
»——O IN/OUT
output ~—N-ch
disable
AVss . < ¥
i B
- AVss
Voltage generated
by internal amplifier VRer
(threshold voltage) L
P-ch
{ [N-ch
Comparator
. ]
N N-ch Internally generated voltage
or CMPOM (pin level) 1
P-ch CMP1P
. ‘ (pin level)
Voltage generated by internal amplifier or N-ch
CMP1M (pin level)
Internally generated voltage
. or CMP1M (pin level)

input enable
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Figure 2-1. Pin I/O Circuit List (3/3)

Type 13-R

Type 378 |

-0
input

enable amp

enable

Yo-N L
}
Yo-d ——

-
input

enable

O X1

Remark With products not provided with an EVss pin, replace EVss with Vss.
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—OIN/OUT
O XT2
data :DO_{ N-ch input
output disable ° erfable
amp &
enable L
EVss ‘{ ~ }“
- 0@ z T
I} (o)
= >
b
<—CG—‘ O XT1
input
enable
Type 37-C
- o<
O X2




3.1 Memory Space

CHAPTER 3 CPU ARCHITECTURE

Products in the 78KOR/Ix3 can access a 1 MB memory space. Figures 3-1 to 3-4 show the memory maps.

Figure 3-1. Memory Map (z PD78F1201, 78F1211)

Data memory

space

FFFFFH 03FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH RAMNoles1.2
3 Program area
FFBOOH 1KB
FFAFFH
Reserved
F4000H OTFFFHE
F3FFFH _
=~ Mirror 010CEH
12K8 010CDH
F1000H On-chip debug security
FOFFFH ID setting areal°te?
Reserved 010C4H 10 bytes
FO800H 010C3H Option byte areaMte3
FOTFFH 010C0H 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
64 bytes
FOOO0O0H 01080H
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
o0~ Reserved
3 Program area
000CEH
000CDH On-chip debug security
ID setting area™oe?
000C4H 10 bytes
000C3H Option byte areaN°te® Boot cluster ONote 4
000COH 4 bytes
000BFH
04000H CALLT table area
03FFFH 64 bytes
00080H
0007FH
Program Flash
memory - asﬂ;n;gmry Vector table area
space 128 bytes
00000H 00000H

Notes 1.

Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function. Since this
area is used for self-programming library.

Instructions can be executed from the RAM area excluding the general-purpose register area.
When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug

When boot swap is used:

security IDs to 000C4H to 000CDH.

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security

Setting).
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98

Figure 3-2. Memory Map (z PD78F1203, 78F1213, 78F1223, 78F1233)

FFFFFH 07FFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNotes 1,2 P Program area B
1.5 KB
FF900H
FF8FFH Reserved
F8000H 01FFFH
F7FFFH
=~ Mirror 010CEH
F1000H 28K8 010CDH | on-chip debug security
FOFFFH . ) D se:tl(;lg area™te?
eserve ytes
FO800H glgggu : Note 3
FO7FFH Option byte area
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
E;atz;ememory FO000H 01080H 64 bytes
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
o0~ Reserved
o Program area 3
000CEH
000CDH On-chip debug security
ID setting areaNoe?
000C4H 10 bytes
000C3H Option byte areaNoe? Boot cluster oNote 4
000C0H 4 bytes
08000H 000BFH
O07FFFH CALLT table area
64 bytes
00080H
P 0007FH
rogram
memory L Flash memory
space 32 KB Vector table area
128 bytes
00000H 00000H
Notes 1. Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function. Since this
area is used for self-programming library.
2. Instructions can be executed from the RAM area excluding the general-purpose register area.
3. When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug

When boot swap is used:

security IDs to 000C4H to 000CDH.

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security

Setting).
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Data memory

space

Figure 3-3. Memory Map (uz PD78F1214, 78F1224, 78F1234)
FFFFFH 0BFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 82 bytes
FFEDFH
RAMNotes 1, 2 - Program area T
2KB
FF700H
FFG6FFH
FCO00H Reserved
FBFFFH 01FFFH
L Mirror L
B 44 KB B 010CEH
F1000H 010CDH | on-chip debug security
FOFFFH ID setting area'
£0800H Reserved 010C4H 10 bytes
FOTFFH 010C3H Option byte area™te3
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
64 byt
FOO0O00H 01080H ytes
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
o Reserved o0~
0 Program area -
000CEH
000CDH On-chip debug security
ID setting areaNoe?
000C4H 10 bytes
000C3H Option byte area™*e? Boot cluster oNote 4
000COH 4 bytes
0C000H 000BFH
0BFFFH CALLT table area
64 bytes
00080H
P 0007FH
mrgr%rsr[; L Flash memory L
space 48 KB Vector table area
128 bytes
00000H 00000H

Notes 1.

Use of the area FFE20H
area is used for self-prog

to FFEDFH is prohibited when using the self-programming function. Since this
ramming library.

Instructions can be executed from the RAM area excluding the general-purpose register area.
When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug

When boot swap is used:

security IDs to 000C4H to 000CDH.

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security

Setting).
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Figure 3-4. Memory Map (« PD78F1215, 78F1225, 78F1235)

Data memory

space

FFFFFH OFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH
RAMNotes 1,2 E Program area :
3KB
FF300H
FF2FFH _
01FFFH
L Mirror L
56.75 KB 010CEH
F1000H 010CDH | on-chip debug securiy
FOFFFH ID setting area’
Reserved 010C4H 10 bytes
FO800H 01003H Onton b o3
FO7FFH ption byte area
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2KB CALLT table area
64 bytes
FOO0O0O0H 01080H Y
EFFFFH 0107FH
Vector table area
128 bytes
01000H
0= Reserved st 00FFFH
=0 Program area -
000CEH
000CDH On-chip debug security
ID setting areaNoe?
000C4H 10 bytes
10000H 000C3H]  Option byte areae? Boot cluster ONote 4
OFFFFH 000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
Program Flash memory 0007FH
memory = 64 KB =
space
P Vector table area
128 bytes
00000H 00000H

Notes 1.

100

Use of the area FFE20H to FFEDFH and FF300H to FF6FFH are prohibited when using the self-
programming function. Since this area is used for self-programming library.

Instructions can be executed from the RAM area excluding the general-purpose register area.
When boot swap is not used: Set the option bytes to 000COH to 000C3H, and the on-chip debug

When boot swap is used:

security IDs to 000C4H to 000CDH.

Set the option bytes to 000COH to 000C3H and 010COH to 010C3H, and
the on-chip debug security IDs to 000C4H to 000CDH and 010C4H to
010CDH.

Writing boot cluster 0 can be prohibited depending on the setting of security (see 24.7 Security

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

Block 3FH

oo o
mm M
WO M
Mo M
Mmoo M
IIT =T

007FFH

00400H
003FFH

00000H
(In case of 4 PD78F1215, 78F1225, 78F1235)

Block O1H

Block 00H 1 KB
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Correspondence between the address values and block numbers in the flash memory are shown below.

Table 3-1. Correspondence Between Address Values and Block Numbers in Flash Memory

Address Value Block Address Value Block Address Value Block Address Value Block
Number Number Number Number
00000H to 003FFH O00H 04000H to 043FFH | 10H 08000H to 083FFH | 20H 0CO00H to OC3FFH | 30H
00400H to 007FFH 01H 04400H to 047FFH 11H 08400H to 087FFH 21H 0C400H to OC7FFH | 31H
00800H to 00BFFH | 02H 04800H to 04BFFH | 12H 08800H to 08BFFH | 22H 0C800H to OCBFFH | 32H
00COOH to 00FFFH | 03H | 04COOH to 04FFFH| 13H | 08COOH to 08FFFH | 23H | OCCOOH to OCFFFH| 33H
01000H to 013FFH | 04H 05000H to 053FFH | 14H 09000H to 093FFH | 24H 0DOOOH to OD3FFH | 34H
01400H to 017FFH | 05H | 05400H to 057FFH | 15H | 09400H to 097FFH | 25H | OD400H to OD7FFH | 35H
01800H to 01BFFH | 06H | 05800H to 05BFFH | 16H [ 09800H to 09BFFH | 26H | 0D80OH to ODBFFH| 36H
01CO0H to O1FFFH | 07H | 05CO0H to O5FFFH| 17H | 09COOH to 09FFFH | 27H | ODCOOH to ODFFFH| 37H
02000H to 023FFH | 08H | 06000H to 063FFH | 18H | OAOOOH to OA3FFH | 28H | OEOOOH to OE3FFH | 38H
02400H to 027FFH | 09H 06400H to 067FFH | 19H 0A400H to OA7FFH | 29H OE400H to OE7FFH | 39H
02800H to 02BFFH | OAH | 06800H to 06BFFH | 1AH | OAB0OH to OABFFH| 2AH | OE800H to OEBFFH | 3AH
02C00H to 02FFFH | OBH | 06COOH to 06FFFH| 1BH | OACOOH to OAFFFH| 2BH | OECOOH to OEFFFH | 3BH
03000H to 033FFH | OCH | 07000H to 073FFH | 1CH | OBOOOH to 0B3FFH | 2CH | OFO0OH to OF3FFH | 3CH
03400H to 037FFH | ODH | 07400H to 077FFH | 1DH | OB400H to 0B7FFH | 2DH | OF400H to OF7FFH | 3DH
03800H to 03BFFH | OEH | 07800H to 07BFFH | 1EH | OB80OH to OBBFFH| 2EH | OF800H to OFBFFH | 3EH
03CO0H to 03FFFH | OFH | 07COOH to 07FFFH| 1FH | OBCOOH to OBFFFH| 2FH | OFCOOH to OFFFFH | 3FH

Remark . PD78F1201, 78F1211

u PD78F1203, 78F1213, 78F1223, 78F1233

u PD78F1214, 78F1224, 78F1234
u PD78F1215, 78F1225, 78F1235

102

: Block numbers 00H to OFH
: Block numbers O0H to 1FH
: Block numbers 00H to 2FH
: Block numbers 00H to 3FH

User's Manual U19678EJ1V1UD




CHAPTER 3 CPU ARCHITECTURE

3.1.1 Internal program memory space

The internal program memory space stores the program and table data.
The 78K0R/Ix3 products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

uPD78F1201, 78F1211

Flash memory

uPD78F1203, 78F1213, 78F1223, 78F1233

16384 x 8 bits (00000H to 03FFFH)

uPD78F1214, 78F1224, 78F1234

32768 x 8 bits (00000H to 07FFFH)

uPD78F1215, 78F1225, 78F1235

(
49152 x 8 bits (00000H to 0BFFFH)
65536 x 8 bits (00000H to OFFFFH)

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

(1) Vector table area

The 128-byte area 00000H to 0007FH 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. Furthermore, the
interrupt jump address is a 64 K address of 00000H to OFFFFH, because the vector code is assumed to be 2

bytes.

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 3-3. Vector Table (1/2)

Vector Table Address Interrupt Source IB3 IC3 ID3 IE3
(38-pin) | (44-pin) | (48-pin)

00000H 'RESET input, POC, LVI, v v v V v V

WDT, TRAP N N N N N N
00004H INTWDTI J \/ J y J y
00006H INTLVI J V J V J Y
00008H INTPO J \/ J y J y
0000AH INTP1 v v v V v J
0000CH INTP2 J y J S J y
0000EH INTP3/INTTMOFFO v v v v v J
00010H INTP4 v v v J v V
00012H INTP5 J V J y J Y
00014H INTTMAD v v v J v V
00016H INTCMPO J V J y J Y
00018H INTCMP1 v v v J v V
0001AH INTDMAO J V J y J Y
0001CH INTDMA1 v v v V v V
0001EH INTSTO/INTCSI00 e et v v v J
00020H INTSRO/INTCSIO01 et et v v v v
00022H INTSREO J \/ J y J y
00024H INTST1/INTCSI10/INTIIC10 v v v v v J
00026H INTSR1 J \/ J y J y
00028H INTSRET1 J V J y J Y
0002AH INTIICA - - - 3 J y
0002CH INTTMOO J V J y J Y
0002EH INTTMO1 v v ol J v V
00030H INTTMO2 J V J y J Y
00032H INTTMO3 v v v J v V
00034H INTAD J \/ J y J y
00036H INTRTC - V J V J Y
00038H INTRTCI - \/ J y J y
0003CH INTTMMO v v v V v V
0003EH INTTMVO J y J S J y
00040H INTMD J V J V J Y
00042H INTTMO4 v v ol J v J
00044H INTTMO5 J V J y J Y
00046H INTTMO6 v v v J v V
00048H INTTMO7 J V J y J Y
0004AH INTP6 - v J y J N
0004CH INTP7/INTTMOFF1 - V J y J y

Note INTSTO and INTSRO only.
Remark  V:Mounted, -: Not mounted
104 User's Manual U19678EJ1V1UD




CHAPTER 3 CPU ARCHITECTURE

Table 3-3. Vector Table (1/2)

Vector Table Address Interrupt Source B3 IC3 ID3 IE3
(38-pin) | (44-pin) | (48-pin)
0004EH INTTMM1 N v N v v v
00050H INTTMV1 v v N v v v
00052H INTTMO8 v V v v v J
00054H INTTMO9 v v N v v v
00056H INTTM10 v v v v v J
00058H INTTM11 v v N v v v
Remark  +:Mounted, -: Not mounted
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)

(©)

(4)
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CALLT instruction table area

The 64-byte area 00080H to 000BFH can store the subroutine entry address of a 2-byte call instruction (CALLT).
Set the subroutine entry address to a value in a range of 00000H to OFFFFH (because an address code is of 2
bytes).

To use the boot swap function, set a CALLT instruction table also at 01080H to 010BFH.

Option byte area
A 4-byte area of 000COH to 000C3H can be used as an option byte area. Set the option byte at 010COH to
010C3H when the boot swap is used. For details, see CHAPTER 23 OPTION BYTE.

On-chip debug security ID setting area

A 10-byte area of 000C4H to 000CDH and 010C4H to 010CDH can be used as an on-chip debug security 1D
setting area. Set the on-chip debug security ID of 10 bytes at 000C4H to 000CDH when the boot swap is not
used and at 000C4H to 000CDH and 010C4H to 010CDH when the boot swap is used. For details, see
CHAPTER 25 ON-CHIP DEBUG FUNCTION.
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3.1.2 Mirror area

The 78KO0R/Ix3 mirrors the data flash area of 00000H to OFFFFH, to FOOOOH to FFFFFH (set by the processor

mode control register (PMC)).

By reading data from FOOOOH to FFFFFH, an instruction that does not have the ES registers as an operand can be
used, and thus the contents of the data flash can be read with the shorter code. However, the data flash area is not
mirrored to the SFR, extended SFR, RAM, and use prohibited areas.

See 3.1 Memory Space for the mirror area of each product.
The mirror area can only be read and no instruction can be fetched from this area.

The following show examples.

Example 4PD78F1215, 78F1225, 78F1235 (Flash memory: 64 KB, RAM: 3 KB)

FFFFFH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FF300H
FF2FFH

F1000H
FOFFFH

F0800H
FO7FFH

FOOOOH
EFFFFH

10000H
OFFFFH

0F300H
OF2FFH

01000H
00FFFH

00000H

PMC register is described below.

Special function register (SFR)
256 bytes

General-purpose register
32 bytes

RAM
3 KB

Flash memory
(same data as 01000H to OF2FFH)

Reserved

Special function register (2nd SFR)
2 KB

Reserved

Flash memory

Flash memory

User's Manual U19678EJ1V1UD
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For example, 02345H is mirrored to
F2345H. Data can therefore be read by
MOV A, 12345H, instead of MOV ES,
#00H and MOV A, ES:!12345H.
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¢ Processor mode control register (PMC)
This register selects the flash memory space for mirroring to area from FOOOOH to FFFFFH.
PMC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 3-5. Format of Configuration of Processor Mode Control Register (PMC)

Address: FFFFEH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
PMC | 0 | 0 | 0 | 0 | 0 | 0 | 0 | MAA |
MAA Selection of flash memory space for mirroring to area from FOOOOH to FFFFFH

0 00000H to OFFFFH is mirrored to FOOOOH to FFFFFH

1 Setting prohibited

Cautions 1. Be sure to clear bit 0 (MAA) of this register to 0 (default value).
2. Set PMC register only once during the initial settings prior to operating the DMA controller.
Rewriting PMC register other than during the initial settings is prohibited.
3. After setting PMC register, wait for at least one instruction and access the mirror area.

3.1.3 Internal data memory space
The 78KO0R/Ix3 products incorporate the following RAMs.

Table 3-4. Internal RAM Capacity

Part Number Internal RAM
uPD78F1201, 78F1211 1024 x 8 bits (FEBOOH to FFEFFH)
#PD78F1203, 78F1213, 78F1223, 78F1233 1536 x 8 bits (FE900H to FFEFFH)
uPD78F1214, 78F1224, 78F1234 2048 x 8 bits (FE700H to FFEFFH)
#PD78F1215, 78F1225, 78F1235 3072 x 8 bits (FE300H to FFEFFH)

The internal RAM can be used as a data area and a program area where instructions are written and executed.
Four general-purpose register banks consisting of eight 8-bit registers per bank are assigned to the 32-byte area of
FFEEOH to FFEFFH of the internal RAM area. However, instructions cannot be executed by using general-purpose
registers.

The internal RAM is used as a stack memory.

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
2. While using the self-programming function, the area of FFE20H to FFEFFH cannot be used as
a stack memory. Furthermore, the areas of FF300H to FF6FFH also cannot be used as stack
memories with the 4 PD78F1215, 78F1225, 78F1235, respectively.
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3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see
Table 3-5 in 3.2.4 Special function registers (SFRs)).

Caution Do not access addresses to which SFRs are not assigned.
3.1.5 Extended special function register (2nd SFR: 2nd Special Function Register) area

On-chip peripheral hardware special function registers (2nd SFRs) are allocated in the area FOOOOH to FO7FFH
(see Table 3-6 in 3.2.5 Extended Special function registers (2nd SFRs: 2nd Special Function Registers)).

SFRs other than those in the SFR area (FFFOOH to FFFFFH) are allocated to this area. An instruction that

accesses the extended SFR area, however, is 1 byte longer than an instruction that accesses the SFR area.

Caution Do not access addresses to which extended SFRs are not assigned.
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3.1.6 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
78KO0R/Ix3, 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 3-6 to 3-9 show correspondence between data memory and addressing.

Note Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function. Since this
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Figure 3-6. Correspondence Between Data Memory and Addressing (xPD78F1201, 78F1211)

FFFFFH
FFF20H | Special function register (SFR) __|
FFF1FH 256 bytes
FFFOOH
FFEFFH | General-purpose register
FFEEOH 32 bytes
FFEDFH
FFE20H [ RAMNOt ]
FFETFH 1KB
FFBOOH
FFAFFH Reserved
F4000H
F3FFFH:: Mirror i
12 KB
F1000H
FOFFFH
Reserved
F0800H
FO7FFH
Special function register (2nd SFR)
2 KB
F0000H
EFFFFH
-~ Reserved -
04000H
03FFFH
| Flash memory i
T 16 KB 7]
00000H

i
SFR addressing

Register addressing

e

Short direct
addressing

|

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

area is used for self-programming library.
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Figure 3-7. Correspondence Between Data Memory and Addressing (¢ PD78F1203, 78F1213, 78F1223, 78F1233)

FFFFFH
FFF20H | Special function register (SFR) __| ~SFRaddressing
FFF1FH 256 bytes f
FFFOOH
FFEFFH | General-purpose register L Redister addressi Sggn direct
egister addressin addressin
FFEEOH 32 bytes : d g [¢]
FFEDFH
FFE20H| | RAMNete |
FFE1FH 1.5KB
FF900H
FF8FFH
Reserved

F8000H
F7FFFH

L Mirror L

T 28 KB T
F1000H
FOFFFH

Reserved
F0800H
FO7FFH
Special function register (2nd SFR) Direct addressing
2 KB
Register indirect addressing
FO0O00H
EFFFFH Based addressing
Based indexed addressing

ot Reserved ot
08000H
07FFFH

L Flash memory £

B 32 KB T

00000H

Note Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function. Since this
area is used for self-programming library.
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Figure 3-8. Correspondence Between Data Memory and Addressing (u PD78F1214, 78F1224, 78F1234)

FFFFFH
FFF20H | _Special function register (SFR) | SFRaddressing
FFF1FH 256 bytes f
FFFOOH )
FFEFFH | General-purpose register 1 R " Sggrt direct
egister addressin addressin

FEEEOH 32 bytes ! d 9 ¢}
FFEDFH
FFE2O0H [ . RAMNte ]
FFE1FH 2 KB
FF700H
FF6FFH
FCOOO0H Reserved
FBFFFH

£ Mirror A

T 44 KB T
F1000H
FOFFFH

Reserved
F0800H
FO7FFH
Special function register (2nd SFR) Direct addressing
2 KB
Register indirect addressing
F0000H
EFFFFH Based addressing
Based indexed addressing

-~ Reserved pnt
0C000H
0BFFFH

L Flash memory A

T 48 KB T
00000H

Note Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function. Since this
area is used for self-programming library.
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Figure 3-9. Correspondence Between Data Memory and Addressing (« PD78F1215, 78F1225, 78F1235)

FFFFFH

FFF20H
FFF1FH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FFE20H
FFE1FH

FF300H
FF2FFH

F1000H
FOFFFH

FO800H
FO7FFH

FOO0OH
EFFFFH

10000H
OFFFFH

00000H

Special function register (SFR)

General-purpose register
32 bytes

1
SFR addressing

- N

Short direct
addressing

Register addressing

|

L Mirror £

56.75 KB

Reserved

Special function register (2nd SFR)
2 KB

-l Reserved pnt

Flash memory i
I~ 64 KB

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

Note Use of the area FFE20H to FFEDFH and FF300H to FF6FFH are prohibited when using the self-

programming function. Since this area is used for self-programming library.
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3.2

Processor Registers

The 78K0R/Ix3 products incorporate the following processor registers.

3.2.1 Control registers

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

M

)

114

Program counter (PC)

The program counter is a 20-bit register that holds the address information of the next program to be executed.

In normal operation, 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 3-10. Format of Program Counter

19 0

PC

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 vector interrupt request acknowledgment or
PUSH PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions.
Reset signal generation sets PSW to 06H.

Figure 3-11. Format of Program Status Word

PSW IE 4 RBS1| AC |RBSO| ISP1 | ISPO | 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 acknowledgment is
controlled with an in-service priority flag (ISP1, ISP0O), an interrupt mask flag for various interrupt sources,
and a priority specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.

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

(c) Register bank select flags (RBS0, 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.
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©)

(d) Auxiliary carry flag (AC)

(e)

®

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.

In-service priority flags (ISP1, ISP0)

This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISPO and ISP1 by a priority specification flag register (PRnOL, PRnOH,
PRn1L, PRn1H, PRn2L, PRn2H) (see 17.3 (3)) can not be acknowledged. Actual request acknowledgment
is controlled by the interrupt enable flag (IE).

Remark n=0,1
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 RAM area can be
set as the stack area.

Figure 3-12. Format of Stack Pointer

15 0

SP [SP15|SP14|SP13|SP12|SP11|SP10| SP9 | SP8 | SP7 |SP6 |SP5 [SP4 | SP3|SP2|SP1|SP0O

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 data as shown in Figure 3-13.

Cautions 1. Since reset signal generation makes the SP contents undefined, be sure to initialize the SP

before using the stack.

2. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space as a stack
area.

3. While using the self-programming function, the area of FFE20H to FFEFFH cannot be used
as a stack memory. Furthermore, the areas of FF300H to FF6FFH also cannot be used as
stack memories with the 4 PD78F1215, 78F1225, 78F1235, respectively.
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Figure 3-13. Data to Be Saved to Stack Memory

PUSH rp instruction PUSH PSW instruction
SP«SP-2 SP«SP-2
T T
SP-2 | Register pair lower SP-2 00H
T T
SP-1 | Register pair higher SP-1 PSW
T T
SP — SP —
CALL, CALLT instructions Interrupt, BRK instruction
(4-byte stack) (4-byte stack)
SP«SP-4 SP«SP-4
) T
SP-4 PC7 to PCO SP-4 PC7 to PCO
T T
SP-3 PC15 to PC8 SP-3 PC15 to PC8
T T
SP-2 PC19 to PC16 SP-2 PC19 to PC16
T T
SP-1 00H SP-1 PSW
) T
SP - SP -

3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FFEEOH to FFEFFH) 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.

Caution It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.
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Figure 3-14. Configuration of General-Purpose Registers

(a) Function name

16-bit processing 8-bit processing
FFEFFH
H
Register bank 0 HL
L
FFEF8H
D
Register bank 1 DE
E
FFEFOH
B
Register bank 2 BC
C
FFEE8H
A
Register bank 3 AX
X
FFEEOH
15 0 7
(b) Absolute name
16-bit processing 8-bit processing
FFEFFH
R7
Register bank 0 RP3
R6
FFEF8H
R5
Register bank 1 RP2
R4
FFEFOH
R3
Register bank 2 RP1
R2
FFEE8H
R1
Register bank 3 RPO
RO
FFEEOH
15 0 7
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3.2.3 ES and CS registers

The ES register is used for data access and the CS register is used to specify the higher address when a branch
instruction is executed.

The default value of the ES register after reset is OFH, and that of the CS register is 00H.

Figure 3-15. Configuration of ES and CS Registers

7 6 5 4 3 2 1 0
ES 0 0 0 0 ES3 ES2 ES1 ESO

7 6 5 4 3 2 1 0
CS 0 0 0 0 CS3 | CP2 | CP1 CPO
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3.2.4 Special function registers (SFRs)
Unlike a general-purpose register, each SFR has a special function.
SFRs are allocated to the FFFOOH to FFFFFH area.
SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation

instructions. The manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

1-bit manipulation

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

8-bit manipulation

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

16-bit manipulation

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

Table 3-5 gives a list of the SFRs. 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 RA78KOR, and is
defined as an sfr variable using the #pragma sfr directive in the CC78KOR. When using the RA78KOR,
ID78KOR-QB, and SM+ for 78K0OR, symbols can be written as an instruction operand.

R/W

Indicates whether the corresponding SFR can be read or written.

R/W: Read/write enable

R: Read only

W: Write only

Manipulable bit units

“y" indicates the manipulable 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.

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

Remark For extended SFRs (2nd SFRs), see 3.2.5 Extended special function registers (2nd SFRs: 2nd

Special Function Registers).
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Table 3-5. SFR List (1/5)
Address | Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After |Jladld |||
Name ) . ) X222 X
1-bit 8-bit | 16-bit | Reset 5 5 5 5 5 5
218|188 |8|8
AR
HHE
FFFOOH | Port register 0 PO R/W N \ - O0H - |- | NN
FFFO1H | Port register 1 P1 R/W v N - 00H NI AEEEEERY
FFFO2H | Port register 2 P2 R/W v \/ - 00H NINI N NN
FFFO3H | Port register 3 P3 R/W \ N - 00H N AR AR R
FFFO4H | Port register 4 P4 R/W v N - 00H NIV NV
FFFO5H | Port register 5 P5 R/W v N - 00H NNV NV
FFFO6H | Port register 6 P6 RW | J - 0OOH |- |-|-|~N|[V]|N
FFFO7H | Port register 7 P7 R/W v \/ - 00H NN NN Y
FFFO8H | Port register 8 P8 RW | S - 00H NN NN A
FFFOCH | Port register 12 P12 R/W N N - Undefined| v | v | v | v | ¥ |
FFFOEH | Port register 14 P14 R/W N \ - O0H — == NN
FFFOFH | Port register 15 P15 RW | «/ - 00H |- |- |~ [~V|~N]|~
FFF10H | Serial data register 00 TXDO/ |SDROO |RW | - v Vo[ 0000H [ N[N NNV
S1000 Note | Note

FFF11H - - _

FFF12H | Serial data register 01 RXD0/ |SDRO1 |RW | - v v 0000H | N | V| N ||| A
SI001 B

FFF13H - - -

FFF18H | Timer data register 00 TDROO R/W - - v 0000H | N | V| N ]| V| V]|V
FFF19H
FFF1AH | Timer data register 01 TDRO1 R/W - - v 0000H [ ~N [N [N | N[ N]|
FFF1BH

FFF1EH | 10-bit A/D conversion result register |ADCR R - - \/ 0000H | vV | N[N | V[V ]| W
FFF1FH 8-bit A/D conversion result register | ADCRH R - S - 00H N N[N NN A
FFF20H | Port mode register 1 PMO RW | J - FFH |- |- |- |- |~ |
FFF21H | Port mode register 2 PM1 R/W \/ v - FFH NN AN NN A
FFF22H | Port mode register 3 PM2 RW | v - FFH | N [N V| V[~V
FFF23H | Port mode register 4 PM3 RW | v - FFH | N [N V| V[V
FFF24H | Port mode register 5 PM4 RW | v - FFH | N [N N | V[~V
FFF25H | Port mode register 6 PM5 RW | v - FFH | N [N | N V[~
FFF26H | Port mode register 7 PM6 RW | J - FFH |- |- |- | N[V ]|V
FFF27H | Port mode register 8 PM7 RW | v - FFH | = [N | V| V[ V]
FFF28H | Port mode register 12 PM8 RW | v - FFH | N [N V| V[ V]
FFF2CH | Port mode register 12 PM12 RW | v - FFH | N [N N | V[~V
FFF2EH | Port mode register 14 PM14 R/W \ \ - FEH -l=1=-1=-1-1X
FFF2FH | Port mode register 15 PM15 RW | J - FFH |- |- |V [ V|V | A
FFF30H | A/D converter mode register ADM R/W N N - 00H NNV VY]

Note TXDO, RXDO only.
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Table 3-5. SFR List (2/5)
Address | Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After [ 131312 lala
Name 10t | 8-bit | 16-0it | Reset |2 |28 |8 |83
2121212122
81818888
AR
HHE
FFF31H | Analog input channel specification | ADS RW | N - 00H NN N] NN
register
FFF38H | External interrupt rising edge enable | EGPO R/W \/ v _ O0H NIV ANT AV Y
register 0
FFF39H | External interrupt falling edge enable | EGNO R/W v v _ OO0H NNV NN
register 0
FFF3CH | Input switch control register ISC R/W v N _ OO0H N NN NV
FFF3EH | Timer input select register 0 TISO R/W v Y _ 00H NN NN Y
FFF42H | A/D converter mode register 1 ADM1 RW | v - 0OH |~V | N[~V ~V]|~N]|A
FFF44H | Serial data register 02 TXD1/ |SDR02 | R'W _ N N 0000H | N | NN NNV
SIOo10
FFF45H - _ _
FFF46H | Serial data register 03 RXD1 |SDR03 | R/W _ N N 0000H | N | V| V| N[ ~N]|
FFF47H - - -
FFF50H | IICA shift register IICA R/W _ N _ 00H [ I R IRV VI I
FFF51H | IICA status register lcs R N - 00H |- ||| ~N|~]|~
FFF52H | IICA flag register IICF R/W N . O0H N S R
FFF64H | Timer data register 02 TDRO2 R/W _ _ N 0000H | N | V| V| N[ ~N]|
FFF65H
FFF66H | Timer data register 03 TDRO3 R/W _ _ N 0000H | N | N[ ~N| N |~
FFF67H
FFF68H | Timer data register 04 TDRO04 R/W _ _ N 0000H | N | N[ ~N| N[~
FFF69H
FFF6AH | Timer data register 05 TDRO5 R/W - _ N 0000H | N | N | V| N[ ~N]|~
FFF6BH
FFF6CH | Timer data register 06 TDRO6 R/W _ _ N 0000H | N | N | NN AN]| Y
FFFEDH
FFF6EH | Timer data register 07 TDRO7 R/W _ _ N 0000H | Y | NN~ ]|~
FFF6FH
FFF70H | Timer data register 08 TDROS R/W _ _ ~ 0000H | ¥ | N[~ | N |~ |~
FFF71H
FFF72H | Timer data register 09 TDRO9 R/W _ _ ~ 0000H | ¥ | N[~ | N |~ |~
FFF73H
FFF74H | Timer data register 10 TDR10 R/W _ _ N 0000H | Y | NN~ ]| ~]|
FFF75H
FFF76H | Timer data register 11 TDR11 R/W _ _ N 0000H | ¥ | NN~ ]|~ ]|+
FFF77H
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Table 3-5. SFR List (3/5)

Address | Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After | F |33 |3 |3 |
Name | b T reset |8 1212/2(2 |2
1-bit 8-bit | 16-bit eset I |J|T|T|T|D
W(O|O|Q|T|m
w W | W w w w
PR
o | & [e<)
|22
2|12|2
FFF90H | Sub-count register RSUBC R - - N 0000H | — [V [~V | N |~ |V
FFF91H
FFF92H | Second count register SEC RW | - v - 00H | = |V [N | N |~ |
FFF93H | Minute count register MIN RW | - v - 00H | — |~V [N |~V |V |V
FFF94H | Hour count register HOUR R/W - J - 12H™ | [N N NN
FFF95H | Week count register WEEK RW | - v - 00H | — |V [N | N |V |V
FFF96H | Day count register DAY RW | - v - OH | = |~V [N | N |~ |V
FFF97H | Month count register MONTH RW | - v - OH | = [N [N | N |~ |
FFF98H | Year count register YEAR RW | - v - 00H | — |V [N | N |V |V
FFF99H | Watch error correction register SUBCUD R/W - v - 0OH | - | N |V |~ ||V
FFF9AH | Alarm minute register ALARMWM RW | - v - 00H | — |V [N | N |V |V
FFF9BH | Alarm hour register ALARMWH RW | - v - 12H | - |V |~V [~ | VA
FFFOCH | Alarm week register ALARMWW RW | - v - 00H | — |V [N | N |V |V
FFFODH | Real-time counter control register 0 |RTCCO RW | v - 00H | — |V [N | N |V |V
FFFOEH | Real-time counter control register 1 | RTCC1 Rw | v - 00H | = |V [N | N |~ |
FFFOFH | Real-time counter control register 2 | RTCC2 RwW | W v - 00H | — |~V [N | N |V |V
FFFAOH | Real-time counter control register 0 |CMC R/W v - 00H | N [N [N | N |V |
FFFATH | Real-time counter control register 1 |CSC rRw | W v - COH [N [N |~ |~ |V |A
FFFA2H | Real-time counter control register 2 |OSTC R v - 00H | N [N [N | N |~ |V
FFFA3H | Clock operation mode control OSTS R/W _ \/ _ 07H NIV NN NN
register
FFFA4H | Clock operation status control CKC R/W ~ v - 09H NN NN NN
register
FFFASH | Oscillation stabilization time counter | CKS0 R/W N v - 00H — == NN
status register 0
FFFA6H | Oscillation stabilization time counter | CKS1 R/W N v - 00H S I I
status register 1
FFFA8H | Reset control flag register RESF R _ 0OHNe"2
FFFA9H | Low-voltage detection register LVIM R/W - 00HMNet?
FFFAAH | Low-voltage detection level select LVIS R/W _ OEH"**
register
FFFABH | Watchdog timer enable register WDTE R/W _ «/ _ 1A/QANCtS NN A
FFFBOH | DMA SFR address register 0 DSAO R/W _ v _ 00H NN A
FFFB1H | DMA SFR address register 1 DSA1 R/W - v - 00H NN A
Notes 1. The value of this register is 00H if the AMPM bit (bit 3 of the RTCCO register) is set to 1 after reset.
2. The reset value of RESF varies depending on the reset source.
3. The reset value of LVIM varies depending on the reset source and the setting of the option byte.
4. The reset value of LVIS varies depending on the reset source.
5. The reset value of WDTE is determined by the setting of the option byte.
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Table 3-5. SFR List (4/5)
Address| Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After [ 1313 1d S
Name ibit | 8bit | 16bit | Reset |3 g g AENE
818181888
|8 |&
SiE|
FFFB2H | DMA RAM address register OL DRAOL |DRAO |RW | - \/ N 00H | N [N [N | N ]V |A
FFFB3H | DMA RAM address register OH DRAOH R/W - v 00H NNV NN
FFFB4H | DMA RAM address register 1L DRAIL |DRA1 |RW | - \/ N 00H | N [N [N N ]V |A
FFFB5H | DMA RAM address register 1H DRA1H RW | - v 00H N AN NN A
FFFB6H | DMA byte count register OL DBCOL |DBCO |RMW | - \/ \ 00H | Y[V |[N ][N ][~V ]|A
FFFB7H | DMA byte count register OH DBCOH RW | - \/ 00H | Y[V |[N ][N~V ]|A
FFFB8H | DMA byte count register 1L DBCIL |DBC1 |RW | - y N 00H N NN NN A
FFFBOH | DMA byte count register 1H DBC1H RW | - y 00H N AN NN
FFFBAH | DMA mode control register O DMCO R/W \ ~ _ OO0H NNV NN
FFFBBH | DMA mode control register 1 DMC1 rRW | V - 00H N AN AN AN
FFFBCH | DMA operation control register 0 DRCO rRW | \/ - 00H | NV [N [N | N ]V |A
FFFBDH | DMA operation control register 1 DRC1 rRW | y - 00H N AN N AN
FFFBEH | Back ground event control register | BECTL rRW | \/ - 00H | NV [N [N | N ]V |A
FFFCOH - PFCMD™* - - - —  |Undefired| ¥ | V[ N[ N | N |V
FFFC2H - PFS™* - - - - |Undefined| Y | Y [N [V [N Y
FFFC4H - FLPMC™* - - - - |Undefined| ¥ | N [ Y| V| V|
FFFDOH | Interrupt request flag register 2L IF2L  |IF2 rRW | \/ N 00H | N [N [V ||V |A
FFFD1H | Interrupt request flag register 2H IF2H RW | \/ 00H | Y [V |[N ][N~V ]|A
FFFD4H | Interrupt mask flag register 2L MK2L |MK2 rRW | \/ N FFH | N [N [V | N[ V| A
FFFDSH | Interrupt mask flag register 2H MK2H rRW | y FFH [N [N | V|~V V]|
FFFD8H | Priority specification flag register 02L| PRO2L |PR02 R/IW Y \/ N FFH NNV NN
FFFD9H | Priority specification flag register PRO2H RIW v v FFH NNV NN
02H
FFFDCH | Priority specification flag register 12L| PR12L |PR12 | R/W N FFH NN «/
FFFDDH | Priority specification flag register PR12H RIW FFH VNN «/
12H
FFFEOH | Interrupt request flag register OL IFoL |IFo R/W v N N 00H N NN NV
FFFE1H | Interrupt request flag register OH IFOH RW | \/ 00H | Y[V |[N ][N~V ]|A
FFFE2H | Interrupt request flag register 1L IF1L IF1 RIW v \/ N OO0H NNV NN
FFFE3H | Interrupt request flag register 1H IF1H RIW Y \/ OO0H NNV NN
Note Do not directly operate this SFR, because it is to be used in the self programming library.
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Table 3-5. SFR List (5/5)

Address| Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After [Jd |3 ld|la|ad |
Name . . . 313181313813
1-bit 8-bit | 16-bit | Reset 3|3|3|2|3|3
W|Q|Q|O|T|m
w W [O§] [§] w w
FREE
o] B co
T |2 |T
22|32
FFFE4H | Interrupt mask flag register OL MKOL |MKO R/W ~ N N FFH NNV N AN
FFFE5H | Interrupt mask flag register OH MKOH R/W ~ N FFH NN NN NN
FFFEGH | Interrupt mask flag register 1L MK1L |MKA1 R/W ~ N N FFH NIV NNV A
FFFE7H | Interrupt mask flag register 1H MK1H R/W ~ N FFH NNV AN
FFFE8H | Priority specification flag register OOL| PROOL | PROO R/W ~ ~ N FFH NN NN YN
FFFESQH | Priority specification flag register 00H | PROOH R/W ~ N FFH NN NN YA
FFFEAH | Priority specification flag register 01L| PRO1L |PRO1 R/W ~ N N FFH N Y YA VA VA
FFFEBH | Priority specification flag register 01H | PRO1H R/W N N FFH N Y R VA A
FFFECH | Priority specification flag register 10L| PR10L | PR10 R/W ~ N N FFH NN NN NN
FFFEDH | Priority specification flag register 10H | PR10H R/W N N FFH N Y R VA A
FFFEEH | Priority specification flag register 11L| PR11L | PR11 R/W ~ N N FFH NN NN YN
FFFEFH | Priority specification flag register 11H | PR11H R/W ~ N FFH NN NN NN
FFFFOH | Multiplication/division data register A | MDAL/MULA R/W - - N 0000H | v | N [N |V |V |V
FrrFiH | ()
FFFF2H | Multiplication/division data register A | MDAH/MULB R/W - - N 0000H | v | v | N |~ |~ | W
FrrFaH | (H)
FFFF4H | Multiplication/division data register B | MDBH/MULOH R/W - - N 0000H | v | v | N |~ |~ | W
FrrrsH | (H)
FFFF6H | Multiplication/division data register B | MDBL/MULOL R/W - - N 0000H | v | v | N |~ |~ | W
FrrrzH | (1)
FFFFEH | Processor mode control register PMC R/W ~ ~ _ 00H NNV NN

Remark For extended SFRs (2nd SFRs), see Table 3-6 Extended SFR (2nd SFR) List.

124

User's Manual U19678EJ1V1UD




CHAPTER 3 CPU ARCHITECTURE

3.2.5 Extended special function registers (2nd SFRs: 2nd Special Function Registers)

Unlike a general-purpose register, each extended SFR (2nd SFR) has a special function.

Extended SFRs are allocated to the FOOOOH to FO7FFH area. SFRs other than those in the SFR area (FFFOOH to
FFFFFH) are allocated to this area. An instruction that accesses the extended SFR area, however, is 1 byte longer

than an instruction that accesses the SFR area.

Extended SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation

instructions. The manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

1-bit manipulation

Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand ('addr16.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 (laddr16). 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 (laddr16). When
specifying an address, describe an even address.

Table 3-6 gives a list of the extended SFRs. The meanings of items in the table are as follows.

Symbol

Symbol indicating the address of an extended SFR. It is a reserved word in the RA78KOR, and is defined as an
sfr variable using the #pragma sfr directive in the CC78KOR. When using the RA78KO0R, ID78KOR-QB, and
SM+ for 78KO0R, symbols can be written as an instruction operand.

R/W

Indicates whether the corresponding extended SFR can be read or written.

R/W: Read/write enable

R:  Read only

W:  Write only

Manipulable bit units

“\” indicates the manipulable 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.

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

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).
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Table 3-6. Extended SFR (2nd SFR) List (1/6)

Address| Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After |[Flalala (&S
Name 1t | 8ot | 16bit | Reset |2 (888|823
2121212122
818188 |83|8
&85
Bk
FO017H | A/D port configuration register ADPC R/W - y - 10H NN N[NV
FOO30H | Pull-up resistor option register 0 PUO RW v N - OOH |- |-|-|-1~]|H
FOO31H | Pull-up resistor option register 1 PUA1 R/W y \/ - O0H NN N[NV
FOO33H | Pull-up resistor option register 3 PU3 RW | \/ - OOH |~ [V [N [N |~V]|A
F0034H | Pull-up resistor option register 4 PU4 R/W v v - 00H NN NN NN
FOO35H | Pull-up resistor option register 5 PU5 RW | \/ - 00H |~ [V [N [N |V]|A
FOO037H | Pull-up resistor option register 7 PU7 R/W N N _ 00H NN NN
FOO3CH | Pull-up resistor option register 12 |PU12 R/W 3 \/ - O0H NN N[NV
FOO3EH | Pull-up resistor option register 14 | PU14 R/W N «/ - 00H — =l ===+
FO043H | Port input mode register 3 PIM3 RW | \/ - 0OH [~ [~ |~ |~V [~V
F0047H | Port input mode register 7 PIM7 RW | v - 00H |~ [N [~V [N ||V
FO048H | Port input mode register 8 PIM8 RW | \/ - 0OH [~ [~ |~ |V [~ |V
FO053H | Port output mode register 3 POM3 RW | \/ - 0OH [~ [~ |~ |~ [~
FO057H | Port output mode register 7 POM7 R/W Y \ - 00H — NN NN Y
FOO60H | Noise filter enable register 0 NFENO R/W \/ \/ - O0H NN N[NV
FO061H | Noise filter enable register 1 NFEN1 RW | v - 00H [N [N |V |~ [~N]|A
FO062H | Noise filter enable register 2 NFEN2 R/W v v - 00H NN NN NN
FOOEOH | Multiplication/division data register C (L) | MDCL - - v 0000H [~ |~ | N |~V |~V ]| W
FOOE2H | Multiplication/division data register C (H) | MDCH - - v 0000H |~ | N [N |~V [N |+
FOOESH | Multiplication/division control MDUC R/W v v - 00H NIV NV
register
FOOFOH | Peripheral enable register 0 PERO R/W v v - 00H NN AN NN
FOOF1H | Peripheral enable register 1 PERT RW | v - 00H [N [N |V [N [~N]|A
FOOF2H | Peripheral enable register 2 PER2 R/W 3 \/ - 00H NN AN NN
FOOF3H | Operation speed mode control OSMC R/W - N - 00H NN N NN
register
FOOF4H | Regulator mode control register RMC R/W - N - O00H v N
FOOF6H | 40 MHz internal high-speed DSCCTL R/W v - - 00H ~ N Y N
oscillation control register
FOOFEH | BCD adjust result register BCDADJ - - O00H v
FO100H | Serial status register 00 SSROOL | SSR00 - v 0000H | +
FO101H - _ _
FO102H | Serial status register 01 SSRO1L [SSRO1| R - v v 0000H | v | N [N |V [N |V
FO103H - _ _
FO104H | Serial status register 02 SSRO2L [SSR02| R - v v 0000H | v | N [N |V [N |V
FO105H - _ _
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Table 3-6. Extended SFR (2nd SFR) List (2/6)

Address| Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After [Fd |13l |||
Name - - : SRR
1-bit 8-bit | 16-bit | Reset 3|3|3|3(3|3
WOl |m
w w w w w w
w|® | B
[ee] L [ee]
T |2 |2
2122
FO106H | Serial status register 03 SSRO3L |SSR03 | R - J v 0000H |~ |~ |~V | N | N[
FO107H - - -
FO108H | Serial flag clear trigger register 00 | SIROOL |SIR00 | R/W - \ \ 0000H |~ [N |~ |~ [N | W
FO109H - - -
FO10AH | Serial flag clear trigger register 01 | SIRO1L |SIRO1 | RW | - J v 0000H | |V |~V |V |~V |V
FO10BH - - -
FO10CH | Serial flag clear trigger register 02 |SIR02L |SIR02 | R/W - v N 0000H |~ [N | N |~ |~ |«
FO10DH - - -
FO10EH | Serial flag clear trigger register 03 | SIR03L |SIRO3 | RW | - J v 0000H | | N |~V |V |~V |V
FO10FH - - -
FO110H | Serial mode register 00 SMRO00 R/W - - N 0020H [V | N | N |~ |~ |V
FO111H
FO112H | Serial mode register 01 SMRO1 R/W - - \ 0020H | N | N | N |~ |~ ]|V
FO113H
FO114H | Serial mode register 02 SMRO02 R/W - - N 0020H | N | N | N |~ |~ ]|V
FO115H
F0116H | Serial mode register 03 SMRO03 R/W - - ~ 0020H | N | N | N |~ |~ ]|V
FO117H
FO118H | Serial communication operation SCRO00 R/W — — N 0087H | N [N I N |~ |~ | W
Fo119H | Setting register 00
FO11AH | Serial communication operation SCRO1 R/W — — N 0087H | N [N I N |~ |~ | W
Fo11gH | Setting register 01
FO11CH | Serial communication operation SCR02 R/W - - N 0087H | v | N | N N [~ |V
FO11DH setting register 02
FO11EH | Serial communication operation SCRO03 R/W - - N 0087H | v | N |~ | N |~V | &
FO11FH setting register 03
FO120H | Serial channel enable status SEOL |SEO R J v N 0000H |~ | N [N [N [~ |V
FO121H register 0 - - B
FO122H | Serial channel start trigger register |SSOL | SS0 R/W S Y v 0000H |~ [N | N |~ |~ | W
Fot2aH | © _ - -
FO0124H | Serial channel stop trigger register |STOL |STO R/W N N N 0000H | N [N I N |~ |~ | N
FO125H 0 - - -
FO126H | Serial clock select register 0 SPSOL |sPs0 |RW | - y \/ 0000H |~ | N | N | N [~V [V
Fo127H - - -
FO128H | Serial output register 0 SO0 R/W - — N OFOFH |V |V | v | v |V |
F0129H
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Table 3-6. Extended SFR (2nd SFR) List (3/6)

Address| Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After [ 1313 1d || &
Name 1-0it | 8-bit | 16:bit | Reset |2 |28 |8 |88
23|22 2|2
81888 |83|8
gIR|8
I
FO12AH | Serial output enable register 0 SOEOL [ SOE0 R/W N N N 0000H | v | N | N |~ [~ |V
FO012BH - — _
FO134H | Serial output level register 0 SOLOL | SoLo R/W _ N N 0000H | N [N |~V |~ |~ |+
FO135H - - -
FO180H | Timer counter register 00 TCRO00 R _ _ N FEFFH |~ | N [N | v [~ | W
FO181H
FO0182H | Timer counter register 01 TCRO1 R _ _ N FEFFFH | v [N |V |V | v | v
FO183H
FO0184H | Timer counter register 02 TCRO2 R _ — N FFEFH | vV [N |V |V | v | v
FO185H
F0186H | Timer counter register 03 TCRO03 R _ _ N FFEFH | vV [N |V |V | v | v
FO187H
FO188H | Timer counter register 04 TCRO04 R — _ N FEFFH |~ |V [N | v |~V | W
F0189H
FO18AH | Timer counter register 05 TCRO05 R — _ N FEFFH |~ |V [N | v [V | W
FO18BH
FO18CH | Timer counter register 06 TCRO6 R _ _ N FEFFH |~ | N [N |~ [~ | W
FO18DH
FO18EH | Timer counter register 07 TCRO7 R _ _ N FEFFH | N | N [NV |~ |~ | W
FO18FH
FO190H | Timer mode register 00 TMRO0 R/W _ _ N 0000H | N [N~V |~ |~ |+
FO191H
FO0192H | Timer mode register 01 TMRO1 R/W _ _ N 0000H | v |~V | N |~ [~ |V
FO193H
FO0194H | Timer mode register 02 TMRO02 R/W _ _ N 0000H | v |~V | N |~ |~V |V
FO195H
FO0196H | Timer mode register 03 TMRO3 R/W _ _ N 0000H | v |~V | N |~ ||V
FO197H
FO198H | Timer mode register 04 TMRO4 R/W — _ N 0000H | N [N | N |~ |~ |
F0199H
FO19AH | Timer mode register 05 TMRO5 R/W — _ N 0000H |~ [N | N |~ |~ |
FO19BH
FO19CH | Timer mode register 06 TMRO6 R/W _ _ N 0000H | v [N |~~~ |~
FO19DH
FO19EH | Timer mode register 07 TMRO7 R/W _ _ N 0000H | v [N |~~~ |~
FO19FH
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Table 3-6. Extended SFR (2nd SFR) List (4/6)

Address| Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After [ 13|12 13 || &
Name 1ot | bt | 16-0it | Reset |2 2|88 (8|3
22|32 2|2
81818|8|8|8
AR
I
FO1AOH | Timer status register 00 TSRO0 R - - N 0000H | N |~ |~ |~ |~ |~
FO1A1H
FO1A2H | Timer status register 01 TSRO1 R - - N 0000H | v | N |~ | N |~ |V
FO1A3H
FO1A4H | Timer status register 02 TSR02 R - - N 0000H |~ | N |~ | N |~ |V
FO1A5H
FO1A6H | Timer status register 03 TSR03 R - - N 0000H | N I NI~ | N |~ |V
FO1A7H
FO1A8H | Timer status register 04 TSR04 R - - N 0000H | N I ~N I~ | N |~ |~
FO1A9H
FO1AAH | Timer status register 05 TSR05 R - - N 0000H | N I ~N |~ | N |~ |V
FO1ABH
FO1ACH | Timer status register 06 TSR06 R - - N 0000H | N | ~N |~ | N |~ |V
FO1ADH
FO1AEH | Timer status register 07 TSRO7 R - - N 0000H | v |V |~V |~ |V |~V
FO1AFH
FO1BOH | Timer channel enable status TEO R - - N 0000H | N | N |~ | N |~ |V
FO1B1H register 0
FO1B2H | Timer channel start trigger register [TS0Q R/W - - N 0000H | v |V |~V | v |V |~V
Fo1B3H | ©
FO1B4H | Timer channel stop trigger register |TTO R/W - - N 0000H | v | N |~V | v ||~V
Fo1B5H | O
FO1B6H | Timer clock select register 0 TPSO R/W - - N 0000H | N I ~N I~ | N |~ |V
FO1B7H
FO1B8H | Timer channel output register 0 TOO R/W - - N 0000H | N I ~N I~ | N |~ |V
FO1B9H
FO1BAH | Timer channel output enable TOEO R/W - - N 0000H | N I ~N |~ | N |~ |V
FO1BBH register O
FO1BCH | Timer channel output level register |[TOLO R/W - - N 0000H | v |V | N |~V | N |V
Fo18DH| ©
FO1BEH | Timer channel output mode register | TOMO R/W - - N 0000H | v |~V |~ |~ |~V |~V
Fo1BFH | ©
FO1COH | Timer counter register 08 TCRO08 R - - N FEFFH | ~ [~V | v [V |V |
FO1C1H
FO1C2H | Timer counter register 09 TCRO09 R - - N FEFEH |~ [V | v |V |V |
FO1C3H
FO1C4H | Timer counter register 10 TCR10 R - - N FEFEH |~ [V | v |V |V |
FO1C5H
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Table 3-6. Extended SFR (2nd SFR) List (5/6)

Address| Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After [F 1313 1d || &
N - X222 A2|2X
ame 1-bit | 8-bit | 16bit | Reset |2 |88 18|88

WO|Q|Q|D|m
w [O§] w w w w
W ® | B
oo » [oo]
T 2|2
2|12 |32

FO1C6H | Timer counter register 11 TCR11 R - - y FFFFH |~ [N [~ |V | N |V

FO1C7H

FO1C8H | Timer mode register 08 TMRO08 R/W - - N 0000H | vV [N | N~ | NV

FO1C9H

FO1CAH| Timer mode register 09 TMRO09 R/W - - N 0000H | vV [N | N |~ | NV

FO1CBH

FO1CCH| Timer mode register 10 TMR10 R/W - - N 0000H |~ [N~ [~ I~ |~

FO1CDH

FO1CEH| Timer mode register 11 TMR11 R/W - - N 0000H | N [N~ |~ |~ | A

FO1CFH

FO1DOH | Timer status register 08 TSRO8 R - - N 0000H | N [N | N~ |~V

FO1D1H

FO1D2H | Timer status register 09 TSR09 R - - N 0000H | N [N | N~ |~V

FO1D3H

FO1D4H | Timer status register 10 TSR10 R - - N 0000H | v |~V |~V |~V |~V

FO1D5H

FO1D6H | Timer status register 11 TSR11 R - - N 0000H | NV [N |~V |~ ||V

FO1D7H

FO1E8H | Timer triangle wave output mode [ TOTO R/W - - N 0000H | v |V | v | v |~ |V

register 0
FO1EAH | Timer real-time output enable TREO R/W - - N 0000H | v |~V |~V |~V |~V
register 0

FO1ECH| Timer real-time output register O TROO R/W - - 0000H N

FO1EEH | Timer real-time control register O TRCO R/W - - 0000H

FO1FOH | Timer modulation output enable TMEO R/W — — 0000H N

register 0
FO1F2H | Timer dead-time output enable TDEO R/W — — N 0000H | v |~V | N |~ |~ |V
register 0

F0220H | TAU option mode register OPMR R/W - - 0000H

F0222H | TAU option status register OPSR R - - 0000H

F0224H | TAU option Hi-Z start trigger OPHS R/W - - 0000H

register

F0226H | TAU option Hi-Z stop trigger OPHT R/W - - N 0000H |~V [N | N~ | NIV

register

F0228H | TAU option control register OPCR R/W - - N 0000H |~V [N | N~ | NIV
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Table 3-6. Extended SFR (2nd SFR) List (6/6)

Address| Special Function Register (SFR) Symbol R/W | Manipulable Bit Range After Jldldldlal S
Narme | oo | Reset |2|2|2|2|88
1-bit 8-bit 16-bit ese 2|32 |3|32|2
W(OlOo|lo|T|m
w w w w w w
RN
@ L [ee)
T |T T
2|12 (2
F0230H | 1ICA control register 0 IICCTLO R/W v - 00H N I R VA R
F0231H | IICA control register 1 IICCTL1 R/W v _ 00H N I I VAN IRV
F0232H | IICA low-level width setting register | [ICWL RW | - v - FFH A
F0233H | IICA high-level width setting IICWH R/W - v - FFH S I N
register
F0234H | Slave address register SVA R/W - - 00H SR I N N,
F0240H | Programmable gain amplifier OAM R/W N - 00H NN
control register
F0241H | Comparator O control register COCTL R/W — 00H
F0242H | Comparator 0 internal reference CORVM R/W — 00H
voltage setting register
F0243H | Comparator 1 control register C1CTL R/W — 00H
F0244H | Comparator 1 internal reference C1RVM R/W v y - O0H y N A
voltage setting register
Remark For SFRs in the SFR area, see Table 3-5 SFR List.
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3.3 Instruction Address Addressing

3.3.1 Relative addressing

[Function]

Relative addressing stores in the program counter (PC) the result of adding a displacement value included in the
instruction word (signed complement data: —128 to +127 or —32768 to +32767) to the program counter (PC)’s
value (the start address of the next instruction), and specifies the program address to be used as the branch

destination. Relative addressing is applied only to branch instructions.

Figure 3-16. Outline of Relative Addressing

PC

()

OP code

3.3.2 Immediate addressing

[Function]

Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the

_|_

A

program address to be used as the branch destination.

For immediate addressing, CALL !!addr20 or BR !!addr20 is used to specify 20-bit addresses and CALL !addr16
or BR laddr16 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-bit

addresses.

DISPLACE

Figure 3-17. Example of CALL !!addr20/BR !laddr20

PC

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 3-18. Example of CALL !addr16/BR !addr16

PC PCs

PCn

PCL

|

0000

8/16 bits

OP code

Low Addr.

High Addr.
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3.3.3 Table indirect addressing

[Function]

Table indirect addressing specifies a table address in the CALLT table area (0080H to 00BFH) with the 5-bit
immediate data in the instruction word, stores the contents at that table address and the next address in the

program counter (PC) as 16-bit data, and specifies the program address. Table indirect addressing is applied
only for CALLT instructions.

In the 78KOR microcontrollers, branching is enabled only to the 64 KB space from 00000H to OFFFFH.

Figure 3-19. Outline of Table Indirect Addressing

OP code

Low Addr.

00000000 (10 0 [:
High Addr.

Table address
Memory
0000
PC PCs | PCh | PCL
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3.3.4 Register direct addressing

[Function]
Register direct addressing stores in the program counter (PC) the contents of a general-purpose register pair

(AX/BC/DE/HL) and CS register of the current register bank specified with the instruction word as 20-bit data,
and specifies the program address. Register direct addressing can be applied only to the CALL AX, BC, DE, HL,

and BR AX instructions.

Figure 3-20. Outline of Register Direct Addressing

OP code

Cs p

PC PCs PCH PCL
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3.4 Addressing for Processing Data Addresses

3.4.1 Implied addressing

[Function]
Instructions for accessing registers (such as accumulators) that have special functions are directly specified with
the instruction word, without using any register specification field in the instruction word.

[Operand format]
Because implied addressing can be automatically employed with an instruction, no particular operand format
is necessary.
Implied addressing can be applied only to MULU X.

Figure 3-21. Outline of Implied Addressing

OP code A register

Memory
3.4.2 Register addressing
[Function]
Register addressing accesses a general-purpose register as an operand. The instruction word of 3-bit long is

used to select an 8-bit register and the instruction word of 2-bit long is used to select a 16-bit register.

[Operand format]

Identifier Description
r X,A,C,B,ED,LH
p AX, BC, DE, HL

Figure 3-22. Outline of Register Addressing

OP code Register

Memory
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3.4.3 Direct addressing
[Function]
Direct addressing uses immediate data in the instruction word as an operand address to directly specify the

target address.

[Operand format]

Identifier Description

ADDR16 Label or 16-bit immediate data (only the space from FOOOOH to FFFFFH is specifiable)

ES: ADDR16 | Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3-23. Example of ADDR16

FFFFFH
OP code
Low Addr. — [
Target memory
High Addr. — | --=-----
FOOOOH
Memory
Figure 3-24. Example of ES:ADDR16
FFFFFH
OP code
Low Addr. —T— - ; - - - -
arget memory
High Addr. S
00000H
Memory
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3.4.4 Short direct addressing
[Function]
Short direct addressing directly specifies the target addresses using 8-bit data in the instruction word. This type

of addressing is applied only to the space from FFE20H to FFF1FH.

[Operand format]

Identifier Description

SADDR Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data
(only the space from FFE20H to FFF1FH is specifiable)

SADDRP Label, FFE20H to FFF1FH immediate data, or OFE20H to OFF1FH immediate data (even address only)
(only the space from FFE20H to FFF1FH is specifiable)

Figure 3-25. Outline of Short Direct Addressing

OP code
““““ FFF1FH

saddr saddr

FFE20H

Memory

Remark SADDR and SADDRP are used to describe the values of addresses FE20H to FF1FH with 16-bit
immediate data (higher 4 bits of actual address are omitted), and the values of addresses FFE20H to
FFF1FH with 20-bit immediate data.
Regardless of whether SADDR or SADDRP is used, addresses within the space from FFE20H to
FFF1FH are specified for the memory.
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3.4.5 SFR addressing
[Function]
SFR addressing directly specifies the target SFR addresses using 8-bit data in the instruction word. This type of

addressing is applied only to the space from FFFOOH to FFFFFH.

[Operand format]

Identifier Description
SFR SFR name
SFRP 16-bit-manipulatable SFR name (even address only)

Figure 3-26. Outline of SFR Addressing

FFFFFH

OP code —I_. SFR ¢
srR 1  F------- FFFOOH

Memory
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3.4.6 Register indirect addressing

[Function]

Register indirect addressing directly specifies the target addresses using the contents of the register pair

specified with the instruction word as an operand address.

[Operand format]

Identifier

Description

[DE], [HL] (only the space from FOOOOH to FFFFFH is specifiable)

ES:[DE], ES:[HL] (higher 4-bit addresses are specified by the ES register)

Figure 3-27. Example of [DE], [HL]

OP code I——I p I—» Target memory

Memory

Figure 3-28. Example of ES:[DE], ES:[HL]

OP code I—»l p I Target memory

Memory
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3.4.7 Based addressing

[Function]
Based addressing uses the contents of a register pair specified with the instruction word as a base address, and
8-bit immediate data or 16-bit immediate data as offset data. The sum of these values is used to specify the
target address.

[Operand format]

Identifier Description

- [HL + byte], [DE + byte], [SP + byte] (only the space from FOO0OH to FFFFFH is specifiable)

- word[B], word[C] (only the space from FOOO0H to FFFFFH is specifiable)

- word[BC] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[HL + byte], ES:[DE + byte] (higher 4-bit addresses are specified by the ES register)

- ES:word[B], ES:word[C] (higher 4-bit addresses are specified by the ES register)

- ES:word[BC] (higher 4-bit addresses are specified by the ES register)

Figure 3-29. Example of [SP+byte]

FFFFFH

(D) T o

FOOOOH

OP code

byte

Memory
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Figure 3-30. Example of [HL + byte], [DE + byte]

FFFFFH
rp (HL/DE) a Target memory
OP code FOOOOH
byte
Memory
Figure 3-31. Example of word[B], word[C]
FFFFFH
r (B/C) e Target memory
OP code FOOOOH
Low Addr. —
High Addr. _—_—
Memory
Figure 3-32. Example of word[BC]
FFFFFH
rp (BC) e Target memory
OP code FOOOOH
Low Addr. —
High Addr. _—_—
Memory
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Figure 3-33. Example of ES:[HL + byte], ES:[DE + byte]

FFFFFH
rp (HL/DE) Target memory
OP code
00000H
byte Memory

Figure 3-34. Example of ES:word[B], ES:word[C]

FFFFFH
r (B/C) Target memory
OP code
00000H
Low Addr.
Memory
High Addr.
Figure 3-35. Example of ES:word[BC]
FFFFFH
rp (BC) Target memory
OP code
00000H
Low Addr.
Memory
High Addr.
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3.4.8 Based indexed addressing

[Function]
Based indexed addressing uses the contents of a register pair specified with the instruction word as the base
address, and the content of the B register or C register similarly specified with the instruction word as offset
address. The sum of these values is used to specify the target address.

[Operand format]

Identifier Description

- [HL+B], [HL+C] (only the space from FOOOOH to FFFFFH is specifiable)

- ES:[HL+B], ES:[HL+C] (higher 4-bit addresses are specified by the ES register)

Figure 3-36. Example of [HL+B], [HL+C]

FFFFFH
| OP code |

FOOOOH

Memory

Figure 3-37. Example of ES:[HL+B], ES:[HL+C]

FFFFFH

| OP code |

rp (HL)

00000H

Memory
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3.4.9 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) contents. This addressing is automatically
employed when the PUSH, POP, subroutine call, and return instructions are executed or the register is
saved/restored upon generation of an interrupt request.
Stack addressing is applied only to the internal RAM area.

[Operand format]

Identifier Description

- PUSH AX/BC/DE/HL
POP AX/BC/DE/HL
CALL/CALLT

RET

BRK

RETB
(Interrupt request generated)

RETI
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power supplies and the pins is shown below.

Table 4-1. Pin I/O Buffer Power Supplies (78KOR/IB3)

30-pin plastic SSOP (7.62 mm (300))

Power Supply Corresponding Pins
AVRer P20 to P25, P80, P81, P83
Vop * Port pins other than P20 to P25, P80, P81, P83

¢ Pins other than port pins

Table 4-2. Pin I/O Buffer Power Supplies (78 KOR/IC3)

38-pin plastic SSOP (7.62 mm (300))
44-pin plastic LQFP (10x10)
48-pin plastic TQFP (fine pitch) (7x7)

Power Supply Corresponding Pins
AVRer P20 to P27, P150 , P151 (44-pin products), P150 to P152 (48-pin products),
P80 to P83
Vop  Port pins other than P20 to P27, P150 to P152, P80 to P83

¢ Pins other than port pins

Table 4-3. Pin I/O Buffer Power Supplies (78KOR/ID3)

52-pin plastic LQFP (10x10)

Power Supply Corresponding Pins
AVRer P20 to P27, P150 to P152, P80 to P83
Vob * Port pins other than P20 to P27, P150 to P152, P80 to P83

¢ Pins other than port pins

Table 4-4. Pin I/0 Buffer Power Supplies (78KOR/IE3)

64-pin plastic LQFP (12x12)
64-pin plastic LQFP (fine pitch) (10x10)

Power Supply Corresponding Pins
AVRer P20 to P27, P150 to P153, P80 to P83
EVop » Port pins other than P20 to P27, P150 to P153, P80 to P83, P121 to P124
o the RESET pin and FLMDO pin
Voo e P121to P124

o Pins other than port pins (other than the RESET pin and FLMDO pin)
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The 78KO0R/Ix3 products are provided with the digital 1/O ports, which enable variety of control operations. The
functions of each port are shown in Table 4-5.

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

146 User's Manual U19678EJ1V1UD



CHAPTER 4 PORT FUNCTIONS

Table 4-5. Port functions (1/4)

Jlaldldlald Function I/0 Function After Reset | Alternate Function
XXX
S|loc|o|o|o|o Name
I(3|3|13(3|2
W|O|lo|o|lg|lm
[O5] w w w w w
RN
[ee] B <)
s |2 |2
22|32
- - -1- \/ \/ P00 1/0 Port 0. Input port | TIOO
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be
specified by a software setting.
NN N[N AN|AN]|PIO I/0 Port 1. Input port | <IB3>
I/O port. TI02/TO02/TxDO0
Input/output can be specified in 1-bit units. <Other than the
Use of an on-chip pull-up resistor can be aboves>
specified by a software setting. TI02/TO02
VN[NV <IB3>
TI03/TO03/RxDO0
<Other than the
above>
TIO3/TO03
v |P12 TI04/TO04
v [P13 TI05/TO05
- == -]~V |Pi4 TI06/TO06
-l =-|-]-1-1Y]|P15 TI07/TO07
- =-1-1-1-]Y]|P16 TI08/TO08
-l =|-|-1-|V|P17 TI09/TO09
NN AN AN |P20 I/0 Port 2. Digital input|ANIO
NN AN AN A P21 /0 port. port ANI1
NN N AN A | P22 Input/output can be specified in 1-bit units. ANI2
A R R I I R =2 ANI3
VIV VAV |P24 ANI4
VIV V]|V |[V]V|P25 ANI5
| NNV |P2e ANI6
— [N N ANV |P27 ANI7
User's Manual U19678EJ1V1UD 147




CHAPTER 4 PORT FUNCTIONS

Table 4-5. Port functions (2/4)

§ § § § § § Function 1/0 Function After Reset | Alternate Function
3|2(3|2|8|3| ™™
812818888
&85
e
d v P30 I/0 Port 3. Input port | SO10/TxD1/TO11
P31 1/O port. <IE3>
Input of P31 and P32 can be set to TTL buffer. SI10/RxD1/
Output of P30 to P32 can be set to N-ch open- SDA10/INTP1
drain output (Voo tolerance). <Other than the
Input/output can be specified in 1-bit units. above>
Use of an on-chip pull-up resistor can be SI10/RxD1/
specified by a software setting. SDA10/INTP1/
TI0O9
VNN VYN P32 SCK10/SCL10/
INTP2
-l =-|=-1-1-1+|P33 -
S v [P40™* 110 Port 4. Input port | TOOLO
\ | P41 I/0 port. TOOLA1
- =] =1=1=1+|Ps2 Input/output can be specified in 1-bit units. _
— == =|=1]+|P43 Use of an on-chip pull-up resistor can be -
specified by a software setting.
NN N[N NN |P50 I/0 Port 5. Input port | <IE3>
1/0 port. -
Input/output can be specified in 1-bit units. <Other than the
Use of an on-chip pull-up resistor can be above >
specified by a software setting. TI06/TO06
VNNV |V |P5T <IE3>
<Other than the
above >
TI07/TO07
NN AN P52 SLTI/SLTO
-l -1-1-1- P53 -
- ==~ P60 110 Port 6. Input port | SCLO
1/0 port.
— = =]~ N|~|P61 Output of P60 and P61 is N-ch open-drain SDAO
output (6 V tolerance).
Input/output can be specified in 1-bit units.
Note If on-chip debugging is enabled by using an option byte, be sure to pull up the P40/TOOLO pin externally
(see Caution in 2.2.5 P40 to P43 (port 4)).
148 User's Manual U19678EJ1V1UD




CHAPTER 4 PORT FUNCTIONS

Table 4-5. Port functions (3/4)

JIIdIFII|a Function 1/0 Function After Reset | Alternate Function
5312|333 |3 Name
2222|223
818388838
|8 |&
S
- =N P70 110 Port 7. Input port | SO01/INTP4
S P71 1/0 port. SI01/INTP5
NN A P72 Input of P71, P72, P74, and P75 can be set to <38-pin
TTL buffer. product of IC3>
Output of P70, P72, P73, and P75 can be set to INTP6/RxD0
N-ch open-drain output (Voo tolerance). <Other than the
Input/output can be specified in 1-bit units. above >
Use of an on-chip pull-up resistor can be SCKO1/INTP6
NN AN N P73 specified by a software setting. <38-pin
product of IC3>
TxD0O/TO10
<Other than the
above >
SO00/TxDo/
TO10
S NV |[P74 SI00/RxDO/TI10
|- V| A P75 SCKOO0/TI11
- |- -]-~]||P76 -
- |- =-]-N]|V|P77 -
NN ANV ]V |P8O 1/0 Port 8. Analog input | CMPOP/TMOFF0/
1/0 port. INTP3/PGAI
NN AN NV | P81 Inputs/output can be specified in 1-bit units. CMPOM
Inputs of P80 to P83 can be set as comparator
N NN AN N P82 inputs or programmable gain amplifier inputs. CMP1P/TMOFF1/
INTP7
NN NN NV |P83 CMP1M
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Table 4-5. Port functions (4/4)

JIdlIdldlal & Function I/O Function After Reset | Alternate Function
X2 X|IX|X
o|lo|lo|o|o|o Name
I|3|3|2|2 |3
W(|O|O[O|T|m
5] W W w w w
NN N
[ee] B [e<)
s |2 |2
2|22
P120 1/0 Port 12. Input port INTPO/EXLVI
P121 Input I/O port and input port. <IB3 and 38-pin
For only P120, input/output can be specified in products of IC3>
1-bit units. X1/INTP4
For only P120, use of an on-chip pull-up resistor <Other than the
can be specified by a software setting. above >
X1
VIAN| NV AN] Y |P122 <IB3 and 38-pin
products of IC3>
X2/EXCLK/INTP5
<Other than the
above >
X2/EXCLK
— | N AN VAN |P123 XT1
| N NN NN [P124 XT2
- -1 - N|V]||Pt40 Output | Port 14. Output port | PCLBUZO
Qutput port and I/O port.
For only P141, input/output can be specified in
— =1 =1=1=1+|P141 1/0 Input port | PCLBUZ1
1-bit units.
For only P141, use of an on-chip pull-up resistor
can be specified by a software setting.
- - N |V |P150 1/0 Port 15. Digital input|ANI8
S N | A P15 I/O port. port ANI9
N R N |V | P152 Input/output can be specified in 1-bit units. ANI10
=1 =1=1=1+~1P153 ANI11
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4.2 Port Configuration
Ports include the following hardware.

Table 4-6. Port Configuration (1/2)

Iltem Configuration

Control registers o 78KOR/IB3

Port mode registers (PM1 to PM5, PM8, PM12)

Port registers (P1 to P5, P8, P12)

Pull-up resistor option registers (PU1, PU3 to PU5, PU12)
Port input mode registers (PIM3, PIM8)

Port output mode registers (POM3)

A/D port configuration register (ADPC)

e 78KOR/IC3 (38-pin products)

Port mode registers (PM1 to PM5, PM7, PM8, PM12)

Port registers (P1 to P5, P7, P8, P12)

Pull-up resistor option registers (PU1, PU3 to PU5, PU7, PU12)
Port input mode registers (PIM3, PIM7, PIM8)

Port output mode registers (POM3, POM7)

A/D port configuration register (ADPC)

e 78KOR/IC3 (44-pin products)

Port mode registers (PM1 to PM5, PM7, PM8, PM12, PM15)
Port registers (P1 to P5, P7, P8, P12, P15)

Pull-up resistor option registers (PU1, PU3 to PU5, PU7, PU12)
Port input mode registers (PIM3, PIM7, PIM8)

Port output mode registers (POM3, POM7)

A/D port configuration register (ADPC)

e 78KOR/IC3 (48-pin products)

Port mode registers (PM1 to PM8, PM12, PM15)

Port registers (P1 to P8, P12, P14, P15)

Pull-up resistor option registers (PU1, PU3 to PU5, PU7, PU12)
Port input mode registers (PIM3, PIM7, PIM8)

Port output mode registers (POM3, POM7)

e 78KOR/ID3

Port mode registers (PMO to PM8, PM12, PM15)

Port registers (PO to P8, P12, P14, P15)

Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12)
Port input mode registers (PIM3, PIM7, PIM8)

Port output mode registers (POM3, POM7)

A/D port configuration register (ADPC)

78KOR/IE3

Port mode registers (PMO to PM8, PM12, PM14, PM15)

Port registers (PO to P8, P12, P14, P15)

Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, PU14)
Port input mode registers (PIM3, PIM7, PIM8)

Port output mode registers (POM3, POM7)

A/D port configuration register (ADPC)
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Table 4-6. Port Configuration (2/2)

Iltem

Configuration

Port

* 78KOR/IB3

Total: 23 (CMOS I/0: 21, CMOS input: 2)
o 78KOR/IC3 (38-pin products)

Total: 31 (CMOS I/O: 27, CMOS input: 4,)
o 78KOR/IC3 (44-pin products)

Total: 37 (CMOS 1/O: 33, CMOS input: 4)
o 78KOR/IC3 (48-pin products)

Total: 41 (CMOS 1I/O: 34, CMOS input: 4, CMOS output: 1, N-ch open drain 1/O: 2)
* 78KOR/ID3

Total: 45 (CMOS 1/0O: 38, CMOS input: 4, CMOS output: 1, N-ch open drain 1/O: 2)
* 78KOR/IE3

Total: 55 (CMOS 1/O: 48, CMOS input: 4, CMOS output: 1, N-ch open drain 1/O: 2)

Pull-up resistor

* 78KOR/IB3 Total: 12
o 78KOR/IC3 (38-pin products) Total: 15
o 78KOR/IC3 (44-pin products) Total: 19
o 78KOR/IC3 (48-pin products) Total: 19
« 78KOR/ID3 Total: 23
* 78KOR/IE3 Total: 32
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4.21 Port0
78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P00O/TI00 - - - - \
P01/TO00 - - - - v

Port 0 is I/O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units using port
mode register 0 (PM0). When the P00 and P01 pins are used as an input port, use of an on-chip pull-up resistor can

be specified in 1-bit units by pull-up resistor option register 0 (PUO).

This port can also be used for timer 1/O.
Reset signal generation sets port 0 to input mode.
Figures 4-1 and 4-2 shows block diagrams of port 0.

To use P01/TO00 as a general-purpose port, set bit 0 (TO00) of timer output register 0 (TO0)
and bit 0 (TOEO00) of timer output enable register 0 (TOEOQ) to “0”, which is the same as their

To use the crest interrupt signal (INTTMMO) and valley interrupt signal (INTTMVO) of the
inverter control function, output from timer channel 0 must be enabled (by setting TOE00 to

Therefore, P01/TO00 cannot be used as a general-purpose output port.

Figure 4-1. Block Diagram of P00

Selector

D
<Jod—

EVop

P-ch

© P00/TI00

Cautions 1.
default status setting.
2.
1).
e WReu
L PUO
© PUOO
Alternate
function
RD
(2]
2
5 S I
= N
5 I
IS
WReorT
PO
Output latch
~ (P0OO)
WRem
PMO
S PMO00
S
PO: Port register 0
PUO: Pull-up resistor option register 0
PMO:  Port mode register 0
RD: Read signal
WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVpp with Vop, or replace EVss with
Vss.
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Figure 4-2. Block Diagram of P01

EVop
M-  WReru
PUO
S PUO1
P-ch
RD
\ I 8 -

A\ | %
a »
Q0
§ WRPpoRT
3 PO
= L Output latch

~ (PO1) ——O P01/TO00

WRpm
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

Remark With products not provided with an EVop or EVss pin, replace EVpp with Vop, or replace EVss with
Vss.
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4.2.2 Port 1
78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)

P10/TI02/TO02/ N P10/TIO2/TO02™" | P10/TI02/TO02"" " | P10/TI02/TO02"" ' | P10/TIO2/TO02** " | P10/TIO2TO02""
TXDO

P11/TI03/TO03/ v P11/TIO3TO03"* " |P11/TI03TO03"*" |P11/TIO3TO03"*" | P11/TI03TO03"* ' P11/TIO3/T003 """
RXDO

P12/TI04/TO04 \ N J N J N
P13/TI05/TO05 v v v v N N
P14/T|06/T006 _ND(EZ _NOIEZ _NOIEZ _No!eZ _No!eZ \/
P15/T107/TO07 __Note2 __ Note2 _ Note2 _ Note2 _ Note2 N
P16/TI08/TO08 - - - _ _ N
P17/T109/TO09 _ Note3 _ Note3 _ Note3 _Notes _ Note3 J

Port 1 is a 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 timer I/O and serial interface data I/0.

Reset signal generation sets port 1 to input mode.

Figure 4-3 shows a block diagram of port 1.

Notes 1.

In the 38-pin products of the 78KOR/IC3, TxDO and RxDO are shared with P73 and P72, respectively.

In the 44-pin products of the 78KOR/IC3 and in the 78KOR/ID3 and 78KOR/IE3, TxDO and RxDO are
shared with P73 and P74, respectively.

2. TI06/TO06 and TIO7/TO07 are shared with P50 and P51, respectively, in products other than the
78KOR/IES.

3. TI09 is shared with P31, in products other than the 78 KOR/IES.

Cautions 1.

To use P10/T102/TO02(P10/TI02/TO02/TxD0), P11/T103/TO03(P11/TI03/TO03/RxD0), P12/T104/

TO04, P13/T105/TO05, P14/TI06/TO06, P15/TI07/TO07, P16/T108/TO08, or P17/TI09/TO09 as a

general-purpose port, set bits 2 to 9 (TO02 to TO09) of timer output register 0 (TO0) and bits

2 to 9 (TOEO2 to TOE09) of timer output enable register 0 (TOEO) to “0”, which is the same as

their default status setting.

To use the crest interrupt signal (INTTMM1) and valley interrupt signal (INTTMV1) of the

inverter control function, output from timer channel 4 must be enabled (by setting TOE04 to

1).

Therefore, P12/TI04/TO04 cannot be used as a general-purpose output port.

To use P10/TI02/TO2/TxD0 and P11/TI03/TO03/RxD0 of the 78KOR/IB3 as a general-purpose

port, note the serial array unit setting. For details, refer to the following tables.

e Table 13-5 Relationship Between Register Settings and Pins (Channel 0: UARTO
Transmission)

e Table 13-8 Relationship Between Register Settings and Pins (Channel 1:
Reception).

UARTO
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Figure 4-3. Block Diagram of P10 to P17

EVoo

M\A WReru
l PU1
O PU10 to PU17 ) |
Alternate
function
RD
I 2 :] :] |
& 3
2 | &b
Keo)
- WRpoRT
g P1
2
= A Output latch
~ (P10 to P17)
WRem
PM1
S PM10 to 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

P-ch

P10/TI02/TO02/TXDO
(P10/TI02/TO02),
P11/TI03/TO03/RXDO

—©O (P11/TI03/TO03),

P12/T104/TO04,
P13/TI05/TO05,
P14/T106/TO06,
P15/TI07/TO07,
P16/T108/TO08,
P17/TI09/TO09

Remark With products not provided with an EVop or EVss pin, replace EVpp with Vop, or replace EVss with

Vss.
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4.2.3 Port 2

78KOR/IB3

78KOR/IC3

78KOR/ID3

(38-pin)

(44-pin)

(48-pin)

78KOR/IE3

P20/ANIO

\/

\/

P21/ANI1

P22/ANI2

P23/ANI3

P24/ANI4

P25/ANI5

< |2 ||| 2|

P26/ANI6

P27/ANI7

P P 2 - - )

P P 2 R - )

Py 2 B = = =

Py P = = = I

< |||

Port 2 is a 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.
To use P20/ANIO to P27/ANI7 as digital input pins, set them in the digital /O mode by using the A/D port
configuration register (ADPC) and in the input mode by using PM2. Use these pins starting from the lower bit.
To use P20/ANIO to P27/ANI7 as digital output pins, set them in the digital I/O mode by using ADPC and in the
output mode by using PM2.
To use P20/ANIO to P27/ANI7 as analog input pins, set them in the analog input mode by using the A/D port
configuration register (ADPC) and in the input mode by using PM2. Use these pins starting from the upper bit.

Table 4-7. Setting Functions of P20/ANIO to P27/ANI7 Pins

ADPC PM2 ADS P20/ANIO to P27/ANI7 Pins
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)

Does not select ANI.

Analog input (not to be converted)

Qutput mode

Selects ANI.

Does not select ANI.

Setting prohibited

All P20/ANIO to P27/ANI7 are set in the digital input mode when the reset signal is generated.
Figure 4-4 shows a block diagram of port 2.

Caution Make the AVrer pin the same potential as the Voo and EVob pins when port 2 is used as a digital

port.
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Figure 4-4. Block Diagram of P20 to P27

A
RD
S
Y —
E | 3
g WRpProrT
o P2
£
Output latch
° Fediorar) O paot
WRem
PM2
S PM20 to PM27
A/D converter
S
pP2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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4.2.4 Port3
78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P30/SO10/TxD1 \ v \/ J v J
/TO11
P31/SI10/RxD1/ y V V d N P31/SHORXD1/
SDA10/INTP1/ SDA10INTP1™*
TIo9
P32/SCK10/ y y y J v J
SCL10/INTP2
P33 - - - - - N

Port 3 is 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).

Input to the P31 and P32 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units
using port input mode register 3 (PIM3).

Output from the P30 to P32 pins can be specified as N-ch open-drain output (Vop tolerance) in 1-bit units using
port output mode register 3 (POM3).

This port can also be used for serial interface data 1/O, clock I/O, external interrupt request input, and timer 1/O.

Reset signal generation sets port 3 to input mode.

Figures 4-5 to 4-7 show block diagrams of port 3.

Note TI09 is shared with P17, in the 78KOR/IE3.

Cautions 1. To use P30/SO10/TxD1/TO11 as a general-purpose port, set bit 1 (TO11) of timer output
register 1 (TO1) and bit 1 (TOE11) of timer output enable register 1 (TOE1) to “0”, which is
the same as their default status setting.

2. To use P30/SO10/TxD1/TO11, P31/SI10/RxD1/SDA10/INTP1/TI09, (P31/SI10/RxD1/SDA10/INTP1,
in case of 78KOR/IE3), P32/SCK10/SCL10/INTP2 as a general-purpose port, note the serial
array unit setting. For details, refer to the following tables.

e Table 13-11 Relationship Between Register Settings and Pins (Channel 2: CSI10,
UART1 Transmission, IIC10)

e Table 13-12 Relationship Between Register Settings and Pins (Channel 3: UART1
Reception).
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Figure 4-5. Block Diagram of P30

EVoo

P-ch

© P30/SO10/TXD1/TO11

160

M|  WRpu
PU3
S PU30 > |
RD
) I g \
O | <
[0
w
WRPporT
3 P3
o]
‘_é’ & Output latch
8 (P30) | '
£ WRrom
POM3
S POM30
WRem
PM3
S PM30
Alternate
function
Alternate
function
N
P3: Port register 3
PUS: Pull-up resistor option register 3
POMS3: Port output mode register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vb, or replace EVss with

Vss.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-6. Block Diagram of P31 and P32

M WRerim
J PIM3
& PIM31, PIM32 EVop
WRepu
l PU3
S PU31, PU32
—| P-ch
Alternate
function
CMOS
RD
O—4
_ T
@ o
E &S <] 8 TTL
N 3
(0]
= WReoRT 'U
P3
A Output latch
~ (P31, P32) —©O <IE3 >
1 P31/S110/RxD1/SDA10/INTP1,
WRrom P32/SCK10/SCL10/INTP2
POM3 <In products other than the IE3>
P31/SI10/RxD1/SDA10/INTP1/TI09,
S POM31, POM32 P32/SCK10/SCL10/INTP2
WRem
PM3
S PM31, PM32
Alternate
function
~_/
P3: Port register 3

PU3: Pull-up resistor option register 3
PIM3:  Port input mode register 3
POMS3: Port output mode register 3
PM3:  Port mode register 3

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVpp with Vop, or replace EVss with
Vss.
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EVoo

© P33

Figure 4-7. Block Diagram of P33
WRepu PU3
(N
PU33
RD [
1
o Selector K
a
E b
= WRPpoRT '
E P3
Output latch |
(P33)
WRpm PM3
PM33
=
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 4 PORT FUNCTIONS

4.2.5 Port 4
78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P40/TOOLO v v v v v
P41/TOOL1 3 y Y N N
P42 - - - - - J
P43 - - - - - J

Port 4 is I/0 port with an output latch. Port 4 can be set to the input mode or output mode in 1-bit units using port
mode register 4 (PM4). When the P40 to P43 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 4 (PU4)"*,

This port can also be used for flash memory programmer/debugger data I/O and clock output.

Reset signal generation sets port 4 to input mode.

Figures 4-8 and 4-9 show the block diagrams of port 4.
Note When a tool is connected, the P40 and P41 pins cannot be connected to a pull-up resistor.
Caution When a tool is connected, the P40 pin cannot be used as a port pin.
When the on-chip debug function is used, P41 pin can be used as follows by the mode setting on

the debugger.

1-line mode: can be used as a port (P41).
2-line mode: used as a TOOL1 pin and cannot be used as a port (P41).
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Figure 4-8. Block Diagram of P40 and P41

Y EVop
WReu
L PU4
S PU40, PU41
P-ch
Alternate
function
RD
2 1 S O< | O< | B
2 S 3
5 | ©
c w
E WReproRT
P4
N Output latch =
~ (P40, P41) 2
3 © P40/TOOLO,
WRem 3 P41/TOOL1
PM4 1
S PM40, PM41
Alternate
function
%
P4: Port register 4

PU4: Pull-up resistor option register 4
PM4:  Port mode register 4

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVpp with Vop, or replace EVss with
Vss.
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Figure 4-9. Block Diagram of P42 and P43

© P42, P43

EVop
WReru PU4
N\
PU42, PU43
P-ch
RD [
' -

® Selector \
a
g
31.3 WRPporT P4 1
£

Output latch |

(P42, P43)

WRpm PM4
PM42, PM43
/_\_/

P4: Port register 4
PU4: Pull-up resistor option register 4
PM4:  Port mode register 4
RD: Read signal
WRxx: Write signal
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4.2.6 Port5
78KOR/IB3 78KO0OR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P50/T106/TO06 N N N N P50 Mt
P51/T107/TO07 N N N N P51 et
P52/SLTI/SLTO - \/ N N N \
P53 - - - — _ N

Port 5 is a 4-bit I/0O port with an output latch. Port 5 can be set to the input mode or output mode in 1-bit units
using port mode register 5 (PM5). When the P50 to P53 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 5 (PU5).

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

Reset signal generation sets port 5 to input mode.

Figures 4-10 to 4-12 show a block diagrams of port 5.

Note TI06/TO06 and TI07/TO07 are shared with P14 and P15, in products the 78KOR/IES3.

Cautions 1. To use P50/TI06/TO06 and P51/TI07/TO07 as a general-purpose port, set bits 6 and 7 (TO06
and TOO07) of timer output register 0 (TO0) and bits 6 and 7 (TOE06 and TOEQ7) of timer
output enable register 0 (TOEOQ) to “0”, which is the same as their default status setting.

2. To use P52/SLTI/SLTO as a general-purpose port, check which timer 1/0 pin of which channel
n is selected in the input switching control register (ISC) setting (For details about the ISC
register, see 6.3 (24) Input switch control register (ISC). Also, set bit n (TOn) of timer output
register 0 (TOO) and bit n (TOEn) of timer output enable register 0 (TOEO) to “0”, which is the
same setting as in the initial state of each.

Remark n =00, 01, 08 to 11
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(1) 78KOR/IE3

Figure 4-10. Block Diagram of P50, P51

elector

S

<

EVoo

© P50, P51

™1 WReu
J\ PU5
S PU50, PU51
RD
%)
>
a
© Pay |
£
k5 |
£
WRepoRT
P5
& Output latch
(P50, P51)
WRem
PM5
S PM50, PM51
-

(2) In products other than 78KOR/IE3

elector

| S

(N~ WReu
l PUS5
& PU50, PU51
Alternate
function
RD
Vany |
A4
P |
o
] WRporT
5 P5
z
= N Output latch
~ (P50, P51)
WRem
PM5
& PM50, PM51
Alternate
function
N4
P5: Port register 5
PUS5: Pull-up resistor option register 5
PM5:  Port mode register 5
RD: Read signal
WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

Figure 4-11. Block Diagram of P52

~ EVoo
WReru
l PU5
ot PU52 |
| P-ch
Channel 0 of TAUS
Channel 1 of TAUS
ISC4, I1SC3, ISC2
Channel 8 of TAUS
Channel 9 of TAUS
Channel 10 of TAUS
Channel 11 of TAUS g
RD g
E
E | 5 O O
g S | g
8 &
<
WRepoRrT
P5
A Output latch
~ (P52) —©) P52/SLTI/SLTO
S
[$]
WRewm %
PM5 »
D PM52 ?
ISC
Channel 0 of TAUS ISC4, ISCS, ISC2
Channel 1 of TAUS
Channel 8 of TAUS
Channel 9 of TAUS
Channel 10 of TAUS
Channel 11 of TAUS
I~/
P5: Port register 5

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

RD: Read signal

WRxx: Write signal

ISC: Input switch control register

Remark With products not provided with an EVpp or EVss pin, replace EVpp with Vop, or replace EVss with
Vss.
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Figure 4-12. Block Diagram of P53

EVob
™ WRepu
PU5
S PU53
RD
3 . ' J
a o | "g L
(= (5]
5 | 3
£ »
WRroRrT
P5
A Output latch
~ (P53) © Ps3
WRem
PM5
S PM53
g e
P5: Port register 5
PUS: Pull-up resistor option register 5
PM5:  Port mode register 5
RD: Read signal
WRxx: Write signal

User's Manual U19678EJ1V1UD

169



CHAPTER 4 PORT FUNCTIONS

4.2.7 Port6
78K0R/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P60/SCLO - - - \ v
P61/SDAO - - - N N

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 regi

ster 6 (PM6).

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

Reset signal generation sets port 6 to input mode.

Figure 4-13 shows block diagram of port 6.

Caution When using P60/SCLO or P61/SDAO as a general-purpose port, stop the operation of serial
interface IICA.
Figure 4-13. Block Diagram of P60 and P61
N\
Alternate
function
RD
& 3
| o
[7p]
@ WReProRT
2 P6
©
s Output latch
< ¥ (P60, P61) —©O P60/SCLO,
P61/SDAO
WRpm
PM6
S PM60, PM61
Alternate
function
o
Pé6: Port register 6
PM6:  Port mode register 6
RD: Read signal
WRxx: Write signal
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4.2.8 Port7
78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P70/SO01/INTP4 et et V J
P71/SI01/INTP5 —tore! et y J
P72/SCK01/ - P72/INTP6/RxDO y J
INTP6
P73/SO00/TxDO e P73/TxD0/TO10 N v v J
/TO10
P74/SI00/RxD0/ —fote —foes y v v J
THO
P75/SCKO0/TI11 - - N N v
P76 - - - - -
P77 - - - - -

Port 7 is I/0 port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using port
mode register 7 (PM7). When the P70 and 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).

Input to the P71, P72, P74, and P75 pins can be specified through a normal input buffer or a TTL input buffer in 1-
bit units using port input mode register 7 (PIM7).

Output from the P70, P72, P73, and P75 pins can be specified as N-ch open-drain output (Vop tolerance) in 1-bit
units using port output mode register 7 (POM?7).

This port can also be used for serial interface data I/O, clock 1/O, external interrupt request input, and timer 1/0.

Reset signal generation sets port 7 to input mode.

Figures 4-14 to 4-19 show block diagrams of port 7.

Notes 1. In the 38-pin products of the 78KOR/IB3 and in the 78K0OR/IC3, INTP4 and INTP5 are shared with P121
and P122, respectively.
2. In the 78KOR/IB3, TxD0 and RxDO are shared with P10 and P11, respectively.
3. In the 38-pin products of the 78K0OR/IC3, RxDO0 is shared with P72.

Cautions 1. To use P70/SO01/INTP4, P71/SI01/INTP5, P72/SCKO01/INTP6, P73/SO00/TxD0/TO10, P74/SI100/
RxDO0/TI10, P75/SCKO00/TI11 (38-pin products of 78K0R/IC3: P72/INTP6/RxD0, P73/TxD0/TO10)
as a general-purpose port, note the serial array unit setting. For details, refer to the following
tables.

In case of the 44-pin and 48-pin products of 78KOR/IC3, 78K0R/ID3, and 78KOR/IE3
¢ Table 13-7 Relationship Between Register Settings and Pins (Channel 0: CSI00, UARTO
Transmission)
¢ Table 13-10 Relationship Between Register Settings and Pins (Channel 1: CSI01, UARTO
Reception).
In case of the 78K0R/IB3
o Table 13-6 Relationship Between Register Settings and Pins (Channel 0: UARTO
Transmission)
o Table 13-9 Relationship Between Register Settings and Pins (Channel 1: UARTO
Reception).

2. To use P73/SO00/TxD0/TO10 (38-pin products of 78KOR/IC3: P73/TxD0/TO10) as a general-
purpose port, set bit 10 (TO10) of timer output register 0 (TO0) and bit 10 (TOE10) of timer
output enable register 0 (TOEO) to “0”, which is the same as their default status setting.
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Figure 4-14. Block Diagram of P70

EVop
N\
WReru
l PU7
) PU70
P-ch
Alternate
function
RD
| 5 OQ—O@‘
& | 3
[
n
(2]
a2 WRpoRT
= P7
c
2 Output latch N
Fany
£ S (P70) ] ) s © P70/SO01/INTP4
WRProm
POM7
S POM70
WRem
PM7
& PM70
Alternate
function
~_/
P7: Port register 7

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

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVpp or EVss pin, replace EVpp with Vop, or replace EVss with
Vss.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-15. Block Diagram of P71 and P74

1 WRpim
l PIM7
S PIM71, PIM74 EVob
WRpru
l PU7
S PU71, PU74
—| P-ch
” Alternate
3 function
T CMOS
® RD
2 7P
| S
3
O | 3 TTL
w
WRerorT 'U
P7
Output latch |
S (P71, P74) © P71/SI01/INTPS5,
P74/S100/RxDO/TI10
WRpm
PM7
S PM71, PM74
N
P7: Port register 7
PU7: Pull-up resistor option register 7
PM7:  Port mode register 7
PIM7:  Port input mode register 7
RD: Read signal
WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vob, or replace EVss with

Vss.
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CHAPTER 4 PORT FUNCTIONS

Figure 4-16. Block Diagram of P72 (1/2)

(1) 38-pin products of 78K0OR/IC3

Selector

CMOS

_|

Vob

P-ch

TTL

174

Bt WRpim
l PIM7
© PIM72
WRpu
L PU7
O PU72
Alternate
function
(]
3
5 RD
£
g |
° |
WRroRrT
P7
N Qutput latch
~ (P72)
WRem
PM7
S PM72
~_/
P7: Port register 7
PU7: Pull-up resistor option register 7
PM7:  Port mode register 7
PIM7:  Port input mode register 7
RD: Read signal
WRxx: Write signal
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CHAPTER 4 PORT FUNCTIONS

Figure 4-16. Block Diagram of P72 (2/2)

(2) 44-pin and 48-pin products of 78K0R/IC3, 78K0R/ID3, 78K0OR/IE3

_|

EVoo

P-ch

© P72/SCKO1/INTP6

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

PIM7:  Port input mode register 7

RD: Read signal
WRxx: Write signal

B WRem
l PIM7
© PIM72
WRru
l PU7
& PU72 )C
Alternate
function
CMOS
RD
(g Van %
- © ko) TTL
g 3
E WRPpoRT 'U
P7
o Out(p;;zlr;ltch N\ . |
WRrom
POM7
S POM72
WRem
PM7
S PM72
Alternate
function
N\
P7: Port register 7

Remark With products not provided with an EVpp or EVss pin, replace EVop with Vop, or replace EVss with

Vss.
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Figure 4-17. Block Diagram of P73

EVoo
M- WReu
PU7
PU73
P-ch
RD
5 Q—O@i
pd g
o
\I °
(%]
WRPporT
P7
3
a Output latch DD a0 ducts of [C3
3 P73 L) <88-pin products o >
S| waeo ) i P73/TXxDO/TO10
E o POM7 <44-pin products of 78KOR/IC3,
78KOR/ID3, 78KOR/IE3>
POM73 P73/SO00/TxD0/TO10
WRpm
PM7
PM73
Alternate
function
Alternate
function
%
P7: Port register 7

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

POM?7: Port output mode register 7

RD: Read signal

WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vop, or replace EVss with
Vss.
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Figure 4-18. Block Diagram of

P75

Selector

D

EVoo

© P75/SCKO00/TI11

7

WRepim
J PIM7
O PIM75
WRepu
J PU7
O PU75
Alternate
function
RD
2 I
a S
3 |
£
2 WRPpoRT
= P7
& Output latch
(P75)
WRrom
POM7
S POM75
WRpem
PM7
O PM75
Alternate
function
N
P7: Port register 7
PU7: Pull-up resistor option register 7
PM7:  Port mode register 7
PIM7:  Port output mode register 7
POM?7: Port output mode register 7
RD: Read signal
WRxx: Write signal

Remark With products not provided with an EVop or EVss pin, replace EVop with Vb, or replace EVss with

Vss.
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Figure 4-19. Block Diagram of P76 and P77

© P76, P77

EVop
WReru PU7
N\
PU76, PU77
P-ch
RD [
' -

® Selector \
=]
3 ]
;Ej WRPporT p7 1
C
- Output latch [

(P76, P77)

WRpm PM7
PM76, 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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4.2.9 Port8
78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P80/CMPOP/TM v v v J V J
OFFO/INTP3/
PGAI
P81/CMPOM y
P82/CMP1P/ -
TMOFF1/INTP7
P83/CMP1M v v v J J J

Port 8 is I/0 port with an output latch. Port 8 can be set to the input mode or output mode in 1-bit units using port

mode register 8 (PM8).
Digital Inputs to the P80 to P83 pins must be enabled or disabled in 1-bit units using port input mode register 8

(PIM8).

This port can also be used for an input voltage on the (+) sides of comparators 0 and 1, an input voltage on the (-)
sides of comparators 0 and 1, a timer pin Hi-Z control input, an external interrupt request input, and an programmable

gain amplifier input.
Reset signal generation sets port 8 to analog input mode.
Figures 4-20 to 4-22 show block diagrams of port 8.

Figure 4-20. Block Diagram of P80

WRpiM
PIM8
© PIM80
Alternate
RD function
| S O<]—O@—
o & 3
3 | 3
®©
c
) WRPpoRT
= P8
Output latch
~ (P80)
WRem
PM8
S PM80
Comparator,
programmable gain amplifier
-
P8: Port register 8
PM8:  Port mode register 8
PIM8:  Port input mode register 8
RD: Read signal
WRxx: Write signal
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Figure 4-21. Block Diagram of P81 and P83

A
WRepim
PIM8
S PIM81, PIM83
RD
| - Gl
3 S | 3
a (D
£
) WRProRT
£ P8
Output latch @ P81/CMPOM,
~ (P81, P83) P83/CMP1M
WRem
PM8
&S PM81, PM83
Comparator
S
P8: Port register 8

PM8:  Port mode register 8
PIM8:  Port input mode register 8
RD: Read signal

WRxx: Write signal
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Figure 4-22. Block Diagram of P82

© P82/CMP1P/TMOFF1/INTP7

WReim
PIM8
© PIM82
Alternate
RD function
. | 5 O<]'O@—
(8]
= | 3
< (7]
=
2 WRroRT
= P8
Output latch
~ (P82)
WRem
PM8
S PM82
Comparator
S
P8: Port register 8
PM8:  Port mode register 8
PIM8:  Port input mode register 8
RD: Read signal
WRxx: Write signal
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4.2.10 Port 12
78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P120/INTPO/ V N N N N N
EXLVI
P121/X1/INTP4 v N P121/X1"" P121/X1 ™" P121/X1"" P121/X1™"
P122/X2/ v v P122/X2/EXCLK""® |P122/X2/EXCLK " |P122/X2/EXCLK **** |P122/X2/EXCLK "
EXCLK/INTP5
P123/XT1 -
P124/XT2 -

P120 is 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, use of an on-chip pull-up resistor can be specified by pull-up
resistor option register 12 (PU12).

P121 to P124 are 4-bit input ports.

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

Reset signal generation sets port 12 to input mode.

Figures 4-23 to 4-25 show block diagrams of port 12.

Note INTP4 and INTP5 are shared with P70 and P71, respectively, in products other than the 78K0R/IB3 and the
38-pin products of the 78KOR/ICS.

Caution The function setting on P121 to P124 is available only once after the reset release. The port once
set for connection to an oscillator cannot be used as an input port unless the reset is performed.
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Internal bus

Figure 4-23. Block Diagram of P120

EVoo

o

P-ch

Selector

<Jeg—

© P120/INTPO/EXLVI

WReu
J PU12
O PU120
Alternate
function
RD
S
WRPpoRrT
P12
A 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

Remark With products not provided with an EVop or EVss pin, replace EVop with Vob, or replace EVss with

Vss.
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Figure 4-24. Block Diagram of P121 and P122 (1/2)

(1) 78KOR/IB3 and 38-pin products of 78KOR/IC3

© P122/X2/EXCLK/INTP5

© P121/X1/INTP4

i
CMC
OSCSEL
Alternate
function
RD
& I (
I N J
[2]
>
o)
T
c
5
=
CMC
EXCLK, OSCSEL §
Alternate
function
RD
& I L oQ—o@}
\/
CMC: Clock operation mode control register
RD: Read signal
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Figure 4-24. Block Diagram of P121 and P122 (2/2)

(1) 44-pin and 48-pin products of 78K0R/IC3, 78K0R/ID3, 78KOR/IE3
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M\
17
CMC
OSCSEL

RD

e | J © P122/X2/EXCLK
(2]
2
g CMC
8
= EXCLK, OSCSEL § yA

RD

e | \ 7 © P121/x1

\J

CMC: Clock operation mode control register

RD: Read signal
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Figure 4-25. Block Diagram of P123 and P124

186

M
i
CMC
OSCSELS
RD
~ | \§ © P124/XT2
3
Kol
)
£
E CMC
OSCSELS C()< L‘ E
RD
¥ | \ © P123/XT1
AV
CMC: Clock operation mode control register
RD: Read signal
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4.2.11 Port 14

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3

(38-pin) (44-pin) (48-pin)
P140/PCLBUZ0 - - - \ \
P141/PCLBUZ1 - - - - -

P140 is a output port with an output latch.

P141 is 1/O port with an output latch. P141 can be set to the input mode or output mode in 1-bit units using port
mode register 14 (PM14). When the P141 pin is 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 14 (PU14).

This port can also be used for clock/buzzer output.

Reset signal generation sets P141 to input mode.

Figures 4-26 and 4-27 show block diagrams of port 14.

Caution To use P140/PCLBUZ0 and P141/PCLBUZ1 as general-purpose ports, set bit 7 of clock output
select registers 0 and 1 (CKS0, CKS1) to “0”, which is the same as their default status setting.
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Figure 4-26. Block Diagram of P140

[
RD

(2]

=}

Ko}

§ WRPpoRrT P140

9]

IS Output latch

(P140)
Alternate
function
T~

P14: Port register 14
RD: Read signal
WRxx:  Write signal

© P140/PCLBUZ0O

Remark The P140 pin outputs a low level when it is used as a port function pin and a reset is effected. If P140 is
set to output a high level before reset is effected, the output signal of P140 can be dummy-output as the

CPU reset signal.

Reset signal

P140
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Set by software
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Figure 4-27. Block Diagram of P141

B EVoo
Wheu PU14
PU141
P-ch
RD [
] -
Selector \
é WRProRrT P14 T—
©
g Output latch
€ (P141) «——O P141/PCLBUZ1
Wieu PM14
PM141
Alternate
function
/_\_/
P14: Port register 14
PU14: Pull-up resistor option register 14
PM14: Port mode register 14
RD: Read signal
WRxx: Write signal
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4.2.12 Port 15

78KOR/IB3 78KOR/IC3 78KOR/ID3 78KOR/IE3
(38-pin) (44-pin) (48-pin)
P150/ANI8 - - N N N N
P151/ANI9 - - J N J J
P152/ANI10 - - - v v v
P153/ANI11 - - - - - J

Port 15 is an I/O port with an output latch. Port 15 can be set to the input mode or output mode in 1-bit units using
port mode register 15 (PM15).

This port can also be used for A/D converter analog input.

To use P150/ANI8 to P153/ANI11 as digital input pins, set them in the digital I/O mode by using the A/D port
configuration register (ADPC) and in the input mode by using PM15. Use these pins starting from the lower bit.

To use P150/ANI8 to P153/ANI11 as digital output pins, set them in the digital /O mode by using ADPC and in the
output mode by using PM15.

Table 4-8. Setting Functions of P150/ANI8 to P153/ANI11 Pins

ADPC PM15 ADS P150/ANI8 to P153/ANI11 Pins
Digital I/0 selection Input mode - Digital input
Qutput mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited
Does not select ANI.

All P150/ANI8 to P153/ANI11 are set in the digital input mode when the reset signal is generated.
Figure 4-28 shows block diagram of port 15.

Caution Make the AVrerF pin the same potential as the Voo and EVop pins when port 15 is used as a digital
port.
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Internal bus

Figure 4-28. Block Diagram of P150 to P153

RD
S \
S | g
| ©
17}
WRPpoRT
P15
& Output latch © P150/ANI8 to
(P150 to P153) P153/ANI11
WRem
PM15
& PM150 to PM153
A/D converter

P15: Port register 15
PM15: Port mode register 15
RD: Read signal

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

e Port mode registers (PMxx)

o Port registers (Pxx)

o Pull-up resistor option registers (PUxx)

e Port input mode registers (PIM3, PIM7, PIM8)
o Port output mode registers (POM3, POM7)

o 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 PMxx registers to FFH, and sets PM14 register to FEH.
When port pins are used as alternate-function pins, set the port mode register by referencing 4.5 Settings of
Port Mode Register and Output Latch When Using Alternate Function.
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Figure 4-29. Format of Port Mode Register (78KOR/IB3)

Symbol 7 5 4 3 2 1 0 Address  After reset R/W
PM1 | 1 ‘ 1 | 1 ‘ PM13 ‘ PM12 | PM11 ‘ PM10 | FFF21H FFH R/W
PM2 | 1 ‘ PM25 | PM24 ‘ PM23 ‘ PM22 | PM21 ‘ PM20 FFF22H FFH R/W
PM3 | 1 ‘ 1 | 1 ‘ 1 ‘ PM32 | PM31 ‘ PM30 FFF23H FFH R/W
PM4 | 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM41 ‘ PM40 | FFF24H FFH R/W
PM5 | 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM51 ‘ PM50 FFF25H FFH R/W
PM8 | 1 ‘ 1 | 1 ‘ PM83 ‘ 1 | PM81 ‘ PM80 FFF28H FFH R/W
PM12 | 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM120 | FFF2CH FFH R/W

PMmn Pmn pin /0 mode selection
(m=1to5,8and 12;n=0to0 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Caution Be sure to set the following bits to 1.
e Bits 4 to 7 of the PM1 register
o Bits 6 and 7 of the PM2 register
e Bits 3 to 7 of the PM3 register
e Bits 2 to 7 of the PM4 register
o Bits 2 to 7 of the PM5 register
o Bits 2 and 4 to 7 of the PM8 register
e Bits 1 to 7 of the PM12 register
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Figure 4-30. Format of Port Mode Register (78KOR/IC3)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PM1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM13 ‘ PM12 | PM11 ‘ PM10 | FFF21H FFH RW
PM2 | PM27 ‘ PM26 ‘ PM25 | PM24 ‘ PM23 ‘ PM22 PM21 ‘ PM20 | FFF22H FFH R/W
PM3 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ PM32 PM31 ‘ PM30 | FFF23H FFH R/W
PM4 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 PM41 ‘ PM40 | FFF24H FFH R/W
PM5 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ PM52 PM51 ‘ PM50 | FFF25H FFH R/W

PMe6 "' 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 PM61 ‘ PM60 | FFF26H FFH R/W
PM7 1 1 PM75 PM74 PM73 PM72 PM71 PM70 FFF27H FFH R/W

Note 2 Note 2 Note 2 Note 2
PM8 | 1 ‘ 1 ‘ 1 | 1 ‘ PM83 ‘ PM82 PM81 ‘ PM80 | FFF28H FFH R/W
PM12 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 1 ‘ PM120 | FFF2CH FFH R/W
PM15™*? 1 1 1 1 1 PM152 | PM151 | PM150 | FFF2FH FFH R/W
Note 1
PMmn Pmn pin I/0 mode selection
(m=1t08,12and 15;n=01t0 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Notes 1. 48-pin products only.
2. 44-pin and 48-pin products only.
Caution Be sure to set the following bits to 1.
o Bits 4 to 7 of the PM1 register
e Bits 3 to 7 of the PM3 register
e Bits 2 to 7 of the PM4 register
o Bits 3 to 7 of the PM5 register
e Bits 2 to 7 of the PM6 register
e Bits 6 and 7 of the PM7 register (38-pin products: bits 0, 1 and 4 to 7)
o Bits 4 to 7 of the PM8 register
e Bits 1 to 7 of the PM12 register
e Bits 4 to 7 of the PM15 register (44-pin products: bits 2 to 7)
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Figure 4-31. Format of Port Mode Register (78KOR/ID3)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMO | 1 ’ 1 ‘ 1 | 1 ’ 1 ‘ 1 | PMO1 ‘ PMO0O | FFF20H FFH R/W
PMH1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM13 ‘ PM12 | PM11 ‘ PM10 | FFF21H FFH R/W
PM2 | PM27 ‘ PM26 ‘ PM25 | PM24 ‘ PM23 ‘ PM22 | PM21 ‘ PM20 | FFF22H FFH R/W
PM3 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ PM32 | PM31 ‘ PM30 | FFF23H FFH R/W
PM4 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM41 ‘ PM40 | FFF24H FFH R/W
PM5 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ PM52 | PM51 ‘ PM50 | FFF25H FFH R/W
PM6 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM61 ‘ PM60 | FFF26H FFH R/W
PM7 | PM77 ‘ PM77 ‘ PM75 | PM74 ‘ PM73 ‘ PM72 | PM71 ‘ PM70 | FFF27H FFH R/W
PM8 | 1 ‘ 1 ‘ 1 | 1 ‘ PM83 ‘ PM82 | PM81 ‘ PM80 | FFF28H FFH R/W
PM12 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM120 | FFF2CH FFH RW
PM15 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ PM152 | PM151 ‘ PM150 | FFF2FH FFH RW

PMmn Pmn pin I/0O mode selection
(m=0t08,12and 15;n=01t0 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
Caution Be sure to set the following bits to 1.
o Bits 2 to 7 of the PMO register
o Bits 4 to 7 of the PM1 register
e Bits 3 to 7 of the PM3 register
o Bits 2 to 7 of the PM4 register
o Bits 3 to 7 of the PM5 register
e Bits 2 to 7 of the PM6 register
o Bits 4 to 7 of the PM8 register
o Bits 1 to 7 of the PM12 register
e Bits 3 to 7 of the PM15 register
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Symbol
PMO

PM2

PM3

PM4

PM5

PM6

PM7

PM8

PM12

PM14

PM15

Figure 4-32. Format of Port Mode Register (78 KOR/IE3)

7 6 5 4 3 2 1 0 Address  After reset R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PMO1 ‘ PMO00O | FFF20H FFH R/W
PM1 | PM17 ‘ PM16 ‘ PM15 | PM14 ‘ PM13 ‘ PM12 | PM11 ‘ PM10 | FFF21H FFH R/W
| PM27 ‘ PM26 ‘ PM25 | PM24 ‘ PM23 ‘ PM22 | PM21 ‘ PM20 | FFF22H FFH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ PM33 ‘ PM32 | PM31 ‘ PM30 | FFF23H FFH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ PM43 ‘ PM42 | PM41 ‘ PM40 | FFF24H FFH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ PM53 ‘ PM52 | PM51 ‘ PM50 | FFF25H FFH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM61 ‘ PM60 | FFF26H FFH R/W
| PM77 ‘ PM77 ‘ PM75 | PM74 ‘ PM73 ‘ PM72 | PM71 ‘ PM70 | FFF27H FFH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ PM83 ‘ PM82 | PM81 ‘ PM80 | FFF28H FFH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM120 | FFF2CH FFH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM141 ‘ 0 | FFF2EH FEH R/W
| 1 ‘ 1 ‘ 1 | 1 ‘ PM153 ‘ PM152 | PM151 ‘ PM150 | FFF2FH FFH R/W
PMmn Pmn pin /0 mode selection

Caution

196

(m=

0t08,12,14and 15;n=01t0 7)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Be sure to set the following bits to 1.

Bits 2 to 7 of the PMO register
Bits 4 to 7 of the PM3 register
Bits 4 to 7 of the PM4 register
Bits 4 to 7 of the PM5 register
Bits 2 to 7 of the PM6 register
Bits 4 to 7 of the PM8 register
Bits 1 to 7 of the PM12 register
Bits 2 to 7 of the PM14 register
Bits 4 to 7 of the PM15 register

Also, be sure to clear bit 0 of PM14 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 output latch value is

read"".
Port registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Note It is always 0 and never a pin level that is read out if a port is read during the input mode when P2 and P15 are
set to function as an analog input for a A/D converter.

Symbol
P1

P2

P3

P4

P5

P8

P12

Figure 4-33. Format of Port Register (78KOR/IB3)

7 6 5 4 3 2 1 0 Address After reset R/W
| 0 0 ‘ 0 ‘ 0 ‘ P13 ‘ P12 | P11 ‘ P10 FFFO1H  OOH (output latch) R/W
| 0 0 ‘ P25 ‘ P24 | P23 ‘ p22 P21 P20 FFFO2H  0OH (output latch) R/W
| 0 0 ‘ 0 ‘ 0 | 0 ‘ P32 P31 P30 FFFO3H  OOH (output latch) R/W
| 0 0 ‘ 0 ‘ 0 | 0 ‘ 0 P41 P40 FFFO4H OOH (output latch) R/W
| 0 0 ‘ 0 ‘ 0 | 0 ‘ 0 P51 P50 FFFO5H  OOH (output latch) R/W
| 0 0 ‘ 0 ‘ 0 | P83 ‘ 0 P81 P80 FFFO8H  OOH (output latch) R/W
| 0 0 ‘ 0 ‘ 0 | 0 ‘ P122 ‘ P121 ‘ P120 FFFOCH Undefined R/WNe
Pmn m=1t05,8and12;n=0t05
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 P121 and P122 are read-only.
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Figure 4-34. Format of Port Register (78KOR/IC3)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
P1 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ P13 ‘ P12 ‘ P11 ‘ P10 | FFFO1H  OOH (output latch) R/W
P2 | P27 | P26 ‘ P25 ‘ P24 | P23 ‘ P22 ‘ P21 ‘ P20 | FFFO2H  00H (output latch) R/W
P3 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ P32 ‘ P31 ‘ P30 | FFFO3H  00H (output latch) R/W
P4 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P41 ‘ P40 | FFFO4H  OOH (output latch) R/W
P5 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ P52 ‘ P51 ‘ P50 | FFFO5H  00H (output latch) R/W
pe"! | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P61 ‘ P60 | FFFO6H  00H (output latch) R/W
P7 | 0 | 0 ‘ p75"Me? ‘ p74M°e? | P73 ‘ P72 ‘ p71Mee? ‘ P7o"°‘”| FFFO7H  OOH (output latch) R/W
P8 | 0 | 0 ‘ 0 ‘ 0 | P83 ‘ P82 ‘ P81 ‘ P80 | FFFO8H  0OH (output latch) R/W
P12 | 0 | 0 ‘ 0 ‘ P124 | P123 ‘ P122 ‘ P121 ‘ P120 | FFFOCH Undefined R/W"*
P14t | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ P140 | FFFOEH  OOH (output latch) R/W
P15"°‘”| 0 0 ‘ 0 ‘ 0 | 0 ‘P152"°‘°‘ P151 ‘ P150 | FFFOFH  OOH (output latch) R/W

Pmn m=1t08,12,14and 15;n=0to 7
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

Notes 1. 48-pin products only.
2. 44-pin and 48-pin products only.
3. P121 to P124 are read-only.
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Symbol
PO

P1

P2

P3

P4

P5

P6

P7

P8

P12

P14

P15

Figure 4-35. Format of Port Register (78KOR/ID3)

7 6 5 4 3 2 1 0 Address After reset R/W
0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PO1 POO FFFOOH  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | P13 ‘ P12 ‘ P11 P10 FFFO1H  OOH (output latch) R/W
P27 | P26 ‘ P25 ‘ P24 | P23 ‘ P22 ‘ P21 P20 FFFO2H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | 0 ‘ P32 ‘ P31 P30 FFFO3H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P41 P40 FFFO4H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | 0 ‘ P52 ‘ P51 P50 FFFO5H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P61 P60 FFFO6H  OOH (output latch) R/W
P77 | P76 ‘ P75 ‘ P74 | P73 ‘ P72 ‘ P71 P70 FFFO7H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | P83 ‘ P82 ‘ P81 P80 FFFO8H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ P124 | P123 ‘ P122 ‘ P121 P120 FFFOCH Undefined R/W"*®
0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 P140 FFFOEH OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | 0 ‘ P152 ‘ P151 P150 FFFOFH  OOH (output latch) R/W
Pmn m=0t08,12,and 15;n=0t0 7
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level
Note P121 to P124 are read-only.
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Symbol
PO

P1

P2

P3

P4

P5

P6

P7

P8

P12

P14

P15

200

Figure 4-36. Format of Port Register (78 KOR/IE3)

7 6 5 4 3 2 1 0 Address After reset R/W
0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ PO1 ‘ POO FFFOOH  OOH (output latch) R/W
P17 | P16 ‘ P15 ‘ P14 | P13 ‘ P12 ‘ P11 ‘ P10 FFFO1H  OOH (output latch) R/W
P27 | P26 ‘ P25 ‘ P24 | P23 ‘ P22 ‘ P21 ‘ P20 FFFO2H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | P33 ‘ P32 ‘ P31 ‘ P30 FFFO3H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | P43 ‘ P42 ‘ P41 ‘ P40 FFFO4H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | P53 ‘ P52 ‘ P51 ‘ P50 FFFO5H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P61 ‘ P60 FFFO6H  OOH (output latch) R/W
P77 | P76 ‘ P75 ‘ P74 | P73 ‘ P72 ‘ P71 ‘ P70 FFFO7H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | P83 ‘ P82 ‘ P81 ‘ P80 FFFO8H  OOH (output latch) R/W
0 | 0 ‘ 0 ‘ P124 | P123 ‘ P122 ‘ P121 ‘ P120 FFFOCH Undefined R/W"*®
0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P141 ‘ P140 FFFOEH OOH (output latch) R/W
0 | 0 ‘ 0 ‘ 0 | P153 ‘ P152 ‘ P151 ‘ P150 FFFOFH  OOH (output latch) R/W
Pmn m=0t08,12,14,15;n=0to 7
Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level
Note P121 to P124 are read-only.
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(3) Pull-up resistor option registers (PUxx)
These registers specify whether the on-chip pull-up resistors of PUxx 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 PUxx. 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 Pull-up resistor option registers.
Pull-up resistor option registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 4-37. Format of Pull-up Resistor Option Register (78KOR/IB3)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PU1 | 0 | 0 ’ 0 ‘ 0 | PU13 ‘ PU12 ‘ PU11 ’ PU10 | FO031H 00H R/W
PU3 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ PU32 ‘ PU31 ‘ PU30 | FOO33H 00H R/W
PU4 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU41 ‘ PU40 | FO034H 00H R/W
PU5 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU51 ‘ PU50 | FOO035H 00H R/W
PU12 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU120 | FOO3CH O00H R/W

PUmn Pmn pin on-chip pull-up resistor selection
(m=1,3t05,and12;n=010 3)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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Figure 4-38. Format of Pull-up Resistor Option Register (78KOR/IC3)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PUA1 | 0 0 ‘ 0 ‘ 0 | PU13 ‘ PU12 ‘ PU11 ‘ PU10 | FOO31H 00H R/W
PU3 | 0 0 ‘ 0 ‘ 0 | 0 ‘ PU32 ‘ PU31 ‘ PU30 | FOO33H 00H R/W
PU4 | 0 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU41 ‘ PU40 | FO034H 00H R/W
PU5 | 0 0 ‘ 0 ‘ 0 | 0 ‘ PU52 ‘ PU51 ‘ PU50 | FOO35H 00H R/W
PU7 | 0 0 ‘ PU75*° | PU74*™ | PU73 ‘ PU72 | PU71"* ‘PU70“°‘° FO037H 00H R/W
PU12 | 0 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU120 | FOO3CH 00H R/W

PUmn Pmn pin on-chip pull-up resistor selection
(m=1,3t05,7and12;n=01t05)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
Note 44-pin and 48-pin products only.
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Symbol
PUO

PU1

PU3

PU4

PU5

PU7

PU12

Figure 4-39. Format of Pull-up Resistor Option Register (78 KOR/ID3)

7 6 5 4 3 2 1 0 Address  After reset R/W
| 0 0 ‘ 0 ‘ 0 | 0 ‘ 0 PUO1 ‘ PUOO FOO30H 00H R/W
| 0 0 ‘ 0 ‘ 0 | PU13 ‘ PU12 PU11 ‘ PU10 FO031H 00H R/W
| 0 0 ‘ 0 ‘ 0 | 0 ‘ PU32 PU31 ‘ PU30 FOO33H O00H R/W
| 0 0 ‘ 0 ‘ 0 | 0 ‘ 0 PU41 ‘ PU40 FO034H 00H R/W
| 0 0 ‘ 0 ‘ 0 | 0 ‘ PU52 PU51 ‘ PU50 FOO35H 00H R/W
| PU77 | PU76 ‘ PU75 ‘ PU74 | PU73 ‘ PU72 PU71 ‘ PU70 FOO37H 00H R/W
| 0 0 ‘ 0 ‘ 0 | 0 ‘ 0 0 ‘ PU120 | FOO3CH 00H R/W

PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,3t05,7and 12;,n=01t07)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected
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Symbol
PUO

PU3

PU4

PU5

PU

iy

PU12

PU14

Figure 4-40. Format of Pull-up Resistor Option Register (78KOR/ IE3)

7 6 5 4 3 2 1 0 Address  After reset R/W
| 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PUO1 ‘ PU0OO | FOO30H 00H R/W
PU1 | PU17 | PU16 ‘ PU15 ‘ PU14 | PU13 ‘ PU12 ‘ PU11 ‘ PU10 | FOO31H 00H R/W
| 0 | 0 ‘ 0 ‘ 0 | PU33 ‘ PU32 ‘ PU31 ‘ PU30 | FOO33H O00H R/W
| 0 | 0 ‘ 0 ‘ 0 | PU43 ‘ PU42 ‘ PU41 ‘ PU40 | F0034H 00H R/W
| 0 | 0 ‘ 0 ‘ 0 | PU53 ‘ PU52 ‘ PU51 ‘ PU50 | FOO035H O00H R/W
| PU77 | PU76 ‘ PU75 ‘ PU74 | PU73 ‘ PU72 ‘ PU71 ‘ PU70 | FOO37H 00H R/wW
| 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU120 | FOO3CH 00H R/W
| 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU141 ‘ 0 | FOO3EH 00H R/W
PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,31t05,7,12,14,n=01t07)
0 On-chip pull-up resistor not connected

204

On-chip pull-up resistor connected
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(4) Port input mode registers (PIM3, PIM7, PIM8)

PIM3 and PIM7 registers set the input buffer of P31, P32, P71, P72, P74, or P75 in 1-bit units.

TTL input buffer can be selected during serial communication with an external device of the different potential.
PIM8 is used to enable or disable the inputs to P80 to P83 in 1-bit units.

When using a comparator or an

programmable gain amplifier, the digital inputs are disabled (use P8n pin as the analog input) by software

processing.

To use port functions, INTP3, INTP7, TMOFFO, TMOFF1 , the digital inputs must be enabled, because they are

disabled (use PIM8 register as the analog input) by default.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Figure 4-41. Format of Port Input Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PIM3 | 0 | 0 ’ 0 ‘ 0 | 0 ‘ PIM32 ‘ PIM31 ’ 0 | FO0043H 00H R/W
PIM7 """ | 0 | 0 ‘PIM?S""“’2 PIM74"** 0 ‘ PIM72 ‘PIM71”"lez 0 | FO047H 00H R/W
PIM8 0 0 0 0 PIM83 | PIM82 | PIM81 | PIM80 | F0048H 00H R/W
Note 1
PIMmn Pmn pin input buffer selection
(m=3and7;n=1,2,4,5)
0 Normal input buffer
1 TTL input buffer
PIM8n P8n pin digital input enable/disable selection
(n=0t03)
0 Disables digital input (use P8n pin as the analog input)
1 Enables digital input

Notes 1. Those are not provided in the 78KOR/IB3.

2. Those are not provided in the 38-pin products of the 78KOR/IC3.
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(5) Port output mode registers (POM3, POM7)
These registers set the output mode of P30 to P32, P70, P72, P73, or P75 in 1-bit units.
N-ch open drain output (Vop tolerance) mode can be selected during serial communication with an external
device of the different potential, and for the SDA10 pin during simplified I°C communication with an external
device of the same potential.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to 00H.

Figure 4-42. Format of Port Input Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
POM3 | 0 | 0 ’ 0 ‘ 0 | 0 ‘ POM32 ‘ POMS31 ’ POM30| FOO053H O00H R/W
POM7"*" 0 0 POM75 0 POM73 | POM72 0 POM70 | FOO57H 00H R/W
Note 2 Note 2 Note 2
POMmMn Pmn pin output mode selection

(m=3and7;n=0to 3 and5)

0 Normal output mode

1 N-ch open-drain output (Voo tolerance) mode

Notes 1. Thatis not provided in the 78KOR/IB3.
2. Those are not provided in the 38-pin products of the 78KOR/IC3.

206 Users Manual U19678EJ1V1UD



CHAPTER 4 PORT FUNCTIONS

(6) A/D port configuration register (ADPC)
This register switches the P20/ANIO to P27/ANI7 and P150/ANI8 to P153/ANI11 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 sets this register to 10H.

Figure 4-43. Format of A/D Port Configuration Register (ADPC)

Address: FOO17H  After reset: 10H R/W
Symbol 7 6 5 4 3 2 1 0

ADPC 0 0 0 ADPC4 ADPC3 ADPC2 ADPCA1 ADPCO

> | > | x| x| > Analog input (A)/digital I/O (D) switching
212]%|3|8
m g0 O O @ ololal|l ol o Port 15 Port 2
w wWw W w (O] A~ w N - o
2 2 o
& £ 8 2|22 |22 |2|2|2|2|2|2 |2
T 2 Z =|Z|eg|2|3 || |E|e|8|2 |8
2 2 2 = |2 3 || JF | I ||| T | I |3
vl vl - - N N nN n nN N N N
— —= [ [ ~ o a i w0 N - o
o (&) - o
w N
A X A A A
0 0 0 0 0 A A A|lA|A A A A A A A A
0 0 0 0 1 A A A|lA|A A A A A A A D
0 0 0 1 0 A A A|lA|A A A A A A D D
Note 1 Note 1 Note 1 Note 1 Note 1
0 0 0 1 1 A A A|lA|A A A A A D D D
0 0 1 0 0 A A A|lA|A A A A D D D D
4 0 0 1 0 1 A A A|lA|A A A D D D D D
r s
0 0 1 1 0 A A A|lA|A A D D D D D D
0 0 1 1 1 A A A|lA|A D D D D D D D
=
0 1 0 0 0] A A A| A D D D D D D D D
Note2  Note 2 0 1 0 0 1 A A A D D D D D D D D D
" o
0 1 0 1 0ol A A D D D D D D D D D D
_x_ Note 2
Note 2 0 1 0 1 1 A D D D D D D D D D D D
3 +
v Note1 Note1 Note1 Note1 1 0 0 0 0 D D D D D D D D D D D D
v v v v
Other than the above Setting prohibited

Notes 1. Setting permitted
2. Setting prohibited

Cautions 1. Set a channel to be used for A/D conversion in the input mode by using port mode
register 2 and 15 (PM2, PM15).

2. Do not set the pin that is set by ADPC as digital I/O by ADS.

3. P20/ANIO to P27/ANI7 and P150/ANI8 to P153/ANI11 are set as analog inputs in the order
of P153/ANI11, ..., P150/ANI8, P27/ANI7, ..., P20/ANIO by the A/D port configuration
register (ADPC). When using P20/ANIO to P27/ANI7 and P150/ANI8 to P153/ANI11 as
analog inputs, start designing from P153/ANI11.
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to I/O port

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

4.4.2 Reading from I/O port

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

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

4.4.3 Operations on 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.

208 Users Manual U19678EJ1V1UD



CHAPTER 4 PORT FUNCTIONS

4.4.4 Connecting to external device with different power potential (2.5 V, 3 V)

When parts of port 3 and 7 operate with Voo = 4.0 V to 5.5 V, I/O connections with an external device that operates
on a 2.5V or 3 V power supply voltage are possible.

Regarding inputs, CMOS/TTL switching is possible on a bit-by-bit basis by port input mode registers (PIM3 and
PIM7).

Moreover, regarding outputs, different power potentials can be supported by switching the output buffer to the N-ch
open drain (Vop withstand voltage) by the port output mode registers (POM3 and POM?7).

(1) Setting procedure when using I/O pins of UART0""*', UART1, CSI00"*? CSI01"** and CSI10 functions

(a) Use as 2.5V or 3 V input port
<1> After reset release, the port mode is the input mode (Hi-Z).
<2> If pull-up is needed, externally pull up the pin to be used (on-chip pull-up resistor cannot be used).

In case of UART0""":P72 (38-pin products of 78KOR/IC3)
P74 (44-pin and 48-pin products of 78K0R/IC3, 78K0R/ID3 and
78KOR/IE3)

In case of UART1  :P31

In case of CSI00"™*? :P74, P75

In case of CSI01""**:P71, P72

In case of CSI10 :P31, P32

<3> Set the corresponding bit of the PIMn register to 1 to switch to the TTL input buffer.
<4> ViH/ViL operates on a 2.5V or 3 V operating voltage.

Notes 1. In the 78K0R/IB3, UARTO cannot be used to communicate between devices with different power
potentials.
2. The 78KOR/IB3 and the 38-pin products of the 78KOR/IC3 doesn’t have CSI00 and CSI01.

Remark n=3and7 (78KOR/IB3:n=3)
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(b) Use as 2.5V or 3 V output port

<1>

<2>

<3>

<4>

<5>

<6>

After reset release, the port mode changes to the input mode (Hi-2).
Pull up externally the pin to be used (on-chip pull-up resistor cannot be used).

In case of UARTO"™"": P73
In case of UART1 : P30
In case of CSI00"*?* : P73, P75
In case of CSI01"*? : P70, P72
In case of CSI10 : P30, P32

Set the output latch of the corresponding port to 1.

Set the corresponding bit of the POMn register to 1 to set the N-ch open drain output (Vop withstand
voltage) mode.

Set the output mode by manipulating the PMn register.

At this time, the output data is high level, so the pin is in the Hi-Z state.

Operation is done only in the low level according to the operating status of the serial array unit.

Notes 1. In the 78KOR/IB3, UARTO cannot be used to communicate between devices with different power

potentials.
2. The 78KO0R/IB3 and the 38-pin products of the 78KOR/IC3 doesn’t have CSI00 and CSIO1.

Remark n=3and7 (78KOR/IB3:n=3)

(2) Setting procedure when using I/O pins of simplified 11IC10 functions

210

<1>

<2>

<3>

<4>

<5>

<6>

After reset release, the port mode is the input mode (Hi-Z).
Externally pull up the pin to be used (on-chip pull-up resistor cannot be used).

In case of simplified [IC10: P31, P32

Set the output latch of the corresponding port to 1.

Set the corresponding bit of the POMS register to 1 to set the N-ch open drain output (Vop withstand
voltage) mode.

Set the corresponding bit of the PM3 register to the output mode (data 1/O is possible in the output
mode).

At this time, the output data is high level, so the pin is in the Hi-Z state.

Enable the operation of the serial array unit and set the mode to the simplified I’C mode.
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4.5 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 4-9 to
Table 4-12.

Table 4-9. Settings of Port Mode Register and Output Latch When Using Alternate Function (78KOR/IB3) (1/2)

Pin Name Alternate Function 170 PIM8 PMxx Pxx
Function Name

P10 TI02 Input - 1 X
TO02 Output - 0 0

TxDO Output - 0 1

P11 TIO3 Input - 1 x
TOO03 Output - 0 0

RxDO Input - 1 X

P12 Tlo4 Input - 1 x
TO04 Output - 0 0

P13 TIO5 Input - 1 x
TOO05 Output - 0 0

P20-P25""* ANIO-ANI5"*® Input - 1 x
P30 SO10 Output - 0 1
TxD1 Output - 0 1

TO1M Output - 0 0

P31 Si10 Input - 1 X
RxD1 Input - 1 x

SDA10 I/0 - 0 1

INTP1 Input - 1 X

TI09 Input - 1 x

P32 SCK10 Input - 1 X
Output - 0 1

SCL10 1’0 - 0 1

INTP2 Input - 1 X

P40 TOOLO 1/0 - X x
P41 TOOL1 Output - X X
P50 TI06 Input - 1 X
TO06 Output - 0 0

P51 Tlo7 Input - 1 X
TOO07 Output - 0 0

Remark x: don’t care

PMxx: Port mode register
Pxx:  Port output latch

(Note is listed on the next page after next.)
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Table 4-9. Settings of Port Mode Register and Output Latch When Using Alternate Function (78KOR/IB3) (2/2)

Pin Name Alternate Function PIM8 PMxx Pxx
Function Name I/0
P80 CMPOP Input PIM80 =0 1 X
TMOFFO Input PIM80 = 1 1 X
INTP3 Input PIM80 = 1 1 x
PGAI Input PIM80 =0 1 X
P81 CMPOM Input PIM81 =0 1 X
P83 CMP1M Input PIM83 =0 1 X
P120 INTPO Input - 1 x
EXLVI Input - 1 X
Remark x: don’t care

PMxx: Port mode register
Pxx:  Port output latch

Note The function of the ANIO/P20 to ANI5/P25 pins can be selected by using the A/D port configuration register
(ADPC), the analog input channel specification register (ADS), PM2.

ADPC PM2 ADS ANIO/P20 to ANI5/P25 pins,
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANL. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANL. Setting prohibited
Does not select ANL.
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Table 4-10. Settings of Port Mode Register and Output Latch When Using Alternate Function (78KOR/IC3) (1/2)

Pin Name Alternate Function PIM8 PMxx Pxx
Function Name I/0
P10 TIo2 Input - 1 x
TOO02 Output - 0 0
P11 TIO3 Input - 1 X
TOO03 Output - 0 0
P12 TI04 Input - 1 X
TOO04 Qutput - 0 0
P13 TIO5 Input - 1 X
TOO05 Output - 0 0
P20-p27"*! ANIO-AN|7 """ Input - 1 x
P30 SO10 Output - 0 1
TxD1 Qutput - 0 1
TO1M Output - 0 0
P31 S0 Input - 1 X
RxD1 Input - 1 X
SDA10 I/0 - 0 1
INTP1 Input - 1 X
TI09 Input - 1 X
P32 SCK10 Input - 1 X
Qutput - 0 1
SCL10 1/0 - 0 1
INTP2 Input - 1 X
P40 TOOLO I/O - X X
P41 TOOLA1 Output - X X
P50 TI0O6 Input - 1 X
TOO06 Output - 0 0
P51 Tlo7 Input - 1 x
TOO07 Output - 0 0
P52 SLTI Input - 1 X
SLTO Output - 0 0
P60 "2 SCLO"*? I/O - 0 0
P61 "e? SDAQ"™"? I/0 - 0 0
Remark x: don’t care

PMxx: Port mode register
Pxx:

Port output latch

(Notes 1 and 2 are listed on the next page after next.)
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Table 4-10. Settings of Port Mode Register and Output Latch When Using Alternate Function (78KOR/IC3) (2/2)

Pin Name Alternate Function PIM8 PMxx Pxx
Function Name I/0
p7oNee® S001 Output - 0 1
INTP4 Input - 1 X
p71Mees SI01 Input - 1 x
INTP5 Input - 1 X
P72 "SCKO1 " Input - 1 x
Qutput - 0 1
INTP6 Input - 1 X
RxDO"** Input - 1 X
P73 S000™** Output - 0 1
TxDO Output - 0 1
TO10 Output - 0 0
P74"? S100 Input - 1 X
RxDO Input - 1 X
TIHO Input - 1 X
p75Mte? SCK00 Input - 1 X
Output - 0 1
THA Input - 1 X
P80 CMPOP Input PIM80 =0 1 X
TMOFFO Input PIM80 = 1 1 X
INTP3 Input PIM80 = 1 1 X
PGAI Input PIM80 =0 1 X
P81 CMPOM Input PIM81 =0 1 X
P82 CMP1P Input PIM82 =0 1 X
TMOFF1 Input PIM82 = 1 1 X
INTP7 Input PIM82 =1 1 X
P83 CMP1M Input PIM83 =0 1 X
P120 INTPO Input - 1 x
EXLVI Input - 1 X
P121 INTP4M* Input - 1 x
P122 INTP5M* Input - 1 x
p140"e? PCLBUZ0 "2 Output - 0 0
P150t0 P152""*** | ANI8 to ANI10 "*'**™® Input - 1 x
Remark x: don’t care

PMxx: Port mode register
Pxx:  Port output latch

(Notes 1, 2, 3, 4 and 5 are listed on the next page after next.)
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Notes 1.

aob

The function of the ANIO/P20 to ANI7/P27, ANI8/P150 to ANI10/P152 pins can be selected by using the
A/D port configuration register (ADPC), the analog input channel specification register (ADS), and port
mode registers 2, 15 (PM2, PM15).

ADPC Register PM2 and PM15 ADS Register ANIO/P20 to ANI7/P27,
Registers ANI8/P150 to ANI10/P152 Pins
Digital I/O selection Input mode - Digital input
Qutput mode - Digital output
Analog input selection Input mode Selects ANL. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANL. Setting prohibited
Does not select ANL.
Remark  ANIO/ P20 to ANI7/P27 (PM20 to PM27) : 38-pin products
ANIO/P20 t0 ANI7/P27, ANI8/P150, ANI9/P151
(PM20 to PM27, PM150, PM151) : 44-pin products
ANIO/P20 to ANI7/P27, ANI8/P150 to ANI10/P152
(PM20 to PM27, PM150, PM152) : 48-pin products

48-pin products only.

44-pin and 48-pin products only.

38-pin products only.

P150/ANI8, P151/ANI9 : 44-pin and 48-pin products only.
P152/ANI10 : 48-pin products only.
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Table 4-11. Settings of Port Mode Register and Output Latch When Using Alternate Function (78KOR/ID3) (1/2)

Pin Name Alternate Function PIM8 PMxx Pxx
Function Name I/0

P00 TI0OO Input - 1 X
PO1 TOO00 Output - 0 0
P10 TI02 Input - 1 x
TOO02 Output - 0 0

P11 TIO3 Input - 1 x
TOO03 Output - 0 0

P12 TI04 Input - 1 X
TOO04 Output - 0 0

P13 TIO5 Input - 1 X
TOO05 Output - 0 0

P20 to P27 | ANIO to ANI7 " Input - 1 x
P30 SO10 Output - 0 1
TxD1 Output - 0 1

TO11 Qutput - 0 0

P31 Si1o Input - 1 x
RxD1 Input - 1 X

SDA10 1/0 - 0 1

INTP1 Input - 1 X

TI0O9 Input - 1 X

P32 SCK10 Input - 1 x
Output - 0 1

SCL10 1/0 - 0 1

INTP2 Input - 1 X

P40 TOOLO I/0 - X X
P41 TOOLA1 Output - X X
P50 TI0O6 Input - 1 X
TOO06 Output - 0 0

P51 TI07 Input - 1 X
TO07 Output - 0 0

P52 SLTI Input - 1 X
SLTO Output - 0 0

P60 SCLO I/0 - 0 0
P61 SDAO I/O - 0 0

Remark x: don’t care

PMxx: Port mode register
Pxx:  Port output latch

(Note is listed on the next page after next.)
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Table 4-11. Settings of Port Mode Register and Output Latch When Using Alternate Function (78KOR/ID3) (2/2)

Pin Name Alternate Function PIM8 PMxx Pxx
Function Name I/0

P70 SO01 Output - 0 1
INTP4 Input - 1 x

P71 SIo1 Input - 1 X
INTP5 Input - 1 X

P72 SCKo1 Input - 1 x
Qutput - 0 1

INTP6 Input - 1 X

P73 SO00 Output - 0 1
TxDO Output - 0 1

TO10 Output - 0 0

P74 SI00 Input - 1 X
RxDO Input - 1 X

TIHO Input - 1 X

P75 SCKO00 Input - 1 X
Output - 0 1

THA Input - 1 X

P80 CMPOP Input PIM80 =0 1 X
TMOFFO Input PIM80 = 1 1 x

INTP3 Input PIM80 = 1 1 X

PGAI Input PIM80 =0 1 X

P81 CMPOM Input PIM81 =0 1 X
P82 CMP1P Input PIM82 =0 1 X
TMOFFA Input PIM82 = 1 1 x

INTP7 Input PIM82 =1 1 X

P83 CMP1M Input PIM83 =0 1 x
P120 INTPO Input - 1 X
EXLVI Input - 1 X

P140 PCLBUZ0 Output - 0 0
P150to P152""° | ANIS to ANI10 " Input - 1 x

Remark x: don’t care

PMxx: Port mode register

Pxx:  Port output latch

(Note is listed on the next page.)
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Note The function of the ANIO/P20 to ANI7/P27, ANI8/P150 to ANI10/P152 pins can be selected by using the
A/D port configuration register (ADPC), the analog input channel specification register (ADS), and port
mode registers 2, 15 (PM2, PM15).

ADPC Register PM2 and PM15 ADS Register ANIO/P20 to ANI7/P27,
Registers ANI8/P150 to ANI10/P152 Pins
Digital I/O selection Input mode - Digital input
Qutput mode - Digital output
Analog input selection Input mode Selects ANL. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANL. Setting prohibited
Does not select ANL.

218 User's Manual U19678EJ1V1UD



CHAPTER 4 PORT FUNCTIONS

Table 4-12. Settings of Port Mode Register and Output Latch When Using Alternate Function (78KOR/IE3) (1/2)

Pin Name Alternate Function PIM8 PMxx Pxx
Function Name 110

P00 TIoO Input - 1 x
PO1 TO00 Output - 0 0
P10 Tlo2 Input - 1 x
TO02 Output - 0 0

P11 TIO3 Input - 1 x
TOO03 Output - 0 0

P12 TIo4 Input - 1 x
TOO04 Output - 0 0

P13 TIO5 Input - 1 X
TOO05 Output - 0 0

P14 TI0O6 Input - 1 X
TOO06 Output - 0 0

P15 Tlo7 Input - 1 x
TO07 Output - 0 0

P16 TIO8 Input - 1 x
TOO08 Output - 0 0

P17 TI09 Input - 1 X
TOO09 Output - 0 0

P20 to P27 | ANIO to ANI7"* Input - 1 x
P30 SO10 Output - 0 1
TxD1 Output - 0 1

TO11 Output - 0 0

P31 S0 Input - 1 x
RxD1 Input - 1 X

SDA10 /0 - 0 1

INTP1 Input - 1 X

P32 SCK10 Input - 1 x
Output - 0 1

SCL10 /0 - 0 1

INTP2 Input - 1 x

P40 TOOLO /0 - x x
P41 TOOLA1 Output _ x x

Remark x: don’t care

PMxx: Port mode register

Pxx:

Port output latch

(Note is listed on the next page after next.)
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Table 4-12. Settings of Port Mode Register and Output Latch When Using Alternate Function (78KOR/IE3) (2/2)

Pin Name Alternate Function PIM8 PMxx Pxx
Function Name l{e]

P52 SLTI Input - 1 x
SLTO Output - 0 0

P60 SCLO /0 - 0 0
P61 SDAO /0 - 0 0
P70 SO01 Output - 0 1
INTP4 Input - 1 X

P71 SI01 Input - 1 x
INTP5 Input - 1 x

P72 SCKO1 Input - 1 x
Output - 0 1

INTP6 Input - 1 X

P73 SO00 Output - 0 1
TxDO Output - 0 1

TO10 Output - 0 0

P74 SI00 Input - 1 X
RxDO Input - 1 X

TIHO Input - 1 x

P75 SCKO00 Input - 1 x
Output - 0 1

TI1 Input - 1 x

P80 CMPOP Input PIM80 =0 1 x
TMOFFO Input PIM80 = 1 1 x

INTP3 Input PIM80 = 1 1 x

PGAI Input PIM80 =0 1 x

P81 CMPOM Input PIM81 =0 1 x
P82 CMP1P Input PIM82 =0 1 x
TMOFF1 Input PIM82 = 1 1 x

INTP7 Input PIM82 = 1 1 x

P83 CMP1M Input PIM83 =0 1 x
P120 INTPO Input - 1 x
EXLVI Input - 1 x

P140 PCLBUZ0 Output - 0 0
P141 PCLBUZA1 Output - 0 0
P150t0 P153 | ANIS to ANIt e Input - 1 x

Remark x: don’t care

PMxx: Port mode register
Pxx:  Port output latch

(Note is listed on the next page.)
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Note The function of the ANIO/P20 to ANI7/P27, ANI8/P150 to ANI11/P153 pins can be selected by using the
A/D port configuration register (ADPC), the analog input channel specification register (ADS), PM2, PM15.

ADPC PM2, PM15 ADS ANIO/P20 to ANI7/P27,
ANI8/P150 to ANI11/P153 pins
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited

Does not select ANI.
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4.6 Cautions on 1-bit Manipulation Instruction for Port Register n (Pn)

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

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

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the
output latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the 78K0R/Ix3.

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

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

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

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

Figure 4-44. Bit Manipulation Instruction (P10)

1-bit manipulation
P10 @ instruction P10 @

) (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

[ofofofofofofo]o] RIENENERENERENE

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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5.1 Functions of Clock Generator

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

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

(1) Main system clock

)

<1>

<2>

<3>

X1 oscillator

This circuit oscillates a clock of fx = 2 to 20 MHz by connecting a resonator to X1 and X2.

Oscillation can be stopped by executing the STOP instruction or setting of MSTOP (bit 7 of the clock
operation status control register (CSC)).

Internal high-speed oscillator

This circuit oscillates clocks of fiH = 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 setting HIOSTOP (bit 0 of CSC).

40 MHz internal high-speed oscillator

This circuit oscillates a clock of fiHao = 40 MHz (TYP.). Oscillation can be started by setting bit 0
(DSCON) of the 40 MHz internal high-speed oscillation control register (DSCCTL) to 1. Oscillation can
be stopped by setting DSCON to 0.

After a reset release, the 8 MHz internal high-speed oscillator starts oscillating automatically. Afterward,
the 40 MHz internal high-speed oscillator starts oscillating when the DSCON bit of the DSCCTL register
has been setto 1.

An external main system clock (fex = 2 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 setting of MSTOP.

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 setting of MCMO (bit 4 of the system clock control register (CKC)).
Furthermore, the 40 MHz high-speed oscillation clock can be selected by setting SELDSC (bit 2 of the 40 MHz
high-speed oscillation control register (DSCCTL)).

Note

Subsystem clock

o XT1 clock oscillator
This circuit oscillates a clock of fsus = 32.768 kHz by connecting a 32.768 kHz resonator to XT1 and XT2.
Oscillation can be stopped by setting XTSTOP (bit 6 of CSC).

Remark fx: X1 clock oscillation frequency

fin:  Internal high-speed oscillation clock frequency

finao: 40 MHz internal high-speed oscillation clock frequency
fex:  External main system clock frequency

fsus: Subsystem clock frequency
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(3) Internal low-speed oscillation clock (clock dedicated to watchdog timer)
e Internal low-speed oscillator
This circuit oscillates a clock of fi = 30 kHz (TYP.).
The internal low-speed oscillation clock cannot be used as the CPU clock. The only hardware that operates
with the internal low-speed oscillation clock is the watchdog timer.
Oscillation is stopped when the watchdog timer stops.

Note The 78KOR/IB3 doesn’t have the subsystem clock.

Remarks 1. fi.: Internal low-speed oscillation clock frequency
2. The watchdog timer stops in the following cases.
e When bit 4 (WDTON) of an option byte (000COH) =0
o |f the HALT or STOP instruction is executed when bit 4 (WDTON) of an option byte (000COH) = 1
and bit 0 (WDSTBYON) = 0

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

Table 5-1. Configuration of Clock Generator

ltem Configuration

Control registers Clock operation mode control register (CMC)

System clock control register (CKC)

Clock operation status control register (CSC)

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

40 MHz high-speed oscillation control register (DSCCTL)
Peripheral enable registers 0, 1, 2 (PERO, PER1, PER2)
Operation speed mode control register (OSMC)

Oscillators X1 oscillator

te

Nof
XT1 oscillator
Internal high-speed oscillator
Internal low-speed oscillator

Note The 78K0R/IB3 doesn’t have the XT1 oscillator.
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Figure 5-1. Block Diagram of Clock Generator (78KOR/IC3, 78 KOR/ID3, 78 KOR/IE3)
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Figure 5-2. Block Diagram of Clock Generator (78KOR/IB3)
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Remark fx: X1 clock oscillation frequency
fin:  Internal high-speed oscillation clock frequency
finao: 40 MHz internal high-speed oscillation clock frequency
fex:  External main system clock frequency
fux:  High-speed system clock frequency
fmain:  Main system clock frequency
fxt:  XT1 clock oscillation frequency
fsus: Subsystem clock frequency
fck:  CPU/peripheral hardware clock frequency
fiL: Internal low-speed oscillation clock frequency

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

¢ Clock operation mode control register (CMC)

¢ System clock control register (CKC)

e Clock operation status control register (CSC)

¢ Oscillation stabilization time counter status register (OSTC)

¢ Oscillation stabilization time select register (OSTS)

¢ 40 MHz internal high-speed oscillation control register (DSCCTL)
o Peripheral enable registers 0, 1, 2 (PERO, PER1, PER2)

¢ Operation speed mode control register (OSMC)

(1) Clock operation mode control register (CMC)
This register is used to set the operation mode of the X1/P121, X2/EXCLK/P122, XT1/P123, and XT2/P124ND,E
pins, and to select a gain of the oscillator.
CMC can be written only once by an 8-bit memory manipulation instruction after reset release. This register can
be read by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Note The 78K0R/IB3 doesn’t have the XT1 and XT2 oscillator.
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Figure

5-3. Format of Clock Operation Mode Control Register (CMC)

Address: FFFAOH After reset: 00H R/W

Symbol
CcMC

7 6 5 4 3 2 1 0
EXCLK OSCSEL 0 OSCSELS 0 0 0 AMPH
Note
EXCLK OSCSEL | High-speed system clock X1/P121 pin X2/EXCLK/P122 pin
pin operation mode
0 0 Input port mode Input port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 Input port mode Input port
1 1 External clock input mode | Input port ‘ External clock input
OSCSELS™™ [ Subsystem clock pin operation mode XT1/P123 pin ‘ XT2/P124 pin
0 Input port mode Input port
1 XT1 oscillation mode Crystal resonator connection
AMPH Control of high-speed system clock oscillation frequency
0 2 MHz < fux < 10 MHz
1 10 MHz < fux <20 MHz
Note OSCSELS bit is not provided in the 78KOR/IB3. In the 78K0R/IB3, bit 4 is fixed to 0.
Cautions 1. CMC can be written only once after reset release, by an 8-bit memory

manipulation instruction.

. After reset release, set CMC before X1 or XT1 oscillation is started as set by the

clock operation status control register (CSC).

Be sure to set AMPH to 1 if the X1 clock oscillation frequency exceeds 10 MHz.
When CMC is used at the default value (00H), be sure to set 00H to this register
after reset release in order to prevent malfunctioning during a program loop.

The XT1 oscillator is a circuit with low amplification in order to achieve low-
power consumption. Note the following points when designing the circuit.

e Pins and circuit boards include parasitic capacitance. Therefore, perform
oscillation evaluation using a circuit board to be actually used and confirm
that there are no problems.

e Configure the circuit of the circuit board, using material with little wiring
resistance.

e Place a ground pattern that has the same potential as Vss as much as
possible near the XT1 oscillator.

e Be sure that the signal lines between the XT1 and XT2 pins, and the
resonators do not cross with the other signal lines. Do not route the wiring
near a signal line through which a high fluctuating current flows.

(Caution and Remark are given on the next page.)
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e The impedance between the XT1 and XT2 pins may drop and oscillation may
be disturbed due to moisture absorption of the circuit board in a high-
humidity environment or dew condensation on the board. When using the
circuit board in such an environment, take measures to damp-proof the
circuit board, such as by coating.

o When coating the circuit board, use material that does not cause capacitance
or leakage between the XT1 and XT2 pins.

Remark fux: High-speed system clock frequency
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(2) System clock control register (CKC)
This register is used to select a CPU/peripheral hardware clock and a division ratio.
CKC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 09H.

Figure 5-4. Format of System Clock Control Register (CKC)

Address: FFFA4H  After reset: 09H  R/W"*'

Symbol <7> <6> <5> <4> 3 2 1 0
CKC cLs"e? CSS MCS MCMO 1 | MDIV2 | MDIVA | MDIVO
cLs™e? Status of CPU/peripheral hardware clock (fcLk)

0 Main system clock (fwain)
1 Subsystem clock divided by 2 (fsus/2)

MCS Status of Main system clock (fmain)
0 Internal high-speed oscillation clock (fiv) or 40 MHz internal high-speed oscillation clock

(fiHao)

1 High-speed system clock (fux)

MCMO Main system clock (fwain) operation control
0 Selects the internal high-speed oscillation clock (fiH) or 40 MHz internal high-speed

oscillation clock (fiHs0) as the main system clock (fwain)

1 Selects the internal high-speed oscillation clock (fux) as the main system clock (fuain)
CSS MDIV2 MDIV1 MDIVO Selection of CPU/peripheral
hardware clock (fci)
0 0 0 0 fmain
0 0 1 fmain /2 (This is the default setting if
MCMO0 =0.)
0 1 0 fumain /27
0 1 1 fwain /2°
1 0 0 fman /2*
1 0 1 fwain /2° N
et x x x fsus /2
Other than above Setting prohibited

Notes 1. Bits 7 and 5 are read-only.
2. CLS bit is provided in the 78KOR/IB3. In the 78KOR/IB3, bit 7 is fixed to 0.
3. Setting is prohibited if the high-speed system clock (fmx) is selected as the main system
clock (fwain) and if fux < 4 MHz.
4. Changing the value of the MCMO bit is prohibited while CSS is set to 1.

Remarks 1. fiv:  Internal high-speed oscillation clock frequency
finao: 40 MHz internal high-speed oscillation clock
fux:  High-speed system clock frequency
fsus: Subsystem clock frequency

2. x: don’tcare

(Cautions 1 to 3 are given on the next page.)
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Cautions 1. Be sure to set bit 3 to 1.

2. The clock set by CSS, MCMO, and MDIV2 to MDIVO is supplied to the CPU and
peripheral hardware. If the CPU clock is changed, therefore, the clock supplied
to peripheral hardware (except the real-time counter, clock output/buzzer output,
and watchdog timer) is also changed at the same time. Consequently, stop each
peripheral function when changing the CPU/peripheral operating hardware clock.

3. If the peripheral hardware clock is used as the subsystem clock, the operations
of the A/D converter and IICA are not guaranteed. For the operating
characteristics of the peripheral hardware, refer to the chapters describing the
various peripheral hardware as well as CHAPTER 28 ELECTRICAL
SPECIFICATIONS.

The fastest instruction can be executed in 1 clock of the CPU clock in the 78K0R/Ix3. Therefore, the relationship
between the CPU clock (fck) and the minimum instruction execution time is as shown in Table 5-2.

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

CPU Clock Minimum Instruction Execution Time: 1/fcik
(Value set by the Main System Clock (CSS = 0) Subsystem Clock "’
MDIV2 to MDIVO ) ) - (CSS = 1)
bits) High-Speed System Clock Internal High-Speed Oscillation -
(MCMO = 1) Clock (MCMO = 0)
At 10 MHz At 20 MHz At 8 MHz (TYP.) At 40 MHz At 32.768 kHz
Operation Operation Operation (TYP.) Operation Operation
fmaN 0.1 us 0.05 us 0.125 us (TYP.) | 0.05 us (TYP.) -
Note 2
fmain/2 0.2 us 0.1 us 0.25 us (TYP.) 0.05 us (TYP.) -
(default)
fmain/2? 0.4 us 0.2 us 0.5 us (TYP.) 0.1 us (TYP.) -
fmain/2° 0.8 us 0.4 us 1.0 us (TYP.) 0.2 us (TYP.) -
fmain/2* 1.6 us 0.8 us 2.0 us (TYP.) 0.4 us (TYP.) -
fwmain/2° 32 us 1.6 us 4.0 us (TYP.) 0.8 us (TYP.) -
fsus/2 - - 61 us

Notes 1. The 78KOR/IB3 doesn’t have the subsystem clock.
2. fwmain at 40 MHz can be used as fck only for the timer array unit TAUS and controlling the inverter. In
this case, fck/2 (20 MHz) is specified for the CPU clock by setting the DSPO bit of the DSCCTL
register to 1.

Remark fumain: Main system clock frequency (fim, fiHao or fmx)
fsu: Subsystem clock frequency

User's Manual U19678EJ1V1UD 231



CHAPTER 5 CLOCK GENERATOR

(3) Clock operation status control register (CSC)
This register is used to control the operations of the high-speed system clock ", internal high-speed oscillation
clock, and subsystem clock (except the 40 MHz internal high-speed oscillation clock and internal low-speed

232

oscillation clock).

CSC can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to COH.

Note The 78KOR/IB3 doesn’t have the subsystem clock.

Figure 5-5. Format of Clock Operation Status Control Register (CSC)

Address: FFFA1H After reset: COH R/W

Symbol <7> <6> 5 4 3 2 1 <0>
csc | msTop |xtstor*t| o 0 0 o | o |HosTtop
MSTOP High-speed system clock operation control
X1 oscillation mode External clock input mode Input port mode
0 X1 oscillator operating External clock from EXCLK Input port
pin is valid
1 X1 oscillator stopped External clock from EXCLK
pin is invalid
XTSTOP"*! Subsystem clock operation control
XT1 oscillation mode Input port mode
0 XT1 oscillator operating Input port
1 XT1 oscillator stopped
HIOSTOP Internal high-speed oscillation clock operation control
0 Internal high-speed oscillator operating
1 Internal high-speed oscillator stopped "
Notes 1. XTSTOP bit is not provided in the 78KOR/IB3. In the 78KOR/IB3, bit 6 is fixed to 0.

2. The 8 MHz (TYP.) internal high-speed oscillation clock stops. Stopping the internal high-
speed oscillator (HIOSTOP = 1) is prohibited while the 40 MHz internal high-speed
oscillation clock is operating (DSCON = 1). Stop the 40 MHz internal high-speed
oscillation clock by using the 40 MHz internal high-speed oscillation control register
(DSCCTL) and not the HIOSTOP bit.

Cautions 1. After reset release, set the clock operation mode control register (CMC) before

2.

setting CSC.

To start X1 oscillation as set by MSTOP, check the oscillation stabilization time
of the X1 clock by using the oscillation stabilization time counter status register
(OSTC).

. When starting XT1 oscillation by setting the XSTOP bit, wait for oscillation of the

subsystem clock to stabilize by setting a wait time using software.

. Do not stop the clock selected for the CPU peripheral hardware clock (fcLk) with

the OSC register.

. The setting of the flags of the register to stop clock oscillation (invalidate the

external clock input) and the condition before clock oscillation is to be stopped
are as Table 5-3.

. Set the oscillation stabilization time select register (OSTS) before setting the

MSTOP bit to 0 after releasing reset. Note that if the OSTS register is being used
with its default settings, the OSTS register is not required to be set here.
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Table 5-3. Condition Before Stopping Clock Oscillation and Flag Setting

oscillation clock

other than the internal high-speed oscillator clock and 40
MHz internal high-speed oscillation clock.
(CLS=0and MCS =1, 0rCLS =1)

Clock Condition Before Stopping Clock Setting of CSC
(Invalidating External Clock Input) Register Flags
X1 clock CPU and peripheral hardware clocks operate with a clock MSTOP = 1
External main system other than the high-speed system clock.
clock (CLS=0and MCS =0, or CLS =1)
Subsystem clock " CPU and peripheral hardware clocks operate with a clock XTSTOP =1
other than the subsystem clock.
(CLS=0)
Internal high-speed CPU and peripheral hardware clocks operate with a clock HIOSTOP = 1

Note The 78KOR/IB3 doesn’t have the subsystem clock.

(4) Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.
The X1 clock oscillation stabilization time can be checked in the following case,

o |f the X1 clock starts oscillation while the internal high-speed oscillation clock or subsystem clock is being

used as the CPU clock.

¢ |f the STOP mode is entered and then released while the internal high-speed oscillation clock is being used
as the CPU clock with the X1 clock oscillating.

OSTC can be read by a 1-bit or 8-bit memory manipulation instruction.
When reset signal is generated, the STOP instruction and MSTOP (bit 7 of CSC register) = 1 clear OSTC to 00H.

Remark The oscillation stabilization time counter starts counting in the following cases.
e When oscillation of the X1 clock starts (EXCLK, OSCSEL =0, 1 -» MSTOP = 0)
e When the STOP mode is released
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Address: FFFA2H  Afterreset: OOH R

Symbol
OSTC

7

6

5

4

2

1

0

MOST
8

MOST
9

MOST
10

MOST
11

MOST | MOST

15

MOST
17

MOST
18

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

MOST

MOST

MOST

MOST

MOST | MOST

15

MOST

MOST

Oscillation stabilization time status

fx =10 MHz

fx =20 MHz

2°/fx max.

25.6 us max.

12.8 us max.

2%/fx min.

25.6 ps min.

12.8 us min.

2°/fx min.

51.2 us min.

25.6 s min.

- O |O |O

o |Oo|Oo |Oo

2"%x min.

102.4 us min.

51.2 ps min.

—_

—_

2" fix min.

204.8 us min.

102.4 ps min.

oO|Oo|Oo|O |O

2"%/fx min.

819.2 us min.

409.6 s min.

—_ | =

—_ | =

—_

oO|lo|lo|lo|o|o |©o

2'/fx min.

3.27 ms min.

1.64 ms min.

—_

2"/fx min.

13.11 ms min.

6.55 ms min.

- OOl |O|O |O

2'%/fx min.

26.21 ms min.

13.11 ms min.

Cautions 1.

After the above time has elapsed, the bits are set to 1 in order from MOST8 and

remain 1.

The oscillation stabilization time counter counts up to the oscillation

stabilization time set by OSTS.

In the following cases, set the oscillation stabilization time of OSTS to the value
greater than the count value which is to be checked by the OSTC register after

the oscillation starts.

o If the X1 clock starts oscillation while the internal high-speed oscillation clock
or subsystem clock is being used as the CPU clock.
¢ If the STOP mode is entered and then released while the internal high-speed

oscillation clock is being used as the CPU clock with the X1 clock oscillating.

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

by OSTS is set to OSTC after the STOP mode is released.)

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

clock oscillation starts (“a” below).

STOP mode release

X1 pin voltage
waveform

Remark fx: X1 clock oscillation frequency
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(5) 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 automatically 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 07H.
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Figure 5-7. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFA3H  After reset: 07H R/W

Symbol
OSTS

7 6 5 4 3 2 1 0
0 0 0STS2 | 0STS1 | OSTSo
OSTS2 OSTS1 OSTS0 Oscillation stabilization time selection
fx =10 MHz fx =20 MHz
0 0 0 2%fx 25.6 us Setting prohibited
0 0 1 2/ 51.2 us 25.6 us
0 1 0 2"/x 102.4 us 51.2 us
0 1 1 2"'fx 204.8 us 102.4 us
1 0 0 2"/ 819.2 us 409.6 us
1 0 1 2"/ 3.27 ms 1.64 ms
1 1 0 2"/fx 13.11ms 6.55 ms
1 1 1 2"/ 26.21 ms 13.11 ms
Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set the

OSTS register before executing the STOP instruction.

Setting the oscillation stabilization time to 20 us or less is prohibited.

Change the setting of the OSTS register before setting the MSTOP bit of the
clock operation status control register (CSC) to 0.

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

The oscillation stabilization time counter counts up to the oscillation
stabilization time set by OSTS.

In the following cases, set the oscillation stabilization time of OSTS to the value
greater than the count value which is to be checked by the OSTC register after
the oscillation starts.

o If the X1 clock starts oscillation while the internal high-speed oscillation clock
or subsystem clock is being used as the CPU clock.

o If the STOP mode is entered and then released while the internal high-speed
oscillation clock is being used as the CPU clock with the X1 clock oscillating.
(Note, therefore, that only the status up to the oscillation stabilization time set
by OSTS is set to OSTC after the STOP mode is released.)

The X1 clock oscillation stabilization wait time does not include the time until
clock oscillation starts (“a” below).

STOP mode release

X1 pinvoltage l
waveform

Remark fx: X1 clock oscillation frequency
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(6) 40 MHz internal high-speed oscillation control register (DSCCTL)
This register controls the 40 MHz internal high-speed oscillation clock (DSC) function.

This register can be used to control oscillation of the 40 MHz internal high-speed oscillation clock (fiH40) and select

the 40 MHz internal high-speed oscillation clock (fiH40) as the CPU/peripheral hardware clock.
DSCCTL can be set by a 1-bit manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 5-8. Format of 40 MHz Internal High-speed Oscillation Control Register (DSCCTL)

Address: FOOF6H  After reset: 00H R/W"™™*

Symbol 7 6 5 4 3 2 1 0
DSCCTL 0 0 0 0 DSCS SELDSC DSPO DSCON
DSCS 40 MHz internal high-speed oscillation supply status flag
0 Not supplied
1 Supplied (The CPU/peripheral hardware clock (fcwk) operates on the 40 MHz internal high-
speed oscillation clock.)
SELDSC Selection of 40 MHz internal high-speed oscillation for CPU/peripheral hardware clock (fcwx)
0 Does not select 40 MHz internal high-speed oscillation (clock selected by the system clock
control register (CKC) is supplied to fcik)
1 Selects 40 MHz internal high-speed oscillation (40 MHz internal high-speed oscillation is
supplied to fci)
DSPO 40 MHz operation selection bit
0 Other than when fcik = 40 MHz (TYP.)
1 When fewk = 40 MHz (TYP.)

(Supplies a clock of fcik to peripheral hardware supporting 40 MHz and supplies a clock of
fcwk/2 to a CPU or peripheral hardware not supporting 40 MHz.)

DSCON Operating or stopping 40 MHz internal high-speed oscillation clock (fiH40)
0 Stopped
1 Operating

Note Bit 3 is read-only.

Cautions 1. Set the DSCON bit when Vop 2 2.7 V, set the DSPO bit when 100 x s have elapsed, and then

set the SELDSC bit.
2. The internal high-speed oscillator must be operated (HHOSTOP = 0) when DSCON = 1.

User's Manual U19678EJ1V1UD

237



CHAPTER 5 CLOCK GENERATOR

The bits related to the selection of the CPU/peripheral hardware clock (fcLk) are shown below.

Table 5-4. Relationship Between CPU/Peripheral Hardware Clock (fcLk) and Bit Settings

CMC register CSC register CKC register DSCCTL register CPU/Peripheral Hardware
Clock (fcwk)
EXCLK | OSCSEL | OSCSELS™*" | MSTOP | XTSTOP"**"' | HIOSTOP | CSS | MCMO | SELDSC | DSPO | DSCON
0 1 x 0 x X 0 1 0 0 X High-speed system clock
(X1 oscillation)
(2 to 20 MHz)
1 1 X 0 X X 0 1 0 0 X High-speed system clock
(external input clock)
(2 to 20 MHz)
x x x x x 0 0 0 0 0 x Internal high-speed
oscillation clock
(8 MHz (TYP.))
x x 1 X 0 x 1 xote 0 0 x Subsystem Clock"***
(32.768 kHz)
x x x x X 0 0 0 1 1 1 40 MHz internal high-
speed oscillation clock
(40 MHz(TYP.))*"**
Notes 1. OSCSELS and XTSTOP bits are not provided in the 78KOR/IB3.
2. Changing the MCMO bit value while CSS is set to 1 is prohibited.
3. The 78KOR/IB3 doesn’t have the subsystem clock.
4. The supply of a clock of 20 MHz is supplied, because the clock supplied to a CPU or peripheral

hardware that does not support 40 MHz is halved (fcLk/2) by setting DSPO (bit 1 of the DSCCTL register)

to 1.

Remark x: don’tcare
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(7) Peripheral enable registers 0, 1, 2 (PERO, PER1, PER2)
These registers are used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the

hardware that is not used is also stopped so as to decrease the power consumption and noise.

To use the peripheral functions below, which are controlled by this register, set (1) the bit corresponding to each
function before specifying the initial settings of the peripheral functions.

PERO, PER1, PER2 can be set by a 1-bit or 8-bit memory manipulation instruction.

Note 1

Real-time counter
A/D converter
Serial interface ICA""**

Serial array unit SAU

Comparator/programmable gain amplifier

Timer array unit TAUS

Inverter control functions by the timer array unit TAUS

Reset signal generation clears theses registers to O0H.

Notes 1. The 78KO0R/IB3 doesn’t have the real-time counter..

2. The 78KOR/IB3 and the 38-pin and 44-pin products of the 78KOR/IC3 don’t have the serial

interface |ICA.
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Figure 5-9. Format of Peripheral Enable Registers (1/2)

Address: FOOFOH  After reset: 00H R/W
Symbol <7> 6 <5> <4> 3 <2> 1 0

PERO RTCEN""" 0 ADCEN | IICAEN""? 0 SAUOEN 0 0

Address: FOOF1H  After reset: 0OH R/W
Symbol 7 6 5 4 <3> 2 1 0
PER1 0 0 0

o

OACMPEN 0

o
o

Address: FOOF2H After reset: 0O0H R/W

Symbol 7 6 5 4 3 2 <1> <0>
PER2 0 0 0 0 0 0 TAUOPEN | TAUOEN
Bit 7 RTCEN""" Control of real-time counter (RTC) input clock supply"™®®

(PERO) 0 Stops input clock supply.

¢ SFR used by the real-time counter (RTC) cannot be written.
e The real-time counter (RTC) is in the reset status.

1 Enables input clock supply.
e SFR used by the real-time counter (RTC) can be read and written.

Bit 5 ADCEN Control of A/D converter input clock supply

(PERO) 0 Stops input clock supply.
e SFR used by the A/D converter cannot be written.
e The real-time counter (RTC) is in the reset status.

1 Enables input clock supply.
e SFR used by the A/D converter can be read and written.

Notes 1. RTCEN bit is not provided in the 78KOR/IB3. In the 78KOR/IB3, bit 7 of PERO register is

fixed to 0.

2. IICAEN bit is not provided in the 78KO0R/IB3 and the 38-pin and 44-pin products of the the
78KORY/ICS. In the 78K0R/IB3 and the 38-pin and 44-pin products of the 78K0R/IC3, bit 4 of
PERQO register is fixed to 0.

3. The input clock that can be controlled by RTCEN is used when the register that is used by
the real-time counter (RTC) is accessed from the CPU. RTCEN cannot control supply of
the operating clock (fsus) to RTC.

Caution Be sure to clear the following bits to 0.
e Bits 0, 1, 3, and 6 of the PERO register
(78KOR/IB3 : bits 0, 1, 3, 4, 6, 7, 38-pin and 44-pin products of 78KOR/IC3 : bits 0, 1,
3, 4, 6)
o Bits 0 to 2 and 4 to 7 of the PER1 register
o Bits 2 to 7 of the PER2 register
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Figure 5-9. Format of Peripheral Enable Registers (2/2)

Bit 4 IICAEN"™" Control of serial interface IICA input clock supply

(PERO) 0 Stops input clock supply.
e SFR used by the serial interface IICA cannot be written.
e The serial interface IICA is in the reset status.

1 Enables input clock supply.
o SFR used by the serial interface IICA can be read and written.

Bit 2 SAUOEN Control of serial array unit input clock supply

(PERO) 0 Stops input clock supply.
o SFR used by the serial array unit cannot be written.
e The serial array unit is in the reset status.

1 Enables input clock supply.
e SFR used by the serial array unit can be read and written.

Bit 3 OACMPEN Control of comparator/programmable gain amplifier input clock supply

(PER1) 0 Stops input clock supply.
e SFR used by the comparator/programmable gain amplifier cannot be written.
e The comparator/programmable gain amplifier is in the reset status.

1 Enables input clock supply.
e SFR used by the comparator/programmable gain amplifier can be read and written.

Bit 1 TAUOPEN Control of inverter control function input clock supply

(PER2) 0 Stops input clock supply.
* SFR used by the inverter control function cannot be written.
e The inverter control function is in the reset status.

1 Enables input clock supply.
* SFR used by the inverter control function can be read and written.

Bit 0 TAUOEN Control of timer array unit TAUS input clock supply

(PER2) 0 Stops input clock supply.
e SFR used by timer array unit TAUS cannot be written.
e Timer array unit TAUS is in the reset status.

1 Enables input clock supply.

e SFR used by timer array unit TAUS can be read and written.
Note IICAEN bit is not provided in the 78KOR/IB3 and the 38-pin and 44-pin products of the
78KOR/IC3. In the 78KOR/IB3 and the 38-pin and 44-pin products of the 78KOR/IC3, bit 4
of PERQO register is fixed to 0.

Caution Be sure to clear the following bits to 0.
¢ Bits 0, 1, 3, and 6 of the PERO register
(78KOR/IB3 : bits 0, 1, 3, 4, 6, 7, 38-pin and 44-pin products of 78KOR/IC3 : bits 0, 1,
3,4,6)
¢ Bits 0 to 2 and 4 to 7 of the PER1 register
o Bits 2 to 7 of the PER2 register
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(8) Operation speed mode control register (OSMC)
This register is used to control the step-up circuit of the flash memory for high-speed operation.
If the microcontroller operates on a system clock of 10 MHz or more, set this register to 01H.
If the microcontroller operates at low speed on a system clock of 10 MHz or less, power consumption can be
reduced, because the voltage booster can be stopped by setting this register to its initial value, 00OH.
OSMC can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 5-10. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
OSMC 0 0 0 0 0 0 | 0 | FSEL
FSEL fewk frequency selection
0 Operates at a frequency of 10 MHz or less (default).
1 Operates at a frequency higher than 10 MHz.

Cautions 1. OSMC can be written only once after reset release, by an 8-bit memory
manipulation instruction.
2. Write “1” to FSEL before the following two operations.
e Changing the clock prior to dividing fc.k to a clock other than Internal high-
speed oscillation clock frequency fin.
¢ Operating the DMA controller.

3. The CPU waits (140.5 clock (fcLk)). when “1” is written to the FSEL bit.
Interrupt requests issued during a wait will be suspended.
However, counting the oscillation stabilization time of fx can continue even while
the CPU is waiting.

4. To increase fcLk to 10 MHz or higher, set FSEL to “1”, then change fcik after three
or more clocks have elapsed.

5. Set FSEL to 0 when the microcontroller operates on 10 MHz or less.

6. Set FSEL = 0 to shift to STOP mode while Vopo =2.7 V.

7. When the FSEL bit of the OSMC register has been set to 1, do not enable (DENn
= 1) DMA operation for at least three clocks after the setting.
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

The X1 oscillator oscillates with a crystal resonator or ceramic resonator (2 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.

To use the X1 oscillator, set bits 7 and 6 (EXCLK, OSCSEL) of the clock operation mode control register (CMC) as
follows.

o Crystal or ceramic oscillation: EXCLK, OSCSEL =0, 1
» External clock input: EXCLK, OSCSEL =1, 1
When the X1 oscillator is not used, set the input port mode (EXCLK, OSCSEL = 0, 0).

When the pins are not used as input port pins, either, see Table 2-5 to Table 2-10 Connection of Unused Pins.
Figure 5-11 shows an example of the external circuit of the X1 oscillator.

Figure 5-11. Example of External Circuit of X1 Oscillator

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

| Vss
i
: —

1

1

o e _ X2 External clock ———— | EXCLK

Crystal resonator
or
ceramic resonator

Cautions are listed on the next page.
5.4.2 XT1 oscillator (products other than 78K0OR/IB3)

The XT1 oscillator oscillates with a crystal resonator (standard: 32.768 kHz) connected to the XT1 and XT2 pins.
To use the XT1 oscillator, set bit 4 (OSCSELS) of the clock operation mode control register (CMC) to 1.

When the XT1 oscillator is not used, set the input port mode (OSCSELS = 0).

When the pins are not used as input port pins, either, see Table 2-5 to Table 2-10 Connection of Unused Pins.
Figure 5-12 shows an example of the external circuit of the XT1 oscillator.

Figure 5-12. Example of External Circuit of XT1 Oscillator (Crystal Oscillation)

Vss

'+— T XT1
! 32.768
! I L

1 |—1W XT2

Cautions are listed on the next page.
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Caution

244

When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the

broken lines in the Figures 5-11 and 5-12 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.

e Pins and circuit boards include parasitic capacitance. Therefore, perform oscillation
evaluation using a circuit board to be actually used and confirm that there are no problems.

o Configure the circuit of the circuit board, using material with little wiring resistance.

o Place a ground pattern that has the same potential as Vss as much as possible near the XT1
oscillator.

o Be sure that the signal lines between the XT1 and XT2 pins, and the resonators do not cross
with the other signal lines. Do not route the wiring near a signal line through which a high
fluctuating current flows.

o The impedance between the XT1 and XT2 pins may drop and oscillation may be disturbed
due to moisture absorption of the circuit board in a high-humidity environment or dew
condensation on the board. When using the circuit board in such an environment, take
measures to damp-proof the circuit board, such as by coating.

e When coating the circuit board, use material that does not cause capacitance or leakage
between the XT1 and XT2 pins.
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Figure 5-13. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT
Vss X1 X2 Vss X1 X2
NG
NG
T o
))
{(
Vs s
(c) The X1 and X2 signal line wires cross. (d) A power supply/GND pattern exists

under the X1 and X2 wires.

Vss X1 X2

()() Power supply/GND pattern

Note Do not place a power supply/GND pattern under the wiring section (section indicated by a broken line in the
figure) of the X1 and X2 pins and the resonators in a multi-layer board or double-sided board.
Do not configure a layout that will cause capacitance elements and affect the oscillation characteristics.

Remark When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively. Also, insert
resistors in series on the XT2 side.
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Figure 5-13. Examples of Incorrect Resonator Connection (2/2)

(e) Wiring near high alternating current (f) Current flowing through ground line of oscillator

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

Vop

Pmn
X2

PDF — VS
A N

i o |
¢ -
T |

S
A . B TC
- 7-7-i High current

High current

(g) Signals are fetched

Vs! X2

Yo
T

[

Caution When X2 and XT1 are wired in parallel, the crosstalk noise of X2 may increase with XT1, resulting
in malfunctioning.

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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5.4.3 Internal high-speed oscillator

The internal high-speed oscillator is incorporated in the 78KOR/Ix3 (8 and 40 MHz (TYP.)). Oscillation can be
controlled by bit 0 (HIOSTOP) of the clock operation status control register (CSC) and bit 0 (DSCON) of the 40 MHz
internal high-speed oscillation control register (DSCCTL).

After a reset release, the 8 MHz internal high-speed oscillator starts oscillating automatically. Afterward, the 40
MHz internal high-speed oscillator starts oscillating when the DSCON bit of the DSCCTL register has been set to 1.

5.4.4 Internal low-speed oscillator

The internal low-speed oscillator is incorporated in the 78KO0R/Ix3.

The internal low-speed oscillation clock is used only as the watchdog timer clock. The internal low-speed
oscillation clock cannot be used as the CPU clock.

After a reset release, the internal low-speed oscillator automatically starts oscillation, and the watchdog timer is
driven (30 kHz (TYP.)) if the watchdog timer operation is enabled by the option byte.

The internal low-speed oscillator continues oscillation except when the watchdog timer stops. When the watchdog
timer operates, the internal low-speed oscillation clock does not stop, even in case of a program loop.

5.4.5 Prescaler
The prescaler generates a CPU/peripheral hardware clock by dividing the main system clock and subsystem clock.

User's Manual U19678EJ1V1UD 247



CHAPTER 5 CLOCK GENERATOR

5.5

Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode (see Figure 5-1 and Figure 5-2).

T

Main system clock fwain
e High-speed system clock fwmx
X1 clock fx
External main system clock fex
¢ Internal high-speed oscillation clock fiH
e 40 MHz internal high-speed oscillation clock fiH4o
Subsystem clock fsug"™®
Internal low-speed oscillation clock fiL

CPU/peripheral hardware clock fcik
Note The 78KOR/IB3 doesn’t have the subsystem clock.

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

78KO0RY/Ix3, thus enabling the following.

Q)

()

248

Enhancement of safety 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. As a result, reset sources can be detected by software and the minimum
amount of safety processing can be done during anomalies to ensure that the system terminates safely.

Improvement of performance

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

When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-14.
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— UL A XU EARUBERAT DD EACU B

oscillation clock (fiHao)

is set by software.
<4>
Subsystem clock (fsus) ’—‘_I_\I

(when XT1 oscillation

<1>

<2>

<3>

<4>

<5>

Figure 5-14. Clock Generator Operation When Power Supply Voltage Is Turned On

Power supply
voltage (Vbb)

30.5 V/ms

oV / (MIN.)

<—>1
3.6 ms (MAX.)

<>

Internal reset signal Q Switched by
: / software
D

| Reset processing (about 2.1 to 5.8 ms) SPO =1, SELDSC = 1
1<3> / ' <5>

CPU clock : i/~ 8MHzintemalhigh- \, 40 MHz intemal high- ™, /'8 MHz intemal high- High-speed Subsystem
\_speed oscillation clock /', speed oscillation clock, \speed oscillation clock/*\_system clock clock

<2>

Internal high-speed W ﬂ_|_|_|_L

oscillation clock (fiH)
Note 1

? UL
system clock (fwx) f ! !

(when X1 oscillation " X1 clock

selected) ! Starting X1 oscillation } oscillation stabilization time"e®?
1 is specified by software.J

A
(4}
\%
A
o

>

<4>

40 MHz inteﬁwal high-speed oscillation clock

, oscillation stabilization time : 100 us
DSCON =1

a
-

selected"°'?)
Starting XT1 oscillation
is specified by software.

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

When the power supply voltage exceeds 1.61 V (TYP.), the reset is released and the internal high-speed
oscillator automatically starts oscillation.

CPU starts operation on the internal high-speed oscillation clock after a reset processing such as waiting for
the voltage of the power supply or regulator to stabilize has been performed after reset release.

Set the start of oscillation of the X1 or XT1 clock"™® via software (see 5.6.3 Example of setting X1
oscillator and 5.6.4 Example of setting XT1 oscillator (products other than 78KOR/IB3)).

Switch to oscillation using the 40 MHz internal high-speed oscillation clock after setting DSCON bit to 1 by
using software.

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 5.6.3 Example of setting X1 oscillator and 5.6.4 Example of setting XT1
oscillator (products other than 78K0R/IB3)).

Switch to the 40 MHz internal high-speed oscillation clock by setting the DSCON bit (bit 0 of the 40 MHz
internal high-speed oscillation control register (DSCCTL)), waiting for 100 « s, and then setting DSPO and
SELDSC bits to 1 by using software.

Notes 1. The internal reset processing time includes the oscillation accuracy stabilization time of the internal

high-speed oscillation clock.

2. When releasing a reset, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC).

3 The 78KOR/IB3 doesn’t have the subsystem clock.

(Cautions are listed on the next page.)
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Cautions 1. Set so that no more than 3.6 ms elapses between when power is applied and when the

250

voltage reaches 2.7 V. If more time is required (if the voltage needs to rise more slowly than
the 0.5 V/ms (MIN.) rating), be sure to input a low level to the RESET pin before the voltage
reaches 2.7 V after power application. By doing so, the CPU operates with the same timing as
<2> and thereafter in Figure 5-14 after reset release by the RESET pin.

For supply voltage rise time timing and power supply voltage rise inclination, sece CHAPTER
28 ELECTRICAL SPECIFICATIONS.

It is not necessary to wait for the oscillation stabilization time when an external clock input
from the EXCLK pin is used.
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5.6 Controlling Clock

5.6.1 Example of setting internal high-speed oscillator

After a reset release, the CPU/peripheral hardware clock (fcLk) always starts operating with the internal high-speed
oscillation clock. Use the system clock control register (CKC) to specify the division ratio for the clock to be supplied
to the CPU/peripheral hardware after releasing reset. When using the default division setting (fiv/2 = 4 MHz), the CKC
register is not required to be set.

[Register settings]

<1> Use the MDIV2 to MDIVO bits of the CKC register to specify the division ratio for the CPU/peripheral hardware

clock.
7 6 5 4 3 2 1 0
CKC cLs™* CSS MCS MCMO MDIV2 MDIVA MDIVO
0 0 0 0 1 01 (VA 0N

Note  CLS bit is not provided in the 78KOR/IB3. In the 78K0R/IB3, bit 7 is fixed to 0.

5.6.2 Example of setting 40 MHz internal high-speed oscillator

After a reset release, the CPU/peripheral hardware clock (fcik) always starts operating with the internal high-speed
oscillation clock. To subsequently using 40 MHz internal high-speed oscillation clock, set the operation speed mode
control register (OSMC) and then the 40 MHz internal high-speed oscillation control register (DSCCTL).

[Register settings] Set the register in the order of <1> to <8> below.

<1> Set the OSMC register so that the microcontroller operates at a frequency exceeding 10 MHz.

7 6 5 4 3 2 1 0
FSEL
OSMC
0 0 0 0 0 0 0 1

<2> Set (1) the FSEL bit and then wait for 10 u s.

<3> Set (1) the DSCON bit of the DSCCTL register to operate the 40 MHz internal high-speed oscillator.

7 6 5 4 3 2 1 0
DSCS SELDSC DSPO DSCON
DSCCTL
0 0 0 0 0 0 0 1

<4> Set (1) the DSCON bit and then wait for 100 us.

<5> Set the DSPO bit of the DSCCTL register to 1, supply fck (40 MHz) to the timer array unit TAUS and inverter
control block, and supply fcLk/2 to the CPU and other peripheral hardware.

7 6 5 4 3 2 1 0
DSCS SELDSC DSPO DSCON
DSCCTL
0 0 0 0 0 0 1 1

<6> Set (1) the SELDSC bit of the DSCCTL register to switch the internal high-speed oscillation clock from 8 MHz

to 40 MHz.
7 6 5 4 3 2 1 0
DSCS SELDSC DSPO DSCON
DSCCTL
0 0 0 0 0 1 1 1
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<7> Wait until the DSCS bit changes to 1.

<8> Use the MDIV2 to MDIVO bits of the CKC register to specify the division ratio for the CPU/peripheral hardware

clock.
7 6 5 4 3 2 1 0
CKC cLs™* CSS MCS MCMO MDIV2 MDIVA1 MDIVO
0 0 0 0 1 (VA on 0N

Note CLS bit is not provided in the 78KOR/IB3. In the 78K0R/IB3, bit 7 is fixed to 0.

5.6.3 Example of setting X1 oscillator

After a reset release, the CPU/peripheral hardware clock (fcik) always starts operating with the internal high-speed
oscillation clock. To subsequently change the clock to the X1 oscillation clock, set the oscillator and start oscillation by
using the operation speed mode control register (OSMC), clock operation mode control register (CMC), and clock
operation status control register (CSC) and wait for oscillation to stabilize by using the oscillation stabilization time
counter status register (OSTC). After the oscillation stabilizes, set the X1 oscillation clock to fcLK by using the system
clock control register (CKC).

[Register settings] Set the register in the order of <1> to <7> below.

<1> Use the OSMC register to set the frequency of the CPU/peripheral hardware.

7 6 5 4 3 2 1 0
FSEL
OSMC
0 0 0 0 0 0 0 1

FSEL bit: Set this bit to 0 if the CPU/peripheral hardware clock is 10 MHz or less.

<2> Set (1) the FSEL bit and then wait for 10 us.

<3> Set (1) the OSCSEL bit of the CMC register to operate the X1 oscillator.

7 6 5 4 3 2 1 0
EXCLK OSCSEL OSCSELS "™ AMPH
CMC
0 1 0 0 0 0 0 1

AMPH bit: Set this bit to 0 if the X1 oscillation clock is 10 MHz or less.
OSCSELS bit"*: Set this bit to 1 to set P122 and P123 to XT1 oscillation mode.

Note OSCSELS bit is not provided in the 78K0R/IB3. In the 78KOR/IB3, bit 4 is fixed to 0.

<4> Clear (0) the MSTOP bit of the CSC register to start oscillating the X1 oscillator.

7 6 5 4 3 2 1 0
MSTOP |XTSTOP™* HIOSTOP
csc
0 1 0 0 0 0 0 0

XTSTOP bit"": Set this bit to 0 to oscillate the XT1 oscillator.

Note XTSTOP bit is not mounted onto the 78KO0R/IB3. In the 78KO0R/IBS3, bit 6 is fixed to 0.
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<5> Use the OSTC register to wait for oscillation of the X1 oscillator to stabilize.
Example: Wait until the bits reach the following values when a wait of at least 102.4 us is set based on a
10 MHz resonator.

OSTC

7 6 5 4 3 2 1 0
MOST8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
1 1 1 0 0 0 0 0

<6> Use the MCMO bit of the CKC register to specify the X1 oscillation clock as the CPU/peripheral hardware clock.

Use the MDIV2 to MDIVO bits to specify the division ratio.

CKC

7 6 5 4 3 2 1 0
cLs™* CSs MCS MCMO MDIV2 MDIVA MDIVO
0 0 0 1 1 01 01 01

Note CLS bit is not provided in the 78KOR/IB3. In the 78KO0R/IB3, bit 7 is fixed to 0.

<7> Wait until the MCS bit changes to 1.

5.6.4 Example of setting XT1 oscillator (products other than 78KOR/IB3)

After a reset release, the CPU/peripheral hardware clock (fcLk) always starts operating with the internal high-speed
oscillation clock. To subsequently change the clock to the XT1 oscillation clock, set the oscillator and start oscillation
by using the operation speed mode control register (OSMC), clock operation mode control register (CMC), and clock
operation status control register (CSC), set the XT1 oscillation clock to fcLk by using the system clock control register

(CKC).

[Register settings] Set the register in the order of <1> to <6> below.

<1> Use the OSMC register to set the frequency of the CPU/peripheral hardware.

OSMC

CMC

CsC

7 6 5 4 3 2 1 0
FSEL
0 0 0 0 0 0 0 0
<2> Set (1) the OSCSELS bit of the CMC register to operate the XT1 oscillator.
7 6 5 4 3 2 1 0
EXCLK OSCSEL OSCSELS AMPH
0 0 0 1 0 0 0 0
<3> Clear (0) the XTSTOP bit of the CSC register to start oscillating the XT1 oscillator.
7 6 5 4 3 2 1 0
MSTOP XTSTOP HIOSTOP
1 0 0 0 0 0 0 0

<4> Use the timer function or another function to wait for oscillation of the subsystem clock to stabilize by using
software.

<5> Use the CSS bit of the CKC register to specify the XT1 oscillation clock as the CPU/peripheral hardware clock.

7 6 5 4 3 2 1 0
CKC CLS CSS MCS MCMO MDIV2 MDIVA MDIVO
0 1 0 0 1 0 0 0

<6> Wait until the CLS bit changes to 1.
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5.6.5 CPU clock status transition diagram
Figure 5-15 and Figure 5-16 shows the CPU clock status transition diagram of this product.

Figure 5-15. CPU Clock Status Transition Diagram (78KOR/IC3, ID3, IE3)

eset release

Internal high-speed oscillation: Woken up

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

DSC oscillation: Stops

Voo < 1.61 V+0.09 V

Voo >1.61 V£0.09 V

Internal high-speed oscillation: Operating

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

DSC oscillation: Stops

Internal high-speed oscillation:
Selectable by CPU

Internal high-speed oscillation: Operating
X1 oscillation/EXCLK input:
Selectable by CPU

with internal high-
peed oscillatiol

X1 oscillation/EXCLK input:
Cannot be selected by CPU
XT1 oscillation:

Cannot be selected by CPU
DSC oscillation: Operating

XT1 oscillation: Selectable by CPU
DSC oscillation: Selectable by CPU

CPU:
Operating with

Internal high-speed oscillation: DSC oscillation

Oscillatable J)

X1 oscillation/EXCLK input: (D)

Oscillatable CPU: (C)

XT1 oscillation: Oscillatable Operating with ~

DSC oscillation: Operating (K) XT1 oscillation / ~—a. 7~ CPU: Operating
with X1 oscillation or

EXCLK input

CPU:
DSC oscillation
— HALT

Internal high-speed oscillation:
Selectable by CPU

X1 oscillation/EXCLK input:
Selectable by CPU

XT1 oscillation: Operating
DSC oscillation: Stops

CPU: CPU: X1
XT1 oscillation

— HALT

Internal high-speed
oscillation: Selectable by CPU
X1 oscillation/EXCLK input:

Internal high-speed oscillation:

oscillation/EXCLK
input - HALT

speed oscillation
— STOP

(E)

CPU: Internal high-
speed oscillation
— HALT

CPU: X1
oscillation/EXCLK
input - STOP

Internal high-speed
oscillation: Stops

X1 oscillation/EXCLK
input: Stops

XT1 oscillation: Oscillatable
DSC oscillation: Stops

Internal high-speed oscillation:
Operating

X1 oscillation/EXCLK input:
Oscillatable

XT1 oscillation: Oscillatable
DSC oscillation: Stops

Internal high-speed
oscillation: Oscillatable
X1 oscillation/EXCLK input:

Internal high-speed oscillation:
Stops

X1 oscillation/EXCLK input:
Stops

XT1 oscillation: Oscillatable
DSC oscillation: Stops

Oscillatable
X1 oscillation/EXCLK input:
Oscillatable

Operating

XT1 oscillation:
Selectable by CPU
DSC oscillation: Stops

Operating
XT1 oscillation: Oscillatable
DSC oscillation: Stops

XT1 oscillation: Operating
DSC oscillation: Stops

Note
setting the system clock control register (CKC) to 09H.

Remark DSC: 40 MHz internal high-speed oscillation clock
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Figure 5-16. CPU Clock Status Transition Diagram (78KO0R/IB3)

________________________________________ \ 4

S

Internal high-speed oscillation: Woken up
X1 oscillation/EXCLK input: Stops (input port mode)
DSC oscillation: Stops

Voo < 1.61 V£0.09 V

Vop > 1.61 V£0.09 V

Internal high-speed oscillation: Operating
X1 oscillation/EXCLK input: Stops (input port mode)
DSC oscillation: Stops

- ation- ; Note Voo 227V

Internal high-speed oscillation: Inlerna_l hlgh speed os_ullanonA Operating (B) v DD

X1 oscillation/EXCLK input:
Selectable by CPU CPU: Operatin

e . . Selectable by CPU - Op 9 (H)

X1 oscillation/EXCLK input: P, with internal high-

DSC oscillation: Selectable by CPU § _9
Cannot be selected by CPU speed oscillation.” ™ /EPU: Internal high- Internal high-speed
DSC oscillation: Operating (J) speed oscillation oscillation: Stops

— STOP

X1 oscillation/EXCLK
input: Stops
DSC oscillation: Stops

CPU:
Operating with
DSC oscillation

(E)

CPU: Internal high-

speed oscillation e e
(C) ~ HALT Interna! high-speed oscillation:
K) S0 overen Operating
( "CPU: Operating X1 oscillation/EXCLK input:
CPU: with X1 oscillation or Oscillatable

DSC oscillation EXCLK input

— HALT

DSC oscillation: Stops

Internal high-speed oscillation:
Oscillatable

X1 oscillation/EXCLK input:
Oscillatable

DSC oscillation: Operating

CPU: X1
oscillation/EXCLK
input —» STOP

Internal high-speed
oscillation: Selectable by CPU

Internal high-speed oscillation:

CPU: X1

illati i 9 ot Stops
X1 oscillation/EXCLK input: oscillation/EXCLK e ) ]
Operating input — HALT )S(: oscillation/EXCLK input:
DSC oscillation: Stops ops

DSC oscillation: Stops

Internal high-speed
oscillation: Oscillatable

X1 oscillation/EXCLK input:
Operating

Note  After reset release, operation at 4 MHz (8 MHz/2) is started, because fcLk = fiH/2 has been selected by

setting the system clock control register (CKC) to 09H.

Remark DSC: 40 MHz internal high-speed oscillation clock
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Table 5-5 shows transition of the CPU clock and examples of setting the SFR registers.
Table 5-5. CPU Clock Transition and SFR Register Setting Examples (1/6)

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

Status Transition SFR Register Setting

(A) —> (B) SFR registers doesn’t 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) >
Setting Flag of SFR Register CMC Register"" CSsc OSMC | OSTC CKC

Register | Register | Register | Register
Status Transition EXCLK | OSCSEL | AMPH MSTOP FSEL MCMO
(A) > (B) — (C) 0 1 0 0 0 Must be 1
(X1 clock: 2 MHz < fx < 10 MHz) checked
(A) = (B) = (C) 0 1 1 0 o2 Must be 1
(X1 clock: 10 MHz < fx < 20 MHz) checked
(A) > (B) - (C) 1 1 o 0 0/1"*? Must 1
(external main clock) not be

checked

Notes 1. The CMC register can be written only once by an 8-bit memory manipulation instruction after reset
release.
2. FSEL =1 when fcik > 10 MHz
If a divided clock is selected and fcik < 10 MHz, use with FSEL = 0 is possible even if fx > 10 MHz.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set
(see CHAPTER 28 ELECTRICAL SPECIFICATIONS).

(8) CPU operating with subsystem clock (D) after reset release (A) (products other than 78KOR/IB3)
(The CPU operates with the internal high-speed oscillation clock immediately after a reset release (B).)

»
»

(Setting sequence of SFR registers)

Setting Flag of SFR Register | CMC Register"™ CSC Register Waiting for CKC Register
OSCSELS XTSTOP Oscillation css
Status Transition Stabilization
(A) > (B) > (D) 1 0 Necessary 1

Note The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release.

Remark (A) to (K) in Table 5-5 correspond to (A) to (K) in Figure 5-15 and Figure 5-16, Figure.
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (2/6)

(4) CPU operating with 40 MHz internal high-speed oscillation clock (J) 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) >
Setting Flag of SFR Register DSCCTL Waiting for DSCCTL DSCCTL
Register Oscillation Register Register
Status Transition DSCON Stabilization DSPO SELDSC
(A) > (B) > (J) 1 Necessary 1 1
(100 ps)
(5) CPU clock changing from internal high-speed oscillation clock (B) to high-speed system clock (C)
(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC Register"*™’ OSTS Ccsc OSMC | OSTC CKC
Register Register Register Register Regi
Status Transition ster
EXCLK | OSCSEL | AMPH MSTOP | FSEL MCMoO
(B) - (C) 0 1 0 Note 2 0 0 Must be 1
(X1 clock: 2 MHz < X < 10 MHz) checked
(B) = (C) 0 1 1 Note 2 0 Ahtes Must be 1
(X1 clock: 10 MHz < fX < 20 MHz) checked
(B) - (C) 1 1 01 Note 2 0 01 Must 1
(external main clock) not be
checked
Unnecessary if these registers Unnecessary if the CPU is operating with
are already set the high-speed system clock

Notes 1. The CMC register can be changed only once after reset release. This setting is not necessary fif it
has already been set.
2. Set the oscillation stabilization time as follows.
¢ Desired OSTC oscillation stabilization time < Oscillation stabilization time set by OSTS
3. FSEL =1 when fcik > 10 MHz
If a divided clock is selected and fcik < 10 MHz, use with FSEL = 0 is possible even if fx > 10 MHz.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set
(see CHAPTER 28 ELECTRICAL SPECIFICATIONS).

Remark (A) to (K) in Table 5-5 correspond to (A) to (K) in Figure 5-15 and Figure 5-16.
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (3/6)

(6) CPU clock changing from internal high-speed oscillation clock (B) to subsystem clock (D) (products other than
78KOR/IB3)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register | CMC Register"™ CSC Register Waiting for CKC Register
OSCSELS XTSTOP Oscillation css
Status Transition Stabilization
(B) —> (D) 1 0 Necessary 1

Unnecessary if the CPU is operating
with the subsystem clock

Note The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release.

(7) CPU clock changing from internal high-speed oscillation clock (B) to 40 MHz internal high-speed
oscillation clock (J)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register DSCCTL Waiting for DSCCTL DSCCTL
Register Oscillation Register Register
Status Transition DSCON Stabilization DSPO SELDSC
(B)—> W) 1 Necessary 1 1
(100 ws)

Unnecessary if the CPU is operating
with the 40 MHz internal high-speed
oscillation clock

(8) 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 CSC Register Oscillation accuracy CKC Register
Status Transition HIOSTOP stabilization time MCMO
(C) > (B) 0 10us 0

~
Unnecessary if the
CPU is operating with
the internal high-
speed oscillation
clock

Remark (A) to (K) in Table 5-5 correspond to (A) to (K) in Figure 5-15 and Figure 5-16.
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (4/6)

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

78KOR/IB3)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register
Status Transition

CSC Register

XTSTOP

Waiting for Oscillation
Stabilization

CKC Register

CSss

(C) - (D)

0

Necessary

1

Unnecessary if the CPU is operating with the subsystem
clock

(10) CPU clock changing from subsystem clock (D) to internal high-speed oscillation clock (B) (products
other than 78K0R/IB3)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register CSC Register CKC Register

Status Transition HIOSTOP MCMO CSS
(D) — (B) 0 0 0
N '

Unnecessary if the CPU
is operating with the
internal high-speed

oscillation clock

Unnecessary if this
register is already set

Remark (A) to (K) in Table 5-5 correspond to (A) to (K) in Figure 5-15 and Figure 5-16.
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (5/6)

(11) CPU clock changing from subsystem clock (D) to high-speed system clock (C) (products other than
78KO0R/IB3)

(Setting sequence of SFR registers) »
Setting Flag of SFR Register OSTS CSC OosSMC OSTC CKC
Register Register Register Register Register

Status Transition MSTOP FSEL MCMO CSS
(D) —» (C) (X1 clock: 2 MHz < fx Note 1 0 0 Must be 1 0
<10 MHz) checked
(D) = (C) (X1 clock: 10 MHz < fx Note 1 0 Ahote? Must be 1 0
<20 MHz) checked
(D) — (C) (external main clock) Note 1 0 0N Must not be 1 0

checked

J
N
Unnecessary if the CPU is operating with Unnecessary
the high-speed system clock if these

registers are

already set

Notes 1. Set the oscillation stabilization time of OSTS as follows.
e Desired OSTC oscillation stabilization time < Oscillation stabilization time set by OSTS
2. FSEL =1 when fcik > 10 MHz
If a divided clock is selected and fcik < 10 MHz, use with FSEL = 0 is possible even if fx > 10 MHz.

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set
(see CHAPTER 28 ELECTRICAL SPECIFICATIONS).

(12) CPU clock changing from 40 MHz internal high-speed oscillation clock (J) to internal high-speed
oscillation clock (B)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register DSCCTL Register

SELDSC DSPO

Status Transition DSCON

() — (B) 0 0 0

Remark (A) to (K) in Table 5-5 correspond to (A) to (K) in Figure 5-15 and Figure 5-16.
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Table 5-5. CPU Clock Transition and SFR Register Setting Examples (6/6)

(13) ¢ 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) (products other than 78K0R/IB3)

e HALT mode (K) set while CPU is operating with 40 MHz internal high-speed oscillation clock (J)

Status Transition

Setting

(B) — (E)
©) - (@
D) - (G)
() = (K)

Executing HALT instruction

(14) ¢ 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)

(Setting sequence)

v

Status Transition Setting
(B) = (H) Stopping peripheral - Executing STOP
functions that cannot instruction
operate in STOP mode
C)—> () In X1 Sets the OSTS
oscillation register
External main -
system clock
Remark (A) to (K) in Table 5-5 correspond to (A) to (K) in Figure 5-15 and Figure 5-16.
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5.6.6 Condition before changing CPU clock and processing after changing CPU clock
Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-6. Changing CPU Clock (1/2)

speed oscillation
clock

¢ HIOSTOP =0

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Internal high- X1 clock Stabilization of X1 oscillation Operating current can be reduced by
speed ¢ OSCSEL =1, EXCLK =0, MSTOP =0 stopping internal high-speed oscillator
oscillation o After elapse of oscillation stabilization time (HIOSTOP =1).
clock External main Enabling input of external clock from
system clock EXCLK pin
¢ OSCSEL =1, EXCLK =1, MSTOP =0
Subsystem Stabilization of XT1 oscillation
clock “* ¢ OSCSELS =1, XTSTOP =0
 After elapse of oscillation stabilization time
40 MHz internal Stabilization of DSC oscillation -
high-speed o After elapse of oscillation stabilization
oscillation clock time (100 us) after setting to DSCON = 1
e DSPO =1, SELDSC =1
X1 clock Internal high- Oscillation of internal high-speed oscillator X1 oscillation can be stopped (MSTOP = 1).

External main
system clock

Transition not possible
(To change the clock, set it again after
executing reset once.)

Subsystem
clock "

Stabilization of XT1 oscillation

¢ OSCSELS =1, XTSTOP =0

o After elapse of oscillation stabilization
time

X1 oscillation can be stopped (MSTOP = 1).

40 MHz internal
high-speed
oscillation clock

Transition cannot be performed unless the
clock is changed to the internal high-
speed oscillation clock once.

External main
system clock

Internal high-
speed oscillation
clock

Oscillation of internal high-speed oscillator
* HIOSTOP =0

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

X1 clock Transition not possible -

(To change the clock, set it again after

executing reset once.)
Subsystem Stabilization of XT1 oscillation External main system clock input can be
clock " ¢ OSCSELS =1, XTSTOP =0 disabled (MSTOP = 1).

» After elapse of oscillation stabilization time

40 MHz internal
high-speed
oscillation clock

Transition cannot be performed unless the
clock is changed to the internal high-
speed oscillation clock once.

Note
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Table 5-6. Changing CPU Clock (2/2)

CPU Clock Condition Before Change Processing After Change
Before Change After Change
Subsystem Internal high- Oscillation of internal high-speed oscillator XT1 oscillation can be stopped
clock speed oscillation and selection of internal high-speed (XTSTOP =1)
clock oscillation clock as main system clock
¢ HIOSTOP =0, MCS =0
X1 clock Stabilization of X1 oscillation and
selection of high-speed system clock as
main system clock
¢ OSCSEL =1, EXCLK =0, MSTOP =0
o After elapse of oscillation stabilization time
e MCS =1
External main Enabling input of external clock from
system clock EXCLK pin and selection of high-speed
system clock as main system clock
¢ OSCSEL =1, EXCLK =1, MSTOP =0
¢ MCS =1
40 MHz internal Transition cannot be performed unless -
high-speed the clock is changed to the internal high-
oscillation clock speed oscillation clock once.
40 MHz Internal high- ¢ SELDSC =0, DSPO =0 40 MHz internal high-speed oscillation
internal high- speed oscillation (Set when changing the clock.) clock can be stopped (DSCON = 0)
speed clock
oscillation X1 clock Transition cannot be performed unless the -
clock clock is changed to the internal high-
speed oscillation clock once.
External main Transition cannot be performed unless the -
system clock clock is changed to the internal high-
speed oscillation clock once.
Subsystem Transition cannot be performed unless the -
clock clock is changed to the internal high-
speed oscillation clock once.
Note The 78K0R/IB3 doesn’t have the subsystem clock.
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5.6.7 Time required for switchover of CPU clock and main system clock

By setting bits 0 to 2, 4, and 6 (MDIVO to MDIV2, MCMO, CSS) of the system clock control register (CKC), the CPU
clock can be switched (between the main system clock and the subsystem clock), main system clock can be switched
(between the internal high-speed oscillation clock and the high-speed system clock), and the division ratio of the main

system clock can be changed.

The actual switchover operation is not performed immediately after rewriting to CKC; operation continues on the
pre-switchover clock for several clocks (see Table 5-7 to Table 5-10).

Whether the CPU is operating on the main system clock or the subsystem clock "™ can be ascertained using bit 7
(CLS) of CKC. Whether the main system clock is operating on the high-speed system clock or internal high-speed

oscillation clock can be ascertained using bit 5 (MCS) of CKC.
When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 5-7. Maximum Time Required for Main System Clock Switchover

Clock A Switching directions Clock B Remark
fmAIN <+—> fmAIN See Table 5-8
(changing the division ratio)
fin <+——> fwx See Table 5-9
fmain <+“—> fsus See Table 5-10

Table 5-8. Maximum Number of Clocks Required for fuain <> fuain (Changing the Division Ratio)

Note

Set Value Before Switchover

Set Value After Switchover

Clock A Clock B
Clock A 1 + fa/fs clock
Clock B 1 + fe/fa clock
Table 5-9. Maximum Number of Clocks Required for fi <> fmx

Set Value Before Switchover

Set Value After Switchover

MCMO MCMoO
0 1
(fmain = fin) (fmain = fmx)
0 fmx>fiH 1 + fux/fin clock
(fmain = fiH) fux<fin 2fin/fux clock
1 fmx>fiH 2fux/fi clock
(fmain = fmx) fmx<fin 1 + fmx/fin clock

The 78KOR/IB3 doesn’t have the subsystem clock.

(Remarks 1 and 2 are listed on the next page.)
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Table 5-10. Maximum Number of Clocks Required for fmain < fsus

(ferk = fmain)

Set Value Before Switchover Set Value After Switchover
CSS CSS
0 1
(feLk = fmain) (fek = fsuB)
0 fmain<fsus 2 + fwain/fsus clock

fmain>fsus 1 + 2fmain/fsus clock

1

(feik = fsus)

fmain<fsus 1 + 2fsus/fwain clock

fmain>fsus 2 + fsus/fwain clock

Remarks 1. The number of clocks listed in Table 5-8 to Table 5-10 is the number of CPU clocks before switchover.
2. Calculate the number of clocks in Table 5-8 to Table 5-10 by removing the decimal portion.

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

1+ fi/fwx=1+8/10=1+0.8=1.8 - 2 clocks

5.6.8 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 fih = 8 MHz, fux = 10 MHz)

Table 5-11. Conditions Before the Clock Oscillation Is Stopped and Flag Settings

Clock Conditions Before Clock Oscillation Is Stopped Flag Settings of SFR
(External Clock Input Disabled) Register
Internal high-speed MCS=1o0rCLS =1 HIOSTOP =1
oscillation clock (The CPU is operating on a clock other than the internal high-speed
oscillation clock.)
X1 clock MCS =0orCLS =1 MSTOP =1
External main system clock (The CPU is operating on a clock other than the high-speed system clock.)
Subsystem clock™* CLS=0 XTSTOP =1
(The CPU is operating on a clock other than the subsystem clock.)
40 MHz internal high-speed | SELDSC =0, DSPO =0 DSCON =0
oscillation clock (The main system clock is operating on a clock other than the 40 MHz
internal high-speed oscillation clock.)

Note The 78KO0R/IB3 doesn’t have the subsystem clock.
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CHAPTER 6 TIMER ARRAY UNIT TAUS

Timer array unit TAUS has twelve 16-bit timers. Each 16-bit timer is called a channel and can be used as an
independent timer. In addition, two or more “channels” can be used to create a high-accuracy timer.

TIMER ARRAY UNIT TAUS

//P )
16-bit timers  —

| channel 1 |

| channel 2 |

| channel 10 |

K | channel 11 | j

For details about each function, see the table below.

Independent channel operation function Simultaneous channel operation Inverter control function
(explained in this chapter) function (Refer to CHAPTER 7 INVERTER
(explained in this chapter) CONTROL FUNCTIONS)
o Interval timer ¢ One-shot pulse output ¢ Real-time output function (type 1)
(— refer to 6.6.1) (—referto 6.7.1) » Real-time output function (type 2)
« Square wave output o PWM output * 6-phase PWM output function
(— refer to 6.6.2) (—refer t0 6.7.2) e Triangular wave PWM output function
¢ External event counter o Multiple PWM output ¢ Tr.iangular \{vave PWM output function
(— refer to 6.6.3) (—refer to 6.7.3) with dead time

» 6-phase triangular wave PWM output
function with dead time
o Interrupt signal thinning function

« Divider function"* (refer to 6.6.4)

 Input pulse interval measurement
(— refer to 6.6.5)

» Measurement of high-/low-level width
of input signal (— refer to 6.6.6)

¢ A/D conversion trigger output function
(type 1)

¢ A/D conversion trigger output function
(type 2)

o Linked real-time output function (type 1)

o Linked real-time output function (type 2)

o Linked real-time output function (type 3)

* Non-complementary modulation output
function (type 1)

¢ Non-complementary modulation output
function (type 2)

e Complementary modulation output
function

Note 44-pin and 48-pin products of 78K0R/IC3, 78K0OR/ID3, 78KOR/IE3 only.

Channel 7 can be used to realize LIN-bus reception processing in combination with UARTO of the serial array unit.
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Table 6-1 Timer I/O Pins provided in Each Product

The presence or absence of timer 1/O pins in each timer array unit channel depends on the product.

Timer I/O pins

1/0 Pins of Each Product

78KOR/IB3

78KO0OR/IC3
(38-pin)

78KOR/IC3
(44-pin)

78KOR/IC3
(48-pin)

78KOR/ID3

78KOR/IE3

TI00 - - - \ \
Tio1
TIO2
TIO3
TIo4
TIO5

TI06

< |2 |22 <]
< |22 ==]|=<
< |2 |22 ||
2 |2 |22 ||
2 |2 |22 ||

Tio7
TIO8 - - - - -
TIO9 y y
THO - -
THA - -
SLTI - y
TO00 - -
TOO1 - - - - -
TOO02
TOO03
TO04
TOO05
TOO06
TO07
TOO08 - -
TOO09 - - - - -
TO10 -
TO11 v
SLTO -

< | 2| 2| =
< | < | <=

< |2 |22 |||

< |||

P P - I .
< | |||

< |22 |||

< | < | <
< | 2| <=
< | 2| <=
< | 2| <=

Remark The P52/SLTI/SLTO pin can be used as the timer 1/O pin of channels 0, 1 and 8 to 11. Set the input
switch control register (ISC) to select use of the P52/SLTI/SLTO pin as the I/O pin of channel 0, 1, or
8 to 11 . For details about the ISC register, see 6.3 (24) Input switch control register (ISC). The
SLTI and SLTO pins are not provided in the 78K0R/IB3, so this function cannot be used in the
78KOR/IB3.
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6.1 Functions of Timer Array Unit TAUS
Timer array unit TAUS has the following functions.

6.1.1 Independent channel operation function
By operating a channel independently, it can be used for the following purposes without being affected by the
operation mode of other channels.

(1) Interval timer
Each timer of a unit can be used as a reference timer that generates an interrupt (INTTMn) at fixed intervals.

Operation clock— Compare operation Interrupt signal |-| |-|

Channel n (INTTMn)

(2) Square wave output
A toggle operation is performed each time INTTMn is generated and a square wave with a duty factor of 50%
is output from a timer output pin (TOn, SLTO).

Operation clock [Compare operation © Timer output _,_l_l_l_

Channel n (TOn/SLTO)

(3) External event counter
Each timer of a unit can be used as an event counter that generates an interrupt when the number of the valid
edges of a signal input to the timer input pin (TIn, SLTI) has reached a specific value.

—— Timerinputg | Compare operation Interrupt signal
— L (TIn/SLTI) (INTTMn) | |
Edge detector Channel n

(4) Divider function (48-pin products of 78KOR/IC3, 78KOR/ID3, and 78KOR/IE3 only)
A clock input from a timer input pin (TIm) is divided and output from an output pin (TOm).

J_I_l_l_l_l_l_l_ Tim%r input © ©Timer output_l—l_l—l_
(TIm) (TOm)

Channel n

(5) Input pulse interval measurement
Counting is started by the valid edge of a pulse signal input to a timer input pin (TIn, SLTI). The count value of
the timer is captured at the valid edge of the next pulse. In this way, the interval of the input pulse can be
measured.

— Timerinput Capture operation m

— L~ (TIn/SLTI ‘
Edge detector ( ) Channeln
Start Capture

Remarks 1. n =00, 02 to 11, m =00, 10, 11

2. The presence or absence of timer I/O pins of Channel 0, 1 and 8 to 11 in each timer array unit channel
depends on the product. see Table 6-1 Timer I/O Pins provided in Each Product for details.
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(6) Measurement of high-/low-level width of input signal
Counting is started by a single edge of the signal input to the timer input pin (TIn, SLTI), and the count value is
captured at the other edge. In this way, the high-level or low-level width of the input signal can be measured.

——; Timerinputg Capture operation _1 L
— L (TIn/SLTI
Edge detector ( ) Channel n - m

Start Capture

Remarks 1. n =00, 02 to 11
2. The presence or absence of timer I/O pins of Channel 0, 1 and 8 to 11 in each timer array unit

channel depends on the product. see Table 6-1 Timer I/O Pins provided in Each Product for
details.

6.1.2 Simultaneous channel operation function

By using the combination of a master channel (a reference timer mainly controlling the cycle) and slave channels
(timers operating according to the master channel), channels can be used for the following purposes.

Simultaneous channel operation functions can be used for the following purposes.

(1) One-shot pulse output

Two channels are used as a set to generate a one-shot pulse with a specified delay time and a specified pulse
width.

—; Timerinputg [Compare operation|

| (TIn/SLTI)
Edge detector

Interrupt signal (INTTMn)

Channel n (master)

Output Pulse width
- timing
Compare operation| .
© Timer output L ‘
Channel m (slave (TOm) ' Toggle  Toggle
'(Master) (Slave)
Start
(Master)

(2) PWM (Pulse Width Modulator) output
Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

Operation clock [Compare operation

Interrupt signal (INTTMn)

Channel n (master)

(Compare operation

Channel m (slave)

©Timer output—’_|—l_|

(TOm) ' Duty
Period

(3) Multiple PWM (Pulse Width Modulator) output
By extending the PWM function and using one master channel and two or more slave channels, up to eleven
types of PWM signals that have a specific period and a specified duty factor can be generated.

Operation clock —= Interrupt signal (INTTMn)

Channel n (master)

B S—
[oompare operation] | g1 o |
Channel p (slave (TOp) Duty
~_ . Per|od
= L]
L]
L]
©Timer output !
Channel g (slave (TOq) Duty '
Period
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Caution The following rules apply when using multiple channels simultaneously.
¢ Only an even-numbered channel (channel 0, 2, 4, ...) can be specified as the master channel.
e Only channels with lower channel numbers than the master channel can be specified as slave
channels (multiple slave channels can be set).
For details about the rules of simultaneous channel operation function, see 6.4 Basic Rules of
Simultaneous Channel Operation Function.

6.1.3 LIN-bus supporting function
Chanel 7 of Timer array unit TAUS is used to check whether signals received in LIN-bus communication match the
LIN-bus communication format.

Note Timer channel 7 can be used for the LIN-bus function in all products of the 78K0OR/Ix3.
Also, when RxDO functions alternately as a timer input pin, the corresponding timer input pin channels can
also be used for the LIN-bus function. The timer channels in each product of the 78KO0R/Ix3 that can be

used for the LIN-bus function in addition to timer channel 7 are shown below.

78KO0R/IB3 (P11/RxD0/T103/TO03) : Channel 3 of TAUS
38-pin products of 78K0R/IC3 (P72/INTP6/RxD0) : None

44-pin and 48-pin products of 78KO0R/IC3, 78KOR/ID3,

78KOR/IE3 (P74/RxDO0/T110/S100) : Chanel 10 of TAUS

(1) Detection of wakeup signal
The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD0) of UARTO and
the count value of the timer is captured at the rising edge. In this way, a low-level width can be measured. If
the low-level width is greater than a specific value, it is recognized as a wakeup signal.

(2) Detection of sync break field
The timer starts counting at the falling edge of a signal input to the serial data input pin (RxDO) of UARTO after
a wakeup signal is detected, and the count value of the timer is captured at the rising edge. In this way, a low-
level width is measured. If the low-level width is greater than a specific value, it is recognized as a sync break
field.

(3) Measurement of pulse width of sync field
After a sync break field is detected, the low-level width and high-level width of the signal input to the serial
data input pin (RxDO0) of UARTO are measured. From the bit interval of the sync field measured in this way, a
baud rate is calculated.

Remark For details about setting up the operations used to implement the LIN-bus, see 6.3 (24) Input switch
control register (ISC) and 6.7.5 Operation as input signal high-/low-level width measurement.
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6.2 Configuration of Timer Array Unit TAUS

Timer array unit TAUS includes the following hardware.

Table 6-2. Configuration of Timer Array Unit TAUS

ltem

Configuration

Timer/counter

Timer counter register n (TCRn)

Register

Timer data register n (TDRn)

Timer input

TI00, TI02 to TI11, SLTI pins"™*", RxDO pin (for LIN-bus)

Timer output

TO00, TO02 to TO011, SLTO pins"*°", output controller

Control registers

<Registers of unit setting block>

o Peripheral enable register 2 (PER2)

» Timer clock select register 0 (TPSO0)

» Timer channel enable status register 0 (TEO)

o Timer channel start register 0 (TS0)

« Timer channel stop register 0 (TTO)

« Timer input select register 0 (TIS0) "***

o Timer output enable register 0 (TOEOQ)

o Timer output register 0 (TOO0)

o Timer output level register 0 (TOLO)

o Timer output mode register 0 (TOMO)

« Timer triangle wave output mode register 0 (TOT0)"***
« Timer dead time output enable register 0 (TDE0) “****

« Timer real-time output register 0 (TROO0) "*°*

» Timer real-time output enable register 0 (TREO)
« Timer real-time control register 0 (TRC0)"***

* Timer modulation output enable register 0 (TMEO
« TAU option mode register (OPMR)"*°*

¢ TAU option status register (OPSR)"***

« TAU option Hi-Z start trigger register (OPHS)"***
¢ TAU option Hi-Z stop trigger register (OPHT)"***
¢ TAU option control register (OPCR)"**°

Note 3

) Note 3

<Registers of each channel>

o Timer mode register n (TMRn)

o Timer status register n (TSRn)

e Input switch control register (ISC)

» Noise filter enable registers 1, 2 (NFEN1, NFEN2)

« Port mode registers 0, 1, 3, 5, 7 (PM0, PM1, PM3, PM5, PM7) "***

« Port registers 0, 1, 3, 5, 7 (PO, P1, P3, P5, P7)"**

Notes 1. The presence or absence of timer I/O pins of ChaneelQ, 1 and 8 to 11 in each timer array unit channel

depends on the product. see Table 6-1 Timer I/O Pins provided in Each Product for details.

2. This is not provided in the 78K0OR/IB3.

3. Registers are used with the inverter control function.

CONTROL FUNCTIONS.
4. The PMO and PO registers are only provided in the 78KOR/ID3 and 78KOR/IE3. The PM7 and P7
registers are not provided in the 78KOR/IB3.

Remark n: Channel number (n =00 to 11)
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¢ Timer 1/O pin configuration
The P52/SLTI/SLTO pin can be used as the timer I/O pin of channels 0, 1, and 8 to 11. Set the input switch
control register (ISC) to select use of the P52/SLTI/SLTO pin as the I/O pin of channel 0, 1, and 8 to 11. For details

about the ISC register, see 6.3 (24) Input switch control register (ISC).

The following I/O pins can be selected for channels 0, 1, and 8 to 11.
The SLTI and SLTO pins are not provided in the 78K0R/IB3, so this function cannot be used in the 78KOR/IB3.

Table 6-3. I/0 Pins That Can Be Selected for Channels 0, 1, and 8 to 11 (78KOR/IC3)

Channel for Which 1/0
Pin Can Be Selected

Input Pin

Output Pin

o P52/SLTI/SLTO pin

Channel 0 P52/SLTI/SLTO pin P52/SLTI/SLTO pin
Channel 1 P52/SLTI/SLTO pin P52/SLTI/SLTO pin
Channel 8 P52/SLTI/SLTO pin P52/SLTI/SLTO pin
Channel 9 o P31/TI109 pin P52/SLTI/SLTO pin
o P52/SLTI/SLTO pin
Channel 10 * P74/TI10 pin ¢ P73/TO10 pin
e P52/SLTI/SLTO pin e P52/SLTI/SLTO pin
Channel 11 e P75/TI11 pin e P30/TO11 pin

* P52/SLTI/SLTO pin

Table 6-4. 1/0 Pins That Can Be Selected for Channels 0, 1, and 8 to 11 (78KOR/ID3)

Channel for Which 1/0
Pin Can Be Selected

Input Pin

Output Pin

o P52/SLTI/SLTO pin

Channel 0 * POO/TIO00 pin ¢ PO1/TOO00 pin

o P52/SLTI/SLTO pin o P52/SLTI/SLTO pin
Channel 1 P52/SLTI/SLTO pin P52/SLTI/SLTO pin
Channel 8 P52/SLTI/SLTO pin P52/SLTI/SLTO pin
Channel 9 o P31/TI109 pin P52/SLTI/SLTO pin

o P52/SLTI/SLTO pin
Channel 10 * P74/TI10 pin ¢ P73/TO10 pin

o P52/SLTI/SLTO pin o P52/SLTI/SLTO pin
Channel 11 e P75/TI11 pin e P30/TO11 pin

¢ P52/SLTI/SLTO pin

(Caution and Remark are listed on the next page.)
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Table 6-5. 1/0 Pins That Can Be Selected for Channels 0, 1, and 8 to 11 (78KOR/IE3)

Channel for Which I/O
Pin Can Be Selected

Input Pin

QOutput Pin

¢ P52/SLTI/SLTO pin

Channel 0 « POO/TIOO0 pin « P01/TO00 pin

¢ P52/SLTI/SLTO pin o P52/SLTI/SLTO pin
Channel 1 P52/SLTI/SLTO pin P52/SLTI/SLTO pin
Channel 8 ¢ P16/TI108 pin * P16/TO08 pin

¢ P52/SLTI/SLTO pin e P52/SLTI/SLTO pin
Channel 9 e P17/T109 pin e P17/TO09 pin

e P52/SLTI/SLTO pin e P52/SLTI/SLTO pin
Channel 10 * P74/TI10 pin e P73/TO10 pin

¢ P52/SLTI/SLTO pin o P52/SLTI/SLTO pin
Channel 11 ¢ P75/TI11 pin * P30/TO11 pin

¢ P52/SLTI/SLTO pin

Caution Hereinafter, timer I/O pins are described as Tlnh and TOn (n = xx), which also includes the selection of
the SLTI and SLTO pins.

Remarks 1. When timer input and timer output are shared by the same pin, either only timer input or only timer
output can be used.
2. Only one of the above-mentioned channels can be assigned as the timer I/O pin for the P52/SLTI/SLTO

pin.

3. The SLTI and SLTO pins cannot be selected as timer I/Os for channels other than those mentioned

above (channels 2 to 7).

Figures 6-1 and 6-2 show the block diagram of timer array unit TAUS.

User's Manual U19678EJ1V1UD

273




CHAPTER 6 TIMER ARRAY UNIT TAUS

Figure 6-1. Entire Configuration of Timer Array Unit TAUS (Example: 78 KOR/IE3)

Peripheral enable register 2 (PER2) Timer clock select register 0 (TPS0) TAU option mode register (OPMR)
TAUOPEN| TAUOEN PRSPRSPRSPRS|PRS|PRS|PRS|PRS|PRS|PRS|PRS|PRS|PRS|PRS|PRS|PR PMHPSHSMHDM ATS|ATS|ATS [ATS[TLS [TLS [TLS [TLS [TLS [TLS [ HIS [HIS
033|032 031|030 |023|022|021 020|013 |012|011|010|003| 002 | 001|000 2|1]o|l7|6|5]4]3]2][1]0
4 4 4 HZOF |HZOF | HZIF | HZIF | TAU option status register
1 0 1 0 | (OPSR)
fowk T 1
| Prescaler | Prescaler | OPHS TAU opliop Hi-Z start OPHT ;ﬁg ‘orirg;r: :-‘elgster
Input switch control register (ISC) 1 trigger register (OPHS) 1 0 (OPHT)
foun/2° to fou/2° to fo/2%to | | fo/2° to
J |7fm/2<5 J |710u</2‘5 J L foud21s J |7fm,215 TAU option control
T T 1 1 register (OPCR)
——l Selector | | Selector |-7 »l Selector | | Selector
TO00
INTTMOO
TI00 @=—rt
\w____ Channel 0 ___/ Channel 0 period
detection signal
4 . N\ 1001
| TAUOPEN
| INTTMO1
“\____ Channel 1 % i
> \Tooz
( Interrupt INTTMMO
02 INTTMO2 signal » INTTMVO
Channel 2 output = INTTMM1
circuit INTTMV1
— T\To03
Ti03 INTTMO3 TO00
Channel 3 TO02
TO04 TO03
> INTTMO4 Real-ime
Channel 4 period . outpu"t Iggg
S TI04 @y detection signal controller
g \___ Channel 4 TO06
Qo
2 TO07
SLTI | & ) ( TO05
]
TI05 INTTMO5
Channel 5 ISC4 to ISC2 bits
of the ISC register
F T\ Toos ‘
[ ey
@_l INTTMO6
Tio Channel 6 5
S 8 —o
- ISC1 © | sLTo
= TO07 2]
Tio7 g i
RXDO -3 INTTMO7 Hi-z
(serial input pin) \ Channel 7 (LIN-bus supponed) controller
TO08
— T\ Toos - TO09
1 TO10
Tiog ©—| ||NTTM08
Channel 8 - To
————» TN\ To09
Tioo |INTTM09
N Channel 9 J
TTN\\TO10
—_—
7110 0=——o| INTTM10
Channel 10 U
1
AD
i | To1t conversion AD
e | | trigger
it INTTM11 output converter
- Channel 11 selector
TMOFFO/P80 ©
TMOFF1/P81
CMPOP/P80 @
CMPOM/P81 ::| Comparator 0
CMP1P/P82©®
CMP1 M/Ps:s::| Comparator 1
Remark The configuration diagram in Figure 6-1 also includes the registers and pins used with the inverter
control function. For details of the inverter control function, refer to CHAPTER 7 INVERTER CONTROL
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Figure 6-2. Block Diagram of Each Channel (Example: Channel 4 of the 78KOR/IE3)

Peripheral enable register 2 ) i TE|TE | TE| TE| TE| TE| TE| TE| TE | TE | TE | TE | Timerchannel enable
(PER2) Timer clock select register 0 (TPS0) 11110 | 09| 08| 07| 06| 05| 04 | 03| 02 | 01 | 00 | status register 0 (TEO)
TAUOEN PRS [PRS|PRS [PRS [PRS|PRS|PRS|PRS |PRS |PRS|PRS|PRS|PRS |PRS| PRS|PRS )
033|032 | 031 | 030 |023 | 022 | 021 {020 {013 | 012|011 | 010 | 003 | 002 | 001 | 000 TS| TS| TS| TS| TS| TS| TS| TS| TS| TS| TS| TS| Timer c%anrée(l)ﬁan
11|10 | 09| 08| 07| 06| 05| 04 | 03 | 02 | 01 | 00 | redister0(TSO)
4 4 4 TT|TT | TT| TT|{ TT| TT| TT| TT| TT| TT | TT | TT | Timerchannel stop
¢ 11 |10 | 09 | 08 | 07 | 06| 05| 04 | 03 | 02 | 01 | 00 | register0(TTO)
CLK
TIS TIS TIS TIS TIS TIS TIS TIS | Timerinput select
Prescaler | Prescaler | 07 06 05 04 03 02 01 00 register 0 (TISO)

|TNFEN‘TNFEN‘TNFEN‘TNFEN‘TNFEN‘TNFEN‘ 0 ‘TNFEN|NoisefilterenabIe

fow/2° to fork/2° to fok/2° to fork/2° to
fok/21 fowk/2'® fok/215 fowk/2'®

07 06 05 04 03 02 00 | register 1 (NFENT)
0 0 0 | TNFEN|TNFEN|TNFEN|TNFEN|TNFEN| Noise fiter enable
Selector Selector Selector Selector SL 11 10 09 08 | register 2 (NFEN2)
CKO3 CKo02 CKO1 CKO00
TOE|TOE | TOE| TOE| TOE| TOE| TOE| TOE| TOE| TOE| TOE| TOE|  Timer output enable
To channels g 11 (10 | 09| 08| 07 | 06| 05| 04 | 03 | 02 | 01 | 00 | register 0 (TOEO)
8,9, 10, 11
TO|TO|TO|TO|TO|TO| TO| TO| TO| TO| TO | TO | Timeroutput
11|10 | 09| 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00 | register0(TOO)
TRE|TRE | TRE| TRE| TRE| TRE| TRE| TRE| TRE| TRE| TRE| TRE| Timer realime output ~ [TOM|TOM| TOM| TOM| TOM| TOM| TOM| TOM| TOM TOM| TOM| TOM| Timer output mode
1110 | 09| 08 | 07 | 06 | 05| 04 | 03 | 02 | 01 | 00 | enable register 0 (TREO) | 11 | 10 | 09 | 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00 | register0 (TOMO)
TRO|TRO| TRO| TRO| TRO| TRO| TRO| TRO| TRO| TRO| TRO| TRO| Timer realime output | TOL|TOL | TOL| TOL| TOL| TOL| TOL| TOL| TOL| TOL| TOL| TOL| Timer outputlevel
1110 | 09| 08| 07| 06| 05| 04 | 03 | 02 | 01 | 00 | register 0 (TROO) 11|10 | 09 | 08 | 07 | 06 | 05| 04 | 03| 02 | 01 | 00 | register O (TOLO)
TRC[TRC[ TRC] TRC] TRC[ TRC| TRC[ TRC| TRC| TRC] TRC| TRG| Timer reattime control - [1o7 (10T TOT| TOT| TOT[ TOT| TOT| TOT| TOT| TOT| TOT| TOT|  JiNerMerdle wave
11|10 | 09| 08| 07| 06| 05| 04 | 03| 02 | 01 | 00 | register0(TRCO) 11 /10| 09 | 08| 07 | 06 | 05| 04 | 03 | 02 | 01 | 00 | register O (TOTO)
TME|TME| TME| TME| TME| TME| TME| TME| TME| TME| TME| TME( Timer modulation output | TDE | TDE | TDE| TDE| TDE| TDE| TDE| TDE| TDE| TDE| TDE| TDE Z{Rﬁeu'tdeffadbgme
11|10 | 09| 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00 | enable register 0 (TMEO) | 11 | 10 | 09 | 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00 D!
register 0 (TDEQ)
> Slave/master Interrupt Real-time TOO03
TI03© controller controller output selector INTTMO3
\w___ Channel 3
+—= Shifting up or down to slave channel +—»= Interrupt signal to
» Trigger s_ignal to slave channel a lower channel Trigger signal to
» Clock signal to slave channel a lower channel
Interrupt signal to slave channel
i
CKO00 S - ¢
— = - S
58 fuck 3§ frow cor:?:cj[er Output
ckot |S8 ot ISR > — | controller > TO04
- Sﬂ =€ 2 (timer output pin)
o o n
fsus/4 y © MOd-e
—r - selection - Interrupt INTTMO4
% Edge_| . - controller (timer interrupt)
< detection o} _§ __Channel 4 period
@ [ § 3 ‘ detection signal
F3
53 L | Timer counter register 04 (TCR04) |
@ § TiSo4 [ Timer status
Es _q F»u register 04 (TSR04)
°3
OF . .
-%’@ 4—‘ | Timer data register 04 (TDR04) Overflow
Z o
T104 @t TNFENO4 l* Up/down counter|
(timer controller TRCO4—=

( . Slave/master
input pin) controller i

— 1
1 [ ] [ ] I
|CKso4‘CKs14‘ccso4‘T“éé§ / ‘STSO42‘ST5041 ‘STSO4O CISO41‘CISO40‘ MD043‘ MD042‘MD041 ‘MDO40|
Channel 4 Timer mode register 04 (TMR04) /
Interrupt signal to a higher channel
- —© TO05
TIO5@ *— INTTMO5

\___ Channel 5

Remark The block diagram in Figure 6-2 also includes the registers and pins used with the inverter control
function. For details of the inverter control function, refer to CHAPTER 7 INVERTER CONTROL
FUNCTIONS.
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(1) Timer counter register n (TCRn)

276

TCRn is a 16-bit read-only register and is used to count clocks.

The value of this counter is incremented or decremented in synchronization with the rising edge of a count
clock.

Whether the counter is incremented or decremented depends on the operation mode that is selected by the
MDn4 to MDnO bits of TMRn (see 6.3 (3) Timer mode register n (TMRn)).

Figure 6-3. Format of Timer Counter Register n (TCRn)
Address: FO180H, FO181H (TCRO00) to FO18EH, FO18FH (TCRO7)  After reset: FFFFH R

FO1COH, FO1C1H (TCRO08) to FO1C6H, FO1C7H (TCR11)
FO181H (TCROO0) FO180H (TCROO)

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

230 N N D I

(n=00to 11)

The count value can be read by reading TCRn.

The count value is set to FFFFH in the following cases.

e When the reset signal is generated

¢ When the TAUOEN bit of peripheral enable register 2 (PER2) is cleared
The count value is cleared to 0000H in the following cases.

e When the start trigger is input in the capture mode

¢ When capturing has been completed in the capture mode

Caution The count value is not captured to TDRn even when TCRn is read.
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The TCRn register read value differs as follows according to operation mode changes and the operating status.

Table 6-4. TCRn Register Read Value in Various Operation Modes

Operation Mode Count Mode TCRn Register Read Value“**®*
Value if the Value if the Value if the Value when waiting
operation mode operation mode was operation was for a start trigger
was changed after changed after count restarted after count | after one count
releasing reset operation paused operation paused
(TTn=1) (TTn=1)
Interval timer Count down FFFFH Undefined Stop value -
mode
Capture mode Count up 0000H Undefined Stop value -
Event counter Count down FFFFH Undefined Stop value -
mode
One-count mode | Count down FFFFH Undefined Stop value FFFFH
Capture & one- Count up 0000H Undefined Stop value Capture value of
count mode TDRn register + 1
Up and down Count down FFFFH Undefined Stop value -
count mode™*** and up

Notes 1. This indicates the value read from the TCRn register when channel n has stopped operating as a timer (TEn
= 0) and has been enabled to operate as a counter (TSn = 1). The read value is held in the TCRn register
until the count operation starts.

2. These operation modes are used with the inverter control function. For the inverter control function, refer to
CHAPTER 7 INVERTER CONTROL FUNCTIONS.

Remark n=00to 11
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(2) Timer data register n (TDRn)

278

This is a 16-bit register from which a capture function and a compare function can be selected.

The capture or compare function can be switched by selecting an operation mode by using the MDn4 to MDn0O
bits of TMRn.

The value of TDRn can be changed at any time.

This register can be read or written in 16-bit units.

Reset signal generation clears TDRn to 0000H.

Figure 6-4. Format of Timer Data Register n (TDRn)

Address: FFF18H, FFF19H (TDR00), FFF1AH, FFF1BH (TDRO1),  After reset: 0000H R/W
FFF64H, FFF65H (TDRO02) to FFF76H, FFF77H (TDR11)

FFF19H (TDROO) FFF18H (TDROO)

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

213 I

(n=00to 11)

(i) When TDRn is used as compare register
Counting down is started from the value set to TDRn. When the count value reaches 0000H, an interrupt
signal (INTTMn) is generated. TDRn holds its value until it is rewritten.

Caution TDRn does not perform a capture operation even if a capture trigger is input, when it is
set to the compare function.

(ii) When TDRn is used as capture register
The count value of TCRn is captured to TDRn when the capture trigger is input.

A valid edge of the TIn pin can be selected as the capture trigger. This selection is made by TMRn.

Remark n =00 to 11 (Timer input pin (TIn) of 78KOR/IB3: n = 02 to 07 and 09)
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6.3 Registers Controlling Timer Array Unit TAUS
Timer array unit TAUS is controlled by the following registers.

¢ Peripheral enable register 2 (PER2)

e Timer clock select register 0 (TPSO0)

¢ Timer mode register n (TMRn)

¢ Timer status register n (TSRn)

¢ Timer channel enable status register 0 (TEO)

e Timer channel start register 0 (TS0)

¢ Timer channel stop register 0 (TTO)

« Timer input select register 0 (TIS0)"*"

e Timer output enable register 0 (TOEOQ)

¢ Timer output register 0 (TOO)

e Timer output level register 0 (TOLO)

e Timer output mode register 0 (TOMO)

e Timer triangle wave output mode register 0 (TOTQ)""*?
« Timer dead time output enable register 0 (TDEQ)"***
e Timer real-time output register 0 (TROQ) "**?

« Timer real-time output enable register 0 (TREOQ)"*°*

Note 2

e Timer real-time control register 0 (TRCO)
» Timer modulation output enable register 0 (TMEO) "
 TAU option mode register (OPMR)"***

« TAU option status register (OPSR) "

 TAU option Hi-Z start trigger register (OPHS) "

« TAU option Hi-Z stop trigger register (OPHT)""**

« TAU option control register (OPCR)"**°?

e Input switch control registers (ISC)

« Noise filter enable registers 1, 2 (NFEN1, NFEN2)

« Port mode registers 0, 1, 3, 5, 7 (PMO, PM1, PM3, PM5, PM7) "

« Port registers 0, 1, 3, 5, 7 (PO, P1, P3, P5, P7)"

Notes 1. This is not provided in the 78KOR/IB3.
2. registers are used with the inverter control function. For details, refer to CHAPTER 7 INVERTER
CONTROL FUNCTIONS.
3. The PMO and PO registers are only provided in the 78KOR/ID3 and 78KOR/IE3. The PM7 and P7
registers are not provided in 78KOR/IB3.

Remark n=00to 11
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(1) Peripheral enable register 2 (PER2)
This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a
hardware macro that is not used is stopped in order to reduce the power consumption and noise.
When timer array unit TAUS is used, be sure to set bit 0 (TAUOEN) of this register to 1.
When the inverter control function is used, be sure to set bit 1 (TAUOPEN) to 1. (For details of the inverter
control function, refer to CHAPTER 7 INVERTER CONTROL FUNCTIONS.)
PER2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears PER2 to 00H.

Figure 6-5. Format of Peripheral Enable Register 2 (PER2)

Address: FOOF2H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 <1> <0>
PER2 0 0 0 0

o
o

TAUOPEN | TAUOEN

TAUOEN Control of timer array unit TAUS input clock

0 Stops input clock supply.
e SFR used by timer array unit TAUS cannot be written.
e Timer array unit TAUS is in the reset status.

1 Enables input clock supply.
e SFR used by timer array unit TAUS can be read/written.

TAUOPEN Control of inverter control block input clock

0 Stops input clock supply.
o SFR used by the inverter control block cannot be written.
e The inverter control block is in the reset status.

1 Enables input clock supply.
e SFR used by the inverter control block can be read/written.

Cautions 1. When setting timer array unit TAUS, be sure to set TAUOEN to 1 first. If TAUOEN = 0, writing
to a control register of timer array unit TAUS is ignored, and all read values are default
values (except for timer input select register 0 (TIS0), input switch control register (ISC),
noise filter enable registers 1, 2 (NFEN1, NFEN2), port mode registers 0, 1, 3, 5, 7 (PMO,
PM1, PM3, PM5, PM7), port registers 0, 1, 3, 5, 7 (PO, P1, P3, P5, P7)). Similarly, when using
the inverter control function, set TAUOPEN to 1 first.

2. Be sure to clear bits 2 to 7 of the PER2 register to 0.
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(2) Timer clock select register 0 (TPSO0)

TPSO0 is a 16-bit register that is used to select four types of operation clocks (CK00, CK01, CK02, CKO03) that

are commonly supplied to each channel.
The operation clocks that can be set with each bit are as follows.

PRS000 to PRS003: CKOO (settable to timer channels 00 to 07)
PRS010 to PRS013: CKO1 (settable to timer channels 00 to 07)
PRS020 to PRS023: CKO02 (settable to timer channels 08 to 11)
PRS030 to PRS033: CKO03 (settable to timer channels 08 to 11)

Rewriting of TPS0 during timer operation is possible only in the following cases.

If the PRS000 to PRS003 bits can be rewritten:
All channels for which CKO0O is selected as the operation clock (CKSn = 0) are stopped (TEn = 0)
(n =00 to 07).

If the PRS010 to PRS013 bits can be rewritten:
All channels for which CKO1 is selected as the operation clock (CKSn = 1) are stopped (TEn = 0)
(n =00 to 07).

If the PRS020 to PRS023 bits can be rewritten:
All channels for which CK02 is selected as the operation clock (CKSn = 0) are stopped (TEn = 0)
(n=08to 11).

If the PRS030 to PRS033 bits can be rewritten:
All channels for which CK03 is selected as the operation clock (CKSn = 1) are stopped (TEn = 0)
(n=08to 11).

TPSO0 can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.
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Figure 6-6. Format of Timer Clock Select Register 0 (TPS0)

Address: FO1B6H, FO1B7H  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TPSO PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
033 | 032 | 031 | 030 | 023 | 022 | 021 | 020 | 013 | 012 | 011 | 010 | 003 | 002 | 001 | 00O
PRS | PRS | PRS | PRS Selection of operation clock (CKOm) "**®
Om3 | Om2 | Om1 | OmO fox=5MHz | fo=10MHz | fo=20 MHz | fo = 40 MHz

0 0 0 0 | fox 5 MHz 10 MHz 20 MHz 40 MHz

0 0 0 1| fow2 2.5 MHz 5 MHz 10 MHz 20 MHz

0 0 1 0 | fow/2? 1.25 MHz 2.5 MHz 5 MHz 10 MHz

0 0 1 1| fow/2® 625 kHz 1.25 MHz 2.5 MHz 5 MHz

0 1 0 0 | fox2* 312.5 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 1| fow/2® 156.2 kHz 312.5 kHz 625 kHz 1.25 MHz
0 1 1 0 | fox2® 78.1 kHz 156.2 kHz 312.5 kHz 625 kHz
0 1 1 1| fowr2’ 39.1 kHz 78.1 kHz 156.2 kHz 312.5 kHz
1 0 0 0 | fox2® 19.5 kHz 39.1 kHz 78.1 kHz 156.2 kHz
1 0 0 1| fow2® 9.76 kHz 19.5 kHz 39.1 kHz 78.1 kHz
1 0 1 0 | fow/2® 4.88 kHz 9.76 kHz 19.5 kHz 39.1 kHz
1 0 1 1| fow2™ 2.44 kHz 4.88 kHz 9.76 kHz 19.5 kHz
1 1 0 0 | fow/2® 1.22 kHz 2.44 kHz 4.88 kHz 9.76 kHz
1 1 0 1| fow2® 610 Hz 1.22 kHz 2.44 kHz 4.88 kHz
1 1 1 0 | fow/2® 305 Hz 610 Hz 1.22 kHz 2.44 kHz
1 1 1 1| fow2® 153 Hz 305 Hz 610 Hz 1.22 kHz

Note When changing the clock selected for fcLk (by changing the system clock control register (CKC) value),
stop timer array unit TAUS (TTO = O0FFH).

Remarks 1. fck: CPU/peripheral hardware clock frequency
2. m=0to3
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(3) Timer mode register n (TMRn)
TMRn sets an operation mode of channel n. It is used to select an operation clock (fmck), a count clock,
whether the timer operates as the master or a slave, a start trigger and a capture trigger, the valid edge of the
timer input, and an operation mode (interval, capture, event counter, one-count, capture & one-count, or up
and down count"®).
Rewriting TMRn is prohibited when the register is in operation (when TEO = 1). However, bits 7 and 6 (CISn1,
CISn0) can be rewritten even while the register is operating with some functions (when TEO = 1) (for details,
see 6.7 Independent Channel Operation Function of Timer Array Unit TAUS and 6.8 Simultaneous
Channel Operation Function of Timer Array Unit TAUS).
TMRn can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears TMRn to 0000H.

Note These modes are used with the inverter control function. For the inverter control function, refer to
CHAPTER 7 INVERTER CONTROL FUNCTIONS.

Figure 6-7. Format of Timer Mode Register n (TMRn) (1/3)

Address: FO190H, FO191H (TMRO0) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W
FO1C8H, FO1C9H (TMRO08) to FO1CEH, FO1CFH (TMR11)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRn CKS 0 CCS | CCS |MAST | STS | STS | STS | CIS | CIS 0 MD | MD | MD | MD | MD
n in On ERn n2 ni no ni n0 n4 n3 n2 ni no
CKS Selection of operation clock (fmck) of channel n

0 Operation clock CK0O set by timer clock select register 0 (TPSO0) : timer channels 0 to 7

Operation clock CK02 set by timer clock select register 0 (TPSO0) : timer channels 8 to 11

)
):
1 Operation clock CKO1 set by timer clock select register 0 (TPSO0) : timer channels 0 to 7
Operation clock CK03 set by timer clock select register 0 (TPSO) : timer channels 8 to 11

Operation clock (fMck) is used by the edge detector. A sampling clock and a count clock (fTcLk) are generated
depending on the setting of the CCS1n and CCSOn bits.

CCS | CCSs Selection of count clock (frcLk) of channel n
1in Oon

0 0 Operation clock (fmck) specified by CKSn bit

0 1 Valid edge of input signal input from TIn pin/subsystem clock divided by 4 (fsus/4)

1 0 Selects master channel count clock (when the channel is used as a slave channel with the
simultaneous channel operation functions)"".

1 1 Selects master channel interrupt signal (when the channel is used as a slave channel with the
simultaneous channel operation functions)"".

Count clock (fTcLk) is used for the timer/counter, output controller, and interrupt controller.

Note These settings are used with the inverter control function. For the inverter control function, refer to
CHAPTER 7 INVERTER CONTROL FUNCTIONS.

Caution Be sure to clear bits 14 and 5 to “0”.

Remark n =00 to 11 (Timer input pin (TIn) of 78KOR/IB3: n = 02 to 07 and 09).
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Figure 6-7. Format of Timer Mode Register n (TMRn) (2/3)

Address: FO190H, FO191H (TMRO00) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W
FO1C8H, FO1C9H (TMR08) to FO1CEH, FO1CFH (TMR11)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRn CKS 0 CCS | CCS [ MAST| STS | STS | STS | CIS | CIS 0 MD | MD | MD | MD | MD
n in On ERn n2 ni no ni n0 n4 n3 n2 ni no
MAS Selection between using channel n independently or simultaneously with another channel
TER (as a slave or master)
n
0 Operates in Independent channel operation function or as slave channel in smultaneous channel operation
function.
1 Operates as master channel in simultaneous channel operation function.

Only the even channel can be set as a master channel (MASTERN = 1).
Be sure to use odd-numbered channels as slave channels (MASTERnN = 0).
Clear MASTERRN to O for a channel that is used with the independent channel operation function.

STS | STS | STS
n2 ni n0

Setting of start trigger or capture trigger of channel n

0 0 0 Only software trigger start is valid (other trigger sources are unselected).

0 0 1 Valid edge of TIn pin input is used as both the start trigger and capture trigger.

0 1 0 Both the edges of TIn pin input are used as a start trigger and a capture trigger.

1 0 0 Interrupt signal of the master channel is used (when the channel is used as a slave channel
with the simultaneous channel operation function).

1 1 0 The trigger of the dead time control trigger generation channel is used".

1 1 1 The up and down control trigger of the master channel is used".

Other than above

Setting prohibited

CIs | CIS
ni n0

Selection of TIn pin input valid edge

0 0 Falling edge

0 1 Rising edge

1 0 Both edges (when low-level width is measured)
Start trigger: Falling edge, Capture trigger: Rising edge

1 1 Both edges (when high-level width is measured)
Start trigger: Rising edge, Capture trigger: Falling edge

CISnO0 bits to 10B.

If both the edges are specified when the value of the STSn2 to STSnO bits is other than 010B, set the CISn1 to

Note These settings are used with the inverter control function. For the inverter control function, refer to
CHAPTER 7 INVERTER CONTROL FUNCTIONS.

Remark n=00to 11 (Timer input pin (TIn) of 78KOR/IB3: n = 02 to 07 and 09)
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Figure 6-7. Format of Timer Mode Register n (TMRn) (3/3)

Address: FO190H, FO191H (TMRO0) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

FO1C8H, FO1C9H (TMR08) to FO1CEH, FO1CFH (TMR11)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRn CKS| 0 |CCS|CCS |MAST| STS | STS | STS | CIS | CIS 0 MD | MD | MD | MD | MD
n in On ERn n2 ni no ni n0 n4 n3 n2 ni no
MD | MD | MD | MD | MD Operation mode of channel n Count operation of TCR | Independent
n4 n3 n2 ni n0 operation
0 0 0 0 1/0 | Interval timer mode Counting down Possible
0 0 1 0 1/0 | Capture mode Counting up Possible
0 0 1 1 0 Event counter mode Counting down Possible
0 1 0 0 1/0 | One-count mode Counting down Impossible
0 1 1 0 0 Capture & one-count mode Counting up Possible
1 0 0 1 0 Up and down count mode"™®’ Counting up and down Impossible
Other than above Setting prohibited

The operation of the MDnO bit varies depending on each operation mode (see table below).

Operation mode MD Setting of starting counting and interrupt
(Value set by the MDn4 to MDn1 bits n0
(see table above))
o Interval timer mode 0 | Timer interrupt is not generated when counting is started
(0,0,0,0) (timer output does not change, either).
o Capture mode 1 Timer interrupt is generated when counting is started
(0,0,1,0) (timer output also changes).
e Event counter mode 0 | Timer interrupt is not generated when counting is started
(0,0,1,1) (timer output does not change, either).
¢ Up and down count mode™™®’
(1,0,0, 1)
¢ One-count mode "*** 0 | Start trigger is invalid during counting operation.
(0,1,0,0) At that time, interrupt is not generated, either.
1 | Start trigger is valid during counting operation™*®,
At that time, interrupt is also generated.
e Capture & one-count mode 0 | Timer interrupt is not generated when counting is started
(0,1,1,0) (timer output does not change, either).
Start trigger is invalid during counting operation.
At that time, interrupt is not generated, either.
Other than above Setting prohibited
Notes 1. These settings are used with the inverter control function. For the inverter control function, refer to

CHAPTER 7 INVERTER CONTROL FUNCTIONS.
2. In one-count mode, interrupt output (INTTMn) when starting a count operation and TOn output are

not controlled.
3. If the start trigger (TSn =

generated, and recounting is started.

Remark n=00to 11
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(4) Timer status register n (TSRn)

TSRn indicates the overflow status of the counter of channel n.

TSRn is valid only in the capture mode (MDn4 to MDn1 = 0010B) and capture & one-count mode (MDn4 to
MDn1 = 0110B). It will not be set in any other mode.

Furthermore, CSF is valid only in the up and down count mode (MDn4 to MDn1 = 1001B)"*®". It will not be set
in any other mode.

See Table 6-5 for the operation of the OVF bit in each operation mode and set/clear conditions.

TSRn can be read by a 16-bit memory manipulation instruction.

Reset signal generation clears TSRn to 0000H.

Figure 6-8. Format of Timer Status Register n (TSRn)

Address: FO1AOH, FO1A1H (TSR00) to FO1AEH, FO1AFH (TSR0O7)  After reset: 0000H R

FO1DOH, FO1D1H (TSR08) to FO1D6H, FO1D7H (TSR11)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSRn 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CSF | OVF
Notes 1,2
CSF Count-up or count-down status of count clock

286

Notes 1,2

(up and down count mode only)

0 Indicates that the count clock is counting up.

1 Indicates that the count clock is counting down.

OVF Counter overflow status of channel n
(capture mode and capture & one-count mode only)

0 Overflow does not occur.

1 Overflow occurs.

When OVF = 1, this flag is cleared (OVF = 0) when the next value is captured without overflow.

Notes 1. This operation mode or bit is used with the inverter control function. For the inverter control
function, refer to CHAPTER 7 INVERTER CONTROL FUNCTIONS.
2. Channel 0, which does not have a higher channel, is always fixed to “0”, because CSF is generated
based on the up/down signal of the higher master channel.

Table 6-5. OVF Bit Operation and Set/Clear Conditions in Each Operation Mode

Timer operation mode OVF Set/clear conditions
o Capture mode clear | When no overflow has occurred upon capturing
o Capture & one-count mode set When an overflow has occurred upon capturing
e Interval timer mode clear

e Event counter mode -

e One-count mode set (Use prohibited, not set and not cleared)

Note

e Up and down count mode

Note These operation modes are used with the inverter control function. For details, refer to CHAPTER 7
INVERTER CONTROL FUNCTIONS.

Remark The OVF bit does not change immediately after the counter has overflowed, but changes upon the
subsequent capture.
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(5) Timer channel enable status register 0 (TEO)
TEO is used to enable or stop the timer operation of each channel.
When a bit of timer channel start register 0 (TSO0) is set to 1, the corresponding bit of this register is set to 1.

When a bit of timer channel stop register 0 (TTO) is set to 1, the corresponding bit of this register is cleared to
0.

TEO can be read by a 16-bit memory manipulation instruction.
Reset signal generation clears TEO to 0000H.

Figure 6-9. Format of Timer Channel Enable Status Register 0 (TEO)

Address: FO1BOH, FO1B1H  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ TE11 | TE10 ‘ TEO09 ‘ TEO8 ‘ TEO7 ‘ TEO6 ‘ TEO5 ‘ TEO4 ‘ TEO3 ‘ TEO2 | TEO1 ‘ TEOO ‘
TEn Indication of operation enable/stop status of channel n

0 Operation is stopped.

1 Operation is enabled.

Remark n=00to 11
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(6) Timer channel start register 0 (TS0)
TSO is a trigger register that is used to clear a timer counter (TCRn) and start the counting operation of each
channel.
When a bit (TSn) of this register is set to 1, the corresponding bit (TEn) of timer channel enable status register
0 (TEO) is set to 1. The TSn bit is immediately cleared when operation is enabled (TEn = 1), because it is a
trigger bit.
TS0 can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears TS0 to 0000H.

Figure 6-10. Format of Timer Channel Start Register 0 (TS0)

Address: FO1B2H, FO1B3H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSO | 0 ‘ 0 ‘ 0 | 0 | TS11 ‘ TS10 ‘ TS09 ‘ TS08 ‘ TS07 ‘ TS06 ‘ TS05 | TS04 | TS03 | TS02 ‘ TSO01 ‘ TS00 ‘
TSn Operation enable (start) trigger of channel n

0 No trigger operation

1 TEn is set to 1 and the count operation becomes enabled.
The TCRn count operation start in the count operation enabled state varies depending on each operation
mode (see Table 6-6).

Caution Be sure to clear bits 15 to 12 to “0”.
Remarks 1. When the TSO register is read, 0 is always read.

2. n=00to 11

Table 6-6. Operations from Count Operation Enabled State to TCRn Count Start (1/2)

Timer operation mode Operation when TSn = 1 is set

e Interval timer mode No operation is carried out from start trigger detection (TSn = 1) until count clock
generation.

The first count clock loads the value of TDRn to TCRn and the subsequent count
clock performs count down operation (see 6.3 (6) (a) Start timing in interval
timer mode and up and down count mode).

e Event counter mode Writing 1 to TSn bit loads the value of TDRn to TCRn.

The subsequent count clock performs count down operation.

The external trigger detection selected by STSn2 to STSnO bits in the TMRn
register does not start count operation (see 6.3 (6) (b) Start timing in event
counter mode).

e Capture mode No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to TCRn and the subsequent count clock
performs count up operation (see 6.3 (6) (c) Start timing in capture mode).
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Table 6-6. Operations from Count Operation Enabled State to TCRn Count Start (2/2)

Timer operation mode

Operation when TSn = 1 is set

e One-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSn bit while the
timer is stopped (TEn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads the value of TDRn to TCRn and the subsequent count
clock performs count down operation (see 6.3 (6) (d) Start timing in one-count
mode).

o Capture & one-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSn bit while the
timer is stopped (TEn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to TCRn and the subsequent count clock
performs count up operation (see 6.3 (6) (e) Start timing in capture & one-
count mode).

Note

e Up and down count mode

No operation is carried out from start trigger detection (TSn = 1) until count clock
generation.

The first count clock loads the value of TDRn to TCRn and the subsequent count
clock performs count down operation (see 6.3 (6) (a) Start timing in interval
timer mode and up and down count mode).

Note These operation modes are used with the inverter control function. For the inverter control function,
refer to CHAPTER 7 INVERTER CONTROL FUNCTIONS.
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290

(a) Start timing in interval timer mode and up and down count mode"**

<1> Operation is enabled (TEn = 1) by writing 1 to the TSn bit.

<2> The write data to TSn is held until count clock generation.

<3> TCRn holds the initial value until count clock generation.

<4> On generation of count clock, the value of TDRn is loaded to TCRn and count starts.

Figure 6-11. Start Timing (In Interval Timer Mode and Up and Down Count Mode"*)

e MU UL LU UYL L

TSn (write)

N

TEn <1>
Count clock /

TSn (write) hold signal <2>

Start trigger detection signal

<3> ) <4>
TCRn Initial value ¥ TDRn value

\

INTTMn 1 ]

v

" When MDnO = 1 is set

Note These operation modes are used with the inverter control function. For the inverter control function,
refer to CHAPTER 7 INVERTER CONTROL FUNCTIONS.

Caution In the first cycle operation of count clock after writing TSn, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start
by setting MDnO = 1.
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(b) Start timing in event counter mode

<1> TCRn holds its initial value while operation is stopped (TEn = 0).
<2> Operation is enabled (TEn = 1) by writing 1 to the TSn.
<3> 1 is written to TSn and 1 is set to TEn, and at the same time the value of TDRn is loaded to TCRn to

start counting.

<4> After that, the TCRn value is counted down according to the count clock.

Figure 6-12. Start Timing (In Event Counter Mode)

TSn (write)

TEn
Count clock

TSn (write) hold signal

Start trigger detection signal

TCRn

<1> 4
1<2>
<1> )<3>
Initial value @ TDRn value TDRn value-1

(c) Start timing in capture mode

<1> Operation is enabled (TEn = 1) by writing 1 to the TSn.
<2> The write data to TSn is held until count clock generation.
<3> TCRn holds the initial value until count clock generation.
<4> On generation of count clock, 0000H is loaded to TCRn and count starts.

Figure 6-13. Start Timing (In Capture Mode)

fork | I |

TSn (write)

TEn

Count clock

MU

[T

N

<1>

)

TSn (write) hold signal

Start trigger detection signal

<2>

<3>

) <4>

TCRn

Initial value

¥ 0000H

INTTMn

\

" When MDnO = 1 is set

Caution In the first cycle operation of count clock after writing TSn, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start

by setting MDnO = 1.
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(d) Start timing in one-count mode

<1> Operation is enabled (TEn = 1) by writing 1 to the TSn.
<2> Enters the start trigger input wait status, and TCRn holds the initial value.
<8> On start trigger detection, the value of TDRn is loaded to TCRn and count starts.

Figure 6-14. Start Timing (In One-count Mode)

e LU

<1>

)

TSn (write)

TEn

TIn edge detection signal

Count clockNet® ]

TSn (write) hold signal

Start trigger detection signal

<2> ) <3>
TCRn Initial value ¥ TDRn value

> >
-t -

Start trigger input wait status

Note When the one-count mode is set, the operation clock (fuck) is selected as count clock (CCS1n, CCSOn =
0).

Caution An input signal sampling error is generated since operation starts upon start trigger
detection (If the TIn pin input signal is used as a start trigger, an error of one count clock
occurs).
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(e) Start timing in capture & one-count mode

<1> Operation is enabled (TEn = 1) by writing 1 to the TSn.
<2> Enters the start trigger input wait status, and TCRn holds the initial value.

<3> On start trigger detection, 0000H is loaded to TCRn and count starts.

Figure 6-15. Start Timing (In Capture & One-count Mode)

fok || |

TSn (write)

TEn
TIn edge detection signal

Count clockNet
TSn (write) hold signal

Start trigger detection signal

TCRn

<1>

[

[t

)

<2>

)<3>

Initial value

¥ 0000H

Start trigger input wait status

Note When the capture & one-count mode is set, the operation clock (fmck) is selected as count clock

(CCS1n, CCSON = 0).

Caution An input signal sampling error is generated since operation starts upon start trigger
detection (If the TIn pin input signal is used as a start trigger, an error of one count clock

occurs).
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(7) Timer channel stop register 0 (TTO)
TTO is a trigger register that is used to clear a timer counter (TCRn) and start the counting operation of each
channel.
When a bit (TTn) of this register is set to 1, the corresponding bit (TEn) of timer channel enable status register
0 (TEOQ) is cleared to 0. The TTn bit is immediately cleared when operation is stopped (TEn = 0), because it is a
trigger bit.
TTO can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears TTO to 0000H.

Figure 6-16. Format of Timer Channel Stop Register 0 (TTO0)

Address: FO1B4H, FO1B5H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TTO | 0 ‘ 0 ‘ 0 | 0 | TT11 ‘ TT10 ‘ TTO9 ‘ TTO8 ‘ TTO7 ‘ TTO6 ‘ TTO5 | TTO4 | TTO3 | TTO02 ‘ TTO1 ‘ TTOO ‘
TTn Operation stop trigger of channel n

0 No trigger operation

1 Operation is stopped (stop trigger is generated).

Caution Be sure to clear bits 15 to 12 to “0”.

Remarks 1. When the TTO register is read, 0 is always read.
2. n=00to 11

(8) Timer input select register 0 (TIS0) (products other than 78KOR/IB3)
TISO is used to select whether a signal input to the timer input pin (TIn) or the subsystem clock divided by four
(fsus/4) is valid for each channel.
TISO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TISO to O0H.

Figure 6-17. Format of Timer Input Select Register 0 (TIS0)

Address: FFF3EH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TISO TIS07 TIS06 TIS05 TIS04 TIS03 TIS02 TISO1 TIS00
TISn Selection of timer input/subsystem clock used with channel n
0 Input signal of timer input pin (TIn)
1 Subsystem clock divided by 4 (fsus/4)

Remark n =00 to 07
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(9) Timer output enable register 0 (TOEO)
TOEQ is used to enable or disable timer output of each channel.
Channel n for which timer output has been enabled becomes unable to rewrite the value of the TOn bit of the
timer output register (TOO0) described later by software, and the value reflecting the setting of the timer output
function through the count operation is output from the timer output pin (TOn).
TOEQO can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears TOEO to 0000H.

Figure 6-18. Format of Timer Output Enable Register 0 (TOEO)

Address: FO1BAH, FO1BBH  After reset: 0000H R/W

Symbol
TOEO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE | TOE
11 10 09 08 07 06 05 04 03 02 01 00
TOE Timer output enable/disable of channel n
n
0 The TOn operation stopped by count operation (timer channel output bit).
Writing to the TOn bit is enabled.
The TOn pin functions as data output, and it outputs the level set to the TOn bit.
The output level of the TOn pin can be manipulated by software.
1 The TOn operation enabled by count operation (timer channel output bit).
Writing to the TOn bit is disabled (writing is ignored).
The TOn pin functions as timer output, and the TOEn is set or reset depending on the timer operation.
The TOn pin outputs the square-wave or PWM depending on the timer operation.
Caution Be sure to clear bits 15 to 12 to “0”.
Remark n =00 to 11 (Timer Output pin (TOn) of 78KOR/IB3: n = 02 to 07 and 11)
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(10) Timer output register 0 (TOO0)

TOO is a buffer register of timer output of each channel.
The value of each bit in this register is output from the timer output pin (TOn) of each channel.

TOn bit of This register can be rewritten by software only when timer output is disabled (TOEn = 0).

When

timer output is enabled (TOEn = 1), rewriting this register by software is ignored, and the value is changed
only by the timer operation (For details of the rewriting this register by software, refer to 6.5.4 Collective

manipulation of TOn bits).
When using the following timer output pins as port pins, set the corresponding TOn bit to 0.

78KOR/IB3 : P10/TO02, P11/TO03, P12/TO04, P13/TO05, P50/TO06, P51/TO07, P30/TO11
78KOR/IC3 : P10/TO02, P11/TO03, P12/TO04, P13/TO05, P50/TO06, P51/TO07, P73/TO10,
P30/TO11, P52/SLTO
78KOR/ID3, 78KOR/IE3 : P10/TO02, P11/TO03, P12/TO04, P13/TO05, P14/TO06, P15/TO07,
P73/TO10, P30/TO11, P52/SLTO

TOO can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears TOO0 to 0000H.

Figure 6-19. Format of Timer Output Register 0 (TOO0)

Address: FO1B8H, FO1B9H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOO 0 0 0 0 TO | TO TO TO TO TO | TO | TO | TO | TO TO TO
11 10 09 08 07 06 05 04 03 02 01 00

296

TOn Timer output of channel n

0 Timer output value is “0”.

1 Timer output value is “1”.

Caution Be sure to clear bits 15 to 12 to “0”.

Remark n =00 to 11 (Timer Output pin (TOn) of 78KOR/IB3: n = 02 to 07, and 11).
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(11) Timer output level register 0 (TOLO)
TOLO is a register that controls the timer output level of each channel.
The setting of the inverted output of channel n by this register is reflected at the timing of set or reset of the
timer output signal while the timer output is enabled (TOEn = 1) in the slave channel output mode (TOMn = 1)
and triangular wave PWM output with dead time off (TDEn = 0). In the master channel output mode (TOMn =
0), this register setting is invalid.
TOLO can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 6-20. Format of Timer Output Level Register 0 (TOLO)

Address: FO1BCH, FO1BDH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOLO 0 0 0 0 TOL | TOL | TOL | TOL | TOL | TOL | TOL | TOL | TOL | TOL | TOL | TOL
11 10 09 08 07 06 05 04 03 02 01 00

TOL Control of timer output level of channel n

0 Positive logic output (active-high)
Adds dead time to the positive logic side when TDEn = 1 of the timer dead time output enable register 0
(TDEO) is 1.

1 Inverted output (active-low)
Adds dead time to the inverted logic side when TDEnN = 1 of the timer dead time output enable register 0
(TDEO) is 1"*.

Notes 1. These settings are used with the inverter control function. For the inverter control function, refer to
CHAPTER 7 INVERTER CONTROL FUNCTIONS.

2.  When using triangular wave PWM output with dead time or 6-phase triangular wave PWM output,
do not rewrite the TOLO register while the timer is operating. If the TOLO register is rewritten while
the timer is operating, the waveform output from TOn during the rewritten PWM cycle will be
irregular. Note, however, that this does not occur when using complementary modulation output.
(For details, see CHAPTER 7 INVERTER CONTROL FUNCTIONS.)

Caution Be sure to clear bits 15 to 12 to “0”.
Remarks 1. If the value of this register is rewritten during timer operation, the timer output is inverted when

the timer output signal changes next, instead of immediately after the register value is rewritten.
2. n=00to 11
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(12) Timer output mode register 0 (TOMO)
TOMO is used to control the timer output mode of each channel.
When a channel is used for the independent channel operation function, set the corresponding bit of the
channel to be used to 0.
When a channel is used for the simultaneous channel operation function, set the corresponding bit of the
master channel to 0 and the corresponding bit of the slave channel to 1.
The setting of each channel n specified by using this register is applied when timer output is enabled (TOEn =
1),
TOMO can be rewritten when timer operation is stopped (TEn = 1).
TOMO can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Note The setting of each channel n when the inverter control function is used is applied when timer output is
enabled (TOEn = 1) and TREn is set to 0 or TREn and TMEn are set to 1.

Figure 6-21. Format of Timer Output Mode Register 0 (TOMO)

Address: FO1BEH, FO1IBFH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOMO 0 0 0 0 |TOM | TOM | TOM | TOM | TOM | TOM | TOM | TOM | TOM | TOM | TOM | TOM
11 10 09 08 07 06 05 04 03 02 01 00

TOM Control of timer output mode of channel n

0 Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMn))

1 Slave channel output mode (select output mode by the timer triangle wave output mode register (TOTO0)
setting").

Note When the inverter control function is used, the slave channel output mode is selected by the timer
triangle wave output mode register0 (TOTO) setting. For details, refer to CHAPTER 7 INVERTER
CONTROL FUNCTIONS.

Caution Be sure to clear bits 15 to 12 to “0”.
Remark n: Channel number, m: Slave channel number
n=00to 11 (n =00, 02, 04, 06, 08, 10 for master channel)

n < m < 11 (For details of the relation between the master channel and slave channel, refer to
6.4 Basic Rules of Simultaneous Channel Operation Function.)
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Timer triangle wave output mode register 0 (TOTO0)
Timer real-time output enable register 0 (TREO)
Timer real-time output register 0 (TROO)

Timer real-time control register 0 (TRCO)

Timer dead time output enable register 0 (TDEO)

)
)
)
)
)
) Timer modulation output enable register 0 (TMEO)
) TAU option mode register (OPMR)

)

)

)

)

The above-mentioned registers are used with the inverter control function. For the setting and inverter control of
each register, refer to CHAPTER 7 INVERTER CONTROL FUNCTIONS.
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(24) Input switch control register (ISC)
The ISC1 and ISCO bits of the ISC register are used to perform LIN-bus communication operation by using

Address: FFF3CH  After reset: 00H R/W

channel 7 in association with the serial array unit.

When ISC1 bit is set to 1, the input signal of the serial data input pin (RxDO0) is selected as a timer input

signal.

The ISC4 to ISC2 bits are set to select the P52/SLTI/SLTO pin as the timer I/O pin of timer channels 0, 1, and
8 to 11 (ISC4 to ISC2 bits are not provided in 78KOR/IB3).

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

Figure 6-22. Format of Input Switch Control Register (ISC)

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 ISca™! ISC3"*! ISc2™e! ISC1 ISCO
ISC4 | ISC3 | ISC2 Selecting P52/SLTI/SLTO Pin as Timer I/O Pin
Channel 0 Channel 1 Channel 8 Channel 9 Channel 10 | Channel 11

Input |Output| Input [Output| Input [Output| Input |Output| Input [Output| Input [Output
pin pin pin pin pin pin pin pin pin pin pin pin

0 0 0 P00/ | PO1/ | P52/ | P52/ | P16/ | P16/ | P31/ | P17/ | P74/ | P73/ | P75/ | P30/
TIOO | TOOO | SLTI [ SLTO | TI0O8 | TOO8 [TIog**?* TO09 | TI10 | TO10 | TH1 | TO11

0 0 1 P52/ | P52/ - - P16/ | P16/ | P31/ | P17/ | P74/ | P73/ | P75/ | P30/
SLTI | SLTO TI08 | TOO8 [To9™* 1 TO09 | TI10 | TO10 | TIH1 | TO11

0 1 0 P00/ | PO1/ - - P52/ | P52/ | P31/ | P17/ | P74/ | P73/ | P75/ | P30/
TIOO | TOOO SLTI [ SLTO [Tiog** ?[ TO09 | TI10 [ TO10 | TI11 | TO11

0 1 1 P00/ | PO1/ - - P16/ | P16/ | P52/ | P52/ | P74/ | P73/ | P75/ | P30/
TIOO | TOOO TIO8 | TOO8 | SLTI | SLTO | TI10 | TO10| TI11 | TO11

1 0 0 P00/ | PO1/ - - P16/ | P16/ | P31/ | P17/ | P52/ | P52/ | P75/ | P30/
TIOO | TOOO TI08 | TOO8 [TIog™*°? TO09 | SLTI | SLTO | TI11 | TO11

1 0 1 P00/ | PO1/ - - P16/ | P16/ | P31/ | P17/ | P74/ | P73/ | P52/ | P52/
TIOO | TOOO TIO8 | TOO8 [Ti09"** 1 TO09 | TI10 | TO10 | SLTI | SLTO

Other than the above

Setting prohibited

1ISC1 Switching channel 7 input of timer array unit TAUS
0 Uses the input signal of the TI07 pin as a timer input (normal operation).
1 Input signal of RxDO pin is used as timer input (detects the wakeup signal and measures the low
width of the sync break field and the pulse width of the sync field).
1ISCO Switching external interrupt (INTPO) input
0 Uses the input signal of the INTPO pin as an external interrupt (normal operation).

Uses the input signal of the RxDO pin as an external interrupt (wakeup signal detection).

(Note, Caution and Remark are listed on the next page.)
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Notes 1. The ISC4 to ISC2 bits are not provided in the 78KOR/IB3. In the 78KOR/IB3, these bits are fixed to 0.
2. 78KOR/IE3 : P17/TI09

Cautions 1. Be sure to clear bits 7 to 5 to “0”.
2. When RxDO functions alternately as a timer input pin, the corresponding timer input pin

channels can also be used for the LIN-bus function. The timer channels in each version
of the 78KO0R/Ix3 that can be used for the LIN-bus function in addition to timer channel 7
are shown below.

78KO0R/IB3 (P11/RxD0/TI03/TO03) : Channel 3 of TAUS

38-pin products of 78KOR/IC3 (P72/INTP6/RxDO0) : None

44-pin and 48-pin products of 78K0OR/IC3, 78K0R/ID3,

78KOR/IE3 (P74/RxD0/TI10/S100) : Chanel 10 of TAUS

Remarks 1. When the LIN-bus communication function is used, select the input signal of the RxDO0 pin
by setting ISC1 to 1.
2. The presence or absence of channel0, 1 and 8 to 11 of timer I/O pins in each timer array
unit channel depends on the product. For details, see Table 6-1 Timer I/O Pins Included in
Each Product or Tables 6-3 to 6-5 I/O Pins That Can Be Selected for Channels 0, 1, and 8 to
11. For products that do not provide timer I/O pins for channels 0, 1, and 8 to 11, only the
P52/SLTI/SLTO pin can be selected as a timer I/O pin.

(25) Noise filter enable registers 1,2 (NFEN1, NFEN2)
NFEN1 and NFEN2 are used to set whether the noise filter can be used for the timer input signal to each
channel.
Enable the noise filter by setting the corresponding bits to 1 on the pins in need of noise removal.
When the noise filter is ON, match detection and synchronization of the 2 clocks is performed with the
operation clock (fuck). When the noise filter is OFF, only synchronization is performed with the operation clock
(fmck).
NFEN1 and NFEN2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears NFEN1 and NFEN2 to O0H.
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Figure 6-23. Format of Noise Filter Enable Registers 1,2 (NFEN1, NFEN2) (1/3)

Address: FOO61H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

NFEN1 TNFENO7 TNFENO6 TNFENO5 TNFENO4 TNFENO3 ‘ TNFENO02 | 0 ‘ TNFENOO

Address: FO062H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
NFEN2 0 0 0 TNFENSL TNFEN11 TNFEN10 TNFENO9 TNFENO8
TNFENSL Enable/disable using noise filter of SLTI/SLTO/P52 pin input signal

(There are no SLTI and SLTO pins of the 78KOR/IB3.)

0 Noise filter OFF
1 Noise filter ON
TNFEN11 Enable/disable using noise filter of TI11/SCKO00/P75 pininput signal
(There is no TI11 pin in the 78KOR/IB3 and the 38-pin products of the 78K0OR/IC3.)
0 Noise filter OFF
1 Noise filter ON
TNFEN10 Enable/disable using noise filter of TI10/SI00/RxD0/P74 pin input signal
(There is no TI10 pin in the 78KOR/IB3 and the 38-pin products of the 78KOR/IC3.)
0 Noise filter OFF
1 Noise filter ON
TNFENO9 Enable/disable using noise filter of the following pin input signal
78KOR/IB3, 78K0OR/IC3, 78KOR/ID3 : TI09/SI10/RxD1/SDA10/INTP1/P31
78KOR/IE3 : TI09/TO09/P17
0 Noise filter OFF
1 Noise filter ON
TNFENO8 Enable/disable using noise filter of TI08/TO08/P16 pin input signal
(There is no TI08 pin of the 78KOR/IB3, 78K0R/IC3, and 78K0R/ID3.)
0 Noise filter OFF
1 Noise filter ON
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Figure 6-23. Format of Noise Filter Enable Registers 1,2 (NFEN1, NFEN2) (2/3)

Address: FOO61H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

NFEN1 | TNFENO7 ‘ TNFENO6 ‘ TNFENO5 ‘ TNFENO4 ‘ TNFENO3 ‘ TNFENO02 ‘ 0 | TNFENOO |

Address: FO062H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
NFEN2 | 0 ‘ 0 ‘ 0 ‘ TNFENSL ‘ TNFEN11 ‘ TNFEN10 ‘ TNFENO09 | TNFENO8 |
TNFENO7 Enable/disable using noise filter of the following pin input signal
78KOR/IB3 : TI07/TO07/P51 pin or RxDO/TI03/TO03/P11 pin
38-pin products of 78KOR/IC3 : TI07/TO07/P51 pin or RxDO/INTP6/P72 pin
44-pin and 48-pin products of 78KOR/IC3 and 78KOR/IDS3 :
TI07/TO07/P51 pin or RxD0O/SI00/TI10/P74 pin
78KOR/IE3 : TI07/TO07/P15 pin or RxDO/SI00/TI10/P74 pin
0 Noise filter OFF
1 Noise filter ON
TNFENO6 Enable/disable using noise filter of the following pin input signal
78KO0R/IB3, 78K0OR/IC3, 78KOR/ID3 : TI06/TO06/P50
78KOR/IE3 : TI06/TO06/P14
0 Noise filter OFF
1 Noise filter ON
TNFENO5 Enable/disable using noise filter of TI05/TO05/P13 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO4 Enable/disable using noise filter of TI04/TO04/P12 pin input signal
0 Noise filter OFF
1 Noise filter ON
TNFENO3 Enable/disable using noise filter of the following pin input signal
78KOR/IB3 : TI03/TO03/RxDO/P11
78KOR/IC3, 78KOR/ID3, 78KOR/IE3 : TI03/TO03/P11
0 Noise filter OFF
1 Noise filter ON

Note The applicable pin can be switched by setting ISC1 of the ISC register.

ISC1=0: Whether or not to use the noise filter of TIO7 pin can be selected.
ISC1=1: Whether or not to use the noise filter of RxDO pin can be selected.
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Figure 6-23. Format of Noise Filter Enable Registers 1,2 (NFEN1, NFEN2) (3/3)

Address: FOO61H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

NFEN1 | TNFENO7 ‘ TNFENO6 | TNFENO5 ‘ TNFENO4 ‘ TNFENO3 ‘ TNFENO2 | 0 ‘ TNFENOO |

Address: FO062H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
NFEN2 | 0 ‘ 0 | 0 ‘ TNFENSL ‘ TNFEN11 ‘ TNFEN10 | TNFENO09 ‘ TNFENO8 |
TNFENO2 Enable/disable using noise filter of the following pin input signal
78KOR/IB3 : TI02/TO02/TxDO/P10
78KOR/IC3, 78KOR/ID3, 78KOR/IE3 : TI02/TO02/P10
0 Noise filter OFF
1 Noise filter ON
TNFENOO Enable/disable using noise filter of TI00/P00 pin input signal
(There is no TIOO pin of the 78KOR/IB3 and 78KOR/IC3.)
0 Noise filter OFF
1 Noise filter ON
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(26) Port mode registers 0, 1, 3, 5, 7 (PM0, PM1, PM3, PM5, PM7)"*
These registers set input/output of ports 0, 1, 3, 5 and 7" in 1-bit units.
When using the ports (such as P12/TO04/TI04, P13/TO05/TI05 and P30/TO11/SO10/TxD1) to be shared with
the timer output pin for timer output, set the port mode register (PMxx) bit and port register (Pxx) bit
corresponding to each port to 0.

Example: When using P30/TO11/SO10/TxD1 for timer output
Set the PM30 bit of port mode register 3 to 0.
Set the P30 bit of port register 3 to 0.

When using the ports (such as P12/TO04/T104, P13/TO05/T105, P31/T109/S110/RxD1/SDA10/INTP1) to be
shared with the timer output pin for timer input, set the port mode register (PMxx) bit corresponding to each
port to 1. At this time, the port register (Pxx) bit may be 0 or 1.

Example: When using P31/TO09/S110/RxD1/SDA10/INTP1 for timer input

Set the PM31 bit of port mode register 3 to 1.
Set the P31 bit of port register 3 to 0 or 1.

PMO, PM1,PM3, PM5, PM7""* can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Note The PMO and PO registers are only included in the 78KOR/ID3 and 78KOR/IE3. The PM7 and P7
registers are not provided in the 78KOR/IB3.
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Figure 6-24. Format of Port Mode Registers 0, 1, 3, 5, and 7 (PMO0, PM1, PM3, PM5, PM7) (Example: 78KOR/IE3)

Address: FFF20H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PMO 1 1 1 1 ‘ 1 1 | PMO1 ‘ PMOO |

Address: FFF21H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PMA1 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10

Address: FFF23H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3 1 1 1 1 PM33 PM32 PM31 PM30

Address: FFF25H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM5 1 1 1 1 PM53 PM52 PM51 PM50

Address: FFF27H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM7 PM77 PM76 PM75 PM74 PM73 PM72 PM71 PM70
PMmn Pmn pin I/0 mode selection (m =0, 1,3,5,7;n=0t07)
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, 1, 3, 5 and 7 of the 78KOR/IE3
products. For the format of port mode register of other products, see (1) Port mode registers (PMxx) in
4.3 Registers Controlling Port Function.
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6.4 Basic Rules of Simultaneous Channel Operation Function

When simultaneously using multiple channels, namely, a combination of a master channel (a reference timer

mainly counting the cycle) and slave channels (timers operating according to the master channel), the following rules

apply.

Only an even channel (channel 0, 2, 4, etc.) can be set as a master channel.

Any channel, except channel 0, can be set as a slave channel.

The slave channel must be lower than the master channel.

Example: If channel 2 is set as a master channel, channel 3 or those that follow (channels 3, 4, 5, etc.) can
be set as a slave channel.

Two or more slave channels can be set for one master channel.

When two or more master channels are to be used, slave channels with a master channel between them may

not be set.

Example: If channels 0 and 4 are set as master channels, channels 1 to 3 can be set as the slave channels
of master channel 0. Channels 5 to 7 cannot be set as the slave channels of master channel 0.

(6) A master channel can transmit INTTMn (interrupt), start software trigger, and count clock to the lower channels.

(7)

(8)

(9)

A slave channel can use the INTTMn (interrupt), start software trigger, or the count clock of the master
channel as a source clock, but it cannot transmit its own INTTMn (interrupt), start software trigger, or the count
clock to the lower channel.

A master channel cannot use the INTTMn (interrupt), start software trigger, or the count clock from the other
higher master channel as a source clock.

To simultaneously start channels that operate in combination, the channel start trigger bit (TSn) of the
channels in combination must be set at the same time.

(10) To stop the channels in combination simultaneously, the channel stop trigger bit (TTn) of the channels in

combination must be set at the same time.

Remark n=00to 11 (n =00, 02, 04, 06, 08, 10 for master channel.)

The rules of the simultaneous channel operation function are applied in a channel group (a master channel and

slave channels forming one simultaneous channel operation function).

If two or more channel groups that do not operate in combination are specified, the basic rules of the simultaneous

channel operation function above do not apply to the channel groups.
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Example
TAUS
CKO00 !
CKo1 o
—>
CKo2
—>
CKO3 i
—
308

| Channel 1: Slave

| Channel 2: Slave

Channel 3:Independent channel

operation function

Channel 6:Independent channel

operation function

Channel 7:Independent channel

operation function

Channel 8: Master |

Channel 9: Independent
channel operation function

| Channel 10: Slave |

Channel group 1
(Simultaneous channel operation
function)

Channel group 2
(Simultaneous channel operation
function)

/

* The operating clocks of channel group 1 and
channel group 2 may be set separately.

*A channel that independent channel
operation function may be between channel
group 1 and channel group 2.

Channel group 3
/ (Simultaneous channel operation
function)

*A channel that operates independent
channel operation function may be between
a master and a slave of channel group 3.
Furthermore, the operating clock may be set

| Channel 11: Slave

separately.
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6.5 Channel Output (TOn pin) Control

6.5.1 TOnN pin output circuit configuration ( When the INVERTER CONTROL FUNCTIONS is not used)

Figure 6-25. Output Circuit Configuration

<5>
TOn register
Interrupt signal of the master channel
(INTTMn) 5
’_O = Set
e —
Interrupt signal of the slave channel é — TOn pin
(INTTMp) ,_:>— Reset/toggle
<1>
<2>
<3> <4>
TOLn
TOEn TOn write signal

The following describes the TOn pin output circuit.

<1> When TOMn = 0 (master channel output mode), the set value of the TOLO register is ignored and only

INTTMp (slave channel timer interrupt) is transmitted to the TOO register.

<2> When TOMn = 1 (slave channel output mode), both INTTMn (master channel timer interrupt) and INTTMp

(slave channel timer interrupt) are transmitted to the TOO register.
At this time, the TOLO register becomes valid and the signals are controlled as follows:

When TOLn = 0: Forward operation (INTTMn — set, INTTMp — reset)
When TOLn = 1: Reverse operation (INTTMn — reset, INTTMp — set)

When INTTMn and INTTMp are simultaneously generated, (0% output of PWM), INTTMp (reset signal)
takes priority, and INTTMn (set signal) is masked.

<3> While timer output is enabled (TOEn = 1), INTTMn (master channel timer interrupt) and INTTMp (slave

<4>

channel timer interrupt) are transmitted to the TOn. Writing to the TOOQ register (TOn write signal)
becomes invalid.

When TOEnN = 1, the TOn pin output never changes with signals other than interrupt signals.

To initialize the TOn pin output level, it is necessary to set the timer operation is stopped (TOEn = 0) and
to write a value to TOn.

While timer output is disabled (TOEn = 0), writing to TOn bit to the target channel (TOn write signal)
becomes valid. When timer output is disabled (TOEn = 0), neither INTTMn (master channel timer
interrupt) nor INTTMp (slave channel timer interrupt) is transmitted to TOO register.

<5> The TOn register can always be read, and the TOn pin output level can be checked.

Remark n: Channel number, p: Slave channel number

n=00to 11 (n = 00, 02, 04, 06, 08, 10 for master channel. n = 02 to 07 and 09: Timer input pin
(TIn) of 78KOR/IB3. n = 02 to 07 and 11: Timer output pin (TOn) of 78K0R/IB3.)

n < p < 11 (For details of the relation between the master channel and slave channel, refer to 6.4
Basic Rules of Simultaneous Channel Operation Function.)
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6.5.2 TOn pin output setting
The following figure shows the procedure and status transition of TOn out put pin from initial setting to timer
operation start.

Figure 6-26. Status Transition from Timer Output Setting to Operation Start

TCRn Undefined value (FFFFH after reset) | I\

(Counter)

Timer alternate-function pin = = = == = = = = = = = = = = = =

Timer output signal —l
TOn |

TOEnN \

!

[

R s S

(Write operation enabled period to TOn Write operation disabled period to TOn )
! :
A A A
<1>Setthe TOMn  <2> Setthe TOn <3> Setthe TOEn <4> Set the port to <5> Timer operation start
Set the TOLn output mode

<1> The operation mode of timer output is set.

e TOMn bit (0: Master channel output mode, 1: Slave channel output mode)
e TOLn bit (0: Forward output, 1: Reverse output)

<2> The timer output signal is set to the initial status by setting TOO register.

<3> The timer output operation is enabled by writing 1 to TOEn (writing to TOO register is disabled).
<4> The port I/O setting is set to output (see 6.3 (26) Port mode registers 0, 1, 3, 5, 7).

<5> The timer operation is enabled (TSn = 1).

Remark n=00to 11 (n =02 to 07 and 11 for timer output pin (TOn) of 78KOR/IB3)

6.5.3 Cautions on channel output operation

(1) Changing values set in registers TO0, TOEO, TOLO, and TOMO during timer operation

Since the timer operations (operations of TCRn and TDRn) are independent of the TOn output circuit and changing
the values set in TOO0, TOEO, TOLO, and TOMO does not affect the timer operation, the values can be changed during
timer operation. To output an expected waveform from the TOn pin by timer operation, however, set TO0, TOEO, TOLO,
and TOMO to the values stated in the register setting example of each operation.

When the values set to the TOEO, TOLO, and TOMO registers (but not the TOO register) are changed close to the
occurrence of the timer interrupt (INTTMn) of each channel, the waveform output to the TOn pin might differ,
depending on whether the values are changed immediately before or immediately after the timer interrupt (INTTMn)
occurs.

Remark n=00to 11 (n =02 to 07 and 11for the timer output pin (TOn) of 78K0R/IB3)
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(2) Default level of TOn pin and output level after timer operation start

The change in the output level of the TOn pin when TOO register is written while timer output is disabled (TOEn =
0), the initial level is changed, and then timer output is enabled (TOEn = 1) before port output is enabled, is shown
below.

(a) When operation starts with master channel output mode (TOMn = 0) setting (toggle output)
The setting of TOLO register is invalid when master channel output mode (TOMn = 0). When the timer
operation starts after setting the default level, the toggle signal is generated and the output level of TOn pin
is reversed.

Figure 6-27. TOn Pin Output Status at Toggle Output (TOMn = 0)

TOEnN

Default level, TOLn setting

TOn=0,TOLn=0  HiZ _I_|—|_,—|_,_
i 1

TOn=1,TOLn=0  HiZ ‘—:|_|_I_|_|_
1
1

TOn=0,TOLn =1

(Same output waveform as TOLn = 0) Hi-Z —l—,—|—,—|—,_
(Same output waveform as TOLn = 0) ' !

l—>|
Dependent on TOn setting

A 1
' [

Port output is enabled

Ir‘;dependeht of TOLn sett}ng

|>...-...
|>......
D e o

'
'
i i
\ \
A A
Toggle Toggle Toggle Toggle Toggle

TOn pin transition

Remarks 1. Toggle: Reverse TOn pin output status
2. n=00to 11 (n =02 to 07 and 11 for timer output pin (TOn) of 78KOR/IB3)
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(b) When operation starts with slave channel output mode (TOMn = 1) setting (PWM output)
When slave channel output mode (TOMn = 1), the active level is determined by TOLn setting.

Figure 6-28. TOn Pin Output Status at PWM Output (TOMn = 1)

TOEn

Default level, TOLn setting

TOn=0,TOLn=0
(Active high)

|
[
[

Hi-Z

(Active low)

1
TOn=1,TOLn =0 - ]
(Active high) ¢ ! \No Change!—! |—|
TOn =0, TOLn =1 Hi-z | / |_| |_|
1

TOn=1,TOLn =1 Hi-Z
(Active low)

J
]
]

1

1
<«
Dependent on TOn setting
A 1

Depen'dent on TOLn 'setting

Port output is enabled '

|>....-.......

A A A A
Set Reset Set Reset Set

TOn pin transition

Remarks 1. Set:  The output signal of TOn pin changes from inactive level to active level.
Reset: The output signal of TOn pin changes from active level to inactive level.
2. n=00to 11 (n=02to 07 and 11 for timer output pin (TON) of 78KOR/IB3)

(3) Operation of TOn pin in slave channel output mode (TOMn = 1)

(a) When TOLO register setting has been changed during timer operation
When the TOLO register setting has been changed during timer operation, the setting becomes valid at the
generation timing of Ton pin change condition. Rewriting TOLO register does not change the output level of
TOn pin.
The operation when TOMn is set to 1 and the value of the TOLO register is changed while the timer is
operating (TEn = 1) is shown below.

Figure 6-29. Operation when TOLO Register Has Been Changed during Timer Operation

Output set signal I I |_| |_|
(Internal signal) { ( : :
Output reset signal M I : [ . I
(Internal signal) \,’ N \ ( % (
TOLn /I\ \ > ‘. >
/ 5 »/ ' / »
TOn pin [1 [1 s | |

TOn does not change Set/reset signals are inverted

Remarks 1. Set:  The output signal of TOn pin changes from inactive level to active level.
Reset: The output signal of TOn pin changes from active level to inactive level.
2. n=00to11 (n=02to 07 and 11 for timer output pin (TOn) of 78KOR/IB3)
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(b) Set/reset timing
To realize 0%/100% output at PWM output, the TOn pin/TOn bit set timing at master channel timer
interrupt (INTTMn) generation is delayed by 1 count clock by the slave channel.
If the set condition and reset condition are generated at the same time, a higher priority is given to the
latter.
Figure 6-30 shows the set/reset operating statuses where the master/slave channels are set as follows.

Master channel: TOEn=1,TOMn=0,TOLn =0
Slave channel: TOEp=1,TOMp=1,TOLp=0

Figure 6-30. Set/Reset Timing Operating Statuses

w (U UL

Count clock

Master channel INTTMn

to_reset
(Internal signal)

TOn pin/
TOn

Toggle

to_set !
(Internal signal) .

Delays to_reset by 1 count
clock with slave channel

Slave channel INTTMp

to_reset
(Internal signal)

/ : :)
TOp pin/ s

TOp

\_

Set Reset

Remarks 1. to_reset: TOn pin reset/toggle signal
to_set:  TOn pin set signal
2. n:Channel number, p: Slave channel number
n =00 to 11 (n = 00, 02, 04, 06, 08, 10 for master channel, n = 02 to 07 and 9: Timer input pin
(TIn) of 78KOR/IB3, n = 02 to 07 and 11: Timer output pin (TOn) of 78KOR/IB3)
n < p < 11 (For details of the relation between the master channel and slave channel, refer to
6.4 Basic Rules of Simultaneous Channel Operation Function.)
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6.5.4 Collective manipulation of TOn bits

In the TOO register, the setting bits for all the channels are located in one register in the same way as the TS0
register (channel start trigger). Therefore, the TOn bit of all channels can be manipulated at once. Only the desired
bits can also be manipulated by enabling writing only to the TOn bits (TOEn = 0) that correspond to the relevant bits of
the channel used to perform output (TOn).

Figure 6-31. Example of TOn Bits Collective Manipulation

Before writing

TOO 0 0 0 0 |[TO11|TO10| TOO09 | TOO8 | TOO7 | TO06 | TOO5 | TO04 | TOO03 | TOO2 | TOO1 | TO0O

TOEO 0 0 0 0 |TOE11|TOE10| TOEO9| TOE08| TOEO7 | TOE06 | TOEOS | TOEO4 | TOEO3 | TOEO2 | TOEO1 | TOEOO
1 1 1 0 0 0 1 0 1 1 1 1

Data to be written

LoJofJofolrfofsfrfajrfofofofolr]r]
11000 rotrsty
To0 [ o | o | o | o |TO11|TO10|TO09 |TOO08|TOO7 | TOOE | TOOS | TOO4 | TOO3 | TOO2 | TOO1 | TO0O
ol 1|o | 1| 1|11 lo]o]o|1]o

Writing is done only to TOn bits with TOEn = 0, and writing to TOn bits with TOEn = 1 is ignored.
TOn (channel output) to which TOEn = 1 is set is not affected by the write operation. Even if the write operation is
done to TOn, it is ignored and the output change by timer operation is normally done.

Figure 6-32. TOn Pin Statuses by Collective Manipulation of TOn Bits

E : Two or more TOn output can
s« | be changed simultaneously.
TO07 : C
! - Output does not change
TO06 ! VS when value does not
. o change.
TOO05 [ ,’><
TO04
TO03 | : Writing to TOR bit is
: HEE— ignored when TOEn
To02 _| ] S -1.

A A
Before writing Writing to TOn bit

Caution When timer output is enabled (TOEn = 1), even if the output by timer interrupt of each timer
(INTTMn) contends with writing to TOn, output is normally done to TOn pin.

Remark n=00to 11 (n=02to 07 and 11 for timer output pin (TOn) of 78K0OR/IB3)
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6.5.5 Timer interrupt and TOn pin output at operation start
In the interval timer mode or capture mode, the MDnO bit in the TMRn register sets whether or not to generate a
timer interrupt at count start.
When MDnO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMn) generation.
In the other modes, neither timer interrupt at count operation start nor TOn output is controlled.
Figures 6-32 and 6-33 show operation examples when the interval timer mode (TOEn = 1, TOMn = 0) is set.

Figure 6-33. When MDnO is set to 1

TCRn
TEn I:
INTTMn / M M M
Ton | —

Count operation start

When MDnO is set to 1, a timer interrupt (INTTMn) is output at count operation start, and TOn performs a toggle
operation.

Figure 6-34. When MDnO is set to 0

TCRn

TEn i

INTTMn

TOn

'
'

'

'

! '

T T

! 1

1 ] I
' l

! '

'

'

'

|

A
Count operation start

When MDnO is set to 0, a timer interrupt (INTTMn) is not output at count operation start, and TOn does not change
either. After counting one cycle, INTTMn is output and TOn performs a toggle operation.

Remark n=00to 11 (n= 02 to 07 and 11 for timer output pin (TOn) of 78KOR/IB3)
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6.6 Channel Input (TIn Pin) Control
6.6.1 TIn edge detection circuit

(1) Edge detection basic operation timing
Edge detection circuit sampling is done in accordance with the operation clock (fmck).

Figure 6-35. Edge Detection Basic Operation Timing

e JUUUUUUHTUUU U LUt
Operation clock (fwck) _I_l |_| |_| |_| |—| |—| |—| |—| |—|

Synchronized (noise filter)
internal TIn signal | |

Rising edge detection internal trigger |_|

Falling edge detection internal trigger |_|

Remark n=00to 11 (n=02to 07 and 09 for timer input pin (TIn) of 78KOR/IB3)
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6.7 Operation of Timer Array Unit TAUS as Independent Channel

6.7.1 Operation as interval timer/square wave output

)

)

Interval timer
The timer array unit can be used as a reference timer that generates INTTMn (timer interrupt) at fixed intervals.
The interrupt generation period can be calculated by the following expression.

Generation period of INTTMn (timer interrupt) = Period of count clock x (Set value of TDRn + 1) |

In products other than the 78KO0R/IB3, in addition to CK00 to CKO03, the subsystem clock divided by 4 (fsue/4)
can also be selected as the count clock. Consequently, the interval timer can be operated with the count clock
fixed to fsue/4, regardless of the fcik frequency (main system clock, subsystem clock). However, be sure to
change the clock selected as fcik (change the value of the system clock control register (CKC)) after stopping
all channels of timer array unit TAUS (timer channel stop register 0 (TT0) = OFFFH).

Operation as square wave output

TOn performs a toggle operation at the same time INTTMn is generated, and outputs a square wave with a
duty factor of 50%.

The period and frequency for outputting a square wave from TOn can be calculated by the following
expressions.

| ¢ Period of square wave output from TOn = Period of count clock x (Set value of TDRn + 1) x 2 |

| » Frequency of square wave output from TOn = Frequency of count clock/{(Set value of TDRn + 1) x 2} |

TCRn operates as a down counter in the interval timer mode.

The TCRn register loads the value of TDRn register at the first count clock after the channel start trigger bit
(TSn) of timer channel start register 0 (TSO0) is set to 1. If MDnO of TMRn = 0 at this time, INTTMn is not output
and TOn is not toggled. If MDnO of TMRn = 1, INTTMn is output and TOn is toggled.

After that, TCRn count down in synchronization with the count clock.

When TCRn = 0000H, INTTMn is output and TOn is toggled at the next count clock. At the same time, TCRn
loads the value of TDRn again. After that, the same operation is repeated.

TDRnN can be rewritten at any time. The new value of TDRn becomes valid from the next period.

Remarks 1. n=0to 11 (n =02 to 07 and 11 in for timer output pin (TOn) of 78KOR/IB3)

2. fck: CPU/peripheral hardware clock frequency
fsu: Subsystem clock oscillation frequency
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Figure 6-36. Block Diagram of Operation as Interval Timer/Square Wave Output

©) TOn pin

—— Interrupt signal

(INTTMn)

CKOO or CK02 IS
Operation clock Note 5
CKO1 or CK03 %
c N Timer counter Output
0.2 ] —|  register n (TCRn) controller
fsus/4 28 o —
O T
©
f
S
8
E] Timer data register n Interrupt
Tsn o) (TDRn) controller
(=2
=]
=

Note The operation clocks of channels 0 to 7 are selected from CK00 and CKO1, and those of channels 8 to

11 from CK02 and CKO03.

Figure 6-37. Example of Basic Timing of Operation as Interval Timer/Square Wave Output

(Default setting : TOn = 0, MDn0 = 1)

TSn r

TEn

TCRn
0000H

TDRn a X b

TOn

INTTMn

Remarks 1. n=00to 11 (n =02 to 07, 11 for output pin (TOn) of 78KOR/IB3)
2. TSn: Bit n of timer channel start register 0 (TS0)
TEn: Bit n of timer channel enable status register 0 (TEO)
TCRn: Timer counter register n (TCRn)
TDRn: Timer data register n (TDRn)
TOn: TOn pin output signal
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Figure 6-38. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/3)

(1) When CKO00 or CKO1 is selected as count clock

(a) Timer mode register n (TMRn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRn CKSn CCS1n | CCSON TME’;i STSn2 | STSn1 | STSnO | CISn1 | CISnO MDn4 | MDn3 | MDn2 | MDn1 | MDnO
1/0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1/0
L] I I I | I I I I I

Operation mode of channel n
0000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMn nor inverts
timer output when counting is started.
1: Generates INTTMn and inverts timer
output when counting is started.

| Selection of TIn pin input edge
00B: Sets 00 because these are not used.

| Start trigger selection
000B: Selects only software start.

|__Slave/master selection
0: Independent channel operation function

Count clock selection
00B: Selects the operation clock specified by using the CKSn bit (fMck) as the count

clock.

| Selecting the operation clock from two types of clocks (fMck)
0: Selects CKOO (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.
1: Selects CK0O1 (channels 0 to 7) or CK0O3 (channels 8 to 11) as operation clock of channel n.

(b) Timer output register 0 (TOO0)

Bit n
TOO TOn 0: Outputs 0 from TOnN.
1/0 1: Outputs 1 from TOn.

(c) Timer output enable register 0 (TOEO)

Bit n
TOEO TOEn 0: Stops the TOn output operation by counting operation.
1/0 1: Enables the TOn output operation by counting operation.

(d) Timer output level register 0 (TOLO)
Bit n
TOLO TOLn 0: Cleared to 0 when TOMn = 0 (master channel output mode)
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO TOMn 0: Sets master channel output mode.
0

Remark n=00to 11 (n=02to 07, 11 for timer output pin (TOn) of 78KOR/IB3)
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Figure 6-38. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (2/3)
(2) When fsue/4 is selected as count clock (products other than 78KOR/IB3)

(a) Timer mode register n (TMRn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRn CKSn CCS1n | CCSOn _?’I'Efn STSn2 | STSn1 | STSnO | CISn1 | CISno MDn4 | MDn3 | MDn2 | MDn1 | MDnO
1/0 0 0 1 0 0 0 0 1/0 1/0 0 0 0 0 0 1/0

L I N e B [ 1 I [ ]

Operation mode of channel n
0000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMn nor inverts
timer output when counting is started.
1: Generates INTTMn and inverts timer
output when counting is started.

| fsus/4 edge selection

00B: Detects falling edge (counts on fsus/4 cycles).
01B: Detects rising edge (counts on fsue/4 cycles).
10B: Detects both edges (counts on fsus2 cycles).
11B: Setting prohibited

| Start trigger selection
000B: Selects only software start.

|__Slave/master selection
0: Independent channel operation function

Count clock selection
01B: Selects subsystem clock divided by four (fsus/4).

| Operation clock selection

0: Selects CKOO (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.

1: Selects CKO1 (channels 0 to 7) or CKO3 (channels 8 to 11) as operation clock of channel n.
fewk (no division) is selected as selected operation clock by TPSO register.

(b) Timer clock select register 0 (TPSO0)
Bits 7to 4,310 0

TPSO PRSOK3 to PRSOk0 | 0000B: Selects fcik (no division) as operation clock selected by CKSn of TMRn register.
0000 k = 0 (bits 0 to 3) if CKOO is selected, k = 1 (bits 4 to 7) if CKO1 is selected, k = 2 (bits 8 to 11) if CK02
is selected, and k = 3 (bits 12 to 15) if CKO3 is selected.

(c) Timer input select register 0 (TIS0)
Bit n

TISO TISn 1: Selects subsystem clock divided by four (fsue/4).
1

(d) Timer output register 0 (TOO0)

Bit n
TOO TOn 0: Outputs 0 from TOn.
1/0 1: Outputs 1 from TOn.

Remarks 1. n=00to 11, k=010 3
2. fsus: Subsystem clock oscillation frequency
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Figure 6-38. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (3/3)

(2) When fsue/4 is selected as count clock (continued)

(e) Timer output enable register 0 (TOEO)

Bit n
TOEO TOEn 0: Stops the TOn output operation by counting operation.
1/0 1: Enables the TOn output operation by counting operation.

(f) Timer output level register 0 (TOLO)
Bit n
TOLO TOLn 0: Cleared to 0 when TOMn = 0 (master channel output mode)
0

(g) Timer output mode register 0 (TOMO)
Bit n

TOMO TOMn 0: Sets master channel output mode.
0

Remark n=00to 11
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Figure 6-39. Operation Procedure of Interval Timer/Square Wave Output Function

Software Operation

Hardware Status

TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PER2 register to 1.———» Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines the clock frequencies of CK00 and CKO01
for channels 0 to 7, and those of CK02 and CK03 for
channels 8 to 11.
Channel | Sets the TMRn register (determines operation mode of Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting Sets the TISn bit to 1 (fsus/4) when fsus/4 is selected as
the count clock (products other than the 78KOR/IB3).
Sets interval (period) value to the TDRn register.
To use the TOn output The TOnN pin goes into Hi-Z output state.
Clears the TOMn bit of the TOMO register to 0 (master
channel output mode).
Clears the TOLn bit to 0.
Sets the TOn bit and determines default level of the
TOn output. The TOn default setting level is output when the port mode
register is in the output mode and the port register is 0.
Sets TOEnN to 1 and enables operation of TOn. ——»TOn does not change because channel stops operating.
Clears the port register and port mode register to 0.—-The TOn pin outputs the TOn set level.
Operation | (Sets the TOEn bit to 1 only if using TOn output and
start resuming operation.) TEn = 1, and count operation starts.
Sets the TSn bit to 1. Value of TDRn is loaded to TCRn at the count clock input.
The TSn bit automatically returns to 0 because it is a INTTMn is generated and TOn performs toggle operation if
trigger bit. the MDnO bit of the TMRn register is 1.
During Set values of TMRn register, TOMn, and TOLn bits Counter (TCRn) counts down. When count value reaches
operation | cannot be changed. 0000H, the value of TDRn is loaded to TCRn again and the
Set value of the TDRn register can be changed. count operation is continued. By detecting TCRn = 0000H,
The TCRn register can always be read. INTTMn is generated and TOn performs toggle operation.
The TSRn register is not used. After that, the above operation is repeated.
Set values of the TO0 and TOEO registers can be
changed.
Operation | The TTn bit is set to 1. TEn = 0, and count operation stops.
stop The TTn bit automatically returns to 0 because it is a TCRn holds count value and stops.
trigger bit. The TOn output is not initialized but holds current status.
TOEn is cleared to 0 and value is set to TOn bit. — The TOnN pin outputs the TOn set level.
TAUS To hold the TOn pin output level
stop Clears TOn bit to 0 after the value to

be held is set to the port register.
When holding the TOn pin output level is not necessary

The TAUOEN bit of the PER2 register is cleared to 0.

——®The TOn pin output level is held by port function.

Switches the port mode register to input mode. jThe TOn pin output level goes into Hi-Z output state.

Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TOn bit is cleared to 0 and the TOn pin is set to port

mode.)

Remark n=00to 11 (n= 02 to 07 and 11 for timer output pin (TOn) of 78KOR/IB3)
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6.7.2 Operation as external event counter

The timer array unit can be used as an external event counter that counts the number of times the valid input edge
(external event) is detected in the TIn pin. When a specified count value is reached, the event counter generates an
interrupt. The specified number of counts can be calculated by the following expression.

| Specified number of counts = Set value of TDRn + 1

TCRn operates as a down counter in the event counter mode.

The TCRn loads the value of TDRn by setting any channel start trigger bit (TSn) of timer channel start register 0
(TSO) to 1.

TCRn counts down each time the valid input edge of the TIn pin has been detected. When TCRn = 0000H, TCRn
loads the value of TDRn again, and outputs INTTMn.

After that, the above operation is repeated.

An irregular waveform that depends on external events is output from the TOO pin. Stop the output by setting the
TOERN bit of timer output enable register 0 (TOEOQ) to 0.

TDRn can be rewritten at any time. The new value of TDRn becomes valid during the next count period.

Figure 6-40. Block Diagram of Operation as External Event Counter

c
i)
Ed E
TIn pinO— detec?t?on & Timer counter
E —=| register n (TCRn)
o
S /T
=
s § Tiemr data register n Interrupt Interrupt signal

n pu TDRn
% ( ) controller (INTTMn)
=

Remark n=00to 11 (78KOR/IB3: n = 02 to 07 and 09)

Users Manual U19678EJ1V1UD 323



CHAPTER 6 TIMER ARRAY UNIT TAUS

324

Figure 6-41. Example of Basic Timing of Operation as External Event Counter

TSn

TEn

Tin

TCRn

TDRn

INTTMn

[ |y S B

L2 2 ] 3 2 1 2 ’ 2 1
OOOOH\ 0 /] 0 / 0 >
0003H X 0002H
| |
4 events 4 events 3 events

Remarks 1. n=00to 11 (78KOR/IB3: n = 02 to 07 and 09)

2. TSn:
TEn:
Tin:
TCRn:
TDRn:

Bit n of timer channel start register 0 (TSO0)

Bit n of timer channel enable status register 0 (TEO)
TIn pin input signal

Timer counter register n (TCRn)

Timer data register n (TDRn)
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Figure 6-42. Example of Set Contents of Registers in External Event Counter Mode

(a) Timer mode register n (TMRn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRn CKSn CCS1n | CCSOn _?’I'Efn STSn2 | STSn1 | STSNO | CISn1 | CISno MDn4 | MDn3 | MDn2 | MDn1 | MDno

1/0 0 0 1 0 0 0 0 1/0 | 1/0 0 0 0 1 1 0

L I I |||I|

Operation mode of channel n
0011B: Event count mode

Setting of operation when counting is started
0: Neither generates INTTMn nor inverts
timer output when counting is started.

| Selection of Tin pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| Start trigger selection
000B: Selects only software start.

|__Slave/master selection
0: Independent channel operation function

Count clock selection
01B: Selects the TIn pin input valid edge.

| Operation clock selection
0: Selects CKOO (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.
1: Selects CK0O1 (channels 0 to 7) or CKO3 (channels 8 to 11) as operation clock of channel n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOn 0: Outputs 0 from TOn.
0

(c) Timer output enable register 0 (TOEQ)
Bit n

TOEO TOEn 0: Stops the TOn output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO TOLn 0: Cleared to 0 when TOMn = 0 (master channel output mode).

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO | Tomn 0: Sets master channel output mode.

Remark n=00to 11 (78KOR/IB3: n = 02 to 07 and 09)
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Figure 6-43. Operation Procedure When External Event Counter Function Is Used

Software Operation

Hardware Status

TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PER2 register to 1.————»Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines the clock frequencies of CKO0 and CKO1
for channels 0 to 7, and those of CK02 and CKO083 for
channels 8 to 11.
Channel | Sets the TMRn register (determines operation mode of Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting Sets number of counts to the TDRn register.
Clears the TOEn bit of the TOEQO register to 0.
Operation | Sets the TSn bit to 1. TEn =1, and count operation starts.
start The TSn bit automatically returns to 0 because it is a Value of TDRn is loaded to TCRn and detection of the
trigger bit. TIn pin input edge is awaited.
During Set value of the TDRn register can be changed. Counter (TCRn) counts down each time input edge of the
operation | The TCRn register can always be read. TIn pin has been detected. When count value reaches
The TSRn register is not used. 0000H, the value of TDRn is loaded to TCRn again, and
Set values of TMRn register, TOMn, TOLn, TOn, and the count operation is continued. By detecting TCRn =
TOERn bits cannot be changed. 0000H, the INTTMn output is generated.
After that, the above operation is repeated.
Operation | The TTn bit is set to 1. TEn =0, and count operation stops.
stop The TTn bit automatically returns to 0 because it is a TCRn holds count value and stops.
trigger bit.
TAUS The TAUOEN bit of the PER2 register is cleared to 0. —®Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.
Remark n=00to 11 (78KOR/IB3: n = 02 to 07 and 09)
326 User's Manual U19678EJ1V1UD




CHAPTER 6 TIMER ARRAY UNIT TAUS

6.7.3 Operation as frequency divider(44-pin and 48-pin products of 78KOR/IC3, 78KOR/ID3 and 78K0OR/IE3 only.)
The timer array unit can be used as a frequency divider that divides a clock input to the TIn pin and outputs the

result from TOn.
The divided clock frequency output from TOn can be calculated by the following expression.

¢ When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDRn + 1) x 2}
¢ When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDRn + 1)

TCRn operates as a down counter in the interval timer mode.

After the channel start trigger bit (TSn) of timer channel start register 0 (TSO) is set to 1, the TCRn loads the value
of TDRn when the TIn valid edge is detected. If MDnO of TMRn = 0 at this time, INTTMn is not output and TOn is not
toggled. If MDnO of TMRn = 1, INTTMn is output and TOn is toggled.

After that, TCRn counts down at the valid edge of TIn. When TCRn = 0000H, it toggles TOn. At the same time,
TCRn loads the value of TDRn again, and continues counting.

If detection of both the edges of TIn is selected, the duty factor error of the input clock affects the divided clock
period of the TOn output.

The period of the TOn output clock includes a sampling error of one period of the operation clock.

Clock period of TOn output = Ideal TOn output clock period + Operation clock period (error) |

TDRn can be rewritten at any time. The new value of TDRn becomes valid during the next count period.

Figure 6-44. Block Diagram of Operation as Frequency Divider

c
S

Ed E

Tin pin ©@— detecg?on 3 Timer counter Output ©Ton pi
§ —=| register n (TCRn) controller npn
O
S /T
[ &3
§ Timer data register n
TSn 5 (TDRn)

=3
=

Remark n =00, 10, 11 (44-pin and 48-pin products of 78KOR/IC3: n=10and 11)
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Figure 6-45. Example of Basic Timing of Operation as Frequency Divider (Default setting : TOn = 0, MDn0 = 1)

TSn
TEn 1
o U U U U UL
2 2 2
1 1 1 1 1 1 1
TCRn 0000H> o> o> o‘)o‘)o‘)o‘)o
TDRn 0002H X 0001H
TOn
INTTMn
<~— Divided — <Divided—
by 6 by 4

Remarks 1. n =00, 10 and 11 (44-pin and 48-pin products of 78KOR/IC3: n =10 and 11)
2. TSn: Bitn of timer channel start register 0 (TSO)
TEn: Bit n of timer channel enable status register 0 (TEO)
TIn:  TIn pin input signal
TCRn: Timer counter register n (TCRn)
TDRn: Timer data register n (TDRn)
TOn: TOn pin output signal
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Figure 6-46. Example of Set Contents of Registers During Operation as Frequency Divider

(a) Timer mode register n (TMRn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRn CKSn CCS1n | CCSONn T“"E;sn STSn2 | STSn1 | STSnO | CISn1 | CISnO MDn4 | MDn3 | MDn2 | MDn1 | MDnO
1/0 0 0 1 0 0 0 0 1/0 1/0 0 0 0 0 0 1/0

LI I [ II|II

Operation mode of channel n
0000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMn nor inverts
timer output when counting is started.
1: Generates INTTMn and inverts timer
output when counting is started.

|__Selection of TIn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

L Start trigger selection
000B: Selects only software start.

L__Slave/master selection
0: Independent channel operation function

Count clock selection
01B: Selects the TIn pin input valid edge.

L Operation clock selection
0: Selects CK0O (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.
1: Selects CK0O1 (channels 0 to 7) or CKO3 (channels 8 to 11) as operation clock of channel n.

(b) Timer output register 0 (TOO0)

Bit n
TOO TOn 0: Outputs 0 from TON.
1/0 1: Outputs 1 from TOn.

(c) Timer output enable register 0 (TOEOQ)

Bit n
TOEO TOEn 0: Stops the TOn output operation by counting operation.
1/0 1: Enables the TOn output operation by counting operation.

(d) Timer output level register 0 (TOLO)
Bit n
TOLO TOLn 0: Cleared to 0 when TOMn = 0 (master channel output mode)
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO TOMn 0: Sets master channel output mode.

Remark n =00, 10, 11 (44-pin and 48-pin products of 78KOR/IC3: n=10and 11)
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Figure 6-47. Operation Procedure When Frequency Divider Function Is Used

Software Operation

Hardware Status

TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PER2 register to 1.————»Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines the clock frequencies of CKO0 and CKO1
for channels 0 to 7, and those of CK02 and CKO03 for
channels 8 to 11.
Channel | Sets the TMRn register (determines the operation mode | Channel stops operating.
default of the channel and selects the detection edge). (Clock is supplied and some power is consumed.)
setting Sets interval (period) value to the TDRn register.
Clears the TOMn bit of the TOMO register to 0 (master The TOn pin goes into Hi-Z output state.
channel output mode).
Clears the TOLn bit to 0.
Sets the TOn bit and determines default level of the TOn
output. The TOn default setting level is output when the port mode
register is in output mode and the port register is 0.
Sets TOEn to 1 and enables operation of TOn. ———®TOn does not change because channel stops operating.
Clears the port register and port mode register to 0. —® The TOn pin outputs the TOn set level.
Operation | Sets the TOEnN to 1 (only when operation is resumed).
start Sets the TSn bit to 1. TEn = 1, and count operation starts.
The TSn bit automatically returns to 0 because it is a Value of TDRn is loaded to TCRn at the count clock input.
trigger bit. INTTMn is generated and TOn performs toggle operation if
the MDnO bit of the TMRn register is 1.
During Set value of the TDRn register can be changed. Counter (TCRn) counts down. When count value reaches
operation | The TCRn register can always be read. 0000H, the value of TDRn is loaded to TCRn again, and the
The TSRn register is not used. count operation is continued. By detecting TCRn = 0000H,
Set values of TOO and TOEDO registers can be changed. INTTMn is generated and TOn performs toggle operation.
Set values of TMRn register, TOMn, and TOLn bits After that, the above operation is repeated.
cannot be changed.
Operation | The TTn bit is set to 1. » TEn = 0, and count operation stops.
stop The TTn bit automatically returns to 0 because it is a TCRn holds count value and stops.
trigger bit. The TOn output is not initialized but holds current status.
TOEn is cleared to 0 and value is set to the TOOn bit. ¥ The TOn pin outputs the TOn set level.
TAUS To hold the TOn pin output level
stop Clears TOn bit to 0 after the value to

be held is set to the port register.
When holding the TOn pin output level is not
necessary

——®The TOn pin output level is held by port function.

Switches the port mode register to input mode. jThe TOn pin output level goes into Hi-Z output state.
0 0.

Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TOn bit is cleared to 0 and the TOn pin is set to port

mode).

Remark n =00, 10, 11 (44-pin and 48-pin products of 78KOR/IC3: n = 10 and 11)
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6.7.4 Operation as input pulse interval measurement
The count value can be captured at the TIn valid edge and the interval of the pulse input to TIn can be measured.
The pulse interval can be calculated by the following expression.

TIn input pulse interval = Period of count clock x ((10000H x TSRn: OVF) + (Capture value of TDRn + 1)) |

Caution The Tin pin input is sampled using the operating clock selected with the CKSn bit of the
TMRn register, so an error of up to one operating clock cycle occurs.

TCRn operates as an up counter in the capture mode.

When the channel start trigger (TSOn) of timer channel start register (TS0) is set to 1, TCRn counts up from 0000H
in synchronization with the count clock.

When the TIn pin input valid edge is detected, the count value of TCRn register is transferred (captured) to TDRn
and, at the same time, the TCRn register is cleared to 0000H, and the INTTMn is output. If the counter overflows at
this time, the OVF bit of the TSRn register is set to 1. If the counter does not overflow, the OVF bit is cleared. After
that, the above operation is repeated.

At the same time that the count value is captured to the TDRn register, the OVF bit of the TSRn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF
bit of the TSRn register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or
more overflows occur.

Set STSn2 to STSnO of the TMRn register to 001B to use the valid edges of TIn as a start trigger and a capture

trigger.
When TEn = 1, a software operation (TSn = 1) can be used as a capture trigger, instead of using the TIOn pin input.

Figure 6-48. Block Diagram of Operation as Input Pulse Interval Measurement

c
S

CKO0 or CK02 8

Operation clockNet E3 Timer counter

CKO1 or CK03 E] —|  register n (TCRn)
: \l

Tin pin@—+ Edge %

detection @ Timer Data register n Interrupt )
5 (TDRn) controller [~ Interrupt signal
TSn 3 (INTTMn)

=

Note The operation clocks of channels 0 to 7 are selected from CKOO and CKO01, and those of channels 8 to
11 from CKO02 and CKO3.

Remark n=00to 11 (78KOR/IB3: n =02 to 07 and 09)

Users Manual U19678EJ1V1UD 331



CHAPTER 6 TIMER ARRAY UNIT TAUS

332

Figure 6-49. Example of Basic Timing of Operation as Input Pulse Interval Measurement
(Default setting : TOn = 0, MDn0 = 1)

TSn

TEn

Tin I |

FFFFH

b c d
TCRn a
0000H ) ') ') )
TDRn  0000HX a X b c d
INTTMn | |

OVF

Remarks 1. n=00to 11 (78KOR/IB3: n =02 to 07 and 09)
2. TSn: Bitn of timer channel start register 0 (TS0)
TEn: Bit n of timer channel enable status register 0 (TEQ)
TIn:  TIn pin input signal
TCRn: Timer counter register n (TCRn)
TDRn: Timer data register n (TDRn)
OVF: Bit 0 of timer status register n (TSRn)
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Figure 6-50. Example of Set Contents of Registers to Measure Input Pulse Interval

(a) Timer mode register n (TMRn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRn CKSn CCS1n | CCSOn _?’I'Efn STSn2 | STSn1 | STSNO | CISn1 | CISno MDn4 | MDn3 | MDn2 | MDn1 | MDno
1/0 0 0 0 0 0 0 1 1/0 1/0 0 0 0 1 0 1/0
L1 [ I I I I I I [ I

Operation mode of channel n
0010B: Capture mode

Setting of operation when counting is started
0: Does not generate INTTMn when
counting is started.
1: Generates INTTMn when counting is
started.

| Selection of TIn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

L__Capture trigger selection
001B: Selects the TIn pin input valid edge.

L__Slave/master selection
0: Independent channel operation function

Count clock selection
00B: Selects operation clock

L__Operation clock selection
0: Selects CK0O (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.
1: Selects CKO1 (channels 0 to 7) or CK03 (channels 8 to 11) as operation clock of channel n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOn 0: Outputs 0 from TOn.
0

(c) Timer output enable register 0 (TOEOQ)
Bit n

TOEO TOEn 0: Stops TOn output operation by counting operation.

(d) Timer output level register 0 (TOLO)
Bit n

TOLO TOLn 0: Cleared to 0 when TOMn = 0 (master channel output mode).

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO TOMn 0: Sets master channel output mode.

Remark n=00to 11 (78KOR/IB3:n =02 to 07 and 09)
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Figure 6-51. Operation Procedure When Input Pulse Interval Measurement Function Is Used

Software Operation Hardware Status
TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUOEN bit of the PER2 register to 1.  —————®Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets the TPSO register.
Determines the clock frequencies of CKO0 and CKO1
for channels 0 to 7, and those of CK02 and CKO083 for
channels 8 to 11.

Channel | Sets the TMRn register (determines operation mode of Channel stops operating.

default channel). (Clock is supplied and some power is consumed.)

setting

Operation | Sets TSn bit to 1. TEn =1, and count operation starts.

start The TSn bit automatically returns to 0 because it is a TCRn is cleared to 0000H at the count clock input.
trigger bit. When the MDnO bit of the TMRn register is 1, INTTMn

is generated.

Operation is resumed.

During Set values of only the CISn1 and CISn0 bits of the TMRn | Counter (TCRn) counts up from 0000H. When the TIn pin

operation | register can be changed. input valid edge is detected, the count value is transferred
The TDRn register can always be read. (captured) to TDRn. At the same time, TCRn is cleared to
The TCRn register can always be read. 0000H, and the INTTMn signal is generated.
The TSRn register can always be read. If an overflow occurs at this time, the OVF bit of the TSRn
Set values of TOMn, TOLn, TOn, and TOEn bits cannot register is set; if an overflow does not occur, the OVF bit is
be changed. cleared.

After that, the above operation is repeated.

Operation | The TTn bit is set to 1. TEn =0, and count operation stops.
stop The TTn bit automatically returns to 0 because it is a TCRn holds count value and stops.
trigger bit. The OVF bit of the TSRn register is also held.

TAUS The TAUOEN bit of the PER2 register is cleared to 0. —®Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.

Remark n=00to 11 (78KOR/IB3:n =02 to 07 and 09)

334 Users Manual U19678EJ1V1UD



CHAPTER 6 TIMER ARRAY UNIT TAUS

6.7.5 Operation as input signal high-/low-level width measurement

Caution When using a channel to implement the LIN-bus, set bit 1 (ISC1) of the input switch control
register (ISC) to 1. RxDO0 signal will be input to the channel 7.
Also, when RxDO0 functions alternately as a timer input pin, the corresponding timer input pin
channels can also be used for the LIN-bus function. The timer channels in each version of
the 78KO0R/Ix3 that can be used for the LIN-bus function in addition to timer channel 7 are
shown below.

78K0R/IB3 (P11/RxD0/TI03/TO03) : Channel 3 of TAUS

38-pin products of 78K0R/IC3 (P72/INTP6/RxD0) : None

44-pin and 48-pin products of 78K0R/IC3, 78KOR/ID3,

78KOR/IE3 (P74/RxD0/TI10/S100) : Chanel 10 of TAUS
When using a channel to implement the LIN-bus, Read “TIn” as “RxD0” in the following
description.

By starting counting at one edge of TIn and capturing the number of counts at another edge, the signal width (high-
level width/low-level width) of TIn can be measured. The signal width of TIn can be calculated by the following
expression.

Signal width of TIn input = Period of count clock x ((10000H x TSRn: OVF) + (Capture value of TDRn + 1)) |

Caution The Tin pin input is sampled using the operating clock selected with the CKSn bit of the
TMRn register, so an error equivalent to one operation clock occurs.

TCRn operates as an up counter in the capture & one-count mode.

When the channel start trigger (TSn) of the timer channel start register 0 (TSO0) is set to 1, TEn is set to 1 and the
TIn pin start edge detection wait status is set.

When the TIn start edge (rising edge of TIn pin input when the high-level width is to be measured) is detected, the
counter counts up from 0000H in synchronization with the count clock. When the valid capture edge (falling edge of
TIn when the high-level width is to be measured) is detected later, the count value is transferred to TDRn and, at the
same time, INTTMn is output. If the counter overflows at this time, the OVF bit of the TSRn register is set to 1. If the
counter does not overflow, the OVF bit is cleared. TCRn stops at the value “value transferred to TDRn + 1”7, and the
TIn pin start edge detection wait status is set. After that, the above operation is repeated.

At the same time that the count value is captured to the TDRn register, the OVF bit of the TSRn register is updated
depending on whether the counter overflows during the measurement period. Therefore, the overflow status of the
captured value can be checked.

If the counter reaches a full count for two or more periods, it is judged to be an overflow occurrence, and the OVF
bit of the TSRn register is set to 1. However, the correct value of high/low level width cannot be measured for the
OVF bit, if two or more overflows occur.

Whether the high-level width or low-level width of the TIn pin is to be measured can be selected by using the CISn1
and CISn0 bits of the TMRn register.

Because this function is used to measure the signal width of the TIn pin input, TSn cannot be set to 1 while TEn is

CISn1, CISn0 of TMRn = 10B: Low-level width is measured.
CISn1, CISn0 of TMRn = 11B: High-level width is measured.

Remark n=00to 11 (78KOR/IB3:n =02 to 07 and 09)
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Figure 6-52. Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

c
S
Operation clockN® CK00 or CKo2 8

CKO01 or CK03 & Timer counter
§ —| register n (TCRn)
O
5 l
£ ~
3 - .

) Edge ] Timer data register n Interrupt .
Tin pin@— . e TDR — Interrupt signal
detection % ( n) controller (INTTMn)

=

Note The operation clocks of channels 0 to 7 are selected from CK0OO and CKO1, and those of channels 8 to
11 from CK02 and CKO03.

Remark n=00to 11 (78KOR/IB3:n =02 to 07 and 09)

Figure 6-53. Example of Basic Timing of Operation as Input Signal High-Level Width Measurement

TSn

TEn

Tn | L

FFFFH

TCRn /T | b o

~_

TDRn 0000H X a b c
INTTMn |
OVF

Remarks 1. n=00to 11 (78KOR/IB3:n =02 to 07 and 09)
2. TSn: Bitn of timer channel start register 0 (TSO0)
TEn: Bit n of timer channel enable status register 0 (TEQ)
TIn:  TIn pin input signal
TCRn: Timer counter register n (TCRn)
TDRn: Timer data register n (TDRn)
OVF: Bit 0 of Timer status register n (TSRn)
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Figure 6-54. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width

(a) Timer mode register n (TMRn)

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

TMRn CKSn CCS1n | CCSON T“"E;sn STSn2 | STSn1 | STSnO | CISn1 | CISnO MDn4 | MDn3 | MDn2 | MDn1 | MDn0
1/0 0 0 0 0 0 1 0 1 1/0 0 0 1 1 0 0
L | I | I | I I I |
I
Operation mode of channel n
0110B: Capture & one-count
Setting of operation when counting is started
0: Does not generate INTTMn when
counting is started.
L__Selection of TIn pin input edge
10B: Both edges (to measure low-level width)
11B: Both edges (to measure high-level width)
| Start trigger selection
010B: Selects the TIn pin input valid edge.
L__Slave/master selection
0: Independent channel operation function
Count clock selection
00B: Selects operation clock
L Operation clock selection
0: Selects CK0O (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.
1: Selects CKO1 (channels 0 to 7) or CK03 (channels 8 to 11) as operation clock of channel n.
(b) Timer output register 0 (TOO0)
Bit n
TOO TOn 0: Outputs 0 from TOn.
0
(c) Timer output enable register 0 (TOEOQ)
Bit n
TOEO TOEn 0: Stops the TOn output operation by counting operation.
0
(d) Timer output level register 0 (TOLO)
Bit n
TOLO TOLn 0: Cleared to 0 when TOMn = 0 (master channel output mode).
0
(e) Timer output mode register 0 (TOMO)
Bit n
TOMO | Tomn 0: Sets master channel output mode.
0

Remark n=00to 11 (78KOR/IB3:n =02 to 07 and 09)
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Figure 6-55. Operation Procedure When Input Signal High-/Low-Level Width Measurement Function Is Used

Software Operation

Hardware Status

TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUOEN bit of the PER2 register to 1.———® Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
enabled.)

Sets the TPSO register.

Determines the clock frequencies of CKO0 and CKO1
for channels 0 to 7, and those of CK02 and CKO03 for
channels 8 to 11.
Channel | Sets the TMRn register (determines operation mode of Channel stops operating.
default channel). (Clock is supplied and some power is consumed.)
setting Clears TOEn to 0 and stops operation of TOn.
Operation | Sets the TSn bit to 1. » TEn = 1, and the TIn pin start edge detection wait status is
start The TSn bit automatically returns to 0 because it is a set.
trigger bit.

Detects TIn pin input count start valid edge. —»» Clears TCRn to 0000H and starts counting up.

During Set value of the TDRn register can be changed. When the TIn pin start edge is detected, the counter
operation | The TCRn register can always be read. (TCRn) counts up from 0000H. If a capture edge of the

The TSRn register is not used. TIn pin is detected, the count value is transferred to TDRn

Set values of TMRn register, TOMn, TOLn, TOn, and and INTTMn is generated.

TOEn bits cannot be changed. If an overflow occurs at this time, the OVF bit of the TSRn
register is set; if an overflow does not occur, the OVF bit is
cleared. TCRn stops the count operation until the next
TIn pin start edge is detected.

After that, the above operation is repeated.
Operation | The TTn bit is setto 1. TEn = 0, and count operation stops.
stop TTn bit automatically returns to 0 because it is a trigger TCRn holds count value and stops.
bit. The OVF bit of the TSRn register is also held.
TAUS The TAUOEN bit of PER2 register is cleared to 0.————» Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.

Remark n=00to 11 (78KOR/IB3:n=02to 07 and 09)
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6.8 Simultaneous Channel Operation Function of Timer Array Unit TAUS

6.8.1 Operation as one-shot pulse output function

By using two channels as a set, a one-shot pulse having any delay pulse width can be generated from the signal
input to the TIn pin.

The delay time and pulse width can be calculated by the following expressions.

Delay time = {Set value of TDRn (master) + 2} x Count clock period
Pulse width = {Set value of TDRm (slave)} x Count clock period

The master channel operates in the one-count mode and counts the pulse delay time. TCRn of the master channel
starts operating when a start trigger is detected, and loads the value of TDRn. TCRn counts down from the value of
TDRn it has loaded, in synchronization with the count clock. When TCRn = 0000H, it outputs INTTMn and stops
counting until the next start trigger is detected.

The slave channel operates in the one-count mode and counts the pulse width. TCRm of the slave channel starts
operation using INTTMn of the master channel as a start trigger, and loads the value of TDRm. TCRm counts down
from the value of TDRm it has loaded, in synchronization with the count value. When the count value = 0000H, it
outputs INTTMm and stops counting until the next start trigger (INTTMn of the master channel) is detected. The
output level of TOm becomes active one count clock after generation of INTTMn from the master channel, and
inactive when TCRm = 0000H.

Instead of using the TIn pin input, a one-shot pulse can also be output using the software operation (TSn = 1) as a
start trigger.

Caution The timing of loading of TDRn of the master channel is different from that of TDRm of the slave
channel. If TDRn and TDRm are rewritten during operation, therefore, an illegal waveform is
output. Rewrite the TDRn register after INTTMn is generated and the TDRm register after INTTMm
is generated.

Remark n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n = 02, 04, 06 and 10)
m=n+1

Users Manual U19678EJ1V1UD 339



CHAPTER 6 TIMER ARRAY UNIT TAUS

Figure 6-56. Block Diagram of Operation as One-Shot Pulse Output Function

Master channel
(one-count mode) =
_ CKOO or CK02 3
Operation clockNete E Timer counter
CKO1 or CKO03 S —~| register n (TCRn)
O
kS
5
TSn § Timer ?ata re)gister n Interrupt Interrupt signal
N Edge ) TDRn controller INTTM
O— n
Tin pin detection § ( )
Slave channel
(one-count mode)
S
\ore | CKOO OF CKO2 3
. " 2
Operation clockMete E Timer counter Output .
CKO1 or CK03 3 —| register m (TCRm) controller © TOm pin
O
kS
8
] Timer data register m Interrupt | anal
g (TDRm) controller — Interrupt signa
S (INTTMm)
=

Note The operation clocks of channels 0 to 7 are selected from CK00 and CKO01, and those of channels 8 to 11
from CK02 and CKO03.

Remark n =00, 02, 04, 06,08, 10 (78KO0R/IB3: n =02, 04, 06 and 10)
m=n+1
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Figure 6-57. Example of Basic Timing of Operation as One-Shot Pulse Output Function

sn |

TEn |

Tin

Master —_
FFFFH
channel

TCRn
0000H

TDRn a

TOn

INTTMn ]

TSm __ﬂ

TEm _|

FFFFH

TCRm
Slave 0000H

channel ) ] /
TDRm b

TOm

INTTMm I
a+2 b a+2 b

Remarks 1. n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n = 02, 04, 06 and 10)
m=n+1
2. TSn, TSm: Bits n, m of timer channel start register 0 (TSO0)
TEn, TEm: Bits n, m of timer channel enable status register 0 (TEQ)
TIn, Tim: TIn, TIm pins input signal
TCRn, TCRm: Timer counter registers n, m (TCRn, TCRm)
TDRn, TDRm: Timer data registers n, m (TDRn, TDRm)
TOn, TOm:  TOn, TOm pins output signal
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Figure 6-58. Example of Set Contents of Registers
When One-Shot Pulse Output Function (Master Channel) Is Used

(a) Timer mode register n (TMRn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRn CKSn CCS1n | CCSONn TMEgSn STSn2 | STSn1 | STSnO | CISn1 | CISn0O MDn4 | MDn3 | MDn2 | MDn1 | MDnO
1/0 0 0 0 1 0 0 1 1/0 1/0 0 0 1 0 0 0
L | L[ 1 L | [ [ : [ [

Operation mode of channel n
0100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TIn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

L__Start trigger selection
001B: Selects the TIn pin input valid edge.

| Slave/master selection
1: Master channel

Count clock selection
00B: Selects operation clock.

L__Operation clock selection
0: Selects CKOO (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.
1: Selects CK0O1 (channels 0 to 7) or CKO3 (channels 8 to 11) as operation clock of channel n.

(b) Timer output register 0 (TO0)
Bit n
TOO TOn 0: Outputs 0 from TOn.
0

(c) Timer output enable register 0 (TOEOQ)
Bit n
TOEO TOEn 0: Stops the TOn output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n
TOLO TOLn 0: Cleared to 0 when TOMn = 0 (master channel output mode).

(e) Timer output mode register 0 (TOMO)
Bit n
TOMO | TOMn 0: Sets master channel output mode.
0

Remark n =00, 02, 04, 06,08, 10 (78KOR/IB3:n =02, 04, 06 and 10)
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Figure 6-59. Example of Set Contents of Registers
When One-Shot Pulse Output Function (Slave Channel) Is Used

(a) Timer mode register m (TMRm)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRm | cksm ccsim|ccsom T'!’:n STSm2 | STSm1 | STSmo | cism1 | cismo MDm4 | MDm3 | MDm2 | MDm1 | MDmo
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0
L | | | | | | | | | |

Operation mode of channel m
0100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

|__Selection of TIm pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
100B: Selects INTTMn of master channel.

L__Slave/master selection
0: Slave channel

Count clock selection
00B: Selects operation clock.

L__Operation clock selection
0: Selects CK0OO (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel m.
1: Selects CKO1 (channels 0 to 7) or CKO3 (channels 8 to 11) as operation clock of channel m.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bit m
TOO TOm 0: Outputs 0 from TOm.
1/0 1: Outputs 1 from TOm.

(c) Timer output enable register 0 (TOEOQ)

Bit m
TOEO TOEm 0: Stops the TOm output operation by counting operation.
1/0 1: Enables the TOm output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit m
TOLO TOLm 0: Positive logic output (active-high)
1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)
Bit m

TOMO | ToMm 1: Sets the slave channel output mode.
1

Remark n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n = 02, 04, 06 and 10)

m=n+1
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Figure 6-60. Operation Procedure of One-

Shot Pulse Output Function (1/2)

Software Operation Hardware Status
TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PER2 register to 1.———® Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines the clock frequencies of CKO0 and CKO1
for channels 0 to 7, and those of CK02 and CKO03 for
channels 8 to 11.
Channel | Sets the TMRn and TMRm registers of two channels to Channel stops operating.
default be used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An output delay is set to the TDRn register of the master
channel, and a pulse width is set to the TDRm register of
the slave channel.
Sets slave channel. The TOm pin goes into Hi-Z output state.
The TOMm bit of the TOMO register is set to 1
(slave channel output mode).
Sets the TOLm bit.
Sets the TOm bit and determines default level of the
TOm output. p The TOm default setting level is output when the port
mode register is in output mode and the port register is 0.
Sets TOEm to 1 and enables operation of TOm. TOm does not change because channel stops operating.
Clears the port register and port mode register to 0. The TOm pin outputs the TOm set level.
Remark n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n =02, 04, 06 and 10)
m=n+1
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Figure 6-60 Operation Procedure of One-Shot Pulse Output Function (2/2)

Software Operation

Hardware Status

Operation | Sets TOEm (slave) to 1 (only when operation is
start resumed).
The TSn (master) and TSm (slave) bits of the TS0
register are set to 1 at the same time. TEn and TEm are set to 1 and the master channel enters
The TSn and TSm bits automatically return to 0 the TIn input edge detection wait status.
because they are trigger bits. Counter stops operating.
Detects the TIn pin input valid edge of master channel. ¥ Master channel starts counting.
During Set values of only the CISn1 and CISn0 bits of the TMRn | Master channel loads the value of TDRn to TCRn when
operation | register can be changed. the TIn pin valid input edge is detected, and the counter
Set values of the TMRm, TDRn, TDRm registers, TOMn, | starts counting down. When the count value reaches
TOMm, TOLn, and TOLm bits cannot be changed. TCRn = 0000H, the INTTMn output is generated, and the
The TCRn and TCRm registers can always be read. counter stops until the next valid edge is input to the TIn
The TSRn and TSRm registers are not used. pin.
Set values of the TOO0 and TOEQO registers can be The slave channel, triggered by INTTMn of the master
changed. channel, loads the value of TDRm to TCRm, and the
counter starts counting down. The output level of TOm
becomes active one count clock after generation of
INTTMn from the master channel. It becomes inactive
when TCRm = 0000H, and the counting operation is
stopped.
After that, the above operation is repeated.
Operation | The TTn (master) and TTm (slave) bits are set to 1 at the
stop same time. P+ TEn, TEm = 0, and count operation stops.
The TTn and TTm bits automatically return to 0 TCRn and TCRm hold count value and stops.
because they are trigger bits. The TOm output is not initialized but holds current
status.
TOEmMm of slave channel is cleared to 0 and value is set to
the TOm bit. » The TOm pin outputs the TOm set level.
TAUS To hold the TOm pin output level
stop Clears TOm bit to 0 after the value to —®»The TOm pin output level is held by port function.

be held is set to the port register.
When holding the TOm pin output level is not
necessary
Switches the port mode register to input mode.——¥

The TAUOEN bit of the PER2 register is cleared to 0.—H

> The TOm pin output level goes into Hi-Z output state.

> Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOm bit is cleared to 0 and the TOm pin is set to

port mode.)

Remark n =00, 02, 04, 06,08, 10 (78KOR/IB3: n =02, 04, 06 and 10)

m=n+1

User's Manual U19678EJ1V1UD

345



CHAPTER 6 TIMER ARRAY UNIT TAUS

6.8.2 Operation as PWM function
Two channels can be used as a set to generate a pulse of any period and duty factor.
The period and duty factor of the output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDRn (master) + 1} x Count clock period

Duty factor [%] = {Set value of TDRm (slave)}/{Set value of TDRn (master) + 1} x 100
0% output:  Set value of TDRm (slave) = 0000H

100% output: Set value of TDRm (slave) > {Set value of TDRn (master) + 1}

Remark The duty factor exceeds 100% if the set value of TDRm (slave) > (set value of TDRn (master) + 1), it
summarizes to 100% output.

The master channel operates in interval timer mode. If the channel start trigger bit (TSn) of timer channel start
register 0 (TSO) is set to 1, an interrupt (INTTMn) is output, the value set to timer data register n (TDRn) is loaded to
timer counter register n (TCRn), and the counter counts down in synchronization with the count clock. When the
counter reaches 0000H, INTTMn is output, the value of the TDRn register is loaded again to the TCRn register, and
the counter counts down. This operation is repeated until the channel stop trigger bit (TTn) of timer channel stop
register 0 (TTO) is set to 1.

If two channels are used to output a PWM waveform, the period until the master channel counts down to 0000H is
the PWM output (TOm) cycle.

The slave channel operates in one-count mode. By using INTTMn from the master channel as a start trigger, the
TCRm register loads the value of the TDRm register and the counter counts down to 0000H. When the counter
reaches 0000H, it outputs INTTMm and waits until the next start trigger (INTTMn from the master channel) is
generated.

If two channels are used to output a PWM waveform, the period until the slave channel counts down to 0000H is
the PWM output (TOm) duty.

PWM output (TOm) goes to the active level one clock after the master channel generates INTTMn and goes to the
inactive level when the TCRm register of the slave channel becomes 0000H.

Caution To rewrite both TDRn of the master channel and TDRm of the slave channel, a write access is
necessary two times. The timing at which the values of TDRn and TDRm are loaded to TCRn and
TCRm is upon occurrence of INTTMn of the master channel. Thus, when rewriting is performed
split before and after occurrence of INTTMn of the master channel, the TOm pin cannot output
the expected waveform. To rewrite both TDRn of the master and TDRm of the slave, therefore, be
sure to rewrite both the registers immediately after INTTMn is generated from the master
channel.

Remark n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n = 02, 04, 06 and 10)
m=n+1
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Figure 6-61. Block Diagram of Operation as PWM Function

Master channel
(interval timer mode)

c
S
_ CKO0O0 or CK02 3
Operation clockNete ] Timer counter
X . ]
CKO1 or CKO3 g —| register n (TCRn)
O
S
£
b Timer data register n Interrupt Int t signal
Tsn 3 TDRn — Interrupt signa
ug ( ) controller (INTTMn)
=
Slave channel
(one-count mode)
S
o [CKO0 O CKO2 B
H jote
Operation clock E Timer counter Output )
CKO1 or CKO3 g —| register m (TCRm) controller ©TOm pin
O
S
£
ko Timer data register m Interrupt .
@ (TDRm) controller Interrupt signal
g (INTTMm)
=

Note The operation clocks of channels 0 to 7 are selected from CKOO and CKO1, and those of channels 8 to 11
from CK02 and CKO3.

Remark n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n = 02, 04, 06 and 10)
m=n+1
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Figure 6-62. Example of Basic Timing of Operation as PWM Function (Default setting : TOm = 0)

TSn f

TEn

FFFFH

Master
channel TCRN 0000H \ \\

TDRn a X b

TOn

INTTMn q I

TSm Jl/

TEm _I

FFFFH

TCRm
Slave 0000H

channel } } )
TDRm Cc X d

TOm |

KT

INTTMm 1 |

a+1 a+1 b+1

1 T i

Remarks 1. n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n =02, 04, 06 and 10)

m=n+1
2. TSn, TSm: Bits n, m of timer channel start register 0 (TS0)
TEn, TEm: Bits n, m of timer channel enable status register 0 (TEO)

TCRn, TCRm: Timer counter registers n, m (TCRn, TCRm)
TDRn, TDRm: Timer data registers n, m (TDRn, TDRm)
TOn, TOm: TOn, TOm pins output signal
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Figure 6-63. Example of Set Contents of Registers When PWM Function (Master Channel) Is Used

(a) Timer mode register n (TMRn)

TMRn

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKsn CCS1n | CCSON 'IMEAI;i STSn2 | STSn1 | STSnO | Clsnt | CISn0 MDn4 | MDn3 | MDn2 | MDn1 | MDnO
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
LI I I L1 T |

1: Master channel

Count clock selection

L Slave/master selection

00B: Selects operation clock.

L__Operation clock selection

Operation mode of channel n
0000B: Interval timer

Setting of operation when counting is started

1:

|__Selection of TIn pin input edge

00B: Sets 00B because these are not used.

L__Start trigger selection
000B: Selects only software start.

0: Selects CK0O (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.
1: Selects CK01 (channels 0 to 7) or CK0O3 (channels 8 to 11) as operation clock of channel n.

(b) Timer output register 0 (TOO0)

TOO

Bit n

TOn
0

0: Outputs 0 from TOn.

(c) Timer output enable register 0 (TOEQ)

TOEO

Bit n

TOEn
0

0: Stops the TOn output operation by counting operation.

(d) Timer output level register 0 (TOLO)

TOLO

(e)

TOMO

Remark n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n = 02, 04, 06 and 10)

Bit n

TOLn
0

0: Cleared to 0 when TOMn = 0 (master channel output mode).

Timer output mode register 0 (TOMO)

Bit n

TOMn

0

0: Sets master channel output mode.

User's Manual U19678EJ1V1UD
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Figure 6-64. Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used

(a) Timer mode register m (TMRm)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRm CKSm CCS1m | CCSOm T’\éAR?n STSm2 [ STSm1 | STSMO | CISm1 | CISmO MDm4 | MDm3 | MDm2 | MDm1 | MDmO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1
- C T T [ T T 7

Operation mode of channel m
0100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

L__Selection of TIm pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
100B: Selects INTTMn of master channel.

|__Slave/master selection
0: Slave channel

Count clock selection
00B: Selects operation clock.

L__Operation clock selection
0: Selects CK0O (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel m.
1: Selects CKO1 (channels 0 to 7) or CKO3 (channels 8 to 11) as operation clock of channel m.
* Make the same setting as master channel.

(b) Timer output register 0 (TO0)

Bit m
TOO TOm 0: Outputs 0 from TOm.
1/0 1: Outputs 1 from TOm.

(c) Timer output enable register 0 (TOEQ)

Bit m
TOEO TOEm 0: Stops the TOm output operation by counting operation.
1/0 1: Enables the TOm output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit m
TOLO TOLm 0: Positive logic output (active-high)
1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)
Bit m
TOMO | TOMm 1: Sets slave channel output mode.
1

Remark n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n = 02, 04, 06 and 10)
m=n+1
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Figure 6-65. Operation Procedure When PWM Function Is Used (1/2)

Software Operation Hardware Status
TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUOEN bit of the PER2 register to 1.———® Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets the TPSO register.
Determines the clock frequencies of CKO0 and CKO01
for channels 0 to 7, and those of CK02 and CKO03 for
channels 8 to 11.

Channel | Sets the TMRn and TMRm registers of two channels to Channel stops operating.

default be used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An interval (period) value is set to the TDRn register of
the master channel, and a duty factor is set to the TDRm
register of the slave channel.

Sets slave channel. The TOm pin goes into Hi-Z output state.
The TOMm bit of the TOMO register is set to 1
(slave channel output mode).

Sets the TOLm bit.
Sets the TOm bit and determines default level of the

TOm output. » The TOm default setting level is output when the port
mode register is in output mode and the port register is 0.
Sets TOEm to 1 and enables operation of TOm. —® TOm does not change because channel stops operating.
Clears the port register and port mode register to O.—ir The TOm pin outputs the TOm set level.

Remark n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n = 02, 04, 06 and 10)
m=n+1
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Operation is resumed.
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Figure 6-65. Operation Procedure Whe

n PWM Function Is Used (2/2)

Software Operation

Hardware Status

Operation | Sets TOEm (slave) to 1 (only when operation is
start resumed).
The TSn (master) and TSm (slave) bits of the TS0
register are set to 1 at the same time. TEn=1,TEm =1
The TSn and TSm bits automatically return to 0 When the master channel starts counting, INTTMn is
because they are trigger bits. generated. Triggered by this interrupt, the slave
channel also starts counting.
During Set values of the TMRn and TMRm registers, TOMn, The counter of the master channel loads the TDRn value
operation | TOMm, TOLn, and TOLm bits cannot be changed. to TCRn, and counts down. When the count value
Set values of the TDRn and TDRm registers can be reaches TCRn = 0000H, INTTMn output is generated. At
changed after INTTMn of the master channel is the same time, the value of the TDRn register is loaded to
generated. TCRn, and the counter starts counting down again.
The TCRn and TCRm registers can always be read. At the slave channel, the value of TDRm is loaded to
The TSRn and TSRm registers are not used. TCRm, triggered by INTTMn of the master channel, and
Set values of the TO0 and TOEQ registers can be the counter starts counting down. The output level of
changed. TOm becomes active one count clock after generation of
the INTTMn output from the master channel. It becomes
inactive when TCRm = 0000H, and the counting operation
is stopped.
After that, the above operation is repeated.
Operation | The TTn (master) and TTm (slave) bits are set to 1 at the
stop same time. TEn, TEm = 0, and count operation stops.
The TTn and TTm bits automatically return to 0 TCRn and TCRm hold count value and stops.
because they are trigger bits. The TOm output is not initialized but holds current
status.
TOEmM of slave channel is cleared to 0 and value is set to
the TOm bit. » The TOm pin outputs the TOm set level.
TAUS To hold the TOm pin output level
stop Clears TOm bit to O after the value to —®»The TOm pin output level is held by port function.

be held is set to the port register.
When holding the TOm pin output level is not
necessary

,,,S,YVJECJIGES,I'J?,E’E’ET‘?E’E[‘?Q[SI?EI?,iPRl{tI’IQCJ?;j,,,,,,,,_ The TOm pin output level goes into Hi-Z output state.

The TAUOEN bit of the PER2 register is cleared to 0.

Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOm bit is cleared to 0 and the TOm pin is set to
port mode.)

Remark n =00, 02, 04, 06, 08, 10 (78KOR/IB3: n = 02, 04, 06 and 10)
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6.8.3 Operation as multiple PWM output function

By extending the PWM function and using multiple slave channels, many PWM waveforms with different duty
values can be output.

For example, when using two slave channels, the period and duty factor of an output pulse can be calculated by
the following expressions.

Pulse period = {Set value of TDRn (master) + 1} x Count clock period
Duty factor 1 [%] = {Set value of TDRp (slave 1)}/{Set value of TDRn (master) + 1} x 100
Duty factor 2 [%] = {Set value of TDRq (slave 2)}/{Set value of TDRn (master) + 1} x 100

Remark Although the duty factor exceeds 100% if the set value of TDRp (slave 1) > {set value of TDRn
(master) + 1} or if the {set value of TDRq (slave 2)} > {set value of TDRn (master) + 1}, it is
summarized into 100% output.

TCRn of the master channel operates in the interval timer mode and counts the periods.

TCRp of the slave channel 1 operates in one-count mode, counts the duty factor, and outputs a PWM waveform
from the TOp pin. TCRp loads the value of TDRp, using INTTMn of the master channel as a start trigger, and starts
counting down. When TCRp = 0000H, TCRp outputs INTTMp and stops counting until the next start trigger (INTTMn
of the master channel) has been input. The output level of TOp becomes active one count clock after generation of
INTTMn from the master channel, and inactive when TCRp = 0000H.

In the same way as TCRp of the slave channel 1, TCRq of the slave channel 2 operates in one-count mode, counts
the duty factor, and outputs a PWM waveform from the TOq pin. TCRq loads the value of TDRq, using INTTMn of the
master channel as a start trigger, and starts counting down. When TCRq = 0000H, TCRq outputs INTTMq and stops
counting until the next start trigger (INTTMn of the master channel) has been input. The output level of TOq becomes
active one count clock after generation of INTTMn from the master channel, and inactive when TCRq = 0000H.

When channel 0 is used as the master channel as above, up to eleven types of PWM signals can be output at the
same time.

Caution To rewrite both TDRn of the master channel and TDRp of the slave channel 1, write access is
necessary at least twice. Since the values of TDRn and TDRp are loaded to TCRn and TCRp after
INTTMn is generated from the master channel, if rewriting is performed separately before and
after generation of INTTMn from the master channel, the TOp pin cannot output the expected
waveform. To rewrite both TDRn of the master and TDRp of the slave, be sure to rewrite both the
registers immediately after INTTMn is generated from the master channel (This applies also to
TDRq of the slave channel 2).

Remark n =00, 02, 04, 06, 08, 10

n<p<qg<ii
However, p and q are consecutive integers.
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Figure 6-66. Block Diagram of Operation as Multiple PWM Output Function (Output Two Types of PWMs)

Master channel
(interval timer mode)

CKO00 or CK02
Operation clockNet

CKO1 or CKO03

TSn

Slave channel 1
(one-count mode)

CKO00 or CK02
Operation clockNete

CKO1 or CK0O3

Slave channel 2
(one-count mode)

CKO00 or CK02
Operation clockNete

CKO01 or CK03

c
2
k3]
@
@ Timer counter
§ —~| register n (TCRn)
O
[
S
8
e Timer data register n Interrupt Interruot signal
5 (TDRn) controller ptsig
S (INTTMn)
2
=
c
2
k3]
<2
] Timer counter o

! utput .
g —| register p (TCRp) controller ©TOp pin
o
o
S
8
] Timer data register p Interrupt Interrupt signal
5 TDR
5 (TDRp) controller (INTTMp)
=
c
=]
°
<@
@ Timer counter 0

utput .

é —|  register g (TCRq) controller ©TOq pin
&)
o
S
8
3 Timer data register q Interrupt Interrupt signal
5 TDR
% ( q) controller (INTTMg)
=

Note The operation clocks of channels 0 to 7 are selected from CK0OO and CKO01, and those of channels 8 to 11

from CK02 and CKO03.

Remarks 1. n =00, 02, 04, 06, 08, 10

n<p<q<ii

However, p and q are consecutive integers.
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CHAPTER 6 TIMER ARRAY UNIT TAUS

Figure 6-67. Example of Basic Timing of Operation as Multiple PWM Output Function (Output Two Types of PWMs)
(Default setting : TOp, TOq = 0)

TSn f
TEn
Frrr |
Master
channel TCRn 0000H \ ‘\
TDRn a X b
TOn
INTTMn
TSp
TEp
e | —
TCR
Slave CRe 0000H \ \ X
channel 1 }
TDRp c X d
TOp ___| L
INTTMp
a4 art bt ||
c c | d d
TSq
TEq
FFFFH ] B
TCR
Slave d 0000H X N \ \
channel 2 / }
TDRq e X f
TOq
INTTMq
a+1 . a+1 b+1
el e f f
Remarks 1. n =00, 02, 04, 06, 08, 10
n<p<qg<1i
However, p and q are consecutive integers.
2. TSn,TSp, TSq: Bits n, p, g of timer channel start register 0 (TSO0)
TEn, TEp, TEq: Bits n, p, g of timer channel enable status register 0 (TEO)

TCRn, TCRp, TCRq: Timer counter registers n, p, q (TCRn, TCRp, TCRQq)
TDRn, TDRp, TDRq: Timer data registers n, p, q (TDRn, TDRp, TDRQ)
TOn, TOp, TOq: TOn, TOp, and TOq pins output signal
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Figure 6-68. Example of Set Contents of Registers
When Multiple PWM Output Function (Master Channel) Is Used

(a) Timer mode register n (TMRn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRn CKSn CCS1n | CCSONn T“"E;sn STSn2 | STSn1 | STSnO | CISn1 | CISn0O MDn4 | MDn3 | MDn2 | MDn1 | MDnO
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
L | L[] L] I [ | [ [

Operation mode of channel n
0000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMn when counting is
started.

L__Selection of TIn pin input edge
00B: Sets 00B because these are not used.

L Start trigger selection
000B: Selects only software start.

| __Slave/master selection
1: Master channel

Count clock selection
00B: Selects operation clock.

L__Operation clock selection
0: Selects CK0O (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.
1: Selects CKO1 (channels 0 to 7) or CK03 (channels 8 to 11) as operation clock of channel n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOn 0: Outputs 0 from TOn.
0

(c) Timer output enable register 0 (TOEOQ)
Bit n
TOEO TOEn 0: Stops the TOn output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n
TOLO TOLn 0: Cleared to 0 when TOMn = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n
TOMO | Tomn 0: Sets master channel output mode.
0

Remark n =00, 02, 04, 06, 08, 10
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Figure 6-69. Example of Set Contents of Registers
When Multiple PWM Output Function (Slave Channel) Is Used (Output Two Types of PWMs)

(a) Timer mode register p, q (TMRp, TMRq)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRp CKSp CCS1p | CCSOp T“"E;sp STSp2 | STSp1 | STSPO | CISp1 | CISpo MDp4 | MDp3 | MDp2 | MDp1 | MDpo

1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

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

TMRq CKSq CCS1q | CCS0q TMEﬁ STSq2 | STSq1 | STSqO | CISq1 | CISqo MDg4 | MDg3 | MDg2 | MDg1 | MDgo

1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

L | I I |||I|

Operation mode of channel p, q
0100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

| Selection of Tlp and Tlq pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
100B: Selects INTTMn of master channel.

L Slave/master selection
0: Slave channel

Count clock selection
00B: Selects operation clock.

L__Operation clock selection
0: Selects CKO0O (channels 0 to 7) or CK0O2 (channels 8 to 11) as operation clock of channels p and q.
1: Selects CK0O1 (channels 0 to 7) or CK03 (channels 8 to 11) as operation clock of channels p and g.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bitg Bitp
TOO TOq | TOp 0: Outputs 0 from TOp or TOq.
1/0 | 1/0 1: Outputs 1 from TOp or TOq.

(c) Timer output enable register 0 (TOEOQ)

Bitqg Bitp
TOEO TOEq | TOEp 0: Stops the TOp or TOq output operation by counting operation.
1/0 | 1/0 1: Enables the TOp or TOq output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bitg Bitp
TOLO TOLq | TOLp 0: Positive logic output (active-high)
1/0 | 1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)
Bitg Bitp
TOMO | ToMq | TOMp 1: Sets slave channel output mode.
1 1

Remark n =00, 02,04, 06, 08,10 n<p<q<11(However, p and q are consecutive integers.)
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Figure 6-70. Operation Procedure When Multiple PWM Output Function Is Used (Output Two Types of
PWNMs) (1/2)

Software Operation Hardware Status
TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of the PER2 register to 1.———® Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets the TPSO register.
Determines the clock frequencies of CKOO and CKO1
for channels 0 to 7, and those of CK02 and CKO03 for
channels 8 to 11.
Channel | Sets the TMRn, TMRp, and TMRq registers of each Channel stops operating.
default channel to be used (determines operation mode of (Clock is supplied and some power is consumed.)
setting channels).
An interval (period) value is set to the TDRn register of
the master channel, and a duty factor is set to the TDRp
and TDRq registers of the slave channel.
Sets slave channel. The TOp and TOq pins go into Hi-Z output state.
The TOMp and TOMq bits of the TOMO register is set
to 1 (slave channel output mode).
Clears the TOLp and TOLq bits to 0.
Sets the TOp and TOq bits and determines default
level of the TOp and TOq outputs. —® The TOp and TOq default setting levels are output when
the port mode register is in output mode and the port
register is 0.
Sets TOEp or TOEq to 1 and enables operation of
TOp or TOq. TOp or TOq does not change because channel stops
operating.
Clears the port register and port mode register to 0. —¥®The TOp and TOq pins output the TOp and TOq set levels.
Remark n =00, 02, 04, 06, 08, 10
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n<p<qg<i
However, p and q are consecutive integers.

User's Manual U19678EJ1V1UD




Operation is resumed.

CHAPTER 6 TIMER ARRAY UNIT TAUS

Figure 6-70. Operation Procedure When Multiple PWM Output Function Is Used (Output Two Types of
PWMs (2/2))

Software Operation

Hardware Status

Operation | (Sets the TOEp and TOE(q (slave) bits to 1 only when
start resuming operation.)
Sets TOEp and TOEq (slave) bits to 1 (only when
operation is resumed). TEn=1, TEp, TEq =1
The TSn (master), TSp, and TSq (slave) bits of the TS0 When the master channel starts counting, INTTMn is
register are set to 1 at the same time. ——» generated. Triggered by this interrupt, the slave
The TSn, TSp, and TSq bits automatically return to 0 channel also starts counting.
because they are trigger bits.
During Set values of the TMRn, TMRp, TMRq registers, TOMn, The counter of the master channel loads the TDRn value to
operation | TOMp, TOMq, TOLn, TOLp, and TOLq bits cannot be TCRn and counts down. When the count value reaches
changed. TCRn = 0000H, INTTMn is generated. At the same time,
Set values of the TDRn, TDRp, and TDRq registers can the value of the TDRn register is loaded to TCRn, and the
be changed after INTTMn of the master channel is counter starts counting down again.
generated. At the slave channel 1, the values of TDRp are transferred
The TCRn, TCRp, and TCRq registers can always be to TCRp, triggered by INTTMn of the master channel, and
read. the counter starts counting down. The output levels of TOp
The TSRn, TSRp, and TSRq registers are not used. become active one count clock after generation of the
Set values of the TO0 and TOEQO registers can be INTTMn output from the master channel. It becomes
changed. inactive when TCRp = 0000H, and the counting operation
is stopped.
At the slave channel 2, the values of TDRq are transferred
to TCRaq, triggered by INTTMn of the master channel, and
the counter starts counting down. The output levels of TOq
become active one count clock after generation of the
INTTMn output from the master channel. It becomes
inactive when TCRq = 0000H, and the counting operation
is stopped. After that, the above operation is repeated.
Operation | The TTn bit (master), TTp, and TTq (slave) bits are set to
stop 1 at the same time. » TEn, TEp, TEq = 0, and count operation stops.
The TTn, TTp, and TTq bits automatically return to 0 TCRn, TCRp, and TCRq hold count value and stops.
because they are trigger bits. The TOp and TOq output is not initialized but holds
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, currentstatus. |
TOEp or TOEq of slave channel is cleared to 0
and value is set to the TOp and TOq bits. —» The TOp and TOq pins output the TOp and TOq set
levels.
TAUS To hold the TOp and TOq pin output levels
stop Clears TOp and TOq bits to 0 after

When holding the TOp and TOq pin output levels is not
necessary
Switches the port mode register to input mode. —»

The TAUOEN bit of the PER2 register is cleared to 0. —»

the value to be held is set to the port register. —— The TOp and TOq pin output levels are held by port

function.

t The TOp and TOq pin output levels go into Hi-Z output

+ Power-off status

All circuits are initialized and SFR of each channel is
also initialized.

(The TOp and TOq bits are cleared to 0 and the TOp
and TOq pins are set to port mode.)

Remark n =00, 02, 04, 06, 08, 10

n<p<q<1i
However, p and q are consecutive integers.
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CHAPTER 7 INVERTER CONTROL FUNCTIONS

7.1 Outline of Functions

The 78KOR/IE3 can be used as an inverter control function and for motor control by using timer array unit TAUS
(hereinafter referred to as “TAUS”) and the TAUS option unit. It can be used with an operation clock having a 40 MHz
maximum resolution (when the internal high-speed oscillation clock is used). Furthermore, the A/D converter start
timing can be generated.

The following operations can be performed by using the inverter control function.

(1) Complementary PWM output function
e 6-phase PWM output function (triangular wave modulation, upper arm, lower arm, six outputs)
A waveform of an arbitrary period, the duty, and the dead time can be generated by using channel 7 of the
TAUS in combination.
— refer to 7.5.6 Operation as 6-phase triangular wave PWM output function

hanneIO (master)

om are
Operating clock Interrupt signal

(a selected clock) setting the period (INTTMOO)
hannel2 slave;
Com are o o
| Semeare | |~eTimer output et
setting the duty (TO02) —:',_.I:—'
H—

hanneIS slave E E.dmy EE E
om are .
| Spaeere | |—oTimer output T 1——T
S

ettlng the dead time TOO03) T~ T

—_

channel6 (slave) o Pefiod' .
ompare . i
NN I —oTimer output |_'_— . '

setting the duty (TOO06)

E : duty E
channel7 (slave [ ' H
_om are gy ST
Oeraflon —OTimer output !+—« =—=!

settlng the dead time TOO7) dead time

e Half-bridge output function (two outputs x 2)
A waveform of an arbitrary period, the duty, and the dead time can be generated by using channel 3 of the
TAUS in combination.
— refer to 7.5.5 Operation as triangular wave PWM output function with dead time

channeIO and 4 master
-
Operating clock oeratlon Interrupt signal

(a selected clock) setting the period (INTTMO0O and INTTMO04)

Channel2 and 6 (slave od
ompare '\ 'period; |
A VAN ﬁ 4©Tmer output "1}
[N .

setting the dut (T002 and TOOG) _—

channel3 and 7 (slave i
ompare 1
oeratlon Timer output . H :

semng the dead time (Tcx)s and TOO7) dead time

o Full-bridge output function (four outputs)
This function uses the above-mentioned half-bridge output.
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(2) Non-complementary PWM output function

e 6-phase PWM output function (sawtooth wave modulation or triangular wave modulation, six outputs)

A waveform of an arbitrary frequency, the duty, and one without dead time can be generated by using

channel 7 of the TAUS in combination.
— refer to 7.5.3 Operation as 6-phase PWM output function

Operating clock — oeratlon Interrupt signal

(a selected clock) channel0 (master) (INTTMOO)

channel2 (slave)

(TO02) duty

period

hannel7 (slave)

(TO07) T

period

(3) Interrupt-thinning function
The interrupts of channels 0 and 4 that are used for setting the period can be thinned.
— refer to 7.5.7 Interrupt signal thinning function

channel0 (master) Interrupt signal

) NTTMOO)_ 1 [ I 1T
Operating clock NNN ( US| EE || | R
(a selected clock) setting the period | ! H

Interrupt signal

channel1 (slave) (INTTMOT)

o[ o I
operation 0 T 1
Setting the Number of thinned : : : : :

,L Channels 2 to 7 can be used as slave channels in other modes.

(4) Arbitrary dead time setting function
An arbitrary dead time can be set.

(5) A/D converter start timing setting function (Four types of timings can be generated.)
The A/D converter start timing can be output by using channels 8 and 9 of the TAUS.
— refer to 7.5.8 Operation as A/D conversion trigger output function (type 1)
— refer to 7.5.9 Operation as A/D conversion trigger output function (type 2)

channel n (master)

. are
Operating clock Interrupt signal

(a selected clock) Semng the penod (INTTMn)

+— Unused channels can be used as slave channels in other modes.

1 Theperiod
—

hannel m slave) : X
Semng the mgger timing lmg,r\w—‘)'—tMs;g;]al : :

JIN I ) -

Trigger timing can be
selected.
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CHAPTER 7 INVERTER CONTROL FUNCTIONS

(6) 0% and 100% output can be performed.
0% and 100% outputs can be performed both with the complementary PWM output function and non-
complementary PWM output function.

(7) Forward and reverse settings of the timer output can be performed for each pin.
(8) Real-time output function (PWM modulation can be performed with this function)
— refer to 7.5.13 Operation as non-complementary modulation output function (type 1)

— refer to 7.5.14 Operation as non-complementary modulation output function (type 2)
— refer to 7.4.15 Operation as complementary modulation output function

a e Interrupt signal
Operating clock H{ )—‘ (INTTMOO)
Cl

(a selected clock) hannelO (master)

Kchanneh (slave)
]

Kchannelz (slave) O Timeroutput qur—___
(TO02) o
- Output
controller ° L
(modulation) T

m —— %
operation S 11
© Timer output
channel7 (slave) (TO07)

(9) Forcible output stop function
The outputs of TO02 to TOO07 can be set to high impedance during detection of the valid edge by the internal
comparator.
The outputs of TO02 to TOO07 can be set to high impedance during detection of the valid edge by an external
pin input (TMOFFO, TMOFF1).
— refer to 7.6 Overvoltage Detection Function

Forcible output stop signal

(TMOFFO/CMPOP)  (Q——|
(cMPoM)  (O——>|
(TMOFF1/CMP1P)  (©)——|

(cMPIM) ©@——

Edge detection/
Selection

Operating clock channelO (master) |—;
(a selected clock) ‘

. .
channel2 (slave =@ Timer output 1 i |
o) (TO02) LI Lt Moo
0 0 i
= o I I I
T . A
° | | |
LI L
channel7 (slave) ©Timer output I ! .

(T007)

Caution There is no TMOFF1 pin in the 78KOR/IB3. Consequently, high impedance can only
be controlled by using the TMOFFO pin.
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7.2 Configuration of Inverter Control Function

The inverter function can be achieved by adding functions to timer array unit TAUS.

The hardware configuration of timer array unit TAUS and the inverter control function block is shown below.

Table 7-1. Configuration of Timer Array Unit TAUS and Inverter Control Function Block

ltem

Configuration

Timer/counter

Note 1

Timer counter register n (TCRn)

Register

Note 1

Timer data register n (TDRn)

Timer input

TI00, TIO2 to TI11, SLTI pins"™*?, RxDO pin (for LIN-bus)

Timer output

TOO00, TO02 to TO11, SLTO pins™*°?, output controller

Control registers

<Registers of unit setting block>
)aneI

o Peripheral enable register 2 (PER2

)ane 1

e Timer clock select register 0 (TPSO
e Timer channel enable status register 0 (TEQ)"™"
e Timer channel start register 0 (TS0)"*’

e Timer channel stop register 0 (TT0)"""

Timer input select register 0 (TIS0) "**"*

Note 1

Timer output enable register 0 (TOEOQ)

Note 1

Timer output register 0 (TOO0)

)Nole 1

Timer output level register 0 (TOLO

)Nme 1

Timer output mode register 0 (TOMO

Timer triangle wave output mode register 0 (TOTO)

Timer dead time output enable register 0 (TDEOQ)

Timer real-time output register 0 (TROO0)

Timer real-time output enable register 0 (TREOQ)

Timer real-time control register 0 (TRCO)

Timer modulation output enable register 0 (TMEOQ)
e TAU option mode register (OPMR)

e TAU option status register (OPSR)

o TAU option Hi-Z start trigger register (OPHS)

o TAU option Hi-Z stop trigger register (OPHT)

e TAU option control register (OPCR)

<Registers of each channel>

Note 1

o Timer mode register n (TMRn)
e Timer status register n (TSRn)"*"

« Input switch control register (ISC)**°' Used when the LIN-bus is supported
« Noise filter enable registers 1, 2 (NFEN1, NFEN2)""'

 Port mode registers 0, 1, 3, 5, 7 (PMO, PM1, PM3, PM5, PM7)""*="*

e Portregisters 0, 1, 3, 5, 7 (PO, P1, P3, P5, P7)"""*

Notes 1. The inverter control function can be achieved by adding option functions to timer array unit TAUS. In
this chapter, only the registers to be used with the inverter control function are described. For other
registers that are to be used in common with timer array unit TAUS, refer to CHAPTER 6 TIMER

ARRAY UNIT TAUS.

2. The presence or absence of timer I/O pins of Chaneel0, 1 and 8 to 11 in each timer array unit channel

depends on the product. see Table 6-1 Timer I/O Pins provided in Each Product for details.

w

. This is not provided in the 78KO0R/IB3.
4. The PMO and PO registers are only provided in the 78KOR/ID3 and 78KOR/IE3. The PM7 and P7

registers are not provided in the 78KOR/IB3.

Remark n: Channel number (n =00 to 11)
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CHAPTER 7 INVERTER CONTROL FUNCTIONS

Figure 7-1 shows a block diagram.

Figure 7-1. Entire Configuration of Timer Array Unit TAUS and Inverter Control Function Block

(Example: 78KOR/IE3)

Peripheral enable register 2 (PER2) Timer clock select register 0 (TPS0) TAU option mode register (OPMR)
TAUOPEN| TAUOEN PRSPRSPRSPRSPRSPRSPRSPRS|PRS|IPRS|IPRSIPRS|PRS|PRS|PRS|PR PMHPS|HSMHDM ATS|ATS ATS |ATS [ TLS [TLS | TLS |TLS| TLS | TLS| HIS | HIS
033|032 |031 |030 |023 |022 021020 |013|012|011|010|003| 002|001 | 000 1

Selector

SLTI

Remark

364

Input switch control register (ISC) |
few/2° to fou/2° to fow/2° to fo/2° to
1SC4 ISCa| | Ufm/z*ﬁ Um/zw U foud2's Ufm/zw
T

R S

HZOF |HZOF | HZIF | HZIF | TAU option status register
1 0 1 o | (OPSR)

PHS|OPHS| TAU option Hi-Z start OPHT T option Hi-Z
stop trigger register
1 0 trigger register (OPHS) 1 0 (OPHT)

fouk

Prescaler | | Prescaler |

HIE TAU option control
1 0 register (OPCR)

4>| Selector || Selector 4—| Selector || Selector

TO00
INTTMOO
TIO0®
. Channel 0 / Channel 0 period
detection signal
_>( \T001
TAUOPEN
| INTTMO1
N Channel 1 J/ L
[ S———
™| Interrupt INTTMMO
Tio2 signal INTTMVO
Channel 2 output INTTMM1
circuit INTTMV1
_>( \ T003
Ti03 INTTMO3 T000
Channel 3 To02
TO04 TO03
INTTM04 Real-time
TO04
Channel 4 period "“‘F’”"‘ ngs
TI04 @] detection signal controller
Channel 4 TO06
To07
—p
TIos
Channel 5 1SC4 to ISC2 bits
of the ISC register
-~ ~\ TO06
—
INTTMO6
T'°"©_L Channel 6 J-*> 5
°
<9
1SC1 © | sLTO
— TOO07 (%]
Tio7 :3) i .
RXDO 3 INTTMO7 Hi-Z
(serial input pin) Channel 7 (L|N-bUS supponed) controller
—— TOO08
P—- TO08 T009
1 TO10
Tog ©—| INTTMO8
Channel 8 To11
_>( ™\ TO09
Tioo ©—| INTTMO9
Channel 9 4
e ~\To10
—|
TI10 ©—| INTTM10
Channel 10 e
AD
i AD
(r|g|ge: converter
outpuf
Channel 11 selector
TMOFFO/P80 ©
TMOFF1/P81
CMPOP/P80 © < o
CMPOM/PSI::|

CMP1P/P82 ::' C 1
CMP1M/P83©

The configuration diagram in Figure 7-1 includes the registers and pins that are to be used in common
with timer array unit TAUS. For details of timer array unit TAUS, refer to CHAPTER 6 TIMER ARRAY

UNIT TAUS.
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Figure 7-2. Block Diagram of Each Channel (Example: Channel 4 of 78K0OR/IE3)

Peripheral enable register 2 ) i TE|TE | TE| TE| TE| TE| TE| TE| TE | TE | TE | TE | Timerchannel enable
(PER2) Timer clock select register 0 (TPS0) 11110 | 09| 08| 07| 06| 05| 04 | 03| 02 | 01 | 00 | status register 0 (TEO)
TauoEN | [PRS [PRS |PRS|PRS |PRS|PRS |PRS|PRS |PRS| PRS PRS| PRS|PRS| PRS|PRS| PRS )
033 (032 |031 {030 |023 | 022 |021 {020 |013 | 012|011 [ 010|003 | 002|001 [000| | TS| TS| TS| TS| TS| TS| TS| TS| TS| TS| TS| TS Tlmercféannse(l)ﬁan
1110 | 09| 08| 07| 06 | 05| 04 | 03 | 02 | 01 | 00 | "egister0(TSO)
4N 4N 4N TT|{TT | TT| TT| TT| TT| TT| TT | TT| TT| TT | TT | Timerchannelstop
. 11 |10 | 09| 08 | 07 | 06 | 05| 04 | 03 | 02 | 01 | 00 | register0(TTO)
[CLK.
TIS TIS TIS TIS TIS TIS TIS TIS | Timerinput select
Prescaler | Prescaler | 07 06 05 04 03 02 01 00 | register 0 (TISO)
TNFEN|TNFEN|TNFEN| TNFEN|TNFEN|TNFEN| 0 |[TNFEN| Noise filtter enable
fow/2° to fork/2° to fok/2° to fork/2° to | 07 ‘ 06 ‘ 05 ‘ 04 ‘ 03 ‘ 02 ‘ ‘ 00 | register 1 (NFEN1)
fowk/21® fowk/218 fouk/218 fouk/218
0 0 0 | TNFEN|TNFEN|TNFEN|TNFEN|TNFEN| Noise fiter enable
Selector Selector Selector Selector SL 11 10 09 08 | register 2 (NFEN2)
CKO03 CKo02 CKo1 CKO00
TOE|TOE | TOE| TOE| TOE| TOE| TOE| TOE| TOE| TOE| TOE| TOE|  Timer output enable
To channels e 11 (10| 09| 08| 07 | 06| 05| 04 | 03 | 02 | 01 | 00 | register 0 (TOEO)
8,9, 10, 11
TO|TO|TO|TO|TO|TO| TO| TO| TO| TO| TO | TO | Timeroutput
11|10 | 09| 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00 | register0(TOO)
TRE|TRE | TRE| TRE| TRE| TRE| TRE| TRE| TRE| TRE| TRE| TRE| Timer real-ime output ~ [TOM|TOM| TOM| TOM| TOM| TOM| TOM| TOM| TOM TOM| TOM| TOM| Timer output mode
1110 | 09| 08 | 07 | 06 | 05| 04 | 03 | 02 | 01 | 00 | enable register 0 (TREO) | 11 | 10 | 09 | 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00 | register0 (TOMO)
TRO|TRO| TRO| TRO| TRO| TRO| TRO| TRO| TRO| TRO| TRO| TRO| Timer realime output | TOL|TOL | TOL| TOL| TOL | TOL| TOL| TOL| TOL| TOL| TOL| TOL| Timer outputlevel
1110 | 09| 08| 07| 06| 05| 04 | 03 | 02 | 01 | 00 | register 0 (TROO) 11|10 | 09 | 08 | 07 | 06 | 05| 04 | 03 | 02 | 01 | 00 | register O (TOLO)
TRC[TRC[ TRC] TRC] TRC[ TRC| TRC[ TRC| TRC| TRC] TRC| TRG| Timer reattime control - [1o7 (10T TOT| TOT| TOT| TOT| TOT| TOT| TOT| TOT| TOT| TOT|  JiMer MEardle wave
11 10| 09| 08| 07| 06| 05| 04 | 03| 02 | 01 | 00 | register0(TRCO) 11 /10| 09 | 08| 07 | 06 | 05| 04 | 03 | 02 | 01 | 00 | register 0 (TOTO)
TME|TME| TME| TME| TME| TME| TME| TME| TME| TME| TME| TME( Timer modulation output | TDE | TDE | TDE| TDE| TDE| TDE| TDE| TDE| TDE| TDE| TDE| TDE Z{Rﬁeu'tdeffadbgme
11|10 | 09| 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00 | enable register 0 (TMEO) | 11 | 10 | 09 | 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00 D!
register 0 (TDEQ)
> Slave/master Interrupt Real-time TOO03
TI03© controller controller output selector INTTMO3
\w_ Channel 3
+—= Shifting up or down to slave channel +—»= Interrupt signal to
» Trigger s_ignal to slave channel a lower channel Trigger signal to
» Clock signal to slave channel a lower channel
> Interrupt signal to slave channel
i
CKO00 S - ¢
Lot = | S
58 fuck 3§ frow cor:?:cj[er Output
cko1 |S8 ot ISR > — | controller > TO04
- Sﬂ =€ 2 (timer output pin)
o o n
fsus/4 y © MOd-e
—r - selection - Interrupt INTTMO4
% Edge_| . - controller (timer interrupt)
< detection o} _§ __Channel 4 period
@ [ § 3 ‘ detection signal
F3
53 L | Timer counter register 04 (TCR04) |
§§ TiSo4 [ Timer status
Es _q F»u register 04 (TSR04)
°3
OF . .
-%’@ 4—‘ | Timer data register 04 (TDR04) Overflow
Z o
T104 @t TNFENO4 l* Up/down counter|
(timer controller TRCO4—=

( . Slave/master
input pin) controller i

— 1
1 [ ] [ ] I
|CKso4‘CKs14‘ccso4‘T“éé§ / ‘STSO42‘ST5041 ‘STSO4O CISO41‘CISO40‘ MD043‘ MD042‘MD041 ‘MDO40|

Channel 4 Timer mode register 04 (TMR04) /

Interrupt signal to a higher channel

- —© TO05
TIO5@ — INTTM
\___ Channel 5 05

Remark The block diagram in Figure 7-2 includes the registers and pins that are to be used in common with timer
array unit TAUS. For details of timer array unit TAUS, refer to CHAPTER 6 TIMER ARRAY UNIT
TAUS.
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(1) Timer counter register n (TCRn)

(2) Timer data register n (TDRn)

The above-mentioned registers are used in common with timer array unit TAUS.
For details, refer to 6.2 Configuration of Timer Array Unit TAUS.
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7.3 Registers Controlling Timer Array Unit TAUS and Inverter Control Function Block
The following registers control timer array unit TAUS and the inverter control function block.

o Peripheral enable register 2 (PER2)
o Timer clock select register 0 (TPSO0)

Note 1

Note 1

o Timer mode register n (TMRn)
o Timer status register n (TSRn
o Timer channel enable status register 0 (TEQ)"™"
e Timer channel start register 0 (TSO0)
o Timer channel stop register 0 (TT0)""*’

« Timer input select register 0 (TISQ)""="?

o Timer output enable register 0 (TOEQ)"**"

o Timer output register 0 (TOO0)"*"

o Timer output level register 0 (TOLO)"""

o Timer output mode register 0 (TOMO)"™®"

o Timer triangle wave output mode register 0 (TOTO)

)Note 1

Note 1

o Timer dead time output enable register 0 (TDEO)
o Timer real-time output register 0 (TROO)

o Timer real-time output enable register 0 (TREO)

o Timer real-time control register 0 (TRCO)

e Timer modulation output enable register 0 (TMEOQ)
e TAU option mode register (OPMR)

e TAU option status register (OPSR)

e TAU option Hi-Z start trigger register (OPHS)

o TAU option Hi-Z stop trigger register (OPHT)

e TAU option control register (OPCR)

e Input switch control register (ISC)"*"

¢ Noise filter enable registers 1, 2 (NFEN1, NFEN2)""'

¢ Port mode registers 0, 1, 3, 5, 7 (PM0, PM1, PM3, PM5, PM7)""*"*
o Portregisters 0, 1, 3, 5, 7 (PO, P1, P3, P5, P7)""?

Notes 1. The inverter control function can be achieved by adding option functions to timer array unit TAUS. In
this chapter, only the registers to be used with the inverter control function are described. For other
registers that are to be used in common with timer array unit TAUS, refer to CHAPTER 6 TIMER

ARRAY UNIT TAUS.

2. This is not provided in the 78KOR/IB3.

3. The PMO and PO registers are only provided in the 78KOR/ID3 and 78KOR/IE3. The PM7 and P7
registers are not provided in the 78KOR/IB3.

Remark n=00to 11
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(1) Peripheral enable register 2 (PER2)
PER?2 is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to a hardware
macro that is not used is stopped in order to reduce the power consumption and noise.

When using timer array unit TAUS and the inverter control function, be sure to set bit 0 (TAUOEN) and bit 1
(TAUOPEN) of this register to 1.

PER2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears PER2 to 00H.

Figure 7-3. Format of Peripheral Enable Register 2 (PER2)

Address: FOOF2H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 <1> <0>
PER2 I 0 0 0 0 0 0 TAUOPEN | TAUOEN
TAUOEN Control of timer array unit TAUS input clock
0 Stops input clock supply.

e SFR used by timer array unit TAUS cannot be written.
e Timer array unit TAUS is in the reset status.

1 Enables input clock supply.
o SFR used by timer array unit TAUS can be read/written.

TAUOPEN Control of inverter control block input clock

0 Stops input clock supply.
e SFR used by the inverter control block cannot be written.
e The inverter control block is in the reset status.

1 Enables input clock supply.
o SFR used by the inverter control block can be read/written.

Cautions 1. When setting timer array unit TAUS and the inverter control function, be sure to set
TAUOEN and TAUOPEN to 1 first. If TAUOEN and TAUOPEN = 0, writing to a control
register of timer array unit TAUS and the inverter control function is ignored, and all read
values are default values (except for timer input select register 0 (TIS0), input switch
control register (ISC), noise filter enable registers 1, 2 (NFEN1, NFEN2), port mode
registers 0, 1, 3, 5, 7(PM0, PM1, PM3, PM5, PM7), port registers 0, 1, 3, 5, 7 (P0, P1, P3, P5,
P7)).

2. Be sure to clear bits 2 to 7 of the PER2 register to 0.
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)

©)

(4)

@)

(8)

)

Timer clock select register 0 (TPSO0)

Timer mode register n (TMRn)

Timer status register n (TSRn)

Timer channel enable status register 0 (TEQ)

Timer channel start register 0 (TS0)

Timer channel stop register 0 (TTO)

Timer input select register 0 (TISO)

Timer output enable register 0 (TOEO)

(10) Timer output register 0 (TOO0)

(11) Timer output level register 0 (TOLO)

(12) Timer output mode register 0 (TOMO)

The above-mentioned registers (2) to (12) are used in common with timer array unit TAUS.

For details, refer to 6.3 Registers Controlling Timer Array Unit TAUS.
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(13) Timer triangle wave output mode register 0 (TOTO)

370

TOTO controls the timer output mode of the slave channel that is set by setting TOMm of the TOMO register to
1.

The setting of each channel m specified by using this register is applied when TREm and TMEm are set to O
or TREm and TMEm are set to 1, when timer output is enabled (TOEm = 1) and TOMm is set to 1.

TOTO can be rewritten when timer operation is stopped (TEm = 0).

TOTO can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 7-4. Format of Timer Triangle Wave Output Mode Register 0 (TOTO0)

Address: FO1E8H, FO1E9H  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOTO 0 0 0 0 |TOT |TOT | TOT | TOT | TOT | TOT | TOT | TOT | TOT | TOT | TOT | TOT
11 10 09 08 07 06 05 04 03 02 01 00

TOT Selection of slave channel output mode of channel m

0 | Sets by a master channel timer interrupt request signal (INTTMn) and resets by a slave channel
timer interrupt request signal (INTTMm).

1 Sets by a timer interrupt request signal during a down status (INTTMm) and resets by a timer
interrupt request signal during an up status (INTTMm)"*.

Note Set the slave channel to TOTm = 1 when triangle wave PWM has been generated.
Caution Be sure to clear bits 15 to 12 to 0.
Remark n: Master channel number, m: Slave channel number

n =00, 02, 04, 06, 08
n<m<11
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(14) Timer real-time output enable register 0 (TREO)
TREO enables or stops the timer output of each channel when the real-time output function is used.
TREO can be rewritten when timer operation is stopped (TEn = 0).
TREO can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-5. Format of Timer Real-Time Output Enable Register 0 (TREO)

Address: FO1EAH, FO1EBH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TREO 0 0 0 0 |TRE | TRE | TRE | TRE | TRE | TRE | TRE | TRE | TRE | TRE | TRE | TRE
11 10 09 08 07 06 05 04 03 02 01 00

TRE Real-time output enable/disable of channel n

0 | Stops real-time output.

1 Enables real-time output.

Caution Be sure to clear bits 15 to 12 to 0.
Remark n=00to 11

(15) Timer real-time output register 0 (TRO0)
TROO is a timer output buffer register for the real-time output function. The value of each bit of this register is
output from the timer output pin (TOn) of each channel when the real-time output is enabled.
The TROO setting does not affect timer operation when the real-time output is stopped (TREn = 0). The TOn
pin output is changed by the real-time output and timer operation (trigger generation channel) when the real-
time output is enabled (TREn = 1).
TROO can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-6. Format of Timer Real-Time Output Register 0 (TROO0)

Address: FO1ECH, FO1IEDH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TROO 0 0 0 0 | TRO |TRO | TRO | TRO | TRO | TRO | TRO | TRO | TRO | TRO | TRO | TRO
11 10 09 08 07 06 05 04 03 02 01 00

TRO Real-time output level

0 Low level

1 High level

Caution Be sure to clear bits 15 to 12 to 0.

Remark n=00to 11
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(16) Timer real-time control register 0 (TRCO)

TRCO sets the channel generated by the real-time output trigger.
TRCO can be rewritten when timer operation is stopped (TEn = 0).

TRCO can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Address: FO1EEH, FO1EFH  After reset: 0000H R/W

Symbol
TRCO

372

Figure 7-7. Format of Timer Real-Time Control Register 0 (TRCO)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 |TRC|TRC |TRC | TRC | TRC | TRC | TRC | TRC | TRC | TRC | TRC | TRC
11 10 | 09 | 08 07 | 06 | 05 | 04 | 03 | 02 01 00
TRC Selection of real-time output trigger function
n
0 | Does not operate as a real-time output trigger generation channel.

The timer interrupt request signal (INTTMn) of the channel that is set to TRCn = 1 at a higher
channel becomes the real-time output trigger.

Operates as a real-time output trigger generation channel.
The timer interrupt request signal (INTTMn) of the channel becomes the real-time output trigger of a

lower channel.

Remark n=00to 11

Caution Be sure to clear bits 15 to 12 to 0.
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(17) Timer dead time output enable register 0 (TDEO)

TDEDO enables or disables dead time control of the timer output of each channel.

The setting of each channel n specified by using this register is applied when timer output is enabled (TOEn =

1), and TOMn and TOTn are set to 1.

TDEO can be rewritten when timer operation is stopped (TEn = 0).

The TDEnN value must be set the same for the even-number channel and odd-number channel for which dead

time control is performed, because dead time control is performed for a set of an even-number channel and

odd-number channel (even-number channel + 1).
TDEDO can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Address: FO1F2H, FO1F3H  After reset: 0000H R/W

Figure 7-8. Format of Timer Dead Time Output Enable Register 0 (TDEO)

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TDEO 0 0 0 O | TDE | TDE | TDE | TDE | TDE | TDE | TDE | TDE | TDE | TDE | TDE | TDE
11 10 09 08 07 06 05 04 03 02 01 00
TDE Selection of dead time control
n
0 Disables dead time control.
1 Enables dead time control.

Caution Be sure to clear bits 15 to 12 to 0.

Remark n=00to 11
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(18) Timer modulation output enable register 0 (TMEO)
TMEDOQ enables or disables the operation of the modulated-output function of timer output and real-time output.
TMEQO can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-9. Format of Timer Modulation Output Enable Register 0 (TMEO)

Address: FO1FOH, FO1F1H  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMEO 0 0 0 0 | TME | TME | TME | TME | TME | TME | TME | TME | TME | TME | TME | TME
11 10 09 08 07 06 05 04 03 02 01 00

TME Real-time output level

0 Disables modulated output of timer output and real-time output.

1 Enables modulated output of timer output and real-time output.

Caution Be sure to clear bits 15 to 12 to 0.

Remark n=00to 11
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(19) TAU option mode register (OPMR)
OPMR sets the operation mode of the inverter control function option unit.
OPMR can be rewritten only if HIE1 and HIEO of the OPCR register are set to 00B and master channels 00
and 04 of TAUS are stopped (TE0O = 0, TEO4 = 0).
OPMR can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-10. Format of TAU Option Mode Register (OPMR) (1/2)

Address: F0220H After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OPMR |OPM | HPS |HSM |HDM | ATS | ATS | ATS | ATS | TLS | TLS | TLS | TLS | TLS | TLS | HIS | HIS
3 2 1 0 7 6 5 4 3 2 1 0

OPM Operation mode selection

0 | 6-phase output control mode (TOO02 to TO07 become Hi-Z control targets, and Hi-Z control and
cancellation are set by the HDM bit.)

1 Half-bridge output control mode (when channel 0 and channel 4 are the period registers)

(TO02 and TOO3 are set to Hi-Z by the TMOFFO pin or internal comparator CMP0. TO06 and TO07
are set to Hi-Z by the TMOFF1 pin or internal comparator CMP1. A Hi-Z state is cancelled by the
HSM bit.)

HPS Hi-Z input pin selection

0 | Uses the TMOFFO and TMOFF1 pins as the Hi-Z control signal.

1 Uses the internal comparator output signal as the Hi-Z control signal.

HSM Hi-Z cancellation method selection (when OPM = 1)

0 | A Hi-Z state can be cancelled in synchronization with the period after the inactive edge of an internal
comparator (CMPO/CMP1) or TMOFFO, TMOFF1 is detected.

1 A Hi-Z state can be cancelled in synchronization with the period after the edge by a software write is
detected.

HDM Hi-Z cancellation method selection (when OPM = 0)

0 | 2-stage overcurrent detection mode

(A Hi-Z state is set when the active edge of internal comparator 0 (CMPO side) or TMOFFO is
detected, and the Hi-Z state is cancelled in synchronization with the period after an inactive edge is
detected. Furthermore, a Hi-Z state is set when the active edge of internal comparator 1 (CMP1
side) or TMOFF1 is detected, and the Hi-Z state is cancelled in synchronization with the period after
the edge by a software write is detected.)

1 Overcurrent/electromotive force detection mode

(A Hi-Z state is set by reversing the internal comparator 0 output or reversing the TMOFFO active
edge detection, and thus detecting the overcurrent side (high-potential CMP1 or TMOFF1) and the
electromotive force side (low-potential CMPO or TMOFFO0). The Hi-Z state can be cancelled in
synchronization with the period after inactive edge detection of an internal comparator or TMOFFO,
TMOFF1.)

Caution There is no TMOFF1 pin in the 78KOR/IB3. Consequently, in the 78KOR/IB3, high
impedance cannot be controlled by using the TMOFF1 pin.
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Figure 7-10. Format of TAU Option Mode Register (OPMR) (2/2)

Address: FO220H After reset: 0000H R/W

Symbol
OPMR

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OPM [ HPS | HSM [HDM | ATS | ATS | ATS | ATS | TLS | TLS | TLS | TLS | TLS | TLS | HIS | HIS
3 2 1 0 7 6 5 4 3 2 1 0
ATS | ATS Timer trigger signal 1 for A/D conversion selection
3 2 OPM = 0: uses channel 9 for interrupt generation
OPM = 1: uses channel 5 for interrupt generation
0 0 Generates an A/D trigger for the match interrupt during a down status period of the master
channel.
0 1 Generates an A/D trigger for the match interrupt during an up status period of the master
channel.
1 0 Generates an A/D trigger for the match interrupt during an up or a down status period of the
master channel
1 1 Generates an A/D trigger for the match interrupt during an up or a down status period of the
master channel + valley interrupt of the master channel
ATS | ATS Timer trigger signal O for A/D conversion selection
1 0 OPM = 0: uses channel 8 for interrupt generation
OPM = 1: uses channel 1 for interrupt generation
0 0 Generates an A/D trigger for the match interrupt during a down status period of the master
channel.
0 1 Generates an A/D trigger for the match interrupt during an up status period of the master
channel.
1 0 Generates an A/D trigger for the match interrupt during an up or a down status period of the
master channel
1 1 Generates an A/D trigger for the match interrupt during an up or a down status period of the
master channel + valley interrupt of the master channel
TLSm Output reversal control (m =2 to 7)
0 Performs forward output of timer output (TOOm).
1 Performs reverse output of timer output (TOOm).
HIS1 TMOFF1 valid edge selection

0 | Sets the falling edge as valid.

1 Sets the rising edge as valid.

The setting of HIS1 is enabled when HPS = 0.

HISO

TMOFFO valid edge selection

0 | Sets the falling edge as valid.

1 Sets the rising edge as valid.

The setting of HISO is enabled when HPS = 0.

(Cautions and Remark are given on the next page.)
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Cautions 1. There is no TMOFF1 pin in the 78KOR/IB3.
2. The TMOFFO0 and TMOFF1 pins are shared with external interrupt request inputs
INTP3 and INTP7, respectively. Therefore, select the valid edges of INTP3 and
INTP7 according to the valid edges of the TMOFF0O and TMOFF1 pins (For
details about selecting the valid edges of INTP3 and INTP7, see 17.3 (4)).
3. When using the A/D conversion trigger output function (type 1) (see 7.5.8), set
ATS1 to 0 and ATSO to 1.

Remark n=02to 07
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(20) TAU option status register (OPSR)
OPSR displays various statuses of the motor control option unit.
OPSR can be read by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-11. Format of TAU Option Status Register (OPSR)

Address: F0222H  After reset: 0000H R
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OPSR 0 0 0 0 0 0 |HZO|HzZO| O 0 0 0 0 0 |HZIF | HZIF
F1 FO 1 0

HzZO Hi-Z control signal 1" operation status
F1

0 Hi-Z control signal 1 is low level (normal timer output)

1 Hi-Z control signal 1 is high level (Hi-Z output status)

HZO Hi-Z control signal 0" operation status
FO

0 Hi-Z control signal 0 is low level (normal timer output)

1 Hi-Z control signal 0 is high level (Hi-Z output status)

HZIF TMOFF1 pin input signal/internal comparator 0 output signal status

0 TMOFF1 pin is at low level when HPS of OPMR is 0.
Internal comparator 1 output signal is at low level when HPS of OPMR is 1.

1 TMOFF1 pin is at high level when HPS of OPMR is 0.
Internal comparator 1 output signal is at high level when HPS of OPMR is 1.

HZIF TMOFFO pin input signal /internal comparator 0 output signal status

0 | TMOFFO pin is at low level when HPS of OPMR is 0.
Internal comparator 0 output signal is at low level when HPS of OPMR is 1.

1 TMOFFO pin is at high level when HPS of OPMR is 0.
Internal comparator 0 output signal is at high level when HPS of OPMR is 1.

Note The pins controlled by Hi-Z control signals 0 and 1 are as follows, according to the setting of

the OPM bit of the OPMR register..

¢ When OPM =0
Hi-Z control signal 0 controls the TO02 to TO07 pins — Check the operating status by
using HZOF1.

e When OPM =1
Hi-Z control signal 0 controls the TO02 and TOO03 pins — Check the operating status by
using HZOFO.
Hi-Z control signal 1 controls the TO06 and TOO07 pins — Check the operating status by
using HZOF1.

Caution  There is no TMOFF1 pin in the 78KOR/IB3.
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(21) TAU option Hi-Z start trigger register (OPHS)
OPHS sets the Hi-Z controller software trigger. Set this register to 1 to start the Hi-Z output of the TO02 to
TOO07 pins when the software trigger is set as valid. Because OPHSn is a trigger bit, OPHSn will be cleared
as soon as the TO02 to TOQ7 pins become high impedance (HZOFn = 1).
OPHS can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-12. Format of TAU Option Hi-Z Start Trigger Register (OPHS)

Address: F0224H  After reset: 0000H W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

OPHS 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |OPH|OPH
S1 SO

OPH Hi-Z control output signal 1
S1

1 When OPM of OPMR is 0: Setting is invalid
TOO06 and TOO7 pins is at Hi-Z output when OPM of OPMR is 1.

OPH Hi-Z control output signal 0
SO

0 —

1 TOO02 to TOO7 pins is at Hi-Z output when OPM of OPMR is 0.
TOO02 and TOO3 pins is at Hi-Z output when OPM of OPMR is 1.

Caution Be sure to clear bits 15 to 2 to 0.

Remarks 1. When the OPHS register is read, 0000H is always read.
2.n=0,1
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(22) TAU option Hi-Z stop trigger register (OPHT)
OPHT sets the Hi-Z controller software trigger. Set this register to 1 to cancel the Hi-Z status of the TO02 to
TOO07 pins when the software trigger is set as valid. Because OPHTn is a trigger bit, OPHTn will be cleared as
soon as the Hi-Z cancellation request signal is output.

OPHT can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-13. Format of TAU Option Hi-Z Stop Trigger Register (OPHT)

Address: F0226H  After reset: 0000H W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OPHT 0 0 0 0 0 0 0 0 0 0 0 0 0 0 | OPH|OPH
T TO
OPH | OPM | HSM | HZIF Hi-Z control output signal 1
T1 1
0 - — - -
1 1 0 | The Hi-Z state of TO06 and TOO7 is canceled in synchronization with the PWM
cycle.
1 | The Hi-Z state of TO06 and TOO07 cannot be cancelled.
These bits are invalid other than when OPM = 1 and HSM = 1.
OPH |OPM |HDM [HSM | HZIF [HZIF Hi-Z control output signal 0
TO 1 0
0 — — — — — —
0 0 - 0 — | The Hi-Z state of TO02 to TOO7 is canceled in synchronization with
the PWM cycle.
0 0 - 1 — | The Hi-Z state of TO02 to TO07 cannot be cancelled.
- 1 - 0 The Hi-Z state of TO02 and TOO03 is canceled in synchronization
with the PWM cycle.
1 - 1 - 1 The Hi-Z state of TO02 and TO03 cannot be cancelled.
These bits are invalid other than when OPM = 0 and HDM = 0 or when OPM = 1 and HSM = 1

Caution Be sure to clear bits 15 to 2 to 0.

Remarks 1. When the OPHT register is read, 0000H is always read.

: Bit 15 of TAU option mode register (OPMR)

: Bit 13 of TAU option mode register (OPMR)

: Bit 12 of TAU option mode register (OPMR)
HZIF0 and 1 : Bits 0 and 1 of TAU option mode register (OPMR)
3. n=0,1
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(23) TAU option controll register (OPCR)
OPCR specifies whether to enable detection of the edge of TMOFFO or TMOFF1, or the internal comparator 0
output signal or internal comparator 1 output signal.

OPCR can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears OPCR to 0000H.

Figure 7-14. Format of TAU Option Control Register (OPCR)

Address: F0228H  After reset: 0000H R/W

Symbol
OPCR

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 HIE | HIE
1 0
HIE1 | Enabling or disabling detection of the input edge of TMOFF1 or the internal comparator 1 output
signal
0 Disables detection of the input edge of TMOFF1 or the internal comparator 1 output signal.
1 Enables detection of the input edge of TMOFF1 or the internal comparator 1 output signal, as
specified by the HPS bit.
HIEO | Enabling or disabling detection of the input edge of TMOFFO or the internal comparator 0 output
signal
0 Disables detection of the input edge of TMOFFO or the internal comparator 0 output signal.

Enables detection of the input edge of TMOFFO or the internal comparator 0 output signal, as
specified by the HPS bit.

Cautions 1. There is no TMOFF1 pin in the 78KOR/IB3.

2. Be sure to clear bits 15to 2 to 0.
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(24) Input switch control register (ISC)
(25) Noise filter enable registers 1, 2 (NFEN1, NFEN2)
(26) Port mode registers 0, 1, 3, 5, 7 (PMO, PM1, PM3, PM5, PM7)

The above-mentioned registers (24) to (26) are used in common with timer array unit TAUS.
For details, refer to 6.3 Registers Controlling Timer Array Unit TAUS.
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7.4 Basic Rule of Real-time Output Function

The basic rules of using the real-time output function are as follows.

(1)
@)

@)

7)

Set TREN to 1 to reflect the real-time output (set value of TROn) in the TOn output.

The timing of when the set value of TROn is reflected in the TOn output is controlled by the INTTMn interrupt
of the trigger generation channel.

If TRON is changed during real-time output, the changed value is reflected in the TOn output by the
occurrence of the INTTMn interrupt of the trigger generation channel. The set value of TROn is not reflected
in the TOn output when any interrupt other than the INTTMn interrupt of the trigger generation channel
occurs.

The trigger generation channel is the channel in which TRCn is set to 1.

The trigger generation channel can be set regardless of whether the channel is a master or slave.

The lower channel of the trigger generation channel (TRCn = 1), in which TRCn is set to 0, is controlled by
the trigger generation channel. The higher channel of the trigger generation channel cannot be controlled by
the trigger generation channel.

Example: If TRC02, TRCO05, and TRCO7 are set to 1 and the other TRCm (m = 03, 04, 06, 08 to 11) are set

to 0, channels 2, 5, and 7 become the trigger generation channels.

e Inthe case of channel 2, channel 2 and the lower channels in which TRC03 and TRCO04 are set
to 0 (channels 3 and 4) are controlled.

e Inthe case of channel 5, channel 5 and the lower channels in which TRCO6 is set to 0 (channel
6) are controlled.

e In the case of channel 7, channel 7 and the lower channels in which TRC08 to TRC11 are set
to 0 (channel 8 to 11) are controlled.

Even if TREn is set to 0 and TRCn is set to 1, the channel in which TRCn is set to 1 becomes the trigger
generation channel.

Even if TREn is set to 1, if that channel or higher channel is not set as the trigger generation channel (TRCn
= 1), real-time output is not possible.

Example: If TRC00 and TRCO1 are set to 0 and TRCO2 is set to 1, channel 2 becomes the trigger generation

channel.

In this case, if TREQO is set to 0 and TREO1 and TREO2 are set to 1:

e TREOO = 0 in channel 0, so real-time output cannot be used.

e TREO1 =1 in channel 1, but neither channel 1 nor its higher channel are set as the trigger
generation channel, so real-time output cannot be used.

e TREO2 =1 in channel 2, and channel 2 is set as the trigger generation channel, so real-time
output can be used.

(8) If TRCOO is set to 0 in channel 0, there will be no trigger generation channel set for the higher channel of

channel 0, so even if TREOQO is set to 1, real-time output cannot be used for channel 0.

Remark n=01to 11 (Trigger generation channel: n = 01 to 10)
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384

output trigger

output

output trigger

because

output trigger

TAUS
Real-time Output
Channel 0 : TREOO = 1. TRCO0 = 0 X | TRCn = 0 in the actual channel or its
7 higher channel, so real-time output
Channel 1: TREO1 = 1, TRCO1 = 0 X / cannot be used.
__________________________________________________ Group that uses the real-time
AN | —
Channel 2 : TRE02 = 1, TRC02 = 1 o ‘/ genorated by channol 2
Channel 3: TRE03 = 1, TRCO3 = 0 o TREO4 = 0, so real-time
; |~ cannot be used for channel 4.
Channel 4 : TREO4 = 0, TRC04 =0 X /
T e ’ Group that uses the real-time
""""""""""""""""""""""""""" A/ generated by channel 5
Channel 5: TREO5 = 0, TRCO05 = 1 X 1
\\ Channel 5 is used as the trigger
Channel 6 : TRE06 = 1, TRC06 = 0 O generation - channel, but
V\:\ TREO5 = 0, real-time output cannot
""""""""""""""""""""""""""""" ’ o be used for channel 5.
---------------------------------------------------- Real-time output is used for channel
Channel 7 : TREO7 =1, TRCO7 =1 O ! . .
' 6, using channel 5 as the trigger.
Channel 8 : TRE08 = 1, TRC08 = 0 O Group that uses the real-time
! | —
« generated by channel 7
Channel 9 : TRE09 = 0, TRC09 = 0 X '
Channel 10 : TRE10 = 0. TRC10 = 0 X : Real-time output is used for channel
: |_— 11, using channel 7 as the trigger.
Channel 11 : TRE11 =1, TRC11 =0 /
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7.5 Operation Using Inverter Control Function

7.5.1 Operation as real-time output function (type 1)

The values of TROn and TROm can be output from TOn and TOm by using the INTTMn output of the real-time
output trigger generation channel.

This function is an extension of the function described in 6.7.1 Operation as interval timer/square wave output.

The real-time output trigger generation channel (channel to which TRCn = 1 is set) outputs INTTMn at a fixed
interval and generates a real-time output trigger.

The real-time output channel (channels to which TRCm = 0 and TREm = 1 are set) outputs the set value of TROm
from TOm by the real-time output trigger.

The interrupt generation period of the real-time output trigger generation channel can be calculated by the
following expression.

INTTMn generation period = Count clock period x (Set value of TDRn + 1)

The channel to which TRCn = 1 was set becomes the real-time output trigger generation channel and operates in
the interval timer mode.

TCRn loads the value of TDRn at the first count clock, after the channel start trigger bit (TSn) is set to 1. At this
time, INTTMn is not output and TOn is not toggled when MDn0O of TMRn is 0. INTTMn is output and TOn is toggled
when MDnO of TMRn is 1.

Afterward, TCRn counts down along with the count clock.

When TCRn has become 0000H, INTTMn is output and TOn is toggled upon the next count clock. TCRn loads the
value of TDRn again at the same timing. Similar operation is continued hereafter.

The set value of TROnN is output from TOn at the INTTMn output timing of the real-time output trigger generation
channel.

TOm of the lower channel (real-time output channel (TRCm = 0)) of the real-time output trigger generation channel
(TRCn = 1) is controlled by the TREm and TRCm bits. The TOm output level will not change by only rewriting TROm.

When TREm of the real-time output channel (TRCm = 0) is 1, TOm outputs the set value of TROm at the INTTMn
output timing of the real-time output trigger generation channel. In the lower channel, TOm is not toggled at the
INTTMn output timing of the real-time output trigger generation channel when TREm = 0 or TRCm = 1.

When this function is used, TCRm, TDRm, and INTTMm of the lower channel can be operated as different
functions.

Remark n=01to 10 (78KOR/IB3: n =01 to 07)
m=02to 11 (78KOR/IB3: m = 02 to 07)
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Figure 7-15. Block Diagram of Operation as Real-Time Output Function (Type 1)

Real-time output trigger generation channel

TRCn =1
(interval timer mode)

Operation clockNete

Real-time output channel

TRCm =0
(arbitrary mode)

CKO0O0 or CKO2 —=

CKO01 or CKO3—

Timer real-time

TROn output register 0 (TROO)

Real-time output

Timer counter
—1  register n (TCRn)

Clock
selection

Timer data register n

TSn

(TDRn)

controller

Output ——=QTOn pin

controller

Interrupt .
controller [ Interrupt signal

Trigger
selection

(INTTMn)

Trigger from higher channel

Timer real-time
output register 0 (TROO)

Real-time output

controller

Output ——@TOm pin

controller

Trigger to lower channel

Note The operation clocks of channels 0 to 7 are selected from CKOO and CKO1, and those of channels 8 to 11
from CK02 and CKO03.

Remark n=01to 10 (78KOR/IB3: n =01 to 07)
m =02 to 11 (78KOR/IB3: m = 02 to 07)
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Figure 7-16. Example of Basic Timing of Operation as Real-Time Output Function (Type 1)

TSn

TEn

Real-time oqtput trigger TCRn
generation channel

TDRn

INTTMn

TRON

TOn

TROm
Real-time output

channel

TOm

(Default setting : TOn, TOm = 0, MDn0 = 1)

FFFFH

0000H

N_| 7/

N_| 7/
\__7

"/

) b+1

7
[

|

Remark n=01to 10 (78KOR/IB3: n =01 to 07)
m=02to 11 (78KOR/IB3: m = 02 to 07)
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Figure 7-17. Example of Set Contents of Registers During Operation as
Real-Time Output Function (Type 1) (1/2)

(a) Timer mode register n (TMRn) of real-time output trigger generation channel (TRCn = 1)

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

TMRn | cksn CCS1n | CCSOn T""EARSn STsn2 | STSn1 | STSnO | CIsnt | CISno MDn4 | MDn3 | MDn2 | MDn1 | MDno
10| O 0 0 0 0 0 0 0 0 0 0 0 0 0 | 1/0
LI | I L1 | ]

Operation mode of channel n
0000B: Interval timer

Setting of operation when

counting is started

0: Neither generates INTTMn
nor inverts timer output
when counting is started.

1: Generates INTTMn and
inverts timer output when
counting is started.

Selection of TIn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
0: Independent channel operation function

Count clock selection
00B: Selects operation clock.

| Operation clock selection
0: Selects CKOO (channels 0 to 7) or CK0O2 (channels 8 to 11) as operation clock of channel n.
1: Selects CKO1 (channels 0 to 7) or CKO3 (channels 8 to 11) as operation clock of channel n.

(b) Other registers of real-time output trigger generation channel (TRCn = 1)

TOEO:TOEnNn 0: Stops the TOn output operation by counting operation.

1: Enables the TOn output operation by counting operation.
TOO:TOn 0: Outputs a low level from TOn.

1: Outputs a high level from TOn.
TOMO:TOMn 0: Master channel output mode
TOTO:TOTn 0: Sets 0 when TOMn = 0 (master channel output mode).
TOLO:TOLn 0: Sets 0 when TOMn = 0 (master channel output mode).
TDEO:TDEn 0: Stops dead time control.
TREO:TREnNn 0: Stops real-time output.

1: Enables real-time output.
TROO:TROn 0: Outputs a low level as real-time output.

1: Outputs a high level as real-time output.
TRCO:TRCn 1: Operates as the real-time output trigger generation channel.
TMEO:TMEn 0: Stops modulated output.

Remark n =01 to 10 (78KOR/IB3: n = 01 to 07)
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Figure 7-17. Example of Set Contents of Registers During Operation as

Real-Time Output Function (Type 1) (2/2)

(c) Timer mode register m (TMRm) of real-time output channel (TRCm = 0)
With the real-time output function (type 1), TMRm of the channel when TRCm is set to 0 can be set arbitrarily.

(d) Other registers of real-time output channel (TRCm = 0)

TOEO:TOEm 0: Stops the TOm output operation by real-time output operation.
1: Enables the TOm output operation by real-time output operation.
TOO0:TOm 0: Outputs a low level from TOm.
1: Outputs a high level from TOm.
TOMO:TOMm 0: Sets 0 when TREm = 1 (enables real-time output).
TOTO:TOTm 0: Sets 0 when TOMm = 0 (master channel output mode).
TOLO:TOLm 0: Sets 0 when TOMm = 0 (master channel output mode).
TDEO:TDEm 0: Stops dead time control.
TREO:TREm 1: Enables real-time output.
TROO0:TROm 0: Outputs a low level as real-time output.
1: Outputs a high level as real-time output.
TRCO:TRCm 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEm 0: Stops modulated output.

Remark m =02 to 11 (78KOR/IB3: n = 02 to 07)
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Operation is resumed.

Figure 7-18. Operation Procedure of Real-Time Output Function (Type 1) (1/2)

Software Operation Hardware Status
TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setng | | dsabed)
Sets the TAUOEN and TAUOPEN bits of the PER2
register to 1. »| Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is
ol ___|_emabled) ____________________
Sets the TPSO register.
Determines the clock frequencies of CKOO and CKO1
for channels 0 to 7, and those of CK02 and CKO03 for

channels 8 to 11.

Channel | [Real-time output trigger generation channel (TRCn = 1)] | Channel stops operating.

default Sets the TMRn register (determines operation mode (Clock is supplied and some power is consumed.)
setting of channel).

Sets interval (period) value to the TDRn register.
Sets the TRCm bit to 1 (trigger generation channel). The TOn and TOm pins go into Hi-Z output state.
Sets the TREm bit to 1 (real-time output enable).

[Real-time output channel (TRCm = 0)]
Sets the TRCm bit to 0 (non-trigger generation
channel).
| _ Sets the TREm bitto 1 (real-time outputenable). | . __________
Sets the TOEn and TOEm bits to 1 and enables ——®| TOn and TOm do not change because channel has stopped
output of TOn and TOm. operating.

Clears the port register and port mode register to 0. —® The TOn and TOm pins output the TOn and TOm set levels.

Operation | Sets the TOEn and TOEm bits to 1 (only when operation | [Real-time output trigger generation channel (TRCn = 1)]

start is resumed).
Sets the TSn bit of the trigger generation channel to 1.—% TEn = 1, and count operation starts.
The TSn bit automatically returns to 0 because it is a Value of TDRn is loaded to TCRn at the count clock input.
trigger bit. INTTMn is generated if the MDnO bit of the TMRn register
is 1.
During Set value of the TDRn register can be changed. Counter (TCRn) counts down. When count value reaches
operation | The TCRn register can always be read. 0000H, the value of TDRn is loaded to TCRn again and the
Set values of the TROn and TROm bits can be count operation is continued. By detecting TCRn = 0000H,
changed. INTTMn is generated. After that, the above operation is
repeated.

The set value of TROm of the real-time output channel is
output from TOm at the INTTMn output timing.

Operation | The TTn bit is set to 1. TEn = 0, and count operation stops.
stop The TTn bit automatically returns to 0 because it is a TCRn holds count value and stops.
trigger bit. The TOn output is not initialized but holds current status
and stops.

The TOEn and TOEm bits are cleared to 0 and values —®The set values of TOn and TOm initialize the outputs of TOn
are set to TOn and TOm. and TOm.

Remark n=01to 10, m=02to 11 (78KO0R/IB3: n = 01 to 07, m = 02 to 07)
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Figure 7-18. Operation Procedure of Real-Time Output Function (Type 1) (2/2)

Software Operation Hardware Status
TAUS | To hold the TOn and TOm pin output levels
stop Clears the TOn and TOm bits to 0 after the values to be
held are set to the port register. The TOn and TOm pin output levels are held by port function.

When holding the TOn and TOm pin output levels is not
necessary
Switches the port mode register to input mode. —» The TOn and TOm pin output levels go into Hi-Z output state.

The TAUOEN and TAUOPEN bits of the PER2 register
are cleared to 0. Power-off status

All circuits are initialized and SFR of each channel is also
initialized.

(The TOn and TOm bits are cleared to 0 and the TOn and
TOm pins are set to port mode.)

Remark n=01to 10, m=02to 11 (78KOR/IB3: n = 01 to 07, m = 02 to 07)
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7.5.2 Operation as real-time output function (type 2)

The values of TROn and TROm can be output from TOn and TOm by using the INTTMn output of the real-time
output trigger generation channel. Real-time output by external pin input edge detection or software can be
performed.

The real-time output function (type 2) is an extension of the function described in 6.7.4 Operation as input pulse
interval measurement.

The real-time output trigger generation channel (channel to which TRCn = 1 is set) outputs INTTMn and generates
a real-time output trigger by valid edge detection of the TIn pin input or setting 1 to the channel start trigger (TSn).

The real-time output channel (channels to which TRCm = 0, TRE = 1 are set) outputs the set value of TROm from
TOm by the real-time output trigger. The TCRn value is captured to TDRn at the INTTMn generation timing, but the
TDRn value is not used.

The channel to which TRCn = 1 was set becomes the real-time output trigger generation channel and operates as
an up counter in the capture mode.

TCRn starts counting up from 0000H along with the count clock, when the channel start trigger (TSn) is set to 1
while TEn is 0 or when the valid edge of the Tln input is detected.

At this time, INTTMn is not output and TOn is not toggled when MDnO of the TMRn register is 0. INTTMn is output
and TOn is toggled when MDnO of the TMRn register is 1.

The counter (TCRn) is cleared to 0000H and INTTMn is output at the same time the count value is transferred
(captured) to TDRn, when the valid edge of the TIn pin input is detected or when the channel start trigger (TSn) is set
to 1.

The set value of TROn is output from TOn at the INTTMn output timing of the real-time output trigger generation
channel.

TOm of the lower channel (real-time output channel) of the real-time output trigger generation channel (TRCn = 1)
is controlled by the TREm bit. The TOm output level will not change by only rewriting TROm.

When TREm of the real-time output channel (TRCm = 0) is 1, TOm outputs the set value of TROm at the INTTMn
output timing of the real-time output trigger generation channel. In the lower channel, TOm is not toggled at the
INTTMn output timing of the real-time output trigger generation channel when TREm =0 or TRCm = 1.

When the real-time output function (type 2) is used, TCRm, TDRm, and INTTMn of the lower channel can be
operated as different functions.

Remark n=011to 10 (78KOR/IB3: n = 01 to 07)
m =02 to 11 (78KOR/IB3: m = 02 to 07)
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Figure 7-19. Block Diagram of Operation as Real-Time Output Function (Type 2)

Real-time output trigger generation channel Timer real'-time
TRCn =1 output register 0 (TROO0)

(capture mode)

Real-time output
controller
CKO00 or CKO2—~| . §
Operation clockN® § g Timer counter
CKO1 or CKO3—=|©C @ —|  registern (TCRn) [
@ Output ©TOn pin
controller
TSn . g
5.0 - -
o= Timer data register n
Tin pin© Edge °3 (TDF{n;J cigtri:gflgtr L~ Interrupt signal
detection ] (INTTMn)

Real-time output channel
TRCm =0

(arbitrary mode)

Trigger from higher channel

Timer real-time
output register 0 (TROO)

Real-time output
controller

Output
controller

©TOm pin

Trigger to lower channel

Note The operation clocks of channels 0 to 7 are selected from CKOO and CKO1, and those of channels 8 to 11
from CK02 and CKO3.

Remark n=01to 10 (78KOR/IB3: n =01 to 07)
m=02to 11 (78KOR/IB3: m = 02 to 07)
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Figure 7-20. Example of Basic Timing of Operation as Real-Time Output Function (Type 2)
(Default setting : TOn, TOm = 0, MDnO = 0)

TSn
TEn
Tin M I |
Real-time output trigger — b d
. FFFFH
generation channel a c
TCRn

0000H

TDRn  0000H X}~ a b - « d

INTTMn

AN
o /|

TROm

-

Real-time output
channel

TOm

Remark n=01to10 (78KOR/IB3: n =01 to 07)
m=02to 11 (78KOR/IB3: m = 02 to 07)
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Figure 7-21. Example of Set Contents of Registers During Operation as
Real-Time Output Function (Type 2) (1/2)

(a) Timer mode register n (TMRn) of real-time output trigger generation channel (TRCn = 1)

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

TMRn | cKsn CCS1n | CCSon T""E’;S STSn2 | STSn1 | STSNO | CIsnt | CISno MDn4 | MDn3 | MDn2 | MDn1 | MDno
n
10| O 0 0 0 0 0 1 |10]10]| O 0 0 1 0 | 1/0

LI I | L] II|II

Operation mode of channel n
0010B: Capture mode

Setting of operation when

counting is started"**®

0: Neither generates INTTMn
nor inverts timer output
when counting is started.

1: Generates INTTMn and
inverts timer output when
counting is started.

Selection of TIn pin input edge
00B: Falling edge detection
01B: Rising edge detection
10B: Both-edge detection
11B: Setting prohibited

| trigger selection
000B: Selects software trigger.
001B: Selects valid edge of TIn pin input.

| Slave/master selection
0: Independent channel operation function

Count clock selection
00B: Selects operation clock.

| Operation clock selection
0: Selects CKO0O (channels 0 to 7) or CK02 (channels 8 to 11) as operation clock of channel n.
1: Selects CKO1 (channels 0 to 7) or CK03 (channels 8 to 11) as operation clock of channel n.

(b) Other registers of real-time output trigger generation channel (TRCn = 1)

TOEO:TOEnN 0: Stops the TOn output operation by counting operation.

1: Enables the TOn output operation by counting operation.
TOO:TOn 0: Outputs a low level from TOn.

1: Outputs a high level from TOn.
TOMO:TOMn 0: Master channel output mode.
TOTO:TOTn 0: Sets 0 when TOMn = 0 (master channel output mode).
TOLO:TOLN 0: Sets 0 when TOMn = 0 (master channel output mode).
TDEO:TDEn 0: Stops dead time control.
TREO:TREn 0: Stops real-time output.

1: Enables real-time output.
TROO:TROnN 0: Outputs a low level as real-time output.

1: Outputs a high level as real-time output.
TRCO:TRCn 1: Operates as the real-time output trigger generation channel.
TMEO:TMEn 0: Stops modulated output.

Note If a software trigger is selected by using the STSnO0 to STSn2 bits, set the MDnO bit to 1.

Remark n=01to 10 (78KOR/IB3: n = 01 to 07)
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Figure 7-21. Example of Set Contents of Registers During Operation as
Real-Time Output Function (Type 2) (2/2)

(c) Timer mode register m (TMRm) of real-time output channel (TRCm = 0)
With the real-time output function (type 2), TMRm of the channel when TRCm is set to 0 can be set arbitrarily.

(d) Other registers of real-time output channel (TRCm = 0)

TOEO:TOEm 0: Stops the TOm output operation by real-time output operation.

1: Enables the TOm output operation by real-time output operation.
TOO0:TOm 0: Outputs a low level from TOm.

1: Outputs a high level from TOm.
TOMO:TOMm 0: Sets 0 when TREm = 1 (enables real-time output).
TOTO:TOTm 0: Sets 0 when TOMm = 0 (master channel output mode).
TOLO:TOLm 0: Sets 0 when TOMm = 0 (master channel output mode).
TDEO:TDEm 0: Stops dead time control.
TREO:TREm 1: Enables real-time output.
TROO:TROm 0: Outputs a low level as real-time output.

1: Outputs a high level as real-time output.
TRCO:TRCm 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEm 0: Stops modulated output.

Remark m =02 to 11 (78KOR/IB3: n = 02 to 07)
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Operation is resumed.
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Figure 7-22. Operation Procedure of Real-Time Output Function (Type 2) (1/2)

Software Operation

Hardware Status

TAUS Power-off status
default (Clock supply is stopped and writing to each register is
setng | | dsabed)
Sets the TAUOEN and TAUOPEN bits of the PER2
register to 1. »| Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
| _emabled)
Sets the TPSO register.
Determines the clock frequencies of CKOO and CKO1
for channels 0 to 7, and those of CK02 and CKO083 for
channels 8 to 11.
Channel |Real-time output trigger generation channel (TRCn = 1) | Channel stops operating.
default Sets the TMRn register (determines operation mode (Clock is supplied and some power is consumed.)
setting of channel).
Sets the TRCm bit to 1 (trigger generation channel). The TOn and TOm pins go into Hi-Z output state.
Sets the TREm bit to 1 (real-time output enable).
Real-time output channel (TRCm = 0)
Sets the TRCm bit to 0 (non-trigger generation
channel).
| Setsthe TREmbitto 1 (realtime outputenable). |
Sets the TOEn and TOEm bits to 1 and enables output | TOn and TOm do not change because channel has stopped
of TOn and TOm. operating.
Clears the port register and port mode register to 0.~ P The TOn and TOm pins of the product output the TOn and
TOm set levels.
Operation | Sets the TOEn and TOEm bits to 1 (only when operation | Real-time output trigger generation channel (TRCn = 1)
start is resumed).
Sets the TSn bit of the trigger generation channel to 1. —¥ TEn = 1, and count operation starts.
The TSn bit automatically returns to 0 because it is a Clears TCRn to 0000H by count clock input. INTTMn is
trigger bit. generated if the MDnO bit of the TMRn register is 1.
During The TMRn register can only change the set values of Counter (TCRn) counts up from 0000H and transfers
operation | the CISn1 and CISnO bits. (captures) the count value to TDRn when the valid edge of
Set values of the TROn and TROm bits can be the TIn pin input is detected. At the same time, TCRn is
changed. cleared to 0000H and INTTMn is generated.
The OVF bit of the TSRn register is set or cleared when an
overflow occurs or does not occur at this time. After that, the
above operation is repeated.
The set value of TROm of the real-time output channel is
output from TOm at the INTTMn output timing.
Operation | The TTn bit is set to 1. TEn =0, and count operation stops.
stop The TTn bit automatically returns to 0 because it is a TCRn holds count value and stops.

trigger bit.

The TOEn and TOEm bits are cleared to 0 and values —H

TCRn also holds the OVF bit of the TSRn register.
The TOn output is not initialized but holds current status
and stops.

> The TOn and TOm pins output the set levels of TOn and

are set to the TOn and TOm bits.

TOm.

Remark n=011to 10 (78KOR/IB3: n =01 to 07)

m=02to 11 (78KOR/IB3: m = 02 to 07)
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Figure 7-22. Operation Procedure of Real-Time Output Function (Type 2) (2/2)

Software Operation

Hardware Status

TAUS
stop

To hold the TOn and TOm pin output levels

Clears the TOp and TOq bits to 0 after the values to be
—’
When holding the TOn and TOm pin output levels is not

held are set to the port register.

necessary
Switches the port mode register to input mode. ———»

The TAUOEN and TAUOPEN bits of the PER2 register

are cleared to 0.

The TOn and TOm pin output levels are held by port function.

The TOn and TOm pin output levels go into Hi-Z output state.

Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TOn and TOm bits are cleared to 0 and the TOn and
TOm pins are set to port mode.)

Remark n=01to 10 (78KOR/IB3: n = 01 to 07)

398

m=02to 11 (78KOR/IB3: m = 02 to 07)

User's Manual U19678EJ1V1UD




CHAPTER 7 INVERTER CONTROL FUNCTIONS

7.5.3 Operation as 6-phase PWM output function

By extending the PWM function and using seven channels in combination, a six PWM saw tooth wave modulation
can be output.

A total of six PWM output signals, one each from slave channel 2, slave channel 3, slave channel 4, slave channel
5, slave channel 6, slave channel 7 are output. Slave channel 1 can be operated in any operation mode.

The period and duty factor of an output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDRO0 (master) + 1} x Count clock period

Duty [%] = {Set value of TDRm (slave)}/{Set value of TDR0OO (master) + 1} x 100
0% output: Set value of TDRm (slave) = 0000H

100% output: Set value of TDRm (slave) > Set value of TDR0OO (master) + 1

Remark Although the duty value exceeds 100% if the set value of TDRm (slave) > {set value of TDR0OO
(master) + 1}, it is summarized into 100% output.

TCROO of the master channel operates in the interval timer mode and counts the periods.

With the 6-phase PWM output function, the operation mode of slave channel 1 can be set freely.

(To use the modulated-output function, slave channel 1 is used as the real-time output trigger generation channel.
For details of the this function, refer to 7.5.13 Operation as non-complementary modulation output
function(type 1).)

TCRm of slave channels 2 to 7 operates in one-count mode, counts the duty factor, and outputs a PWM waveform
from the TOm pin. TCRm loads the value of TDRm to TCRm, using INTTMOO of the master channel as a start trigger,
and starts counting down. When TCRm = 0000H, TCRm outputs INTTMm and stops counting until the next start
trigger (INTTMOO of the master channel) has been input. The output level of TOm becomes active one count clock
after generation of INTTMOO from the master channel, and inactive when TCRm = 0000H.

TDRO0 and TDRm of the master channel and slave channel become valid from the next period (generation of
INTTMOO of the master channel).

Cautions 1. To rewrite both TDRO0O0 of the master channel and TDRm of slave channels 2 to 7, write access
is necessary at least twice. Since the values of TDR00 and TDRm are loaded to TCR00 and
TCRm after INTTMOO is generated from the master channel, if rewriting is performed
separately before and after generation of INTTMOO from the master channel, the TOm pin
cannot output the expected waveform. To rewrite both TDR0O of the master and TDRm of the
slave, be sure to rewrite both the registers immediately after INTTMOO is generated from the
master channel.
2. TSO00 or TSm cannot be set to “1” (forcible restart) while TEO0 =1 or TEm = 1. If TS00 or TSm
is set to “1” while TE0O = 1 or TEm = 1, the counter value (TCR00 or TCRm) will be illegal and
TOO00 or TOm will not be able to output the expected waveform.

Remark m =02 to 07
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Figure 7-23. Block Diagram of Operation as 6-Phase PWM Output Function

Master channel
(interval timer mode)

CKO00 % 5
Operation clock o -8' Timer counter
o2 Output .
CKo1 C¢e | register 00 (TCROO) controller [——@TO00 pin
55
%‘g Timer data register 00 Interrupt
TS00 g% (TDRO00) controller — Interrupt signal
) (INTTMOO)
Slave channel 2
(one-count mode)
c
x .9
3% Timer counter Output
o2 utpu )
o % —) register 02 (TCROQ) controller ©T002 pin
56
(9] . .
o Timer data register 02 Interrupt .
gﬁ (TDROg) controll?ar ——= Interrupt signal
g (INTTMO02)
%
Slave channel 7
(one-count mode)
c
x 0
8% Timer counter Output
o3 .
g —| register 07 (TCRO07) controller ©T1007 pin
56
> - )
o5 Timer data register 07 Interrupt :
s — Interrupt signal
Fg (TDRO7) controller (INTTMO?)
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Figure 7-24. Example of Basic Timing of Operation as 6-Phase PWM Output Function
(Default setting : TOm = 0)

TS00 |

TEOO

FFFFH

Master
channel 0 TCROO 0000H \ \\

TDROO a X b

TOO00

INTTMOO | |l |l

TS02

TEO2

FFFFH

TCRO2 ‘\
Slave 0000H

channel 2

KT+
N—
N__ 7

TDRO02 c X d

TOO02

INTTMO2

a+1 a+1 b+1 | b+1

TS07

TEO7

FFFFH

Slave TeRo7 0000H \\ \\

channel 7

N1 %
N %

TDRO7 e X f

TOO07

INTTMO7

a+1 a+1 b+1 |b+1
I

Remark m =02 to 07
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Figure 7-25. Example of Set Contents of Registers
When 6-Phase PWM Output Function (Master Channel) Is Used

(a) Timer mode register 00 (TMR0O0)

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

TMROO | cksoo CCS100(CCS000 T"é‘égo STS002|STS001 |STS000| CIS001 | CIS000 MD004 | MD003 | MD0O2 | MDOO1 | MDO0O
1/0 | O 0 0 1 0 0 0 0 0 0 0 0 0 0 1

LI I I II|II

Operation mode of channel 0
0000B: Interval timer

Setting of operation when

counting is started

1: Generates INTTMOO when
counting is started.

| Selection of TIOO pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
1: Master channel

Count clock selection
00B: Selects operation clock.

| Operation clock selection
0: Selects CKO0O0 as operation clock of channel 0.
1: Selects CKO1 as operation clock of channel 0.

(b) Other registers

TOEO:TOEQO 0: Stops the TO00 output operation by counting operation.

TOO0:TO00 0: Outputs a low level from TO0O.

TOMO:TOMOO 0: Sets 0 when TOEOO = 0 (stops the TOOO0 output operation by counting operation).
TOTO:TOTOO 0: Sets 0 when TOMOO = 0 (master channel output mode).

TOLO0:TOLOO 0: Sets 0 when TOMOO = 0 (master channel output mode).

TDEO:TDEOO 0: Stops dead time control.

TREO:TREOO 0: Stops real-time output.

TROO0:TROO00 0: Sets 0 when TREOQO = 0 (stops real-time output).

TRCO:TRCO00 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEOQO 0: Stops modulated output.
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Figure 7-26. Example of Set Contents of Registers
When 6-Phase PWM Output Function (Slave Channels 2 to 7) Is Used

(a) Timer mode register m (TMRm)

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

TMRm | cksm CCS1m|CCSOm T"égfn STSm2 | STSm1 | STSmO | CISm1 | CISmO MDm4 | MDm3 | MDm2 | MDm1 | MDmO
0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 1
L1 | | L] LI | ]

Operation mode of channel m
0100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

Selection of TIm pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
100B: Selects INTTMOO of master channel.

| Slave/master selection
0: Slave channel

Count clock selection
10B: Selects count clock of master channel.

| Operation clock selection
0: Selects CKO0O as operation clock of channel m.

(b) Other registers

TOEO:TOEm 0: Stops the TOm output operation by counting operation.

1: Enables the TOm output operation by counting operation.
TOO:TOm 0: Outputs a low level from TOm.

1: Outputs a high level from TOm.
TOMO:TOMm 1: Sets slave channel output mode.
TOTO:TOTm 0: Generates other than triangular wave PWM output.
TOLO:TOLm 0: Positive logic output (active-high)

1: Inverted output (active-low)
TDEO:TDEm 0: Stops dead time control.
TREO:TREm 0: Stops real-time output.
TROO:TROm 0: Sets 0 when TREm = 0 (stops real-time output).
TRCO:TRCm 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEm 0: Stops modulated output.

Remark m =02to 07
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Operation is resumed. (from next page)
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Figure 7-27. Operation Procedure When 6-Phase PWM Output Function Is Used (1/2)

Software Operation

Hardware Status

TAUS Power-off status
default (Clock supply is stopped and writing to each register is
SN | e disabled)
Sets the TAUOEN and TAUOPEN bits of the PER2
register to 1. P Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
_________________________________________________________ enabled.)
Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.
Channel | Sets the TMR0O and TMRm registers of each channel to | Channel stops operating.
default be used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An interval (period) value is set to the TDROO register of
the master channel, and a duty factor is set to the
| TDRm register of slave channels 2to7. | . _____
Sets slave channels 2 to 7. The TOm pin goes into Hi-Z output state.
Sets the TOMm bit to 1 (slave channel output mode).
Sets the TOTm bit to 0 (generates other than
triangular wave PWM output).
Sets the TOLm bit and determines the active level of
the TOm output.
Sets the TOm bit and determines default level of the
TOm output. p The TOm default setting level is output when the port mode
register is in output mode and the port register is 0.
Sets the TOEm bit to 1 and enables operation of —® TOm does not change because channel has stopped
TOm. operating.
Clears the port register and port mode register to 0.—® The TOm pin outputs the TOm set level.
Operation | Sets TOEm (slaves 2 to 7) to 1 (only when operation is
start resumed).
The TS00 (master) and TSm (slaves 2 to 7) bits of the—» TEOO =1, TEm = 1
TSO register are set to 1 at the same time. When the master channel starts counting, INTTMOO is
The TS00 and TSm bits automatically return to 0 generated. Triggered by this interrupt, the slave channels
because they are trigger bits. 2 to 7 also start counting.
During Set values of the TDR0O0O and TDRm registers can be The counter of the master channel loads the TDROO value to
operation | changed after INTTMOO of the master channel is TCRO0O0 and counts down. When the count value reaches
generated. TCRO0O = 0000H, INTTMOO is generated. At the same time,
The TCR00 and TCRm registers can always be read. the value of the TDROO register is loaded to TCRO00, and the
Set values of the TOLO, TOO, and TOEO registers can counter starts counting down again.
be changed. At slave channels 2 to 7, the values of the TDRm register
are transferred to TCRm, triggered by INTTMOO of the
master channel, and the counter starts counting down. The
output levels of TOm become active one count clock after
generation of the INTTMOO output from the master channel.
It becomes inactive when TCRm = 0000H, and the counting
operation is stopped. After that, the above operation is
repeated.
Remark m =02 to 07
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peration is resumed.
(to forward page)

‘ o

Figure 7-27. Operation Procedure When 6-Phase PWM Output Function Is Used (2/2)

Hardware Status

Software Operation
Operation | The TT00 (master) and TTm (slaves 2 to 7) bits are set
stop to 1 at the same time. TEOO, TEm = 0, and count operation stops.
The TTOO0 and TTm bits automatically return to 0 TCRO00 and TCRm hold count value and stops.
| _becausetheyaretriggerbits. | TheTOm outputis not initialized but holds current status. _
The TOEm bits of slave channels 2 to 7 are cleared to 0
and value is set to the TOm bit. The TOm pin outputs the TOm set level.
TAUS To hold the TOm pin output level
stop Clears the TOm bit to 0 after the value to be held is
set to the port register. The TOm pin output level is held by port function.
When holding the TOm pin output level is not necessary
| _ Switches the port mode register to input mode. ——— The TOm pin output level goes into Hi-Z output state.
The TAUOEN and TAUOPEN bits of the PER2 register
are cleared to 0. Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TO00 and TOm bits are cleared to 0 and the TO00
and TOm pins are set to port mode.)
Remark m =02 to 07
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7.5.4 Operation as triangular wave PWM output function

Multiple channels can be used in combination to output a triangular wave modulation PWM for motor control.

The period is set by the master channel and a triangular wave modulation PWM is output by the slave channel.
When multiple triangular wave modulation PWMs are output for a period, the triangular wave modulation PWM output
can be added by adding a slave channel.

The output pulse period and duty factor can be calculated by the following expression.

Pulse period (down/up) = {Set value of TDROO (master) + 1} x 2 x Count clock period

Duty factor [%] = {Set value of TDROO (master) + 1 — Set value of TDRm (slave)}/{Set value of TDR0OO
(master) + 1} x 100

0% output: ~ Set value of TDRm (slave) > {Set value of TDROO (master) + 1}

100% output: Set value of TDRm (slave) = 0000H

Remark Although the duty factor exceeds 0% if the set value of TDRm (slave) > {set value of TDROO (master)
+ 1}, it is summarized into 0% output.

The master channel operates in the interval timer mode and counts the periods.

TCROO loads the value of TDROO at the first count clock, after the channel start trigger bit (TS00) is set to 1.

Afterward, TCROO counts down along with the count clock.

When TCROO0 has become 0000H, INTTMOO is output and TOOQO is toggled upon the next count clock. TCROO
loads the value of TDR0O again at the same timing. Similar operation is continued hereafter.

A carrier period is generated in two periods of the master channel count.

The count operation of the slave channel is controlled by defining the first period of the master channel as a down
status of the slave channel and the second period as an up status of the slave channel.

TOO0O0 of the master channel outputs up and down statuses.

TOO0O of the TOO register must be manipulated while TOEO0O of the TOEO register is 0 and the default level must be
set, because up and down statuses are output.

TOO0O0 of TOO is set to 1 when MDO00O of the TMROO register is 0, and TOOQO is set to 0 when MDO00O is 1.

By setting the default level, a high level is output from TOO0O during a down status and a low level is output during
an up status.

TCRm of the slave channel operates in the up and down count mode, and counts the duty.

TCRm loads the value of TDRm at the first count clock, after the channel start trigger bit (TSm) is set to 1.
Hereafter, counting up and counting down is switched in accordance with the operation of the master channel.
INTTMm is output when TCRm becomes 0000H.

The TOm output becomes an active level when TCRm generates INTTMm while counting down, and it becomes
an inactive level when TCRm generates INTTMm while counting up.

TCRm loads the value of TDRm again when INTTMOO is generated in an up status (crest of a triangular wave) of
the master channel. Similar operation is continued hereafter.

Remark m =02 to 07
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Cautions 1. TDROO of the master channel must be rewritten during an up status period of the slave
channel (The count status is judged by CSF (TSRm register) of the slave channel or the TOn
output level of the master channel). When the value of TDROO is rewritten separately during
an up status and a down status, the periods of the up status and down status differ and the
TOO0O0 pin cannot output an expected waveform, because the value of TDR0OO of the rewritten
master channel becomes valid during the next down status period.

2. TS00 or TSm cannot be set to “1” (forcible restart) while TE00 =1 or TEm = 1. If TS00 or TSm
is set to “1” while TEQO = 1 or TEm = 1, the counter value (TCR00 or TCRm) will be illegal and
TOO00 or TOm will not be able to output the expected waveform.

Figure 7-28. Block Diagram of Operation as Triangular Wave PWM Output Function

Master channel
(interval timer mode)

CKoo

Operation clock Timer counter Output

—| register 00 (TCRO00)

i

Timer data register 00 Interrupt .
(TDRO0O) controller [ Interrupt signal
(INTTMO00)

Clock
selection

CKO1 H——=OTO00 pin

controller

TS00

Trigger
selection

Slave channel
(up and down count mode)

Timer counter Output .
— register m (TCRm) controller [———@TOm pin

5

Timer data register m Interrupt
(TDRm) controller

Clock
selection

TSm

— Interrupt signal
(INTTMm)

Trigger
selection

Remark m =02to 07
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Figure 7-29. Example of Basic Timing of Operation as Triangular Wave PWM Output Function
(Default setting : TO00, TOm = 0, MD00O = 1)

TS00

TEOO

FFFFH |
Master
channel TCROO 0000H \ \\

TDROO a X b

TO00

INTTMOO |l I
a+1 a+1 b+1 b+1

Down Up Down Up
status status status status

TSm

TEm

TCRm
Slave 0001H

channel

=
N—_—r

TDRm e X f

INTTMm N

TOm

e (a+1-e)x2 e flb+1-fyx2 |f

Remark m =02 to 07
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Figure 7-30. Example of Set Contents of Registers When Triangular Wave PWM Output Function (Master
Channel) Is Used

(a) Timer mode register 00 (TMRO00)

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

TMROO | cksoo ©CS100{CCS000 T"é'ggo STS002|STS001 |STS000| CIS001 | CIS000 MD004 | MD003 | MD0O2 | MDOO1 | MDO0O
10| O 0 0 1 0 0 0 0 0 0 0 0 0 0 | 1/0

L1 I | L] II|II

Operation mode of channel 0
0000B: Interval timer

Setting of operation when

counting is started

0: Does not generate INTTMOO
when counting is started.

1: Generates INTTMOO when
counting is started.

Selection of TI0O pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
1: Master channel

Count clock selection
00B: Selects operation clock.

| Operation clock selection
0: Selects CKO0O0 as operation clock of channel 0.
1: Selects CKO1 as operation clock of channel 0.

(b) Other registers

TOEO:TOE00™" [ 0: Stops the TO00 output operation by counting operation.

1: Enables the TO00 output operation by counting operation.
TOO0:TO00"*? 0: Outputs a low level from TOO0O.

1: Outputs a high level from TOO0O.
TOMO:TOMOO 0: Sets master channel output mode.
TOTO:TOTO0 0: Sets 0 when TOMOO = 0 (master channel output mode).
TOLO:TOLOO 0: Sets 0 when TOMOO = 0 (master channel output mode).
TDEO:TDEOO 0: Stops dead time control.
TREO:TREOO 0: Stops real-time output.
TROO0:TRO00 0: Sets 0 when TREOQO = O (stops real-time output).
TRCO0:TRCO00 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEOO 0: Stops modulated output.

Notes 1. Set TOEQO of the master channel to “1” in the following cases.
e When an INTTMMO, INTTMVO, INTTMM1, or INTTMV1 interrupt signal is used
¢ When Hi-Z output is controlled or an A/D conversion trigger is selected via control by using
the OPMR, OPHS, OPHT, and OPCR registers
2. When MDO000 = 1, TO00 = 0,
When MDO000 = 0, TO00 = 1
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Figure 7-31. Example of Set Contents of Registers When Triangular Wave PWM Output Function (Slave
Channel) Is Used

(a) Timer mode register m (TMRm)

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

TMRm | cksm CCS1m|CCSOm T"é’;‘?n STSm2 | STSm1 | STSmO | CISm1 | CISmO MDm4 | MDm3 | MDm2 | MDm1 | MDmO
0 0 1 0 0 1 1 1 0 0 0 1 0 0 1 0
LI | I L1 | ]

Operation mode of channels 2 to 7
1001B: Up and down count

Setting of operation when

counting is started

0: Does not generate INTTMOO
when counting is started.

Selection of TIm pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
111B: Selects up or down control trigger of master channel.

| Slave/master selection
0: Slave channel

Count clock selection
10B: Selects count clock of master channel.

| Operation clock selection
0: Selects CKO0O as operation clock of channels 2 to 7.

(b) Other registers

TOEO:TOEm 0: Stops the TOm output operation by counting operation.
1: Enables the TOm output operation by counting operation.
TOO:TOm 0: Outputs a low level from TOm.
1: Outputs a high level from TOm.
TOMO:TOMm 1: Sets slave channel output mode.
TOTO:TOTm 1: Sets triangular wave PWM output.
TOLO:TOLm 0: Positive logic output (active-high) "
TDEO:TDEm 0: Stops dead time control.
TREO:TREm 0: Stops real-time output.
TROO0:TROm 0: Sets 0 when TREm = 0 (stops real-time output).
TRCO:TRCm 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEm 0: Stops modulated output.

Note Setthe TLS7 to TLS2 bits of the OPMR register to 1 for inverted output.
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Figure 7-32. Operation Procedure When Triangular Wave PWM Output Function Is Used (1/2)

Software Operation Hardware Status
TAUS Power-off status
default (Clock supply is stopped and writing to each register is
SOt | e disEbled,)
Sets the TAUOEN and TAUOPEN bits of the PER2 —®{Power-on status. Each channel stops operating.
register to 1. (Clock supply is started and writing to each register is
enabled.)

Sets the TPSO register.
Determines the clock frequencies of CK0O0 and CKO1.

Channel | Sets the TMR00O and TMRm registers of each channel to | Channel stops operating.
default be used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An interval (period) value is set to the TDROO register of
the master channel, and a duty factor is set to the
| TORm register of the slave channel. |
Sets the master channel. The TO00 and TOm pins go into Hi-Z output states.
Sets the TOMOO bit of the TOMO register to 0 (master
channel output mode).
Sets the slave channel.
Sets the TOMm bit of the TOMO register to 1 (slave
channel output mode).
Sets the TOTm bit of the TOTO register to 1
(triangular wave PWM output).
Sets the TOLm bit to O (positive logic output).
Sets the TOm bit and determines default level of the—® The TOn default setting level is output when the port mode

oM ot s register is in output mode and the port registeris 0.
Sets the TOE0O and TOEm bits to 1 and enables TOO00 and TOm do not change because channel stops
operation of TO00 and TOm. operating.

Clears the port register and port mode register to 0. — P The TO00 and TOm pins output the TO00 and TOm set levels.

Operation | Sets the TOE0O (master) and TOEm (slave) bits to 1

Operation is resumed. (from next page)

start (only when operation is resumed).
The TS00 (master) and TSm (slave) bits of the TSO —®»TE00 =1, TEm =1
register are set to 1 at the same time. When the master and slave channels starts counting and
The TS00 and TSm bits automatically return to 0 the MDO0O0O bit of the TMROO register is 1, INTTMOO is
because they are trigger bits. generated.
During The set value of the TDROO (master) register must be At the master channel, a period is generated and count
operation | changed during an up status period. operation of the slave channel is controlled. TCROO loads
The set value of the TDRm (slave) register can be the value of TDROO and counts down. When the count value
changed. reaches TCROO = 0000H, INTTMOO is generated. At the
The TCR00 and TCRm registers can always be read. same time, the value of the TDROO register is loaded to
The TSRm (slave) register can always be read. TCROO, and the counter starts counting down again.

At the slave channel, INTTMOO of the master channel is
used as the trigger to switch counting down and counting up.
INTTMm is generated upon detection of TCRm = 0001H and
TOm outputs a triangular wave PWM.

At the master channel, TCROO loads the value of TDR0O
again and count operation is continued by the generation of
INTTMOO during an up status.

After that, the above operation is repeated.

Remark m =02 to 07
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‘Operation is resumed.
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Figure 7-32. Operation Procedure When Triangular Wave PWM Output Function Is Used (2/2)

Software Operation

Hardware Status

Operation | The TTOO (master) and TTm (slave) bits are set to 1 at
stop the same time. TEO0O, TEm = 0, and count operation stops.
The TTOO0 and TTm bits automatically return to 0 TCRO00 and TCRm hold count value and stops.
because they are trigger bits. The TOO00 and TOm outputs are not initialized but hold
| curenmtstatuse.
The TOE00 and TOEm bits are cleared to 0 and values
are set to the TO00 and TOm bits.——» The TO00 and TOm pins output the TO00 and TOm set
levels.
TAUS To hold the TO00 and TOm pin output levels
stop Clears the TO00 and TOm bits to 0 after the value to
be held is set to the port register. The TOO00 and TOm pin output levels are held by port
When holding the TO00 and TOm pin output levels is function.
not necessary
Switches the port mode register to input mode. — ¥ The TO00 and TOm pin output levels go into Hi-Z output
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, states.
The TAUOEN and TAUOPEN bits of the PER2 register
are cleared to 0. Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TO00 and TOm bits are cleared to 0 and the TO00
and TOm pins are set to port mode.)
Remark m =02 to 07
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7.5.5 Operation as triangular wave PWM output function with dead time

The triangular wave modulation PWM output function with dead time uses four channels of channels 0 to 3 or
channels 4 to 7 in combination to output a triangular wave PWM waveform (with dead time).

It outputs riangular wave modulation PWM with dead times from slave channels 2 and 3, and slave channels 6 and
7. Slave channels 1 and 5 can be operated in any operation mode.

The output pulse cycle, positive-phase active width, and reverse-phase active width can be calculated by using the
following equations.

Pulse period (down/up) = {Set value of TDRn (master) + 1} x 2 x Count clock period

positive-phase active width = {{{Set value of TDRn (master) + 1} — {Set value of TDRp (slave p) }} x 2 —
{Set value of TDRq (slave q) + 1}} x Count clock period

reverse-phase active width = {{{Set value of TDRn (master) + 1} — {Set value of TDRp (slave p) }} x 2 +
{Set value of TDRq (slave q) + 1}} x Count clock period

Errors will be included in the output waveforms when the dead time function is used. The output width of a
positive-phase wave will be shortened by the amount of dead time, and the output width of a reverse- phase wave will
be extended by the amount of dead time. The linearity of output transition will be lost in the neighborhood of 0% and
100% outputs due to the errors.

0% output: Set value of TDRp (slave p) > Set value of TDRn (master) + 1
100% output: Set value of TDRp (slave p) = 0000H

At the master channel, channels 0 and 4 are used.

TCRn operates as a down counter in the interval timer mode.

TCRn loads the value of TDRn at the first count clock, after the channel start trigger bit (TSn) is set to 1.

Afterward, TCRn counts down along with the count clock.

When TCRn has become 0000H, INTTMn is output and TOn is toggled upon the next count clock. TCRn loads the
value of TDRn again at the same timing. Similar operation is continued hereafter.

A carrier period is generated in two periods of the master channel count.

The count operation of the slave channel is controlled by defining the first period of the master channel as a down
status of the slave channel and the second period as an up status of the slave channel.

TOn of the master channel outputs up and down statuses.

TOn of the TOO register must be manipulated while TOEn of the TOEO register is 0 and the default level must be
set, because up and down statuses are output.

TOn of the TOO register is set to 1 when MDn0 of the TMRn register is 0, and TOn is set to 0 when MDnO is 1.

By setting the default level, a high level is output from TOOO0 during a down status and a low level is output during
an up status.

Remark n =00, 04

p =02, 06
q =03, 07
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Slave channels 1 and 5 are not used as PWM output functions with dead times.

Dead time is controlled by using slave channel p (p = 2, 6) and slave channel q (q = 3, 7) in combination. The
triangular wave PWM output function with dead time uses master channel 0, slave channel 2, and slave channel 3,
and master channel 4, slave channel 6, and slave channel 7 in combination.

TCRp of slave channel p operates in the up and down count mode, and counts the duty. TCRp loads the value of
TDRp at the first count clock, after the channel start trigger bit (TSp) is set to 1. Hereafter, counting up and counting
down is switched in accordance with the operation of the master channel. INTTMp is output when TCRp becomes
0001H.

TCRp loads the value of TDRp again when INTTMn is generated in an up status of the master channel. Similar
operation is continued hereafter.

TCRq of slave channels 3, 7 operates in the one-count mode, and counts the dead time.

TCRq loads the value of TDRg and counts down by using count start timing and INTTMp of slave channels 2, 6 as
the start trigger. When TCRq becomes 0000H, it outputs INTTMq and stops counting until the next start trigger is
input (INTTMp of slave channels 2, 6). INTTMq of slave channels 3, 7 cannot be used, because the number of times
it occurs within the carrier cycle period cannot be specified (0 to 3 times).

A triangular wave modulation PWM waveform with dead time is output by changing TOp and TOq by the count
operation (INTTMp, INTTMq) of slave channels 2, 6 (duty) and slave channels 3, 7 (dead time). A positive-phase
waveform and a reverse-phase waveform are output by controlling the TOLp and TOLq bits of the TOLO registers of
slave channels 2, 6 and slave channels 3, 7.

It is also possible to specify whether to add dead time to the positive logic output or the inverted logic output by
setting TOLp and TOLg. When TOLp or TOLq is set to 0, a positive-phase waveform to which dead time has been
added on the positive logic side of the PWM duty is output. When TOLp or TOLq is set to 1, a reverse-phase
waveform to which dead time has been added on the inverted logic side of the PWM duty is output (TOLq = 1 when
TOLp =0, and TOLg = 0 when TOLp = 1).

Note that the active level of TOp and TOq can be changed by setting the TLS2, TLS3, TLS6, and TLS7 bits of the
OPMR register.

The set condition of TOp (TOLp = 0) is the generation of INTTMq by the operation of slave channels 3, 7, which
uses the generation of INTTMp while the TCRp register counts down as the start trigger. The reset condition of TOp
(TOLp = 0) is the generation of INTTMp of slave channels 2, 6 while TCRp counts up.

The set condition of TOq (TOLq = 1) is the generation of INTTMp while the TCRp register counts down. The reset
condition of TOqg (TOLqg = 0) is the generation of INTTMq by the operation of slave channels 3, 7, which uses the
generation of INTTMp while TCRp counts down as the start trigger.

If the set conditions and reset conditions of TOp and TOq conflict, the set conditions take precedence.

The PWM waveform with dead time can be switched between positive and negative phases for slave channels 2, 6
and 3, 7 by setting TOLp and TOLq.

Cautions 1. TDRn of master channel n must be rewritten during an up status period of slave channels 2, 6
(The count status is judged by CSF (TSRp register) of the slave channel or the TOn output
level of the master channel). When the value of TDRn is rewritten during a down status
period, the periods of the down status and up status differ and an expected waveform cannot
be output, because the value of TDRn of the rewritten master channel becomes valid at the
next period.

2. TSn, TSp, or TSq cannot be set to “1” (forcible restart) while TEn =1, TEp =1, or TEq = 1. If
TSn, TSp, or TSq is set to “1” while TEn = 1, TEp = 1, or TEq = 1, the counter value (TCRn,
TCRp, or TCRq) will be illegal and TOn, TOp, or TOq will not be able to output the expected
waveform.
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The value of TDRp of slave channels 2, 6 becomes valid from the next carrier period (up and down trigger
detection).

The value of TDRq of slave channels 3, 7 becomes valid from the next start timing (dead time control trigger
detection).

Rewriting TDRq of slave channels 3, 7 is recommended to be performed after INTTMp detection of slave channels
2, 6 during an up status period.

Figure 7-33. Block Diagram of Operation as Triangular Wave PWM Output Function with Dead Time

Master channels 0, 4
(interval timer mode)

CKO00

Operation clock

Clock
selection

Timer counter Output ©) .
—=| register n (TCRn) controller TOn pin

/T
Timer data register n Interrupt

(TDRn) controller [ Interrupt signal
(INTTMn)

CKO1

TSn

Trigger
selection

Slave channels 2, 6
(up and down count mode)

Timer counter Output ©) :
—|  register p (TCRp) — controller TOp pin

Clock
selection

TSp

Timer data register p Interrupt Interrupt signal
TDR| "
( p) controller (INTTMp)

Trigger
selection

Slave channels 3, 7
(one-count mode)

Timer counter Output )
—] register q (TCRq) controller @TOq pin

1

Timer data register g Interrupt )
(TDRaq) ™ — Interrupt signal

controller (INTTMg)

Clock
selection

Trigger
selection

Remark n =00, 04
p =02, 06
q=083, 07
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Figure 7-34. Example of Basic Timing of Operation as Triangular Wave PWM Output Function with Dead Time
(Default setting : TOn, TOp =0, TOq =1, MDn0 = 1)

TSn

TEn

FFFFH

Master TCRn
channels 0, 4 0000H

Nl
Nl 7

TDRn a X b

TOn

INTTMn

a+1 a+1 b+1 b+1

Down Up Down Up
status status status status
TSp

TEp

TCRp 0001H

Slave
channels 2, 6

N/
T

TDRp e X f

INTTMp

e (@+1-e)x2 e flb+1-f)x2| f

TSq

TEq

TCRq
Slave 0000H
channels 3, 7

N—1¥

N

TDRq g

INTTMgq

g+1 g+1 g+ 1 g+ 1 g+1

TOp (slave channels 2,6) TOLp=0

TOq (slave channels 3,7)  ToLq=1

Remark n =00, 04
p =02, 06
q =03, 07
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Figure 7-35. Example of Set Contents of Registers When Triangular Wave PWM Output Function with Dead
Time (Master Channels 0, 4) Is Used

(a) Timer mode register n (TMRn)

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

TMRn | cksn CCS1n | CCSno T"’I'E”E{i STSn2 | STSn1 | STSNO | CIsnt | CISno MDn4 | MDn3 | MDn2 | MDn1 | MDno
10| O 0 0 1 0 0 0 0 0 0 0 0 0 0 | 1/0

L1 I L] II|II

Operation mode of channel n
0000B: Interval timer

Setting of operation when

counting is started

0: Neither generates INTTMn
nor inverts timer output
when counting is started.

1: Generates INTTMn and
inverts timer output when
counting is started.

|__ Selection of Tln pin input edge
00B: Sets 00B because these are not used.

Start trigger selection
000B: Selects only software start.

| Slave/master selection
1: Master channel

Count clock selection
00B: Selects operation clock.

| Operation clock selection
0: Selects CKOO0 as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Other registers

TOEO:TOEn™*"' | 0: Stops the TOn output operation by counting operation.

1: Enables the TOn output operation by counting operation.
TOO0:TON""*? 0: Outputs a low level from TOn.

1: Outputs a high level from TOn.
TOMO:TOMn 0: Sets master channel output mode.
TOTO:TOTn 0: Sets 0 when TOMn = 0 (master channel output mode).
TOLO:TOLN 0: Sets 0 when TOMn = 0 (master channel output mode).
TDEO:TDEn 0: Stops dead time control.
TREO:TREn 0: Stops real-time output.
TROO0:TRON 0: Sets 0 when TREN = 0 (stops real-time output).
TRCO:TRCn 0: Does not operate as the real-time output trigger generation channel.
TMEOQO:TMEn 0: Stops modulated output.

Notes 1.  Set TOEn of the master channel to “1” in the following cases.
e When an INTTMMO, INTTMVO, INTTMM1, or INTTMV1 interrupt signal is used
e When Hi-Z output is controlled or an A/D conversion trigger is selected via control by using
the OPMR, OPHS, OPHT, and OPCR registers
2. When MDn0O =1, TOn =0,
When MDn0O =0, TOn = 1

Remark n =00, 04
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Figure 7-36. Example of Set Contents of Registers When Triangular Wave PWM Output Function with Dead
Time (Slave Channels 2, 6) Is Used

(a) Timer mode register p (TMRp)

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

TMRp | cKksp CCs1p | CCSop T""EARSP STSp2 | STSp1 | STSpO | CISpt | CISpo MDp4 | MDp3 | MDp2 | MDp1 | MDpO
0 0 1 0 0 1 1 1 0 0 0 1 0 0 1 0
L | | I | I I | | | |

Operation mode of channel p
1001B: Up and down count

Setting of operation when

counting is started

0: Does not generate INTTMp
when counting is started.

Selection of Tlp pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
111B: Selects up or down control trigger of master channel.

| Slave/master selection
0: Slave channel

Count clock selection
10B: Selects count clock of master channel.

| Operation clock selection
0: Selects CKO0O0 as operation clock of channel p.

(b) Other registers

TOEO:TOEp 0: Stops the TOp output operation by counting operation.
1: Enables the TOp output operation by counting operation.
TOO:TOp 0: Outputs a low level from TOp.
1: Outputs a high level from TOp.
TOMO:TOMp 1: Sets slave channel output mode.
TOTO:TOTp 1: Generates triangular wave PWM output.
TOLO:TOLp 0: Positive logic output (active-high)
1: Inverted output (active-low)
TDEO:TDEp 1: Enables dead time control.
TREO:TREp 0: Stops real-time output.
TROO:TROp 0: Sets 0 when TREp = 0 (stops real-time output).
TRCO:TRCp 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEp 0: Stops modulated output.

Remark p =02, 06
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Figure 7-37. Example of Set Contents of Registers When Triangular Wave PWM Output Function with Dead

Time (Slave Channels 3, 7) Is Used

(a) Timer mode register q (TMRq)

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

TMRq | cKsq CCs1q | CCS0q T"’I'E”E{Sq STSq2 | STSq1 | STSqO | CISq1 | CISqo MDg4 | MDg3 | MDg2 | MDg1 | MDqO
0 0 1 0 0 1 1 0 0 0 0 0 1 0 0 1

L1 I | L] II|II

Operation mode of channel q
0100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

Selection of Tlqg pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
110B: Selects trigger of dead time control trigger generation
channel.

| Slave/master selection
0: Slave channel

Count clock selection
10B: Selects count clock of master channel.

| Operation clock selection
0: Selects CKOO as operation clock of channel g.

(b) Other registers

TOEO:TOEq 0: Stops the TOq output operation by counting operation.
1: Enables the TOq output operation by counting operation.
TOO0:TOq 0: Outputs a low level from TOq.
1: Outputs a high level from TOq.
TOMO:TOMq 1: Sets slave channel output mode.
TOTO:TOTq 1: Generates triangular wave PWM.
TOLO:TOLq 0: Positive logic output (active-high)
1: Inverted output (active-low)
TDEO:TDEq 1: Enables dead time control.
TREO:TREq 0: Stops real-time output.
TROO0:TROq 0: Sets 0 when TREq = 0 (stops real-time output).
TRCO:TRCq 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEq 0: Stops modulated output.

Remark q =083, 07
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Operation is resumed. (from next page)

CHAPTER 7 INVERTER CONTROL FUNCTIONS

Figure 7-38. Operation Procedure When Triangular Wave PWM Output Function with Dead Time Is Used (1/2)

Software Operation Hardware Status
TAUS Power-off status
default (Clock supply is stopped and writing to each register is
seting | . disabled) .
Sets the TAUOEN and TAUOPEN bits of the PER2
register to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, enabled)
Sets the TPSO register.
Determines the clock frequencies of CK00 and CKO1.
Channel | Sets the TMRn, TMRp, and TMRq registers of four Channel stops operating.
default channels to be used (determines operation mode of (Clock is supplied and some power is consumed.)
setting channels).
An interval (period) value is set to the TDRn register of
the master channel, a duty factor is set to the TDRp
register of slave channels 2, 6, and a dead time width is
set to the TDRq register of slave channels 3, 7. The TOO00, TOp, and TOq pins go into Hi-Z output states.

Sets slave channels.

The TOMp and TOMgq bits of the TOMO register, and

the TOTp and TOTq bits of the TOTO register are set

to 1 (triangular wave PWM generation).

Sets the TOLp and TOLq bits, and determines the

active levels of the TOp and TOq outputs.

Sets the TDEp and TDEq bits to 1 (dead time control
enable). ]
Sets the TOn, TOp, and TOq bits, and determines
default levels of TOn, TOp, and TOg. ————p| The TOn, TOp, and TOq default setting levels are output
when the port mode register is in output mode and the port
register is 0.

Sets the TOEn, TOEp, and TOEq bits to 1 and enables
operation of TOn, TOp, and TOg. - p| TOn, TOp, and TOq do not change because channels stop
operating.

Clears the port register and port mode register to 0. —¥{ The TOn, TOp, and TOq pins output the TOn, TOp, and TOq
set levels.

Operation | Sets the TOEm (master), and TOEp and TOEq (slaves)
start bits to 1 (only when operation is resumed).
The TSn (master), and TSp and TSq (slaves) bits of the
TSO register are set to 1 at the same time. ————»| TEn=1, TEp=1, TEq =1
The TSn, TSp, and TSq bits automatically return to 0 When the master channel and slave channels 2, 6 start
because they are trigger bits. counting, and when the MDnO bit of the TMRn register is
setto 1, INTTMn is generated. Slave channels 3, 7 wait
until slave channels 2, 6 detect INTTMp.

During The set value of the TDRn (master) register must be At the master channel, a period is generated and count
operation | changed during an up status period of slave channels 2, | operation of slave channels are controlled. A PWM duty is
6. generated at slave channels 2, 6, and dead time is
The set values of the TDRp and TDRq (slaves) register | generated at slave channels 3, 7.
can be changed. Triangular wave PWM waveforms with dead times are output
The TCRn, TCRp, and TCRq registers can always be from the TOp and TOq pins by a combined operation of
read. slave channels 2, 6 and slave channels 3, 7.

The TSRp (slave) register can always be read.

Remark n=00,04 p=02,06 q=03, 07
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Figure 7-38. Operation Procedure When Triangular Wave PWM Output Function with Dead Time Is Used (2/2)

Software Operation Hardware Status
Operation | The TTn (master), and TTp and TTq (slaves) bits are set
stop to 1 at the same time. TEn, TEp, and TEq = 0, and count operation stops.
The TTn, TTp, and TTq bits automatically return to 0 TCRn, TCRp, and TCRq hold count values and stop.
because they are trigger bits. The TOn, TOp, and TOq outputs are not initialized but
... ... | hodcurentstatuses.
The TOEn, TOEp, and TOEq bits are cleared to 0 and
values are set to the TOn, TOp, and TOq bits. —» The TO00, TOp, and TOq pins output the TO00, TOp, and
TOq set levels.
TAUS To hold the TOn, TOp, and TOq pin output levels
stop Clears the TOn, TOp, and TOq bits to O after the
value to be held is set to the port register. ———» The TOn, TOp, and TOq pin output levels are held by port
When holding the TOn, TOp, and TOq pin output levels | function.
is not necessary
Switches the port mode register to input mode. —® The TOn, TOp, and TOq pin output levels go into Hi-Z output
o states.
The TAUOEN and TAUOPEN bits of the PER2 register
are cleared to 0. Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TOn, TOp, and TOq bits are cleared to 0 and the
TOn, TOp, and TOq pins are set to port mode.)
Remark n =00, 04
p =02, 06
q=03, 07
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7.5.6 Operation as 6-phase triangular wave PWM output function

The 6 triangular wave modulation PWM output function uses seven channels in combination to output a 6-phase
triangular wave PWM waveform (with dead time).

The 6-phase triangular wave PWM output function is an extension of the function described in 7.5.5 Operation as
triangular wave PWM output function with dead time.

It outputs 6 triangular wave modulation PWM from slave channel 2, slave channel 3, slave channel 4, slave
channel 5, slave channel 6, and slave channel 7. Slave channel 1 can be operated in any operation mode. (With this
function, the operation mode of slave channel 1 will not be fixed.)

The output pulse period, positive-phase active width, and reverse-phase active width can be calculated by the
following expression.

Pulse period (down/up) = {Set value of TDR0OO (master) + 1} x 2 x Count clock period

positive-phase active width = {{{Set value of TDROO (master) + 1} — {Set value of TDRp (slave p) }} x 2 —
{Set value of TDRq (slave q) + 1}} x Count clock period

reverse-phase active width = {{{Set value of TDROO (master) + 1} — {Set value of TDRp (slave p) }} x 2 +

{Set value of TDRq (slave q) + 1}} x Count clock period

Errors will be included in the output waveforms when the dead time function is used. The output width of a
positive-phase will be shortened by the amount of dead time, and the output width of a reverse-phase will be
extended by the amount of dead time. The linearity of output transition will be lost in the neighborhood of 0% and
100% outputs due to the errors.

0% output: Set value of TDRp (slave p) > Set value of TDROO (master) + 1
100% output: Set value of TDRp (slave p) = 0000H

The master channel operates in the interval timer mode and counts the periods.

A carrier period is generated in two periods of the master channel count.

The count operation of the slave channel is controlled by defining the first period of the master channel as a down
status of the slave channel and the second period as an up status of the slave channel.

TOO0O of the master channel outputs up and down statuses.

TOO0O0 of the TOO register must be manipulated while TOEOQO of the TOEO register is 0 and the default level must be
set, because up and down statuses are output.

TOO0O of the TOO register is set to 1 when MDO00O of the TMRO register is 0, and TOO0O is set to 0 when MDO0OQO is 1.

By setting the default level, a high level is output from TOOO during a down status and a low level is output during
an up status.

Slave channel 1 is not used as a 6-phase PWM output function.
(To use the modulation output function, slave channel 1 is used as the real-time output trigger generation channel.
For details of the this function, refer to 7.5.15 Operation as complementary modulation output function).)

Dead time is controlled by using slave channels 2, 4, 6 and slave channels 3, 5, 7 in combination. The 6-phase

triangular wave PWM output function uses slave channels 2 and 3, slave channels 4 and 5, and slave channels 6 and
7 in combination. The output operations of TOp and TOq are explained next.
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TCRp of slave channels 2, 4, 6 operate in the up and down count mode, and counts the duty. TCRp loads the
value of TDRp at the first count clock, after the channel start trigger bit (TSp) is set to 1. Hereafter, counting up and
counting down is switched in accordance with the operation of the master channel. INTTMp is output when TCRp
becomes 0001H.

TCRp loads the value of TDRp again when INTTMOO is generated in an up status of the master channel. Similar
operation is continued hereafter.

TCRq of slave channels 3, 5, 7 operate in the one-count mode, and counts the dead time.

TCRq loads the value of TDRq and counts down by using count start timing and INTTMp of slave channels 2, 4, 6
as the start trigger. When TCRq becomes 0000H, it outputs INTTMq and stops counting until the next start trigger is
input (INTTMq of slave channels 3, 5, 7). INTTMq of slave channels 3, 5, 7 cannot be used, because the number of
times it occurs within the carrier cycle period cannot be specified (0 to 3 times).

A 6 triangular wave modulation PWM waveform is output by changing TOp and TOq by the count operations
(INTTMp, INTTMq) of slave channels 2, 4, 6 (duty) and slave channels 3, 5, 7 (dead time). A positive-phase
waveform and a reverse-phase waveform are output by controlling the TOLp and TOLq bits of the TOLO registers of
slave channels 2, 4, 6 and slave channels 3, 5, 7.

It is also possible to specify whether to add dead time to the positive logic output or the inverted logic output by
setting TOLp and TOLg. When TOLp and TOLq are set to 0, a positive-phase waveform to which dead time has been
added on the positive logic side of the PWM duty is output. When TOLp and TOLq are set to 1, a reverse-phase
waveform to which dead time has been added on the inverted logic side of the PWM duty is output (TOLg = 1 when
TOLp =0, and TOLg = 0 when TOLp = 1).

Note that the active level of TOp and TOq can be changed by setting the TLS2 to TLS7 bits of the OPMR register.

The set condition of TOp (TOLp = 0) is the generation of INTTMq by the operation of slave channels 3, 5, 7, which
uses the generation of INTTMp while the TCRp register counts down as the start trigger. The reset condition of TOp
(TOLp = 0) is the generation of INTTMp of slave channels 2, 4, 6 while TCRp counts up.

The set condition of TOqg (TOLq = 1) is the generation of INTTMp while the TCRp register counts down. The reset
condition of TOq (TOLq = 0) is the generation of INTTMq by the operation of slave channels 3, 5, 7, which uses the
generation of INTTMp while TCRp counts up as the start trigger.

If the set conditions and reset conditions of TOp and TOq conflict, the set conditions take precedence.

The PWM waveform with dead time can be switched between positive and negative phases for slave channels 2, 4,
6 and 3, 5, 7 by setting TOLp and TOLq.

Cautions 1. TDROO of the master channel must be rewritten during an up status period of slave channels
2, 4, 6 (The count status is judged by CSF (TSRp register) of the slave channel or the TO00
output level of the master channel). When the value of TDROO is rewritten during a down
status period, the periods of the down status and up status differ and an expected waveform
cannot be output, because the value of TDRn of the rewritten master channel becomes valid
at the next period.

2. TS00, TSp, or TSq cannot be set to “1” (forcible restart) while TEO0 =1, TEp =1, or TEq = 1. If
TSO00, TSp, or TSq is set to “1” while TE0O0 = 1, TEp = 1, or TEq = 1, the counter value (TCRO00,
TCRp, or TCRq) will be illegal and TO00, TOp, or TOq will not be able to output the expected
waveform.

Remark p =02, 04, 06
q =083, 05, 07
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The value of TDRp of slave channels 2, 4, 6 becomes valid from the next carrier period (up and down trigger
detection).

The value of TDRq of slave channels 3, 5, 7 becomes valid from the next start timing (dead time control trigger
detection).

Rewriting TDRq of slave channels 3, 5, 7 is recommended to be performed after INTTMp detection of slave
channels 2, 4, 6 during an up status period.

Figure 7-39. Block Diagram of Operation as 6-Phase Triangular Wave PWM Output Function

Master channel
(interval timer mode)

CK00

Operation clock Timer counter Output

—| register 00 (TCR0O) controller [——@T000 pin

Clock
selection

CKo1

Timer data register 00 Interrupt
(TDROO) controller [ Interrupt signal
(INTTMOO)

TS00

Trigger
selection

Slave channels 2, 4, 6
(up and down count mode)

Timer counter Output © .
—|  register p (TCRp) — controller TOp pin

Clock
selection

TSp

Timer data register p Interrupt
(TDRp) controller

—— Interrupt signal
(INTTMp)

Trigger
selection

Slave channels 3, 5, 7
(one-count mode)

Timer counter Output )
—|  register q (TCRq) controller ©TOq pin

Clock
selection

Timer data register q Interrupt Interrupt signal
TDR " troll
( q) controller (INTTMq)

Trigger
selection

Remark p =02, 04, 06
q =03, 05, 07
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Figure 7-40. Example of Basic Timing of Operation as 6-Phase Triangular Wave PWM Output Function
(Default setting : TO00, TOp =0, TOq =1, MDn0 = 1)

Master
channel

Slave
channels 2, 4, 6

Slave
channels 3, 5, 7

Remark p =02, 04, 06
q =03, 05, 07
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Figure 7-41. Example of Set Contents of Registers of 6-Phase Triangular Wave PWM Output Function
(Master Channel)

(a) Timer mode register 00 (TMR0O0)

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

TMROO | cksoo CCS100|CCS000 T’\élé(s)o STS002|STS001 |STS000| CIS001 | CIS000 MD004 | MD003 | MD0O2 | MDOO1 | MDO0O
10| O 0 0 1 0 0 0 0 0 0 0 0 0 0 | 1/0

LI I I IIIII

Operation mode of channel 0
0000B: Interval timer

Setting of operation when

counting is started

0: Neither generates INTTM00O
nor inverts timer output
when counting is started.

1: Generates INTTMOO and
inverts timer output when
counting is started.

Selection of TI0O pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
1: Master channel

Count clock selection
00B: Selects operation clock.

| Operation clock selection
0: Selects CKO0O0 as operation clock of channel 0.
1: Selects CKO1 as operation clock of channel 0.

(b) Other registers

TOEO:TOE00™™" | 0: Stops the TO00 output operation by counting operation.

1: Enables the TO0O0 output operation by counting operation.
TOO0:TO00""*? 0: Outputs a low level from TOOO.

1: Outputs a high level from TOO0O.
TOMO:TOMOO 0: Sets master channel output mode.
TOTO:TOTOO 0: Sets 0 when TOMOO = 0 (master channel output mode).
TOLO:TOLOO 0: Sets 0 when TOMOO = 0 (master channel output mode).
TDEO:TDEOO 0: Stops dead time control.
TREO:TREOO 0: Stops real-time output.
TROO0:TROO00 0: Sets 0 when TREOQO = 0O (stops real-time output).
TRCO0:TRCO00 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEOO 0: Stops modulated output.

Notes 1. Set TOEOO of the master channel to “1” in the following cases.
e When an INTTMMO, INTTMVO, INTTMM1, or INTTMV1 interrupt signal is used
e When Hi-Z output is controlled or an A/D conversion trigger is selected via control by using
the OPMR, OPHS, OPHT, and OPCR registers
2. When MDO000 = 1, TOO0O is set to 0.
When MDO000 = 0, TOO0O is set to 1
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Figure 7-42. Example of Set Contents of Registers of 6-Phase Triangular Wave PWM Output Function
(Slave Channels 2, 4, 6)

(a) Timer mode register p (TMRp)

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

TMRp | cksp ccsip | ccsop T"’I'E”E{Sp STSp2 | STSp1 | STSpO | ClSp1 | CISpo MDp4 | MDp3 | MDp2 | MDp1 | MDpo
0 0 1 0 0 1 1 1 0 0 0 1 0 0 1 0

L1 I | L] II|II

Operation mode of channel p
1001B: Up and down count

Setting of operation when

counting is started

0: Does not generate INTTMp
when counting is started.

Selection of Tlp pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
111B: Selects up or down control trigger of master channel.

| Slave/master selection
0: Slave channel

Count clock selection
10B: Selects count clock of master channel.

| Operation clock selection
0: Selects CKO0O0 as operation clock of channel p.

(b) Other registers

TOEO:TOEp 0: Stops the TOp output operation by counting operation.
1: Enables the TOp output operation by counting operation.
TOO:TOp 0: Outputs a low level from TOp.
1: Outputs a high level from TOp.
TOMO:TOMp 1: Sets slave channel output mode.
TOTO:TOTp 1: Sets triangular wave PWM output.
TOLO:TOLp 0: Positive logic output (active-high)
1: Inverted output (active-low)
TDEO:TDEp 1: Enables dead time control.
TREO:TREp 0: Stops real-time output.
TROO:TROp 0: Sets 0 when TREp = 0 (stops real-time output).
TRCO:TRCp 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEp 0: Stops modulated output.

Remark p =02, 04, 06

User's Manual U19678EJ1V1UD

427



CHAPTER 7 INVERTER CONTROL FUNCTIONS

Figure 7-43. Example of Set Contents of Registers of 6-Phase Triangular Wave PWM Output Function
(Slave Channels 3, 5, 7)

(a) Timer mode register q (TMRq)

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

TMRq | cksq ccsiq | ccsog T""EARSq STSq2 | STSq1 | STSqO | Cisqt | Cisqo MDg4 | MDg3 | MDg2 | MDg1 | MDgo
0 0 1 0 0 1 1 0 0 0 0 0 1 0 0 1

LI I I IIIII

Operation mode of channel q
0100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

Selection of Tlq pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
110B: Selects trigger of dead time control trigger generation
channel.

| Slave/master selection
0: Slave channel

Count clock selection
10B: Selects count clock of master channel.

| Operation clock selection
0: Selects CK0O as operation clock of channel g.

(b) Other registers

TOEO:TOEq 0: Stops the TOq output operation by counting operation.
1: Enables the TOq output operation by counting operation.
TOO0:TOq 0: Outputs a low level from TOq.
1: Outputs a high level from TOq.
TOMO:TOMq 1: Sets slave channel output mode.
TOTO:TOTq 1: Sets triangular wave PWM output.
TOLO:TOLq 0: Positive logic output (active-high)
1: Inverted output (active-low)
TDEO:TDEq 1: Enables dead time control.
TREO:TREq 0: Stops real-time output.
TROO0:TROq 0: Sets 0 when TREq = 0 (stops real-time output).
TRCO:TRCq 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEq 0: Stops modulated output.

Remark q =03, 05,07
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Operation is resumed. (from next page)

CHAPTER 7

INVERTER CONTROL FUNCTIONS

Figure 7-44. Operation Procedure When 6-Phase Triangular Wave PWM Output Function Is Used (1/2)

Software Operation

Hardware Status

TAUS Power-off status
default (Clock supply is stopped and writing to each register is
SOt | e disEbled,)
Sets the TAUOEN and TAUOPEN bits of the PER2
register to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
.| Gnabled) .
Sets the TPSO register.
Determines clock frequencies of CK0O0 and CKO1.
Channel | Sets the TMR0O, TMRp, and TMRq registers of the Channel stops operating.
default channels to be used (determines operation mode of (Clock is supplied and some power is consumed.)
setting channels).
An interval (period) value is set to the TDROO register of
the master channel, a duty factor is set to the TDRp
register of slave channels 2, 4, 6, and a dead time width
|is set to the TDRq register of slave channels 3,5, 7. | The TO00, TOp, and TOg pins go into Hi-Z output states.
Sets slave channels p and q.
The TOMp and TOMgq bits of the TOMO register, and
the TOTp and TOTq bits of the TOTO register are set
to 1 (triangular wave PWM output).
Sets the TOLp and TOLq bits, and determines the
active levels of TOp and TOq.
Sets the TDEp and TDEq bits of the TDEO register to
_l(deadtime controlenable). e
Sets the TOO00, TOp, and TOq bits, and determines
default levels of TO00, TOp, and TOq. — ¥ The TO00, TOp, and TOq default setting levels are output
when the port mode register is in output mode and the port
register is 0.
Sets the TOEOQO, TOEp, and TOEq bits to 1 and enables
operation of TO00, TOp and TOgq. TOO00, TOp, and TOq do not change because channels stop
operating.
Clears the port register and port mode register to 0. —¥®| The TO00, TOp, and TOq pins output the TOp and TOq set
levels.
Operation | Sets the TOE0O (master), and TOEp and TOEq (slaves)
start bits to 1 (only when operation is resumed).
The TS00 (master), and TSp and TSq (slaves) bits of —% TEOO =1, TEp=1, TEq =1
the TSO register are set to 1 at the same time. When the master channel and slave channels 3, 5, 7 start
The TS00, TSp,and TSq bits automatically return to 0 counting, and when the MD0OO bit of the TMROO register
because they are trigger bits. is setto 1, INTTMOO is generated.
During The set value of the TDROO (master) register must be At the master channel, a period is generated and count
operation | changed during an up status period. operation of slave channels are controlled. A PWM duty is
The set values of the TDRp and TDRq (slaves) register | generated at slave channels 2, 4, 6, and dead time is
can be changed. generated at slave channels 3, 5, 7.
The TCRO00, TCRp, and TCRq registers can always be Triangular wave PWM waveforms with dead times are output
read. from the TOp and TOq pins by a combined operation of
The TSRp (slave) register can always be read. slave channels 2, 4, 6 and slave channels 3, 5, 7.
Remark p =02, 04, 06
q =03, 05, 07
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Operation is resumed.
(to forward page)

CHAPTER 7 INVERTER CO

NTROL FUNCTIONS

Figure 7-44. Operation Procedure When 6-Phase Triangular Wave PWM Output Function Is Used (2/2)

Software Operation

Hardware Status

Operation | The TTOO (master), and TTp and TTq (slaves) bits are
stop set to 1 at the same time. » TEOO, TEp, and TEq = 0, and count operation stops.
The TTOO, TTp, and TTq bits automatically return to 0 TCRO00, TCRp, and TCRq hold count values and stop.
because they are trigger bits. The TO00, TOp, and TOq outputs are not initialized but
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, hold current statuses.
The TOEO0O, TOEp, and TOEq bits are cleared to 0 and
values are set to the TO00, TOp, and TOq bits. — | The TOO00, TOp, and TOq pins output the TO00, TOp, and
TOq set levels.
TAUS To hold the TO00, TOp, and TOq pin output levels
stop Clears the TO00, TOp, and TOq bits to 0 after the
value to be held is set to the port register. ——® The TOO00, TOp, and TOq pin output levels are held by port
When holding the TO00, TOp, and TOq pin output levels | function.
is not necessary
Switches the port mode register to input mode. —®» The TO00, TOp, and TOq pin output levels go into Hi-Z
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, outputstates.
The TAUOEN and TAUOPEN bits of the PER2 register
are cleared to 0. Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TOO00, TOp, and TOq bits are cleared to 0 and the
TOO00, TOp, and TOq pins are set to port mode.)
Remark p =02, 04, 06
q =03, 05, 07
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7.5.7 Interrupt signal thinning function

The interrupt signal thinning function uses two channels in combination to output INTTMm that is INTTMn of the
master channel being thinned by the specified number of times from the slave channel.

It assumes the slave channel to be used as a sub-function of the function described in 7.5.6 Operation as 6-phase
triangular wave PWM output function. The setting of the master channel is therefore the same as in 7.5.6
Operation as 6-phase triangular wave PWM output function. The number of interrupts to be thinned can be
calculated by the following expression.

Number of interrupts to be thinned = Set value of TDRm (slave channel)
— Outputting INTTMn of the master channel from INTTMm of the slave channel every {Set value of TDRm

(slave) + 1} times

TCRn of the master channel counts down in the interval timer mode.

TCRn loads the value of TDRn by setting the channel start trigger bit (TSn) to 1. At this time, INTTMn is not output
and TOn is not toggled when MDn0O of TMRn is 0. INTTMn is output and TOn is toggled when MDnO of TMRn is 1.
Afterward, TCRn counts down along with the count clock. When TCRn has become 0000H, INTTMn is output and
TOn is toggled upon the next count clock. TCRn loads the value of TDRn again at the same timing. Similar operation
is continued hereafter.

The slave channel operates as a down counter in the event counter mode and controls the thinning of INTTMn
signals of the master channel.

TCRm loads the value of TDRm by setting the channel start trigger bit (TSm) to 1.

TCRm counts down along with the INTTMn output of the master channel, and loads the value of TDRm again and
outputs INTTMm when TCRm becomes 0000H. Similar operation is continued hereafter.

TOn and TOm cannot be used, because TOn and TOm becomes an irregular waveform that depends on external
events.

TDRn of the master channel becomes valid from the next start timing (master channel INTTMn generation).
TDRm of the slave channel becomes valid from the next start timing (slave channel INTTMm generation).

Remark n =00
m = 01
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Figure 7-45. Block Diagram of Operation as Interrupt Signal Thinning Function

Master channel
(interval timer mode)

CK00

Operation clock Timer counter Output

—|  register n (TCRn) controller ——=OTOn pin

Clock
selection

CKO1

Timer data register n Interrupt )
(TDRn) controller [~ Interrupt signal
(INTTMn)

TSn

Trigger
selection

Slave channel
(event counter mode)

Timer counter
—=| register m (TCRm)

Clock
selection

TSm

e e ) v
(INTTMm)

Trigger
selection

Remark n =00
m = 01
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Figure 7-46. Example of Basic Timing of Operation as Interrupt Signal Thinning Function
(Default setting : MDNnO = 1)
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Remark n =00
m = 01
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Figure 7-47. Example of Set Contents of Registers When Interrupt Signal Thinning Function
(Master Channel) Is Used

(a) Timer mode register n (TMRn)

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

TMRn | cksn CCS1n | CCSOn T""EARSn STSn2 | STSn1 | STSNO | CISnt | CISno MDn4 | MDn3 | MDn2 | MDn1 | MDno
10| O 0 0 1 0 0 0 0 0 0 0 0 0 0 | 1/0

LI I I IIIII

Operation mode of channel n
0000B: Interval timer

Setting of operation when

counting is started

0: Neither generates INTTMn
nor inverts timer output
when counting is started.

1: Generates INTTMn and
inverts timer output when
counting is started.

Selection of TIn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
1: Master channel

Count clock selection
00B: Selects operation clock.

| Operation clock selection
0: Selects CKO0O0 as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Other registers

TOEO:TOEnNn 0: Stops the TOn output operation by counting operation.

1: Enables the TO0O0 output operation by counting operation.
TOO0:TOn™* 0: Outputs a low level from TOn.

1: Outputs a High level from TOOO.
TOMO:TOMn 0: Sets master channel output mode.
TOTO:TOTn 0: Sets 0 when TOMn = 0 (master channel output mode).
TOLO:TOLn 0: Sets 0 when TOMn = 0 (master channel output mode).
TDEO:TDEn 0: Stops dead time control.
TREO:TREnNn 0: Stops real-time output.
TROO0:TRON 0: Sets 0 when TREN = 0 (stops real-time output).
TRCO:TRCn 0: Does not operate as the real-time output trigger generation channel.
TMEOQO:TMEn 0: Stops modulated output.

Note When MDn0O =1, TOn is set to 0.
When MDn0 =0, TOn is set to 1.

Remark n =00
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Figure 7-48. Example of Set Contents of Registers When Interrupt Signal Thinning Function
(Slave Channel) Is Used

(a) Timer mode register m (TMRm)

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

TMRm | cksm CCS1m|CCSOm T"égfn STSm2 | STSm1 | STSmO | CISm1 | CISmO MDm4 | MDm3 | MDm2 | MDm1 | MDmO
0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 0

L1 I | L] II|II

Operation mode of channel m
0011B: Event count mode

Setting of operation when

counting is started

0: Does not generate INTTMm
when counting is started.

Selection of TIm pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
0: Slave channel

Count clock selection
11B: Selects INTTMn of master channel.

| Operation clock selection
0: Selects CKO0O as operation clock of channel m.

(b) Other registers

TOEO:TOEm 0: Stops the TOm output operation by counting operation.
TOO0:TOm 0: Outputs a low level from TOm.
TOMO:TOMm 0: Sets 0 when TOEm = 0 (stops the TOm operation by counting operation).
TOTO:TOTm 0: Sets 0 when TOMm = 0 (master channel output mode).
TOLO:TOLm 0: Sets 0 when TOMm = 0 (master channel output mode).
TDEO:TDEm 0: Stops dead time control.
TREO:TREm 0: Stops real-time output.
TROO0:TROm 0: Sets 0 when TREm = 0 (stops real-time output).
TRCO:TRCm 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEm 0: Stops modulated output.
Remark n =00
m =01
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Operation is resumed.

CHAPTER 7 INVERTER CONTROL FUNCTIONS

Figure 7-49. Operation Procedure When Interrupt Signal Thinning Function Is Used

Software Operation

Hardware Status

TAUS Power-off status
default (Clock supply is stopped and writing to each register is
SN | e disabled)
Sets the TAUOEN and TAUOPEN bits of the PER2
register to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
________________________________________________________ enabled.)
Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.
Channel | Sets the TMRn and TMRm registers of two channels to | Channel stops operating.
default be used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An interval (period) value is set to the TDRn register of
the master channel, and the number of interrupts to be
thinned is set to the TDRm register of the slave channel.
Operation | Sets the TOEn bit (master channel) to 1 (only when
start operation is resumed).
Sets the TSn (master) and TSm (slave) bits to 1 at the
same time. TEn=1,TEm=1
The TSn and TSm bits automatically return to 0 At the master channel, TCRn loads the value of TDRn by
because they are trigger bits. count clock input. INTTMn is generated and TOn is
toggled when the MDnO bit of the TMRn register is 1.
At the slave channel, TCRm loads the value of TDRm and
enters a state to wait for detection of INTTMn of the
master channel.
During The set values of the TDRn and TDRm registers can be | The counter (TCRn) of the master channel counts down.
operation | changed. When the count value reaches TCRn = 0000H, the value of
The TCRn and TCRm registers can always be read. TDRn is loaded to TCRn again and the count operation is
continued. By detecting TCRn = 0000H, INTTMn is
generated and TOn performs toggle operation.
The counter (TCRm) of the slave channel counts down every
time an INTTMn signal of the master channel is detected.
When the count value reaches TCRm = 0000H, the value of
TDRm is loaded to TCRm again and the count operation is
continued. By detecting TCRm = 0000H, INTTMm is
generated.
Operation | The TTn (master) and TTm (slave) bits are set to 1 at
stop the same time. TEn and TEm = 0, and count operation stops.
The TTn and TTm bits automatically return to 0 TCRn and TCRm hold count values and stop.
because they are trigger bits.
TAUS The TAUOEN and TAUOPEN bits of the PER2 ——p Power-off status
stop register are cleared to 0. All circuits are initialized and SFR of each channel is also
initialized.
(The TOn and TOm bits are cleared to 0 and the TOn and
TOm pins are set to port mode.)
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7.5.8 Operation as A/D conversion trigger output function (type 1)

The A/D conversion trigger output function uses two channels in combination to output A/D conversion triggers.

It outputs A/D conversion trigger signals from slave channels.

Multiple slave channels can be used to increase the number of A/D conversion trigger outputs.

The A/D conversion trigger output function assumes the master channel to be used as a sub-function of the
function described in 7.5.3 Operation as 6-phase PWM output function. The setting of the master channel is
therefore the same as in 7.5.3 Operation as 6-phase PWM output function. The A/D conversion trigger pulse
generation period can be calculated by the following expression.

A/D conversion trigger pulse generation period (interval from the start of the carrier period to INTTMn
detection)
= {Set value of TDRm (slave) + 1} x Count clock period

TCRn of the master channel operates in the interval timer mode and counts the periods.

TCRm of the slave channel operates in one-count mode and counts the duty. TCRm of the master channel loads
the value of TDRm by using INTTMn of the master channel as a start trigger, and counts down. When TCRm has
become 0000H, TCRm outputs INTTMm and stops counting until the next start trigger (INTTMn of the master
channel) is input.

TDRn and TDRm of the master channel and slave channel become valid from the next period (master channel
INTTMn generation).

Cautions 1. TSn or TSm cannot be set to “1” (forcible restart) while TEn =1 or TEm = 1. If TSn or TSm is
set to “1” while TEn = 1 or TEm = 1, the counter value (TCRn or TCRm) will be illegal and

TOnNn or TOm will not be able to output the expected waveform.
2. When using the A/D conversion trigger output function (type 1), set ATS1 to 0 and ATSO to 1.

Remarks 1. OPM =0: n =00, m =08, 09
OPM =1:n=00, 04, m =01, 05
2. OPM : Bit 15 of TAU option mode register (OPMR)
3. ATS1, ATSO : Bits 9 and 8 of TAU option mode register (OPMR)
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Figure 7-50. Block Diagram of Operation as A/D Conversion Trigger Output Function (Type 1)

Master channel
(interval timer mode)

CK00

Operation clock

Timer counter
—=| register n (TCRn)

3

Timer data register n Interrupt )
(TDRn) controller [ Interrupt signal
(INTTMn)

CKo1

Clock
selection

TSn

Trigger
selection

Slave channel
(one-count mode)

Timer counter
—| register m (TCRm)

/T Interrupt

Timer data register m controller [ Interrupt signal
(TDRm) (INTTMm)

Clock
selection

Trigger
selection

Remarks 1. OPM =0: n =00, m =08, 09
OPM=1:n=00, 04, m=01,05
2. OPM: Bit 15 of TAU option mode register (OPMR)
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Figure 7-51. Example of Basic Timing of Operation as A/D Conversion Trigger Output Function (Type 1)

TSn [
TEn |
gome o ) ) T~
TDRn / a / X ) b }
TOn
INTTMn I
a+1 a+1 b+1 | b+1
TSm
TEm ]
Slave TCRM 0000H \\ A \\
channel } } )
TDRm c X d
INTTMm |
c+1 c+1 d+1 d+1

Remarks 1. OPM = 0: n =00, m = 08, 09
OPM =1:n=00,04, m=01,05
2. OPM: Bit 15 of TAU option mode register (OPMR)
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Figure 7-52. Example of Set Contents of Registers When A/D Conversion Trigger Output Function (Type 1)
(Master Channel) Is Used

(a) Timer mode register n (TMRn)

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

TMRn | cksn CCS1n | CCSOn T""EARSn STsn2 | STSn1 | STSnO | CIsnt | CISno MDn4 | MDn3 | MDn2 | MDn1 | MDno
10| O 0 0 1 0 0 0 0 0 0 0 0 0 0 1

LI I I IIIII

Operation mode of channel n
0000B: Interval timer

Setting of operation when

counting is started

1: Generates INTTMn when
counting is started.

Selection of TIn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
1: Master channel

Count clock selection
00B: Selects operation clock.

| Operation clock selection
0: Selects CKO0O0 as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Other registers

TOEO:TOEnNn 0: Stops the TOn output operation by counting operation.
1: Enables the TOn output operation by counting operation.
TOO:TOn 0: Outputs a low level from TOn.
1: Outputs a high level from TOn.
TOMO:TOMn 0: Sets 0 when TOEnN = 0 (stops the TOn output operation by counting operation).
TOTO:TOTn 0: Sets 0 when TOMn = 0 (master channel output mode).
TOLO:TOLn 0: Sets 0 when TOMn = 0 (master channel output mode).
TDEO:TDEn 0: Stops dead time control.
TREO:TREnNn 0: Stops real-time output.
TROO0:TRON 0: Sets 0 when TREN = 0 (stops real-time output).
TRCO:TRCn 0: Does not operate as the real-time output trigger generation channel.
TMEOQO:TMEn 0: Stops modulated output.

Remark n =00, 04
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Figure 7-53. Example of Set Contents of Registers When A/D Conversion Trigger Output Function (Type 1)

(Slave Channel) Is Used

(a) Timer mode register m (TMRm)

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

TMRm | cksm CCS1m|CCSOm T"égfn STSm2 | STSm1 | STSmO | CISm1 | CISmO MDm4 | MDm3 | MDm2 | MDm1 | MDmO
0 0 1 0 0 1 0 0 0 0 0 0 1 0 0 1

L1 I | L] II|II

Operation mode of channel m
0100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

Selection of TIm pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
100B: Selects INTTMn of master channel.

| Slave/master selection
0: Slave channel

Count clock selection
10B: Selects count clock of master channel.

| Operation clock selection
0: Selects CKO0O as operation clock of channel m.

(b) Other registers

TOEO:TOEm 0: Stops the TOm output operation by counting operation.

TOO0:TOm 0: Outputs a low level from TOm.

TOMO:TOMm 0: Sets 0 when TOEm = 0 (stops the TOm output operation by counting operation).
TOTO:TOTm 0: Sets 0 when TOMm = 0 (master channel output mode).

TOLO:TOLm 0: Sets 0 when TOMm = 0 (master channel output mode).

TDEO:TDEm 0: Stops dead time control.

TREO:TREm 0: Stops real-time output.

TROO0:TROm 0: Sets 0 when TREm = 0 (stops real-time output).

TRCO:TRCm 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEm 0: Stops modulated output.

Remarks 1. OPM =0:n =00, m =08, 09
OPM =1:n=00, 04, m =01, 05
2. OPM: Bit 15 of TAU option mode register (OPMR)
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Operation is resumed.

CHAPTER 7 INVERTER CONTROL FUNCTIONS

Figure 7-54. Operation Procedure When A/D Conversion Trigger Output Function (Type 1) Is Used

Software Operation Hardware Status
TAUS Power-off status
default (Clock supply is stopped and writing to each register is
SN | disabled)
Sets the TAUOEN and TAUOPEN bits of the PER2
register to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
_________________________________________________________ enabled.) ]
Sets the TPSO register.
Determines clock frequencies of CK00 and CKO1.
Channel | Sets the TMRn and TMRm registers of two channels to | Channel operating.
default be used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An interval (period) value is set to the TDRn register of
the master channel, and a duty factor is set to the
TDRm register of the slave channel.
P | Operation | Sets the TSn (master) and TSm (slave) bits of the TS0
start register to 1 at the same time. TEn=1,TEm =1
The TSn and TSm bits automatically return to 0 The master channel starts counting and INTTMn is
because they are trigger bits. generated. Triggered by this interrupt, the slave channel
also starts counting.
During The set values of the TDRn and TDRm registers can be | At the master channel, TCRn loads the value of TDRn and
operation | changed after generation of INTTMn of the master counts down. When the count value reaches TCRn =
channel. 0000H, INTTMn is generated. At the same time, the value of
The TCRn and TCRm registers can always be read. TDRn is loaded to TCRn, and the counter starts counting
down again.
At the slave channel, the value of the TDRm register is
transferred to TCRm, triggered by the INTTMn signal of the
master channel, and the counter starts counting down.
INTTMm is generated when TCRm = 0000H is detected, and
the count operation is stopped. After that, the above
operation is repeated.
Operation | The TTn (master) and TTm (slave) bits are set to 1 at
stop the same time. »| TEn and TEm = 0, and count operation stops.
The TTn and TTm bits automatically return to 0 TCRn and TCRm hold count values and stop.
— because they are trigger bits.
TAUS The TAUOEN and TAUOPEN bits of the PER2 register
stop are cleared to 0. Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
Remarks 1. OPM =0: n =00, m =08, 09
OPM=1:n=00,04, m=01, 05
2. OPM: Bit 15 of TAU option mode register (OPMR)
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7.5.9 Operation as A/D conversion trigger output function (type 2)

The A/D conversion trigger output function uses two channels in combination to output A/D conversion triggers.

It outputs A/D conversion trigger signals from slave channels.

Multiple slave channels can be used to increase the number of A/D conversion trigger outputs.

The A/D conversion trigger output function assumes the slave channel to be used as a sub-function of the function
described in 7.5.6 Operation as 6-phase triangular wave PWM output function. The setting of the master channel
is therefore the same as in 7.5.6 Operation as 6-phase triangular wave PWM output function. The A/D
conversion trigger pulse generation period can be calculated by the following expression.

A/D conversion trigger pulse generation period (interval from the start of the carrier period to INTTMn
detection during a down status) = {Set value of TDRm (slave) + 1} x Count clock period

Setting range of TDRm (slave): 0000H < TDRm (slave) < {Set value of TDRn (master) + 1}
* Interval from INTTMm detection during a down status to INTTMm detection during an up status
= {{Set value of TDRn (master) + 1} — {Set value of TDRm (slave)}} x 2 x Count clock period

TCRn of the master channel operates in the interval timer mode and counts the periods.

TCRn loads the value of TDRn by setting the channel start trigger bit (TSn) to 1.

Afterward, TCRn counts down along with the count clock. When TCRn has become 0000H, INTTMn is output and
TOn is toggled upon the next count clock. TCRn loads the value of TDRn again at the same timing. Similar operation
is continued hereafter.

A carrier period is generated in two periods of the master channel count.

The count operation of the slave channel is controlled by defining the first period of the master channel as a down
status of the slave channel and the second period as an up status of the slave channel.

TOn of the master channel outputs up and down statuses.

TOn of the TOO register must be manipulated while TOEn of the TOEO register is 0 and the default level must be
set, because up and down statuses are output.

TOn of the TOO register is set to 1 when MDnO of the TMRO register is 0, and TOn is set to 0 when MDnO is 1.

By setting the default level, a high level is output from TOn during a down status and a low level is output during an
up status.

TCRm of slave channel m operates in the up and down count mode, and counts the duty. TRm loads the value of
TDRm at the first count clock, after the channel start trigger bit (TSm) is set to 1. Hereafter, counting up and counting
down is switched in accordance with the operation of the master channel. INTTMm is output when TCRm becomes
0001H.

TCRm loads the value of TDRm again when INTTMn is generated in an up status of the master channel. Similar
operation is continued hereafter.

Remarks 1. OPM =0:n =00, m=08, 09

OPM =1:n=00, 04, m =01, 05
2. OPM: Bit 15 of TAU option mode register (OPMR)
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Cautions 1. TDRn of the master channel must be rewritten during an up status period of slave channel m
(The count status is judged by CSF (TSRm register) of the slave channel or the TOn output
level of the master channel). When the value of TDRn is rewritten during a down status
period, the periods of the down status and up status differ and an expected waveform cannot
be output, because the value of TDRn of the rewritten master channel becomes valid at the
next period.

2. TSn or TSm cannot be set to “1” (forcible restart) while TEn =1 or TEm = 1. If TSn or TSm is
set to “1” while TEn = 1 or TEm = 1, the counter value (TCRn or TCRm) will be illegal and TOn
or TOm will not be able to output the expected waveform.

TDRm of the slave channel becomes valid from the next carrier period (up and down trigger detection).
Also, the timing of generating the A/D conversion trigger signal can be specified as follows by setting the ATSO to
ATSS bits of the OPMR register.
e The match interrupts during a up status period of the master channel.
e The match interrupts during a down status period of the master channel.
e The match interrupts during an up and a down status period of the master channel.
e The match interrupt and valley interrupt during an up and a down status period of the master channel .
For details, refer to 7.3 (19) TAU option mode register (OPMR).

Remarks 1. OPM =0: n =00, m =08, 09
OPM =1:n=00, 04, m=01,05
2. OPM: Bit 15 of TAU option mode register (OPMR)
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Figure 7-55. Block Diagram of Operation as A/D Conversion Trigger Output Function (Type 2)

Master channel
(interval timer mode)

CKoo

Operation clock

Clock
selection

Timer counter Output ©) f
—| register n (TCRn) controller TOn pin

5

Timer data register n Interrupt _
(TDRn) controller [ Interrupt signal
(INTTMn)

CKo1

TSn

Trigger
selection

Slave channel
(up and down count mode)

Timer counter Interrupt
—={ register m (TCRm) controller

1

Timer data register m
(TDRm)

— Interrupt signal
(INTTMm)

Clock
selection

TSm

Trigger
selection

Remarks 1. OPM =0: n =00, m =08, 09
OPM =1:n=00, 04, m =01, 05
2. OPM: Bit15 of TAU option mode register (OPMR)
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Figure 7-56. Example of Basic Timing of Operation as A/D Conversion Trigger Output Function (Type 2)
(Default setting : TOn = 0, MDnO = 1)

TSn

TEn

FFFF |
Master TCRn \
channel 0000H

TDRn a X b

TOn

INTTMn | I
a+1 ai b+1 b+1
down up down up

TSm

TEm

TCRm
Slave 0001H

channel

N [
N

TDRm e X f

INTTMm IR

e |@+1-e)x2| e flo+1-fHx2|f

Remarks 1. OPM =0: n =00, m =08, 09
OPM=1:n=00,04, m=01,05
2. OPM: Bit15 of TAU option mode register (OPMR)
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Figure 7-57. Example of Set Contents of Registers When A/D Conversion Trigger Output Function (Type 2)
(Master Channel) Is Used

(a) Timer mode register n (TMRn)

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

TMRn | cksn CCS1n | CCSON T"’I'E”E{i STSn2 | STSn1 | STSNO | CIsnt | CISno MDn4 | MDn3 | MDn2 | MDn1 | MDno
10| O 0 0 1 0 0 0 0 0 0 0 0 0 0 | 1/0

L1 I | L] II|II

Operation mode of channel n
0000B: Interval timer

Setting of operation when

counting is started

0: Neither generates INTTMn
nor inverts timer output when
counting is started.

1: Generates INTTMn and
inverts timer output when
counting is started.

Selection of TIn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Slave/master selection
1: Master channel

Count clock selection
00B: Selects operation clock.

| Operation clock selection
0: Selects CKO0O0 as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Other registers

TOEO:TOEnNn 0: Stops the TOn output operation by counting operation.

1: Enables the TOn output operation by counting operation.
TOO0:TOn™* 0: Outputs a low level from TOn.

1: Outputs a high level from TOn.
TOMO:TOMn 0: Sets master channel output mode.
TOTO:TOTn 0: Sets 0 when TOMn = 0 (master channel output mode).
TOLO:TOLn 0: Sets 0 when TOMn = 0 (master channel output mode).
TDEO:TDEn 0: Stops dead time control.
TREO:TREn 0: Stops real-time output.
TROO0:TRON 0: Sets 0 when TREN = 0 (stops real-time output).
TRCO:TRCn 0: Does not operate as the real-time output trigger generation channel.
TMEOQ:TMEn 0: Stops modulated output.

Note When MDnO =1, TOn is set to 0O,
When MDn0 =0, TOn is set to 1

Remark n =00, 04
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Figure 7-58. Example of Set Contents of Registers When A/D Conversion Trigger Output Function (Type 2)
(Slave Channel m) Is Used

(a) Timer mode register m (TMRm)

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

TMRm | cksm CCS1m|CCSOm T"é’;‘?n STSm2 | STSm1 | STSmO | CISm1 | CISmO MDm4 | MDm3 | MDm2 | MDm1 | MDmO
0 0 1 0 0 1 1 1 0 0 0 1 0 0 1 0

LI I I IIIII

Operation mode of channel m
1001B: Up and down count

Start trigger during operation
0: Trigger input is invalid.

Selection of TIm pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
111B: Selects up or down control trigger of master channel.

| Slave/master selection
0: Slave channel

Count clock selection
10B: Selects count clock of master channel.

| Operation clock selection
0: Selects CKO0O as operation clock of channel m.

(b) Other registers

TOEO:TOEm 0: Stops the TOm output operation by counting operation.

TOO0:TOm 0: Outputs a low level from TOm.

TOMO:TOMm 0: Sets 0 when TOEm = 0 (stops the TOn operation by counting operation).
TOTO:TOTm 0: Sets 0 when TOMm = 0 (master channel output mode).

TOLO:TOLm 0: Sets 0 when TOMm = 0 (master channel output mode).

TDEO:TDEm 0: Stops dead time control.

TREO:TREm 0: Stops real-time output.

TROO0:TROm 0: Sets 0 when TREm = 0 (stops real-time output).

TRCO:TRCm 0: Does not operate as the real-time output trigger generation channel.
TMEO:TMEm 0: Stops modulated output.

Remarks 1. OPM =0:n =00, m=08, 09
OPM=1:n=00,04, m=01,05
2. OPM: Bit15 of TAU option mode register (OPMR)
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Operation is resumed. (from next page)

CHAPTER 7 INVERTER CO

NTROL FUNCTIONS

Figure 7-59. Operation Procedure When A/D Conversion Trigger Output Function (Type 2) Is Used (1/2)

Software Operation

Hardware Status

TAUS Power-off status
default (Clock supply is stopped and writing to each register is
SOt | e disEbled,)

Sets the TAUOEN and TAUOPEN bits of the PER2

register to 1. Power-on status. Each channel stops operating.

(Clock supply is started and writing to each register is

.| Gnabled) .

Sets the TPSO register.

Determines clock frequencies of CK0O0 and CKO1.
Channel | Sets the TMRn and TMRm registers of channels to be Channel stops operating.
default used (determines operation mode of channels). (Clock is supplied and some power is consumed.)
setting An interval (period) value is set to the TDRn register of
the master channel, and an interrupt width is set to the
| TDRm register of the slave channel. ____________{ The TOn pin goes into Hi-Z output states. _ _ __________
Sets the master channel.
Sets the TOMn bit of the TOMO register to 0 (master
channel output mode).
Sets the TDEn bit of the TDEO register to 0 (dead time

_controlenable). |

Sets the TOn bit, and determines default levels of the

TOnN bit. The TOn default setting level is output when the port mode
register is in output mode and the port register is 0.

Sets the TOEn bit to 1 and enables operation of TOn. ¥ TOn does not change because channel stop operating.

Clears the port register and port mode register to 0.——® The TOn pin outputs the set level of TOn.

Operation | Sets the TOEn (master) bit to 1 (only when operation is
start resumed).
Sets the TSn (master) and TSm (slave) bits of the TS0
register to 1 at the sametime. ——————p| TEn=1, TEm =1
The TSn and TSm bits automatically return to 0 When the master and slave channels start counting and
because they are trigger bits. the MDnO bit of the TMRn register is 1, INTTMn is
generated.
During The set value of the TDRn (master) register must be At the master channel, TCRn loads the value of TDRn and
operation | changed during an up status period. counts down. When the count value reaches TCRn =

The set value of the TDRm (slave) register can be 0000H, INTTMn is generated. At the same time, the value of

changed. TDRn is loaded to TCRn, and the counter starts counting

The TCRn and TCRm registers can always be read. down again.

The TSRm (slave) register can always be read. At the slave channel, TCRm loads the value of TDRm, and
counting down and up are switched according to the
operation of the master channel. INTTMm is generated and
count operation is stopped upon detection of TCRm =
0001H. TCRm loads the value of TDRm again and count
operation is continued by the generation of INTTMn during
an up status of the master channel.

Remarks 1. OPM=0:n=00, m=08, 09

OPM =1:n=00, 04, m =01, 05

2. OPM: Bit15 of TAU option mode register (OPMR)
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(to forward page)
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CHAPTER 7 INVERTER CONTROL FUNCTIONS

Figure 7-59. Operation Procedure When A/D Conversion Trigger Output Function (Type 2) Is Used (2/2)

Software Operation Hardware Status
Operation | The TTn (master) and TTm (slave) bits are set to 1 at
stop the same time. TEn and TEm = 0, and count operation stops.
The TTn and TTm bits automatically return to 0 TCRn and TCRm hold count values and stop.
| becausetheyaretriggerbits. | TheTOn outputis notinitialized but hold current statuses. _
Sets the TOEn (master) bit to 0, TOn bit to value. —®] The TOn pin outputs the set level of TOn.
TAUS The TAUOEN and TAUOPEN bits of the PER2 register
stop are cleared to 0. Power-off status
All circuits are initialized and SFR of each channel is also
initialized.
(The TOn bit is cleared to 0 and the TOn pin is set to port
mode.)
Remarks 1. OPM=0:n =00, m=08, 09
OPM =1:n=00, 04, m =01, 05
2. OPM: Bit15 of TAU option mode register (OPMR)
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7.5.10 Operation as linked real-time output function (type 1)

The linked real-time output function (type 1) includes a function to delay the generation of INTTMn of slave channel
1 so that it occurs later than INTTMOO of master channel 0. By 