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Notice

1. 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 or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving 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, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. Nolicense, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.

5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.

7. No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, 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 and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

11. Renesas Electronics products and technologies shall 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. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

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

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

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
WWWw.renesas.com www.renesas.com/contact/

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

© 2024 Renesas Electronics Corporation. All rights reserved.



General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage
notes on the products covered by this document, refer to the relevant sections of the document as well as any technical updates that have
been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can 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 must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be
touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

2. Processing at power-on
The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the
level at which resetting is specified.

3. Input of signal during power-off state
Do not input signals or an I/O pull-up power supply while the device is powered off. 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.
Follow the guideline for input signal during power-off state as described in your product documentation.

4. Handling of unused pins
Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal
become possible.

5. Clock signals
After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal produced
with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.

6. 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 V, (Max.)
and V| (Min.) due to noise, for example, 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 V,_(Max.) and V4 (Min.).

7. Prohibition of access to reserved addresses
Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LSI is not guaranteed.

8. Differences between products
Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Readers

Purpose

Organization

How to Read This Manual

How to Use This Manual

This manual is intended for user engineers who wish to understand the functions of the
RL78/11A and design and develop application systems and programs for these devices.
The target products are as follows.

e 20-pin: R5F1076C
e 30-pin: R5F107AE, R5F107AC
e 38-pin: R5F107DE

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

The RL78/11A manual is separated into two parts: this manual and the software edition
(common to the RL78 Microcontroller).

RL78/11A RL78 Family
User’s Manual User’s Manual
Hardware Software

(This Manual)

e Pin functions e CPU functions
e Internal block functions e Instruction set
e Interrupts e Explanation of each instruction

e Other on-chip peripheral functions

Electrical specifications

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

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

e How to interpret the register format:

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

e To know details of the RL78 Microcontroller instructions:

— Refer to the separate document RL78 Family User’s Manual: Software

(R0O1US0015E).



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 - XXXX OF XXxXB
Decimal “- s 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.
RL78/11A User's Manual: Hardware This manual
RL78 Family User's Manual: Software R0O1US0015E

Documents Related to Flash Memory Programming

Document Name Document No.

PG-FP5 Flash Memory Programmer User's Manual R20UTO008E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.

Other Documents

Document Name Document No.
Renesas MPUs & MCUs RL78 Family R0O1CP0003E
Semiconductor Package Mount Manual R50ZZ0003E
Semiconductor Reliability Handbook R51ZZ0001E

Caution The related documents listed above are subject to change without notice. Be sure to use the latest
version of each document when designing.

All trademarks and registered trademarks are the property of their respective owners.

EEPROM is a trademark of Renesas 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.
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CHAPTER 1 OUTLINE

1.1 Features

0]

O

O O0OO0oo

O

Operation clocks

¢ 1 to 32 MHz (when using high-speed on-chip oscillator clock)
e 32.768 kHz (when using subsystem clock)

General-purpose registers: (8-bit register x 8) x 4 banks

ROM: 32/64 KB, RAM: 2/4 KB, Data flash memory: 4 KB

16-bit timers KBO to KB2, and KCO for PWM output

¢ 16-bit timers KBO to KB2: maximum 6 outputs (3 ch x 2)

e Smooth start function, dithering function, forced output stop function (by comparator or external interrupt), and

interleave function for PFC control supported

o Average resolution 1 nsec output, 64 MHz (when using PLL) + dithering option
¢ 16-bit timer KCO (3 ch)

PWM output gating function by interlocking with 16-bit timers KB0O, KB1, and KB2
On-chip comparator (4 to 6 channels)/programmable gain amplifier (1 channel)
Flash memory
Prohibition of block erase and rewriting (security function)

Back ground operation (BGO): Instructions can be executed from the code flash memory while rewriting the data
flash memory.

Self-programming (with boot swap function/flash shield window function)
On-chip debug function

Power-on-reset (POR) circuit and voltage detector (LVD)

On-chip multiplier and divider/multiply-accumulator

¢ 16 bits x 16 bits = 32 bits (Unsigned or signed)

e 32 bits + 32 bits = 32 bits (Unsigned)

¢ 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

On-chip BCD adjustment

I/0O ports: 13 to 29

Timer

Timer array unit: 16-bit timer x 8 channels

Watchdog timer: 1 channel

Real-time clock: 1 channel

¢ 12-bit Interval timer: 1 channel
Serial interface
e Simplified SPI (CSI Nete), UART, I°C (SM/PM bus)
UART supports DALI for light communication and DMX512
8/10-bit resolution A/D converter (Vob = 2.7 to 5.5 V): 6 to 11 channels
Power supply voltage: Vop=2.7t0 5.5V
Operating ambient temperature: Ta= —40 to +105°C, Ta= —40 to +125°C

Note Although the CSI function is generally called SPI, it is also called CSl in this product, so it is referred to as such

in this manual.

Remark The functions mounted depend on the product. See 1.6 Outline of Functions.

RO1UHO169EJ0340 Rev.3.40 R NS 1
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CHAPTER 1 OUTLINE

O ROM, RAM capacities

Flash ROM | Data flash RAM RL78/11A
20 pins 30 pins 38 pins
64 KB 4 KB 4 KBNote - R5F107AE R5F107DE
32 KB 4 KB 2 KB R5F1076C R5F107AC -

Note This is about 3 KB when the self-programming function and data flash function are used. (For details, see
CHAPTER 3.)

RO1UHO169EJ0340 Rev.3.40

Mar 29, 2024
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CHAPTER 1 OUTLINE

1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package of RL78/I1A

PartNo. R5F10

7DEG

XXSP#VO0

_L Package specification:

#VO0: Tray (LSSOP30, SSOP38), Tube (LSSOP20)
#X0: Embossed tape (LSSOP, SSOP)
Package type:

SP: LSSOP, 0.65 mm pitch
SSOP, 0.65 mm pitch

— ROM number (Omitted with blank products)

Classification:
G: Operating ambient temperature: —40°C to 105°C
M: Operating ambient temperature: —40°C to 125°C

ROM capacity:
C:32KB
E: 64 KB
Pin count:
6: 20-pin
A: 30-pin
D: 38-pin

RL78/11A group

Memory type:
F: Flash memory

Renesas MCU

Renesas semiconductor product

Pin count Package Operating Ambient Part Number
Temperature

20 pins | 20-pin plastic LSSOP TA = —40 to +105°C R5F1076CGSP#V0, R5F1076CGSP#X0
(4.4%6.5) TA= —40 to +125°C R5F1076CMSP#V0, R5F1076CMSP#X0

30 pins | 30-pin plastic LSSOP TA = —40 to +105°C R5F107ACGSP#V0, R5F107AEGSP#V0,
(7.62 mm (300)) R5F107ACGSP#X0, R5F107AEGSP#X0
TA = —40 to +125°C R5F107ACMSP#V0, R5F107AEMSP#V0,

R5F107ACMSP#X0, R5F107AEMSP#X0

38 pins | 38-pin plastic SSOP TA = —40 to +105°C R5F107DEGSP#V0, R5F107DEGSP#X0
(7.62 mm (300)) TA= —40 to +125°C R5F107DEMSP#V0, R5F107DEMSP#X0

Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering
part numbers, refer to the target product page of the Renesas Electronics website.

RO1UHO169EJ0340 Rev.3.40
Mar 29, 2024
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1.3 Pin Configuration (Top View)

1.3.1 20-pin products

e 20-pin plastic LSSOP (4.4 x 6.5)

P21/ANIL/AVRerM O=—= 1 O 20 f=——=0 P22/ANI2/CMPOP
P20/ANIO/AVRerp O=e—n]2 19 f[«~—=O P24/ANI4/CMP1P
P40/TOOLO O=——+|3 18 [~—=0 P25/ANI5/CMP2P
RESET O—~{4 17 f+=—=O P147/CMPCOM/ANI18/(CMP3P)
P137/INTPO O—~{5 16 [«—=O P10/TxDO/TKCOO0/INTP20/SCLAO/(DALITXD4)
P122/X2/EXCLK O——{6 15 [«——=0O P11/RXDO/TKCOO01/INTP21/SDAAQ/(TIO7)/(DALIRXDA)/(TXRx4)/(INTPO)
P121/X1 O 7 14 f=—=O P200/TKBOOO/INTP22
REGC O—|8 13 |«——=0 P201/TKBO01
Vss O——19 12 [«—=0O P202/TKBO10/(INTP21)
Voo O—|10 11 [«——=0O P203/TKBO11/TKCO02/(INTP20)

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

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O
redirection register (PIOR1) or the input switch control register (ISC). See Figure 4-8 Format of
Peripheral 1/0 Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control
Register (ISC).
3. The shared function CMP3P can be assigned to P147 by setting the CMPSELO bit in the comparator
input switch control register (CMPSEL).

RO1UH0169EJ0340 Rev.3.40 R NS 4
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1.3.2 30-pin products

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

P20/ANIO/AVrerp Oe—n]
PO3/RxD1/CMP5P/ANI16 O=~—r
PO2/TxD1/ANI17 O=—
P120/ANI19 O=—

P40/TOOLO O

RESET O——=

P137/INTPO O—~
P122/X2/EXCLK O—
P121/X1 O—*

REGC O—

Vss O——

Voo O——
P31/TI03/TO03/INTP4 O=—n]
P77/INTP11 O=—
P206/TKCOO05/DALIRXD4/TXRx4/INTP23 O=~—~

30
29
28
27
26
25
24
23
22
21
20
19
18
17
16

[+——=0O P21/ANI1/AVRrerm

[—=O P22/ANI2/CMPOP

[=—=0O P24/ANI4/CMP1P

[«—=O P25/ANI5/CMP2P

[+—=O P26/ANI6/CMP3P

[+—=O P27/ANI7/CMP4P

[=—O P147/CMPCOM/ANI18

[+—=O P10/TxD0/TKCOO0O0/INTP20/SCLAOQ/(DALITxD4)
L+ =0 P11/RXDOITKCOOL/NTP2L/SDAAO/(TIO7)/(DALIRXDA)/(TXRX4)/(INTPO)
l«—=O P200/TKBOOO/INTP22

l«—O P201/TKBOO1

l«—=O P202/TKBO10/(INTP21)

[+—=O P203/TKBO11/TKCOO02/(INTP20)

l«—O P204/TKBO20/TKCO03

l«—=O P205/TKBO21/TKCOO04/DALITXxD4

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

Remarks 1. For pin identification, see 1.4 Pin Identification.

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O
redirection register (PIOR1) or the input switch control register (ISC). See Figure 4-8 Format of
Peripheral 1/0 Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control

Register (ISC).

RO1UHO169EJ0340 Rev.3.40
Mar 29, 2024
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1.3.3 38-pin products

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

P20/ANIO/AVRerp
P03/RxD1/CMP5P/ANI16
P02/TxD1/ANI17
P120/ANI19
P40/TOOLO
RESET
P124/XT2/EXCLKS
P123/XT1
P137/INTPO
P122/X2/EXCLK
P121/X1
REGC
Vss
Voo
P31/TI03/TO03/INTP4
P77/INTP11
P76/INTP10
P75/INTP9
P06/T106/TO06

Or—1

0

© 0o ~NOO O WN

P21/ANI1/AVRerm

P22/ANI2/CMPOP

P24/ANI4/CMP1P

P25/ANIS/CMP2P

P26/ANI6/CMP3P

P27/ANI7/CMP4P

P147/CMPCOM/ANI18
P10/SO00/TxDO/TKCOOO0/INTP20/SCLAO/(DALITXD4)
P11/SI00/RxDO/TKCOO01/INTP21/SDAA0/(TIO07)/(DALIRXD4)/(TxRx4)/(INTPO)
P12/SCKO00/(TKCOO03)

P200/TKBOOO/INTP22

P201/TKBOO1

P202/TKBO10/(INTP21)
P203/TKBO11/TKCOO02/(INTP20)
P204/TKBO20/TKCOO03
P205/TKBO21/TKCO04/DALITxD4
P206/TKCOO05/DALIRXD4/TXRx4/INTP23
P30/INTP3/RTC1HZ

PO5/T105/TO05

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

Remarks 1. For pin identification, see 1.4 Pin Identification.

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/10

redirection register (PIOR1) or the input switch control register (ISC). See Figure 4-8 Format of
Peripheral I/0 Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control

Register (ISC).

RO1UHO169EJ0340 Rev.3.40
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1.4 Pin Identification

ANIO to ANIZ2,
ANI4 to ANI7,
ANI16 to ANI19:
AVREFM:
AVREFP:

CMPOP to CMP5P:

CMPCOM:

EXCLK:

EXCLKS:

INTPO, INTP3,

INTP4, INTP9,
INTP10, INTP11,

INTP20 to INTP23:

Analog Input

Analog Reference Voltage Minus
Analog Reference Voltage Plus
Comparator Analog Input
Comparator External Reference
Voltage

External Clock Input (Main System
Clock)

External Clock Input (Subsystem
Clock)

Interrupt Request from Peripheral

REGC:
RESET:
RTC1HZ:

RxDO, RxD1,
DALIRxD4:

SCKO00:

SCLAO:

SDAAO:

SI00:

SO00:

TIO3, TIOS, TIOG,
TIO7:

TOO03, TOO05, TO06,

TKBOO00, TKBOO01 to

TKBO20, TKBO21,

Regulator Capacitance

Reset

Real-time Clock Correction Clock
(1 Hz) Output

Receive Data

Serial Clock Input/Output
Serial Clock Input/Output
Serial Data Input/Output
Serial Data Input

Serial Data Output

Timer Input

P02, P03, TKCOOQ0O0 to TKCOO05: Timer Output

P05, P06: Port 0 TOOLO: Data Input/Output for Tool

P10 to P12: Port 1 TxRx4: Serial Data Input/Output for Single
P20 to P22, Wired UART

P24 to P27: Port 2 TxDO, TxD1

P30, P31: Port 3 DALITxD4: Transmit Data

P40: Port 4 Vob: Power Supply

P75 to P77: Port 7 Vss: Ground

P120 to P124: Port 12 X1, X2: Crystal Oscillator (Main System Clock)
P137: Port 13 XT1, XT2: Crystal Oscillator (Subsystem Clock)
P147: Port 14

P200 to P206: Port 20

RO1UHO0169EJ0340 Rev.3.40 RENESAS 7
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1.5 Block Diagram

1.5.1 20-pin products

(TI07)/RxD0O/P11(LIN-bus, DMX512) —

TIMER ARRAY
UNIT (8ch)

cho

chl

ch2

ch

I

ch4

chs

ch

I

ch7

TKBOO00/P200, TKBO01/P201,
TKBO10/P202, TKBO11/P203

16-bit TIMER KBO, KB1

TKCOO00/P10, TKCOO01/P11,

“ﬂ P10, P11
o e feme
e
PlZl, P122
o
T

A/D CONVERTER

ANIO/P20 to ANI2/P22,
ANI4/P24, ANI5/P25

ANI18/P147

AVrerr/P20
AVrern/P21

T

PROGRAMMABLE
GAIN AMPLIFIER

CMPOP/P22, CMP1P/P24,
CMP2P/P25, (CMP3P/P147)

CMPOP/P22, CMP1P/P24,
CMP2P/P25, (CMP3P/P147)

TxDO/P10 —=—(—

TKCO02/P203
WINDOW
WATCHDOG
TIMER
LOW-SPEED
ON-CHIP 12- BILI’\I,\II;ERVAL
OSCILLATOR K—]
RL78 CODE FLASH MEMORY
CPU
REAL-TIME <:
CLOCK <:> CORE |-~ | DATAFLASHMEMORY
—
SERIAL ARRAY @
UNITO (4ch)
RxDO/P11 —~ UARTO @ @

LIN-bus, DMX512

SERIAL ARRAY
UNIT4 (2ch)

(DALIRXD4/P11) —}+|
(DALITXD4/P10) ~—1—

(TxRx4/P11)

DALI, DMX512
SINGLE-WIRE UART

UART4

SDAAQO/P11 «—
SCLAO/P10 =—

SERIAL
INTERFACE IICA

DATA
RAM FLASH
MEMORY
Voo
DIRECT MEMORY CRC

ACCESS CONTROL

MULTIPLIER&
DIVIDER,
MULTIPLY-

ACCUMULATOR

BCD
ADJUSTMENT

Remarks 1.

redirection register (PIOR1) or the input switch control register (ISC).

INTERRUPT
CONTROL

COMPARATOR
CMPCOM/P147
POWER ON RESET/ PORILVD
VoLTAsE CONTROL
DETECTOR
RESET CONTROL
{—>| oN-cHIP DEBUG TOOLO/P40
SYSTEM RESET
CONTROL X1/P121
HIGH-SPEED X2/EXCLK/P122
ON-CHIP
OSCILLATOR
VOLTAGE
REGULATOR REGC
RXDO/P11
INTPO/P137

[~—— INTP20/P10(INTP20/P203)
INTP21/P11(INTP21/P202)
[« INTP22/P200

Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O
See Figure 4-8 Format of

Peripheral 1/0 Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control

Register

(ISC).

2. The shared function CMP3P can be assigned to P147 by setting the CMPSELO bit in the comparator
input switch control register (CMPSEL).

RO1UHO169EJ0340 Rev.3
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RL78/MA CHAPTER 1 OUTLINE

1.5.2 30-pin products

TIMER ARRAY
PORT 0 P02, P
e _romo Kemprenros
cho
<) PORT 1 2 >P10, P11
cht
P20 to P22,
<_>| PORT2 KT o 10 par

ch2

TIO3/TO03/P31 =—~ ch3

0

ch

chs

~———=P120
e ()| PoRT2 K2 IP121, P122
(TI07)/RXxDO/P11 (LIN-bus, DMX512) — | oh7 N porTis | prar

TKBO00/P200, TKBO01/P201,

TKBO10/P202, TKBO11/P203, ("6 | 16-bit TIMER KB to KB2)
TKBO20/P204, TKBO21/P205

-——P147

<:> 7" >P200 to P206

ANIO/P20 to ANI2/P22,
ANI4/P24 to ANI7/P27

ANI16/P03, ANI17/P02,

TKCOO00/P10, TKCO01/P11,
TKCO02/P203,TKCO03/P204, <:I| 16-bit TIMER KCO
TKCO04/P205,TKCO05/P206

WINDOW ()| AID CONVERTER ANI18/P147, ANH9/P120
WATCHDOG AVrerr/P20
TIMER AVeeri/P21
LOW-SPEED T
oncHp (| 1 BILI,\;‘;RVAL CMPOP/P22,
OSCILLATOR

PROGRAMMABLE
RL78 % CODE FLASH MEMORY <] G ApLRER, 2 P ipibad to CMPAPIP2T,
CPU
CORE DATA FLASH MEMORY CMPOP/P22,
g K61 CMP1P/P24 to CMP4P/P27,

REAL-TIME
CLOCK

g ¢ g ¢ g

@ <~ comPARATOR CMP5P/P03
SERIAL ARRAY
CMPCOM/P147
UNITO (4ch)
RxDO/P11
TXDO/P10 =~ UARTO @ @ POWERONRESET/|  pom) yp
LIN-bus, DMX512 VOLTAGE CONTROL
DATA DETECTOR
RxD1/P03 —— ] RAM FLASH
TXD1/P02 ~—] UART = MEMORY
RESET CONTROL
SERIAL ARRAY
UNIT4 (2ch)
DALIRXD4/P206(DALIRXD4/P11) ()| ON-CHIP DEBUG [~——=TOOLO/P40
DALIT UART4
xD4/P205(DALITXD4/P10) K
DALI, DMX512 Voo Vss
TXRx4/P206(TXRX4/P11) SINGLE-WIRE UART csc;(r\?TTFi’\)nL >F:1E /E:E;
|| DIRECT MEMORY HIGH-SPEED| [+ X2/EXCLK/P122
R—| ACCESS GONTROL ON-CHIP
SDAAO/P11 SERIAL - OSCILLATOR
SCLAO/P10 ~——~| INTERFACE IICA
N BCD
N—] ADJUSTMENT VOLTAGE
MULTIPLIER& REGULATOR REGC

DIVIDER,
MULTIPLY- - RxDO/P11
ACCUMULATOR X

INTPO/P137
INTP4/P31

¢ NTERRUPT [T INTP1IRTZ
CONTROL INTP20/P10(INTP20/P203)

[~—— INTP21/P11(INTP21/P202)
INTP22/P200
L [~—— INTP23/P206

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR1) or the input switch control register (ISC). See Figure 4-8 Format of Peripheral 1/0
Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control Register (ISC).
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RL78/MA

CHAPTER 1 OUTLINE

1.5.3 38-pin products

TIO3/TO03/P31 ~—

TIO5/TO05/P05 ~—
TIO6/TO06/P06 ~—

(TI07)/RXDO/P11(LIN-bus, DMX512) —|

TKBO00/P200, TKBO01/P201,

TKBO10/P202, TKBO11/P203, (6 [16-hit TIMER KBO to KB2

TKBO20/P204, TKBO21/P205

TKCO00/P10, TKCO01/P11,

TKCO02/P203, TKCO03/P204(TKCO03/P12), 6|

TKCO04/P205,TKCO05/P206

—

TIMER ARRAY
UNIT (8ch)
cho
chl
ch2
ch3
ch4
chs

ché

ch7

g

16-bit TIMER KCO

WINDOW
WATCHDOG
TIMER

LOW-SPEED
ON-CHIP
OSCILLATOR

12- BIT INTERVAL
TIMER

g g ¢ 4

j

REAL-TIME
CLOCK

SERIAL ARRAY
UNITO (4ch)

RL78
CPU
CORE

CODE FLASH MEMORY
E DATA FLASH MEMORY

RxDO/P11 —~
TxDO/P10 =——

RxD1/P03 —]
TxD1/P02 =—p

UARTO

LIN-bus, DMX512

UART1

SCKO00/P12 ~—+]
SI00/P11 —— =
SO00/P10 =11

Csloo

i}

SERIAL ARRAY
UNIT4 (2ch)

DALIRXD4/P206(DALIRXD4/P11) —~
DALITXD4/P205(DALITXD4/P10) ~——

TxRx4/P206(TxRx4/P11)

UART4

DALI, DMX512

SDAAOIP11 | SERIAL
SCLAO/P10 =—=| INTERFACE IICA

SINGLE-WIRE UART

MULTIPLIER&
DIVIDER,
MULTIPLY-

ACCUMULATOR

{

DATA
RAM FLASH
MEMORY
Voo Vss

DIRECT MEMORY

ACCESS CONTROL CRC
BCD
ADJUSTMENT

“” P02, P03, P05, P06
P20 to P22,

K|  PorT12 P120
4 1P121t0 P124

g 8

PORT20 K7 >P200 to P206

A/D CONVERTER

ANIO/P20 to ANI2/P22,
ANI4/P24 to ANI7/P27
ANI16/P03, ANI17/P02,
ANI18/P147, ANI19/P120

AVrerelP20
AVrer/P21
CMPOP/P22
PROGRAMMABLE .
GAIN AMPLIFIER (e gmgéﬁggg to CMP4P/P27,
CMPOP/P22,
CMP1P/P24 to CMP4P/P27,
COMPARATOR CMP5P/P03
CMPCOM/P147
POWER ON RESET/
o] o
DETECTOR
RESET CONTROL
{_>] ON-CHIP DEBUG TOOLO/P40
SYSTEM RESET
CONTROL X1/P121
oSPEED| [ X2/EXCLKIP122
ON-CHIP XTUP123
OSCILLATOR XT2/EXCLKS/P124
VOLTAGE
REGULATOR REGC
RXDO/P1L
INTPO/P137
INTP3/P30,
INTP4/P31
INTERRUPT INTPO/P75 to
CONTROL INTP11/P77
[~ INTP20/P10(INTP20/P203)
[« INTP2L/P11(INTP21/P202)
-~ INTP22/P200
~ INTP23/P206

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection

register (PIOR1) or the input switch control register (ISC).

See Figure 4-8 Format of Peripheral 1/0

Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control Register (ISC).
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RL78/MA

CHAPTER 1 OUTLINE

1.6 Outline of Functions

Caution This outline describes the functions at the time when Peripheral I/O redirection register (PIOR1) is set

to 00H.
(1/3)
ltem 20-pin 30-pin 38-pin
R5F1076C R5F107AC R5F107AE R5F107DE
Code flash memory (KB) 32 32 64 64
Data flash memory (KB) 4 4 4 4
RAM (KB) 2 2 4Note 1 4Note 1
Address space 1 MB
Main system | High-speed system | X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
clock clock HS (High-speed main) mode: 1 to 20 MHz (Voo = 2.7 to 5.5 V),
LS (Low-speed main) mode: 1to 8 MHz (Voo =2.7 t0 5.5 V)
High-speed on-chip | HS (High-speed main) mode: 1 to 32 MHz (Voo = 2.7 to 5.5 V),
oscillator LS (Low-speed main) mode: 1 to 8 MHz (Voo =2.7 to 5.5 V)
Clock for 16-bit timers KBO to KB2, | 64 MHz (TYP.)
and KCO
Subsystem clock (38-pin products XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
only) 32.768 kHz
Low-speed on-chip oscillator 15 kHz (TYP.)
General-purpose register (8-bit register x 8) x 4 banks
Minimum instruction execution time | 0.03125 us (High-speed on-chip oscillator: fn = 32 MHz operation)
0.05 us (High-speed system clock: fux = 20 MHz operation)
30.5 us (Subsystem clock: fsus = 32.768 kHz operation) (38-pin products only)
Instruction set o 8-bit operation, 16-bit operation
o Multiplication (8 bits x 8 bits)
¢ Bit manipulation (Set, reset, test, and Boolean operation), etc.
1/O port Total 16 26 34
CMOS I/0 13 23 29
CMOS input 3 3 5
CMOS output - - -
Timer 16-bit timer TAU 8 channels (no timer 8 channels (timer output: 1, PWM output: 1N°te 2) 8 channels (timer
output) outputs: 3, PWM
outputs: 3N°t¢2)
16-bit timer KB 2 channels (PWM 3 channels (PWM outputs: 6)
outputs: 4)
16-bit timer KC 1 channel (PWM 1 channel (PWM outputs: 6)
outputs: 3)
Notes 1. This is about 3 KB when the self-programming function and data flash function are used. (For details, see

CHAPTER 3.)

2. The number of PWM outputs varies depending on the setting of channels in use (the number of masters

and slaves) (see 6.9.3 Operation as multiple PWM output function).

RO1UHO169EJ0340 Rev.3.40
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CHAPTER 1 OUTLINE

(2/3)
ltem 20-pin 30-pin 38-pin
R5F1076C R5F107AC, R5F107AE R5F107DE
Timer Watchdog timer 1 channel
Real-time clock 1 channe|Netes 1.2
(RTC)
12-bit interval timer 1 channel
(IT)
RTC output - 1
1 Hz (subsystem clock:
fsus = 32.768 kHz)
8/10-bit resolution A/D converter 6 channels 11 channels 11 channels
Comparator 4 channels 6 channels 6 channels
Programmable gain amplifier 1 channel
Inputhete 3 4 channels 6 channels 6 channels

Serial interface

[20-pin]

e UART (Supporting LIN-bus and DMX512): 1 channel

e UART (Supporting DALI communication): 1 channel

[30-pin products]

e UART (Supporting LIN-bus and DMX512): 1 channel

e UART: 1 channel

e UART (Supporting DALI communication): 1 channel

[38-pin products]

e Simplified SPI (CSI): 1 channel/lUART (Supporting LIN-bus and DMX512): 1 channel

e UART: 1 channel

e UART (Supporting DALI communication): 1 channel

I2C bus 1 channel 1 channel 1 channel
Multiplier and divider/multiply- ¢ 16 bits x 16 bits = 32 bits (Unsigned or signed)
accumulator ® 32 bits + 32 bits = 32 bits (Unsigned)
* 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)
DMA controller 2 channels
Vectored interrupt| Internal 27 30 30
sources External 7 10 11
Reset e Reset by RESET pin
o Internal reset by watchdog timer
¢ Internal reset by power-on-reset
¢ Internal reset by voltage detector
o Internal reset by illegal instruction executionNete 4
¢ Internal reset by RAM parity error
¢ Internal reset by illegal-memory access
Notes 1. The subsystem clock (fsus) can be selected as the operating clock only for 38-pin products.
2. The 20- and 30-pin products can only be used as the constant-period interrupt function.
3. The comparator input is alternatively used with analog input pin (ANI pin).
4. 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.

RO1UHO169EJ0340 Rev.3.40
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CHAPTER 1 OUTLINE

(3/3)

Iltem

20-pin 30-pin

38-pin

R5F1076C R5F107AC, R5F107AE

R5F107DE

Power-on-reset circuit

» Power-on-reset: 151V (TYP.)
» Power-down-reset: 1.50 V (TYP.)

Voltage detector

¢ Rising edge: 2.81V to 4.06 V (6 stages)
e Fallingedge: 2.75V to 3.98 V (6 stages)

On-chip debug function

Provided

Power supply voltage

Voo =2.7t055V

Operating ambient temperature

Ta =-40 to +105°C (G: Industrial applications), Ta = —40 to +125°C (M: Industrial applications)

RO1UHO169EJ0340 Rev.3.40
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RL78/11A CHAPTER 2 PIN FUNCTIONS

CHAPTER 2 PIN FUNCTIONS

2.1 Port Function

The 1/O buffer power supply for pins is provided by Vob.

ROTUHO0169EJ0340 Rev.3.40 R NS 14
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CHAPTER 2 PIN FUNCTIONS

Set in each port I/O, buffer, pull-up resistor is also valid for alternate functions.

2.1.1 20-pin products

Function Pin Type I/0 After Reset Alternate Function Function
Name Release
P10 8-1-2 /10 Input port TxDO/TKCOOO0/INTP20/ | Port 1.
SCLAO/(DALITxD4) 2-bit I/O port.
P11 RxDO/TKCOO01/INTP21/ Input of P10 and P11 can be set to TTL input buffer.
SDAAO/(TIO7)/ Output of P10 and P11 can be set to N-ch open-
(DALIRXD4)/(TXRX4)/ drain output (VDD tolerance).
(INTPO) Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port
P20 4-3-1 110 Analog input ANIO/AVRerp Port 2.
P21 port ANI1/AVRerw 5-bit 1/O port.
Can be set to analog inputNete !,
P22 4-18-1 ANI2/CMPOP Input/output can be specified in 1-bit units.
P24 ANI4/CMP1P
P25 ANI5/CMP2P
P40 7-1-1 110 Input port TOOLO Port 4.
1-bit I/O port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P121 2-2-1 Input Input port X1 Port 12.
P137 2-1-2 Input Input port INTPO Port 13.
1-bit input only port.
P147 7-9-1 lfe} Analog input ANI18/CMPCOM/ Port 14.
port (CMP3P) 1-bit 1/0 port.
P147 can be set to analog inputN°te 2,
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P200 7-1-6 110 Input port TKBOOO/INTP22 Port 20.
P201 TKBOO1 4-bit I/O port.
Output of P200 to P203 can be set to N-ch open-
P202 TKBO10/(INTP21) .
drain output (Voo tolerance).
P203 TKBO11/TKCO02/ Input/output can be specified in 1-bit units.
(INTP20) Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
RESET 2-1-1 Input - - Input only pin for external reset.
When external reset is not used, connect this pin to
Voo directly or via a resistor.
Notes 1. Setting digital or analog to each pin can be done in A/D port configuration register (ADPC).

2. When the each pin is used as input, specify them as either digital or analog in Port mode control register x

(PMCx) (This register can be specified in 1-bit unit).

Remark

Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection

register (PIOR1) or the input switch control register (ISC).

See Figure 4-8 Format of Peripheral 1/0

Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control Register (ISC).
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CHAPTER 2 PIN FUNCTIONS

2.1.2 30-pin products

(1/2)
Function Pin Type I/0 After Reset Alternate Function Function
Name Release
P02 7-3-2 110 Analog input TxD1/ANI17 Port 0.
PO3 8-18-1 port RxD1/CMP5P/ANI16 | 2-Dit VO port.
Input of PO3 can be set to TTL input buffer.
Output of P02 can be set to N-ch open-drain output
(Voo tolerance).
P02 and P03 can be set to analog inputN°te !,
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P10 8-1-2 110 Input port TxDO/TKCOOO/INTP20/ | Port 1.
SCLAOQ/(DALITxD4) 2-bit I/O port.
P11 RxDO/TKCOO1/INTP21/ Input of P10 and P11 can be set to TTL input buffer.
SDAAO/(TIO?)/ Output of P10 and P11 can be set to N-ch open-
(DALIRXD4)/(TxRx4)/ drain output (Voo tolerance).
(INTPO) Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P20 4-3-1 1/0 Analog input ANIO/AVRerp Port 2.
P21 port ANI1/AVrery 7-bit I/ port.
. 4181 ANI2/CMPOP Can be set to analog inputN°ete2,
e Input/output can be specified in 1-bit units.
P24 ANI4/CMP1P
P25 ANI5/CMP2P
P26 ANI6/CMP3P
P27 ANI7/CMP4P
P31 7-1-1 /0 Input port TI0O3/TO03/INTP4 Port 3.
1-bit I/0 port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P40 7-1-1 1/0 Input port TOOLO Port 4.
1-bit /0 port.

Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.

Notes 1. When the each pin is used as input, specify them as either digital or analog in Port mode control register x

(PMCx) (This register can be specified in 1-bit unit).

2. Setting digital or analog to each pin can be done in A/D port configuration register (ADPC).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection

register (PIOR1) or the input switch control register (ISC).

See Figure 4-8 Format of Peripheral 1/0

Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control Register (ISC).
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CHAPTER 2 PIN FUNCTIONS

(2/2)
Function Pin Type 110 After Reset Alternate Function Function
Name Release
P77 7-1-1 110 Input port INTP11 Port 7.
1-bit /0 port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P120 7-3-1 /0 Input port ANI19 Port 12.
P121 2.9.1 Input X1 1-bit I/O port and 2-bit input port.
122 XOIEXCLK P120 can be set to analog inputN°te,
For only P120, input/output can be specified in 1-bit
units.
For only P120, use of an on-chip pull-up resistor can
be specified by a software setting at input port.
P137 2-1-2 Input Input port INTPO Port 13.
1-bit input only port.
P147 7-9-1 110 Analog input ANI18/CMPCOM Port 14.
port 1-bit I/O port.
P147 can be set to analog inputNete,
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P200 7-1-6 /0 Input port TKBOOO/INTP22 Port 20.
P201 TKBOO1 7-bit I/ port.
Output of P200 to P206 can be set to N-ch open-
P202 TKBO10/(INTP21) .
drain output (Voo tolerance).
P203 TKBO11/TKCO02/ Input/output can be specified in 1-bit units.
(INTP20) Use of an on-chip pull-up resistor can be specified by
P204 TKBO20/TKCO03 a software setting at input port.
P205 TKBO21/TKCO04/
DALITxD4
P206 TKCOO05/DALIRxD4/
TxRx4/INTP23
RESET 2-1-1 Input - - Input only pin for external reset.

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

Note When the each pin is used as input, specify them as either digital or analog in Port mode control register x

(PMCx) (This register can be specified in 1-bit unit).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection

register (PIOR1) or the input switch control register (ISC).

See Figure 4-8 Format of Peripheral 1/0

Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control Register (ISC).
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CHAPTER 2 PIN FUNCTIONS

2.1.3 38-pin products

(1/2)
Function Pin Type I/0 After Reset Alternate Function Function
Name Release
P02 7-3-2 110 Analog input TxD1/ANI17 Port 0.
P03 8-18-1 port RxD1/CMP5P/ANI16 | 4-Pit VO port.
05 711 | 11057005 Input of PO3 can be set to TTL input buffer.
o nput port Output of P02 can be set to N-ch open-drain output
P06 TI06/TO06 (Voo tolerance).
P02 and P03 can be set to analog inputN°te !,
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P10 8-1-2 110 Input port SO00/TxDO/TKCO00/ Port 1.
INTP20/SCLAO/ 3-bit 1/0 port.
(DALITxD4) Input of P10 and P11 can be set to TTL input buffer.
P11 SI00/RxDO/TKCOO01/ Output of P10 to P12 can be set to N-ch open-drain
INTP21/SDAAO/(TIO7)/ output (Voo tolerance).
(DALIRXD4)/(TxRx4)/ Input/output can be specified in 1-bit units.
(INTPO) Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P12 7-1-2 SCKO00/(TKCO03)
P20 4-3-1 110 Analog input ANIO/AVRerp Port 2.
P21 port ANI1/AVreru 7-bit 1/0 port.
Can be set to analog inputNote 2,
P22 4-18-1 ANI2/CMPOP Input/output can be specified in 1-bit units.
P24 ANI4/CMP1P
P25 ANI5/CMP2P
P26 ANI6/CMP3P
P27 ANI7/CMP4P
P30 7-1-1 110 Input port INTP3/RTC1HZ Port 3.
P31 TI03/TO03/INTP4 2-bit /O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P40 7-1-1 1/0 Input port TOOLO Port 4.
1-bit I/0 port.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
Notes 1. When the each pin is used as input, specify them as either digital or analog in Port mode control register x
(PMCx) (This register can be specified in 1-bit unit).
2. Setting digital or analog to each pin can be done in A/D port configuration register (ADPC).
Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection

register (PIOR1) or the input switch control register (ISC). See Figure 4-8 Format of Peripheral 1/0
Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control Register (ISC).

RO1UHO169EJ0340 Rev.3.40
Mar 29, 2024

RRENESAS

18



RL78/11A
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(2/2)
Function Pin Type 110 After Reset Alternate Function Function
Name Release
P75 7-1-1 1/0 Input port INTP9 Port 7.
P76 INTP10 3-bit I/O port.
Input/output can be specified in 1-bit units.
P77 INTP11 . . -
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P120 7-3-1 110 Input port ANI19 Port 12.
P121 2.9.1 Input X1 1-bit 1/0 port and 4-bit input only port.
122 XOIEXCLK P120 can be set to analog inputN°te,
For only P120, input/output can be specified in 1-bit
P123 XT1 units.
P124 XT2/EXCLKS For only P120, use of an on-chip pull-up resistor can
be specified by a software setting at input port.
P137 2-1-2 Input Input port INTPO Port 13.
1-bit input only port.
P147 7-9-1 /0 Analog input ANI18/CMPCOM Port 14.
port 1-bit I/O port.
P147 can be set to analog inputN°te.
Input/output can be specified.
Use of an on-chip pull-up resistor can be specified by
a software setting at input port.
P200 7-1-6 110 Input port TKBOOO/INTP22 Port 20.
P201 TKBOO1 7-bit I/ port.
Output of P200 to P206 can be set to N-ch open-
P202 TKBO10/(INTP21) .
drain output (Voo tolerance).
P203 TKBO11/TKCO02/ Input/output can be specified in 1-bit units.
(INTP20) Use of an on-chip pull-up resistor can be specified by
P204 TKBO20/TKCO03 a software setting at input port.
P205 TKBO21/TKCO04/
DALITxD4
P206 TKCOO05/DALIRxD4/
TxRx4/INTP23
RESET 2-1-1 Input - - Input only pin for external reset.

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

Note When the each pin is used as input, specify them as either digital or analog in Port mode control register x

(PMCx) (This register can be specified in 1-bit unit).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection

register (PIOR1) or the input switch control register (ISC).

See Figure 4-8 Format of Peripheral 1/0

Redirection Register (PIOR1) and Figure 15-20 Format of Input Switch Control Register (ISC).
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CHAPTER 2 PIN FUNCTIONS

2.2 Functions Other than Port Pins

2.2.1 Functions for each product

(1/2)

Function Name

38-pin

30-pin

20-pin

ANIO

2

2

ANI1

ANI2

ANI4

ANIS

< |2 | < | =

ANI6

ANI7

ANI16

ANI17

ANI18

ANI19

CMPOP

CMP1P

CMP2P

CMP3P

CMP4P

CMP5P

CMPCOM

DALIRxD4

DALITxD4

INTPO

Py B - - = I I I - - I = I O - [ = I

INTP3

INTP4

INTP9

INTP10

INTP11

INTP20

INTP21

INTP22

< | <2 | <

INTP23

REGC

P P - - [ I I I - [ [ I R I I [ I I - I (A (- [ R A - [ [

P P - = = =

RTC1HZ

2

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection

register (PIOR1).
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(2/2)

Function Name 38-pin 30-pin 20-pin

RESET
RxDO

RxD1

TxDO

< |2 | = | =
|

TxD1
SCKO00
SI00
SO00
SCLAO
SDAAO
TI03
TI0O5
TI06
TI07
TOO03
TOO05
TOO06
TKBOO0O
TKBOO1
TKBO10
TKBO11
TKBO20
TKBO21
TKCOO00
TKCOO01
TKCOO02
TKCOO03
TKCOO04
TKCO05
TxRx4
X1, X2
EXCLK
XT1, XT2
EXCLKS
Vop

< | <2 | <

< | <

< |2 | 2| =

< |||l |<|=<|=<|=<
< | <2 | <

< | < | <

AVRerp

AVRerm

P [P - - - - [ (N - - [ [ ) I [ - () (P (- - I (- (R (- [ - - - [ [ [ [ [ [ [ -

Vss
TOOLO

< |2 || = | =
< |2 |2 || =

2

(The Caution and Remark are listed on the page after the next page.)
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2.2.2 Description of functions

Function Name 110 Function
ANIO to ANI7, Input A/D converter analog input
ANI16 to ANI19 (see Figure 12-44 Analog Input Pin Connection)
CMPOP to CMP5P Input Comparator 0 to 5 analog inputs
CMPCOM Input Comparator external reference potential input
DALIRxD4 Input Serial data input to DALI/UART4
DALITxD4 output Serial data output from DALI/UART4
INTPO, INTP3, INTP4, | Input External interrupt request input pin for which the valid edge (rising edge, falling edge, or both
INTP9 to INTP11, rising and falling edges) can be specified.

INTP20 to INTP23

REGC - 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.

RTC1HZ Output Real-time clock correction clock (1 Hz) output
RESET Input 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 Voo.
RxDO0, RxD1 Input Serial data input pin of serial interface UARTO and UART1
TxDO, TxD1 Output Serial data output pin of serial interface UARTO and UART1
SCKO00 1/0 Serial clock I/O pin of serial interface CSI00
SI00 Input Serial data input pin of serial interface CSI00
S000 Output Serial data output pin of serial interface CSI00
SCLAO 1/0 Serial clock I/O pin of serial interface IICAO
SDAAO /0 Serial data I/O pin of serial interface [ICAO
TIO3, TIO5 to TIO7 Input The pins for inputting an external count clock/capture trigger to 16-bit timers 03, 05 to 07
TOO03, TO05, TO06 Output Timer output pins of 16-bit timers 03, 05 and 06
TKBOO00, TKBOO1, Output 16-bit timers KBO to KB2 output

TKBO10, TKBO11,
TKBO20, TKBO21

TKCOO00 to TKCOO05 Output 16-bit timer KCO output

TxRx4 /0 Serial data /O for single-wired UART

X1, X2 - Resonator connection for main system clock
EXCLK Input External clock input for main system clock
XT1, XT2 - Resonator connection for subsystem clock
EXCLKS Input External clock input for subsystem clock

Vob - Positive power supply for all pins

AVRerp Input A/D converter reference potential (+ side) input
AVREFM Input A/D converter reference potential (- side) input
Vss - Ground potential for all pins

TOOLO /0 Data 1/O for flash memory programmer/debugger

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR1).

(The Caution and Remark are listed on the next page.)
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CHAPTER 2 PIN FUNCTIONS

Caution After reset release, the relationships between P40/TOOLO and the operating mode are as follows.

Table 2-1. Relationships Between P40/TOOLO and Operation Mode After Reset Release

P40/TOOLO Operating mode
Vop Normal operation mode
oV Flash memory programming mode

For details, see 28.3 Serial Programming Method.

Remark Use bypass capacitors (about 0.1 xF) as noise and latch up countermeasures with relatively thick wires at

the shortest distance to Vob to Vss line.
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CHAPTER 2 PIN FUNCTIONS

2.3 Connection of Unused Pins

Table 2-2 shows the connections of unused pins.

Remark The pins mounted depend on the product. See 1.3 Pin Configuration (Top View) and 2.1 Port Function.

Table 2-2. Connection of Unused Pins (38-pin Products) (1/2)

Pin Name

110

Recommended Connection of Unused Pins

P02

110

P03

P05

P06

P10

P11

P12

P20

P21

P22

P24

P25

P26

P27

P30

P31

P40

P75

P76

P77

Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.

<When N-ch open-drain>

Set the port output latch to 0 and leave open with low level out put.

Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.

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

<When N-ch open-drain>

Set the port output latch to 0 and leave open with low level out put.

Input:  Independently connect to Vop or Vss via a resistor.
Output: Leave open.

Input:  Independently connect to Voo or leave open.
Output: Leave open.

Input: Independently connect to Voo or Vss via a resistor.
Output: Leave open.
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Table 2-2. Connection of Unused Pins (38-pin Products) (2/2)

Pin Name 1/10 Recommended Connection of Unused Pins

P120 110 Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

P121 Input Independently connect to Vop or Vss via a resistor.

P122

P123

P124

P137

P147 1/0 Input:  Independently connect to Voo or Vss via a resistor.
Output: Leave open.

P200 Input: Independently connect to Voo or Vss via a resistor.

P201 Output: Leave open.

P202 <When N-ch open-drain>
Set the port output latch to 0 and leave open with low level out put.

P203

P204

P205

P206

RESET Input Connect directly or via a resistor to Voo.

REGC - Connect to Vss via capacitor (0.47 to 1 uF).
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2.4 Block Diagrams of Pins

Figures 2-1 to 2-12 show the block diagrams of the pins described in 2.1.1 20-pin products to 2.1.3 38-pin products.

Figure 2-1. Pin Block Diagram for Pin Type 2-1-1

RESET + o<} o@} © RESET

Figure 2-2. Pin Block Diagram for Pin Type 2-1-2

N~
Alternate
function
%)
S
Q RD
©
5k
% « W o<} o@} © Pmn
N

Remark For alternate functions, see 2.1 Port Function.
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Figure 2-3. Pin Block Diagram for Pin Type 2-2-1

Clock generator <

o<

@ P122/X2/EXCLK/Alternate function
P124/XT2/EXCLKS/Alternate function

[>o
-

N-ch| P-ch

A

CMC
OSCSEL/
OSCSELS
RD Alternate
/L function
n[* I
3 N~ |
o)
e
§ CMC
£ EXCLK, OSCSEL/
EXCLKS, OSCSELS
RD Alternate
/L function
I
™~ I
N

<} T

P121/X1/Alternate function

Remark For alternate functions, see 2.1 Port Function.

@ P123/XT1/Alternate function
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Figure 2-4. Pin Block Diagram for Pin Type 4-3-1

~"
WRADPC 0: Analog input
rL ADPC 1: Digital /0
) ADPC3 to ADPCO
RD an
KL -
8 (-
. | :
ol Y | o
2 3 |
| WRPORT Voo
5|
Q Output latch
s v (Pmn) ojo—l P-ch
WRPM o
L N-ch
/L | PM register DO—";DO-l )
S—1 (PMmn) °
Vss
L P-ch
P A/D converter
T N-ch
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RL78/1MA
Figure 2-5. Pin Block Diagram for Pin Type 4-18-1
WRaope 0: Analog input
A\ 1: Digital /O
o> ADPC
RDpoRT
1 L [
0
»
WRPORT Vop
A\ Output latch
7 (Pmn) h} P-ch
g \>
a @ Pmn
g WRpPM
= A PM register ; ——QO
/ (PMmn) ™~
Vss
| _P-ch
v
A/D converter €|
[ N-ch
Comparator input <
_— PGA input <«
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RL78/I11A
Figure 2-6. Pin Block Diagram for Pin Type 7-1-1
~7  WRPU Vop
/L | PU register
N (PUmn) | o P-ch
Alternate |,
function
RD
> I &
O |« O | Q
© [0)
o )
—
2| WRpoRT
£ Vop
& Output latch
Pmn
(Pmn) E ﬁ) D—| P-ch
WRPM @ Pmn
/L [ PM register _Do—| N-ch
~ (PMmn)
Vss
Alternate function
(SAU)
Alternate function
(other than SAU
N
Remarks 1. For alternate functions, see 2.1 Port Function.

2,

SAU: Serial array unit
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Figure 2-7. Pin Block Diagram for Pin Type 7-1-2

Vob

| PU register
[ (PUmN) —_E'Dg |p P-cn

~7  WRPU

G—

Alternate |
function
RD
o |« <Z2|—o
o)
« I 5
< A\ | L)
()
N
o | WRPORT
2 Vob
[ /L Output latch
DD o
= -C
WRPM Q) Pmn
A | PM register _Do—| N-ch
~ (PMmn)
WRPOM
Vss
Jan | POM register

~ 7 (POMmn)

Alternate function

(SAU)

Alternate function
(other than SAU)

Caution The input buffer is enabled even if the type 7-1-2 pin is operating as an output when the N-ch open
drain output mode is selected by the corresponding bit in the port output mode register (POMxx). This
may lead to a through current flowing through the type 7-1-2 pin when the voltage level on this pin is
intermediate. Changing the output level when the N-ch open drain output mode is selected may cause

a glitch (Voo level).

Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit

RO1UH0169EJ0340 Rev.3.40 RENESAS 31

Mar 29, 2024



CHAPTER 2 PIN FUNCTIONS

RL78/11A
Figure 2-8. Pin Block Diagram for Pin Type 7-1-6
M ~—
Alternate function|«
WRPpu Vop
/L PU register
N2 (PUmn) C:}:)—l P-ch
RDport
<
WRPoRT
4] /L .| Output latch Voo
31— (Pmn) :>;I>
©
E c:>o—| > P-ch
= —Q
—(© Pmn
WRpm d
A PM register >7]t>—0—C:>_| +N-ch
NG (PMmn)
WRPprom Vss
A POM register
N (POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
Hi-Z controlN°®©
-

Note P206 does not provide the Hi-Z control function.

Caution The input buffer is enabled even if the type 7-1-6 pin is operating as an output when the N-ch open
drain output mode is selected by the corresponding bit in the port output mode register (POMxx). This
may lead to a through current flowing through the type 7-1-6 pin when the voltage level on this pin is
intermediate. Changing the output level when the N-ch open drain output mode is selected may cause

Remarks 1.
2. SAU: Serial array unit

a glitch (Voo level).

For alternate functions, see 2.1 Port Function.
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Figure 2-9. Pin Block Diagram for Pin Type 7-3-1

~7 WReu

Vbop

G—

| PU register
(PUmn) _OI'DD

WRPMC

/L PMC register
~ (PMCmn)

Alternate |
function

A

G—3
Selector

Internal bus
A

WRPORT

Output latch
i D

| PM register
(PMmn)

&
WRPM
&

Alternate function
(SAU)

Alternate function
(other than SAU)

L P-ch

Vob

P-ch

P-ch

>—© Pmn

A/D converter
T N-ch

N7

Remarks 1. For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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Figure 2-10. Pin Block Diagram for Pin Type 7-3-2

Alternate functionf«
WRPru
AN PU register Voo
/ (PUmn)
G )o I
WRpMmc —O | P-ch
P PMC register B
N (PMCmn) %
RDrorT /_
1 v
L
0
AN
WRPporT
é /L Output latch Vo
2O (Pmn) :D;I>
P ]
§ o:>o—| P-ch
= —O
© Pmn
WReM a
. :>—| N-ch
A .| PMregister —O
NG (PMmn)
WRPprom Vss
AN POM register
(POMmn)
Alternate function
(SAU)
Alternate function
(other than SAU)
| P-ch
A/D converter < i
| [ N-ch

Caution The input buffer is enabled even if the type 7-3-2 pin is operating as an output when the N-ch open
drain output mode is selected by the corresponding bit in the port output mode register (POMxx). This
may lead to a through current flowing through the type 7-3-2 pin when the voltage level on this pin is
intermediate. Changing the output level when the N-ch open drain output mode is selected may cause

a glitch (Voo level).

Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit

RO1UHO169EJ0340 Rev.3.40 R NS 34
Mar 29, 2024 ENES



CHAPTER 2 PIN FUNCTIONS

RL78/I11A
Figure 2-11. Pin Block Diagram for Pin Type 7-9-1
1
Alternate function
WRPru Vop
N PU register
N (PUmn) o )O I P-ch
WRpmMc [
A PMC register %
/T (PMCmn) J
RDporT /_
1 \j
0
A
WRPpoRT
g
a /L Output latch Vbp
g N (Pmn) _:>:I>
o) -
2 o Yo [>P-ch
© Pmn
WRpMm e N.ch
a—\| -
A\ PM register AD—o—O:)_l ¢
T *  (PMmn)
Vss
Alternate function
(SAU)
Alternate function
(other than SAU)
| P-ch
A/D converter < i
[ N-ch
Comparator <«
T~
Remarks 1. For alternate functions, see 2.1 Port Function.
2. SAU: Serial array unit
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Internal bus

Figure 2-12. Pin Block Diagram for Pin Type 8-1-2

Alternate function

N (PUmn)

PU register

Vop

WRepim
/L PIM register

T (PIMmn)

RDerorT

WRPpoRrT

A\ Output latch

N4 (Pmn)

WRemMm

A

PM register

D—e
Ve
Ve
TTL
Vop

(@

(PMmn)

W RProm

\ 4

POM register

(POMmn)

Alternate function

(SAU)

Alternate function

(other than SAU)

(ONO)
3
<
5

Cautions 1. The input buffer is enabled even if the type 8-1-2 pin is operating as an output when the N-ch open
drain output mode is selected by the corresponding bit in the port output mode register (POMxx).
This may lead to a through current flowing through the type 8-1-2 pin when the voltage level on this
pin is intermediate. Changing the output level when the N-ch open drain output mode is selected

Remarks 1.

may cause a glitch (Voo level).

2. When the type 8-1-2 pin is set to TTL input buffer by the corresponding bit in the port input mode
register (PIMxx) and is driven high, a through current may flow through the type 8-1-2 pin due to
the configuration of the TTL input buffer. Drive the type 8-1-2 pin low to prevent the through current.

For alternate functions, see 2.1 Port Function.

2. SAU: Serial array unit
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RL78/I11A
Figure 2-13. Pin Block Diagram for Pin Type 8-18-1
(o~
Alternate function
WRPru
PU register Voo
/ (PUmn) A
] >
WReMmc
A PMC register
</ 7| (PMCmn)
WRpm
A PIM register
N (PIMmn)
RDrort .
b
/P
1
2 . L p—
Ne)
< | WReorT
= A~ TTL
o) A\ Output latch Voo
£ N\ (Pmn) :>:I>
o_)o—| P-ch
—O
@ Pmn
WRpm e
- <+ N-ch
A PM register —O
7 (PMmn)
WRProm Vss
N POM register
< 7| (POMmn)
|_P-ch
v
Alternate function A/D converter < !
(SAU) “T N-ch
Alternate function Comparator input <
(other than SAU)
I~ PGA input <
Remarks 1. For alternate functions, see 2.1 Port Function.

2,

SAU: Serial array unit
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the RL78/I1A can access a 1 MB address space. Figures 3-1 and 3-2 show the memory maps.
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RL78/11A CHAPTER 3 CPU ARCHITECTURE
Figure 3-1. Memory Map (R5F1076C, R5F107AC)
FFFFFH OTFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH RAMNetes 1.2 | |
FF700H 2 KB T Program area 0=
FF6FFH
= Reserved =
F8000H
FTFFFH '
F2000H 010cE
FIFFFH
F1000H Data flisrllénemory 010CDH On-chip debug security
FOFFFH ID setting areat°te?
Reserved 010C4H 10 bytes
F0800H 010C3H Option byte areatte3
FOTFFH 010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
Data memory 64 bytes
space FOOO0O0H 01080H
EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
= Reserved st ~ Program area =~
000CEH
000CDH On-chip debug security
ID setting areaN°te
000C4H 10 bytes
000C3H Option byte area™®® g 1 \ctar gNote 4
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
Vector table area
08000H 128 bytes
Program | 07FFFH
memory + Code flash memory -
space 00000Hﬁf 32KB 1_ 00000H
Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory.
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 security
IDs to 000C4H to 000CDH.
When boot swap is used: 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.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 28.6 Security Settings).
Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively. Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For
details, see 25.3.3 RAM parity error detection function.
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Figure 3-2. Memory Map (R5F107AE, R5F107DE)

FFFFFH OFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose register
FEEEOH 32 bytes
FFEDFH
RAMNoles 1,2 A 1
4 KB — Program area —
FEFO0OH
FEEFFH—V Mirror 1
T 51.75 KB T CTFFFRT
F2000H
F1FFFH Data flash memory 010CEH
F1000H 4 KB 010CDH On-chip debug security
FOFFFH ID setting area>'e?
Reserved 010C4H 10 bytes
FO800H
FOTFFH 010C3H Option byte areaote3
010COH 4 bytes
Special function register (2nd SFR) 010BFH Boot cluster 1
2 KB CALLT table area
SDaet:;ememory F0000H 01080H 64 bytes
P EFFFFH 0107FH
Vector table area
128 bytes
01000H
00FFFH
-~ Reserved o=
=0 Program area =0
000CEH
000CDH On-chip debug security
ID setting areaN°te ®
000C4H 10bytes
000C3H Option byte area"'*® g 1 | ster oNote s
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
1 H
% Vector table area
Program L Code flash memory A 128 bytes
memory T 64KB T
space
00000H 00000H

Notes 1. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch destination of
vector interrupt processing, and a DMA transfer destination/transfer source to the area FFE20H to FFEDFH
when performing self-programming and rewriting the data flash memory. Also, use of the area FEFOOH to
FF309H is prohibited, because this area is used for each library.

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 security
IDs to 000C4H to 000CDH.
When boot swap is used: 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.
4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 28.6 Security Settings).

Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively. Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For
details, see 25.3.3 RAM parity error detection function.
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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.

OFFFFH Block 3FH
OFCOOH
OFBFFH
007FFH

Block 01H
00400H
003FFH

Block OOH 1KB
00000H

(R5F107AE, R5F107DE)
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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 Number Address Value Block Number
00000H to 003FFH 00H 08000H to 083FFH 20H
00400H to 007FFH 01H 08400H to 087FFH 21H
00800H to 00BFFH 02H 08800H to 08BFFH 22H
00COOH to 00FFFH 03H 08COOH to 08FFFH 23H
01000H to 013FFH 04H 09000H to 093FFH 24H
01400H to 017FFH 05H 09400H to 097FFH 25H
01800H to 01BFFH 06H 09800H to 09BFFH 26H
01COOH to 01FFFH 07H 09COOH to 09FFFH 27H
02000H to 023FFH 08H 0AQOO0OH to OA3FFH 28H
02400H to 027FFH 09H 0A400H to OA7FFH 29H
02800H to 02BFFH OAH 0A800H to OABFFH 2AH
02COO0H to 02FFFH 0BH 0ACOOH to OAFFFH 2BH
03000H to 033FFH O0CH 0BO0OH to OB3FFH 2CH
03400H to 037FFH ODH 0B400H to OB7FFH 2DH
03800H to 03BFFH OEH 0B800H to OBBFFH 2EH
03COO0H to 03FFFH OFH 0BCOOH to OBFFFH 2FH
04000H to 043FFH 10H 0CO00H to 0C3FFH 30H
04400H to 047FFH 11H 0C400H to 0C7FFH 31H
04800H to 04BFFH 12H 0C800H to 0CBFFH 32H
04COOH to 04FFFH 13H 0CCOO0H to OCFFFH 33H
05000H to 053FFH 14H 0DOOOH to OD3FFH 34H
05400H to 057FFH 15H 0D400H to OD7FFH 35H
05800H to 05BFFH 16H 0D80O0OH to ODBFFH 36H
05CO0H to 05FFFH 17H ODCOOH to ODFFFH 37H
06000H to 063FFH 18H OEOO0O0H to OE3FFH 38H
06400H to 067FFH 19H OE400H to OE7FFH 39H
06800H to 06BFFH 1AH OE800H to OEBFFH 3AH
06COO0H to 06FFFH 1BH OECOOH to OEFFFH 3BH
07000H to 073FFH 1CH OFO000H to OF3FFH 3CH
07400H to 077FFH 1DH O0F400H to OF7FFH 3DH
07800H to 07BFFH 1EH O0F800H to OFBFFH 3EH
07COO0H to 07FFFH 1FH OFCOQOH to OFFFFH 3FH

Remark R5F1076C, R5F107AC: Block number 00H to 1FH
R5F107AE, R5F107DE: Block number O0H to 3FH
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3.1.1 Internal program memory space

The internal program memory space stores the program and table data.

The RL78/I1A products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

R5F1076C, R5F107AC

Flash memory

R5F107AE, R5F107DE

32768 x 8 bits (00000H to 07FFFH)

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.

To use the boot swap function, set a vector table also at 01000H to 0107FH.

RO1UHO169EJ0340 Rev.3.40
Mar 29, 2024

RRENESAS

43



RL78/1A

CHAPTER 3 CPU ARCHITECTURE

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

Vector Table Address Interrupt Source 20-pin 30-pin 38-pin
0000H RESET, POR, LVD, WDT, y J 3
TRAP, IAW, RPE
0004H INTWDTI 3 J v
0006H INTLVI d J d
0008H INTPO x/ J 3
000EH INTP3 - - 3
0010H INTP4 - J d
001AH INTDMAQ v J v
001CH INTDMAA1 3 J 3
001EH INTSTO y J x/
INTCSIO00 - - v
0020H INTSRO y J J
0022H INTSREO x/ J 3
INTTMO1H 3 J 3
0024H INTST1 - J v
0026H INTSR1 - J 3
0028H INTSRE1 - J 3
INTTMO3H x/ J 3
002AH INTIICAO 3 J v
002CH INTTMOO y J 3
002EH INTTMO1 y J x/
0030H INTTMO2 3 J 3
0032H INTTMO3 y J y
0034H INTAD v J v
0036H INTRTC 3 J v
0038H INTIT x/ J 3
003CH INTSTDL4 v J 3
003EH INTSRDL4 d J d
INTSREDL4 x/ J y
0040H INTP20 3 J 3
INTP22 y J \/
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Table 3-3. Vector Table (2/2)

Vector Table Address Interrupt Source 20-pin 30-pin 38-pin
0042H INTTMO4 y y y
0044H INTTMO5 y y y
0046H INTTMO06 \/ \/ \/
0048H INTTMO7 y y y
004AH INTCMPO V J V
004CH INTCMP1 \/ \/ \/
004EH INTCMP2 y y y
0050H INTP9 - - V

INTCMP3 y y y
0052H INTP10 - - y

INTCMP4 - \/ \/
0054H INTP11 - y y

INTCMP5 - V V
0056H INTTMKBO \/ \/ \/
0058H INTTMKB 1 y y y
005AH INTTMKB2 - V V
005CH INTTMKCO y y y
005EH INTMD y y y
0060H INTP21 \/ \/ \/

INTP23 - y y
0062H INTFL J V V
007EH BRK V V

(2) 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.

(3) 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 27 OPTION BYTE.

(4) 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 ID 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 29 ON-CHIP

DEBUG FUNCTION.
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3.1.2 Mirror area

The RL78/I11A mirrors the code flash area of 00000H to OFFFFH,

mirrored is set by the processor mode control register (PMC)).

to FOOOOH to FFFFFH (the code flash area to be

By reading data from FOOOOH to FFFFFH, an instruction that does not have the ES register as an operand can be used,

and thus the contents of the code flash can be read with the shorter code. However, the code 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 R5F107AE, R5F107DE (Flash memory: 64 KB, RAM: 4 KB)

For example, 0E789H is mirrored to
FE789H. Data can therefore be read
by MOV A, IE789H, instead of MOV
ES, #00H and MOV A, ES:IE789H.

FFFFFH
Special-function register (SFR)
256 bytes
FFFOOH
FFEFFH General-purpose register
FFEEOH 32 bytes
FFEDFH RAM
4 KB
FEFOOH
FEEFFH
Mirror
(same data as 02000H to OEEFFH)
F2000H
F1FFFH
Data flash memory
F1000H
FOFFFH
Reserved
FO800H
FO7FFH
Special-function register (2nd SFR)
2 KB
FOO0O0OH
EFFFFH
Reserved
10000H
OFFFFH
Code flash memory
OEFOOH|_ _ _ _ _ _ _ _________]
OEEFFH
Code flash memory
02000H| ===
O1FFFH Code flash memory
00000H

The PMC register is described as follows.

RO1UHO0169EJ0340 Rev.3.40 RENESAS 46

Mar 29, 2024



RL78/1A CHAPTER 3 CPU ARCHITECTURE

e Processor mode control register (PMC)
This register sets the flash memory space for mirroring to area from FOOOOH to FFFFFH.
The PMC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 3-3. 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. After setting the PMC register, wait for at least one instruction and access the mirror area.

ROTUHO0169EJ0340 Rev.3.40 R NS 47
Mar 29, 2024 ENES



RL78/1A

CHAPTER 3 CPU ARCHITECTURE

3.1.3 Internal data memory space

The RL78/I1A products incorporate the following RAMs.

Table 3-4. Internal RAM Capacity

Part Number

Internal RAM

R5F1076C, R5F107AC

2048 x 8 bits (FF700H to FFEFFH)

R5F107AE, R5F107DE

4096 x 8 bits (FEFOOH to FFEFFH)

The internal RAM can be used as a data area and a program area where instructions are fetched (it is prohibited to use
the general-purpose register area for fetching instructions). 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.

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. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch
destination of vector interrupt processing, and a DMA transfer destination/transfer source to the

area FFE20H to FFEDFH when performing self-programming and rewriting the data flash memory.
3. Use of the RAM areas of the following products is prohibited when performing self-programming

and rewriting the data flash memory, because these areas are used for each library.

R5F107AE, R5F107DE: FEFOOH to FF309H
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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

3-5in 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 FOOO0OH 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.

Cautions 1. Do not access addresses to which extended SFRs are not assigned.

2. During access to the registers assigned to the addresses between F0500H and FO6FFH in the
extended SFR (2nd SFR) area, the CPU does not start the next instruction processing but becomes
wait state. If this happens, the number of execution clocks of an instruction increases by the number
of wait clocks. See CHAPTER 35 CAUTIONS FOR WAIT for the details.
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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
RL78/11A, based on operability and other considerations. In particular, special addressing methods designed for the
functions of the special function registers (SFR) and general-purpose registers are available for use. Figures 3-4 and 3-5
show correspondence between data memory and addressing.

For details of each addressing, see 3.4 Addressing for Processing Data Addresses.
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Figure 3-4. Correspondence Between Data Memory and Addressing (R5F1076C, R5F107AC)
FFFFFH [
FFF20H | _ Special function register (SFR) _ |  SFRaddressing
FFFLFH 256 bytes ?
FFFOOH
FFEFEH - J Short direct
General-purpose register ) ) :

FEEEOH 32 bytes ‘ Register addressing addressing
FFEDFH l
FFE20H |___ I RAM
FFELFH 2 KB
FF700H
FF6FFH

= Reserved 5=
F8000H
F7FFFHAV Mirror L
F2000H [ 24 KB §
FL1FFFH Data flash memory
F1000H 4 KB
FOFFFH

Reserved

FO800H
FO7TFFH

Special function register (2nd SFR)

Direct addressing

Register indirect addressing

Based indexed addressing

2 KB
FOOOOH
EFFFFH Based addressing
= Reserved =~
08000H
07FFFH
A Code flash memory L
T 32 KB
00000H Y
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FFFFFH

FFF20H
FFF1FH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

F2000H
FIFFFH

F1000H
FOFFFH

FO800H
FO7FFH

FOO00OH
EFFFFH

10000H
OFFFFH

00000H

Special function register (SFR)

256 bytes

General-purpose register

32 bytes

Mirror
51.75 KB

Data flash memory
4 KB

Reserved

Special function register (2nd SFR)

2 KB

Reserved

Code flash memory
64 KB

((

Figure 3-5. Correspondence Between Data Memory and Addressing (R5F107AE, R5F107DE)

SFR addressing

Short direct
addressing

|

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing
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3.2 Processor Registers

The RL78/I1A products incorporate the following processor registers.

3.2.1 Control registers

The control registers control the program sequence, statuses and stack memory. The control registers consist of a

program counter (PC), a program status word (PSW) and a stack pointer (SP).

(1)

(2

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 16 lower-order bits
of the program counter. The four higher-order bits of the program counter are cleared to 0000.

Figure 3-6. 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 vectored interrupt request is acknowledged or PUSH
PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions. Reset
signal generation sets the PSW register to 06H.

Figure 3-7. Format of Program Status Word

PSW IE z 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 maskable interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, ISP0), 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 EIl
instruction execution.

(b) Zero flag (Z2)
When the operation or comparison result is zero or equal, 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)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). It is reset (0) in all other cases.

(e) 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 flags by the priority specification flag registers (PRnOL, PRnOH,
PRn1L, PRn1H, PRn2L, PRn2H) (see 20.3.3) can not be acknowledged. Actual vectored request
acknowledgment is controlled by the interrupt enable flag (IE).

Remark n=0,1

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

(3) 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 3-8. Format of Stack Pointer

15 0

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

In stack addressing through a stack pointer, the SP is decremented ahead of write (save) to the stack memory and is
incremented after read (restore) from the stack memory.
Each stack operation saves data as shown in Figure 3-9.

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. Do not allocate RAM addresses which are used as a stack area, a data buffer, a branch
destination of vector interrupt processing, and a DMA transfer destination/transfer source to the
area FFE20H to FFEDFH when performing self-programming and rewriting the data flash memory.

4. Use of the RAM areas of the following products is prohibited when performing self-programming
and rewriting the data flash memory, because these areas are used for each library.

R5F107AE, R5F107DE: FEFO00H to FF309H
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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.

Figure 3-9. Configuration of General-Purpose Registers

(@) 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
FFEE8SH
A
Register bank 3 AX
X
FFEEOH
15 0 7 0
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3.2.3 ES and CS registers

The ES register and CS register are used to specify the higher address for data access and when a branch instruction
is executed (register direct addressing), respectively.

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

Figure 3-10. 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
CSs 0 0 0 0 CS3 CS2 Cs1 Cso

Though the data area which can be accessed with 16-bit addresses is the 64 KB from FOOOOH to FFFFFH, using the
ES register as well extends this to the 1 MB from 00000H to FFFFFH.

Figure 3-11. Extension of Data Area Which Can Be Accessed

laddr16 — F |0000H - FFFFH

ES:laddr16 —>‘0H - FH‘ ‘ 0000H - FFFFH ‘

i FFFFFH 4
Special function register (SFR)

256 bytes

€
)
{

laddr16 L

Special function register (2nd SFR)

ES:laddr16 > KB Data memory space
FOO0O0OH
EFFFFH
=~ Code flash memory £
Y 00000 HT T ¥
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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 as follows for the 1-bit manipulation instruction operand (sfr.bit).

When the bit name is defined: <Bit name>

When the bit name is not defined: <Register name>, <Bit number> or <Address>, <Bit number>

8-bit manipulation

Describe the symbol defined 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 defined 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 assembler, and is defined
as an sfr variable using the #pragma sfr directive in the compiler. When using the assembler, debugger, and
simulator, 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 (1/4)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FFFOOH | Port register 0 PO R/W y v - 00H

FFFO1H | Port register 1 P1 R/W y J - 00H

FFFO2H | Port register 2 P2 R/W y v - 00H

FFFO3H | Port register 3 P3 R/W y J - 00H

FFFO4H | Port register 4 P4 R/W y v - 00H

FFFO7H | Port register 7 P7 RIW y J - 00H

FFFOCH | Port register 12 P12 R/W \/ \/ - Undefined

FFFODH | Port register 13 P13 R/W y J - Undefined

FFFOEH | Port register 14 P14 R/W v R - 00H

FFF10H Serial data register 00 TXDO/ SDR0O0 | R/W - \ \ 0000H

SI000

FFF11H - - _

FFF12H Serial data register 01 RXDO SDR01 | R/W - v S 0000H

FFF13H - — _

FFF18H Timer data register 00 TDROO R/W - - S 0000H

FFF19H

FFF1AH Timer data register 01 TDRO1L | TDRO1 | R/W - v J 00H

FFF1BH TDRO1H - J 00H

FFF1EH 10-bit A/D conversion result register ADCR R - - S 0000H

FFF1FH 8-bit A/D conversion result ADCRH R - \ - 00H

register

FFF20H Port mode register 0 PMO R/W v R - FFH

FFF21H | Port mode register 1 PM1 R/W y J - FFH

FFF22H Port mode register 2 PM2 R/W v R - FFH

FFF23H | Port mode register 3 PM3 R/W y J - FFH

FFF24H Port mode register 4 PM4 R/W v R - FFH

FFF27H | Port mode register 7 PM7 R/W y J - FFH

FFF2CH | Port mode register 12 PM12 R/W y J - FFH

FFF2EH | Port mode register 14 PM14 R/W y v - FFH

FFF30H | A/D converter mode register 0 ADMO R/W v \ - 00H

FFF31H | Analog input channel specification ADS R/W v RN - 00H
register

FFF32H A/D converter mode register 1 ADM1 R/W v - 00H

FFF38H | External interrupt rising edge enable EGPO R/W y \/ - 00H
register 0

FFF39H | External interrupt falling edge enable EGNO R/W v \ - 00H
register 0

FFF3AH External interrupt rising edge enable EGP1 R/W v R - 00H
register 1

FFF3BH | External interrupt falling edge enable EGN1 R/W v \ - 00H
register 1
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Table 3-5. SFR List (2/4)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FFF44H Serial data register 02 TXD1 SDR02 | R/W - v S 0000H
FFF45H - - -
FFF46H Serial data register 03 RXD1 SDR03 | R/W - v S 0000H
FFF47H - — _
FFF50H IICA shift register 0 IICAO R/W - \/ - 00H
FFF51H | IICA status register 0 11CS0 R y J - 0OH
FFF52H | IICA flag register O lICFO R/W \/ 3 - 00H
FFF64H Timer data register 02 TDRO02 R/W - - S 0000H
FFF65H
FFF66H Timer data register 03 TDRO3L | TDR0O3 | R/W - J J 00H
FFF67H TDRO3H - \/ 00H
FFF68H Timer data register 04 TDRO0O4 R/wW - - S 0000H
FFF69H
FFF6AH Timer data register 05 TDRO05 R/wW - - S 0000H
FFF6BH
FFF6CH Timer data register 06 TDRO06 R/wW - - S 0000H
FFF6DH
FFFGEH Timer data register 07 TDRO7 R/W - - J 0000H
FFF6FH
FFFO0H Interval timer control register ITMC R/W - - \ OFFFH
FFF91H
FFF92H Second count register SEC R/W - 3 - 00H
FFF93H Minute count register MIN R/W - J - 00H
FFF94H Hour count register HOUR R/W - \ - 12HNete
FFF95H Week count register WEEK R/W - \/ - 00H
FFF96H Day count register DAY R/W - J - 01H
FFFO7H Month count register MONTH R/W - \/ - 01H
FFF98H Year count register YEAR R/W - J - 00H
FFF99H Watch error correction register SUBCUD R/W - v - 00H
FFF9AH Alarm minute register ALARMWM R/W - J - 00H
FFF9BH Alarm hour register ALARMWH R/W - R - 12H
FFFOCH Alarm week register ALARMWW R/W - J - 00H
FFFODH | Real-time clock control register 0 RTCCO R/W y v - 00H
FFFOEH | Real-time clock control register 1 RTCC1 RIW y J - OOH
Note The value of this register is 00H if the AMPM bit (bit 3 of real-time clock control register 0 (RTCCOQ)) is set to 1
after reset.
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Table 3-5. SFR List (3/4)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FFFAOH Clock operation mode control register CMC R/W - v - 00H
FFFA1H | Clock operation status control register | CSC R/W v \ - COH
FFFA2H | Oscillation stabilization time counter 0STC R y v - 00H
status register
FFFA3H Oscillation stabilization time select OSTS R/W - \ - 07H
register
FFFA4H | System clock control register CKC R/W v v - 00H
FFFA8H Reset control flag register RESF R - \ - UndefinedNote !
FFFA9H | Voltage detection register LVIM R/W \/ \/ - QQHNote 1
FFFAAH | Voltage detection level register LVIS R/W v \ - OOH/01H/81HNete 1
FFFABH | Watchdog timer enable register WDTE R/W - R - 1AH/9AHNote 2
FFFACH | CRC input register CRCIN R/W - J - 00H
FFFBOH DMA SFR address register 0 DSAQ R/wW - \/ - 00H
FFFB1H DMA SFR address register 1 DSA1 R/W - v - 00H
FFFB2H DMA RAM address register 0 DRAOL | DRAO R/W - J J 00H
FFFB3H DRAOH R/W - \/ 00H
FFFB4H DMA RAM address register 1 DRA1L | DRA1 R/W - J J 00H
FFFB5H DRA1H R/W - 3 00H
FFFB6H DMA byte count register 0 DBCOL | DBCO R/W - J J 00H
FFFB7H DBCOH R/W - \/ 00H
FFFB8H DMA byte count register 1 DBC1L | DBC1 R/W - J J 00H
FFFBOH DBC1H R/W - \/ 00H
FFFBAH | DMA mode control register 0 DMCO R/W v \ - 00H
FFFBBH | DMA mode control register 1 DMCH1 R/W \/ v - 00H
FFFBCH | DMA operation control register 0 DRCO R/W v \ - 00H
FFFBDH | DMA operation control register 1 DRC1 R/W \/ v - 00H
Notes 1. These values vary depending on the reset source.
Reset Source | RESET Input Reset by Reset by Reset by Reset by Reset by Reset by
POR Execution of WDT RAM Parity lllegal- LVD
lllegal Error memory

Register Instruction Access
RESF | TRAP Cleared (0) Set (1) Held Held

WDTRF Held Set (1) Held

RPERF Held Set (1) Held

IAWRF Held Set (1)

LVIRF Held Set (1)
LVIM | LVISEN Cleared (0) Held

LVIOMSK Held

LVIF
LVIS Cleared (00H/01H/81H)

2. The reset values of the WDTE register is determined by the setting of the option byte.
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Table 3-5. SFR List (4/4)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FFFDOH | Interrupt request flag register 2 IF2L IF2 RIW v v S 00H
FFFD1H IF2H R/W y J 00H
FFFD4H | Interrupt mask flag register 2 MK2L | MK2 R/W v v S FFH
FFFD5H MK2H R/W y J FFH
FFFD8H | Priority specification flag register 02 PRO2L | PRO2 R/W v v S FFH
FFFD9H PRO2H R/W y J FFH
FFFDCH | Priority specification flag register 12 PR12L | PR12 R/W v v S FFH
FFFDDH PR12H R/W y J FFH
FFFEOH | Interrupt request flag register 0 IFOL IFO RIW v v S 00H
FFFE1H IFOH R/W y J 00H
FFFE2H | Interrupt request flag register 1 IF1L IF1 R/W v v \ OO0H
FFFE3H IF1H R/W y J 00H
FFFE4H | Interrupt mask flag register O MKOL MKO R/W v v \ FFH
FFFE5H MKOH R/W y J FFH
FFFE6H | Interrupt mask flag register 1 MK1L | MK1 R/W v R \ FFH
FFFE7H MK1H R/W y J FFH
FFFE8H | Priority specification flag register 00 PROOL | PROO R/W v v \ FFH
FFFEQH PROOH R/W y J FFH
FFFEAH | Priority specification flag register 01 PRO1L | PRO1 R/W v R \ FFH
FFFEBH PRO1H R/W y J FFH
FFFECH | Priority specification flag register 10 PR10L | PR10 R/W v v \ FFH
FFFEDH PR10H R/W y J FFH
FFFEEH | Priority specification flag register 11 PR11L | PR11 R/W v \ S FFH
FFFEFH PR11H R/W y v FFH
FFFFOH Multiplication/division data register A (L) MDAL R/W - - S 0000H
FFFF1H

FFFF2H Multiplication/division data register A (H) MDAH R/W - - S 0000H
FFFF3H

FFFF4H Multiplication/division data register B (H) MDBH R/W - - \/ 0000H
FFFF5H

FFFF6H Multiplication/division data register B (L) MDBL R/W - - \ 0000H
FFFF7H

FFFFEH | Processor mode control register PMC R/W v \ - 00H

Remark For extended SFRs (2nd SFRs), see Table 3-6 Extended SFR (2nd SFR) List.
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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 as follows for the 1-bit manipulation instruction operand (!addr16.bit)

When the bit name is defined: <Bit name>

When the bit name is not defined: <Register name>, <Bit number> or <Address>, <Bit number>

8-bit manipulation

Describe the symbol defined 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 defined 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 assembler, and is defined as an sfr
variable using the #pragma sfr directive in the compiler. When using the assembler, debugger, and simulator,
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

“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.

Cautions 1. Do not access addresses to which extended SFRs (2nd SFRs) are not assigned.

2. During access to the registers assigned to the addresses between FO500H and FO6FFH in
the extended SFR (2nd SFR) area, the CPU does not start the next instruction processing
but becomes wait state. If this happens, the number of execution clocks of an instruction
increases by the number of wait clocks. See CHAPTER 35 CAUTIONS FOR WAIT for the
details.

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 (1/12)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FO010H | A/D converter mode register 2 ADM2 RIW v v - 00H
FO0011H | Conversion result comparison upper limit ADUL R/W - R - FFH
setting register
FO0012H | Conversion result comparison lower limit ADLL R/W - v - O00H
setting register
FOO13H | A/D test register ADTES R/wW - \/ - 00H
FO030H | Pull-up resistor option register 0 PUO R/W y J - 0OH
F0031H | Pull-up resistor option register 1 PU1 R/W y J - 00H
FO033H | Pull-up resistor option register 3 PU3 R/W y \/ - 00H
F0034H | Pull-up resistor option register 4 PU4 R/W y J - 01H
F0037H | Pull-up resistor option register 7 PU7 R/W y J - 00H
FOO3CH | Pull-up resistor option register 12 PU12 R/W v v - OO0H
FOO3EH | Pull-up resistor option register 14 PU14 R/W y \/ - 00H
FO040H | Port input mode register 0 PIMO R/W y J - 0OH
FO041H | Port input mode register 1 PIM1 R/W \/ \/ - 00H
FOO50H | Port output mode register 0 POMO RIW v v - 00H
F0051H | Port output mode register 1 POM1 RIW y J - 0OH
FO060H | Port mode control register 0 PMCO R/W y J - FFH
FOOBCH | Port mode control register 12 PMC12 R/W \/ \/ - FFH
FOOBEH | Port mode control register 14 PMC14 RIW y v - FFH
FO070H | Noise filter enable register 0 NFENO RIW v v - 00H
FO071H | Noise filter enable register 1 NFEN1 R/W v RN - 00H
FO073H | Input switch control register ISC R/W y J - 00H
FO074H | Timer input select register 0 TISO R/W - \/ - 00H
FO076H | A/D port configuration register ADPC R/wW - \/ - 00H
FO078H Invalid memory access detection control IAWCTLO R/W - Y - O00H
register 0
FOO90H | Data flash control register DFLCTL RIW v ol - 00H
FOOAOH | High-speed on-chip oscillator trimming HIOTRM R/W - v - UndefinedNete !
register
FOOA8H | High-speed on-chip oscillator frequency HOCODIV R/W - \ - UndefinedNete 2
select register
Notes 1. The value after a reset is adjusted at the time of shipment.

2. The value after a reset is a value set in FRQSEL2 to FRQSELO of the option byte (000C2H).
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Table 3-6. Extended SFR (2nd SFR) List (2/12)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FOOEOH | Multiplication/division data register C (L) | MDCL R/W - - S 0000H

FOOE2H | Multiplication/division data register C (H) | MDCH R/W - - \ 0000H

FOOE8H | Multiplication/division control register MDUC R/W v v - 00H

FOOFOH | Peripheral enable register 0 PERO R/W v J - 00H

FOOF3H | Subsystem clock supply mode control osMC R/W - R - 00H
register

FOOF5H | RAM parity error control register RPECTL R/W v v - OO0H

FOOFEH | BCD adjust result register BCDADJ R - v - Undefined

FO100H | Serial status register 00 SSROOL | SSRO0 R - \ \/ 0000H

FO101H - - -

FO102H | Serial status register 01 SSRO1L | SSRO1 R - v S 0000H

FO103H - - -

FO104H | Serial status register 02 SSRO2L | SSR02 R - v \ 0000H

FO105H - - -

FO106H | Serial status register 03 SSRO3L |SSR03| R - J J 0000H

FO107H - - -

F0108H | Serial flag clear trigger register 00 SIROOL | SIR00 | R/W - v \ 0000H

FO109H - - -

FO10AH | Serial flag clear trigger register 01 SIRO1L SIR01 R/W - \ S 0000H

FO10BH - - -

FO10CH | Serial flag clear trigger register 02 SIR02L SIR02 | RIW - v S 0000H

FO10DH - - -

FO10EH | Serial flag clear trigger register 03 SIR0O3L SIR03 | R/W - \ \/ 0000H

FO10FH - - -

FO110H | Serial mode register 00 SMRO00 R/W - - \ 0020H

FO111H

FO112H | Serial mode register 01 SMRO1 R/W - - \ 0020H

FO113H

FO114H | Serial mode register 02 SMRO02 R/W - - S 0020H

FO115H

FO116H | Serial mode register 03 SMRO03 R/W - - S 0020H

FO117H

FO118H | Serial communication operation setting SCRO00 R/W - - S 0087H

FO119H | register 00

FO11AH | Serial communication operation setting SCRO01 R/W - - S 0087H

FO11BH | register 01

FO11CH | Serial communication operation setting SCR02 R/W - - \ 0087H

FO11DH | register 02

FO11EH | Serial communication operation setting SCRO03 R/W - - \ 0087H

FO11FH | register 03
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Table 3-6. Extended SFR (2nd SFR) List (3/12)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FO120H | Serial channel enable status register 0 | SEOL | SEO R v J J 0000H
FO121H - - -

FO122H Serial channel start register 0 SSOL SS0 R/W v v S 0000H
F0123H - - -

F0124H Serial channel stop register 0 STOL STO RIW v v \ 0000H
FO0125H - - -

F0126H | Serial clock select register 0 SPSOL | SPSO R/W - J J 0000H
F0127H - - -

FO0128H Serial output register 0 SO0 R/W - - \ OFOFH
FO129H

FO12AH | Serial output enable register 0 SOEOL | SOEO R/W v \ S 0000H
FO12BH - - -

FO134H | Serial output level register 0 SOLOL | SOLO R/W - V J 0000H
FO0135H - - -

FO0138H Serial standby control register 0 SSCOL | SSCO R/W - \ S 0000H
FO0180H Timer counter register 00 TCRO0O R - - \ FFFFH
FO181H

FO0182H Timer counter register 01 TCRO1 R - - \ FFFFH
FO183H

FO0184H Timer counter register 02 TCRO02 R - - \ FFFFH
F0185H

FO0186H Timer counter register 03 TCRO3 R - - S FFFFH
FO187H

FO0188H Timer counter register 04 TCRO04 R - - \/ FFFFH
FO189H

FO18AH Timer counter register 05 TCRO05 R - - S FFFFH
FO18BH

FO18CH Timer counter register 06 TCRO06 R - - \ FFFFH
FO18DH

FO18EH Timer counter register 07 TCRO7 R - - \ FFFFH
FO18FH

FO190H Timer mode register 00 TMROO R/W - - \ 0000H
FO191H

FO0192H Timer mode register 01 TMRO1 R/W - - S 0000H
FO193H

FO0194H Timer mode register 02 TMRO02 R/W - - S 0000H
FO195H
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Table 3-6. Extended SFR (2nd SFR) List (4/12)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FO0196H Timer mode register 03 TMRO3 R/W - - S 0000H
FO197H

FO198H Timer mode register 04 TMRO04 R/W - - S 0000H
FO199H

FO19AH Timer mode register 05 TMRO5 R/W - - \ 0000H
FO19BH

FO19CH Timer mode register 06 TMRO06 R/W - - S 0000H
FO19DH

FO19EH Timer mode register 07 TMRO7 R/W - - \ 0000H
FO19FH

FO1A0H Timer status register 00 TSROOL | TSRO0 R - \ S 0000H
FO1A1H - - -

FO1A2H Timer status register 01 TSRO1L | TSRO1 R - v S 0000H
FO1A3H - - -

FO1A4H Timer status register 02 TSRO2L | TSR02 R - \ S 0000H
FO1A5H - - -

FO1A6H Timer status register 03 TSRO3L | TSR03 R - \ \ 0000H
FO1A7H - - -

FO1A8H Timer status register 04 TSRO04L | TSR04 R - v \ 0000H
FO1A9H - - -

FO1AAH | Timer status register 05 TSRO5L | TSR05 R - J J 0000H
FO1ABH - - -

FO1ACH | Timer status register 06 TSRO6L | TSR06 R - v J 0000H
FO1ADH - - -

FO1AEH Timer status register 07 TSRO7L | TSRO7 R - \ \/ 0000H
FO1AFH - - -

FO1BOH | Timer channel enable status register 0 | TEOL | TEO R v v J 0000H
FO1B1H - - -

FO1B2H Timer channel start register 0 TSOL TSO R/W v v \ 0000H
FO1B3H - - -

FO1B4H | Timer channel stop register 0 TTOL TTO R/W v \ S 0000H
FO1B5H - - -

FO1B6H Timer clock select register 0 TPSO R/W - - \ 0000H
FO1B7H

FO1B8H | Timer output register 0 TOOL | TOO R/W - \ S 0000H
FO1B9H - - -

FO1BAH | Timer output enable register 0 TOEOL | TOEO R/W v V J 0000H
FO1BBH - - -

FO1BCH Timer output level register 0 TOLOL | TOLO R/W - \ S 0000H
FO1BDH - - -

FO1BEH | Timer output mode register 0 TOMOL [TOMO | R/W - V J 0000H
FO1BFH - - -
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Table 3-6. Extended SFR (2nd SFR) List (5/12)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FO0230H | lICA control register 00 IICCTLOO R/W y J - 00H

F0231H | lICA control register 01 IICCTLO1 R/IW v v - 00H

F0232H | lICA low-level width setting register 0 IICWLO R/wW - \/ - FFH

F0233H | [ICA high-level width setting register 0 IICWHO R/W - J - FFH

F0234H | Slave address register 0 SVAO R/W - 3 - 00H

FO2FOH | Flash memory CRC control register CRCOCTL R/W v v - 00H

FO2F2H | Flash memory CRC operation result PGCRCL R/W - S 0000H
register

FO2FAH | CRC data register CRCD R/W - - \ 0000H

FO500H | Port register 20 P20 R/W \ v - OO0H

FO508H | Peripheral enable register 1 PER1 R/W y v - 00H

FO509H | Peripheral enable register 2 PER2 R/W y J - 00H

FO50AH | PLL control register PLLCTL R/W y J - 0OH

FO510H | Port mode register 20 PM20 R/W \/ \/ - FFH

F0518H | External interrupt rising edge enable EGP2 R/W y \/ - 00H
register 2

FO519H | External interrupt falling edge enable EGN2 R/W v \ - 00H
register 2

FO520H | Pull-up resistor option register 20 PU20 R/W y J - 0OH

FO0530H | Port output mode register 20 POM20 R/W v v - OO0H

FO550H | Programmable gain amplifier control PGACTL R/W v v - 00H
register

FO0551H | Programmable gain amplifier input channel | PGAINS R/W v - 00H
select register

F0552H | Comparator O control register COCTL RIW y J - 00H

F0553H | Comparator 1 control register C1CTL R/W y J - 0OH

F0554H | Comparator 2 control register C2CTL R/W v v - OO0H

F0555H | Comparator 3 control register C3CTL RIW y \/ - 00H

F0556H | Comparator 4 control register C4CTL RIW y J - 00H

F0557H | Comparator 5 control register C5CTL R/W v v - OO0H

FO558H | Comparator rising edge enable register CMPEGPO0 R/W v v - 00H

FO559H | Comparator falling edge enable register CMPEGNO R/W v \ - 00H

FO55AH | Comparator output monitor register CMPMON R v \ - 00H

FO55BH | External interrupt control register INTPCTL R/W \/ \/ - 00H

F0560H | Comparator and PGA internal reference CVRCTL RIW v v - 00H
voltage control register

F0561H | Comparator internal reference voltage CORVM R/W - \ - 00H
select register 0

F0562H | Comparator internal reference voltage C1RVM R/W - \ - 00H
select register 1

FO0563H | Comparator internal reference voltage C2RVM R/W - \ - 00H
select register 2
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Table 3-6. Extended SFR (2nd SFR) List (6/12)

Address | Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FO564H Window comparator function setting CMPWDC R/W v \ - 00H
register
FO0565H Comparator input switch control register | CMPSEL R/W - \ - 00H
F0570H Serial data register 40 TXD4 SDR40 | R/W - v S 0000H
FO571H - - -
FO572H Serial data register 41 RXD4 SDR41| R/W - J J 0000H
FO573H - - -
F0578H DALI transmit data register L4 SDTL4 R/W - - S 0000H
FO579H
FO57AH DALI transmit data register H4 SDTH4 R/W - - \ 0000H
FO57BH
FO57CH DALI receive data register L4 SDCL4 R - - S 0000H
FO57DH
FO57EH DALI receive data register H4 SDCH4 R - - \ 0000H
FO57FH
FO0580H Serial status register 40 SSR40L | SSR40 R - \ S 0000H
FO581H - - -
F0582H | Serial status register 41 SSR40L |SSR41| R - V J 0000H
FO583H - - -
FO0588H Serial flag clear trigger register 40 SIR40L SIR40 | R/W - \ S 0000H
FO589H - - -
FO58AH Serial flag clear trigger register 41 SIR41L SIR41 | RIW - \ \ 0000H
FO58BH - - -
FO590H Serial mode register 40 SMR40 R/W - - \ 0020H
FO591H
F0592H Serial mode register 41 SMR41 R/W - - \ 0087H
FO593H
FO0598H Serial communication operation setting | SCR40 R/W - - S 0087H
FO599H register 40
FO59AH Serial communication operation setting | SCR41 R/W - - S 0020H
FO59BH register 41
FOSAOH | Serial channel enable status register 4 | SE4L SE4 R v v J 0000H
FO5A1TH - - -
FO5A2H | Serial channel start register 4 SS4L SS4 RIW v v \ 0000H
FO5A3H - - -
FO5A4H | Serial channel stop register 4 ST4L ST4 RIW v \ S 0000H
FO5A5H - - -
FO5A6H Serial clock select register 4 SPS4L SPS4 R/W - v \ 0000H
FO5A7H - - -
FO5A8H Serial output register 40 SO4 R/W - - S OFOFH
FO5A9H
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Table 3-6. Extended SFR (2nd SFR) List (7/12)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FO5AAH | Serial output enable register 4 SOE4L | SOE4 | RIW v \ S 0000H

FO5ABH - - -

FO5B4H | Serial output level register 4 SOL4L | SOL4 | RW - V J 0000H

FO5B5H - - -

FO5B8H | Serial standby control register 4 SSC4L | SSC4 | R/IW - v \ 0000H

FO5B9H - - -

FO5BAH | Serial option control register 4 SOC4 R/W - - S 0000H

FO5BBH

FO5COH | Peripheral I/O redirection register 1 PIOR1 R/W - v - O00H

FO5C1H | Noise filter enable register 3 NFEN3 R/W v V - 00H

FO5C2H | Interrupt mask flag register 0 INTMKO R/W v \ - FFH

FO5C3H | Interrupt monitor flag register 0 INTMFO R/WNote v v - OO0H

FO5C4H | Invalid memory access detection control IAWCTL1 R/W - v - 00H
register 1

FO5C5H | Timer clock select register 2 TPS2 R/W - v - 00H

FO5C6H | Peripheral function switch register 0 PFSELO R/W v \ - 00H

FO5C7H | Single-wire UART control register SUCTL R/W v v - O00H

FO5C8H | 16-bit timer KC output pin control register TOETKCO R/W v v - O0OH

FO600H 16-bit timer KB compare register 00 TKBCRO00 R/W - - \ 0000H

FO601H

FO0602H 16-bit timer KB compare register 01 TKBCRO1 R/W - - \ 0000H

FO603H

F0604H 16-bit timer KB compare register 02 TKBCRO02 R/W - - S 0000H

FO605H

FO0606H 16-bit timer KB compare register 03 TKBCRO03 R/W - - S 0000H

FO607H

FO0608H 16-bit timer KB trigger compare register 0 TKBTGCRO R/W - - S 0000H

FO609H

FO60AH | 16-bit timer KB smooth start initial duty TKBSIR00 R/W - - S 0000H

FO60BH | register 00

FOB0CH | 16-bit timer KB smooth start initial duty TKBSIRO01 R/W - - J 0000H

FO6ODH | register 01

FO60EH | 16-bit timer KB dithering count register 00 TKBDNROO R/W - \ - O00H

FO60FH | 16-bit timer KB smooth start step width TKBSSR00 R/W - R - 00H
register 00

Note An 8-bit memory manipulation instruction can only be read.
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Table 3-6. Extended SFR (2nd SFR) List (8/12)
Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

F0610H 16-bit timer KB dithering count register 01 TKBDNRO1 R/W - \ - 00H

FO0611H 16-bit timer KB smooth start step width TKBSSRO01 R/W - v - O00H
register 01

F0612H 16-bit timer KB trigger register 0 TKBTRGO w v v - O00H

FO0613H 16-bit timer KB flag register 0 TKBFLGO R v \ - O00H

F0614H | 16-bit timer KB compare 1L & dithering TKBCRLDO0O R/W - - J 0000H

Foe15H | count register 00

F0616H 16-bit timer KB compare 3L & dithering TKBCRLDO1 R/W - - S 0000H

Fo617H | count register 01

FO620H | 16-bit timer counter KBO TKBCNTO R - - \ FFFFH

F0621H

F0622H 16-bit timer KB operation control register 00 | TKBCTLOO R/W - - S 0000H

F0623H

F0624H 16-bit timer KB maximum frequency limit TKBMFRO R/W - - \ 0000H

Foe25H | setting register O

F0626H 16-bit timer KB output control register 00 TKBIOCO00 R/W v \ - 00H

F0627H 16-bit timer KB flag clear trigger register 0 TKBCLRO w v v - O00H

F0628H 16-bit timer KB output control register 01 TKBIOCO1 R/W v v - 00H

F0629H 16-bit timer KB operation control register 01 | TKBCTLO1 R/W v \ - O00H

FO0630H Forced output stop function control register | TKBPACTLOO R/W - - S 0000H

Fo631H |00

F0632H Forced output stop function control register | TKBPACTLO1 R/W - - S 0000H

Fo633H | 01

F0634H | Forced output stop function start trigger TKBPAHFSO0 w v v - OO0H
register 0

F0635H | Forced output stop function stop trigger TKBPAHFTO w v v - OO0H
register 0

F0636H | Forced output stop function flag register 0 TKBPAFLGO R v v - 00H

F0637H Forced output stop function control register | TKBPACTLO02 R/W v \ - 00H
02
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Table 3-6. Extended SFR (2nd SFR) List (9/12)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

F0640H 16-bit timer KB compare register 10 TKBCR10 R/W - - S 0000H

F0641H

F0642H 16-bit timer KB compare register 11 TKBCR11 R/W - - S 0000H

F0643H

F0644H 16-bit timer KB compare register 12 TKBCR12 R/W - - \ 0000H

F0645H

F0646H 16-bit timer KB compare register 13 TKBCR13 R/W - - S 0000H

F0647H

F0648H 16-bit timer KB trigger compare register 1 TKBTGCR1 R/W - - \ 0000H

F0649H

FO64AH | 16-bit timer KB smooth start initial duty TKBSIR10 R/W - - J 0000H

FO64BH | register 10

FOB4CH | 16-bit timer KB smooth start initial duty TKBSIR11 R/W - - S 0000H

FO64DH | register 11

FO64EH 16-bit timer KB dithering count register 10 | TKBDNR10 R/W - \ - 00H

FO64FH 16-bit timer KB smooth start step width TKBSSR10 R/W - v - O00H
register 10

FO650H 16-bit timer KB dithering count register 11 TKBDNR11 R/W - v - O00H

F0651H 16-bit timer KB smooth start step width TKBSSR11 R/W - \ - 00H
register 11

F0652H 16-bit timer KB trigger register 1 TKBTRGH1 w v \ - 00H

FO0653H 16-bit timer KB flag register 1 TKBFLG1 R v v - O00H

F0654H 16-bit timer KB compare 1L & dithering TKBCRLD10 R/W - - S 0000H

F0655H count register 10

F0656H 16-bit timer KB compare 1L & dithering TKBCRLD11 R/W - - J 0000H

FO657H count register 11

F0660H 16-bit timer counter KB1 TKBCNT1 R - - J FFFFH

F0661H

F0662H 16-bit timer KB operation control register 10 | TKBCTL10 R/W - - \ 0000H

F0663H

F0664H 16-bit timer KB maximum frequency limit TKBMFR1 R/W - - \ 0000H

FO665H setting register 1

FO666H 16-bit timer KB output control register 10 TKBIOC10 R/W v v - 00H

FO0667H 16-bit timer KB flag clear trigger register 1 TKBCLR1 w v \ - O00H
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Table 3-6. Extended SFR (2nd SFR) List (10/12)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

FO0668H | 16-bit timer KB output control register 11 TKBIOC11 R/W v \ - 00H

F0669H | 16-bit timer KB operation control register 11 | TKBCTL11 R/W v v - OO0H

FO0670H | Forced output stop function control register | TKBPACTL10 R/W - - S 0000H

Fos71H |10

FO0672H | Forced output stop function control register | TKBPACTL11 R/W - - \ 0000H

Fo673H | 11

F0674H | Forced output stop function start trigger TKBPAHFS1 w v \ - 00H
register 1

FO675H | Forced output stop function stop trigger TKBPAHFT1 w v \ - 00H
register 1

FO0676H | Forced output stop function flag register 1 TKBPAFLG1 R v \ - 00H

F0677H | Forced output stop function control register | TKBPACTL12 R/W v v - OO0H
12

FO680H | 16-bit timer KB compare register 20 TKBCR20 R/W - - S 0000H

F0681H

FO0682H | 16-bit timer KB compare register 21 TKBCR21 R/W - - \/ 0000H

FO683H

FO0684H | 16-bit timer KB compare register 22 TKBCR22 R/W - - S 0000H

F0685H

FO0686H | 16-bit timer KB compare register 23 TKBCR23 R/W - - \ 0000H

FO687H

FO0688H | 16-bit timer KB trigger compare register 2 TKBTGCR2 R/W - - \ 0000H

FO689H

FO68AH | 16-bit timer KB smooth start initial duty TKBSIR20 R/W - - \ 0000H

FO68BH | register 20

FO68CH | 16-bit timer KB smooth start initial duty TKBSIR21 R/W - - J 0000H

FO68DH register 21

FO68EH | 16-bit timer KB dithering count register 20 TKBDNR20 R/W - v - O00H

FO68FH | 16-bit timer KB smooth start step width TKBSSR20 R/W - \ - 00H
register 20

FO690H | 16-bit timer KB dithering count register 21 TKBDNR21 R/W - \ - 00H

FO0691H | 16-bit timer KB smooth start step width TKBSSR21 R/W - v - O00H
register 21
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Table 3-6. Extended SFR (2nd SFR) List (11/12)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit

F0692H 16-bit timer KB trigger register 2 TKBTRG2 w v \ - 00H

FO693H 16-bit timer KB flag register 2 TKBFLG2 R v R - 00H

F0694H 16-bit timer KB compare 1L & dithering TKBCRLD20 R/W - - S 0000H

FO0695H count register 20

FO0696H 16-bit timer KB compare 1L & dithering TKBCRLD21 R/W - - \ 0000H

FO697H count register 21

FOBAOH | 16-bit timer counter KB2 TKBCNT2 R - - J FFFFH

FOBA1TH

FO6A2H 16-bit timer KB operation control register 20 | TKBCTL20 R/W - - \ 0000H

FOBA3H

FO6A4H 16-bit timer KB maximum frequency limit TKBMFR2 R/W - - S 0000H

FOBA5H | setting register 2

FOBAG6H | 16-bit timer KB output control register 20 TKBIOC20 R/W v v - 00H

FO6A7H 16-bit timer KB flag clear trigger register 2 TKBCLR2 w v \ - O00H

FO6A8H 16-bit timer KB output control register 21 TKBIOC21 R/W v \ - 00H

FOB6A9H 16-bit timer KB operation control register 21 | TKBCTL21 R/W v v - O00H

FO6BOH Forced output stop function control register | TKBPACTL20 R/W - - S 0000H

Fo6B1H |20

FO6B2H Forced output stop function control register | TKBPACTL21 R/W - - \ 0000H

FO6B3H | 21

FO6B4H | Forced output stop function start trigger TKBPAHFS2 w v \ - 00H
register 2

FO6B5H | Forced output stop function stop trigger TKBPAHFT2 w v \ - 00H
register 2

FO6B6H Forced output stop function flag register 2 TKBPAFLG2 R v \ - 00H

FO6B7H | Forced output stop function control register | TKBPACTL22 | R/W v v - OO0H
22
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Table 3-6. Extended SFR (2nd SFR) List (12/12)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FO6DOH | 16-bit timer KC compare register 0 TKCCRO R/W - - S 0000H
FO6D2H | 16-bit timer KC duty compare register 00 TKCDUTYO00 R/W - - \ 0000H
FO6D4H | 16-bit timer KC duty compare register 01 TKCDUTYO01 R/W - - S 0000H
FO6D6H | 16-bit timer KC duty compare register 02 TKCDUTY02 R/W - - \ 0000H
FO6D8H | 16-bit timer KC duty compare register 03 TKCDUTY03 R/W - - \ 0000H
FOBDAH | 16-bit timer KC duty compare register 04 TKCDUTY04 R/W - - S 0000H
FOBDCH | 16-bit timer KC duty compare register 05 TKCDUTY05 R/W - - S 0000H
FO6DEH | 16-bit timer KC trigger register 0 TKCTRGO w v \ - 00H
FOBDFH | 16-bit timer KC flag register 0 TKCFLGO R v v - 00H
FOBE2H | 16-bit timer KC output control register 00 TKCIOCO00 R/W - - S 0000H
FO6E4H | 16-bit timer KC output control register 01 TKCIOCO01 R/W v \ - 00H
FO6ES5H | 16-bit timer KC operation control register 0 | TKCCTLO R/W v v - O00H
FOBE6BH | 16-bit timer KC output flag register 0 TKCTOFO R v v - 00H
FOBFOH | 16-bit timer counter KCO TKCCNTO R - - J FFFFH
Remark For SFRs in 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 3-12. Outline of Relative Addressing

PC

OP code

D
t / DISPLACE 8/16 bits

3.3.2 Immediate addressing

[Function]
Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the
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.

Figure 3-13. Example of CALL !'addr20/BR !'addr20

PC

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 3-14. Example of CALL !addr16/BR !addr16

PC PCs PCH PCL
T OP code
0000 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 O0BFH) 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 RL78 microcontrollers, branching is enabled only to the 64 KB space from 00000H to OFFFFH.

Figure 3-15. Outline of Table Indirect Addressing

OP code

High Addr.
,—>
00000000 |10 0
L Low Addr.
Table address
Memory
0000
PC PCs PCH PCL

3.3.4 Register indirect 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 indirect addressing can be applied only to the CALL AX, BC, DE, HL, and

BR AX instructions.

Figure 3-16. Outline of Register Indirect Addressing

OP code
CS Y
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]
Implied addressing can be applied only to MULU X.

Figure 3-17. 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 3-18. 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
laddr16 Label or 16-bit immediate data (only the space from FOOO0H to FFFFFH is specifiable)
ES:laddr16 | Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3-19. Example of !addr16

MOV

laddr16, A

<1>

Instruction code

OP-code

Target memory

Low Addr.
<1

High Addr.

* A 16-bit address <1> in the 64 KB area from
FOOOOH to FFFFFH specifies the target location
(for use in access to the 2nd SFRs etc.).

Figure 3-20. Example of ES:!addr16

laddr16

Memory

ES:

<1> <2>

Instruction code

Target memory

OP-code
Specifies the [
: Low Addr. address in memory
High Addr. X0O0OH ¥
: Specifies a
64 KB area
ES

® The ES register <1> specifies a 64 KB area within the
overall 1 MB space as the four higher-order bits, X, of
the address range.

e A 16-bit address <2> in the area from X0000H to XFFFFH
and the ES register <1> specify the target location;
this is used for access to fixed data other than
that in mirrored areas.

Memory

FFEFFH

FOO00H

FFFFFH
A

Area from
X0000H to
XFFFFH

v
00000H
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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 3-21. 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)

Figure 3-22. Outline of SFR Addressing

OP code

SFR

—,—> SFR

Memory

FFFFFH

FFFOOH
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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 3-23. Example of [DE], [HL]
FFFFFH
[DE], [HL]
<1> <1>
Target memory
Instruction code  __ <1>Speciﬁes the Y
OP-code rp(HL/DE) address in memory
FOOOOH
® FEither pair of registers <1> specifies the target
location as an address in the 64 KB area from
FOOOOH to FFFFFH.
Memory
Figure 3-24. Example of ES:[DE], ES:[HL]
ES: [DE], ES: [HL]
<1> <2> <1> <2 IfFFFFH
A
. Target memory Area from
Instruction code <2> gpecifies the - X0000H to
<2> address in memory XFFFFH
OP-code rp(HL/DE) >
X0000H 7 ¥
i <1> Specifies a
<1> s 64 KB area
v
00000H

e The ES register <1> specifies a 64 KB area within the
overall 1 MB space as the four higher-order bits, X, of
the address range.

e Either pair of registers <2> and the ES register <1> specify
the target location in the area from X0000H to XFFFFH.

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 or 16-bit immediate data 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 FOO00H to FFFFFH is specifiable)

word[B], word[C] (only the space from FOOOOH 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 t

he 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)

Instruction code

Figure 3-25. Example of [SP+byte]

<1>

<2> Target memory

<2> byte

Offset

¢ SP (stack pointer) <1> indicates the stack as the

target.

* By indicating an offset from the address (top of the

A AN

Specifies a
<1> stack area
SP

stack) currently pointed to by the stack pointer, Memory
“byte” <2> indicates the target memory (SP + byte).

FFFFFH
A

Stack area

v

FOOOOH
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Figure 3-26. Example of [HL + byte], [DE + byte]

[HL + byte],  [DE + byte]
<1>  <2> <1> <2> FFFFFH
Instruction code 1
OP-code Target memory Target
j <2> Offset x array
<2> byte > of data
<1> Address of 7'y
an array Other data in
rp(HL/DE) the array FBOOOH
® Either pair of registers <1> specifies the address
where the target array of data starts in the 64 KB
area from FOOOOH to FFFFFH.
e “byte” <2> specifies an offset within the array to
the target location in memory. Memory
Figure 3-27. Example of word[B], word[C]
word [B], word [C]
<1> <2> <1> <2> FFFFFH
Array of
Instruction code Target memory word-sized
<2> <2>  Offset & data
OP-code —>| r(B/C)
Address of a word }
Low Addr. <1> within an array .
High Addr. F0000H
o ‘word” <1> specifies the address where the target
array of word-sized data starts in the 64 KB area
from FOOOOH to FFFFFH.
e Either register <2> specifies an offset within the
array to the target location in memory. Memory
Figure 3-28. Example of word[BC]
word  [BC] FFFFFH
<1> <2>
Array of
Instruction code <2> Target memory word-sized
<2> R Offset 3 data
OP-code "1 m(BC)
Address of aword |
e Low Addr. ] <1>  within an array
High Addr. = FO000H

e “word” <1> specifies the address where the target
array of word-sized data starts in the 64 KB area
from FOOOOH to FFFFFH.

® A pair of registers <2> specifies an offset within
the array to the target location in memory.

Memory

RO1UHO169EJ0340 Rev.3.40

Mar 29, 2024 REN ESAS

83



RL78/1A CHAPTER 3 CPU ARCHITECTURE

Figure 3-29. Example of ES:[HL + byte], ES:[DE + byte]

ES: [HL + byte], ES: [DE + byte]

<> <2> <3> <«1> <2>  <3>

XFFFFH

Instruction code

OP-code <2> <3> Target memory Target

array

Offset 4

<3> byte of data
( <2> Address of

I’p(HL/DE) an array

P

Other data in
the array

X0000H X0000H
<1> <1 TSpecifies a

>§ 64 KB area
ES : >

e The ES register <1> specifies a 64 KB
area within the overall 1 MB space as
the four higher-order bits, X, of the address range. Memory

* Either pair of registers <2> specifies the address
where the target array of data starts in the 64 KB
area specified in the ES register <1>.

e “byte” <3> specifies an offset within the array to the
target location in memory.

Figure 3-30. Example of ES:word[B], ES:word[C]

ES: word [B], ES: word [C]

<1> <2> <3> <1> <2> <3>

XFFFFH

Instruction code <3>

<3 Target memory Array of

>
OP-code /L‘ Offset - \(/jvord-sized
\ f(B/C) ata

Low Addr.

<2>
L > Address of a word within an array |
< >

—
High Addr.

X0000H X0000H
<1> E3 Specifies a
¢ <1>64 KB area
ES - >

e The ES register <1> specifies a 64 KB area within the overall
1 MB space as the four higher-order bits, X, of the address range.

o ‘“word” <2> specifies the address where the target array of word-sizeddata
starts in the 64 KB area specified in the ES register <1>.

® Either register <3> specifies an offset within the array tothe target location
in memory.

Memory
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Figure 3-31. Example of ES:word[BC]

ES: word [BC]

<1> <2> <3>

Target memory

A

A

Instruction code <3>
<3
oPcode [\ "SI 5o —
<2>
_<2>%\) Address of a word within an array
High Addr. X0000H
<1> i <1> Specifies a
ES ; 64 KB area

o The ES register <1> specifies a 64 KB area within the
overall 1 MB space as the four higher-order bits, X, of

the address range.

® “word” <2> specifies the address where the target array of
word-sized data starts in the 64 KB area specified in the

ES register <1>.

® A pair of registers <3> specifies an offset within the array

to the target location in memory.

Memory

XFFFFH

Array of
word-sized
data

X0000H
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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 3-32. Example of [HL+B], [HL+C]

[HL +B], [HL+C]

<1> <2> <1> <2> FFFFFH
. Target
Instruction code Target memory array
) <2> Offset of data

OP-code r(B/C)
A
2 <1> Aggraeﬁzyof i Other data in
rp(HL) »> the array FODOOH

® A pair of registers <1> specifies the address where the target
array of data starts in the 64 KB area from FOOOOH to
FFFFFH.

® FEither register <2> specifies an offset within the array to the
target location in memory.

Memory

Figure 3-33. Example of ES:[HL+B], ES:[HL+C]

ES: [HL +B], ES: [HL +C]

<1><2> <3> <1> <2> <3>

XFFFFH

Target
array
of data

<3> <3> Target memory

A
Instruction code ((B/C) Offset

OP-cod <2> <2> @lded;?f;/m + Other data in
-code > rp(HL) > the array

<3> byte X0000H L X0000H
T Specifies a
<1> <1>! 64KBarea
ES . >

o The ES register <1> specifies a 64 KB area within the overall
1 MB space as the four higher-order bits, X, of the address range. Memory
o A pair of registers <2> specifies the address where the target
array of data starts in the 64 KB area specified in the ES
register <1>.
* Either register <3> specifies an offset within the array to the
target location in 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.
Only the internal RAM area can be set as the stack area.

[Operand format]

Identifier Description

- PUSH AX/BC/DE/HL

POP AX/BC/DE/HL
CALL/CALLT

RET

BRK

RETB

(Interrupt request generated)
RETI

Each stack operation saves or restores data as shown in Figures 3-34 to 3-39.

Figure 3-34. Example of PUSH rp

PUSH rp
<1> <2>
<1 > SP -
Instruction code /\/ SP — 1 | Higher-order byte of rp
<3> SP - 2 {4 Lower-order byte of rp Stack area
OP-code <2> SP
P FOOOOH
e Stack addressing is specified <1>.
e The higher-order and lower-order bytes of the pair of registers
indicated by rp <2> are stored in addresses SP — 1 adn SP — 2,
respectively.

® The value of SP <3> is decreased by two (if rp is the program
status word (PSW), the value of the PSW is stored in SP — 1 and Memory
0 is stored in SP — 2).
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Figure 3-35. Example of POP

POP rp

<1> <2>

<1> Sp SP +2

the

Instruction code ) SP +1 (SP+1) Stack
/\/ SP (SP) area
OP-code <2> ASF’/\_/
; FOOOOH
P
* Stack addressing is specified <1>.
 The contents of addresses SP and SP + 1 are stored in the
lower-order and higher-order bytes of the pair of registers
indicated by rp <2>, respectively. Memory
« The value of SP <3> is increased by two (if rp is the program
status word (PSW), the content of address SP + 1 is stored in
PSW).
Figure 3-36. Example of CALL, CALLT
CALL
<1> A
Instruction code <1> SP SP -1 Stack
SP-2 _ area
— L~ SP-2  |apcto-pecis
x PC15-PC8
sp |3>SP-4 PC7 - PCO
v
<2>
FOO00H
PC
» Stack addressing is specified <1>. The value of the program

counter (PC) changes to indicate the address of the instruction Memory
following the CALL instruction.

« The values of PC bits 19 to 16, 15 to 8, and 7 to 0 are stored
in addresses SP - 2, SP - 3, and SP - 4, respectively <2>.

¢ The value of the SP <3> is decreased by 4.
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Figure 3-37. Example of RET

RET A
<1> P SP+4
Instruction code <1> SP+3 (SP+3)
L, SP+2 (SP+2) Stack
OP'COde SP+1 (SP+1) area
sp | sp (SP)
//\//é '
<2> FOO000H
PC
 Stack addressing is specified <1>.
 The contents of addresses SP, SP + 1, and SP + 2 are stored
in PC bits 7 to 0, 15 to 8, and 19 to 16, respectively <2>. Memory
e The value of SP <3> is increased by four.
Figure 3-38. Example of Interrupt, BRK
PSW <2>
\/\ t
Instruction code SP SP -1 * PSW Stack
<> sP-2 |, PC19-PD16 area
OP-code SP-3 . PC15_PC8
or SP <3>SP -4 PC7 — PCO
v
Interrupt
<2> FOO0OH
PC
e Stack addressing is specified <1>. In response to a BRK
instruction or acceptance of an interrupt, the value of the Memory
program counter (PC) changes to indicate the address of
the next instruction.
@ The values of the PSW, PC bits 19 to 16, 15t0 8, and 7 to
0 are stored in addresses SP -1, SP -2, SP - 3, and
SP — 4, respectively <2>.
e The value of the SP <3> is decreased by 4.
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Figure 3-39. Example of RETI, RETB

RETI, RETB

<1>

Instruction code

OP-code

* Stack addressing is specified <1>.

¢ The contents of addresses SP, SP + 1, SP + 2, and SP + 3 are
stored in PC bits 7 t0 0, 15 to 8, 19 to 16, and the PSW, respectively

<2>.

o The value of SP <3> is increased by four.

PSW DE—
Sp SP+4 (
SP+3 (SP+3)
SP+2 (SP+2)
SP + 1 (SP+1)
N@
PC
Memory

Stack
area

FOO00H
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4.1 Port Functions

The RL78/I1A microcontrollers are provided with digital I/O ports, which enable variety of control operations.

CHAPTER 4 PORT FUNCTIONS

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

4.2 Port Configuration

Ports include the following hardware.

Table 4-1. Port Configuration

ltem

Configuration

Control registers

Port mode registers (PMO to PM4, PM7, PM12, PM14, PM20)

Port registers (PO to P4, P7, P12 to P14, P20)

Pull-up resistor option registers (PUO, PU1, PU3, PU4, PU7, PU12, PU14, PU20)
Port input mode registers (PIMO, PIM1)

Port output mode registers (POMO, POM1, POM20)

Port mode control registers (PMCO, PMC12, PMC14)

A/D port configuration register (ADPC)

Peripheral I/O redirection register (PIOR1)

Port

e 20-pin products

Total: 16 (CMOS 1/O: 13, CMOS input: 3)
e 30-pin products

Total: 26 (CMOS 1/0O: 23, CMOS input: 3)
® 38-pin products

Total: 34 (CMOS 1/0O: 29, CMOS input: 5)

Pull-up resistor

® 20-pin products Total: 8
© 30-pin products Total: 16
® 38-pin products Total: 22
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4.2.1 Port0
Port 0 is an I/O port with an output latch. Port 0 can be set to the input mode or output mode in 1-bit units using port
mode register 0 (PM0). When the P02, P03, P05, P06 pins are used as an input port, use of an on-chip pull-up resistor
can be specified in 1-bit units by pull-up resistor option register 0 (PUO).
Input to a P03 pin can be specified through a normal input buffer or a TTL input buffer in 1-bit units using port input
mode register 0 (PIMO).
Output from a P02 pin can be specified as N-ch open-drain output (Vop tolerance) in 1-bit units using port output mode
register 0 (POMO).
To use the P02 and P03 pins as digital I/O port pins, set them in the digital I/O mode by using port mode control
register 0 (PMCO) (can be specified in 1-bit units).
This port can also be used for timer 1/0, A/D converter analog input, serial interface data 1/0, and comparator analog
input.
When reset signal is generated, the following configuration will be set.
- P02 and P03 pins of the 30 and 38-pin products --- Analog input
- P05 and P06 pins of the 38-pin products --- Input mode

4.2.2 Port1

Port 1 is an 1/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 P12 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).

Input to the P10 and P11 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units using
port input mode register 1 (PIM1).

Output from the P10 to P12 pins can be specified as N-ch open-drain output (Vob tolerance) in 1-bit units using port
output mode register 1 (POM1).

This port can also be used for serial interface data I/0, clock I/O, timer output, and external interrupt request input.

Reset signal generation sets port 1 to input mode.
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4.2.3 Port 2

Port 2 is an I/O port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units using port
mode register 2 (PM2).

This port can also be used for A/D converter analog input, internal reference voltage inputs of A/D converter and
comparator, reference voltage input of PGA, and analog input of the comparator.

To use P20/ANIO to P22/ANI2, P24/ANI4 to P27/ANI7 as digital 1/O pins, set them in the digital /O mode by using the
A/D port configuration register (ADPC). Use these pins starting from the upper bit.

To use P20/ANIO to P22/ANI2, P24/ANI4 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 the PM2 register. Use these pins starting from
the lower bit.

Table 4-2. Setting Functions of P20/ANIO to P22/ANI2, P24/ANI4 to P27/ANI7 Pins

ADPC Register PM2 Register ADS Register P20/ANIO to P22/ANI2,
P24/ANI4 to P27/ANI7 Pins
Digital 1/0 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.

All P20/ANIO to P22/ANI2, P24/ANI4 to P27/ANI7 are set in the analog input mode when the reset signal is generated.

4.2.4 Port3

Port 3 is an I/O port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units using port
mode register 3 (PM3). When the P30 and P31 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 3 (PU3).

This port can be used for external interrupt request input, real-time clock correction clock output, and timer 1/0.

Reset signal generation sets P30 and P31 to input mode.

4.2.5 Port4

Port 4 is an 1/0O 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 pin 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 data 1/O for a flash memory programmer/debugger.

Reset signal generation sets port 4 to input mode.

4.2.6 Port7

Port 7 is an 1/O port with an output latch. Port 7 can be set to the input mode or output mode in 1-bit units using port
mode register 7 (PM7). When the P75 to P77 pins are used as an input port, use of an on-chip pull-up resistor can be
specified in 1-bit units by pull-up resistor option register 7 (PU7).

This port can also be used for external interrupt request input.

Reset signal generation sets port 7 to input mode.
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4.2.7 Port 12

P120 is an I/O port with an output latch. Port 12 can be set to the input mode or output mode in 1-bit units using port
mode register 12 (PM12). When the P120 pin is 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 only ports.

Digital input/output or analog input can be specified for the P120 pin, using port mode control register 12 (PMC12).

This port can also be used for A/D converter analog input, connecting resonator for main system clock, connecting
resonator for subsystem clock, external clock input for main system clock, and external clock input for subsystem clock.

Reset signal generation sets P120 to analog input, and sets P121 to P124 to input mode.

4.2.8 Port 13
Port 13 is a 1-bit input-only port.
This port can also be used for external interrupt request input.

4.2.9 Port 14

Port 14 is an 1/O port with an output latch. Port 14 can be set to the input mode or output mode in 1-bit units using port
mode register 14 (PM14). When the P147 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).

Digital input/output or analog input can be specified for the P147 pin, using port mode control register 14 (PMC14).

This port can also be used for A/D converter analog input, and comparator external reference voltage input.

Reset signal generation sets port 14 to analog mode.

4.2.10 Port 20

Port 20 is an I/0O port with an output latch. Port 20 can be set to the input mode or output mode in 1-bit units using port
mode register 20 (PM20). When the P200 to P206 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 20 (PU20).

Output from the P200 to P206 pins can be specified as N-ch open-drain output (Vob tolerance) in 1-bit units using port
output mode register 20 (POM20).

This port can also be used for serial interface data 1/O, timer 1/O, and external interrupt request.

Reset signal generation sets port 20 to input mode.
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4.3 Registers Controlling Port Function

Port functions are controlled by the following registers.

o Port mode registers (PMxx)

e Port registers (Pxx)

e Pull-up resistor option registers (PUxx)

e Port input mode registers (PIMxx)
e Port output mode registers (POMxx)
e Port mode control registers (PMCxx)

e A/D port configuration register (ADPC)

e Peripheral I/O redirection register (PIOR1)

Caution Which registers and bits are included depends on the product. For registers and bits mounted on

each product, see Table 4-3. Be sure to set bits that are not mounted to their initial values.

Note, however, that this does not apply to the bits having undefined values which are specified in the

caution of Figure 4-1 Format of Port Mode Register.

Table 4-3. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx Registers and Bits Mounted on Each Product (1/3)

Port Bit Name 20 30 38
PMxx Pxx PUxx PIMxx POMxx PMCxx Pin Pin Pin
Register Register Register Register Register Register
Port 0 0 - - - - - - - - -
1 — — — - — — — — —
2 PM02 P02 PU02 - POMO2 PMC02 - y y
3 PM03 P03 PUO3 PIMO3 - PMCO03 - \ V
4 — — — — — — — — _
5 PMO05 P05 PU05 - - - - - y
6 PMO06 P06 PU06 - - - - - V
7 — — — - — — — — —
Port 1 0 PM10 P10 PU10 PIM10 POM10 - y \ V
1| PM11 P11 PU11 PIM11 POM11 - v v v
2 PM12 P12 PU12 - POM12 - - - y
3 - - — — - - — — -
4 — — — — — — — — _
5 — — — — — — — — —
6 - - - - - - - - -
7 — — — — — — — — _
Port 2 0 PM20 P20 - - - - v v v
1 PM21 P21 - - - - y y \/
2 PM22 P22 - - - - v v v
3 - - — — - - — — -
4 PM24 P24 - - - - y \ y
5 PM25 P25 - - - - y y y
6 PM26 P26 - - - - - \/ \/
7 PM27 P27 - - - - - \ y
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Table 4-3. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx Registers and Bits Mounted on Each Product (2/3)

Port Bit Name 20 30 38
PMxx Pxx PUxx PIMxx POMXxx PMCxx Pin Pin Pin
Register Register Register Register Register Register
Port 3 0 PM30 P30 PU30 - - - - _ N
1 PM31 P31 PU31 - - - - N N
2 - - - - - - - - -
3 - — — — - - — — —
4 - - - - - - - - -
5 - — — — - - — — —
6 - - - - - - - - -
7 - — — — - - — — —
Port 4 0 PM40 P40 PU40 - - - N N N
1 - — — — - - — — —
2 - — — — - - — - -
3 - - - — - - - - -
4 - — — — - - — - -
5 - - - - - - - - -
6 - — — — - - — — —
7 - - - - - - - - -
Port 7 0 - - - - - - - — -
1 - - - - - - - - -
2 - — — — - - — — —
3 - — — — - - — - -
4 - — — — - - — — —
5 PM75 P75 PU75 - - - - - N
6 PM76 P76 PU76 - - - - _ N
7 PM77 P77 PU77 - - - - N N
Port 12 0| PMI120 P120 PU120 - - PMC120 - v v
1 - P121 - - - - N N N
2 - P122 - - - - N N N
3 - P123 - - - - _ _ N
4 - P124 - - - - - - V
5 - — — — - - — — —
6 - — — — - - — - -
7 - - - - - - - - -
Port 13 0 - - - - - - _ - -
1 - — — — - - — — —
2 - — — — - - — — —
3 - - - - - - - - -
4 - — — — - - — — —
5 - - - - - - - - -
6 - — — — - - — — —
7 - P137 - - - - N N N
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Table 4-3. PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx Registers and Bits Mounted on Each Product (3/3)

Port Bit Name 20 30 38
PMxx Pxx PUxx PIMxx POMxx PMCxx Pin Pin Pin
Register Register Register Register Register Register
Port 14 0 - - - - - - - - -
1 - - — — - - — — -
2 — — — — — — — — —
3 - - — — - - — — -
4 — — — — — — — — _
5 — — - - — — - - —
6 — — — - — — - — —
7 | PM147 P147 PU147 - - PMC147 J y y
Port 20 0 | PM200 P200 PU200 - POM200 - v \ V
1 PM201 P201 PU201 - POM201 - R y \/
2 | PM202 P202 PU202 - POM202 - J y y
3 | PM203 P203 PU203 - POM203 - v \ V
4 | PM204 P204 PU204 - POM204 - - \ y
5 | PM205 P205 PU205 - POM205 - - y y
6 | PM206 P206 PU206 - POM206 - - y V
7 — — — - — — — — —
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4.3.1 Port mode registers (PMxx)

These registers specify input or output mode for the port in 1-bit units.

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

Reset signal generation sets these registers to FFH.

When port pins are used as alternate-function pins, set the port mode register by referencing 4.5 Register Settings
When Using Alternate Function.

Figure 4-1. Format of Port Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMO | 1 ’ PMO06 ‘ PMO05 | 1 ’ PMO03 ‘ PMO02 | 1 ‘ 1 | FFF20H FFH R/W
PM1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ PM12 | PM11 ‘ PM10 | FFF21H FFH R/W
PM2 | PM27 ‘ PM26 ‘ PM25 | PM24 ‘ 1 ‘ PM22 | PM21 ‘ PM20 | FFF22H FFH R/W
PM3 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM31 ‘ PM30 | FFF23H FFH R/W
PM4 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM40 | FFF24H FFH R/W
PM7 | PM77 ‘ PM76 ‘ PM75 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 | FFF27H FFH R/W
PM12 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM120 | FFF2CH FFH R/W
PM14 | PM147 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 | FFF2EH FFH R/W
PM20 | 1 ‘ PM206 ‘ PM205 | PM204 ‘ PM203 ‘ PM202 | PM201 ‘ PM200 | FO510H FFH R/W
PMmn Pmn pin /0O mode selection

(m=0to4,7,12,14,20;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.
Bits 0, 1, 4, and 7 of the PMO register, bits 3 to 7 of the PM1 register, bit 3 of the PM2 register, bits 2 to
7 of the PM3 register, bits 1 to 7 of the PM4 register, bits 0 to 4 of the PM7 register, bits 1 to 7 of the
PM12 register, bits 0 to 6 of the PM14 register, and bit 7 of the PM20 register.
For 30- and 20-pin products, the following bits must be set for the output mode (by setting the port
registers and port mode registers to 0) by software after release from the reset state.
30-pin products: Bits 5 and 6 of the PMO0 register, bit 2 of the PM1 register, bit 0 of the PM3
register, and bits 5 and 6 of the PM7 register
20-pin products: Bits 2, 3, 5 and 6 of the PMO register, bit 2 of the PM1 register, bits 6 and 7 of
the PM2 register, bits 0 and 1 of the PM3 register, bits 5 to 7 of the PM7 register,
bit 0 of the PM12 register, and bits 4 to 6 of the PM20 register
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4.3.2 Port registers (Pxx)
These registers set the output latch value of 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

readnete,

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

Reset signal generation clears these registers to 00H.

Note If P02, P03, P20 to P22, P24 to P27, P120, and P147 are set up as analog inputs of the A/D converter, when a
port is read while in the input mode, 0 is always returned, not the pin level.
Figure 4-2. Format of Port Register
Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO | 0 | P06 | P05 | 0 | P03 | P02 | 0 | 0 | FFFOOH  OOH (output latch) R/W
P1 0 | 0 ‘ 0 ‘ 0 | 0 ‘ P12 ‘ P11 ‘ P10 | FFFO1H  OOH (output latch) R/W
P2 P27 | P26 ‘ P25 ‘ P24 | 0 ‘ P22 ‘ P21 ‘ P20 | FFFO2H  OOH (output latch) R/W
P3 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P31 ‘ P30 | FFFO3H  OOH (output latch) R/W
P4 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ P40 | FFFO4H  OOH (output latch) R/W
P7 P77 | P76 ‘ P75 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FFFO7H  OOH (output latch) R/W
P12 0 | 0 ‘ 0 ‘ P124 | P123 ‘ P122 ‘ P121 ‘ P120 | FFFOCH Undefined R/WNete !
P13 | P137 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FFFODH Note 2 R
P14 | P147 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FFFOEH OOH (output latch) R/W
P20 | 0 | P206 ‘ P205 ‘ P204 | P203 ‘ P202 ‘ P201 ‘ P200 | FO500H  OOH (output latch) R/W
Pmn m=0to4,7,12t014,20;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. P121 to P124 and P137 are read-only.

2.

P137: Undefined

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.3 Pull-up resistor option registers (PUxx)

These registers specify whether the on-chip pull-up resistors are to be used or not. On-chip pull-up resistors can be
used in 1-bit units only for the bits set to normal output mode (POMmn = 0) and input mode (PMmn = 1) for the pins to
which the use of an on-chip pull-up resistor has been specified in these registers. On-chip pull-up resistors cannot be
connected to bits set to output mode and bits used as alternate-function output pins and analog setting (PMC = 1, ADPC =
1), regardless of the settings of these registers.

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

Reset signal generation clears these registers to 00H (Only PU4 is set to 01H).

Caution When a port with the PIMn register is input from different potential device to TTL buffer, pull up to the
power supply of the different potential device via a external pull-up resistor by setting PUmn = 0.

Figure 4-3. Format of Pull-up Resistor Option Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PUO | 0 | PU06 ‘ PU0O5 ‘ 0 | PU0O3 ‘ PU02 ‘ 0 ‘ 0 | FOO30H 00H R/W
PU1 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ PU12 ‘ PU11 ‘ PU10 | FOO031H 00H R/W
PU3 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PU31 ‘ PU30 | FOO33H 00H R/W
PU4 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU40 | FO034H 01H R/W
PU7 | PU77 | PU76 ‘ PU75 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FOO037H 00H R/W
PU12 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU120 | FOO3CH 00H R/W
PU14 | PU147 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FOO3EH 00H R/W
PU20 | 0 | PU206 ‘ PU205 ‘ PU204 | PU203 ‘ PU202 ‘ PU201 ‘ PU200 | F0520H 00H R/W
PUmn Pmn pin on-chip pull-up resistor selection

(m=0,1,3,4,7,12,14,20;n =010 7)

0 On-chip pull-up resistor not connected

1 On-chip pull-up resistor connected

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.4 Port input mode registers (PIMxx)
These registers set the input buffer in 1-bit units.
TTL input buffer can be selected during serial communication with an external device of the different 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 4-4. Format of Port Input Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

PIMO | 0 | 0 ‘ 0 ‘ 0 | PIMO3 ‘ 0 ‘ 0 ‘ 0 | F0040H 00H R/W

PIM1 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ PIM11 ‘ PIM10 | F0041H 00H R/W
PIMmn Pmn pin input buffer selection

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

0 Normal input buffer

1 TTL input buffer

Caution Be sure to set bits that are not mounted to their initial values.

4.3.5 Port output mode registers (POMxx)

These registers set the output mode in 1-bit units.

N-ch open drain output (Vopo tolerance) mode can be selected during serial communication with an external device of
the different potential, and for the SDAAO pin during IICA communication with an external device of the same potential.

In addition, POMxx register is set with PUxx register, whether or not to use the on-chip pull-up resistor.

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

Reset signal generation clears these registers to 00H.

Caution An on-chip pull-up resistor is not connected to a bit for which N-ch open drain output (Vop tolerance)
mode (POMmn = 1) is set.

Figure 4-5. Format of Port Output Mode Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W

POMO | 0 | 0 ’ 0 ‘ 0 | 0 ‘ POMO02 ‘ 0 ’ 0 | FOO050H 00H R/W

POM1 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ POM12 ‘ POM11 ‘ POM10| FO051H 00H R/W

POM20 | 0 |POM206‘POM205‘POM204|POM203‘POMZOZ‘POM201 ‘POMZOOl FO530H 00H R/W
POMmn Pmn pin output mode selection

(m=0,1,20;n=0to6)

0 Normal output mode

1 N-ch open-drain output (VDD tolerance) mode

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.6 Port mode control registers (PMCxx)

These registers set the digital I/0/analog input in 1-bit units.

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

Reset signal generation clears these registers to FFH.

Figure 4-6. Format of Port Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset
PMCO | 1 | 1 ‘ 1 ‘ 1 | PMCO03 ‘ PMCO02 ‘ 1 ‘ 1 | FOO60H FFH
PMC12 | 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘PMC120| FO06CH FFH
PMC14 |PMC147| 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘ 1 | FOO6EH FFH

R/W
R/W

R/wW

R/W

PMCmn

Pmn pin digital I/O/analog input selection
(m=0,12,14,n=0,2,3,7)

Digital I/O (alternate function other than analog input)

Analog input

Cautions 1. Select input mode by using port mode registers 0, 12, 14 (PM0, PM12, PM14) for the ports which
are set by the PMCxx register as analog input.

2. Do not set the pin set by the PMC register as digital /0O by the analog input channel specification
register (ADS).
3. Be sure to set bits that are not mounted to their initial values.
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4.3.7 AID port configuration register (ADPC)

This register switches the ANIO/P20, ANI1/P21, ANI2/CMPOP/P22, ANI4/CMP1P/P24 to ANI7/CMP4P/P27 pins, and
PGAOUT pin (internal pin) to digital 1/0 of port or analog input of A/D converter, programmable gain amplifier, or
comparator.

The ADPC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to O0OH.

Figure 4-7. Format of A/D Port Configuration Register (ADPC)

Address: FOO76H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
ADPC 0 0 0 0 ADPC3 ADPC2 ADPC1 ADPCO
Analog input (A)/digital 1/0 (D) switching
™ N -~ o
§ Eof Eof § ANI7/ ANI6/ ANI5/ ANI4/  [PGAOUT™ ANI2/ | ANIM/P21 | ANIO/P20
< | 2 | 2 | T |CMP4P/P27|CMP3P/P26|CMP2P/P25|CMP1PIP24 CMPOP/P22
ojlojofo A A A A A A A A
0o 1 D D D D D D D D
ojlo|1]|o D D D D D D D A
oo | 1|1 D D D D D D A A
o|1]0fo0 D D D D D A A A
oOj 1|01 D D D D A A A A
o|1]1]o0 D D D A A A A A
o 1] 1|1 D D A A A A A A
11o0]o0]o D A A A A A A A
110]0]1 A A A A A A A A
L T A B A A A A A A A A
Other than above | Setting prohibited

Note This is an internal output pin for the programmable gain amplifier. When output signals from the programmable
gain amplifier is used as an analog input channel for the A/D converter, set ADPC as 0101B or above.

Cautions 1. Set the port to analog input by ADPC register to the input mode by using port mode register 2
(PM2).
2. Do not set the pin set by the ADPC register as digital /0 by the analog input channel
specification register (ADS).
3. When using AVrerp and AVRrerm, set ANIO and ANI1 to analog input and set the port mode register
to the input mode.
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4.3.8 Peripheral I/O redirection register (PIOR1)
This register is used to specify whether to enable or disable the peripheral I/O redirect function.

This function is used to switch ports to which alternate functions are assigned.

Use the PIOR1 register to assign a port to the function to redirect and enable the function.

In addition, can be changed the settings for redirection until its function enable operation.

The PIOR register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets this register to O0H.

Address: FO5COH

Figure 4-8. Format of Peripheral /0O Redirection Register (PIOR1)

After reset: 0OH R/W

Mar 29, 2024

Symbol 7 6 5 4 3 2 1 0
PIOR1 0 0 0 0 PIOR13 PIOR12 PIOR11 PIOR10
Bit Alternate 20-pin 30-pin 38-pin
Function Setting value Setting value Setting value
0 1 0 1 0 1
PIOR10 TKCOO03 This area cannot be used P204 - P204 P12
as alternate function. Set
this bit to 0 (default value).
PIOR11 DALITxD4/ - P10/ P205/ P10/ P205/ P10/
DALIRxD4 P11 P206 P11 P206 P11
PIOR12 INTP20 P10 P203 P10 P203 P10 P203
PIOR13 INTP21 P11 P202 P11 P202 P11 P202
RO1UHO0169EJ0340 Rev.3.40 RENESAS 104



RL78/MA CHAPTER 4 PORT FUNCTIONS

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 1/O port

(1) Output mode
A value is written to the output latch by a transfer instruction, and the output latch contents are output from the pin.
Once data is written to the output latch, it is retained until data is written to the output latch again.
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. Therefore, byte data can be written to the ports used for both input and output.
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 /O port

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

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

4.4.3 Operations on /O port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output latch
contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared 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. Therefore, byte data can be written to the
ports used for both input and output.
The data of the output latch is cleared when a reset signal is generated.
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4.4.4 Handling different potential (2.5V, 3 V)
When connecting an external device operating on a different potential (2.5 V or 3 V), it is possible to connect the I/O
pins of general ports by changing Vob to accord with the power supply of the connected device.

4.4.5 Handling different potential (2.5 V, 3 V) by using I/O buffers

It is possible to connect an external device operating on a different potential (2.5 V, or 3 V) by switching 1/O buffers with
port input mode registers 0 and 1 (PIMO and PIM1) and port output mode registers 0 and 1 (POMO and POM1).

When receiving input from an external device with a different potential (2.5 V, or 3 V), set port input mode registers 0
and 1 (PIMO and PIM1) on a bit-by-bit basis to enable normal input (CMOS)/TTL input buffer switching.

When outputting data to an external device with a different potential (2.5 V, or 3 V), set port output mode registers 0
and 1 (POMO and POM1) on a bit-by-bit basis to enable normal output (CMOS)/N-ch open drain (Vo tolerance) switching.

Following, describes the connection of a serial interface.

(1) Setting procedure when using input pins of UARTO0, UART1, and CSI00 functions for the TTL input buffer

In case of UARTO: P11
In case of UART1: P03
In case of CSI00: P11, P12

<1> Using an external resistor, pull up the input pin to be used to the power supply of the target device (on-chip
pull-up resistor cannot be used).

<2> Set the corresponding bit of the PIMO and PIM1 registers to 1 to switch to the TTL input buffer. For ViH and
VL, refer to the DC characteristics when the TTL input buffer is selected.

<3> Enable the operation of the serial array unit and set the mode to the UART/Simplified SPI (CSI N°t¢) mode.

(2) Setting procedure when using output pins of UART0, UART1, and CSI00 functions in N-ch open-drain output
mode

In case of UARTO: P10
In case of UART1: P02
In case of CSI00: P10, P12

<1> Using an external resistor, pull up the output pin to be used to the power supply of the target device (on-chip
pull-up resistor cannot be used).

<2> After reset release, the port mode changes to the input mode (Hi-Z).

<3> Set the output latch of the corresponding port to 1.

<4> Set the corresponding bit of the POMO and POM1 registers to 1 to set the N-ch open drain output (Vop
withstand voltage) mode.

<5> Enable the operation of the serial array unit and set the mode to the UART/Simplified SPI (CSI) mode.

<6> Set the output mode by manipulating the PMO and PM1 registers.
At this time, the output data is high level, so the pin is in the Hi-Z state.

Note Although the CSI function is generally called SPI, it is also called CSl in this product, so it is referred to as such in
this manual.
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(3) Setting procedure when using I/O pins of IICAO0 functions

<1> Externally pull up the P10 and P11 pins to be used (on-chip pull-up resistor cannot be used).

<2> After reset release, the port mode is the input mode (Hi-Z).

<3> Set the output latch of the corresponding port to 1.

<4> Set the corresponding bit of the POM1 register to 1 to set the N-ch open drain output (Vop withstand voltage)
mode.

<6> Set the corresponding bit of the PM1 registers to the output mode (data I/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.

<6> Enable the operation of the IICAO.

RO1UHO169EJ0340 Rev.3.40 R NS 107
Mar 29, 2024 ENES



RL78/MA CHAPTER 4 PORT FUNCTIONS

4.5 Register Settings When Using Alternate Function

4.5.1 Basic concept when using alternate function

In the beginning, for a pin also assigned to be used for analog input, use the ADPC register or port mode control
register (PMCxx) to specify whether to use the pin for analog input or digital input/output.

Figure 4-9 shows the basic configuration of an output circuit for pins used for digital input/output. The output of the
output latch for the port and the output of the alternate SAU function are input to an AND gate. The output of the AND
gate is input to an OR gate. The output of an alternate function other than SAU (TAU, RTC, IICA, etc.) is connected to the
other input pin of the OR gate. When such kind of pins are used by the port function or an alternate function, the unused
alternate function must not hinder the output of the function to be used. An idea of basic settings for this kind of case is

shown in Table 4-4.

Figure 4-9. Basic Configuration of Output Circuit for Pins

WRPORT
Vob
/L Output latch
~ (Pmn) W
DS
WRPM _@ Pmn/
Alternate function
_ 1 .| PMregister _D0—| N-ch
=1 ~ 7 (PMmn)
g WRPoMm
o Vss
e | POM register | Note 1
(72} N\ >
(POMmn)
To input circuit
Alternate Note 2
function (SAU)
Alternate function | Note 3
(other than SAU)
_—

Notes 1. When there is no POM register, this signal should be considered to be low level (0).
2. When there is no alternate function, this signal should be considered to be high level (1).
3.  When there is no alternate function, this signal should be considered to be low level (0).

Remark m: Port number (m = 0 to 15); n: Bit number (n = 0 to 7)

Table 4-4. Concept of Basic Settings

Output Function of Used Pin Output Settings of Unused Alternate Function
Port Function Output Function for SAU Output Function for other than SAU
Output function for port - Output is high (1) Output is low (0)
Output function for SAU High (1) - Output is low (0)
Output function for other than SAU Low (0) Output is high (1) Output is low (0)Nete

Note Since more than one output function other than SAU may be assigned to a single pin, the output of an unused
alternate function must be set to low level (0). For details on the setting method, see 4.5.2 Register settings

for alternate function whose output function is not used.
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4.5.2 Register settings for alternate function whose output function is not used

When the output of an alternate function of the pin is not used, the following settings should be made. Note that when
the peripheral /O redirection function is the target, the output can be switched to another pin by setting the peripheral 1/0
redirection register (PIOR1). This allows usage of the port function or other alternate function assigned to the target pin.

(1) SOp =1, TXDqg = 1 (settings when the serial output (SOp/TxDq) of SAU is not used)
When the serial output (SOp/TxDq) is not used, such as, a case in which only the serial input of SAU is used, set the
bit in serial output enable register m (SOEm) which corresponds to the unused output to 0 (output disabled) and set
the SOmn bit in serial output register m (SOm) to 1 (high). These are the same settings as the initial state.

(2) SCKp =1, SDAr =1, SCLr =1 (settings when channel n in SAU is not used)
When SAU is not used, set bit n (SEmn) in serial channel enable status register m (SEm) to 0 (operation stopped
state), set the bit in serial output enable register m (SOEm) which corresponds to the unused output to 0 (output
disabled), and set the SOmn and CKOmn bits in serial output register m (SOm) to 1 (high). These are the same
settings as the initial state.

(3) TOmn = 0 (settings when the output of channel n in TAU is not used)
When the TOmn output of TAU is not used, set the bit in timer output enable register 0 (TOEOQ) which corresponds to
the unused output to 0 (output disabled) and set the bit in timer output register 0 (TOO) to O (low). These are the
same settings as the initial state.

(4) SDAAnN =0, SCLAN = 0 (setting when IICA is not used)
When IICA is not used, set the IICEn bit in IICA control register n0 (ICCTLnO) to O (operation stopped). This is the
same setting as the initial state.
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4.5.3 Register setting examples for used port and alternate functions
Register setting examples for used port and alternate functions are shown in Table 4-5. The registers used to control
the port functions should be set as shown in Table 4-5. See the following remark for legends used in Table 4-5.

Remark -: Not supported
X: don’t care
PIORX: Peripheral I/O redirection register
POMxx:  Port output mode register
PMCxx:  Port mode control register
PMxx: Port mode register
Pxx: Port output latch
Functions in parentheses can be assigned via settings in the peripheral I/O redirection register (PIOR1).
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Table 4-5. Setting Examples of Registers and Output Latches When Using Pin Function (1/7)

Pin Name Used Function PIORx POMxx |PMCxx | PMxx Pxx | Alternate Function Output | 20-pin | 30-pin | 38-pin
Function 110 SAU Output | Other than
Name Function SAU
P02 P02 Input - X 0 1 X X X
z—uct::[:pen drain . > > - TxD1 =1 X X v v
output - 1 0 0 0/1
ANI17 Analog input - - 1 1 X X X X V V
TxD1 Output - 0/1 0 0 x x X V V
P03 P03 Input - X 0 1 X X X
Output - 0 0 0 01 « J J
l;ti::u?pen drain _ 1 0 0 o X X
ANI16 Analog input - - 1 1 X X X x y y
CMS5P Input - - 1 1 X X X X y y
RxD1 Input - - 0 1 X X X X y y
P05 P05 Input - - - 1 X X X X y y
Output - - - 0 oM x TO05=0 x X y
TIO5 Input - - - 1 X X X X X y
TOO05 Output - - - 0 X X X X y
P06 P06 Input - - - 1 X X X X X y
Output - - - 0 oM X TO06 =0 X X y
TI06 Input - - - 1 X X X X X y
TO06 Output - - - 0 0 X X X x y
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Table 4-5. Setting Examples of Registers and Output Latches When Using Pin Function (2/7)

Pin Name Used Function PIORx POMxx | PMCxx | PMxx | Pxx |Alternate Function Output| 20-pin | 30-pin | 38-pin
Function Name 110 SAU Output | Other than
Function SAU
P10 P10 Input - - 1 X X X
Output - - 0 0/1 | SO00/TxD0
N-ch o i =1
output penren scLao=o | KGO0 ={ ) !
- 1 - 0 0/1 0
(DALITxD4
=1)
S000 Output x 0/1 - 0 1 x x \ y v
TxDO Output x 0/1 - 0 1 x x \ y v
TKC00 Output x 0 - 0 0 x x \ y v
INTP20 Input PIOR12 =0 x - 1 x x x N N N
SCLAO /O x 1 - 0 0 x x V v 3
(DALITXD4) Output PIOR11 =1 0/1 - 0 1 x x \ y v
P11 P11 Input - X - 1 X X X
Output . - 0 - 0 | 9 I sbano=0|Tkcoo1=| v v
gisu‘:pe” drain - 1 - 0o | ot |[(TxRxa=1)| 0O
SI100 Input - X - 1 x x x v \ v
RxDO Input - X - 1 x x x v \ v
TKCOO01 Output - 0 - 0 0 X X v \ v
INTP21 Input PIOR13=0 X - 1 x x x v \ v
SDAAO 110 - 1 - 0 0 X X 3 V v
(TI07) Input - X - 1 x x x \ y v
(DALIRxD4) Input PIOR11 =1 X - 1 X X X \ y v
(TXRx4) 110 - 0/1 - 0 1 X X 3 N N
P12 P12 Input - X - 1 x x x v N v
Output - 0 - 0 | o1 |scKoo=1 (TKCOC; e x N
g&f:u?pe” drain - 1 - 0o | o x x x x N
SCKO00 Input - X - 1 x X X X X v
Output - 0/1 - 0 1 x x X x v
(TCKO03) Output PIOR10 = 1 0 - 0 0 x x x x N
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Table 4-5. Setting Examples of Registers and Output Latches When Using Pin Function (3/7)

Pin Name Used Function ADPC ADM2 PMxx Pxx 20-pin | 30-pin | 38-pin
Function 110
Name
P20 P20 Input ADPC =01H X X N N J
Output ADPC = 01H x 0 0/1
ANIO Analog input ADPC = 00H/02H to OFH 00x0xxOx, 1 x N N N
10x0xx0x
AVrere \F/{;IZ;che ADPC = 00H/02H to OFH 01X0xX0x 1 x N N v
P21 P21 Input ADPC = 01H/02H x x N N J
Output ADPC = 01H/02H x 0 0/1
ANI Analog input ADPC = 00H/3FH to OFH Xx00xX0x 1 x N N N
AVreru | Reference ADPC = 00H/3FH to OFH xx10xx0x 1 x N N N
voltage
P22 P22 Input ADPC = 01H to 03H x 1 X J J J
Output ADPC = 01H to 03H X 0 0/1
ANI2 Analog input ADPC = 00H/04H to OFH XXXOXX0X 1 x v v
CMPOP | Analog input ADPC = 00H/04H to OFH XXXOXX0X 1 x \ \ J
P24 P24 Input ADPC = 01H to 05H x 1 x J J J
Output ADPC = 01H to 05H x 0 0/1
ANI4 Analog input ADPC = 00H/06H to OFH XxX0xX0x 1 X v v N
CMP1P Analog input ADPC = 00H/06H to OFH XXX0xX0x 1 X v v N
P25 P25 Input ADPC = 01H to 06H X 1 X J N J
Output ADPC = 01H to 06H x 0 0/1
ANI5 Analog input ADPC = 00H/07H to OFH Xxx0xX0x 1 X v v N
CMP2P Analog input ADPC = 00H/07H to OFH XXX0xX0x 1 X v v N
P26 P26 Input ADPC = 01H to 07H X 1 X 5 N J
Output ADPC =01H to 07H X 0 01
ANI6 Analog input ADPC = 00H/08H to OFH Xxx0xX0x 1 X X v N
CMP3P Analog input ADPC = 00H/08H to OFH XXX0XX0x 1 X X v N
p27 P27 Input ADPC = 01H to 08H X 1 X . N J
Output ADPC = 01H to 08H x 0 0/1
ANI7 Analog input ADPC = 00H/09H to OFH X000XX0X 1 x x N N
CMP4P Analog input ADPC = 00H/09H to OFH XXX0XX0x 1 X X v N
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Table 4-5. Setting Examples of Registers and Output Latches When Using Pin Function (4/7)

Pin Name Used Function PIORx POMxx | PMCxx | PMxx | Pxx Alternate Function Output 20-pin | 30-pin | 38-pin
Function 110 SAU Output | Other than SAU
Name Function
P30 P30 Input - - - 1 X X X
Output - - - 0 0/1 X RTC1HZ = QNote 3 8 . v
INTP3 Input - - - 1 x x x x x v
RTC1HZ Output SCK11/
- - - 0 0 | SCL11=1 X X x d
Note 5
P31 P31 Input - - - 1 X X X
Output - - - 0 0/1 X TO03=0 x ¢ !
TI03 Input X - - 1 x x x X y \/
TOO03 Output X - - 0 0 x x X y \/
INTP4 Input X - - 1 x x x X Y \/
P40 P40 Input - - - 1 X X X d y d
TOOLO 110 X - - X x x x \/ y \/
P75 P75 Input - - - 1 X X X X X v
Output - - - 0 0/1 x x X X R
INTP9 Input X - - 1 X X X X X \/
P76 P76 Input - - - 1 X X X X X R
Output - - - 0 0/1 x x X X R
INTP10 Input X - - 1 X X X X X \/
P77 P77 Input - - - 1 x x x X y R
Output - - - 0 0/ X x x y \/
INTP11 Input X - - 1 x x x X y \/
P120 P120 Input - - 0 1 x x x x N N
Output - - 0 0 0N X X X y R
ANI19 Analog input X - 1 1 x x x x y R
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Table 4-5. Setting Examples of Registers and Output Latches When Using Pin Function (5/7)

Pin Name Used Function CcMC Pxx 20-pin | 30-pin | 38-pin
Function 1/0 (EXCLK,OSCSEL, EXCLKS, OSCSELS)
Name
P121 P121 Input 00xx/10 xx/11 xx X v N v
X1 - 01 xx - v V v
P122 P122 Input 00 xx/10 xx X v N v
X2 - 01 xx - v V v
EXCLK Input 11 xx - v \ v
P123 P123 Input xx 00/xx 10/xx11 X X X v
XT1 - xx 01 - x x v
P124 P124 Input xx 00/xx 10 X X X v
XT2 - xx 01 - x x v
EXCLKS Input xx 11 - x x v
Table 4-5. Setting Examples of Registers and Output Latches When Using Pin Function (6/7)
Pin Name Used Function PIORx POMxx | PMCxx | PMxx | Pxx Alternate Function Output 20-pin | 30-pin | 38-pin
Function 110 SAU Output Other than SAU
Name Function
P137 P137 Input - - - - x X x v y v
INTPO Input x - - 1 X X X v Y v
P147 P147 Input - - 0 1 x x x v y d
Output - - 0 0 0/ X x v Y v
ANI18 Analog input - - 1 1 x x x v Y v
CMPCOM |Input x - 1 1 x x x v Y v
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Table 4-5. Setting Examples of Registers and Output Latches When Using Pin Function (7/7)

Pin Name Used Function PIORx POMxx | PMCxx | PMxx | Pxx | Alternate Function Output | 20-pin | 30-pin | 38-pin
Function 110 SAU Output | Other than
Name Function SAU
P200 P200 Input - X - 1 0/1 x x \ \ \
Output - 0 — 0 0 x N N N
~ : TKBOO00 = 0
N-ch open drain B 1 _ 0 0 % N N N
output
TKBOO00 Output X 0 - 0 0 X X N N N
INTP22 Input X X - 1 X x X ~ N N
P201 P201 Input - x - 1 0/ X X d v v
Output - 0 - 0 0 x v v v
~ : TKBOO01 =0
N-ch open drain _ 1 B 0 0 % N N N
output
TKBOO1 Output X 0 - 0 0 X x N N N
P202 P202 Input - X - 1 0/1 X X v v v
Output - 0 - 0 0 x v v v
) . TKBO10 =0
N-ch open drain _ 1 B 0 0 % N N N
output
TKBO10 Output X 0 - 0 0 X X N N N
(INTP21) Input PIOR13 =1 X - 1 X X x N N N
P203 P203 Input - X - 1 0/1 x x \ \ \
Output - 0 — 0 0 x N N N
TKBO11 =0
N-ch open drain B 1 B 0 0 % TKCO02 =0 N N N
output
TKBO11 Output X 0 - 0 0 1% % ~ N ~
TKC02 Output X 0 - 0 0 X X N N N
(INTP21) Input PIOR12 =1 X - 1 X X x N N N
P204 P204 Input - X - 1 0/1 x x x \ \
Output _ 0 - 0 0 x X v v
TKBO20 =0
N-ch open drain B 1 B 0 0 % TKCO03 =0 x N N
output
TKBO20 Output x 0 - 0 0 x x X \ 3
TKCO03 Output PIOR10=0 0 - 0 0 X X X R \/
P205 P205 Input - X - 1 0/1 X X X v v
Output - 0 - 0 0 x \ 3
- DALITxD4 = | TKBO21 =0
N-ch open drain _ 1 B 0 0 1 TKCO04 =0 x N v
output
TKBO21 Output X 0 - 0 0 X x X N N
TKC04 Output X 0 - 0 0 X X X v N
DALITxD4 |Output PIOR11=0 0/1 - 0 1 X X X R \/
P206 P206 Input - X - 1 0/1 X X X v v
Output - 0 - 0 0 x \ 3
- i TxRx4 =1 [TKCOO05 =0
N-ch open drain _ 1 B 0 0 % N N
output
TKCOO05  |Output x 0 - 0 0 x x x \ d
DALIRxD4 |Input PIOR11 =0 X - 1 X X X X v v
TxRx4 110 X 01 - 0 1 x x X v v
INTP23 Input X X - 1 X x x x N N
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4.6 Cautions When Using Port Function

4.6.1 Cautions on 1-bit manipulation instruction for port register n (Pn)
When a 1-bit manipulation instruction is executed on a port that provides both input and output functions, the output
latch value of an input port that is not subject to manipulation may be written in addition to the targeted bit.

Therefore, it is recommended to rewrite the output latch when switching a port from input mode to output mode.

When P200 is an output port, P201 to P206 are input ports (all pin statuses are high level), and the port
latch value of port 20 is 00H, if the output of output port P200 is changed from low level to high level via
a 1-bit manipulation instruction, the output latch value of port 20 is 7FH.

The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output

A 1-bit manipulation instruction is executed in the following order in the RL78/I1A.

In step <1>, the output latch value (0) of P200, which is an output port, is read, while the pin statuses of
P201 to P206, which are input ports, are read. If the pin statuses of P201 to P206 are high level at this

The value is changed to 7FH by the manipulation in <2>.
7FH is written to the output latch by the manipulation in <3>.

Figure 4-10. Bit Manipulation Instruction (P200)

1-bit manipulation

<Example>

Explanation:
latch and pin status, respectively.
<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.
time, the read value is 7EH.

P200

P201 to P206

instruction P200
@ (setl P20.0) @

High-level output
is executed for 9 P

Low-level output

Port 20 output latch Port 20 output latch

P200 bit.
©) E— oLl ©

Pin status: High-level Pin status: High-level

[ofofofofefofo]o] [ofafafeafafa]s]

1-bit manipulation instruction for P200 bit

<1> Port register 20 (P20) is read in 8-bit units.
¢ In the case of P200, an output port, the value of the port output latch (0) is read.
¢ In the case of P201 to P206, input ports, the pin status (1) is read.

<2> Set the P200 bit to 1.

<3> Write the results of <2> to the output latch of port register 20 (P20)
in 8-bit units.
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4.6.2 Notes on specifying the pin settings
For an output pin to which multiple functions are assigned, the output of the unused alternate functions must be set to

its initial state so as to prevent conflicting outputs. This also applies to the functions assigned by using the peripheral /0
redirection register (PIOR1). For details about the alternate function output, see 4.5 Register Settings When Using

Alternate Function.
No specific setting is required for input pins because the output of their alternate functions is disabled (the buffer output

is Hi-Z).
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CHAPTER 5 CLOCK GENERATOR

The presence or absence of connecting resonator pin for main system clock, connecting resonator pin for subsystem
clock, external clock input pin for main system clock, and external clock input pin for subsystem clock, depends on the
product.

Output pin 20, 30-pin 38-pin
X1, X2 pins v \
EXCLK pin v \
XT1, XT2 pins - N
EXCLKS pin - \

Note The 20 and 30-pin products don’t have the subsystem clock.
5.1 Functions of Clock Generator

The clock generator generates the clock to be supplied to the CPU and peripheral hardware.
The following three kinds of system clocks and clock oscillators are selectable.

(1) Main system clock

<1> X1 oscillator
This circuit oscillates a clock of fx = 1 to 20 MHz by connecting a resonator to the X1 and X2 pins.
Oscillation can be stopped by executing the STOP instruction or setting of the MSTOP bit (bit 7 of the clock
operation status control register (CSC)).

<2> High-speed on-chip oscillator
The frequency at which to oscillate can be selected from among fiH = 32, 24, 16, 12, 8, 6, 4, 3, 2, or 1 MHz
(typ.) by using the option byte (000C2H). After a reset release, the CPU always starts operating with this
high-speed on-chip oscillator clock. Oscillation can be stopped by executing the STOP instruction or setting
the HIOSTORP bit (bit 0 of the CSC register).
The frequency specified by using an option byte can be changed by using the high-speed on-chip oscillator
frequency select register (HOCODIV). For details about the frequency, see Figure 5-12 Format of High-
speed On-chip Oscillator Frequency Select Register (HOCODIV).
The frequencies that can be specified for the high-speed on-chip oscillator by using the option byte and the
high-speed on-chip oscillator frequency select register (HOCODIV) are shown below.

Power Supply Voltage Oscillation Frequency (MHz)Not
1 2 3 4 6 8 12 16 24 32
2.7V<Vop<55V v v v v v v v v v v

Note The frequency at which the RL78/I1A can operate depends on the operating ambient temperature.
For details, see CHAPTER 32 ELECTRICAL SPECIFICATIONS (Ta = —-40 to +105°C) and
CHAPTER 33 ELECTRICAL SPECIFICATIONS (Ta=-40 to +125°C).

An external main system clock (fex = 1 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An external
main system clock input can be disabled by executing the STOP instruction or setting of the MSTOP bit.

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or high-speed on-
chip oscillator clock can be selected by setting of the MCMO bit (bit 4 of the system clock control register (CKC)).
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The main system clock, the range of frequencies that can be used by the power supply voltage is different. Thus,
depending on whether the option byte (000C2H) is COMODEO or MODEH1, it is necessary to set the flash operation
voltage mode. For details, see CHAPTER 27 VOLTAGE DETECTOR.

<3> External main system clock
An external main system clock (fex = 1 to 20 MHz) can also be supplied from the EXCLK/X2/P122 pin. An
external main system clock input can be disabled by executing the STOP instruction or setting of the MSTOP
bit.

<4> Multiplication function using PLL (phase locked loop)
If 4 MHz is selected for the high-speed system clock or high-speed on-chip oscillator clock, the PLL mode
can be used. In this mode, a clock of sixteen times the high-speed system clock or high-speed on-chip
oscillator clock (64 MHz) can be supplied as the count clock of 16-bit timers KBO to KB2, KCO, and a
comparator, programmable gain amplifier, and a clock of sixteen times the high-speed system clock or high-
speed on-chip oscillator clock times 1/2 (32 MHz) or clock of sixteen times the high-speed system clock or
high-speed on-chip oscillator clock times 1/4 (16 MHz) can be supplied for all other clocks. Oscillation can be
stopped by setting the PLLON bit (bit O of the PLLCTL register)

Caution When PLL output has been selected for the main system clock, STOP mode cannot be set.
After stopping the PLL function (SELPLL = 0 — PLLON = 0 in the PLL control register
(PLLCTL)), select the high-speed on-chip oscillator clock (fiH) or the high-speed system
clock (fwx) as the main system clocks, then execute the STOP instruction.

(2) Subsystem clock
e XT1 clock oscillator
This circuit oscillates a clock of fxr = 32.768 kHz by connecting a 32.768 kHz resonator to the XT1 and XT2 pins.
Oscillation can be stopped by setting the XTSTOP bit (bit 6 of the clock operation status control register (CSC)).

An external subsystem clock (fexs = 32.768 kHz) can also be supplied from the EXCLKS/XT2/P124 pin. An
external subsystem clock input can be disabled by setting of the XTSTOP bit.

(3) Low-speed on-chip oscillator clock
This circuit oscillates a clock of fii = 15 kHz (TYP.).
The low-speed on-chip oscillator clock cannot be used as the CPU clock.
Only the following peripheral hardware runs on the low-speed on-chip oscillator clock.
o Watchdog timer
o Real-time clock
e 12-bit interval timer

This clock operates when bit 4 (WDTON) of the option byte (000COH), bit 4 (WUTMMCKO) of the subsystem clock
supply mode control register (OSMC), or both are set to 1.

However, when WDTON = 1, WUTMMCKO = 0, and bit 0 (WDSTBYON) of the option byte (000COH) is O,
oscillation of the low-speed on-chip oscillator stops if the HALT or STOP instruction is executed.

Caution The low-speed on-chip oscillator clock (fi.) can only be selected as the real-time clock count
clock when the fixed-cycle interrupt function is used.
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Remark fx: X1 clock oscillation frequency
fin:  High-speed on-chip oscillator clock frequency
fex:  External main system clock frequency
fxt:  XT1 clock oscillation frequency
fexs: External subsystem clock frequency
fiu  Low-speed on-chip oscillator clock frequency

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)

PLL control register (PLLCTL)

Peripheral enable registers 0 to 2 (PERO to PER2)

Subsystem clock supply mode control register (OSMC)
High-speed on-chip oscillator frequency select register (HOCODIV)
High-speed on-chip oscillator trimming register (HIOTRM)

Oscillators X1 oscillator

XT1 oscillator

High-speed on-chip oscillator
Low-speed on-chip oscillator
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Caution When using the PLL output function, only 4 MHz can be selected as the oscillation frequency.

Remark

fx:
fiH:
fEX:
fmx:
fmaiN:
fxT:
fExs:
fsus:
fek:
fiL:

feLL:

X1 clock oscillation frequency

High-speed on-chip oscillator clock frequency
External main system clock frequency
High-speed system clock frequency

Main system clock frequency

XT1 clock oscillation frequency

External subsystem clock frequency
Subsystem clock frequency

CPU/peripheral hardware clock frequency
Low-speed on-chip oscillator clock frequency
PLL output clock frequency
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5.3 Registers Controlling Clock Generator

The following ten registers are used to control the clock generator.

o Clock operation mode control register (CMC)

e System clock control register (CKC)

o Clock operation status control register (CSC)

o Oscillation stabilization time counter status register (OSTC)

o Oscillation stabilization time select register (OSTS)

e PLL control register (PLLCTL)

o Peripheral enable registers 0 to 2 (PERO to PER2)

e Subsystem clock supply mode control register (OSMC)

¢ High-speed on-chip oscillator frequency select register (HOCODIV)
e High-speed on-chip oscillator trimming register (HIHOTRM)

Caution Which registers and bits are included depends on the product. Be sure to set registers and bits that
are not mounted in a product to their initial values.

5.3.1 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/EXCLKS/P124
pins, and to select a gain of the oscillator.

The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release. This
register can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.
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Figure 5-2. Format of Clock Operation Mode Control Register (CMC)

Address: FFFAOH After reset: 00H R/W

Symbol
CMC

7 6 5 4 3 2 1 0
EXCLK OSCSEL EXCLKS | OSCSELS 0 AMPHS1 ’ AMPHSO ’ AMPH
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
EXCLKS | OSCSELS Subsystem clock pin XT1/P123 pin XT2/EXCLKS/P124 pin

operation mode

0 0 Input port mode Input port

0 1 XT1 oscillation mode Crystal resonator connection

1 0 Input port mode Input port

1 1 External clock input mode | Input port External clock input

AMPHS1 AMPHSO XT1 oscillator oscillation mode selection

0 0 Low power consumption oscillation (default)

0 1 Normal oscillation

1 0 Ultra-low power consumption oscillation

1 1 Setting prohibited
AMPH Control of X1 clock oscillation frequency

0 1 MHz < fx < 10 MHz

1 10 MHz < fx <20 MHz

Cautions 1. The CMC register can be written only once after reset release, by an 8-bit memory

manipulation instruction. When using the CMC register with its initial value (00H), be

sure to set the register to 00H after a reset ends in order to prevent malfunction due

to a program loop. Such a malfunction becomes unrecoverable when a value other

than 00H is mistakenly written.

by the clock operation status control register (CSC).

fcwk after a reset ends (before fcLk is switched to fvx or fsus).

. Oscillation stabilization time of fxr, counting on the software.

(Cautions and Remark are given on the next page.)

. After reset release, set the CMC register before X1 or XT1 oscillation is started as set

. Be sure to set the AMPH bit to 1 if the X1 clock oscillation frequency exceeds 10 MHz.
. Specify the settings for the AMPH, AMPHS1, and AMPHSO0 bits while fix is selected as
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Cautions 6. Although the maximum system clock frequency is 32 MHz, the maximum frequency
of the X1 oscillator is 20 MHz.
7. The XT1 oscillator is a circuit with low amplification in order to achieve low-power

consumption. Note the following points when designing the circuit.

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.

Make the wiring between the XT1 and XT2 pins and the resonators as short as
possible, and minimize the parasitic capacitance and wiring resistance. Note
this particularly when the ultra-low power consumption oscillation (AMPHS1,
AMPHSO0 =1, 0) is selected.

Configure the circuit of the circuit board, using material with little wiring
resistance.

Place a ground pattern that has the same potential as Vss as much as possible
near the XT1 oscillator.

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.

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.

When coating the circuit board, use material that does not cause capacitance or
leakage between the XT1 and XT2 pins.

Remark fx: X1 clock frequency
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5.3.2 System clock control register (CKC)

This register is used to select a CPU/peripheral hardware clock and a main system clock.
The CKC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 5-3. Format of System Clock Control Register (CKC)

Address: FFFA4H  After reset: 00H  R/Whete!

Symbol <7> <6> <5> <4> 3 2 1 0
CKC CLS CSss MCS MCMO 0 0 0 0
CLS Status of CPU/peripheral hardware clock (fcik)
0 Main system clock (fvain)
1 Subsystem clock (fsus)
CSS Selection of CPU/peripheral hardware clock (fcik)
0 Main system clock (fvain)
1 Subsystem clock (fsus)
MCS Status of Main system clock (fuain)
0 High-speed on-chip oscillator clock (fiH)
1 High-speed system clock (fux)
MCMQNete 2 Selection of source clock of PLL output clock (fr.L) or main system clock (fuan)
0 Selects the high-speed on-chip oscillator clock (fir)
1 Selects the high-speed system clock (fux)

Notes 1. Bits 7 and 5 are read-only.
2. Changing the value of the MCMO bit is prohibited while the CSS bit is set to 1.

Remark fin:

fmx:

High-speed on-chip oscillator clock frequency
High-speed system clock frequency

fwain:  Main system clock frequency

fsus: Subsystem clock frequency

Cautions 1.
2.

Be sure to set bit 3 to “0”.

The clock set by the CSS bit 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 clock, 12-bit interval timer, and watchdog timer) is also changed at the
same time. Consequently, stop each peripheral function when changing the
CPU/peripheral hardware clock.

If the subsystem clock is used as the peripheral hardware 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 32 ELECTRICAL SPECIFICATIONS (Ta = —40 to
+105°C) and CHAPTER 33 ELECTRICAL SPECIFICATIONS (Ta = -40 to +125°C) .
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5.3.3 Clock operation status control register (CSC)

This register is used to control the operations of the high-speed system clock, high-speed on-chip oscillator clock, and
subsystem clock (except the low-speed on-chip oscillator clock).

The CSC register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to COH.

Figure 5-4. Format of Clock Operation Status Control Register (CSC)

Address: FFFA1TH Afterreset: COH R/W

Symbol <7> <6> 5 4 3 2 1 <0>
CsC MSTOP XTSTOP 0 0 0 0 ‘ 0 ‘ HIOSTOP
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 External clock input mode Input port mode
0 XT1 oscillator operating External clock from EXCLKS | Input port
pin is valid
1 XT1 oscillator stopped External clock from EXCLKS
pin is invalid
HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator operating
1 High-speed on-chip oscillator stopped

Cautions 1. After reset release, set the clock operation mode control register (CMC) before
setting the CSC register.

2. 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.

3. To start X1 oscillation as set by the MSTOP bit, check the oscillation stabilization
time of the X1 clock by using the oscillation stabilization time counter status register
(OSTC).

4. When starting XT1 oscillation by setting the XTSTOP bit, wait for oscillation of the
subsystem clock to stabilize by setting a wait time using software.

5. Do not stop the clock selected for the CPU peripheral hardware clock (fcLk) with the
OSC register.

6. 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 5-2.

Before stopping the clock oscillation, check the conditions before the clock
oscillation is stopped.
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Table 5-2. Stopping Clock Method

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, 0or CLS = 1)
XT1 clock CPU and peripheral hardware clocks operate with a clock XTSTOP =1
External subsystem other than the subsystem clock.
clock (CLS=0)
High-speed on-chip CPU and peripheral hardware clocks operate with a clock HIOSTOP =1
oscillator clock other than the high-speed on-chip oscillator clock.
(CLS=0and MCS=1,0orCLS =1)

5.3.4 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 If the X1 clock starts oscillation while the high-speed on-chip oscillator clock or subsystem clock is being used as
the CPU clock.

¢ If the STOP mode is entered and then released while the high-speed on-chip oscillator clock is being used as the
CPU clock with the X1 clock oscillating.

The OSTC register 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 clock operation status control register
(CSC)) = 1 clear the OSTC register to 00H.

Remark The oscillation stabilization time counter starts counting in the following cases.
¢ 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: 00H R

Symbol
OSTC

7

6

5

4

3

2

MOST
8

MOST
9

MOST
10

MOST
11

MOST
13

MOST
15

MOST
17

MOST
18

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

MOST

MOST

MOST

-
o

MOST

MOST
13

MOST
15

MOST

MOST
18

Oscillation stabilization time status

fx =10 MHz

fx =20 MHz

28/fx max.

25.6 us max.

12.8 us max.

28/fx min.

25.6 us min.

12.8 us min.

2%/fx min.

51.2 us min.

25.6 s min.

2'%fx min.

102 us min.

51.2 us min.

o |o|o |o

2"1/fx min.

204 s min.

102 us min.

N

oO|lo|jo|o |o

2"3/fx min.

819 us min.

409 ys min.

N

2'%/fx min.

3.27 ms min.

1.63 ms min.

oO|lo|lo|lo|o|o |o©

2'7/fx min.

13.1 ms min.

6.55 ms min.

aAalalalalalalala|lo

Aalalalalala|la|lo|lo

Aalalala|la|la|lo|lo|o

Aalalala|ln|lOo|lo|lo|o

-~ | lOlO|j|O|O|O|O |O

N

2"8/fx min.

26.2 ms min.

13.1 ms min.

Cautions 1.

After the above time has elapsed, the bits are set to 1 in order from the MOSTS8 bit

and remain 1.
The oscillation stabilization time counter counts up to the oscillation stabilization

time set by the oscillation stabilization time select register (OSTS).

In the following cases, set the oscillation stabilization time of the OSTS register to
the value greater than the count value which is to be checked by the OSTC register.

o If the X1 clock starts oscillation while the high-speed on-chip oscillator clock or
subsystem clock is being used as the CPU clock.
o If the STOP mode is entered and then released while the high-speed on-chip

oscillator 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

the OSTS register is set to the OSTC register after the STOP mode is released.)

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

oscillation starts (“a” below).

X1 pin voltage

waveform

STOP mode release

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

This register is used to select the X1 clock oscillation stabilization wait time.

When the X1 clock is made to oscillate by clearing the MSTOP bit to start the X1 oscillation circuit operating, actual
operation is automatically delayed for the time set in the OSTS register.

When switching the CPU clock from the high-speed on-chip oscillator clock or the subsystem clock to the X1 clock, and
when using the high-speed on-chip oscillator clock for switching the X1 clock from the oscillating state to STOP mode, use
the oscillation stabilization time counter status register (OSTC) to confirm that the desired oscillation stabilization time has
elapsed after release from the STOP mode. That is, use the OSTC register to check that the oscillation stabilization time
corresponding to its setting has been reached.

The OSTS register can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets the OSTS register to 07H.
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Figure 5-6. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFA3H  After reset: 07H R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 0sTS2 | 0sTst | 0STSo
OSTS2 OSTSH1 OSTSO0 Oscillation stabilization time selection
fx =10 MHz fx = 20 MHz
0 0 0 28/f 25.6 s 12.8 us
0 0 1 2%fx 51.2 s 25.6 us
0 1 0 210/ 102 us 51.2 us
0 1 1 211/ 204 us 102 us
1 0 0 2"3/fx 819 us 409 us
1 0 1 2'5/fx 3.27 ms 1.64 ms
1 1 0 2'7/fx 13.1ms 6.55 ms
1 1 1 2"8/fx 26.2 ms 13.1 ms

Cautions 1. Change the setting of the OSTS register before setting the MSTOP bit of the clock
operation status control register (CSC) to 0.
2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by the OSTS register.
In the following cases, set the oscillation stabilization time of the OSTS register 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 high-speed on-chip oscillator clock or
subsystem clock is being used as the CPU clock.

o If the STOP mode is entered and then released while the high-speed on-chip
oscillator 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 the
OSTS register is set to the OSTC register after the STOP mode is released.)

3. The X1 clock oscillation stabilization wait time does not include the time until clock
oscillation starts (“a” below).

STOP mode release

X1 pin voltage
waveform

Remark fx: X1 clock oscillation frequency
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5.3.6 PLL control register (PLLCTL)

This register controls the PLL function.

When the PLL function is used, select only 4 MHz for the high-speed system clock or high-speed on-chip oscillator
clock.

Stop PLL function when the regulator is in the low-consumption current mode

The PLLCTL register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 5-7. Format of PLL Control Register (PLLCTL)

Address: FO50AH  After reset: 00OH R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
PLLCTL 0 0 0 0 PLLSNote SELPLL PLLO PLLON
PLLS PLL output clock supply status flag
0 Not supplied
1 Supplied (The CPU/peripheral hardware clock (fc.«) operates on 16 MHz (PLLO = 1) or 32
MHz (PLLO =0).)
SELPLL Selection of PLL output clock for CPU/peripheral hardware clock (fcik)
0 Does not select PLL output clock (clock selected by the system clock control register (CKC)
is supplied to fcik)
1 Selects PLL output clock (16 MHz (PLLO = 1) or 32 MHz (PLLO = 0) is supplied to fcik)
PLLO PLL output division bit
0 Clock divided by 2 (32 MHz)
1 Clock divided by 4 (16 MHz)
PLLON Operating or stopping PLL function
0 Stopped
1 Operating

Note Bit 3 is read-only.

Cautions 1. The main system clock must be operated (MSTOP = 0 or HHOSTOP = 0) when PLLON = 1.

2. Do not access the following peripheral function registers or the PER2 register until the
CPU/peripheral hardware clock switches to PLL output (PLLS = 1), which occurs when SELPLL is
set to 1 after the PLL circuit starts operating (PLLON = 1).
¢ 16-bit timer KB0 to KB2
¢ 16-bit timer KC0O
e Comparator
¢ Programmable gain amplifier
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537 P

eripheral enable registers 0 to 2 (PERO to 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.
Real-time clock, 12-interval timer

A/D converter

Serial interface [ICA

Serial array unit 0

Serial array unit 4 (DALI/UART4)

Timer array unit 0

16-bit timers KBO to KB2

Forced output stop function by the 16-bit timers KBO to KB2
16-bit timer KCO

Comparator/programmable gain amplifier

The PERO to PER2 registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears these registers to 00H.

Figure 5-8. Format of Peripheral Enable Register 0 (PERO) (1/2)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> 3 <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
RTCEN Control of real-time clock (RTC) and 12-interval timer input clock supply
0 Stops input clock supply.

e SFR used by the real-time clock (RTC) and 12-interval timer cannot be written.
e The real-time clock (RTC) and 12-bit interval timer are in the reset status.

1 Enables input clock supply.
e SFR used by the real-time clock (RTC) and 12-interval timer can be read and written.

ADCEN Control of A/D converter input clock supply

0 Stops input clock supply.
e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.

1 Enables input clock supply.
e SFR used by the A/D converter can be read and written.

Caution Be sure to clear bits 1, 3, and 6 to “0”.
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Figure 5-8. Format of Peripheral Enable Register 0 (PERO) (2/2)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> 3 <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
IICAOEN Control of serial interface IICA input clock supply
0 Stops input clock supply.

o SFR used by the serial interface [ICA cannot be written.
o The serial interface IICA is in the reset status.

1 Enables input clock supply.
e SFR used by the serial interface 1ICA can be read and written.

SAUOEN Control of serial array unit 0 input clock supply

0 Stops input clock supply.
e SFR used by the serial array unit 0 cannot be written.
e The serial array unit O is in the reset status.

1 Enables input clock supply.
e SFR used by the serial array unit 0 can be read and written.

TAUOEN Control of timer array unit input clock supply

0 Stops input clock supply.
e SFR used by timer array unit cannot be written.
e Timer array unit is in the reset status.

1 Enables input clock supply.
e SFR used by timer array unit can be read and written.

Caution Be sure to clear bits 1, 3, and 6 to “0”.

Figure 5-9. Format of Peripheral Enable Register 1 (PER1)

Address: FO508H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 <0>
PER1 0 0 0 0 0 0 0 DALIEN
DALIEN Control of serial array unit 4 (DALI/UART4) input clock supply
0 Stops input clock supply.

o SFR used by the serial array unit 4 (DALI/UART4) cannot be written.
e The serial array unit 4 (DALI/UART4) is in the reset status.

1 Enables input clock supply.
e SFR used by the serial array unit 4 (DALI/UART4) can be read and written.

Caution Be sure to clear bits 1 to 7 to “0”.
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Figure 5-10. Format of Peripheral Enable Register 2 (PER2)

Address: FO509H  After reset: 00H R/W

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

PER2 PGACMPEN| TKBPA2EN | TKBPA1EN | TKBPAOEN | TKCOEN | TKB2ENNet*| TKB1EN TKBOEN

PGACMPEN Control of comparator/programmable gain amplifier input clock supply

0 Stops input clock supply.
¢ 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.

TKBPANEN Control of forced output stop function of 16-bit timer KBn input clock supply (n = 0 to 2)

0 Stops input clock supply.
* SFR used by the forced output stop function of the 16-bit timer KBn cannot be written.
o The forced output stop function of the 16-bit timer KBn is in the reset status.

1 Enables input clock supply.
o SFR used by the forced output stop function of the 16-bit timer KBn can be read and
written.
TKCOEN Control of timer KCO input clock
0 Stops supply of input clock.

o SFR used by timer KCO cannot be written.
e Timer KCO is in the reset status.

1 Supplies input clock.
e SFR used by timer KCO can be read/written.

TKBnEN Control of 16-bit timer KBn input clock supply (n = 0 to 2)

0 Stops input clock supply.
e SFR used by the 16-bit timer KBn cannot be written.
e The 16-bit timer KBn is in the reset status.

1 Enables input clock supply.
e SFR used by the 16-bit timer KBn can be read and written.

Note 30-pin and 38-pin products only.
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5.3.8 Subsystem clock supply mode control register (OSMC)
This register is used to reduce power consumption by stopping unnecessary clock functions.
If the RTCLPC bit is set to 1, power consumption can be reduced, because clock supply to the peripheral functions,
except the real-time clock and 12-bit interval timer, is stopped in STOP mode or HALT mode while subsystem clock is

selected as CPU clock.

In addition, the OSMC register can be used to select the count clock of the real-time clock and 12-bit interval timer.

The OSMC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 5-11. Format of Subsystem Clock Supply Mode Control Register (OSMC)

Address: FOOF3H After reset: 00H R/W

Symbol 7

6 5 4 3 2 1 0

OSMC RTCLPC

0 0 WUTMMCKO 0 0 0 0

RTCLPC

Setting in STOP mode or HALT mode while subsystem clock is selected as CPU clock

0

Enables supply of subsystem clock to peripheral functions
(See Table 21-1 for peripheral functions whose operations are enabled.)

Stops supply of subsystem clock to peripheral functions other than real-time clock and 12-bit
interval timer.

WUTMMCKO

Selection of count clock for real-time clock and 12-bit interval timer.

0

Subsystem clock (fsus)

1

Low-speed on-chip oscillator clock (fiL)

Caution The subsystem clock (fsue) can be selected as the operating clock of the real-time clock
and the 12-bit interval timer with WUTMMCKO bit only for 38-pin products.
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5.3.9 High-speed on-chip oscillator frequency select register (HOCODIV)

The frequency of the high-speed on-chip oscillator which is set by an option byte (000C2H) can be changed by using
high-speed on-chip oscillator frequency select register (HOCODIV). However, the selectable frequency depends on the
FRQSELS3 bit of the option byte (000C2H).

The HOCODIV register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to the value set by FRQSEL2 to FRQSELO of the option byte (000C2H).

Figure 5-12. Format of High-speed On-chip Oscillator Frequency Select Register (HOCODIV)

Address: FOOA8H  After reset: the value set by FRQSEL2 to FRQSELO of the option byte (000C2H) R/W

Symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
HOCODIV2 | HOCODIV1 | HOCODIVO High-speed On-chip Oscillator Clock Frequency
FRQSELS3 Bit is 0 FRQSELS3 Bit of is 1
0 0 0 24 MHz 32 MHz
0 0 1 12 MHz 16 MHz
0 1 0 6 MHz 8 MHz
0 1 1 3 MHz 4 MHz
1 0 0 Setting prohibited 2 MHz
1 0 1 Setting prohibited 1 MHz
Other than above Setting prohibited

Cautions 1. Set the HOCODIV register within the operable voltage range of the flash operation
mode set in the option byte (000C2H) before and after the frequency change.

Option Byte (000C2H) o o
eratin erating Voltage
Value Flash Operation Mode P 9 P 9 9
Frequency Range Range
CMODE1 CMODEO
1 0 LS (low-speed main) mode 1to 8 MHz 27t055V
1 1 HS (high-speed main) mode 1to 32 MHz

2. Set the HOCODIV register with the high-speed on-chip oscillator clock (fiH)
selected as the CPU/peripheral hardware clock (fcik).
3. After the frequency is changed with the HOCODIV register, the frequency is
switched after the following transition time has elapsed.
* Operation for up to three clocks at the pre-change frequency
* CPU/peripheral hardware clock wait at the post-change frequency for up to
three clocks
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5.3.10 High-speed on-chip oscillator trimming register (HIOTRM)

This register is used to adjust the accuracy of the high-speed on-chip oscillator.

With self-measurement of the high-speed on-chip oscillator frequency via a timer using high-accuracy external clock
input (timer array unit), and so on, the accuracy can be adjusted.

The HIOTRM register can be set by an 8-bit memory manipulation instruction.

Caution The frequency will vary if the temperature and Vop pin voltage change after accuracy adjustment.
When the temperature and Vop voltage change, accuracy adjustment must be executed regularly or
before the frequency accuracy is required.

Figure 5-13. Format of High-speed On-chip Oscillator Trimming Register (HHOTRM)

Address: FOOAOH After reset: Undefined°®®  R/W

Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 HIOTRM6 | HIOTRM5 | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 | HIOTRMO
HIOTRM | HIOTRM | HIOTRM | HIOTRM | HIOTRM | HIOTRM | HIOTRM High-speed on-chip
6 5 4 3 2 1 0 oscillator
0 0 0 0 0 0 0 Minimum speed
0 0 0 0 0 0 1 A
0 0 0 0 0 1 0
0 0 0 0 0 1 1
0 0 0 0 1 0 0
o
o
.
1 1 1 1 1 1 0 v
1 1 1 1 1 1 1 Maximum speed

Note The value after reset is the value adjusted at shipment.

Remarks 1. The HIOTRM register can be used to adjust the high-speed on-chip oscillator clock to an
accuracy within about 0.05% on 1 bit per.
2. For the usage example of the HIOTRM register, see the application note for RL78 MCU
Series High-speed On-chip Oscillator (HOCO) Clock Frequency Correction
(RO1AN0464).
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

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

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

e 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 2-2 Connection of Unused Pins (38-pin Products).

Figure 5-14 shows an example of the external circuit of the X1 oscillator.

Figure 5-14. Example of External Circuit of X1 Oscillator

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

Vss

i-—||?x1

X2 External clock ——— | EXCLK

Crystal resonator
or
ceramic resonator

Caution is listed on the next page.

5.4.2 XT1 oscillator

The XT1 oscillator oscillates with a crystal resonator (32.768 kHz (TYP.)) 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.

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

To use the XT1 oscillator, set bits 5 and 4 (EXCLKS, OSCSELS) of the clock operation mode control register (CMC) as
follows.

» Crystal oscillation: EXCLKS, OSCSELS =0, 1

e External clock input: EXCLKS, OSCSELS =1, 1

When the XT1 oscillator is not used, set the input port mode (EXCLKS, OSCSELS = 0, 0).

When the pins are not used as input port pins, either, see Table 2-2 Connection of Unused Pins (38-pin Products).

Figure 5-15 shows an example of the external circuit of the XT1 oscillator.

RO1UHO169EJ0340 Rev.3.40 R NS 140
Mar 29, 2024 ENES



RL78/1MA CHAPTER 5 CLOCK GENERATOR
Figure 5-15. Example of External Circuit of XT1 Oscillator
(a) Crystal oscillation (b) External clock
] Vss
'+ lj_i XT1
oE
E —] M XT2 External clock —————— | EXCLKS
Caution When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the
broken lines in the Figures 5-14 and 5-15 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.

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.

o Make the wiring between the XT1 and XT2 pins and the resonators as short as possible, and
minimize the parasitic capacitance and wiring resistance. Note this particularly when the ultra-
low power consumption oscillation (AMPHS1, AMPHSO = 1, 0) is selected.

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.

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 5-15 shows examples of incorrect resonator connection.

Figure 5-16. Examples of Incorrect Resonator Connection (1/2)

(a) Too long wiring (b) Crossed signal line
PORT |—
Vss X1 X2 Vss X1 X2
NG
NG
dl T NG
)
((
7 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

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 5-16. 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)
Vbo

Pmn

Vs X2

P I:l Ii r— Vs X2
L —_

W PDP
e

S
A . B TC
High current
7 771 M

High current

(g) Signals are fetched

Vs X2

Vo
TN

Q[

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 High-speed on-chip oscillator

The high-speed on-chip oscillator is incorporated in the RL78/I1A. The frequency can be selected from among 32, 24,
16, 12, 8, 6, 4, 3, 2, or 1 MHz by using the option byte (000C2H). Oscillation can be controlled by bit 0 (HIOSTOP) of the
clock operation status control register (CSC). The high-speed on-chip oscillator automatically starts oscillating after reset
release.

5.4.4 Low-speed on-chip oscillator

The low-speed on-chip oscillator is incorporated in the RL78/11A.

The low-speed on-chip oscillator runs while the watchdog timer is operating or when the setting of the following bits is
1: bit 4 (WUTMMCKO) in the subsystem clock supply mode control register (OSMC).

The low-speed on-chip oscillator is stopped when the watchdog timer is stopped and WUTTMMCKO is set to 0.

5.4.5 PLL (Phase Locked Loop)

The PLL circuit is incorporated in the RL78/11A.

The PLL can be used to multiply the high-speed on-chip oscillator clock or high-speed system clock.

Operation of the PLL circuit can be controlled by using bit 0 (PLLON) of the PLL control register (PLLCTL).

When the PLL function is used, select only 4 MHz for the high-speed system clock or high-speed on-chip oscillator
clock.

Cautions 1. When switching from PLL mode to the high-speed on-chip oscillator clock and the high-speed
system clock, stop the functions (timers KB0 to KB2, KC0, and comparator/programmable gain
amplifier) that provide the PLL output clock (frLL).

2. PLL operations cannot be performed while the subsystem clock is operating.

3. When switching to STOP mode, after stopping the PLL function (SELPLL = 0 —» PLLON = 0 in the
PLL control register (PLLCTL)), select the high-speed on-chip oscillator clock (fi) or the high-
speed system clock (fux) as the main system clocks, then execute the STOP instruction.
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5.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode (see Figure 5-1).

e Main system clock fwaIN
e High-speed system clock fwux
X1 clock fx
External main system clock fex
¢ High-speed on-chip oscillator clock fiH
e Subsystem clock fsus
e XT1 clock fxr
o External subsystem clock fexs
o Low-speed on-chip oscillator clock fiL
e CPU/peripheral hardware clock fcik
e PLL output clock frLL

The CPU starts operation when the high-speed on-chip oscillator starts outputting after a reset release in the RL78/I1A.
When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-17.
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Figure 5-17. Clock Generator Operation When Power Supply Voltage Is Turned On

Lower limit of
the operating —— ==~ == =TT o m o m e m e — e — -
voltage range

VPOR - 7

Power-on reset signal

R At lebst 10 ps
-

<1>

RESET pin

|
; Switched by softwar

Reset i

processing time N i<3> <5> <5>
i
H
i

CPU clock High-speed on-chip High-speed X Subsystem
oscillator clock system clock clock
<2>
High-speed on-chip
oscillator clock (fi)
- .
High-speed Note 1 *
system clock (fix) <4>
(when X1 oscillation
selected)
X1 clock Note 2
oscillation stabilization time
Subsystem clock (fsus) Starting X1 oscillation 4>
(when XT1 oscillation is specified by software.
selected)

Starting XT1 oscillation is
specified by software.

<1> When the power is turned on, an internal reset signal is generated by the power-on-reset (POR) circuit. Note that
the reset state is maintained after a reset by the voltage detection circuit or an external reset until the voltage
reaches the range of operating voltage described in 32.4 AC Characteristics or 33.4 AC Characteristics (the
above figure is an example when the external reset is in use).

<2> When the reset is released, the high-speed on-chip oscillator automatically starts oscillation.

<3> The CPU starts operation on the high-speed on-chip oscillator clock after waiting for the voltage to stabilize and a
reset processing have been performed after reset release.

<4> Set the start of oscillation of the X1 or XT1 clock via software (see 5.6.2 Example of setting X1 oscillation
clock and 5.6.3 Example of setting XT1 oscillation clock).

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set
switching via software (see 5.6.2 Example of setting X1 oscillation clock and 5.6.3 Example of setting XT1
oscillation clock).

Notes 1. The reset processing time includes the oscillation accuracy stabilization time of the high-speed on-chip
oscillator 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. For the reset processing time, see CHAPTER 23 POWER-ON-RESET CIRCUIT.

Caution It is not necessary to wait for the oscillation stabilization time when an external clock input from the
EXCLK pin is used.

Remark See 5.6.4 Example of setting PLL circuit when using the PLL.
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5.6 Controlling Clock

5.6.1 Example of setting high-speed on-chip oscillator

After a reset release, the CPU/peripheral hardware clock (fck) always starts operating with the high-speed on-chip
oscillator clock. The frequency of the high-speed on-chip oscillator can be selected from 32, 24, 16, 12, 8, 6, 4, 3, 2, and 1
MHz by using FRQSELO to FRQSELS3 of the option byte (000C2H). The frequency can be changed by using the high-
speed on-chip oscillator frequency select register (HOCODIV).

[Option byte setting]
Address: 000C2H

Option 7 6 5 4 3 2 1 0
byte CMODE1 | CMODEO FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO
(000C2H) 1 0/1 1 0 0/1 0/1 0/1 0/1
CMODE1 CMODEO Setting of flash operation mode
1 0 LS (low speed main) mode Voo =2.7Vt055V @ 1 MHz to 8 MHz
1 1 HS (high speed main) mode Voo =2.7V1t0 55V @ 1 MHz to 32 MHz
Other than above Setting prohibited
FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO | Clock frequency of the high-speed on-chip oscillator
1 0 0 0 32 MHz
0 0 0 0 24 MHz
1 0 0 1 16 MHz
0 0 0 1 12 MHz
1 0 1 0 8 MHz
0 0 1 0 6 MHz
1 0 1 1 4 MHz
0 0 1 1 3 MHz
1 1 0 0 2 MHz
1 1 0 1 1 MHz
Other than above Setting prohibited

[High-speed on-chip oscillator frequency select register (HOCODIV) setting]
Address: FOOA8H

7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
HOCODIV2 | HOCODIV1 | HOCODIVO Selection of high-speed on-chip oscillator clock frequency

FRQSEL3 Bitis 0 FRQSELS3 Bit of is 1

0 0 0 24 MHz 32 MHz

0 0 1 12 MHz 16 MHz

0 1 0 6 MHz 8 MHz

0 1 1 3 MHz 4 MHz

1 0 0 Setting prohibited 2 MHz

1 0 1 Setting prohibited 1 MHz

Other than above Setting prohibited
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5.6.2 Example of setting X1 oscillation clock

After a reset release, the CPU/peripheral hardware clock (fcik) always starts operating with the high-speed on-chip
oscillator clock. To subsequently change the clock to the X1 oscillation clock, set the oscillator and start oscillation by
using the oscillation stabilization time select register (OSTS), clock operation mode control register (CMC), clock operation
status control register (CSC) and wait for oscillation to stabilize by using the oscillation stabilization time counter status

register (OSTC)
register (CKC).

After the oscillation stabilizes, set the X1 oscillation clock to fcik by using the system clock control

[Register settings] Set the register in the order of <1> to <5> below.
<1> To operate the X1 oscillator, set (1) the OSCSEL bit of the CMC register, and when fx > 10 MH, set (1) the AMPH

bit.
7 6 5 4 3 2 1 0
EXCLK OSCSEL EXCLKS | OSCSELS AMPHS1 AMPHSO AMPH
cMe 0 1 0 0 0 0 0 01

AMPH bit: Set this bit to 0 if the X1 oscillation clock is 10 MHz or less.

<2> Using the OSTS register, select the oscillation stabilization time of the X1 oscillator at releasing of the STOP

mode.
Example: Setting values when a wait of at least 102 us is set based on a 10 MHz resonator.
7 6 5 4 3 2 1 0
0OSTS2 OSTS1 OSTSO
OSTS
0 0 0 0 0 0 1 0
<3> 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

<4> 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 us is set based on a 10 MHz

resonator.
7 6 5 4 3 2 1 0
MOST8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
osTC 1 1 1 0 0 0 0 0

<5> Use the MCMO bit of the CKC register to specify the X1 oscillation clock as the CPU/peripheral hardware clock.

7 6 5 4 3 2 1 0
CLS Css MCS MCMO
CKC
0 0 0 1 0 0 0 0

Caution Set the HOCODIV register within the operable voltage range of the flash operation mode set in the
option byte (000C2H) before and after the frequency change.

Option Byte (000C2H) o o
eratin erating Voltage
Value Flash Operation Mode P 9 P 9 9
Frequency Range Range
CMODE1 CMODEO
1 0 LS (low-speed main) mode 1to 8 MHz 27t0o55V
1 1 HS (high-speed main) mode 1to0 32 MHz
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5.6.3 Example of setting XT1 oscillation clock

After a reset release, the CPU/peripheral hardware clock (fcik) always starts operating with the high-speed on-chip
oscillator clock. To subsequently change the clock to the XT1 oscillation clock, set the oscillator and start oscillation by
using the subsystem clock supply mode control register (OSMC), clock operation mode control register (CMC), and clock
operation status control register (CSC), set the XT1 oscillation clock to fcik by using the system clock control register

(CKC).

[Register settings] Set the register in the order of <1> to <5> below.

<1> Set the RTCLPC bit to 1 to run only the real-time clock and 12-bit interval timer on the subsystem clock (ultra-low

current consumption) when in the STOP mode or HALT mode during CPU operation on the subsystem clock.

OSMC

CcMC

7 6 5 4 3 2 1 0
RTCLPC WUTMMCKO
0/1 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 EXCLKS OSCSELS AMPHS1 AMPHSO AMPH
0 0 0 1 0 0N 0N 0

<3> Clear (0) the XTSTOP bit of the CSC register to start oscillating the XT1 oscillator.

CsC

AMPHSO0 and AMPHS1 bits: These bits are used to specify the oscillation mode of 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
CLS CSs MCS MCMO
CKC
0 1 0 0 0 0 0 0
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5.6.4 Example of setting PLL circuit

After setting the high-speed system clock and high-speed on-chip oscillator clock (see 5.6.1 Example of setting
high-speed on-chip oscillator and 5.6.2 Example of setting X1 oscillation clock), use the PLL control register
(PLLCTL) to control the PLL circuit.

When the PLL function is used, select only 4 MHz for the high-speed system clock or high-speed on-chip oscillator
clock.

[Register settings] Set the register in the order of <1> to <5> below.

<1> Set the PLLO bit in the PLLCTL register so that frLL = 64 MHz is set for the 16-bit timers KB0O to KB2 and KCO, the
comparator, and the programmable gain amplifier, then 16 MHz (PLLO = 1) or 32 MHz (PLLO = 0) is set for supply
to other hardware (CPU and peripherals).

7 6 5 4 3 2 1 0
PLLS SELPLL PLLO PLLON
PLLCCTL
0 0 0 0 0 0 01 0

Caution Do not access the following peripheral function registers or the PER2 register until the
CPU/peripheral hardware clock switches to PLL output (PLLS = 1), which occurs when SELPLL is
set to 1 after the PLL circuit starts operating (PLLON = 1).
» 16-bit timer KBO to KB2
¢ 16-bit timer KCO
e Comparator
e Programmable gain amplifier

<2> Set (1) the PLLON bit of the PLLCTL register to operate the PLL circuit.

7 6 5 4 3 2 1 0
PLLS SELPLL PLLO PLLON
PLLCTL
0 0 0 0 0 0 011 1

<3> Wait for 40 us by using software.

<4> Set the SELPLL bit of the PLLCTL register to 1 to select PLL output for the CPU and peripheral hardware clocks
(ferk).
7 6 5 4 3 2 1 0

PLLS SELPLL PLLO PLLON
PLLCTL

0 1 01 1

<5> Wait until the PLLS bit changes to 1.
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5.6.5 CPU clock status transition diagram
Figure 5-18 shows the CPU clock status transition diagram of this product.

Figure 5-18. CPU Clock Status Transition Diagram

High-speed on-chip oscillator: Woken up

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

Voo > Lower limit of the operating voltage range
(release from the reset state triggered by the LVD circuit or an external reset)

High-speed on-chip oscillator: Operating

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

Voo > 2.7 V (operation guaranteed range:Transition voltage is defined by the LVD)

PLL: Stops

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Selectable by CPU
XT1 oscillation/EXCLKS input: Selectable by CPU

A

CPU: Operating
with high-speed
gn-chip oscillation

High-speed on-chip oscillator: Stops

X1 oscillation/EXCLK input: Stops

XT1 oscillation/EXCLKS input: Oscillatable
PLL: Stops

(H)
\ CPU: High-speed

on-chip oscillation

High-speed on-chip oscillator: Operating

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Oscillatable

PLL: Operating

XT1 oscillation/EXCLKS input: Oscillatable

CPU: Operating
with high-speed
on-chip oscillation

X1 oscillation/EXCLK input: Stops
XT1 oscillation/EXCLKS input: Stops
PLL: Stops

L

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Oscillatable
XT1 oscillation/EXCLKS input: Oscillatable
PLL: Operating

CPU: Operating
with high-speed
on-chip oscillation

(PLL mode) — HALT

High-speed on-chip oscillator: Selectable by CPU
X1 oscillation/EXCLK input: Selectable by CPU
XT1 oscillation/EXCLKS input: Operating

PLL: Stops

CPU: High-speed
on-chip oscillation
— HALT

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Oscillatable
XT1 oscillation/EXCLKS input: Oscillatable
PLL: Stops

High-speed on-chip oscillator: Selectable by CPU
X1 oscillation/EXCLK input: Operating

XT1 oscillation/EXCLKS input: Selectable by CPU
PLL: Stops

CPU: Operating
with X1 oscillation or
EXCLK input

CPU: X1
oscillation/EXCLK
input — STOP.

CPU: XT1
oscillation/EXCLKS

High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: Stops

High-speed on-chip oscillator: Oscillatable
X1 oscillation/EXCLK input: Oscillatable
XT1 oscillation/EXCLKS input: Operating
PLL: Stops

input - HALT

CPU: X1
oscillation/EXCLK
input — HALT

XT1 oscillation/EXCLKS input: Oscillatable
PLL: Stops

©)

High-speed on-chip oscillator: Oscillatable
X1 oscillation/EXCLK input: Operating
XT1 oscillation/EXCLKS input: Oscillatable
PLL: Operating

High-speed on-chip oscillator: Oscillatable
X1 oscillation/EXCLK input: Operating
XT1 oscillation/EXCLKS input: Oscillatable
PLL: Stops

(N)

CPU: Operating
with X1 oscillation or
EXCLK input
(PLL mode)

oscillation/EXCLK

0 High-speed on-chip oscillator: Oscillatable
input (PLL mode)

X1 oscillation/EXCLK input: Operating
XT1 oscillation/EXCLKS input: Oscillatable
PLL: Operating
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Table 5-3 shows transition of the CPU clock and examples of setting the SFR registers.
Table 5-3. CPU Clock Transition and SFR Register Setting Examples (1/6)

(1) CPU operating with high-speed on-chip oscillator clock (B) after reset release (A)

Status Transition SFR Register Setting

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

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

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC RegisterNote 1 OSTS csc OSTC CKC
register | Register | Register | Register
Status Transition EXCLK | OSCSEL | AMPH MSTOP MCMO
(A) > (B) - (C) 0 1 0 Note 2 0 Must be 1
(X1 clock: 1 MHz < fx < 10 MHz) checked
(A) = (B) = (C) 0 1 1 Note 2 0 Must be 1
(X1 clock: 10 MHz < fx <20 MHz) checked
(A) - (B) = (C) 1 1 X Note 2 0 Must not 1
(external main clock) be
checked

Notes 1. The clock operation mode control register (CMC) can be written only once by an 8-bit memory
manipulation instruction after reset release.
2. Set the oscillation stabilization time as follows.
e Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 32 ELECTRICAL SPECIFICATIONS (Ta = —40 to +105°C) and CHAPTER 33 ELECTRICAL
SPECIFICATIONS (Ta = —40 to +125°C).

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

(Setting sequence of SFR registers) >
Setting Flag of SFR Register . CsC Wiaiting for CKC
CMC RegisterNete i o )
Register | Oscillaton | Register

Status Transition EXCLKS |OSCSELS|AMPHS1|AMPHS0| xTsTop | Stabiization | cgg
(A) = (B) = (D) 0 1 0/1 0/1 0 Necessary 1
(XT1 clock)
(A)—> (B) —> (D) 1 1 X X 0 Necessary 1
(external sub clock)

Note The clock operation mode control register (CMC) can be written only once by an 8-bit memory manipulation
instruction after reset release.

Remarks 1. x:don't care
2. (A)to (O) in Table 5-3 correspond to (A) to (O) in Figure 5-18.
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Table 5-3. CPU Clock Transition and SFR Register Setting Examples (2/6)

(4) CPU clock changing from high-speed on-chip oscillator clock (B) to high-speed system clock (C)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC RegisterNote ! OSTS Ccsc OSTC Register CKC
Register | Register Register
Status Transition EXCLK |OSCSEL| AMPH MSTOP MCMO
B)— (C) 0 1 0 Note 2 0 Must be checked 1
(X1 clock: 1 MHz < fX <10 MHz)
(B) — (C) 0 1 1 Note 2 0 Must be checked 1
(X1 clock: 10 MHz < fX <20 MHz)
(B) — (C) 1 1 X Note 2 0 Must not be checked 1
(external main clock)

Unnecessary if these registers Unnecessary if the CPU is operating with
are already set the high-speed system clock

Notes 1. The clock operation mode control register (CMC) can be written only once by an 8-bit memory
manipulation instruction after reset release. This setting is not necessary if it has already been set.
2. Set the oscillation stabilization time as follows.
o Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 32 ELECTRICAL SPECIFICATIONS (Ta = —40 to +105°C) and CHAPTER 33 ELECTRICAL
SPECIFICATIONS (Ta =—40 to +125°C).

(5) CPU clock changing from high-speed on-chip oscillator clock (B) to subsystem clock (D)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC RegisterNete CsC Waiting for CKC
Register Oscillation Register
Status Transition EXCLKS | OSCSELS | AMPHS1, AMPHS0 | xTsTop | Stabilization | = cgg
(B) = (D) 0 1 00: Low power 0 Necessary 1
(XT1 clock) consumption oscillation

01: Normal oscillation
10: Ultra-low power
consumption oscillation

(B) = (D) 1 1 X 0 Necessary 1
(external sub clock)

e
Unnecessary if these registers Unnecessary if the CPU
are already set is operating with the

subsystem clock

Note The clock operation mode control register (CMC) can be written only once by an 8-bit memory manipulation
instruction after reset release. This setting is not necessary if it has already been set.

Remarks 1. x: don't care
2. (A)to (O) in Table 5-3 correspond to (A) to (O) in Figure 5-18.
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Table 5-3. CPU Clock Transition and SFR Register Setting Examples (3/6)

(6) CPU clock changing from high-speed system clock (C) to high-speed on-chip oscillator 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 18 us to 65 us 0

Unnecessary if the CPU is operating with the
high-speed on-chip oscillator clock

Remark The oscillation accuracy stabilization time changes according to the temperature conditions and the STOP
mode period.

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

(Setting sequence of SFR registers) »
Setting Flag of SFR Register CSC Register Waiting for Oscillation CKC Register
XTSTOP Stabilization cSS
Status Transition
(C) —» (D) 0 Necessary 1
Unnecessary if the CPU is operating with the
subsystem clock
(8) CPU clock changing from subsystem clock (D) to high-speed on-chip oscillator clock (B)
(Setting sequence of SFR registers) >
Setting Flag of SFR Register CSC Register Oscillation Accuracy CKC Register
Status Transition HIOSTOP Stabilization Time css
(D) —» (B) 0 18 us to 65 us 0

Unnecessary if the CPU is operating with the high-
speed on-chip oscillator clock

Remarks 1. (A) to (O) in Table 5-3 correspond to (A) to (O) in Figure 5-18.
2. The oscillation accuracy stabilization time changes according to the temperature conditions and the
STOP mode period.
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Table 5-3. CPU Clock Transition and SFR Register Setting Examples (4/6)

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

(Setting sequence of SFR registers)

v

clock)

etting Flag of SFR Register OSTS CSC Register OSTC Register CKC Register
Register MSTOP css

Status Transition

(D) — (C) (X1 clock: 1 MHz < Note 0 Must be checked 0

fx <10 MHz)

(D) — (C) (X1 clock: 10 MHz < Note 0 Must be checked 0

fx <20 MHz)

(D) — (C) (external main Note 0 Must not be checked 0

Note Set the oscillation stabilization time as follows.

Unnecessary if the CPU is operating with the high-speed

system clock

e Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <

Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

Caution Set the clock after the supply voltage has reached the operable voltage of the clock to be set (see
CHAPTER 32 ELECTRICAL SPECIFICATIONS (Ta = —40 to +105°C) and CHAPTER 33 ELECTRICAL
SPECIFICATIONS (Ta = —40 to +125°C).

Remark (A)to (O)in Table 5-3 correspond to (A) to (O) in Figure 5-18.
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Table 5-3. CPU Clock Transition and SFR Register Setting Examples (5/6)

(10) ¢ CPU clock changing from high-speed on-chip oscillator clock (B) to high-speed on-chip oscillator clock
(PLL mode) (K)
e CPU clock changing from high-speed system clock (C) to high-speed system clock (PLL mode) (N)

v

(Setting sequence of SFR registers)

Setting Flag of SFR Register PLLCTL Register
PLLO PLLON Waiting for SELPLL
Oscillation
Status Transition Stabilization
(B) = (K) 0/1 1 40 us 1
(C) > (N)

(11) e CPU clock changing from high-speed on-chip oscillator clock (PLL mode) (K) to high-speed on-chip
oscillator clock (B)
e CPU clock changing from high-speed system clock (PLL mode) (N) to high-speed system clock (N)

(Setting sequence of SFR registers)

v

etting Flag of SFR Register PLLCTL Register
SELPLL PLLS PLLON
Status Transition
(K) - (B) 0 0 0
(N) - (C)

Caution When switching from PLL mode to the high-speed on-chip oscillator clock and the high-speed
system clock, stop the functions (timers KB0 to KB2, KC0, and comparator/programmable gain
amplifier) that provide the PLL output clock (PLL).

(12) « HALT mode (E) set while CPU is operating with high-speed on-chip oscillator 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)
e HALT mode (L) set while CPU is operating with high-speed on-chip oscillator clock (PLL mode) (K)
¢ HALT mode (O) set while CPU is operating with high-speed system clock (PLL mode) (N)

Status Transition Setting

(B) = (E) Executing HALT instruction
(C)—(F)
(D)= (G)
(K)— (L)
(N) = (0)

Remark (A)to (O)in Table 5-3 correspond to (A) to (O) in Figure 5-18.
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Table 5-3. CPU Clock Transition and SFR Register Setting Examples (6/6)

(13) ¢ STOP mode (H) set while CPU is operating with high-speed on-chip oscillator clock (B)
e STOP mode (l) set while CPU is operating with high-speed system clock (C)

v

(Setting sequence)

Status Transition Setting
(B) —» (H) Stopping peripheral - Executing STOP
functions that are instruction
©) = (1) In X1 oscillation | disabledin STOPmode | o0 4he 0STS

register

External main -
system clock

(14) CPU changing from STOP mode (H) to SNOOZE mode (J)

See the following sections with regard to settings used with functions that support SNOOZE mode to switch from STOP
mode to SNOOZE mode.

A/D converter — 12.8 SNOOZE Mode Function

CSI00 of serial array unit 0 — 15.5.7 SNOOZE mode function
UARTO of serial array unit 0 — 15.6.3 SNOOZE mode function
UART4 of serial array unit 4 — 16.5.3 SNOOZE mode function

(15) ¢ STOP mode (H) set while CPU is operating with high-speed on-chip oscillator clock (PLL mode) (K)
e STOP mode (l) set while CPU is operating with high-speed system clock (PLL mode) (N)

Switch from PLL mode operation to high-speed on-chip oscillator clock and high-speed system clock operations (see
(11) in 5.6.5), then execute the STOP instruction.

Caution When switching from PLL mode to the high-speed on-chip oscillator clock and the high-speed
system clock, stop the functions (timers KB0 to KB2, KC0, and comparator/programmable gain
amplifier) that provide the PLL output clock (frLL).

Remark (A)to (O)in Table 5-3 correspond to (A) to (O) in Figure 5-18.
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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 5-4. Changing CPU Clock (1/2)

CPU Clock Condition Before Change Processing After Change
Before Change After Change
High-speed on- X1 clock Stabilization of X1 oscillation The operating current can be reduced by

chip oscillator
clock

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

External main
system clock

Enabling input of external clock from the
EXCLK pin
¢ OSCSEL =1, EXCLK =1, MSTOP =0

XT1 clock Stabilization of XT1 oscillation
e OSCSELS =1, EXCLKS =0, XTSTOP =0
o After elapse of oscillation stabilization time
External Enabling input of external clock from the

subsystem clock

EXCLKS pin
¢ OSCSELS =1, EXCLKS =1, XTSTOP =0

stopping the high-speed on-chip oscillator
(HIOSTOP = 1) after checking that the CPU
clock is changed.

X1 clock

High-speed on-
chip oscillator
clock

Enabling oscillation of high-speed on-chip
oscillator

¢ HIOSTOP =0

o After elapse of oscillation stabilization time

X1 oscillation can be stopped (MSTOP = 1)
after checking that the CPU clock is
changed.

External main
system clock

Transition not possible
(To change the clock, set it again after
executing reset once.)

XT1 clock Stabilization of XT1 oscillation X1 oscillation can be stopped (MSTOP = 1)
¢ OSCSELS =1, EXCLKS =0, XTSTOP = 0 | after checking that the CPU clock is
o After elapse of oscillation stabilization time | changed.

External Enabling input of external clock from the X1 oscillation can be stopped (MSTOP = 1)

subsystem clock

EXCLKS pin
e OSCSELS = 1, EXCLKS =1, XTSTOP =0

after checking that the CPU clock is
changed.

External main
system clock

High-speed on-
chip oscillator

Enabling oscillation of high-speed on-chip
oscillator

External main system clock input can be
disabled (MSTOP = 1) after checking that

clock ¢ HIOSTOP =0 the CPU clock is changed.
o After elapse of oscillation stabilization time

X1 clock Transition not possible _

XT1 clock Stabilization of XT1 oscillation External main system clock input can be
¢ OSCSELS =1, EXCLKS =0, XTSTOP =0 | disabled (MSTOP = 1) after checking that
o After elapse of oscillation stabilization time | the CPU clock is changed.

External Enabling input of external clock from the External main system clock input can be

subsystem clock

EXCLKS pin
¢ OSCSELS = 1, EXCLKS =1, XTSTOP =0

disabled (MSTOP = 1) after checking that
the CPU clock is changed.
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Table 5-4. Changing CPU Clock (2/2)

CPU Clock

Before Change

After Change

Condition Before Change

Processing After Change

XT1 clock High-speed on- Oscillation of high-speed on-chip oscillator XT1 oscillation can be stopped (XTSTOP =
chip oscillator and selection of high-speed on-chip 1) after checking that the CPU clock is
clock oscillator clock as main system clock changed.

¢ 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
» After elapse of oscillation stabilization time
e MCS =1
External main Enabling input of external clock from the
system clock EXCLK pin and selection of high-speed
system clock as main system clock
¢ OSCSEL =1, EXCLK =1, MSTOP =0
e MCS =1
External Transition not possible -
subsystem clock
External High-speed on- Oscillation of high-speed on-chip oscillator External subsystem clock input can be

subsystem clock

chip oscillator

and selection of high-speed on-chip

clock oscillator clock as main system clock
¢ HHOSTOP =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
system clock

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

¢ OSCSEL =1, EXCLK =1, MSTOP =0
e MCS =1

disabled (XTSTOP = 1) after checking that
the CPU clock is changed.

XT1 clock

Transition not possible
(To change the clock, set it again after
executing reset once.)
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5.6.7 Time required for switchover of CPU clock and system clock

By setting bits 4 and 6 (MCMO, CSS) of the system clock control register (CKC), the CPU clock can be switched
(between the main system clock and the subsystem clock), and main system clock can be switched (between the high-
speed on-chip oscillator clock and the high-speed system clock).

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

Whether the CPU is operating on the main system clock or the subsystem clock can be ascertained using bit 7 (CLS) of
the CKC register. Whether the main system clock is operating on the high-speed system clock or high-speed on-chip
oscillator clock can be ascertained using bit 5 (MCS) of the CKC register.

When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 5-5. Maximum Time Required for System Clock Switchover

Clock A Switching directions Clock B Remark
fin +“—> fiux See Table 5-6
fvain <+“—> fsus See Table 5-7

Table 5-6. Maximum Number of Clocks Required for fit <> fmx

Set Value Before Switchover Set Value After Switchover
MCMO MCMO
0 1
(fmain = fin) (fmain = fmx)

0 fux=fin 2 clock
(fuain = fin) fux<fiH 2fin/fmx clock

1 fux=>fin 2fwx/fin clock
(fuain = fux) fux<fiH 2 clock

Table 5-7. Maximum Number of Clocks Required for fuain < fsus

Set Value Before Switchover Set Value After Switchover
CSss CSs
0 1
(ferk = fmain) (ferk = fsus)
0 1 + 2fwan/fsus clock

(ferk = fmain)

1 3 clock
(ferk = fsus)

Remarks 1. The number of clocks listed in Tables 5-6 and 5-7 is the number of CPU clocks before switchover.
2. Calculate the number of clocks in Tables 5-6 and 5-7 by removing the decimal portion.

Example When switching the main system clock from the high-speed system clock to the high-speed on-
chip oscillator clock (@ oscillation with fihn = 8 MHz, fux = 10 MHz)
2fwx/fin = 2 (10/8) = 2.5 — 3 clocks
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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.

Before stopping the clock oscillation, check the conditions before the clock oscillation is stopped.

Table 5-7. 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
High-speed on-chip MCS=10rCLS =1 HIOSTOP =1
oscillator clock (The CPU is operating on a clock other than the high-speed on-chip
oscillator clock.)
X1 clock MCS=0o0rCLS =1 MSTOP =1

External main system clock (The CPU is operating on a clock other than the high-speed system clock.)

XT1 clock CLs=0 XTSTOP = 1
(The CPU is operating on a clock other than the subsystem clock.)

External subsystem clock
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CHAPTER 6 TIMER ARRAY UNIT

The timer array unit has eight 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

channel 0 \ 16-bit timers
channel 1
channel 2
[
L[]
[ ]
[ ]
channel 6
\ channel 7 /
For details about each function, see the table below.
Independent channel operation function Simultaneous channel operation function
¢ Interval timer (— see 6.8.1) e One-shot pulse output(—see 6.9.1)
e Square wave output (—see 6.8.1) o PWM output(—see 6.9.2)
o External event counter (—see 6.8.2) e Multiple PWM output(—see 6.9.3)

¢ Input pulse interval measurement (—see 6.8.3)

o Measurement of high-/low-level width of input signal
(—see 6.8.4)

¢ Delay counter (—see 6.8.5)

It is possible to use the 16-bit timer of channels 1 and 3 as two 8-bit timers (higher and lower). The functions that can
use channels 1 and 3 as 8-bit timers are as follows:

¢ Interval timer (higher or lower 8-bit timer)/square wave output (lower 8-bit timer only)
o External event counter (lower 8-bit timer only)
¢ Delay counter (lower 8-bit timer only)

Channel 7 can be used to realize LIN-bus and DMX512 reception processing in combination with UARTO of the serial
array unit 0.
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6.1 Functions of Timer Array Unit
Timer array unit 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 (INTTMOn) at fixed intervals.

Operation clock—| Compare operation Interrupt signal |-| |-|

Channel n (INTTMOn)

(2) Square wave output
A toggle operation is performed each time INTTMOn interrupt is generated and a square wave with a duty factor of
50% is output from a timer output pin (TOON).

C

hannel n (TOON)

(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 (TIOn) has reached a specific value.

& Timer inputC Interrupt signal |-| |-|
— | A P P (INTTMOn)

Edge detection Channel n

(4) Input pulse interval measurement
Counting is started by the valid edge of a pulse signal input to a timer input pin (TIOn). 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@__( 4L
C

— 2 L (Ton -
Edge detection (ion hannel n
Start Capture
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(5) 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 (TI0n), 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 I _T L

—_— _ TIONn ' '
Edge detection ( ) Channel n [00A] [xxH]

Start Capture

(6) Delay counter
Counting is started at the valid edge of the signal input to the timer input pin (TIOn), and an interrupt is generated
after any delay period.

T Timer inputg, ( Compare operation Interrupt signal |-|
C 1

— Y (TIOn) (INTTMOn)

Edge detection hannel n

Start

Remarks 1. n: Channel number (n =0 to 7)
2. The presence or absence of timer I/O pins of channel 0 to 7 depends on the product. See Table 6-2
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.

(1) One-shot pulse output
Two channels are used as a set to generate a one-shot pulse with a specified output timing and a specified pulse
width.

| .
Start trigger by _,( m Interrupt signal (INTTMON)

software operation

(TS0n) Channel n (master)

Output Pulse width

( - timing
|Compare operatlonl

Timer output j 1 i

K Channel p (slave) (TOOP) ' Toggle  Toggle
'(Master) (Slave)

Start

(Master)

(2) PWM (Pulse Width Modulation) output
Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

|
Operation clock —» P P Interrupt signal (INTTMOnN)

Channel n (master)

( |Compare operationl © Timer output

Channel p (slave) (TOOpP) : Duty !
Period
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Mar 29, 2024



RL78/11A CHAPTER 6 TIMER ARRAY UNIT

(3) Multiple PWM (Pulse Width Modulation) output
By extending the PWM function and using one master channel and two or more slave channels, up to seven types
of PWM signals that have a specific period and a specified duty factor can be generated.

Operation clock ( Compare operation Interrupt signal (INTTMON)

Channel n (master)

Compare operation '
‘ Timer output e

Channel p (slave) (TOOP) :Duty :
A . " Period
== [}
[ ]
L]
Timer output !
Channel g (slave) (TOO0q) . Duty ,

Period

Caution For details about the rules of simultaneous channel operation function, see 6.4.1 Basic rules of
simultaneous channel operation function.
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6.1.3 LIN-bus supporting function (channel 7 only)
Timer array unit is used to check whether signals received in LIN-bus communication match the LIN-bus
communication format.

(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 break field
The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD0) 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 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 (RxD0) 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 6.3.13 Input switch
control register (ISC) and 6.8.4 Operation as input signal high-/low-level width measurement.

6.1.4 DMX512 supporting function (channel 7 only)
Timer array unit is used to check whether signals received in DMX512 communication match the DMX512
communication format.

(1) Detection of BREAK 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 BREAK signal.

(2) Measurement of signal width
The low-level and high-level width of the signal input to the serial data input pin (RxD0) of UARTO are measured.

Remark For details about setting up the operations used to implement the DMX512, see 6.3.13 Input switch
control register (ISC) and 6.8.4 Operation as input signal high-/low-level width measurement.
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6.2 Configuration of Timer Array Unit

Timer array unit includes the following hardware.

Table 6-1. Configuration of Timer Array Unit

ltem Configuration

Timer/counter Timer/counter register On (TCROn)

Register Timer data register On (TDROn)

Timer input

TI03, TI05, TI06 pinsNete !, TI07/RxDO pin (for LIN-bus, DMX512)Nete 2

Timer output TO03, TO05, TO06 pinsN°te !, output controller

Control

registers <Registers of unit setting block>

e Peripheral enable register 0 (PERO)

e Timer clock select register 0 (TPS0)

e Timer channel enable status register 0 (TEO)
o Timer channel start register 0 (TSO0)

o Timer channel stop register 0 (TTO)

o Timer input select register 0 (TISO)

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)

<Registers of each channel>

o Timer mode register On (TMRON)

o Timer status register On (TSRON)

e Input switch control register (ISC)

* Noise filter enable register 1 (NFEN1)
o Port mode register (PMO, PM3)Note 2

e Port register (PO, P3)Nete 2

Notes 1.

The presence or absence of timer I/O pins of channel 0 to 7 depends on the product. See Table 6-2 Timer

1/0 Pins provided in Each Product for details.

2. The TI07 pin can be used for P11/RxD0 pin by setting bit 1 (ISC1) in the input switch control register (ISC) to
1. For details, see 6.3.13 Input switch control register (ISC).
3. The port mode registers (PM0O, PM3) and port registers (PO, P3) to be set differ depending on the product.
For details, see 4.5.3 Register setting examples for used port and alternate functions.
Remark n: Channel number (n =0 to 7)
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The presence or absence of timer 1/O pins in each timer array unit channel depends on the product.

Table 6-2. Timer I/O Pins provided in Each Product

Timer array unit

channels

I/0O Pins of Each Product

38-pin

30-pin

20-pin

Unit 0

Channel 0

Channel 1

Channel 2

Channel 3

P31/TI03/TO03

P31/T103/TO03

Channel 4

Channel 5

PO5/T105/TO05

Channel 6

P06/T106/TO06

Channel 7

P11/RxDO/(TI107) Nete

Note The TI07 pin can only be used by setting bit 1 (ISC1) in the input switch control register (ISC) to 1. For details,

see 6.3.13 Input switch control register (ISC).

Remarks 1. Since timer input and timer output are shared by the same pin, either only timer input or only timer output
can be used.

2. —: There is no timer I/O pin, but the channel is available. (However, the channel can only be used as an
interval timer.)

Figures 6-1 and 6-2 show the block diagrams of the timer array unit.
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Figure 6-1. Entire Configuration of Timer Array Unit (Example: 38-pin Products)

Timer clock select register 0 (TPSO0)

PRS031|PRS030|PRS021|PRS020PRS013{PRS012[PRS011{PRS010|PRS003{PRS002({PRS001{PRS00]
N N N N N | ! N N | | N
2 2 4 4
fork - Prescaler
T T l l
| | fewk/21, ferk/22,
foLk/28, fouk/210, fok/24,fouk/28, fouk/2° - fer/2'
foLk/212 fok/214,
Peripheral enable
register 0 | TAUOEN Selector Selector
(PERO) 1
> Selector Selector -t
] ckos CK02 CKO1 CKO00

—

\__ Channel 0
'

I

— INTTMOO
(Timer interrupt)

— INTTMO1
— INTTMO1H

\__ Channel 1
2

[ 3 Simm—-—
Timer input select — INTTMO02
register 0 (TISO) \_Channel 2 /
TIS2|TIST|TISO .—»K N
& = | »@ TOO03
L | > —— INTTMO3
-
TI03 @ Channel 3 /= INTTMO3H
| - T
\_ Channel 4 - ™ INTTMO4
' - T
U8 | ‘— I »© TO05
= =
f k<]
- \__ Channel 5 )T InTos
TI05 Q| N
Input switch control ,__L —»0 TO06
register (ISC) 106 Ch 16 INTTMOG
ISC1 anne -
S N
RXD0 O——8| Channel 7 (LIN-bus, DMX512 supported) —— INTTMO7
(T107) 3 N ’ _

Remark fsus: Subsystem clock frequency

fiL: Internal Low-speed on-chip oscillator clock frequency
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Figure 6-2. Internal Block Diagram of Channels 0, 2, 4, 6 of Timer Array Unit

Interrupt signal from master channel "¢

CK0O =
— 8 3
23 fuck S5 frew
£8 S 2
) Cko1 158 ES
f 5% 38
(e} 8 ’—> o
L S
Tiontetes ’ fdgt.e ‘ -
etection| 50
25|
20
=

-

~

Timer controller Output
»| controller
Mode
selection
Interrupt
G— controller

Output latch|
(Pxx)

© TOOn" "

>

INTTMONn

| Timer counter register On (TCRON)

)

Timer status
register On (TSRON)

| Timer data register On (TDRON)

OVF
Overflow| On

|_Slave/masler -

controller |

—

I I 1 ! I I 1 1 L
e 7
|CKSOn CCSOn| T"éé? ‘STSOnZ STSON1|STSONO|CISON1/CISON0| MDON3|MDON2|MDON1{MDONO
n

Channel n

\

Timer mode register On (TMROn)

Interrupt signal to slave channel

Notes 1. Channels 2, 4, and 6 only

2. Channels 2, 4, and 6 only for MASTERON
3. Channel 6 only for TIOn,TOON

Remark n=0,2,4,6

(Timer interrupt)

Figure 6-3. Internal Block Diagram of Channel 1, 3 of Timer Array Unit

Input signal from the master channel

INTTMON

(Timer interrupt)

/ckoo z ~ \
) CKO1 g’g fuck 8s frow Timer controller Output
‘(] ckoz _[Eg - 23 . controller
— S x 53
K o8 (3
[1 CKO03 8 8 » Mode Output latch|
3 i Pxx
T | selection - Interrupt (Px)
Tion 'Ege_| - controller
detection| 5 é |
88— ]
o
® 4>| Timer counter register On (TCROn)
Timer status
- register On (TSRON)
. . OVF
Timer data register On (TDROn) |—>
overflow[ On
l
8-bit timer
controller Interrupt
Mode controller
selection
[
[ ] [ 1 T ]
SPLIT
CKSOn1/CKSOn0[CCSON on ISTSON2|STSON1|STSONO|CISON1CISON0| MDON3|MDON2|MDON1{MDON0O

Channel n

N

Timer mode register On (TMROn)

/

Note Channel 3 only for TIOn,TOONn

Remark n=1,3

INTTMONH
(Timer interrupt)
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Figure 6-4. Internal Block Diagram of Channel 5 of Timer Array Unit
Interrupt signal from the master channel
c
—! /CKOO _E’% fuck 85§ frow Timer controller - Output \ .
CKO1 g 2 > ; § N controller ©TO05"
— 8% 5%
3 Mode
N i ; selection > Interrupt
;relrg“\:xrelrngu(l'l'?gloe)d I_L| T - A »| controller > INTTMOS
Edge |- (Timer interrupt)
[getection 5§
i 2% 1
g 1
» 12

selector

\

| Timer counter register 05 (TCR05)

=

| Timer data register 05 (TDRO5)

T 0

|

]

Timer status
register 05 (TSR05)

-y
Overflow | 05

1 1

I 1

1

| CK8051‘CKSOSO‘CCSOS‘STSOSZ#TSON

STSOSO‘CISOH ‘CISOSO‘ MDOSB‘ MDOSZ‘ MDO051 ‘MD050|

Channel 5

Timer mode register 05 (TMRO05)

%

Figure 6-5. Internal Block Diagram of Channel 7 of Timer Array Unit

Input signal from the master channel

CKO00
—t o ¥ - .
£38 fiuck oS8 frek Timer controller
CKO1 o] 20 -
! - g g § % - Intetrrulrt
2 o Mode controller
— selection
ol | 1w : ‘
Q -
?I’T(?;))/ Note % detection| 56
(7] ] _8§ || 4
=3

Input switch
control
register

(ISC)

-

| Timer counter register 07 (TCRO07)

i

Timer data register 07 (TDRO7)

=

1

OVF
Overflow| 07

Timer status
register 07 (TSR07)

——

1

I |

|CKSO71 ‘ CKS070 ‘CCSO7‘STSO72%TSO71

STSO70‘CISO71‘CISO70‘ MDO73‘ MDO72‘MD071 ‘MDO70|

k Channel 7

Timer mode register 07 (TMRO07)

J

INTTMO7
(Timer interrupt)

Note The TIO7 pin can only be used by setting bit 1 (ISC1) in the input switch control register (ISC) to 1. For details,
see 6.3.13 Input switch control register (ISC).
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6.2.1 Timer/counter register On (TCROnN)
The TCROnN register 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 MDON3 to
MDONO bits of timer mode register On (TMRON) (see 6.3.3 Timer mode register On (TMROnR)).

Figure 6-6. Format of Timer/Counter Register On (TCROn)

Address: FO180H, FO181H (TCRO00) to FO18EH, FO18FH (TCRO7)  After reset: FFFFH R

FO181H (TCROO) FO180H (TCRO0)

15 14 13 12 11 10 9 8 7 6

e | | [ L P PP

Remark n: Channel number (n =0 to 7)

The count value can be read by reading timer/counter register On (TCROn).

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 0 (PERO) is cleared

¢ When counting of the slave channel has been completed in the PWM output mode

¢ When counting of the slave channel has been completed in the delay count mode

¢ When counting of the master/slave channel has been completed in the one-shot pulse output mode
¢ When counting of the slave channel has been completed in the multiple PWM output mode
The count value is cleared to 0000H in the following cases.

¢ When the start trigger is input in the capture mode

e When capturing has been completed in the capture mode

Caution The count value is not captured to timer data register On (TDROn) even when the TCROn register is

read.
The TCROn register read value differs as follows according to operation mode changes and the operating status.

Table 6-3. Timer/counter Register On (TCRONn) Read Value in Various Operation Modes

Operation Mode Count Mode Timer/counter Register On (TCRON) Read ValueN°t
Value if the Value if the operation Value if the operation Value when waiting
operation mode was restarted after mode was changed for a start trigger
was changed after count operation after count operation after one count
releasing reset paused (TTOn = 1) paused (TTOn = 1)
Interval timer Count down FFFFH Value if stop Undefined -
mode
Capture mode Count up 0000H Value if stop Undefined -
Event counter Count down FFFFH Value if stop Undefined -
mode
One-count mode | Count down FFFFH Value if stop Undefined FFFFH
Capture & one- Count up 0000H Value if stop Undefined Capture value of
count mode TDRON register + 1

Note This indicates the value read from the TCROnN register when channel n has stopped operating as a timer (TEOn =

0) and has been enabled to operate as a counter (TSOn = 1). The read value is held in the TCROn register until

the count operation starts.

Remark n: Channel number (n =0 to 7)
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6.2.2 Timer data register On (TDRON)

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 MDONn3 to MDONO bits of
timer mode register On (TMRON).

The value of the TDRON register can be changed at any time.

This register can be read or written in 16-bit units.

In addition, for the TDR01 and TDRO3 registers, while in the 8-bit timer mode (when the SPLIT 01,SPLITO03 bits of timer
mode registers 01 and 03 (TMRO01, TMRO03) are 1), it is possible to read and write the data in 8-bit units, with TDR01H and
TDRO3H used as the higher 8 bits, and TDRO1L and TDRO3L used as the lower 8 bits.

Reset signal generation clears this register to 0000H.

Figure 6-7. Format of Timer Data Register On (TDROn) (n =0, 2, 4 to 7)

Address: FFF18H, FFF19H (TDRO00), FFF64H, FFF65H (TDR02),  After reset: 0000H R/W
FFF68H, FFF69H (TDRO04) to FFF6EH, FFF6FH (TDRO07)

FFF19H (TDRO0O0) FFF18H (TDRO0O)

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

oen | | [ TP T

Figure 6-8. Format of Timer Data Register On (TDRON) (n =1, 3)

Address: FFF1AH, FFF1BH (TDRO01), FFF66H, FFF67H (TDRO3)  After reset: 0000H R/W

FFF1BH (TDRO1H) FFF1AH (TDRO1L)

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

oen | | [ TP T

(i) When timer data register On (TDRON) is used as compare register
Counting down is started from the value set to the TDROnN register. When the count value reaches 0000H, an
interrupt signal (INTTMOn) is generated. The TDROn register holds its value until it is rewritten.

Caution The TDROnN register does not perform a capture operation even if a capture trigger is input,
when it is set to the compare function.

(ii) When timer data register On (TDRON) is used as capture register
The count value of timer/counter register On (TCROn) is captured to the TDROn register when the capture
trigger is input.
A valid edge of the TIOn pin can be selected as the capture trigger. This selection is made by timer mode
register On (TMROnN).

Remark n: Channel number (n=3,5, 6, 7)
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6.3 Registers Controlling Timer Array Unit

Timer array unit is controlled by the following registers.

¢ Peripheral enable register 0 (PERO)

o Timer clock select register 0 (TPS0)

¢ Timer mode register On (TMRON)

o Timer status register On (TSROnN)

e Timer channel enable status register 0 (TEO)
¢ Timer channel start register 0 (TSO0)

e Timer channel stop register 0 (TTO)

e Timer input select register 0 (TIS0)

¢ Timer output enable register 0 (TOEO)
o Timer output register 0 (TOO0)

o Timer output level register 0 (TOLO)

¢ Timer output mode register 0 (TOMO)
e Input switch control register (ISC)

* Noise filter enable register 1 (NFEN1)
e Port mode register (PM0, PM03)Note

e Port register (PO, P3)Note

Note Which registers and bits are included depends on the product. Be sure to set bits that are not mounted to their
initial values. Note, however, that this does not apply to the bits having undefined values which are specified in

the caution of Figure 4-1 Format of Port Mode Register.

Remark n: Channel number (n =0 to 7)
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6.3.1 Peripheral enable register 0 (PERO)

This registers 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 the timer array unit is used, be sure to set bit 0 (TAUOEN) of this register to 1.

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 6-9. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> 3 <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
TAUOEN Control of timer array unit input clock
0 Stops supply of input clock.

e SFR used by the timer array unit cannot be written.
e The timer array unit is in the reset status.

1 Supplies input clock.
e SFR used by the timer array unit can be read/written.

Cautions 1. When setting the timer array unit, be sure to set the following registers first while the TAUOEN bit
is set to 1. If TAUOEN = 0, the values of the registers which control the timer array unit are
cleared to their initial values and writing to them is ignored (except for the timer input select
register 0 (TISO), input switch control register (ISC), noise filter enable register 1 (NFEN1), port
mode registers 0, 3 (PMO0, PM3), and port registers 0, 3 (PO, P3)).

e Timer clock select register 0 (TPSO0)
e Timer mode register On (TMROnN)
e Timer status register On (TSROnN)
¢ Timer channel enable status register 0 (TEO)
¢ Timer channel start register 0 (TSO0)
e Timer channel stop register 0 (TTO0)
o Timer output enable register 0 (TOEO)
o Timer output register 0 (TO0)
e Timer output level register 0 (TOLO0)
¢ Timer output mode register 0 (TOMO)
2. Be sure to clear the bits 1, 3, and 6 to “0”.
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6.3.2 Timer clock select register 0 (TPSO0)

The TPSO register is a 16-bit register that is used to select two types or four types of operation clocks (CK00, CKO1,
CKO02, CK03) that are commonly supplied to each channel. CKOO is selected by using bits 3 to 0 of the TPSO register, and
CKO1 is selected by using bits 7 to 4 of the TPSO register. In addition, only for channels 1 and 3, CK02 and CKO03 can be
also selected. CKO2 is selected by using bits 9 and 8 of the TPSO0 register, and CKO03 is selected by using bits 13 and 12
of the TPSO register.

Rewriting of the TPSO register during timer operation is possible only in the following cases.

If the PRS000 to PRS003 bits can be rewritten (n = 0 to 7):
All channels for which CKOO is selected as the operation clock (CKSOn1, CKSOn0 = 0, 0) are stopped (TEOn = 0).

If the PRS010 to PRS013 bits can be rewritten (n = 0 to 7):
All channels for which CKO01 is selected as the operation clock (CKSOn1, CKSOn0 = 0, 1) are stopped (TEOn = 0).

If the PRS020 and PRS021 bits can be rewritten (n = 1, 3):
All channels for which CK02 is selected as the operation clock (CKSOn1, CKSOnO0 = 1, 0) are stopped (TEOn = 0).

If the PRS030 and PRS031 bits can be rewritten (n = 1, 3):
All channels for which CKO03 is selected as the operation clock (CKSOn1, CKSOn0 = 1, 1) are stopped (TEOn = 0).

The TPSO register can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.
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Figure 6-10. Format of Timer Clock Select register 0 (TPS0) (1/2)

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 0 0 PRS | PRS 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
031 | 030 021 | 020 | 013 | 012 | 011 | 010 | 003 | 002 | 001 | 000
PRS | PRS | PRS | PRS Selection of operation clock (CKOk)N°t® (k = 0, 1)
Ok3 | Ok2 | Ok1 | OkO fok= 2 MHz | fo= 5 MHz |feik = 10 MHz | fewk = 20 MHz | few = 32 MHz

0 0 0 0 |fox 2 MHz 5 MHz 10 MHz 20 MHz 32 MHz

0 0 0 1 fok/2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz

0 0 1 0 | fow/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 8 MHz

0 0 1 1 fork/23 250 kHz 625 kHz 1.25 MHz 2.5 MHz 4 MHz

0 1 0 0 | fows2* 125 kHz 313 kHz 625 kHz 1.25 MHz 2 MHz

0 1 0 1 for/2® 62.5 kHz 156 kHz 313 kHz 625 kHz 1 MHz

0 1 1 0 | fow/28 31.3 kHz 78.1 kHz 156 kHz 313 kHz 500 kHz

0 1 1 1 fow/2” 15.6 kHz 39.1 kHz 78.1 kHz 156 kHz 250 kHz

1 0 0 0 |fox/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 125 kHz

1 0 0 1 foLw/2® 3.91 kHz 9.77 kHz 19.5 kHz 39.1 kHz 62.5 kHz

1 0 1 0 | fox/2° 1.95 kHz 4.88 kHz 9.77 kHz 19.5 kHz 31.3 kHz

1 0 1 1 fow/2' 977 Hz 2.44 kHz 4.88 kHz 9.77 kHz 15.6 kHz

1 1 0 0 |fox/2? 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz

1 1 0 1 fok/2'3 244 Hz 610 Hz 1.22 kHz 2.44 kHz 3.91 kHz

1 1 1 0 | fo/2™ 122 Hz 305 Hz 610 Hz 1.22 kHz 1.95 kHz

1 1 1 1 fork/2'® 61.0 Hz 153 Hz 305 Hz 610 Hz 977 Hz

Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value), stop
timer array unit (TTO = 00FFH).

Cautions 1. Be sure to clear bits 15, 14, 11, 10 to “0”.
2. If fck (undivided) is selected as the operation clock (CKmk) and TDRnm is set to 0000H (n =0 or 1,
m = 0 to 7), interrupt requests output from timer array units cannot be used.

Remarks 1. fck: CPU/peripheral hardware clock frequency
2. Waveform of the clock to be selected in the TPSm register which becomes high level for one period of
fcik from its rising edge (m = 1 to 15). For details, see 6.5.1 Count clock (frcik).
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Address: FO1B6H, FO1B7H

Symbol
TPSO

Note

Figure 6-10. Format of Timer Clock Select register 0 (TPS0) (2/2)

After reset: 0000H R/W
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 0 |PRS|PRS| 0 0 |PRS|PRS |PRS |PRS | PRS | PRS | PRS | PRS | PRS | PRS
031 | 030 021 | 020 | 013 | 012 | 011 | 010 | 003 | 002 | 001 | 00O
PRS | PRS Selection of operation clock (CK02)Nete
021 | 020 fork= 2 MHz | foik= 5 MHz |feik= 10 MHz |fowk = 20 MHz | fek = 32 MHz
0 0 | fow2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz
0 1| fod2? 500 kHz 1.25MHz | 2.5 MHz 5 MHz 8 MHz
1 0 | fows2t 125 kHz 313 kHz 625MHz | 125MHz |2 MHz
1 1| fo28 31.3kHZ | 78.1 kHz 156 kHz 313 kHz 500 kHZ
PRS | PRS Selection of operation clock (CK03)Nete
031 | 030 fork= 2 MHz | foik= 5 MHz |feik= 10 MHz |fowk = 20 MHz | fek = 32 MHz
0 0 | foww/28 7.81 kHz 195kHz  |39.1kHz | 78.1kHz 125 kHz
0 1 | o2 195kHz  |4.88kHz | 977kHz |195kHz  |31.3kHz
1 0 | fow2? 488 Hz 1.22kHz  |244KkHz |4.88kHz | 7.81kHz
1 1| o™ 122 HZ 305 Hz 610 Hz 122kHz | 1.95KkHZ

When changing the clock selected for fcik (by changing the system clock control register (CKC) value), stop
timer array unit (TTO = O0FFH).

The timer array unit must also be stopped if the operating clock (fuck) or the valid edge of the signal input from

the TIOn pin is selected.

Caution Be sure to clear bits 15, 14, 11, 10 to “0”.

Remark fcik: CPU/peripheral hardware clock frequency

By using channels 1 and 3 in the 8-bit timer mode and specifying CK02 or CK03 as the operation clock, the interval

times shown in Table 6-4 can be achieved by using the interval timer function.

Table 6-4. Interval Times Available for Operation Clock CKS02 or CKS03

Clock

Interval TimeN°*® (fcuk = 32 MHz)

10 us

100 us

1ms

10 ms

CK02

foLk/2

foLk/22

fok/24

foLk/28

2 |2 |2 | <

CKO03

fok/28

fow/2'°

2 |2 <2<

fok/212

fok/2'

< |2 <2 =

Note The margin is within 5 %.

Remarks 1. fcik: CPU/peripheral hardware clock frequency

2. For details of a signal of fcLk/2) selected with the TPSO0 register, see 6.5.1 Count clock (frcLk).
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6.3.3 Timer mode register On (TMROnN)

The TMROnN register sets an operation mode of channel n. This register is used to select the operation clock (fmck),
select the count clock, select the master/slave, select the 16 or 8-bit timer (only for channels 1 and 3), specify the start
trigger and capture trigger, select the valid edge of the timer input, and specify the operation mode (interval, capture, event
counter, one-count, or capture and one-count).

Rewriting the TMRON register is prohibited when the register is in operation (when TEOn = 1). However, bits 7 and 6
(CISOn1, CISONnO0) can be rewritten even while the register is operating with some functions (when TEOn = 1) (for details,
see 6.8 Independent Channel Operation Function of Timer Array Unit and 6.9 Simultaneous Channel Operation
Function of Timer Array Unit.

The TMRON register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Caution The bits mounted depend on the channels in the bit 11 of TMROnN register.
TMRO02, TMR04, TMRO06: MASTERON bit (n = 2, 4, 6)
TMRO1, TMRO3: SPLITOn bit (n =1, 3)
TMRO00, TMRO5, TMRO7: Fixed to 0
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Figure 6-11. Format of Timer Mode Register On (TMRON) (1/4)

Address: FO190H, FO191H (TMRO00) ) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=2,4,6)] On1 | OnO On | ERON| On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | SPLUT | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=1,3) On1 | OnO On On On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
Symbol 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | QNete | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=0,57) | On1 | ONO On On2 | On1 | OnO | On1 | ONnO On3 | On2 | On1 | OnO
CKS | CKS Selection of operation clock (fvck) of channel n
On1 | OnO
0 0 Operation clock CKOO set by timer clock select register 0 (TPS0)
0 1 Operation clock CK02 set by timer clock select register 0 (TPSO0)
1 0 Operation clock CKO1 set by timer clock select register 0 (TPS0)
1 1 Operation clock CK03 set by timer clock select register 0 (TPSO0)

Operation clock (fuck ) is used by the edge detector. A count clock (frcik) and a sampling clock are generated
depending on the setting of the CCSOn bit.
The operation clocks CK02 and CKO3 can only be selected for channels 1 and 3.

CCS Selection of count clock (frck) of channel n
On

0 Operation clock (fmck) specified by the CKSOn0 and CKSO0n1 bits

1 Valid edge of input signal input from the TIOn pin
In channel 5, Valid edge of input signal selected by TISO

In channel 7, Valid edge of input signal selected by ISC

Count clock (frewk) is used for the counter, output controller, and interrupt controller.

Note Bit 11 is fixed at O of read only, write is ignored.

Cautions 1. Be sure to clear bits 13, 5, and 4 to “0”.

2. The timer array unit must be stopped (TT0 = 00FFH) if the clock selected for fck is changed (by
changing the value of the system clock control register (CKC)), even if the operating clock
specified by using the CKSOn0 and CKSO0n1 bits (fuck) or the valid edge of the signal input from
the TIOn pin is selected as the count clock (frcLk).

Remark n: Channel number (n =0 to 7)
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Figure 6-11. Format of Timer Mode Register On (TMROR) (2/4)

Address: FO190H, FO191H (TMRO00) ) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=2,4,6)] On1 | OnO On | ERON| On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | SPLUT | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=1,3) On1 | OnO On On On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
Symbol 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
TMROnN CKS | CKS 0 CCS |QNete | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=0,57) | On1 | ONO On On2 | On1 | OnO | On1 | ONnO On3 | On2 | On1 | OnO

(Bit 11 of TMRON (n = 2, 4, 6))

MAS Selection between using channel n independently or
TER simultaneously with another channel(as a slave or master)
On

0 Operates in independent channel operation function or as slave channel in simultaneous channel operation
function.

1 Operates as master channel in simultaneous channel operation function.

Only the channel 2, 4, 6 can be set as a master channel (MASTEROn = 1).

Be sure to use channel 0, 5, 7 are fixed to O (Regardless of the bit setting, channel 0 operates as master, because it
is the highest channel).

Clear the MASTERON bit to O for a channel that is used with the independent channel operation function.

(Bit 11 of TMRON (n = 1, 3))

SPLI Selection of 8 or 16-bit timer operation for channels 1 and 3
TOn

0 Operates as 16-bit timer.
(Operates in independent channel operation function or as slave channel in simultaneous channel operation
function.)

1 Operates as 8-bit timer.

STS | STS | STS Setting of start trigger or capture trigger of channel n
On2 | On1 | OnO
0 0 0 Only software trigger start is valid (other trigger sources are unselected).
0 0 1 Valid edge of the TIOn pin input is used as both the start trigger and capture trigger.
0 1 0 Both the edges of the TIOn 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).

Other than above | Setting prohibited

Note Bit 11 is fixed at O of read only, write is ignored.

Remark n: Channel number (n =0 to 7)
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Figure 6-11. Format of Timer Mode Register On (TMRON) (3/4)

Address: FO190H, FO191H (TMR00) ) to FO19EH, FO19FH (TMRO07)

Symbol

TMRON
(n=2,4,6)

Symbol

TMRON
(n=1,3)

Symbol

TMRON
(n=0,5,7)

After reset: 0000H R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS |MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
On1 | OnO On EROn | On2 | On1 On0 | On1 0n0 On3 | On2 | On1 0n0

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS | SPLIT| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
On1 | OnO On On On2 | On1 On0 | On1 (0]]0] On3 | On2 | On1 (0[]0]

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS 0 STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
On1 | OnO On On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
CIS | CIS Selection of TIOn pin input valid edge
On1 | OnO

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

Both edges (when high-level width is measured)
Start trigger: Rising edge, Capture trigger: Falling edge

If both the edges are specified when the value of the STSOn2 to STSONO bits is other than 010B, set the CISOn1 to
CISO0nO0 bits to 10B.

MD | MD | MD Operation mode of channel n Corresponding function Count operation of
On3 | On2 | On1 TCR
0 0 0 Interval timer mode Interval timer/Square wave output/ Counting down
Divider function/PWM output
(master)
0 1 0 Capture mode Input pulse interval measurement Counting up
0 1 1 Event counter mode External event counter Counting down
1 0 0 One-count mode Delay counter/One-shot pulse output/ | Counting down
PWM output (slave)
1 1 0 Capture & one-count mode Measurement of high-/low-level width | Counting up

of input signal

Other than above

Setting prohibited

The operation of each mode varies depending on MDONO bit (see the table on the next page).

Note Bit 11 is fixed at O of read only, write is ignored.

Remark n: Channel number (n =0 to 7)
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Figure 6-11. Format of Timer Mode Register On (TMRON) (4/4)

Address: FO190H, FO191H (TMRO00) ) to FO19EH, FO19FH (TMRO7)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=2,4,6)] On1 | OnO On | ERON| On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON CKS | CKS 0 CCS | SPLUT | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=1,3) On1 | OnO On On On2 | On1 | OnO | On1 | ONO On3 | On2 | On1 | OnO
Symbol 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
TMROnN CKS | CKS 0 CCS |QNete? | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=0,57) | On1 | ONO On On2 | On1 | OnO | On1 | ONnO On3 | On2 | On1 | OnO
Operation mode MD Setting of starting counting and interrupt
(Value set by the MDOn3 to MDOn1 bits 0on0
(see the table on the previous page)
e Interval timer mode 0 | Timer interrupt is not generated when counting is started
(0, 0,0) (timer output does not change, either).
e Capture mode 1 Timer interrupt is generated when counting is started
(0,1,0) (timer output also changes).
e Event counter mode 0 | Timer interrupt is not generated when counting is started
0,1,1) (timer output does not change, either).
e One-count modeNete2 0 | Start trigger is invalid during counting operation.
(1,0,0) At that time, interrupt is not generated.
1 | Start trigger is valid during counting operationN°te 3,
At that time, interrupt is not generated.
e Capture & one-count mode 0 | Timer interrupt is not generated when counting is started
(1,1,0) (timer output does not change, either).
Start trigger is invalid during counting operation.
At that time interrupt is not generated.
Other than above Setting prohibited
Notes 1. Bit 11 is fixed at 0 of read only, write is ignored.

2. In one-count mode, interrupt output (INTTMONn) when starting a count operation and TOOn output are not
controlled.

3. If the start trigger (TSOn = 1) is issued during operation, the counter is initialized, an interrupt is generated,
and recounting is started (does not occur the interrupt request).

Remark n: Channel number (n =0 to 7)
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6.3.4 Timer status register On (TSROnN)
The TSRO register indicates the overflow status of the counter of channel n.
The TSROn register is valid only in the capture mode (MDOn3 to MDOn1 = 010B) and capture & one-count mode

(MDONn3 to MDOn1 = 110B).

conditions.

The TSRO register can be read by a 16-bit memory manipulation instruction.
The lower 8 bits of the TSROnN register can be read with an 8-bit memory manipulation instruction with TSROnL.

Reset signal generation clears this register to 0000H.

Figure 6-12. Format of Timer Status Register On (TSROn)

Address: FO1AOH, FO1A1H (TSR00) to FO1AEH, FO1AFH (TSR07)  After reset: 0000H R

See Table 6-5 for the operation of the OVF bit in each operation mode and set/clear

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSRON |O‘O‘O‘0‘0|0‘0‘0‘0‘0‘0‘0‘0‘0|0‘OVF‘
OVF Counter overflow status of channel n
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.
Remark n: Channel number (n=0to 7)
Table 6-5. OVF Bit Operation and Set/Clear Conditions in Each Operation Mode
Timer Operation Mode OVF Bit Set/Clear Conditions
e Capture mode clear When no overflow has occurred upon capturing
* Capture & one-count mode set When an overflow has occurred upon capturing
o Interval timer mode clear
e Event counter mode t .
se (Use prohibited)
e One-count mode
Remark The OVF bit does not change immediately after the counter has overflowed, but changes upon the

subsequent capture.
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6.3.5 Timer channel enable status register 0 (TEO)

The TEO register is used to enable or stop the timer operation of each channel.

Each bit of the TEO register corresponds to each bit of the timer channel start register 0 (TS0) and the timer channel
stop register 0 (TT0). When a bit of the TSO register is set to 1, the corresponding bit of this register is set to 1. When a
bit of the TTO register is set to 1, the corresponding bit of this register is cleared to 0.

The TEO register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TEO register can be read with a 1-bit or 8-bit memory manipulation instruction with TEOL.

Reset signal generation clears this register to 0000H.

Figure 6-13. 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 ‘TEH03| 0 ‘TEH01‘ 0 ‘ TEO7 ‘ TEO06 ‘ TEO05 ‘ TEO4 ‘ TEO3 ‘ TEO02 | TEO1 ‘ TEOO ‘

TEH | Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 3 is in the 8-bit
03 timer mode

0 Operation is stopped.

1 Operation is enabled.

TEH | Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 1 is in the 8-bit
01 timer mode

0 Operation is stopped.

1 Operation is enabled.

TEOn Indication of operation enable/stop status of channel n

0 Operation is stopped.

1 Operation is enabled.

This bit displays whether operation of the lower 8-bit timer for TE01 and TE03 is enabled or stopped when channel
1 or 3 is in the 8-bit timer mode.

Remark n: Channel number (n =0 to 7)
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6.3.6 Timer channel start register 0 (TSO0)

The TSO register is a trigger register that is used to clear timer/counter register On (TCROn) and start the counting
operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register 0 (TEO) is set to 1.
The TSOn, TSHO1, TSHO3 bits are immediately cleared when operation is enabled (TEOn, TEHO1, TEHO03 = 1), because
they are trigger bits.

The TSO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TS0 register can be set with a 1-bit or 8-bit memory manipulation instruction with TSOL.

Reset signal generation clears this register to 0000H.

Figure 6-14. Format of Timer Channel Start register 0 (TSO0)

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 ‘TSH03| 0 ‘TSH01‘ 0 ‘ TS07 ‘ TS06 ‘ TS05 ‘ TS04 ‘ TS03 ‘ TS02 | TS01 ‘ TS00 ‘

TSH |Trigger to enable operation (start operation) of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
03

0 No trigger operation

1 The TEHO3 bit is set to 1 and the count operation becomes enabled.
The TCRO3 register count operation start in the interval timer mode in the count operation enabled state
(see Table 6-6).

TSH |Trigger to enable operation (start operation) of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
01

0 No trigger operation

1 The TEHO1 bit is set to 1 and the count operation becomes enabled.
The TCRO1 register count operation start in the interval timer mode in the count operation enabled state
(see Table 6-6).

TSOn Operation enable (start) trigger of channel n

0 No trigger operation

1 The TEOn bit is set to 1 and the count operation becomes enabled.

The TCROnN register count operation start in the count operation enabled state varies depending on each
operation mode (see Table 6-6).

This bit is the trigger to enable operation (start operation) of the lower 8-bit timer for TS01 and TS03 when
channel 1 or 3 is in the 8-bit timer mode.

Cautions 1. Be sure to clear bits 15 to 12, 10, 8 to “0”
2. When switching from a function that does not use TIOn pin input to one that does, the following
wait period is required from when timer mode register On (TMRON) is set until the TSOn (TSHO01,
TSHO03) bit is set to 1.
When the TIOn pin noise filter is enabled (TNFENOn = 1): Four cycles of the operation clock (fvck)
When the TIOn pin noise filter is disabled (TNFENOn = 0): Two cycles of the operation clock (fuck)

Remarks 1. When the TSO register is read, 0 is always read.
2. n: Channel number (n=0to 7)
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6.3.7 Timer channel stop register 0 (TTO)
The TTO register is a trigger register that is used to stop the counting operation of each channel.
When a bit of this register is set to 1, the corresponding bit of timer channel enable status register 0 (TEO) is cleared to
0. The TTOn, TTHO1, TTHO3 bits are immediately cleared when operation is stopped (TEOn, TEHO1, TEHO3 = 0),
because they are trigger bits.
The TTO register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TTO register can be set with a 1-bit or 8-bit memory manipulation instruction with TTOL.
Reset signal generation clears this register to 0000H.

Figure 6-15. 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 ‘TTH03| 0 ‘TTH01‘ 0 ‘ TTO7 ‘ TTO6 ‘ TTO5 ‘ TT04 ‘ TTO3 ‘ TT02 | TTO1 ‘ TTOO ‘
TTH Trigger to stop operation of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
03
0 No trigger operation
1 TEHO3 bit is cleared to 0 and the count operation is stopped.
TTH Trigger to stop operation of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
01
0 No trigger operation
1 TEHO1 bit is cleared to 0 and the count operation is stopped.
TTOn Operation stop trigger of channel n
0 No trigger operation
1 TEOn bit is cleared to 0 and the count operation is stopped.
This bit is the trigger to stop operation of the lower 8-bit timer for TTO1 and TT03 when channel 1 or 3 is in
the 8-bit timer mode.

Caution Be sure to clear bits 15 to 12, 10, 8 of the TTO register to “0”.

Remarks 1. When the TTO register is read, 0 is always read.
2. n: Channel number (n=0to 7)
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6.3.8 Timer input select register 0 (TIS0)
The TISO register is used to select the channel 5 timer input.
The TISO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-16. Format of Timer Input Select register 0 (TIS0)

Address: FOO74H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TISO 0 0 0 0 0 [ TIS02 ’ TISO1 TIS00
TIS02 TISO1 TIS00 Selection of timer input used with channel 5
0 0 0 Input signal of timer input pin (T105)
0 0 1
0 1 0
0 1 1
1 0 0 Low-speed on-chip oscillator clock (fi.)
1 0 1 Subsystem clock (fsus)
Other than above Setting prohibited

Caution High-level width, low-level width of timer input is selected, will require more than 1/fuck +10 ns.
Therefore, when selecting fsus to fcLk (CSS bit of CKC register = 1), can not TIS02 bit set to 1.
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6.3.9 Timer output enable register 0 (TOEO)
The TOEO register 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 TOOn bit of timer output
register 0 (TOO) 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 (TOOn).
The TOEDO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOEQO register can be set with a 1-bit or 8-bit memory manipulation instruction with TOEOL.

Reset signal generation clears this register to 0000H.

Figure 6-17. Format of Timer Output Enable register 0 (TOEO)

Address: FO1BAH, FO1BBH  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 3
TOEO 0 0 0 0 0 0 0 0 0 TOE | TOE TOE
06 05 03
TOE Timer output enable/disable of channel n
On

0 Disable output of timer.
Without reflecting on TOOn bit timer operation, to fixed the output.

Writing to the TOON bit is enabled and the level set in the TOON bit is output from the TOON pin.

1 Enable output of timer.

Writing to the TOON bit is disabled (writing is ignored).

Reflected in the TOON bit timer operation, to generate the output waveform.

Caution Be sure to clear bits 15to 7, 4, and 2 to 0 to “0”.

Remark n: Channel number (n =3, 5, 6)
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6.3.10 Timer output register 0 (TOO0)

The TOO register 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 (TOOn) of each channel.

The TOON bit of this register can be rewritten by software only when timer output is disabled (TOEOn = 0). When timer
output is enabled (TOEONn = 1), rewriting this register by software is ignored, and the value is changed only by the timer

operation.

To use the P31/T103/TO03, PO5/T105/TO05, or PO6/TI06/TO06 pin as a port function pin, set the corresponding TOOn

bit to “0”.

The TOO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOO register can be set with an 8-bit memory manipulation instruction with TOOL.

Reset signal generation clears this register to 0000H.

Figure 6-18. 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 3
TOO 0 0 0 0 0 0 0 0 0 TO TO TO
06 05 03
TOO Timer output of channel n
n
0 Timer output value is “0”.
1 Timer output value is “1”.

Caution Be sure to clear bits 15to 7, 4, and 2 to 0 to “0”.

Remark n: Channel number (n =3, 5, 6)
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6.3.11 Timer

output level register 0 (TOLO)

The TOLO register 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 (TOEOn = 1) in the Slave channel output mode (TOMOn = 1).

channel outpu

t mode (TOMOnN = 0), this register setting is invalid.

The TOLO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOLO register can be set with an 8-bit memory manipulation instruction with TOLOL.

Reset signal generation clears this register to 0000H.

Figure 6-19. Format of Timer Output Level register 0 (TOLO)

Address: FO1BCH, FO1BDH  After reset: 0000H R/W

In the master

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1
TOLO 0 0 0 0 0 0 0 0 0 TOL | TOL 0 TOL 0 0
06 05 03
TOL Control of timer output level of channel n

On

0 Positive logic output (active-high)

1 Inverted output (active-low)
Caution Be sure to clear bits 15to 7, 4, and 2 to 0 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: Channel number (n =3, 5, 6)
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6.3.12 Timer output mode register 0 (TOMO)
The TOMO register 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 (PWM output, one-shot pulse output, or
multiple PWM output), 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 by this register is reflected at the timing when the timer output signal is set or reset while

the timer output is enabled (TOEOn = 1).

The TOMO register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOMO register can be set with an 8-bit memory manipulation instruction with TOMOL.

Reset signal generation clears this register to 0000H.

Address: FO1BEH, FO1BFH  After reset: 0000H R/W

Symbol
TOMO

Figure 6-20. Format of Timer Output Mode register 0 (TOMO)

15 14 13 12 1" 10 9 8 7 6 5 3
0 0 0 0 0 0 0 0 0 TOM | TOM TOM
06 05 03
TOM Control of timer output mode of channel n
On
0 Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMOn))

Slave channel output mode (output is set by the timer interrupt request signal (INTTMOn) of the master
channel, and reset by the timer interrupt request signal (INTTMOp) of the slave channel)

Caution Be sure to clear bits 15to 7, 4, and 2 to 0 to “0”.

Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number (n < p < 6)

(For details of the relation between the master channel and slave channel, see 6.4.1

simultaneous channel operation function.)

Basic rules of
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6.3.13 Input switch control register (ISC)

The ISC1 and ISCO bits of the ISC register are used to set whether to assign TI07 and INTPO pins to P11/RxD0 pin.

The ISC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-21. Format of Input Switch Control Register (ISC)

Address: FOO73H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ISC 0 0 0 0 0 ‘ 0 ‘ ISC1 ISCO
ISC1 Switching channel 7 input of timer array unit
0 Do not use a timer input signal for channel 7.
1 Input signal of the P11/RxDO pin is used as timer input.

(for LIN-bus to detect the wakeup signal and to measure the low width of the break field and the
pulse width of the sync field, and for DMX512 to measure each signal width).

ISCO Switching external interrupt (INTPO) input
0 Uses the input signal of the INTPO pin as an external interrupt (normal operation).
1 Uses the input signal of the P11/RxDO0 pin as an external interrupt.

(for LIN-bus to detect wakeup signal, and for DMX512 to detect BREAK signal).

Caution Be sure to clear bits 7 to 2 to “0”.

Remark When the LIN-bus and DMX512 communication function is used, select the input signal of the RxDO pin by

setting ISC1 to 1.
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6.3.14 Noise filter enable register 1 (NFEN1)

The NFEN1 register is 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 enabled, after synchronization with the operating clock (fuck) for the target channel, whether the

signal keeps the same value for two clock cycles is detected. When the noise filter is disabled, the input signal is only

synchronized with the operating clock (fuck) for the target channel.
The NFEN1 registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 6-22. Format of Noise Filter Enable Register 1 (NFEN1)

Address: FOO71H  After reset: 00H R/W

Symbol 7

6 5 4 3 2 1

NFEN1 TNFENO7

TNFENO6 TNFENO5 0 TNFENO3 0 0

TNFENO7

Enable/disable using noise filter of TIO7 (P11/RxD0) pin input signalN°te

0

Noise filter OFF

1

Noise filter ON

TNFENO6

Enable/disable using noise filter of TI06 pin input signal

0

Noise filter OFF

1

Noise filter ON

TNFENO5

Enable/disable using noise filter of TI05 pin input signal

0

Noise filter OFF

1

Noise filter ON

TNFENO3

Enable/disable using noise filter of TIO3 pin input signal

0

Noise filter OFF

1

Noise filter ON

Note When P11/RxD0 pin is made to become applicable, set the ISC1 bit of the input switch control register (ISC) to 1.

Remark The presence or absence of timer I/O pins of channel 0 to 7 depends on the product. See Table 6-2 Timer

I/0 Pins provided in Each Product for details.
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6.3.15 Registers controlling port functions of pins to be used for timer 1/O

Using port pins for the timer array unit functions requires setting of the registers that control the port functions
multiplexed on the target pins (port mode register (PMxx) and port register (Pxx)). For details, see 4.3.1 Port mode
registers (PMxx) and 4.3.2 Port registers (Pxx).

The port mode register (PMxx) and port register (Pxx) to be set depend on the product. For details, see 4.5.3
Register setting examples for used port and alternate functions.

When using the ports (P31/T103/TO03, P05/TI05/TO05 and P06/TI06/TO06) 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 P31/T103/TO03 for timer output
Set the PM31 bit of port mode register 3 to 0.
Set the P31 bit of port register 3 to 0.

When using the ports (P31/T103/TO03, P05/TI05/TO05 and P06/TI06/TO06) to be shared with the timer input 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/T103/TOO03 for timer output
Set the PM31 bit of port mode register 3 to 1.
Set the P31 bit of port register 3 to 1.
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6.4 Basic Rules of Timer Array Unit

6.4.1 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.

(1
)
©)

(4)

®)

(6)

)
(8)

©)

Only an even channel (channels 0, 2, 4, etc.) can be set as a master channel.

Any channel, except channel 0, can be set as a slave channel.

Only channels whose number is greater than the master channel can be set as a slave channel.

Example: If channel 2 is set as a master channel, channel 3 can be set as a slave channel. If channel 4 is set as
a master channel, channels 5 and 6 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 2 and 4 are set as master channels, channel 3 can be set as the slave channels of master
channel 2. Channels 5 and 6 cannot be set as the slave channels of master channel 2.

The operating clock for a slave channel in combination with a master channel must be the same as that of the
master channel. The CKSOn0, CKSOn1 bits (bit 15, 14 of timer mode register On (TMRON)) of the slave channel
that operates in combination with the master channel must be the same value as that of the master channel.

A master channel can transmit INTTMOn (interrupt), start software trigger, and count clock to the lower channels.

A slave channel can use INTTMOn (interrupt), a start software trigger, or the count clock of the master channel as a
source clock, but cannot transmit its own INTTMOn (interrupt), start software trigger, or count clock to channels
with lower channel numbers.

A master channel cannot use INTTMOn (interrupt), a start software trigger, or the count clock from the other higher
master channel as a source clock.

(10) To simultaneously start channels that operate in combination, the channel start trigger bit (TSOn) of the channels in

combination must be set at the same time.

(11) During the counting operation, a TSOn bit of a master channel or TSOn bits of all channels which are operating

simultaneously can be set. It cannot be applied to TSOn bits of slave channels alone.

(12) To stop the channels in combination simultaneously, the channel stop trigger bit (TTOn) of the channels in

combination must be set at the same time.

(13) CK02/CK03 cannot be selected while channels are operating simultaneously, because the operating clocks of

master channels and slave channels have to be synchronized.

(14) Timer mode register 00 (TMRO0O) has no master bit (it is fixed as “0”). However, as channel 0 is the highest

channel, it can be used as a master channel during simultaneous operation.

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 in this section do not apply to the channel groups.

Remark n: Channel number (n =0 to 7)
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Example

CKO00

CKO01

| Channel 3: Slave |

| Channel 2: Master | :\

| Channel 4: Master |

| Channel 5: Slave |

| Channel 6: Slave |

Channel group 1
(Simultaneous channel operation
function)

Channel group 2
(Simultaneous channel operation
function)

* The operating clock of channel group 1 may
be different from that of channel group 2.

RO1UHO169EJ0340 Rev.3.40

Mar 29, 2024

RRENESAS 197



RL78/11A CHAPTER 6 TIMER ARRAY UNIT

6.4.2 8-bit timer operation function overview (only channels 1 and 3)

The 8-bit timer operation function makes it possible to use a 16-bit timer channel in a configuration consisting of two 8-

bit timer channels.

This function can only be used for channels 1 and 3, and there are several rules for using it.

The basic rules for this function are as follows:

8)

©)

The 8-bit timer operation function applies only to channels 1 and 3.
When using 8-bit timers, set the SPLITOn bit of timer mode register On (TMROnN) to 1.
The higher 8 bits can be operated as the interval timer function.
At the start of operation, the higher 8 bits output INTTMO1H/INTTMO3H (an interrupt) (which is the same operation
performed when MDONO is set to 1).
The operation clock of the higher 8 bits is selected according to the CKSOn1 and CKSOnO bits of the lower-bit
TMROnN register.
For the higher 8 bits, the TSH10/TSHO03 bit is manipulated to start channel operation and the TTHO1/TTHO3 bit is
manipulated to stop channel operation. The channel status can be checked using the TEH01/TEHO3 bit.
The lower 8 bits operate according to the TMROnN register settings. The following three functions support operation
of the lower 8 bits:

Interval timer function/Square Wave Output Function

External event counter function (channel 3 only)

Delay count function (channel 3 only)

For the lower 8 bits, the TS01/TS03 bit is manipulated to start channel operation and the TT01/TTO03 bit is
manipulated to stop channel operation. The channel status can be checked using the TE01/TE03 bit.

During 16-bit operation, manipulating the TSHO1, TSHO03, TTHO1, and TTHO3 bits is invalid. The TS01, TS03,
TTO1, and TTO3 bits are manipulated to operate channels 1 and 3. The TEH03 and TEHO1 bits are not changed.

(10) For the 8-bit timer function, the simultaneous operation functions (one-shot pulse, PWM, and multiple PWM)

cannot be used.

Remark n: Channel number (n =1, 3)
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6.5 Operation of Counter

6.5.1 Count clock (frcik)
The count clock (frcik) of the timer array unit can be selected between following by CCSOn bit of timer mode register On
(TMROn).

¢ Operation clock (fmck) specified by the CKSOn0 and CKS0n1 bits
¢ Valid edge of input signal input from the TI0n pin

Because the timer array unit is designed to operate in synchronization with fcik, the timings of the count clock (frci)
are shown below.

(1) When operation clock (fuck) specified by the CKS0On0 and CKS0n1 bits is selected (CCS0n = 0)
The count clock (frcik) is between foik to feik /2% by setting of timer clock select register m (TPSm). When a
divided fcik is selected, however, the clock selected in TPSOn register, but a signal which becomes high level for
one period of fck from its rising edge. When a fcik is selected, fixed to high level.
Counting of timer count register On (TCROnN) delayed by one period of fck from rising edge of the count clock,
because of synchronization with fcik. But, this is described as “counting at rising edge of the count clock”, as a
matter of convenience.

Figure 6-23. Timing of fck and Count Clock (frcik) (When CCSOn = 0)

foue [ I I I A A Iy

(w2 T T
A A A A A A A A A A A A A A A A A A
fek/4 l |
‘ A A A A A A A A
TCLK
(= fwck fcLk/8 |
= CKOn) A A A A
fck/16 | l
. A A
N

Remarks 1. A: Rising edge of the count clock
A Synchronization, increment/decrement of counter
2. fck: CPU/peripheral hardware clock
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(2) When valid edge of input signal via the TIOn pin is selected (CCSOn = 1)
The count clock (frck) becomes the signal that detects valid edge of input signal via the TIOn pin and synchronizes
next rising fuck. The count clock (frcik) is delayed for 1 to 2 period of fmck from the input signal via the TIOn pin
(when a noise filter is used, the delay becomes 3 to 4 clock).
Counting of timer count register On (TCROn) delayed by one period of fcik from rising edge of the count clock,
because of synchronization with fcik. But, this is described as “counting at valid edge of input signal via the TIOn

pin”, as a matter of convenience.

Figure 6-24. Timing of fcLk and Count Clock (frcLk) (When CCSOn = 1, Noise Filter Unused)

fuck | [ ] [ I_és,ﬂ %IW .

TSOn (write) |_L
)

<1>

TEOn

(
TIon input m < %?ﬁ%_/\l

Sampling wave |
Edge detection { <3> Edge detection

Rising edge |— gg |

detection signal (frcik)
A A

<1> Setting TSOn bit to 1 enables the timer to be started and to become wait state for valid edge of input
signal via the TIOn pin.

<2> The rise of input signal via the TIOn pin is sampled by fuck.

<3> The edge is detected by the rising of the sampled signal and the detection signal (count clock) is output.

Remarks 1. A: Rising edge of the count clock
A: Synchronization, increment/decrement of counter
2. fck: CPU/peripheral hardware clock
fmck: Operation clock of channel n
3. The waveform of the input signal of the input pulse interval measurement, the measurement
of high/low width of input signal, and the delay counter are the same.
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6.5.2 Start timing of counter

Timer count register On (TCRON) becomes enabled to operation by setting of TSOn bit of timer channel start register 0

(TS0).

Operations from count operation enabled state to timer count Register On (TCROn) count start is shown in Table 6-6.

Table 6-6. Operations from Count Operation Enabled State to Timer count Register On (TCROn) Count Start

Timer Operation Mode

Operation When TSOn = 1 Is Set

Interval timer mode

No operation is carried out from start trigger detection (TSOn=1) until count clock
generation.

The first count clock loads the value of the TDRON register to the TCROn register
and the subsequent count clock performs count down operation (see 6.5.3 (1)
Operation of interval timer mode).

Event counter mode

Writing 1 to the TSOn bit loads the value of the TDROnN register to the TCROn
register.

If detect edge of TIOn input. The subsequent count clock performs count down
operation (see 6.5.3 (2) Operation of event counter mode).

Capture mode

No operation is carried out from start trigger detection (TSOn = 1) until count
clock generation.

The first count clock loads 0000H to the TCROn register and the subsequent
count clock performs count up operation (see 6.5.3 (3) Operation of capture
mode (input pulse interval measurement)).

One-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSOn bit while the
timer is stopped (TEOn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads the value of the TDRON register to the TCROn register
and the subsequent count clock performs count down operation (see 6.5.3 (4)
Operation of one-count mode).

Capture & one-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSOn bit while the
timer is stopped (TEOn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to the TCROnN register and the subsequent
count clock performs count up operation (see 6.5.3 (5) Operation of capture &
one-count mode (high-level width measurement)).
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6.5.3 Operation of counter
Here, the counter operation in each mode is explained.

(1) Operation of interval timer mode

<1> Operation is enabled (TEOn = 1) by writing 1 to the TSOn bit. Timer count register On (TCROnN) holds the initial
value until count clock generation.

<2> A start trigger is generated at the first count clock after operation is enabled.

<3> When the MDONO bit is set to 1, INTTMOn is generated by the start trigger.

<4> By the first count clock after the operation enable, the value of timer data register On (TDROn) is loaded to the
TCRON register and counting starts in the interval timer mode.

<5> When the TCROn register counts down and its count value is 0000H, INTTMOn is generated and the value of
timer data register On (TDRON) is loaded to the TCROnN register and counting keeps on.

Figure 6-25. Operation Timing (In Interval Timer Mode)

fmek
(frewk) /[— |_ g I_l
TSOn (write) N
<1>
TEOn <>
Start trigger
detection signal /
TCRON Initial m m—1 sjasmsmmmmnns 0001 Oooq) m
value A
TDRON <3> ) <4> m ) ())
\ .......... <5> g
INTTMON —| -------

When MDONO = 1 setting

Caution In the first cycle operation of count clock after writing the TSOn bit, 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 MDONnO = 1.

Remark fuck, the start trigger detection signal, and INTTMOn become active between one clock in
synchronization with fcik.
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(2) Operation of event counter mode

<1> Timer count register On (TCRON) holds its initial value while operation is stopped (TEOn = 0).

<2> QOperation is enabled (TEOn = 1) by writing 1 to the TSOn bit.

<3> As soon as 1 has been written to the TSOn bit and 1 has been set to the TEOn bit, the value of timer data
register On (TDRON) is loaded to the TCROn register to start counting.

<4> After that, the TCROnN register value is counted down according to the count clock of the valid edge of the TIOn
input .

Figure 6-26. Operation Timing (In Event Counter Mode)

fuoc | [ Mgﬁl—l L/&I’l [T

TSOn (write) A\
<1> Z\

TEOn
k2>
TIOn input | l )ﬁ gé I
Edge detection | Edge detection
Count clock l
Start trigger / <4>
detection signal
<1> )<3>
Initial —
TCROn M@ . m m-1 | m-2
<3>
TDRON / m

Remark The above figure shows the timing when the noise filter is not used. By making the noise filter on-state,
the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TIOn
input. The error per one period occurs by the asynchronous between the period of the TIOn input and
that of the count clock (fvck).
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(3) Operation of capture mode (input pulse interval measurement)

<1> Operation is enabled (TEOn = 1) by writing 1 to the TSOn bit.

<2> Timer count register On (TCRON) holds the initial value until count clock generation.

<3> A start trigger is generated at the first count clock after operation is enabled. And the value of 0000H is loaded
to the TCROnN register and counting starts in the capture mode. (When the MDONO bit is set to 1, INTTMOn is
generated by the start trigger.)

<4> On detection of the valid edge of the TIOn input, the value of the TCRON register is captured to timer data
register On (TDRONn) and INTTMOn is generated. However, this capture value is nhomeaning. The TCROn
register keeps on counting from 0000H.

<5> On next detection of the valid edge of the TIOn input, the value of the TCROn register is captured to timer data
register On (TDRON) and INTTMOn is generated.

Figure 6-27. Operation Timing (In Capture Mode: Input Pulse Interval Measurement)

g T

TSOn (write) | |

<1>

TIOn input

<3> | >§ \S
. Edge dete@ _ E Edge dete@ .
Rising edge , < < |
Start trigger M <4> \ /7 5> S

detection signal
2<3>
/
0000 X Sé x m-1 X m (X 0000

<2>
TDRON 0001 Note I ! | X m

INTTMON [ |_|

When MDONO = 1 setting

12
TEONn | / Note
-

TCRON Initial value 0000 0001

=1

Note If a clock has been input to TIOn (the trigger exists) when capturing starts, counting starts when a trigger is
detected, even if no edge is detected. Therefore, the first captured value (<4>) does not determine a pulse
interval (in the above figure, 0001 just indicates two clock cycles but does not determine the pulse interval)

and so the user can ignore it.

Caution In the first cycle operation of count clock after writing the TSOn bit, 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 MDONnO = 1.

Remark The above figure shows the timing when the noise filter is not used. By making the noise filter on-state,
the edge detection becomes 2 fmck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TIOn
input. The error per one period occurs by the asynchronous between the period of the TIOn input and
that of the count clock (fmck).

RO1UHO169EJ0340 Rev.3.40 R NS 204
Mar 29, 2024 ENES



RL78/11A CHAPTER 6 TIMER ARRAY UNIT

(4) Operation of one-count mode

<1> QOperation is enabled (TEOn = 1) by writing 1 to the TSOn bit.
<2> Timer count register On (TCRON) holds the initial value until start trigger generation.
<3> Rising edge of the TIOn input is detected.

<4> On start trigger detection, the value of timer data register On (TDROnN) is loaded to the TCROn register and
count starts.

<5> When the TCROn register counts down and its count value is 0000H, INTTMOn is generated and the value of
the TCRON register becomes FFFFH and counting stops.
Figure 6-28. Operation Timing (In One-count Mode)
fmek
(frow) | [ [1 [ ] [ ] <(/r|_ [

TSOnN (write) | |

<1> /D
TEOn
((
TIOn input , <3> >> |
Edge detection _
Rising edge | <<
<4> > )}
Start trigger |_
detection signal
<2> ‘ <5>
, ‘
TCRON Initial value m X Sé x 1 X 0 X FFFF
INTTMOn |_|

Start trigger input wait status

Remark The above figure shows the timing when the noise filter is not used. By making the noise filter on-state,
the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TIOn
input. The error per one period occurs by the asynchronous between the period of the TIOn input and
that of the count clock (fmck).
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(5) Operation of capture & one-count mode (high-level width measurement)

<1> Operation is enabled (TEOn = 1) by writing 1 to the TSOn bit of timer channel start register 0 (TSO0).

<2> Timer count register On (TCRON) holds the initial value until start trigger generation.

<3> Rising edge of the TIOn input is detected.

<4> On start trigger detection, the value of 0000H is loaded to the TCRON register and count starts.

<5> On detection of the falling edge of the TIOn input, the value of the TCROn register is captured to timer data
register On (TDRON) and INTTMOn is generated.

Figure 6-29. Operation Timing (In Capture & One-count Mode: High-level Width Measurement)

B gy N N O Ny By
(frewk)
TSOn (write) |_|
<1>
TEOn |
((

TIOn input <3> | l >> |
Rising edge Edge detection |— « Edgede%

) .

Falling edge <> > (( < ||
| y ) \
Start trigger I_

detection signal
<2> 2
i / |
TCRON Initial value 0000 X S; x m-1 X m ()X m+1
TDROn 0000 X "

INTTMOn [ ]

Remark The above figure shows the timing when the noise filter is not used. By making the noise filter on-state,
the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of TIOn
input. The error per one period occurs by the asynchronous between the period of the TIOn input and
that of the count clock (fmck).
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6.6 Channel Output (TOOnN pin) Control

6.6.1 TOON pin output circuit configuration

Figure 6-30. Output Circuit Configuration

<5>
TOON register
Interrupt signal of the master channel
INTTMON =
T F} s )]s
9 —
Interrupt signal of the slave channel § — TOON pin
(INTTMOp) __:>— Reset/toggle
<1>
<2>
<3> <4>
TOLON
TOMOn Internal bus
TOEON TOON write signal

The following describes the TOOnN pin output circuit.

<1>

<2>

<3>

<4>

<5>

When TOMOn = 0 (master channel output mode), the set value of timer output level register 0 (TOLO) is
ignored and only INTTMOp (slave channel timer interrupt) is transmitted to timer output register 0 (TOO).
When TOMOnN = 1 (slave channel output mode), both INTTMOn (master channel timer interrupt) and INTTMOp
(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 TOLOn = 0:  Positive logic output (INTTMOn — set, INTTMOp — reset)
When TOLOn = 1:  Negative logic output (INTTMOn — reset, INTTMOp — set)

When INTTMOn and INTTMOp are simultaneously generated, (0% output of PWM), INTTMOp (reset signal)
takes priority, and INTTMOn (set signal) is masked.

While timer output is enabled (TOEOn = 1), INTTMOn (master channel timer interrupt) and INTTMOp (slave
channel timer interrupt) are transmitted to the TOO register. Writing to the TOO register (TOOn write signal)
becomes invalid.

When TOEOn = 1, the TOOn pin output never changes with signals other than interrupt signals.

To initialize the TOON pin output level, it is necessary to set timer operation is stopped (TOEOn = 0) and to
write a value to the TOO register.

While timer output is disabled (TOEOn = 0), writing to the TOOn bit to the target channel (TOOn write signal)
becomes valid. When timer output is disabled (TOEOn = 0), neither INTTMOn (master channel timer
interrupt) nor INTTMOp (slave channel timer interrupt) is transmitted to the TOO register.

The TOO register can always be read, and the TOOn pin output level can be checked.

Remark n: Master channel number (n =0, 2, 4)

p: Slave channel number (n < p < 6)
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6.6.2 TOON pin output setting
The following figure shows the procedure and status transition of the TOOn output pin from initial setting to timer
operation start.

Figure 6-31. Status Transition from Timer Output Setting to Operation Start

TCROn Undefined value (FFFFH after reset) | I\

(Counter)

Timer alternate-function pin

Timer output signal

TOON

TOEON [ ! |

T | e

'
{Write operation enabled period to TOONX Write operation disabled period to TOOn )

' ' !
A £ A A A
<1>Set TOMOn  <2> Set TOOn <3>Set TOEOn <4> Set the port to <5> Timer operation start
Set TOLON output mode

<1> The operation mode of timer output is set.

e TOMOn bit (0: Master channel output mode, 1: Slave channel output mode)
e TOLON bit (0: Forward output, 1: Reverse output)

<2> The timer output signal is set to the initial status by setting timer output register 0 (TOO).

<3> The timer output operation is enabled by writing 1 to the TOEOnN bit (writing to the TOO register is disabled).

<4> The port is set to digital I/O by port mode control register (PMCxx) (see 6.3.15 Registers controlling port
functions of pins to be used for timer 1/0).

<6> The port I/O setting is set to output (see 6.3.15 Registers controlling port functions of pins to be used
for timer 1/O).

<6> The timer operation is enabled (TSOn = 1).

Remark n: Channel number (n =3, 5, 6)
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6.6.3 Cautions on channel output operation

(1) Changing values set in the registers TO0, TOEO, and TOLO during timer operation

Since the timer operations (operations of timer/counter register On (TCROn) and timer data register On (TDROn))
are independent of the TOONn output circuit and changing the values set in timer output register 0 (TOOQ), timer
output enable register 0 (TOEOQ), and timer output level register 0 (TOLO) does not affect the timer operation, the
values can be changed during timer operation. To output an expected waveform from the TOOn pin by timer
operation, however, set the TO0, TOEO, TOLO, and TOMO registers to the values stated in the register setting
example of each operation shown by 6.7 and 6.8.

When the values set to the TOEO, and TOLO registers (but not the TOO register) are changed close to the
occurrence of the timer interrupt (INTTMOn) of each channel, the waveform output to the TOOn pin might differ,
depending on whether the values are changed immediately before or immediately after the timer interrupt
(INTTMOn) occurs.

Remark n: Channel number (n = 3, 5, 6)
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(2) Default level of TOONn pin and output level after timer operation start

The change in the output level of the TOOn pin when timer output register 0 (TOO) is written while timer output is
disabled (TOEOnN = 0), the initial level is changed, and then timer output is enabled (TOEOn = 1) before port output
is enabled, is shown below.

(a) When operation starts with master channel output mode (TOMOn = 0) setting
The setting of timer output level register 0 (TOLO) is invalid when master channel output mode (TOMOn = 0).

When the timer operation starts after setting the default level, the toggle signal is generated and the output
level of the TOON pin is reversed.

Figure 6-32. TOOn Pin Output Status at Toggle Output (TOMOn = 0)

TOEON
[ HIZ | Sas TOON bit=0 \
(Default status : Low)
> TOOn bit=0
(Active high)
-—— TOONn bit=1
(Default status : High) 7
TOON
(output) TOON bit=0 A
T (Default status : Low)
> TOOn bit=1
o TOON bit= 1 (Active low)
L A (Default status : High) J
Port output is enabled
A A A A A Bold : Active level
Toggle Toggle Toggle Toggle Toggle
Remarks 1. Toggle: Reverse TOOn pin output status
2. n: Channel number (n = 3, 5, 6)
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(b) When operation starts with slave channel output mode (TOMOp = 1) setting (PWM output))
When slave channel output mode (TOMOp = 1), the active level is determined by timer output level register 0
(TOLO) setting.

Figure 6-33. TOOp Pin Output Status at PWM Output (TOMOp = 1)

TOEmMp I

Active Active Active
[ Hi-z D‘ifi““ [ TOmpbhit=0 )
status (Default status : Low) )
TOmp bit=0
) (Active high)
TOmp bit=1
(Default status : High) J
TOmp <
(output) TOmp bit=0 h
- 1 (Default status : Low)
>TOmp bit=1
(Active low)
— TOmp bit=1
L (Default status : High) J
Port output is enabled
A A
A Reset A Reset A
Set Set Set
Remarks 1. Set: The output signal of the TOOp pin changes from inactive level to active level.
Reset: The output signal of the TOOp pin changes from active level to inactive level.
2. p: Channel number (p = 3, 5, 6)
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(3) Operation of TOON pin in slave channel output mode (TOMOn = 1)

(a) When timer output level register 0 (TOLO) 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 the TOONn pin change condition. Rewriting the TOLO register does not change the output

level of the TOON pin.

The operation when TOMOn is set to 1 and the value of the TOLO register is changed while the timer is

operating (TEOn = 1) is shown below.

Figure 6-34. Operation When TOLO Register Has Been Changed During Timer Operation

TOLO |
Active Active Active Active
TOON |
(output) ____|
A A A A
A Reset A Reset Reset A Reset
Set Set Set Set

Remarks 1. Set: The output signal of the TOOn pin changes from inactive level to active level.
Reset: The output signal of the TOOn pin changes from active level to inactive level.
2. n: Channel number (n = 3, 5, 6)

(b) Set/reset timing

To realize 0%/100% output at PWM output, the TOOn pin/TOON bit set timing at master channel timer interrupt

(INTTMOn) 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 6-32 shows the set/reset operating statuses where the master/slave channels are set as follows.

Master channel: TOEOn =1, TOMOn =0, TOLOn =0
Slave channel: TOEOp =1, TOMOp =1, TOLOp =0
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Figure 6-35. Set/Reset Timing Operating Statuses

(1) Basic operation timing

frok

L qen e nn

INTTMOnN

Master Internal reset
channel signal )

X

TOON pin/ =
TOON

g;%

—
(o]

«Q

Q
)

Toggle

e Internal set
signal

—
1 clock delay
INTTMOp /

Slave
channel
Internal reset
signal )
TOOp pin/ = =
TOOp
S Set Reset Set
(2) Operation timing when 0 % duty
frow S ) 1
INTTMOnN |'|
Master Internal reset
channel signal —r ) )
TOON pin/
TOON J
Toggle Toggle
Internal set
signal —
1 clock delay \
TCROp [0000] 0001ueslersnnssanssennisnrisuncsarisniiaens Joooo [ o001 |
INTTMOp ) ]
Slave
channel Internal reset / I / Set
signal
TOOp pin/  Reset &/Set Reset <‘/
\_ TOOp

Reset has priority.

Reset has priority.

Remarks 1. Internal reset signal: TOOn pin reset/toggle signal
Internal set signal: ~ TOOn pin set signal
2. n: Master channel number (n =0, 2, 4)

p: Slave channel number (n < p < 6)
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6.6.4 Collective manipulation of TOOn bit

In timer output register 0 (TOOQ), the setting bits for all the channels are located in one register in the same way as timer
channel start register 0 (TS0). Therefore, the TOOn bit of all the channels can be manipulated collectively.

Only the desired bits can also be manipulated by enabling writing only to the TOOn bits (TOEOn = 0) that correspond to
the relevant bits of the channel used to perform output (TOON).

Figure 6-36. Example of TOOn Bit Collective Manipulation

Before writing

TOO 0 0 0 0 0 0 0 0 0 |TO06|TOO5| O |[TOO3| O 0 0

TOEO 0 0 0 0 0 0 0 0 0 |TOEO6|TOEO5| O |TOEO3| O 0 0

Data to be written

[ofofofofofofofo o «fofof[r]ofo]o]

After writing @ % %

TOO 0 0 0 0 0 0 0 0 0 |TOO06|TOO5| O |[TOO3| O 0 0

Writing is done only to the TOOnN bit with TOEOn = 0, and writing to the TOOn bit with TOEOn = 1 is ignored.
TOON (channel output) to which TOEOn = 1 is set is not affected by the write operation. Even if the write operation is
done to the TOON bit, it is ignored and the output change by timer operation is normally done.

Remark n: Channel number (n =3, 5, 6)
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6.6.5 Timer interrupt and TOOn pin output at operation start

In the interval timer mode or capture mode, the MDONO bit in timer mode register On (TMRON) sets whether or not to
generate a timer interrupt at count start.

When MDONO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMOn) generation.

In the other modes, neither timer interrupt at count operation start nor TOOn output is controlled.

Figure 6-34 shows operation examples when the interval timer mode (TOEOn = 1, TOMOn = 0) is set.

Figure 6-37. Operation Examples of Timer Interrupt at Count Operation Start and TOOn Output

(@) When MDONO is set to 1

TEON |
INTTMON ﬂ M M

TOON [ | —

Count operation start

(b) When MDONO is set to 0

TCRON M

TEON I

INTTMON : ," [T M

TOON

A
Count operation start

When MDONO is set to 1, a timer interrupt (INTTMOn) is output at count operation start, and TOOn performs a toggle
operation.

When MDONO is set to 0, a timer interrupt (INTTMOn) is not output at count operation start, and TOOn does not change
either. After counting one cycle, INTTMOn is output and TOOn performs a toggle operation.

Remark n: Channel number (n =3, 5, 6)
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6.7 Timer Input (TIOn) Control
6.7.1 TIOn input circuit configuration

A signal is input from a timer input pin, goes through a noise filter and an edge detector, and is sent to a timer controller.
Enable the noise filter for the pin in need of noise removal. The following shows the configuration of the input circuit.

Figure 6-38. Input Circuit Configuration

CCSO0n
Interrupt signal from master channel — 1
fmck %
c
O o
S5 frok
cQ
38
o Timer
controller
; Noise Edge
TIOn pin  —— ) — -
filter detection -
g S
83
3
TNFENON CISOn1, STSOn2 to
CISOno STSONnO

6.7.2 Noise filter

When the noise filter is disabled, the input signal is only synchronized with the operating clock (fuck) for channel n.
When the noise filter is enabled, after synchronization with the operating clock (fuck) for channel n, whether the signal
keeps the same value for two clock cycles is detected. The following shows differences in waveforms output from the
noise filter between when the noise filter is enabled and disabled.

Figure 6-39. Sampling Waveforms through TIOn Input Pin with Noise Filter Enabled and Disabled

SN

Noise filter disabled

Noise filter enabled S~ S

Operating clock (fmck)
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6.7.3 Cautions on channel input operation

When a timer input pin is set as unused, the operating clock is not supplied to the noise filter. Therefore, after settings
are made to use the timer input pin, the following wait time is necessary before a trigger is specified to enable operation of
the channel corresponding to the timer input pin.

(1) Noise filter is disabled
When bits 12 (CCSO0n), 9 (STSOn1), and 8 (STSONO) in the timer mode register On (TMROnN) are 0 and then one of
them is set to 1, wait for at least two cycles of the operating clock (fuck), and then set the operation enable trigger
bit in the timer channel start register (TSO0).

(2) Noise filter is enabled
When bits 12 (CCSO0n), 9 (STSOn1), and 8 (STSONO) in the timer mode register On (TMRON) are all 0 and then one
of them is set to 1, wait for at least four cycles of the operating clock (fvck), and then set the operation enable

trigger bit in the timer channel start register (TSO0).
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6.8 Independent Channel Operation Function of Timer Array Unit

6.8.1 Operation as interval timer/square wave output

(1

(2)

Interval timer
The timer array unit can be used as a reference timer that generates INTTMOn (timer interrupt) at fixed intervals.
The interrupt generation period can be calculated by the following expression.

| Generation period of INTTMOnN (timer interrupt) = Period of count clock x (Set value of TDROn + 1) |

Operation as square wave output

TOON performs a toggle operation as soon as INTTMOn has been generated, and outputs a square wave with a
duty factor of 50%.

The period and frequency for outputting a square wave from TOOn can be calculated by the following expressions.

| ¢ Period of square wave output from TOOn = Period of count clock x (Set value of TDROn + 1) x 2 |

| ¢ Frequency of square wave output from TOOn = Frequency of count clock/{(Set value of TDROn + 1) x 2} |

Timer/counter register On (TCROnN) operates as a down counter in the interval timer mode.

The TCROnN register loads the value of timer data register On (TDRON) at the first count clock after the channel start
trigger bit (TSOn, TSHO1, TSHO3) of timer channel start register 0 (TS0) is set to 1. If the MDONO bit of timer mode
register On (TMRON) is 0 at this time, INTTMOn is not output and TOOn is not toggled. If the MDONO bit of the
TMROnN register is 1, INTTMOn is output and TOOn is toggled.

After that, the TCROnN register count down in synchronization with the count clock.

When TCROn = 0000H, INTTMOn is output and TOOn is toggled at the next count clock. At the same time, the
TCROnN register loads the value of the TDROnN register again. After that, the same operation is repeated.

The TDROnN register can be rewritten at any time. The new value of the TDROnN register becomes valid from the
next period.

Remark n: Channel number (n=0to 7)
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Figure 6-40. Block Diagram of Operation as Interval Timer/Square Wave Output

CKO1

Operation clock™°*®
CKO0O0

Clock selection

—

Timer counter
register On (TCROnN)

N

TSOn

Trigger selection

Timer data
register On (TDROnN)

Output
controller

©) TOOnN pin

Interrupt
controller

——= Interrupt signal

(INTTMOn)

Note When channels 1 and 3, the clock can be selected from CK00, CK01, CK02 and CKO03.

Figure 6-41. Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDOn0 = 1)

TSOn r

TEON

TCRON

TDRON
TOON

INTTMONn

Remarks 1. n:
2. TSOn:
TEON:
TCRON:
TDRON:
TOON:

0000H

a+l

Channel number (n =0 to 7)

a+l

a+l

b+1

Bit n of timer channel start register 0 (TS0)

b+1

Bit n of timer channel enable status register 0 (TEO)

Timer/counter register On (TCRON)
Timer data register On (TDRON)
TOON pin output signal

b+1
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Figure 6-42. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/2)

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRON  [ckson1|{cksono CCSOn | M/sNote | STSOn2 | STSON1[STSONO | CISON1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDOnO
1/0 1/0 0 0 0/1 0 0 0 0 0 0 0 0 0 0 1/0

L1 [ [ [ [ \_'_|

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMOnN nor inverts
timer output when counting is started.
1: Generates INTTMOn and inverts timer
output when counting is started.

| Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Setting of MASTERON bit (channels 2, 4, 6)
0: Independent channel operation function.
Setting of SPLITOn bit (channels 1, 3)
0: 16-bit timer mode
1: 8-bit timer mode

| Count clock selection
0: Selects operation clock (fuck).

Operation clock (fmck) selection
00B: Selects CKO0O0 as operation clock of channel n.
10B: Selects CKO1 as operation clock of channel n.
01B: Selects CK02 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CK03 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register 0 (TOO0)

Bit n
TOO TOONn 0: Outputs 0 from TOON.
1/0 1: Outputs 1 from TOON.

(c) Timer output enable register 0 (TOEO)

Bit n
TOEO | TOEON 0: Stops the TOON output operation by counting operation.
1/0 1: Enables the TOOn output operation by counting operation.

Note TMRO02, TMR04, TMROG6: MASTERON bit
TMRO1, TMRO3: SPLITON bit
TMRO0, TMRO05, TMRO7: Fixed to 0

Remark n: Channel number (n =0 to 7)
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Figure 6-42. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (2/2)

(d) Timer output level register 0 (TOLO)
Bit n

TOLO TOLOn 0: Cleared to 0 when TOMOn = 0 (master channel output mode)
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO | Tomon 0: Sets master channel output mode.
0

Remark n: Channel number (n =0 to 7)
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Operation is resumed.

RL78/1MA CHAPTER 6 TIMER ARRAY UNIT
Figure 6-43. Operation Procedure of Interval Timer/Square Wave Output Function (1/2)
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1. » Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, enabled)
Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CK00 to CKO03.
Channel | Sets timer mode register On (TMRON) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting Sets interval (period) value to timer data register On
(TDRON).
To use the TOON output The TOON pin goes into Hi-Z output state.
Clears the TOMOn bit of timer output mode register 0
(TOMO) to 0 (master channel output mode).
Clears the TOLOnN bit to 0.
Sets the TOON bit and determines default level of the
TOON output. The TOON default setting level is output when the port mode
register is in the output mode and the port register is 0.
Sets the TOEON bit to 1 and enables operation of TOOn. —®TOO0n does not change because channel stops operating.
Clears the port register and port mode register to 0.— The TOOn pin outputs the TOOnN set level.
P Operation | (Sets the TOEON bit to 1 only if using TOOn output and
start resuming operation.).
Sets the TSOn (TSHO1, TSHO3) bitto 1. —————————®TEOn (TEH01, TEH03) = 1, and count operation starts.
The TSOn (TSHO1, TSHO3) bit automatically returns to Value of the TDRON register is loaded to timer/counter
0 because it is a trigger bit. register On (TCRON). INTTMOn is generated and TOOn
performs toggle operation if the MDONO bit of the TMRONn
register is 1.
During Set value of the TDROn register can be changed. Counter (TCRON) counts down. When count value reaches
operation | The TCROn register can always be read. 0000H, the value of the TDROnN register is loaded to the
The TSRON register is not used. TCROnN register again and the count operation is continued.
Set values of the TO0 and TOEQO registers can be By detecting TCROn = 0000H, INTTMOn is generated and
changed. TOON performs toggle operation.
Set values of the TMROn register, TOMOn, and TOLOn After that, the above operation is repeated.
bits cannot be changed.
Operation | The TTOn (TTHO1, TTHO3) bit is set to 1. ———————————®TEOn (TEH01, TEH03), and count operation stops.
stop The TTOn (TTHO1, TTHO3) bit automatically returns to The TCROn register holds count value and stops.
0 because it is a trigger bit. The TOON output is not initialized but holds current status.
The TOEON bit is cleared to 0 and value is set to the TOOnN bit. —» The TOON pin outputs the TOON bit set level.

(Remark is listed on the next page.)
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Figure 6-43. Operation Procedure of Interval Timer/Square Wave Output Function (2/2)

Software Operation Hardware Status
TAU To hold the TOOnN pin output level
Clears the TOOn bit to 0 after the value to
be held is set to the port register.
When holding the TOOn pin output level is not necessary

Switches the port mode register to input mode. The TOON pin output level goes into Hi-Z output state.

The TAUOEN bit of the PERQO register is cleared to 0. Power-off status

All circuits are initialized and SFR of each channel is also
initialized.

(The TOON bit is cleared to 0 and the TOON pin is set to
port mode.)

stop

The TOON pin output level is held by port function.

Remark n: Channel number (n=0to 7)
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6.8.2 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 TIOn 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 TDROn + 1 |

Timer/counter register On (TCRON) operates as a down counter in the event counter mode.

The TCRON register loads the value of timer data register On (TDROnN) by setting any channel start trigger bit (TSOn) of
timer channel start register 0 (TS0) to 1.

The TCROnN register counts down each time the valid input edge of the TIOn pin has been detected. When TCROn =
0000H, the TCROnN register loads the value of the TDROnN register again, and outputs INTTMOn.

After that, the above operation is repeated.

An irregular waveform that depends on external events is output from the TOOn pin. Stop the output by setting the
TOEON bit of timer output enable register 0 (TOEO) to 0.

The TDRON register can be rewritten at any time. The new value of the TDROnN register becomes valid during the next
count period.

Figure 6-44. Block Diagram of Operation as External Event Counter

TNFENOn
| 5
, 8
TIOn pin ©— l\:itljtlesf #defggt(ii)n 3 Timer counter
s —=| register On (TCROn)
)
5 ?
8
] Timer data Interrupt © Interrupt signal
TSOn = i

% register On (TDRON) controller (INTTMOn)
2

Remark n: Channel number (n=3,5, 6, 7)
The TI07 pin can be used for P11/RxDO pin by setting bit 1 (ISC1) in the input switch control register (ISC) to
1. For details, see 6.3.13 Input switch control register (ISC).
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Figure 6-45. Example of Basic Timing of Operation as External Event Counter

TSOn

TEONn

mon | [T artnn

L3 3
TCRON 2 1 12 1 2 1 2 1
0000H 0 / 0 > I—|0 >
TDRON 0003H X 0002H
INTTMOn
4 events 4 events 3 events

Remarks 1. n: Channel number (n =3, 5, 6, 7)

The TI07 pin can be used for P11/RxD0 pin by setting bit 1 (ISC1) in the input switch control register

(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).

2. TSOn: Bit n of timer channel start register 0 (TS0)
TEON: Bit n of timer channel enable status register 0 (TEOQ)
TIOn: TIOn pin input signal

TCRON: Timer/counter register On (TCRON)
TDROnN: Timer data register On (TDRON)
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Figure 6-46. Example of Set Contents of Registers in External Event Counter Mode (1/2)

(@) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON  |cKson1[{CKSOno CCSon | M/sNete | STSON2 | STSON1 [STSONO | CISON1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDORO
1/0 1/0 0 1 0/1 0 0 0 1/0 1/0 0 0 0 1 1 0
L1 [ I [

Operation mode of channel n
011B: Event count mode

Setting of operation when counting is started
0: Neither generates INTTMOn nor inverts
timer output when counting is started.

| Selection of TIOn 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.

|__Setting of MASTERON bit (channel 6)

0: Independent channel operation function.
Setting of SPLITOn bit (channel 3)

0: 16-bit timer mode

1: 8-bit timer mode

| Count clock selection
1: Selects the TIO0n pin input valid edge.

Operation clock (fmck) selection
00B: Selects CKO0O0 as operation clock of channel n.
10B: Selects CKO1 as operation clock of channel n.
01B: Selects CK02 as operation clock of channels 3 (This can only be selected channel 3).
11B: Selects CK03 as operation clock of channels 3 (This can only be selected channel 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)

Bit n
TOEO | TOEON 0: Stops the TOOn output operation by counting operation.
0
Note TMRO6: MASTEROG bit
TMRO3: SPLITO03 bit
TMRO05, TMRO7: Fixed to O

Remark n: Channel number (n=3, 5, 6, 7)
The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register
(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).

RO1UHO169EJ0340 Rev.3.40 R NS 226
Mar 29, 2024 ENES



RL78/11A

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-46. Example of Set Contents of Registers in External Event Counter Mode (2/2)

(d) Timer output level register 0 (TOLO)

Bit n

TOLO

TOLONn
0

0: Cleared to 0 when TOMOn = 0 (master channel output mode).

(e) Timer output mode register 0 (TOMO)

Bit n

TOMO

TOMON
0

0: Sets master channel output mode.

Remark n: Channel number (n=3, 5, 6, 7)

The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register

(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).
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Operation is resumed.
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Figure 6-47. Operation Procedure When External Event Counter Function Is Used
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
seting | disabled)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1. » Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CK00 to CKO03.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to O (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register On (TMROnN) (determines
operation mode of channel).
Sets number of counts to timer data register On (TDROn).
Clears the TOEOnN bit of timer output enable register 0
(TOEO) to 0.
—®| Operation | Sets the TSOn (TSHO3) bit to 1. ——®»TEOn (TEHO03) = 1, and count operation starts.
start The TSOn (TSHO03) bit automatically returns to 0 Value of the TDRON register is loaded to timer/counter
because it is a trigger bit. register On (TCRON) and detection of the TIOn pin input
edge is awaited.
During Set value of the TDRON register can be changed. Counter (TCRON) counts down each time input edge of the
operation | The TCROn register can always be read. TIOn pin has been detected. When count value reaches
The TSROn register is not used. 0000H, the value of the TDRON register is loaded to the
Set values of the TMROnN register, TOMOn, TOLOn, TOOn, | TCROn register again, and the count operation is
and TOEON bits cannot be changed. continued. By detecting TCROn = 0000H, the INTTMOn
output is generated.
Atfter that, the above operation is repeated.
Operation | The TTOn (TTHO3) bit is set to 1. —®»TEOn (TEHO03) = 0, and count operation stops.
L | stop The TTOn (TTHO03) bit automatically returns to 0 The TCROnN register holds count value and stops.
because it is a trigger bit.
TAU The TAUOEN bit of the PERO register is cleared to 0. —®Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.
Remark n: Channel number (n=3, 5,6, 7)

The TI07 pin can be used for P11/RxD0 pin by setting bit 1 (ISC1) in the input switch control register (ISC) to
1. For details, see 6.3.13 Input switch control register (ISC).
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6.8.3 Operation as input pulse interval measurement
The count value can be captured at the TIOn valid edge and the interval of the pulse input to TIOn can be measured. In
addition, the count value can be captured by using software operation (TSOn = 1) as a capture trigger while the TEOn bit is

setto 1.

The pulse interval can be calculated by the following expression.

TIOn input pulse interval = Period of count clock x ((10000H x TSROn: OVF) + (Capture value of TDROn + 1)) |

Caution The TIOn pin input is sampled using the operating clock selected with the CKSOn bit of timer
mode register On (TMRON), so an error of up to one operating clock cycle occurs.

Timer/counter register On (TCRON) operates as an up counter in the capture mode.

When the channel start trigger bit (TSOn) of timer channel start register 0 (TS0) is set to 1, the TCROn register counts
up from 0000H in synchronization with the count clock.

When the TIOn pin input valid edge is detected, the count value of the TCROn register is transferred (captured) to timer
data register On (TDRON) and, at the same time, the TCROnN register is cleared to 0000H, and the INTTMOn is output. If
the counter overflows at this time, the OVF bit of timer status register On (TSROn) is set to 1. If the counter does not
overflow, the OVF bit is cleared. After that, the above operation is repeated.

As soon as the count value has been captured to the TDROn register, the OVF bit of the TSROn 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 TSRO register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Set the STSOn2 to STSONO bits of the TMRON register to 001B to use the valid edges of TIOn as a start trigger and a

capture trigger.

Figure 6-48. Block Diagram of Operation as Input Pulse Interval Measurement

c
=]
CKO1 3
Operation clock Nete ] Timer counter
CKO00 é —=| register On (TCRON)
TNFENON S
N l Ed S \l
. oise ge 2
TIOn pin @—» ) ) S
P filter detection S Timer data Interrupt _
- register On (TDRON) controller ~ Interrupt signal
TS0n 5 (INTTMOn)
=

Note When channel 3, the clock can be selected from CK00, CK01, CK02 and CK03.

Remark n: Channel number (n =3, 5, 6, 7)
The TI07 pin can be used for P11/RxD0 pin by setting bit 1 (ISC1) in the input switch control register (ISC) to
1. For details, see 6.3.13 Input switch control register (ISC).
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Figure 6-49. Example of Basic Timing of Operation as Input Pulse Interval Measurement (MDOnO = 0)

TSOn

TEON

TIONn

TCRON

TDRON

INTTMONn

OVF

Remarks 1. n: Channel

|

FFFFH
b c d

a

0000H
) 1/ Ry
0000H X a b c d
|

number (n=3,5,6,7)

The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register
(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).

2. TSOn:
TEON:
TIOn:
TCRON:
TDRON:
OVF:

Bit n of timer channel start register 0 (TS0)

Bit n of timer channel enable status register 0 (TEO)
TIOn pin input signal

Timer/counter register On (TCROnN)

Timer data register On (TDRON)

Bit O of timer status register On (TSROnN)
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Figure 6-50. Example of Set Contents of Registers to Measure Input Pulse Interval (1/2)

(@) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON  |cKson1|cKSono CCSOn | M/sNote | STSON2 | STSON1 [STSONO | CISON1 | CISONO MDONn3 | MDON2 | MDOn1 | MDOnO
1/0 0 0 0 0 0 0 1 1/0 1/0 0 0 0 1 0 1/0

L | I [ I [ I_|_I

Operation mode of channel n
010B: Capture mode

Setting of operation when counting is started
0: Does not generate INTTMOn when
counting is started.
1: Generates INTTMOn when counting is
started.

| Selection of TIOn 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 TIOn pin input valid edge.

L Setting of MASTERON bit (channel 6)
0: Independent channel operation
Setting of SPLITOn bit (channel 3)
0: 16-bit timer mode

L__Count clock selection
0: Selects operation clock (fmck).

| Operation clock (fuck) selection

00B: Selects CKOO0 as operation clock of channel n.

10B: Selects CK01 as operation clock of channel n.

01B: Selects CKO02 as operation clock of channel 3 (This can only be selected channel 3).
11B: Selects CK03 as operation clock of channel 3 (This can only be selected channel 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO | TOEON 0: Stops TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)

Bit n
TOLO | ToLon 0: Cleared to 0 when TOMOnN = 0 (master channel output mode).
0
Note TMRO6: MASTERON bit
TMRO3: SPLITOn bit
TMRO05, TMRO7: Fixed to 0

Remark n: Channel number (n=3, 5, 6, 7)
The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register
(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).
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Figure 6-50. Example of Set Contents of Registers to Measure Input Pulse Interval (2/2)

(e) Timer output mode register 0 (TOMO)

Bit n
TOMO | Tomon 0: Sets master channel output mode.
0
Note TMRO6: MASTERON bit
TMRO3: SPLITOn bit
TMRO05, TMRO07: Fixed to O

Remark n: Channel number (n=3, 5, 6, 7)
The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register
(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).
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Figure 6-51. Operation Procedure When Input Pulse Interval Measurement Function Is Used
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setng -\ . | dsabled)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
.| Gnabled)
Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CK00 to CKO03.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to O (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register On (TMROnN) (determines
operation mode of channel).
—»| Operation | Sets TSOn bit to 1. TEOn = 1, and count operation starts.
start The TSOn bit automatically returns to 0 because it is a Timer/counter register On (TCRON) is cleared to 0000H.
trigger bit. When the MDONO bit of the TMROn register is 1,
INTTMOn is generated.
During Set values of only the CISOn1 and CISOnO bits of the Counter (TCROnN) counts up from 0000H. When the TIOn
operation | TMROn register can be changed. pin input valid edge is detected or the TSOn bit is set to 1,
The TDRON register can always be read. the count value is transferred (captured) to timer data
The TCROnN register can always be read. register On (TDRON). At the same time, the TCROn
The TSRON register can always be read. register is cleared to 0000H, and the INTTMOn signal is
Set values of the TOMOn, TOLONn, TOON, and TOEON bits | generated.
cannot be changed. If an overflow occurs at this time, the OVF bit of timer
status register On (TSRON) is set; if an overflow does not
occur, the OVF bit is cleared.
After that, the above operation is repeated.
Operation | The TTOn bit is set to 1. TEOn = 0, and count operation stops.
stop The TTOn bit automatically returns to 0 because itis a The TCROnN register holds count value and stops.
L— trigger bit. The OVF bit of the TSROnN register is also held.
TAU The TAUOEN bit of the PERO register is cleared to 0. —®»Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.
Remark n: Channel number (n=3,5, 6, 7)

The TI07 pin can be used for P11/RxD0 pin by setting bit 1 (ISC1) in the input switch control register (ISC) to
1. For details, see 6.3.13 Input switch control register (ISC).
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6.8.4 Operation as input signal high-/low-level width measurement

Caution When using a channel to implement the LIN-bus and DMX512, read TIOn as RxDO in the following
descriptions.

By starting counting at one edge of the TIOn pin input and capturing the number of counts at another edge, the signal
width (high-level width/low-level width) of TIOn can be measured. The signal width of TIOn can be calculated by the
following expression.

| Signal width of TIOn input = Period of count clock x ((10000H x TSROn: OVF) + (Capture value of TDROn + 1)) |

Caution The TIOn pin input is sampled using the operating clock selected with the CKSOn bit of timer
mode register On (TMRON), so an error equivalent to one operation clock occurs.

Timer/counter register On (TCRON) operates as an up counter in the capture & one-count mode.

When the channel start trigger bit (TSOn) of timer channel start register 0 (TS0) is set to 1, the TEOn bit is set to 1 and
the T10n pin start edge detection wait status is set.

When the TIOn pin input start edge (rising edge of the TIOn 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 the TIOn pin input when the high-level width is to be measured) is detected later, the count value is transferred to
timer data register On (TDROnN) and, at the same time, INTTMOn is output. If the counter overflows at this time, the OVF bit
of timer status register On (TSROn) is set to 1. If the counter does not overflow, the OVF bit is cleared. The TCROn
register stops at the value “value transferred to the TDROn register + 1”, and the TIOn pin start edge detection wait status
is set. After that, the above operation is repeated.

As soon as the count value has been captured to the TDROn register, the OVF bit of the TSROn 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 TSROnN register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Whether the high-level width or low-level width of the TIOn pin is to be measured can be selected by using the CISOn1
and CIS0nO0 bits of the TMROn register.

Because this function is used to measure the signal width of the TIOn pin input, the TSOn bit cannot be set to 1 while
the TEOnN bit is 1.

CISOn1, CISOn0 of TMRON register = 10B: Low-level width is measured.
CISOn1, CISOn0 of TMRON register = 11B: High-level width is measured.
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Figure 6-52. Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

S
: cKol— 8

Operation clock N°t® 3 Timer counter

CKoo § —=| register On (TCRON)
[S)
TNFENON
|
TIOn pin ©—= Noise Edge % Timer data Interrupt Interrupt signal
i i 5 ister On (TDRO
filter detection _% register On ( n) controller (INTTMON)

=

Note For channel 3, the clock can be selected from CK00, CK01, CK02 and CKO03.

Figure 6-53. Example of Basic Timing of Operation as Input Signal High-/Low-Level Width Measurement

TSOn

TEONn

TIONn

b
TCRON oo \} o

FFFFH

~|

TDRON 0000H a b C

INTTMOn

OVF

Remarks 1. n: Channel number (n=3, 5, 6, 7)
The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register
(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).

2. TSOn: Bit n of timer channel start register 0 (TS0)
TEON: Bit n of timer channel enable status register 0 (TEO)
TIOn: TI0n pin input signal
TCRON: Timer/counter register On (TCROnN)
TDRON: Timer data register On (TDRON)
OVF: Bit O of timer status register On (TSROnN)
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Figure 6-54. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width (1/2)

(@) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON  |cKkson1[{cKSono CCSOn | M/sNete | STSON2 | STSON1 [STSONO | CISON1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDONO
1/0 0 0 0 0 0 1 0 1 1/0 0 0 1 1 0 0
L | I [ [ [ L1 |

Operation mode of channel n
110B: Capture & one-count

Setting of operation when counting is started
0: Does not generate INTTMOn when
counting is started.

L__Selection of TIOn pin input edge
10B: Both edges (to measure low-level width)
11B: Both edges (to measure high-level width)

L__Start trigger selection
010B: Selects the TIOn pin input valid edge.

L__Setting of MASTERON bit (channels 6)

0: Independent channel operation function
Setting of SPLITOn bit (channels 3)

0: 16-bit timer mode

L__Count clock selection
0: Selects operation clock (fuck).

L__Operation clock (fuck) selection

00B: Selects CKO0O as operation clock of channel n.

10B: Selects CKO01 as operation clock of channel n.

01B: Selects CKO02 as operation clock of channel 3 (This can only be selected channel 3).
11B: Selects CK03 as operation clock of channel 3 (This can only be selected channel 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEQ)
Bit n

TOEO | TOEON 0: Stops the TOOn output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)

Bit n
TOLO | ToLon 0: Cleared to 0 when TOMOn = 0 (master channel output mode).
0
Note TMROG6: MASTERO6 bit
TMRO3: SPLITO3 bit
TMRO05, TMRO7: Fixed to O

Remark n: Channel number (n =3, 5, 6, 7)
The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register
(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).
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Figure 6-54. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width (2/2)

(e) Timer output mode register 0 (TOMO)

Bit n
TOMO | Tomon 0: Sets master channel output mode.
0
Note TMROG6: MASTEROG bit
TMRO3: SPLITO3 bit
TMRO05, TMRO7: Fixed to O

Remark n: Channel number (n =3, 5, 6, 7)
The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register

(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).
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Operation is resumed.
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Figure 6-55. Operation Procedure When Input Signal High-/Low-Level Width Measurement Function Is Used

Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setng -\ .| Gsabled) ]
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1: Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CK0O0 to CKO03.

Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to O (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register On (TMROnN) (determines

operation mode of channel).
Clears the TOEOnN bit to 0 and stops operation of TOOn.

—» Operation | Sets the TSOn bit to 1. » TEOn = 1, and the TIOn pin start edge detection wait
start The TSOn bit automatically returns to O because itis a | status is set.
trigger bit.

Detects the TIOn pin input count start valid edge. ——® Clears timer/counter register On (TCROn) to 0000H and

starts counting up.
During Set value of the TDROnN register can be changed. When the TIOn pin start edge is detected, the counter
operation | The TCROn register can always be read. (TCRON) counts up from 0000H. If a capture edge of the
The TSROn register is not used. TIOn pin is detected, the count value is transferred to timer
Set values of the TMROnN register, TOMOn, TOLOn, TOON, | data register On (TDRON) and INTTMOn is generated.
and TOEOnN bits cannot be changed. If an overflow occurs at this time, the OVF bit of timer
status register On (TSROnN) is set; if an overflow does not
occur, the OVF bit is cleared. The TCROnN register stops
the count operation until the next TIOn pin start edge is
detected.
Operation | The TTOn bit is set to 1. TEOn = 0, and count operation stops.
— stop The TTOn bit automatically returns to 0 because itis a The TCROnN register holds count value and stops.
trigger bit. The OVF bit of the TSRO register is also held.
TAU The TAUOEN bit of the PERQ register is cleared to 0.—® Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.
Remark n: Channel number (n=3, 5,6, 7)
The TI07 pin can be used for P11/RxD0 pin by setting bit 1 (ISC1) in the input switch control register (ISC) to
1. For details, see 6.3.13 Input switch control register (ISC).
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6.8.5 Operation as delay counter

It is possible to start counting down when the valid edge of the TIOn pin input is detected (an external event), and then
generates INTTMOn (a timer interrupt) after any specified interval.

It is also possible to start counting down and generate INTTMOn (timer interrupt) at any interval by setting TSOn to 1 by
software while TEOn = 1.

The interrupt generation period can be calculated by the following expression.

Generation period of INTTMOnN (timer interrupt) = Period of count clock x (Set value of TDROn + 1) |

Timer/counter register On (TCRON) operates as a down counter in the one-count mode.

When the channel start trigger bit (TSOn, TSHO03) of timer channel start register 0 (TS0) is set to 1, the TEOn, TEH03
bits are set to 1 and the TIOn pin input valid edge detection wait status is set.

Timer/counter register On (TCROnN) starts operating upon TIOn pin input valid edge detection and loads the value of
timer data register On (TDROn). The TCROnN register counts down from the value of the TDROnN register it has loaded, in
synchronization with the count clock. When TCROn = 0000H, it outputs INTTMOn and stops counting until the next TIOn
pin input valid edge is detected.

The TDROnN register can be rewritten at any time. The new value of the TDROnN register becomes valid from the next

period.
Figure 6-56. Block Diagram of Operation as Delay Counter
c
=]
01— 8
Operation clock™*'® 3 Timer counter
CKO00 E] —] register On (TCRON)
o =
TNFENONn Tg0n é T
3 Timer data Interrupt signal
3 . Interrupt
oo Eags 2 register On (TDRON) c Omro”’;r (INTTMON)
Ti0n pin filter detection g’

Note For using channel 3, the clock can be selected from CK00, CK01, CK02 and CKO3.

Remark n: Channel number (n =3, 5,6, 7)
The TI07 pin can be used for P11/RxD0 pin by setting bit 1 (ISC1) in the input switch control register (ISC) to
1. For details, see 6.3.13 Input switch control register (ISC).
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Figure 6-57. Example of Basic Timing of Operation as Delay Counter

Tson ]

TEOn |
TIOn
“FFFFH |
TCRON
OOOOH/ }
TDRON a X b
INTTMOnN -l -l
a+l © b+l

Remarks 1. n: Channel number (n =3, 5, 6, 7)
The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register
(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).

2. TSOn: Bit n of timer channel start register 0 (TS0)
TEON: Bit n of timer channel enable status register 0 (TEO)
TIOn: TI0n pin input signal

TCROnN: Timer/counter register On (TCROnN)
TDROnN: Timer data register On (TDRON)
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Figure 6-58. Example of Set Contents of Registers to Delay Counter (1/2)

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRON [cKson1[{cKSono CCSOn | M/sNote | STSON2 | STSON1 [STSONO | CISON1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDONO
1/0 1/0 0 0 0/1 0 0 1 1/0 1/0 0 0 1 0 0 0
L1 [ [ 1

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.
1: Trigger input is valid.

L__Selection of TIOn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

|___Start trigger selection
001B: Selects the TIOn pin input valid edge.

L—Setting of MASTERON bit (channel 6)
0: Independent channel operation function

Setting of SPLITOn bit (channel 3)
0: 16-bit timer mode
1: 8-bit timer mode

L__Count clock selection
0: Selects operation clock (fuck).

L Operation clock (fmck) selection
00B: Selects CKO0O0 as operation clock of channel n.
10B: Selects CKO1 as operation clock of channel n.
01B: Selects CK02 as operation clock of channel 3 (This can only be selected channel 3).
11B: Selects CKO03 as operation clock of channel 3(This can only be selected channel 3).

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)

Bit n
TOEO | TOEON 0: Stops the TOOn output operation by counting operation.
0
Note TMROG6: MASTEROG bit
TMRO3: SPLITO3 bit
TMRO05, TMRO7: Fixed to O

Remark n: Channel number (n =3, 5, 6, 7)
The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register
(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).
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Figure 6-58. Example of Set Contents of Registers to Delay Counter (2/2)

(d) Timer output level register 0 (TOLO)

Bit n

TOLO

TOLONn
0

0: Cleared to 0 when TOMOn = 0 (master channel output mode).

(e) Timer output mode register 0 (TOMO)

Bit n

TOMO

TOMOn
0

0: Sets master channel output mode.

Remark n: Channel number (n=3, 5, 6, 7)

The TI07 pin can be used for P11/RxDO0 pin by setting bit 1 (ISC1) in the input switch control register

(ISC) to 1. For details, see 6.3.13 Input switch control register (ISC).
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Figure 6-59. Operation Procedure When Delay Counter Function Is Used
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setng -\ .| Gsabled) ]
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1: Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CK00 to CK03
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to O (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register On (TMROnN) (determines
operation mode of channel).
INTTMOn output delay is set to timer data register On
(TDRON).
Clears the TOEOnN bit to 0 and stops operation of TOOn.
—® Operation | Sets the TSOn (TSHO03) bit to 1. —®» TEOn (TEHO03) = 1, and the start trigger detection (the
start The TSOn (TSHO3) bit automatically returns to 0 valid edge of the TI0n pin input is detected or the TSOn bit
| becauseitisatriggerbit. | s setfo 1) wait statusisset. ]
The counter starts counting down by the next start trigger
detection.
¢ Detects the TIOn pin input valid edge. ————® Value of the TDROn register is loaded to the timer/counter
e Sets the TSOn bit to 1 by the software. register On (TCRON).
During Set value of the TDROnN register can be changed. The counter (TCRON) counts down. When the count
operation | The TCROn register can always be read. value of TCRON reaches to 0000H, the INTTMOn output is
The TSRON register is not used. generated, and the count operation stops until the next
start trigger detection (the valid edge of the TIOn pin input
is detected or the TSOn bit is set to 1).
Operation | The TTOn (TTHO03) bit is set to 1. — » TEOn (TEHO03) = 0, and count operation stops.
stop The TTOn (TTHO3) bit automatically returns to 0 The TCROnN register holds count value and stops.
B because it is a trigger bit.
TAU The TAUOEN bit of the PERQ register is cleared to 0.—® Power-off status
stop All circuits are initialized and SFR of each channel is
also initialized.
Remark n: Channel number (n=3, 5,6, 7)

The TI07 pin can be used for P11/RxD0 pin by setting bit 1 (ISC1) in the input switch control register (ISC) to

1. For details, see 6.3.13 Input switch control register (ISC).
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6.9 Simultaneous Channel Operation Function of Timer Array Unit

6.9.1 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 start trigger
with software operation.

The delay time and pulse width can be calculated by the following expressions.

Delay time = {Set value of TDROn (master) + 2} x Count clock period

Pulse width = {Set value of TDROp (slave)} x Count clock period

The master channel operates in the one-count mode and counts the delays. Timer/counter register On (TCROn) of the
master channel starts operating upon start trigger detection and loads the value of timer data register On (TDRON).

The TCROn register counts down from the value of the TDROn register it has loaded, in synchronization with the count
clock. When TCROn = 0000H, it outputs INTTMOn and stops counting until the next start trigger is detected.

The slave channel operates in the one-count mode and counts the pulse width. The TCROp register of the slave
channel starts operation using INTTMOn of the master channel as a start trigger, and loads the value of the TDROp
register. The TCROp register counts down from the value of The TDROp register it has loaded, in synchronization with the
count value. When count value = 0000H, it outputs INTTMOp and stops counting until the next start trigger (INTTMOn of
the master channel) is detected. The output level of TOOp becomes active one count clock after generation of INTTMOn
from the master channel, and inactive when TCROp = 0000H.

Caution The timing of loading of timer data register On (TDROn) of the master channel is different from that of
the TDROp register of the slave channel. If the TDROn and TDROp registers are rewritten during
operation, therefore, an illegal waveform is output. Rewrite the TDROn register after INTTMOn is
generated and the TDROp register after INTTMOp is generated.

Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number (p = 3, 5, 6, where n < p < 6)
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Figure 6-60. Block Diagram of Operation as One-Shot Pulse Output Function

Master channel

(one-count mode) =
S
CKo1 8
Operation clock 2 Timer counter
CKO00 § —=| register On (TCRON)
[S)
8
TSOn % Timer data Interrupt | Interrupt signal
5 register On (TDRON
g g ( ) controller (INTTMOn)
g
Slave channel
(one-count mode)
S
_ CKo1 8
Operation clock g Timer counter Output _
CK00 g —| register 0p (TCROp) controller © TO0p pin
O
=
§ Timer data Interrupt | Interrupt signal
5 register Op (TDRO
g g p( p) controller (INTTMOD)
=
Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number (n < p < 6)
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Figure 6-61. Example of Basic Timing of Operation as One-Shot Pulse Output Function

Note 1  Note 2 Note 2

TSOn ” |

TEON _|
“FFFFH |
Master TCRON
channel 0000H / /
TDRON a
TOON
INTTMON ;| -l
Note 1

Tsop __]|

TEOp | \

FFFFH

TCROp

Slave 0000H
channel ) }
TDROp b

TOOp

INTTMOp -l
a+2 b at2 b

Notes 1. If TSOn of the master channel and TSOp of the slave channel are set to “1” at the same time when TEOn
and TEOp are both “0”, TEOn and TEOp are set to “1”.
2. If TSOn of the master channel is set to “1” when TEOn and TEOp are both “1”, the one-shot pulse
operation starts. Do not to set TSOp of the slave channel to “1” in this event.

Remarks 1. n: Master channel number (n =0, 2, 4)
p: Slave channel number (p = 3, 5, 6, where n < p <6)
2. TSOn, TSOp: Bit n, p of timer channel start register 0 (TS0)
TEOnN, TEOp: Bit n, p of timer channel enable status register 0 (TEOQ)
TCRON, TCROp: Timer/counter registers On, Op (TCROn, TCROp)
TDROn, TDROp: Timer data registers On, Op (TDROn, TDROp)
TOON, TOOp: TOON and TOOp pins output signal
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Figure 6-62. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Master Channel)

(@) Timer mode register On (TMRON)

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

MAS
TMRON  |ckson1|cKsono CCsOn TERON STSOn2|STSON1|STSONO | CISON1 | CISONO MDOn3 [ MDOn2 | MDONn1 [ MDOnO

1/0 0 0 0 Note 0 0 1 0 0 0 0 1 0 0 0
1

L1 L1 1 I_|_I

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

|__Start trigger selection
001B: Selects the TIOn pin input valid edge.

L__Setting of MASTERON bit (channels 2, 4)
1: Master channel

L__Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CKO0O as operation clock of channels n.
10B: Selects CK01 as operation clock of channels n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n
TOEO | TOEON 0: Stops the TOOn output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n
TOLO | ToLon 0: Cleared to 0 when TOMOn = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)
Bit n
TOMO |Tomon 0: Sets master channel output mode.
0

Note TMRO02, TMRO04: MASTERON =1
TMROO: Fixed to O

Remark n: Master channel number (n =0, 2, 4)
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Figure 6-63. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Slave Channel)

(a) Timer mode register Op (TMROp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROp  |cKSop1[{CKSOpo CCSO0p | MisNot® [ STSOp2 | STSOp1 | STSOPO | CISOp1 | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOpO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0
L | [ [ [ [

Operation mode of channel p
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TIOp pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
100B: Selects INTTMONn of master channel.

L—Setting of MASTERON bit (channel 6)
0: Independent channel operation function

Setting of SPLITOn bit (channel 3)
1: 16-bit timer mode

L__Count clock selection
0: Selects operation clock (fuck).

L__Operation clock (fuck) selection

00B: Selects CKO0O as operation clock of channel p.
10B: Selects CKO01 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bit p
TOO TOOp 0: Outputs 0 from TOOp.
1/0 1: Outputs 1 from TOOp.

(c) Timer output enable register 0 (TOEOQ)

Bit p
TOEO |TOEOP 0: Stops the TOOp output operation by counting operation.
1/0 1: Enables the TOOp output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit p
TOLO TOLOp 0: Positive logic output (active-high)
1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)
Bit p

TOMO | ToMOp 1: Sets the slave channel output mode.
1

Note TMRO02, TMR04, TMR06: MASTEROp bit
TMRO1, TMRO3: SPLITOp bit
TMRO5: Fixed to O

Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number (p = 3, 5, 6, where n < p <6)
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Figure 6-64. Operation Procedure of One-Shot Pulse Output Function (1/2)
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
seting | | disabed.)
Sets the TAUOEN bit of peripheral enable registers 0
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, enabled)
Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CKOO and CKO1.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to O (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register On, Op (TMROn, TMROp) of two
channels to be used (determines operation mode of
channels).
An output delay is set to timer data register On (TDROn)
of the master channel, and a pulse width is set to the
TDROp register of the slave channel.
Sets slave channel. The TOOp pin goes into Hi-Z output state.
The TOMOp bit of timer output mode register 0 (TOMO)
is set to 1 (slave channel output mode).
Sets the TOLOp bit.
Sets the TOOp bit and determines default level of the
TOOp output. » The TOOp default setting level is output when the port
mode register is in output mode and the port register is 0.
Sets the TOEOp bit to 1 and enables operation of TOOp. TOOp does not change because channel stops operating.
Clears the port register and port mode register to 0. The TOOp pin outputs the TOOp set level.
Remark n: Master channel number (n =0, 2, 4)

p: Slave channel number (p = 3, 5, 6, where n < p < 6)
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Operation is resumed.
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Figure 6-64. Operation Procedure of One-Shot Pulse Output Function (2/2)
Software Operation Hardware Status
| Operation | Sets the TOEOp bit (slave) to 1 (only when operation is
start resumed).
The TSOn (master) and TSOp (slave) bits of timer
channel start register 0 (TS0) are set to 1 at the same
time. The TEOn and TEOp bits are set to 1 and the master
The TSOn and TSOp bits automatically return to 0 channel enters the start trigger detection (the valid edge of
because they are trigger bits. the TI0n pin input is detected or the TSOn bit of the master
channel is set to 1) wait status.
Counter stops operating.
Count operation of the master channel is started by start | Master channel starts counting.
trigger detection of the master channel.
o Detects the TIOn pin input valid edge
¢ Sets the TSOn bit of the master channel to 1 by
software Nete,
Note Do not set the TSOn bit of the slave channel to 1.
During Set values of only the CISOn1 and CISOnO bits of the Master channel loads the value of the TDROn register to
operation | TMROn register can be changed. timer/counter register On (TCRON) by the start trigger
Set values of the TMROp, TDROn, TDROp registers, detection (the valid edge of the TIOn pin input is detected
TOMON, TOMOp, TOLON, and TOLOp bits cannot be or the TSOn bit of the master channel is set to 1), and the
changed. counter starts counting down.
The TCROn and TCROp registers can always be read. When the count value reaches TCROn = 0000H, the
The TSROn and TSROp registers are not used. INTTMOn output is generated, and the counter stops until
Set values of the TOO and TOEQO registers by slave the next start trigger detection.
channel can be changed. The slave channel, triggered by INTTMOn of the master
channel, loads the value of the TDROp register to the
TCROp register, and the counter starts counting down.
The output level of TOOp becomes active one count clock
after generation of INTTMOn from the master channel. It
becomes inactive when TCROp = 0000H, and the counting
T operation is stopped.
After that, the above operation is repeated.
Operation | The TTOn (master) and TTOp (slave) bits are set to 1 at
stop the same time. TEON, TEOp = 0, and count operation stops.
The TTOn and TTOp bits automatically return to 0 The TCROn and TCROp registers hold count value and
because they are trigger bits. stop.
The TOOp output is not initialized but holds current
status
The TOEOp bit of slave channel is cleared to 0 and value
is set to the TOOp bit. P The TOOp pin outputs the TOOp set level.
TAU To hold the TOOp pin output level
stop Clears the TOOp bit to O after the value to
be held is set to the port register. ————————————————————®The TOOp pin output level is held by port function.
When holding the TOOp pin output level is not
necessary
__Switches the port mode register to input mode.”# The TOOp pin output level goes into Hi-Z output state. |
The TAUOEN bit of the PERO register is cleared to 0.—® Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOOp bit is cleared to 0 and the TOOp pin is set to
port mode.)
Remark n: Master channel number (n =0, 2, 4)

p: Slave channel number (p = 3, 5, 6, where n < p < 6)
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6.9.2 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 TDROn (master) + 1} x Count clock period

Duty factor [%] = {Set value of TDROp (slave)}/{Set value of TDROn (master) + 1} x 100
0% output:  Set value of TDROp (slave) = 0000H

100% output: Set value of TDROp (slave) > {Set value of TDROn (master) + 1}

Remark The duty factor exceeds 100% if the set value of TDROp (slave) > (set value of TDROn (master) + 1), it
summarizes to 100% output.

The master channel operates in the interval timer mode. |If the channel start trigger bit (TSOn) of timer channel start
register 0 (TS0) is set to 1, an interrupt (INTTMON) is output, the value set to timer data register On (TDROn) is loaded to
timer/counter register On (TCROn), and the counter counts down in synchronization with the count clock. When the
counter reaches 0000H, INTTMOn is output, the value of the TDROn register is loaded again to the TCROn register, and
the counter counts down. This operation is repeated until the channel stop trigger bit (TTOn) of timer channel stop register
0 (TTO) is setto 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 (TOOp) cycle.

The slave channel operates in one-count mode. By using INTTMOn from the master channel as a start trigger, the
TCROp register loads the value of the TDROp register and the counter counts down to 0000H. When the counter reaches
0000H, it outputs INTTMOp and waits until the next start trigger (INTTMOn 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 (TOOp) duty.

PWM output (TOOp) goes to the active level one clock after the master channel generates INTTMOn and goes to the
inactive level when the TCROp register of the slave channel becomes 0000H.

Caution To rewrite both timer data register On (TDROn) of the master channel and the TDROp register of the
slave channel, a write access is necessary two times. The timing at which the values of the TDROn
and TDROp registers are loaded to the TCROn and TCROp registers is upon occurrence of INTTMOn of
the master channel. Thus, when rewriting is performed split before and after occurrence of INTTMOn
of the master channel, the TOOp pin cannot output the expected waveform. To rewrite both the
TDRON register of the master and the TDROp register of the slave, therefore, be sure to rewrite both
the registers immediately after INTTMOn is generated from the master channel.

Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number (p = 3, 5, 6, where n < p < 6)
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Figure 6-65. Block Diagram of Operation as PWM Function

Master channel

(interval timer mode) =
S
CKo1 8
Operation clock 2 Timer counter
CKO00 E] —=| register On (TCRON) [ |
(&)
8
TSO % Timer data Interrupt | Interrupt signal
n 5 register On (TDRON
g g ( ) controller (INTTMOn)
g
Slave channel
(one-count mode)
S
Overation clock CKo1 8
peration cloc & Timer counter o
_ utput .
CK00 E —| register op (TCROp) controller © TO0p pin
(&)
=
§ Timer data Interrupt | Interrupt signal
5 register Op (TDRO,
% g p( p) controller (INTTMOp)
=
Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number (p = 3, 5, 6, where n < p < 6)
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Figure 6-66. Example of Basic Timing of Operation as PWM Function

Master
channel

Slave
channel

TSOn

TEOnN

TCROnN

TDROnN

TOON

INTTMOn

TSOp

TEOp

TCROp

TDROp

TOOp

INTTMOp

FFFFH

0000H

N

N_| 7
\_//

a X b
{ 1
J-l (
—|
0000H \
) ) )
c X d
1
_ a+1 _ a-|F1 ‘E’bﬂ

Remarks 1. n: Maste channel number (n =0, 2, 4)

p: Slave channel number (p = 3, 5, 6, where n < p < 6)

2. TSOn, TSOp:

TEON, TEOp:
TCROn, TCROp:

TDROn, TDROp:
TOON, TOOp:

Bit n, p of timer channel start register 0 (TS0)

Bit n, p of timer channel enable status register 0 (TEO)
Timer/counter registers On, Op (TCROn, TCROp)
Timer data registers On, Op (TDROn, TDROp)

TOON and TOOp pins output signal
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Figure 6-67. Example of Set Contents of Registers When PWM Function (Master Channel) Is Used

(@) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MAS
TMRON  |cKson1|cKSono CCSOn TERON STS0n2|STSOn1|STSONO| CISONn1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDOnO

1/0 0 0 0 Note 0 0 0 0 0 0 0 0 0 0 1
1

L | I [ L] L[ |

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMOn when counting is
started.

L__Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
000B: Selects only software start.

L__Setting of the MASTERON bit (channels 2, 4)
1: Master channel

L__Count clock selection
0: Selects operation clock (fmck).

L__Operation clock (fuck) selection
00B: Selects CKO0O0 as operation clock of channel n.
10B: Selects CK01 as operation clock of channel n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO | TOEON 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO TOLONn 0: Cleared to 0 when TOMOn = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)

Bit n
TOMO |Tomon 0: Sets master channel output mode.
0
Note TMRO02, TMRO04: MASTEROnN = 1
TMROO: Fixedto 0

Remark n: Master channel number (n =0, 2, 4)
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Figure 6-68. Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used

(a) Timer mode register Op (TMROp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMROp  |cKsSop1|CKS0po CCSO0p | MisNot® [ STSOp2 | STSOp1 | STSOPO | CISOp1 | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOpO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

] T T [ I —

Operation mode of channel p
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

L__Selection of TIOp pin input edge
00B: Sets 00B because these are not used.

|__Start trigger selection
100B: Selects INTTMOn of master channel.

L__Setting of MASTEROp bit (channel 6)
0: Slave channel
Setting of SPLITOp bit (channel 3)
0: 16-bit timer mode

L__Count clock selection
0: Selects operation clock (fuck).

| Operation clock (fuck) selection

00B: Selects CK0O0 as operation clock of channel p.

10B: Selects CK01 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bit p
TOO TOOp 0: Outputs 0 from TOOp.
1/0 1: Outputs 1 from TOOp.

(c) Timer output enable register 0 (TOEO)

Bit p
TOEO | TOEOp 0: Stops the TOOp output operation by counting operation.
1/0 1: Enables the TOOp output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bit p
TOLO | TOLOp 0: Positive logic output (active-high)
1/0 1: Inverted output (active-low)

(e) Timer output mode register 0 (TOMO)

Bit p
TOMO | TOMOp 1: Sets the slave channel output mode.
1
Note TMRO5: Fixed to O
TMRO3: SPLITOp bit

Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number (p = 3, 5, 6, where n < p < 6)
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Figure 6-69. Operation Procedure When PWM Function Is Used (1/2)
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting | | disabled)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CKO0 and CKO1.
Channel | Sets timer mode registers On, Op (TMROn, TMROp) of Channel stops operating.
default two 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 timer data register On
(TDRON) of the master channel, and a duty factor is set
to the TDROp register of the slave channel.
Sets slave channel. The TOOp pin goes into Hi-Z output state.
The TOMOp bit of timer output mode register 0 (TOMO)
is set to 1 (slave channel output mode).
Sets the TOLOp bit.
Sets the TOOp bit and determines default level of the
TOOp output. The TOOp default setting level is output when the port
mode register is in output mode and the port register is 0.
Sets the TOEOp bit to 1 and enables operation of TOOp. TOOp does not change because channel stops operating.
Clears the port register and port mode register to 0. The TOOp pin outputs the TOOp set level.
Remark n: Master channel number (n =0, 2, 4)

p: Slave channel number (p = 3, 5, 6, where n < p <6)
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Operation is resumed.

RL78/11A CHAPTER 6 TIMER ARRAY UNIT

Figure 6-69. Operation Procedure When PWM Function Is Used (2/2)

Software Operation Hardware Status

> Operation | Sets the TOEOp bit (slave) to 1 (only when operation is
start resumed).

The TSOn (master) and TSOp (slave) bits of timer
channel start register 0 (TS0) are set to 1 at the same TEOn =1, TEOp =1

time. » When the master channel starts counting, INTTMOn is
The TSOn and TSOp bits automatically return to 0 generated. Triggered by this interrupt, the slave
because they are trigger bits. channel also starts counting.

During Set values of the TMROn and TMROp registers, TOMOn, | The counter of the master channel loads the TDROn

operation | TOMOp, TOLOn, and TOLOp bits cannot be changed. register value to timer/counter register On (TCROn), and
Set values of the TDROn and TDROp registers can be counts down. When the count value reaches TCROn =
changed after INTTMOn of the master channel is 0000H, INTTMOn output is generated. At the same time,
generated. the value of the TDROn register is loaded to the TCROn
The TCROn and TCROp registers can always be read. register, and the counter starts counting down again.
The TSROn and TSROp registers are not used. At the slave channel, the value of the TDROp register is
Set values of the TOO and TOEO registers can be loaded to the TCROp register, triggered by INTTMOn of
changed. the master channel, and the counter starts counting down.

The output level of TOOp becomes active one count clock
after generation of the INTTMOn output from the master
channel. It becomes inactive when TCROp = 0000H, and
the counting operation is stopped.

After that, the above operation is repeated.

Operation | The TTOn (master) and TTOp (slave) bits are set to 1 at

stop the same time. TEOn, TEOp = 0, and count operation stops.
The TTOn and TTOp bits automatically return to O The TCROn and TCROp registers hold count value and
because they are trigger bits. stop.
The TOOp output is not initialized but holds current
status.

The TOEOp bit of slave channel is cleared to 0 and value

I is set to the TOOp bit. P The TOOp pin outputs the TOOp set level.
TAU To hold the TOOp pin output level
stop Clears the TOOp bit to 0 after the value to ————®The TOOp pin output level is held by port function.

be held is set to the port register.
When holding the TOOp pin output level is not

necessary
_ Switches the port mode register Ecz_iopy_t_mafi_%-j _ __________ The TOOp pin output level goes into Hi-Z output state. |
The TAUOEN bit of the PERO register is cleared to 0- Power-off status

All circuits are initialized and SFR of each channel is
also initialized.
(The TOOp bit is cleared to 0 and the TOOp pin is set to

port mode.)
Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number (p = 3, 5, 6, where n < p <6)
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6.9.3 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 TDROn (master) + 1} x Count clock period
Duty factor 1 [%] = {Set value of TDROp (slave 1)}/{Set value of TDROn (master) + 1} x 100
Duty factor 2 [%] = {Set value of TDROq (slave 2)}/{Set value of TDROn (master) + 1} x 100

Remark Although the duty factor exceeds 100% if the set value of TDROp (slave 1) > {set value of TDROn
(master) + 1} or if the {set value of TDROq (slave 2)} > {set value of TDROn (master) + 1}, it is
summarized into 100% output.

Timer/counter register On (TCRON) of the master channel operates in the interval timer mode and counts the periods.

The TCROp register of the slave channel 1 operates in one-count mode, counts the duty factor, and outputs a PWM
waveform from the TOOp pin. The TCROp register loads the value of timer data register Op (TDROp), using INTTMOn of
the master channel as a start trigger, and starts counting down. When TCROp = 0000H, TCROp outputs INTTMOp and
stops counting until the next start trigger (INTTMOn of the master channel) has been input. The output level of TOOp
becomes active one count clock after generation of INTTMOn from the master channel, and inactive when TCROp = 0000H.

In the same way as the TCROp register of the slave channel 1, the TCROq register of the slave channel 2 operates in
one-count mode, counts the duty factor, and outputs a PWM waveform from the TOOq pin. The TCROq register loads the
value of the TDROq register, using INTTMOn of the master channel as a start trigger, and starts counting down. When
TCROq = 0000H, the TCROq register outputs INTTMOq and stops counting until the next start trigger (INTTMOn of the
master channel) has been input. The output level of TOOgq becomes active one count clock after generation of INTTMOn
from the master channel, and inactive when TCROqg = 0000H.

When channel 0 is used as the master channel as above, up to seven types of PWM signals can be output at the same
time.

Caution To rewrite both timer data register On (TDROnN) of the master channel and the TDROp register of the
slave channel 1, write access is necessary at least twice. Since the values of the TDROn and TDROp
registers are loaded to the TCROn and TCROp registers after INTTMOn is generated from the master
channel, if rewriting is performed separately before and after generation of INTTMOn from the master
channel, the TOOp pin cannot output the expected waveform. To rewrite both the TDROn register of
the master and the TDROp register of the slave, be sure to rewrite both the registers immediately
after INTTMOn is generated from the master channel (This applies also to the TDROq register of the
slave channel 2).

Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number
q: Slave channel number (p, q = 3, 5, 6, where n < p < q <6, and p and q are integers greater than n)
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Figure 6-70. Block Diagram of Operation as Multiple PWM Output Function (Output Two Types of PWMs)

Master channel
(interval timer mode)

c
k)
. CKOl— ™| &
Operation clock o Timer counter
CKO00 é —=| register On (TCROnN)
O
o
S
8 ,
TSO 3 Timer data Interrupt | Interrupt signal
n 5 register On (TDRON
g g ( ) controller (INTTMON)
=
Slave channel 1
(one-count mode)
S
. CKo1 3
Operation clock 3 Timer counter Output '
4 .
CK00 S —»| register Op (TCROp) controller © TOOp pin
O
=
=
o
% ‘Tlmgr (zata on) Interrupt [ Interrupt signal
5 register TDR
QS) g p p controller (INTTMOP)
=
Slave channel 2
(one-count mode)
5
_ CKO1 8
Operation clock 5 Timer counter Output .
CKO00 3 .| register 0g (TCROg) controller ©T00q pin
O
o
S
o
% 'ngr c(i_?tisO ) Interrupt Interrupt signal
= register 0q q
ag controller (INTTMOG)
=

Remark n: Master channel number (n =0, 2, 4)

p: Slave channel number

g: Slave channel number (p, q = 3, 5, 6, where n < p < q <6, and p and q are integers greater than n)
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Figure 6-71. Example of Basic Timing of Operation as Multiple PWM Output Function
(Output Two Types of PWMs)

Master
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channel 1

Slave
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(Remarks are listed on the next page.)
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Remarks 1. n: Maste channel number (n =0, 2, 4)
p: Slave channel number
q: Slave channel number (p, g = 3, 5, 6, where n < p < q <6, and p and q are integers greater than n)
2. TSOn, TSOp, TSOq: Bit n, p, q of timer channel start register 0 (TSO0)
TEONn, TEOp, TEOq: Bit n, p, g of timer channel enable status register 0 (TEQ)
TCROn, TCROp, TCROq: Timer/counter registers On, Op, 0g (TCROn, TCROp, TCROQq)
TDROn, TDROp, TDROq: Timer data registers On, Op, 0q (TDROn, TDROp, TDROQq)

TOON, TOOp, TOOq: TOON, TOOp, and TOOq pins output signal
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Figure 6-72. Example of Set Contents of Registers
When Multiple PWM Output Function (Master Channel) Is Used

(a) Timer mode register On (TMRON)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MA
TMRON  |ckson1[cKsono CCSOn TERin STSO0Nn2|STSONn1|STSON0| CISON1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDONO

1/0 0 0 0 Note 0 0 0 0 0 0 0 0 0 0 1
1

L | I L[ |

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMOn when counting is
started.

L__Selection of TIOn pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
000B: Selects only software start.

|__Setting of MASTERON bit (channels 2, 4)
1: Master channel

L__Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CKO0O0 as operation clock of channel n.
10B: Selects CK01 as operation clock of channel n.

(b) Timer output register 0 (TOO0)
Bit n
TOO TOONn 0: Outputs 0 from TOON.
0

(c) Timer output enable register 0 (TOEO)
Bit n

TOEO | TOEON 0: Stops the TOON output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit n

TOLO | ToLon 0: Cleared to 0 when TOMOnN = 0 (master channel output mode).
0

(e) Timer output mode register 0 (TOMO)

Bit n
TOMO | Tomon 0: Sets master channel output mode.
0
Note TMRO02, TMRO04: MASTERON =1
TMROO: Fixedto O

Remark n: Master channel number (n = 4)
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Figure 6-73. Example of Set Contents of Registers
When Multiple PWM Output Function (Slave Channel) Is Used (Output Two Types of PWMs) (1/2)

(a) Timer mode register Op, 0q (TMROp, TMROq)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROp |cksop1|cksopo CCS0p | MisNote | STSOp2 | STSOp1 [ STSOpPO | CISOp1 | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOpO
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

TMROqQ |cksog1|cksoqo CCS0q | MisN°t® [ STS0q2 | STS0q1|STS0q0| CIS0g1 | CIS0Q0 MDO0g3 | MD0g2 | MDOq1 | MDOGO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

L | | [ L] L

Operation mode of channel p, q
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

|__Selection of TIOp and TI0q pins input edge
00B: Sets 00B because these are not used.

| Start trigger selection
100B: Selects INTTMOn of master channel.

| Setting of MASTEROp, MASTEROq bits (channel 6)
0: Independent channel operation function

Setting of SPLITOp, SPLITOq bits (channel 3)
1: 16-bit timer mode

| Count clock selection
0: Selects operation clock (fuck).

| Operation clock (fuck) selection

00B: Selects CKO0O as operation clock of channel p, q.

10B: Selects CK01 as operation clock of channel p, q.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO0)

Bitq Bitp
TOO TOO0q | TOOp 0: Outputs 0 from TOOp or TOOq.
1/0 | 1/0 1: Outputs 1 from TOOp or TOOgq.

(c) Timer output enable register 0 (TOEOQ)

Bitqg Bitp
TOEO | TOEOq | TOEOp 0: Stops the TOOp or TOOq output operation by counting operation.
1/0 1/0 1: Enables the TOOp or TOO0q output operation by counting operation.

(d) Timer output level register 0 (TOLO)

Bitq Bitp
TOLO TOLOq | TOLOp 0: Positive logic output (active-high)
1/0 | 1/0 1: Inverted output (active-low)
Note TMRO6: MASTEROp, MASTEROq bit
TMRO3: SPLITOp, SPLITOq bit
TMRO5: Fixedto O

Remark n: Master channel number (n =0, 2, 4)
p: Slave channel number
g: Slave channel number (p, g = 3, 5, 6, where n < p < q <6, and p and q are integers greater than n)
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Figure 6-73. Example of Set Contents of Registers
When Multiple PWM Output Function (Slave Channel) Is Used (Output Two Types of PWMs) (2/2)

(e) Timer output mode register 0 (TOMO)

Bitg Bitp
TOMO | TOMOg | TOMOP 1: Sets the slave channel output mode.
1 1
Note TMRO6: MASTEROp, MASTEROq bit
TMRO3: SPLITOp, SPLITOq bit
TMRO5: Fixed to O

Remark p: Slave channel number

g: Slave channel number (p, q = 3, 5, 6, where n < p < q <6, and p and q are integers greater than n)
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Figure 6-74. Operation Procedure When Multiple PWM Output Function Is Used (1/2)
Software Operation Hardware Status
TAU Power-off status
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1. Power-on status. Each channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register 0 (TPSO0).
Determines clock frequencies of CK00 and CKO01.
Channel | Sets timer mode registers On, Op, 0q (TMROn, TMROp, Channel stops operating.
default TMROq) of each channel to be used (determines (Clock is supplied and some power is consumed.)
setting operation mode of channels).
An interval (period) value is set to timer data register On
(TDRON) of the master channel, and a duty factor is set
to the TDROp and TDRO(q registers of the slave
channels.
Sets slave channels. The TOOp and TOOq pins go into Hi-Z output state.
The TOMOp and TOMOq bits of timer output mode
register 0 (TOMO) are set to 1 (slave channel output
mode).
Sets the TOLOp and TOLOq bits.
Sets the TOOp and TOOq bits and determines default
level of the TOOp and TOOq outputs. — ¥ The TOOp and TOOq default setting levels are output when
the port mode register is in output mode and the port
register is 0.
Sets the TOEOp and TOEOQq bits to 1 and enables
operation of TOOp and TOOq. TOOp and TOOq do not change because channels stop
operating.
Clears the port register and port mode register to 0. The TOOp and TOOq pins output the TOOp and TOOq set
levels.
Remark n: Master channel number (n =0, 2, 4)

p: Slave channel number

q: Slave channel number (p, q = 3, 5, 6, where n < p <q <6, and p and q are integers greater than n)
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Operation is resumed.
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Figure 6-74. Operation Procedure When Multiple PWM Output Function Is Used (2/2)
Software Operation Hardware Status
Operation | (Sets the TOEOp and TOEOQq (slave) bits to 1 only when
start resuming operation.)
The TSOn bit (master), and TSOp and TS0q (slave) bits of
timer channel start register 0 (TSO0) are set to 1 at the
same time. TEONn =1, TEOp, TEOC| =1
The TSOn, TSOp, and TSO0q bits automatically return to When the master channel starts counting, INTTMOn is
0 because they are trigger bits. generated. Triggered by this interrupt, the slave
channel also starts counting.
During Set values of the TMROn, TMROp, TMROq registers, The counter of the master channel loads the TDROn
operation | TOMOn, TOMOp, TOMOq, TOLOn, TOLOp, and TOLOq register value to timer/counter register On (TCROn) and
bits cannot be changed. counts down. When the count value reaches TCROn =
Set values of the TDROn, TDROp, and TDROq registers 0000H, INTTMOn output is generated. At the same time,
can be changed after INTTMOn of the master channel is | the value of the TDROnN register is loaded to the TCROn
generated. register, and the counter starts counting down again.
The TCROn, TCROp, and TCROq registers can always be | At the slave channel 1, the values of the TDROp register
read. are transferred to the TCROp register, triggered by
The TSROn, TSROp, and TSROq registers are not used. INTTMOn of the master channel, and the counter starts
Set values of the TOO0 and TOEQO registers can be counting down. The output levels of TOOp become active
changed. one count clock after generation of the INTTMOn output
from the master channel. It becomes inactive when
TCROp = 0000H, and the counting operation is stopped.
At the slave channel 2, the values of the TDROq register
are transferred to TCROq register, triggered by INTTMOn
of the master channel, and the counter starts counting
down. The output levels of TO0q become active one
count clock after generation of the INTTMOn output from
the master channel. It becomes inactive when TCROq =
0000H, and the counting operation is stopped.
After that, the above operation is repeated.
Operation | The TTOn bit (master), TTOp, and TTOq (slave) bits are
stop setto 1 at the same time. TEON, TEOp, TEOq = 0, and count operation stops.
The TTOn, TTOp, and. TTOq pits automatically return to The TCRON, TCROp, and TCROq registers hold count
0 because they are trigger bits. value and stop.
The TOOp and TOOq output are not initialized but hold
current status.
The TOEOp and TOEOq bits of slave channels are
cleared to 0 and value is set to the TOOp and TOOq bits. -®The TOOp and TOOq pins output the TOOp and TOOq set
levels.
TAU To hold the TOOp and TOOq pin output levels
stop Clears the TOOp and TOOQq bits to 0 after
the value to be held is set to the port register. ———®The TOOp and TOO0q pin output levels are held by port
When holding the TOOp and TOOq pin output levels are function.
not necessary
Switches the port mode register to input mode. —®The TO0p and TOOgq pin output levels go into Hi-Z output
state.
The TAUOEN bit of the PERO register is cleared to 0% Power-off status
All circuits are initialized and SFR of each channel is
also initialized.
(The TOOp and TOOq bits are cleared to 0 and the
TOOp and TOOq pins are set to port mode.)
Remark n: Master channel number (n =0, 2, 4)

p: Slave channel number
q: Slave channel number (p, q = 3, 5, 6, wheren <p

< g <6, and p and q are integers greater than n)
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6.10 Cautions When Using Timer Array Unit

6.10.1 Cautions when using timer output

Depends on products, a pin is assigned a timer output and other alternate functions. In this case, outputs of the other
alternate functions must be set in initial status.

For details, see 4.5 Register Settings When Using Alternate Function.
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CHAPTER 7 16-BIT TIMERS KBO, KB1, AND KB2

16-bit timers KBO, KB1 and KB2 are timers that can generate PWM output which is suitable for power sources and
lighting control.
The number of channels of the 16-bit timers differs, depending on the product.

20-pin 30-pin 38-pin
16-bit timer KBO \ y \/
16-bit timer KB1 J y y
16-bit timer KB2 - \ y

Cautions 1. Most of the following descriptions in this chapter use the 38-pin products as an example.
2. 16-bit timer KB2 is generated as an external pin for the 20 pins products.

7.1 Functions of 16-bit Timers KB0, KB1, and KB2

16-bit timers KBO, KB1, and KB2 are dedicated PWM output timers and have two outputs each, enabling the

generation of up to six PWM outputs. Complementary PWM output can also be generated to control a half-bridge circuit

@

outputs), full-bridge circuit (4 outputs), or 3-phase inverter circuit (6 outputs). Also, by linking with a comparator,

INTP20, or INTP21, PWM output can be stopped urgently.

(1)

(2

@)

4

(5

(6)

16-bit timers KBO, KB1, and KB2 are provided with the following functions.

PWM output

e The duty and the cycle of PWM output can be changed during timer operation.

o The default level while the timer is stopped and the active level while the timer is operating can be set to high level
and low level, respectively.

AID conversion start timing signal output
The A/D conversion start timing signal can be output by using compare register TKBTGCRn. The 16-bit timer KBn
and A/D conversion start timing can be synchronized with this function.

Simultaneous Start / Stop Mode
By setting 16-bit timer KBO as the master and 16-bit timers KB1 and KB2 as slaves, slave 16-bit timers KB1 and KB2
can be started/stopped at the same time synchronized with the count start/stop timing of timer KBO.

Synchronous start/clear mode
By setting 16-bit timer KBO as the master and 16-bit timers KB1 and KB2 as slaves, the counting cycles of the master
and slave timers can be synchronized. In this mode, a complementary PWM output can be generated, for example.

PWM output gating function (by interlocking with 16-bit timer KCO0)
Up to 6 timer KBn outputs can be gate-controlled by using the output of 16-bit timer KCO (the TKCO00 to TKCO05
outputs).

Timer restart function (by interlocking with the comparator and INTP)
Timer output can be restarted directly (not via the CPU) when a trigger source occurs (comparator 1 to 3 output,
INTP20, INTP21). By using this function, critical conduction mode PFC control can be implemented, for example.
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(7) Forced output stop function 1 (by interlocking with the comparator)
Timer output can be fixed to Hi-Z, high, or low level directly (not via the CPU) and asynchronously with the operation
clock fkekc of the 16-bit timer KBn and KCO circuit when a trigger source occurs (comparator 0 to 5 output). The
forced output stop status is canceled synchronously with the operation clock fkskc of the 16-bit timer KBn and KCO
circuits by setting the stop trigger of forced output stop function 1.

(8) Forced output stop function 2 (by interlocking with the comparator and INTP)
Timer output can be fixed to high or low level directly (not via the CPU) and asynchronously with the operation clock
fkekc of the 16-bit timer KBn and KCO circuit when a trigger source occurs (comparator 0 to 5 output, INTP20). The
forced output stop status is canceled at the beginning of the next counter cycle after the trigger source occurs or after
the trigger source signal changes to inactive level.

(9) PWM output dithering function
The “set duty + 1” waveform in each 16-period cycle can be output in the range of periods 0 to 15. By using this
function, PWM that is 16 times the count clock can be output as the average resolution of 16 timer KBn cycles.

(10) PWM output smooth start function
It is possible to make a soft-start that automatically increases duty after PWM output starts until it reaches to the
configured duty value.
It is possible to configure initial duty and duty plus one incremental period.

(11) Maximum frequency limit function
When using the timer restart function, if a trigger occurs earlier than the set maximum frequency, restart can be
suspended until the set maximum frequency.

(12) Interleave PFC output mode
With the timer restart function, it is possible to use external factors to automatically alternate restart output between
two outputs. It is possible to make interleaved PFC control with Critical Conduction Mode.

Remark Critical Conduction Mode is a PFC control method that activates a switching FET by detecting zero level of
inductor current.
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7.2 Configuration of 16-bit Timers KB0, KB1, and KB2

16-bit timers KBO, KB1, and KB2 include the following hardware.

Table 7-1. Configuration of 16-bit Timers KB0, KB1, and KB2

ltem

Configuration

Timer/counter

16-bit timer counter KBn (TKBCNTn)

Registers

16-bit timer KB compare registers n0 to n3 (TKBCRnO to TKBCRN3)
16-bit timer KB trigger compare register n (TKBTGCRn)

Timer output

TKBONO, TKBON1

Control registers

Peripheral enable register 2 (PER2)

Timer clock select register 2 (TPS2)

16-bit timer KB operation control register n0 (TKBCTLNO)

16-bit timer KB operation control register n1 (TKBCTLn1)

16-bit timer KB output control register n0 (TKBIOCnQ)

16-bit timer KB output control register n1 (TKBIOCn1)

16-bit timer KB flag register n (TKBFLGn)

16-bit timer KB trigger register n (TKBTRGn)

16-bit timer KB flag clear trigger register n (TKBCLRn)

16-bit timer KB dithering count registers n0, n1 (TKBDNRnO, TKBDNRn1)
16-bit timer KB compare 1L & dithering count register n0 (TKBCRLDnNO)

16-bit timer KB compare 3L & dithering count register n1 (TKBCRLDnN1)

16-bit timer KB smooth start initial duty registers n0, n1 (TKBSIRn0, TKBSIRn1)
16-bit timer KB smooth start step width registers n0, n1 (TKBSSRn0, TKBSSRn1)
16-bit timer KB maximum frequency limit setting register n (TKBMFRn)
Peripheral function switch register 0 (PFSELO)

Port mode register 20 (PM20)

Port register 20 (P20)

Remark n=0to2
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Figure 7-1 shows a block diagram.

Peripheral enable

Figure 7-1. Block Diagram of 16-bit Timer KBn

Timer clock select register 2 (TPS2)

register 2 (PER2) [TKB2EN ‘TKB1 EN ‘TKBOEN| |TPSZ12 A1 ‘TPSZWO TPS202| TPS201 ‘TPS200|
3 3
fork —w § freke o P |
3] rescaler
[}
fru — @ I/
CK21 CK20
Timer output forced stop request signal
Timer KBO (INTP20, 0102 output signal)
Timer trigger signal 5 ° Timer restart request signal
2 ‘g (INTP20, INTP21, comparator 3 output signal)
- ° TKCO00, TKCOO1 (from TMKCO)
8 fi Clear
Fut 16-bit timer counter KBO |——‘ OU(tg;tO:)a)tCi
3 T T TOTKBCOD
Q
Iy ToTkecn1 |« 5 ) >—> -© TKBO0O
16-bit timer KB ‘ Torkecee| & g
compare “ 38
buffer reister 00 16-bit timer KB TOTKBCO3 ’ ’. O TKBOO1
compare —
buffer register 01 16-0itimer KB Output Iatcj
compare — P201
buffer register 02 16-bit timer KB ( )
compare

buffer register 03

16-bit timer KB
trigger compare

buffer register 0

INTTMKBO

Timer KBO trigger output signal

16-bit timer KB 16-bit timer KB 16-bit timer KB 16-bit timer KB 16-bit timer KB
compare register 00 | | compare register 01 || compare register 02 || compare register 03 trigger compare
(TKB{}ROO RO1) (TKBCR02) (TKBCRO3) register 0 (TKBTGCRO
S Internal bus S

Timer KB1

fien

selector

-

A/D trigger signal

Selector

ADTRG11|ADTRG10

Peripheral function switch
register 0 (PFSELO)

Timer output forced stop request signal

(INTP20, 0,2, 3 output signal)
Timer restart request signal

Input
control

(INTP20, INTP21, comparator 1 output signal)

TKCO02, TKCO03 (from TMKCO0)

Trigger signal from timer KBO master

2
8
Q
»

Remarks 1. fkskc:

fkan:

Operation clock of whole 16-bit timer KBn and KCO circuit

Count clock of 16-bit timer KBn

2.n=0to2

T O©TKBO10
T ©TKBO11
INTTMKB1
Timer KB1 trigger output signal
J
X \ Timer output forced stop request signal
Timer KB2 (INTP20, 0,4, 5 output signal)
fien -0 Timer restart request signal
3E (INTP20, INTP21, comparator 2 output signal)
£38 TKCO04, TKCOOS (from TMKCO)
Trigger signal from timer KBO master
—T©TKBO20
—©TKBO21
INTTMKB2
Timer KB2 trigger output signal
J
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7.2.1 16-bit timer KB compare registers n0 to n3 (TKBCRnO to TKBCRnN3)

TKBCRnm can be refreshed (writing the same value) and its value can be rewritten while the timer is counting
(TKBCEnN = 1). When the value of TKBCRnm is rewritten while the timer is operating, that value is latched, transferred to
TKBCRnm at the following timing, and the value of TKBCRnm is changed.

* When starting count operation of counter (TKBCEn = 0)

¢ When a batch overwrite trigger (TKBRDTn = 1) or an external trigger (TKBTSEn = 1) occurs

This register can be read or written in 16-bit units.

Reset signal generation clears this register to 0000H.

Figure 7-2. Format of 16-bit Timer KB Compare Register nm (TKBCRnm)

Address: FOB00H (TKBCROO), FO602H (TKBCRO1), FOB04H (TKBCRO02), FO806H (TKBCRO3),
FO640H (TKBCR10), F0642H (TKBCR11), FOB844H (TKBCR12), FO646H (TKBCR13),
FO680H (TKBCR20), F0682H (TKBCR21), F0684H (TKBCR22), F0686H (TKBCR23)

After reset: 0000H R/W

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

TKBCRnm

Remark n=0to2, m=0to 3

7.2.2 16-bit timer KB trigger compare register n (TKBTGCRn)

TKBTGCRnN can be refreshed (writing the same value) and its value can be rewritten while the timer is counting
(TKBCEnN = 1). When the value of TKBTGCRn is rewritten while the timer is operating, that value is latched, transferred to
TKBTGCRn at the following timing, and the value of TKBTGCRn is changed.

* When starting count operation of counter (TKBCEn = 0)

* When a batch overwrite trigger (TKBRDTn = 1) or an external trigger (TKBTSEn = 1) occurs

Periodic signals from this register can be used as a hardware trigger for A/D conversion.

This register can be read or written in 16-bit units.

Reset signal generation clears this register to 0000H.

Figure 7-3. Format of 16-bit Timer KB Trigger Compare Register n (TKBTGCRn)

Address: F0608H (TKBTGCRO), FO648H (TKBTGCR1), FO688H (TKBTGCR2)  After reset: 0000H R/W

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

TKBTGCRn

Remark n=0to2
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7.3 Registers Controlling 16-bit Timers KB0, KB1, and KB2
16-bit timers KBO, KB1, and KB2 are controlled by the following registers.

o Peripheral enable register 2 (PER2)

e Timer clock select register 2 (TPS2)

e 16-bit timer KB operation control registers n0, n1 (TKBCTLnO, TKBCTLn1)

o 16-bit timer KB output control registers n0, n1 (TKBIOCnO, TKBIOCn1)

o 16-bit timer KB flag register n (TKBFLGn)

o 16-bit timer KB trigger register n (TKBTRGn)

o 16-bit timer KB flag clear trigger register n (TKBCLRn)

e 16-bit timer KB dithering count registers n0, n1 (TKBDNRnO, TKBDNRn1)

e 16-bit timer KB compare 1L & dithering count register nO (TKBCRLDnNO)

e 16-bit timer KB compare 3L & dithering count register n1 (TKBCRLDn1)

o 16-bit timer KB smooth start initial duty registers n0, n1 (TKBSIRn0, TKBSIRn1)
e 16-bit timer KB smooth start step width registers n0, n1 (TKBSSRn0, TKBSSRn1)
e 16-bit timer KB maximum frequency limit setting register n (TKBMFRn)

e Peripheral function switch register 0 (PFSELO)

e Port mode register 20 (PM20)

e Port register 20 (P20)
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7.3.1 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 timers KBO, KB1, and KB2 are used, be sure to set bits 2 to 0 (TKB2EN to TKBOEN) of this register to 1.

The PER2 register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 7-4. Format of Peripheral Enable Register 2 (PER2)

Address: FO509H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0

PER2 |PGACMPEN| TKBPA2EN | TKBPA1EN | TKBPAOEN | TKCOEN TKBZ2EN TKB1EN TKBOEN

TKBnEN Control of timer KBn input clock

0 Stops supply of input clock.

o SFR used by timer KBn cannot be written.
o Timer KBn is in the reset status.

1 Supplies input clock.

o SFR used by timer KBn can be read/written.

Caution When setting timer KBn, be sure to set the TKBnEN bit to 1 first. If TKBnEN = 0, writing to a
control register of timer KBn is ignored, and all read values are default values (except for timer
clock select register 2 (TPS2), peripheral function switch register 0 (PFSELO), port mode register
20 (PM20), and port register 20 (P20)).

ROTUHO0169EJ0340 Rev.3.40 R NS 274
Mar 29, 2024 ENES



RL78/11A CHAPTER 7 16-BIT TIMERS KBO, KB1, AND KB2

7.3.2 Timer clock select register 2 (TPS2)

The TPS2 register is a 16-bit register that is used to select two types of operation clocks (CK20, CK21) that are
commonly supplied to timers KBO, KB1, KB2, and KCO from external prescaler. CK21 is selected by using bits 6 to 4 of
the TPS2 register, and CK20 is selected by using bits 2 to 0.

Rewriting of the TPS2 register during timer operation is possible only in the following cases.

If the TPS200 to TPS202 bits can be rewritten (n = 0 to 2):
All timers for which CK20 is selected as the operation clock (TKBCKSn = 0, TKCCKS0 = 0) are stopped
(TKBCEn = 0, TKCCEOQ = 0).

If the TPS210 to TPS212 bits can be rewritten (n = 0 to 2):
All timers for which CK21 is selected as the operation clock (TKBCKSn = 1, TKCCKSO0 = 1) are stopped (TKBCEn = 0,
TKCCEO = 0).

The TPS2 register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-5. Format of Timer Clock Select Register 2 (TPS2)

Address: FO5C5H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

TPS2 0 TPS | TPS | TPS 0 TPS | TPS | TPS
212 | 211 | 210 202 | 201 | 200
TPS | TPS | TPS Selection of operation clock (CK2k)Netes1:2 (k = 0, 1)
2k2 | 2k1 | 2kO fok = folk = fok = fok = feLL =
2 MHz 5 MHz 20 MHz 32 MHz 64 MHz
0 0 0 [fowk, friL 2 MHz 5 MHz 20 MHz 32 MHz 64 MHz
0 0 1 |few/2, fr/2 1 MHz 2.5 MHz 10 MHz 16 MHz 32 MHz
0 1 0 [fok/22, fe/22 500 kHz 1.25 MHz 5 MHz 8 MHz 16 MHz
0 1 1 Jfow/23, fe/2® | 250 kHz 625 kHz 2.5 MHz 4 MHz 8 MHz
1 0 0 |fo/24, fr/2*  [125 kHz 312.5 kHz 1.25 MHz 2 MHz 4 MHz
1 0 1 |fews2®, fru/2®  |62.5 kHz 156.2 kHz 625 kHz 1 MHz 2 MHz
1 1 0 |]Setting - - - - -
prohibited
1 1 1 | Setting - - - - -
prohibited

Notes 1. When changing the clock selected for fcik (by changing the system clock control register (CKC) value),
stop timers KBO, KB1, KB2, and KCO (TKBCEn = 0, TKCCEOQ = 0).
2. When PLLON = 1 in the PLL control register (PLLCTL), frLL is supplied.

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

Remark fcik: CPU/peripheral hardware clock frequency
feL: PLL output clock
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7.3.3 16-bit timer KB operation control register n0 (TKBCTLnNO)
TKBCTLNO is a register that controls the count operation and sets the count clock of 16-bit timer.

TKBCTLNO can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 7-6. Format of 16-bit Timer KB Operation Control Register n0 (TKBCTLnO0) (1/2)

Address: F0622H (TKBCTLO00), F0662H (TKBCTL10), FO6A2H (TKBCTL20)  After reset: 0000H  R/W
Symbol 15 14 13 12 11 10 9 8
TKBCTLNO 0 TKBGTEN1 | TKBSSEn1 | TKBDIENn1 0 TKBGTENO | TKBSSENnO | TKBDIENO
7 6 5 4 3 2 1 0
TKBMFEnN 0 TKBIRSn1 | TKBIRSNnO 0 TKBTSEn [ TKBSTSn1 | TKBSTSnO
TKBGTEnp Control of TKBOnp of PWM output gate function by timer KCO output
0 Does not use PWM output gate function.
1 Use PWM output gate function.
TKBSSEnp Control of TKBOnp PWM output smooth start function
0 Does not use PWM output smooth start function.
1 Use PWM output smooth start function.
TKBDIEnp Control of TKBOnp PWM output dithering function
0 Does not use PWM output dithering function.
1 Use PWM output dithering function.
TKBMFEN Control of TKBOn0 and TKBOn1 maximum frequency limit function
0 Does not use the maximum frequency limit function.
1 Use the maximum frequency limit function.
TKBISRn1 | TKBISRnO Configuration of acceptable range of INTP21 input that immediately outputs
TKBON1 in interleaved PFC output mode.
0 0 T/2 to T/2+T/64
0 1 T/2 to T/2+T/32
1 0 T/2 to T/2+T/16
1 1 T/2 to T/2+ T/8
TKBTSEn Control of compare register batch overwrite function set by external trigger
0 Does not use compare register batch overwrite function set by external trigger.
1 Use compare register batch overwrite function set by external trigger.

Remarks 1. n=0t02,p=0, 1
2. Tis the period of the last restart
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Figure 7-6. Format of 16-bit Timer KB Operation Control Register n0 (TKBCTLnO0) (2/2)

TKBSTSn1 | TKBSTSn0

Selection of timer KBn count start trigger

0 0 Does not use trigger input.
0 1 External interrupt signal (INTP20)
1 0 External interrupt signal (INTP21)

When n = 0: Comparator 3 detection signal
When n = 1: Comparator 1 detection signal

When n = 2: Comparator 2 detection signal

Cautions 1. During timer operation, setting the other bits of the TKBCTLnO register is prohibited. However,
the TKBCTLNO register can be refreshed (the same value is written).
2. Be sure to clear bits 15, 11, 6, and 3 to “0”.
3. When using the PWM output gate function of TKBOnp, set corresponding bits 5 to 0 (TKCTOEO05
to TKCTOEO00) of the TKCIOCO1 register to 1 (enable the TKCO05 to TKCOO00 output).
4. For setting of INTP20/INTP21, see CHAPTER 14 COMPARATOR.

Remark n=0t02,p=0,1
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7.3.4 16-bit timer KB operation control register n1 (TKBCTLn1)
TKBCTLnN1 is a register that controls the count operation and sets the count clock of 16-bit timer.

TKBCTLnN1 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Address: F0629H (TKBCTLO01), FO669H (TKBCTL11), FO6A9H (TKBCTL21)

Figure 7-7. Format of 16-bit Timer KB Operation Control Register n1 (TKBCTLn1)

After reset: 00H R/W

Symbol <7> 6 5 4 3 1 0
TKBCTLO1 TKBCEO 0 0 TKBCKSO0 | TKBSCMO TKBMDO1 | TKBMDOO
Symbol <7> 6 5 4 3 1 0
TKBCTLmM1 TKBCEm 0 0 TKBCKSm 0 0 TKBMDm1 | TKBMDmO
(m=1,2)
TKBCEnN Timer KBn operation control
0 Stops timer operation (counter is set to FFFF).
1 Enables timer count operation.
TKBCKSO0 Timer KBO clock selection
0 CK20 clock selected by TPS202 to TPS200 bits
1 CK21 clock selected by TPS212 to TPS210 bits
TKBSCMn Timer KBn start operation control
0 Operates using clock selected by TKBCKSn bit
1 The count start timing per se is to start when the CK20 and CK21 clock are matched. After the
operation is started, the clock selected by the TKBCKSn bit is used for operation.
Caution By setting simultaneous start mode to the slave with TKBSCMn bit, start
timing of the slave and master can be matched.
TKBMDn1 | TKBMDnO Timer KBn operation mode selection
0 0 Standalone mode (uses master)
0 1 Simultaneous start / stop mode (uses slave)
1 0 Synchronous start / clear mode (uses slave)
1 1 Interleave PFC output mode
Cautions 1. During timer operation, setting the other bits of the TKBCTLn1 register is prohibited. However,

the TKBCTLnN1 register can be refreshed (the same value is written).

Remark n=0to2, m=1,2

. In TKBCTLO1, be sure to clear bits 6, 5, and 2 to “0”.
. In TKBCTLm1, be sure to clear bits 6, 5, 3, and 2 to “0”.
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7.3.5 16-bit timer KB output control register n0 (TKBIOCnO0)
TKBIOCNO is a register that setting the default level/active level in 16-bit timer KBn output (TKBOnNp).
TKBIOCNO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Address: F0626H (TKBIOCO00), FO666H (TKBIOC10), FO6A6H (TKBIOC20)

Figure 7-8. Format of 16-bit Timer KB Output Control Register n0 (TKBIOCnO0)

After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
TKBIOCnO 0 0 0 0 TKBTOLN1 | TKBTOLNO | TKBTODn1 | TKBTODNO
TKBTOLnp Active level setting of timer output TKBOnp
0 High level
1 Low level
TKBTODnp Default level setting of timer output TKBOnp
0 Low level
1 High level
Cautions 1. During timer operation, setting the other bits of the TKBIOCnO register is prohibited. However,

the TKBIOCNO register can be refreshed (the same value is written).

. Be sure to clear bits 7 to 4 to “0”.
. Actual TKBOnp pin output is set not only by TKBOnp output but by the port mode registers

(PMxx) and port registers (Pxx) for the shared ports.

Remark n=0t02,p=0,1
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7.3.6 16-bit timer KB output control register n1 (TKBIOCn1)
TKBIOCn1 is a register that controls disable/enable timer control in 16-bit timer KBn output (TKBOnp).

TKBIOCn1 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Address: F0628H (TKBIOCO01), FO668H (TKBIOC11), FO6A8H (TKBIOC21)

Symbol
TKBIOCn1

Figure 7-9. Format of 16-bit Timer KB Output Control Register n1 (TKBIOCn1)

After reset: 00H R/W

7 6 5 4 3 2 <1> <0>
0 0 0 0 0 0 TKBTOEN1 | TKBTOENO
TKBTOEnp Timer output TKBOnp output enable/disable
0 Disables timer output (low-level output when TKBTODnp = 0, and high-level output when

TKBTODnp = 1.)

Enables timer output

Cautions 1. The TKBIOCn1 register can be overwritten while the timer is operating.

2. Be sure to clear bits 7 to 2 to “0”.
3. Actual TKBOnp pin output is set not only by TKBOnp output but by the port mode registers
(PMxx) and port registers (Pxx) for the shared ports.

Remark n=0to2,p=0,1
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7.3.7 16-bit timer KB flag register n (TKBFLGn)
TKBFLGn is a register with status flags for 16-bit timer KBn.
TKBFLGnN can be read by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Address: F0613H (TKBFLGO), FO653H (TKBFLG1), FO693H (TKBFLG2)

Figure 7-10. Format of 16-bit Timer KB Flag Register n (TKBFLGn)

After reset: 00H R

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
TKBFLGn | TKBSSFn1 | TKBSSFn0 | TKBSEFn1 | TKBSEFn0 | TKBIRFn TKBIEFn | TKBMFFn | TKBRSFn
TKBSSFnp Status flag for PWM output smooth start function of TKBOnp pin
0 During stop in PWM output smooth start function
1 Executing in PWM output smooth start function
TKBSEFnp Error flag for PWM output smooth start function of TKBOnp pin
0 No error, or completion of clearing by TKBCLSEnp
1 Error (TKBRDTnp = 1 occurred during PWM output smooth start execute (TKBSSFnp = 0))
TKBIRFn Undetected INTP21 trigger error flag for interleave PFC mode
0 No error, or completion of clearing by TKBCLIRn
1 Error (Undetected INTP21 trigger is in judgment range set by 0 to T/2 and TKBIRSn1 and
TKBIRSNO)
TKBIEFNn Multiplex detection INTP21 trigger error flag for interleave PFC mode
0 No error, or completion of clearing by TKBCLIEn
1 Error (Another INTP21 trigger was detected during the TKBOn1 active output)
TKBMFFn Status flag for maximum frequency limit function
0 Maximum frequency limit function is not occurred, or completion of clearing by TKBCLMFn
1 Maximum frequency limit function is occurred
TKBRSFn Pending status flag for batch overwrite trigger
0 Batch overwrite enabled status or completion of batch overwrite caused by to batch overwrite
trigger
1 On hold (waiting for completion) status of batch overwrite due to writing on batch overwrite
trigger bit TKBRDTn.
Remarks 1. n=0t02,p=0,1

2. Tis the period of the last restart
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7.3.8 16-bit timer KB trigger register n (TKBTRGn)
TKBTRGn is a trigger register used for batch overwriting of the compare register for 16-bit timer KBn.
TKBTRGnN can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-11. Format of 16-bit Timer KB Trigger Register n (TKBTRGn)

Address: F0612H (TKBTRGO), F0652H (TKBTRG1), FO692H (TKBTRG2)  After reset: 00H W

Symbol 7 6 5 4 3 2 1 <0>
TKBTRGn 0 0 0 0 0 0 0 TKBRDTn
TKBRDTn Trigger for batch overwrite request of compare register
0 Invalid setting
1 Batch overwrite request of compare register

Remark n=0to2
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7.3.9 16-bit timer KB flag clear trigger register n (TKBCLRn)
TKBCLRn is a register used to clear flags in the 16-bit timer KB flag register n (TKBFLGn).
TKBCLRn can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-12. Format of 16-bit Timer KB Flag Clear Trigger Register n (TKBCLRn)

Address: F0627H (TKBCLRO), FO667H (TKBCLR1), FO6A7H (TKBCLR2)  After reset: 00H W

Symbol 7 6 <5> <4> <3> <2> <1> 0
TKBCLRn 0 0 TKBCLSEn1 [TKBCLSENO [ TKBCLIRn | TKBCLIEn | TKBCLMFn 0
TKBCLSEnp Trigger for clearing error flag for PWM output smooth start function of TKBOnp pin
0 Invalid setting
1 Clear the TKBSEFnp flag to “0”.
TKBCLIRN Trigger for clearing undetected INTP21 trigger error flag for interleave PFC mode
0 Invalid setting
1 Clear the TKBIRFn flag to “0”.

TKBCLIENn Trigger for clearing multiplex detection INTP21 trigger error flag for interleave PFC mode

0 Invalid setting
1 Clear the TKBIEFn flag to “0”.
TKBCLMFn Trigger for clearing status flag for maximum frequency limit function
0 Invalid setting
1 Clear the TKBMFFn flag to “0”.

Remark n=0t02,p=0,1
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7.3.10 16-bit timer KB dithering count registers n0, n1 (TKBDNRn0, TKBDNRnN1)

TKBDNRnp is a register that is used by the PWM dithering function for TKBOnp output.

When the values in this register of the higher 4 bits are N (N = OH to FH), the active period for N times during each 16-
period cycle of PWM output is output to one count clock extended.

Table 7-2 shows the relation between the TKBDNRnp setting and the active period for N repetitions of one count clock
extended.

TKBDNRnNp can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 7-13. Format of 16-bit Timer KB Dithering Count Register np (TKBDNRnp)

Address: FO60EH (TKBDNROO0), FO64EH (TKBDNR10), FO68EH (TKBDNR20)  After reset: 00H  R/W
F0610H (TKBDNRO1), FO650H (TKBDNR11), FO690H (TKBDNR21)

Symbol 7 6 5 4 3 2 1 0

TKBDNRnp 0 0 0 0

Caution Be sure to clear bits 3 to 0 to “0”.

Remark n=0t0o2,p=0,1

Table 7-2. 16-bit Timer KB Dithering Count Register np (TKBDNRnp) Setting

Period 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Repetitions (N)

0

N

O |l |N|ojla|ldM]lw]|N

-
o

RN
N

-
N

N
w

N
N

15

Remarks 1. [ |cell period: Inactive output via settings in the TKBCRn1 abd TKBCRnN3 registers
[ cell period: Inactive output via “settings + 1” in the TKBCRn1 and TKBCRn3 registers
2. n=0to2,p=0,1
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7.3.11 16-bit timer KB compare 1L & dithering count register n0 (TKBCRLDnNO)

TKBCRLDNO is a register that stores the “lower 8 bits of TKBCRn1 register’ values in its higher 8 bits and the
“TKBDNRRNO register” values in its lower 8 bits.

TKBCRLDnNO can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 7-14. Format of 16-bit Timer KB Compare 1L & Dithering Count Register n0 (TKBCRLDnNO)

Address: F0614H (TKBCRLDO0O0), FO654H (TKBCRLD10), F0694H (TKBCRLD20)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TKBCRLDNO 0 0 0 0
Lower 8 bits of TKBCRnN1 register TKBDNRNO register

Caution Be sure to clear bits 3 to 0 to “0”.

Remark n=0to2

7.3.12 16-bit timer KB compare 3L & dithering count register n1 (TKBCRLDn1)

TKBCRLDnN1 is a register that stores the “lower 8 bits of TKBCRn3 register” values in its higher 8 bits and the
“TKBDNRnN1 register” values in its lower 8 bits.

TKBCRLDnN1 can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 7-15. Format of 16-bit Timer KB Compare 3L & Dithering Count Register n1 (TKBCRLDn1)

Address: F0616H (TKBCRLDO01), FO656H (TKBCRLD11), FO696H (TKBCRLD21)  After reset: 0000H  R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TKBCRLDn1 0 0 0 0
Lower 8 bits of TKBCRnN3 register TKBDNRnN1 register

Caution Be sure to clear bits 3 to 0 to “0”.

Remark n=0to2
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7.3.13 16-bit timer KB smooth start initial duty registers n0, n1 (TKBSIRn0, TKBSIRn1)

TKBSIRnNp is a register that sets the default duty for the PWM output smooth start function for TKBOnp output.

TKBSIRnp can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.

Figure 7-16. Format of 16-bit Timer KB Smooth Start Initial Duty Register np (TKBSIRnp)

Address: FOB0AH (TKBSIR00), FOB4AH (TKBSIR10), FOB8AH (TKBSIR20)  After reset: 0000H  R/W
FOB0CH (TKBSIR01), FOB4CH (TKBSIR11), FO68CH (TKBSIR21)

Symbol 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1

TKBSIRnp

Remark n=0t0o2,p=0,1

7.3.14 16-bit timer KB smooth start step width registers n0, n1 (TKBSSRn0, TKBSSRn1)
TKBSSRnp is a register that is used by the PWM output smooth start function for TKBOnp output.

When the value of this register is N (N = 0000B to 1111B), output of a PWM with the active output period is continued
for N + 1 times by setting TKBSIRnp. Afterward, output continues with the (active period + 1 clock) waveform for N + 1
cycles, then with the (active period + 2 clock) waveform for N + 1 cycles, and so on. Finally, when TKBCRn1 and

TKBCRN3 have the same duty, the PWM output smooth start function is cleared and normal PWM output is set.

TKBSSRnp can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-17. Format of 16-bit Timer KB Smooth Start Step Width Register np (TKBSSRnp)

Address: FO60FH (TKBSSR00), FO64FH (TKBSSR10), FO68FH (TKBSSR20)  After reset: 00H  R/W
F0611H (TKBSSR01), FO651H (TKBSSR11), FO691H (TKBSSR21)

Symbol 7 6 5 4 3 2 1

TKBSSRnp 0 0 0 0

Caution Be sure to clear bits 7 to 4 to “0”.

Remark n=0t0o2,p=0,1
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7.3.15 16-bit timer KB maximum frequency limit setting register n (TKBMFRn)

TKBMFRn is a register that sets the minimum period for the timer restart of external trigger.

When the counter (TKBCNTn) value is smaller than this TKBMFRn value, if trigger input is detected, the trigger is held
pending, and the counter (TKBCNTNn) is cleared (restart) after counting to the value set to TKBMFRn.

TKBMFRn can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 7-18. Format of 16-bit Timer KB Maximum Frequency Limit Setting Register n (TKBMFRn)

Address: F0624H (TKBMFRO), F0664H (TKBMFR1), FO6A4H (TKBMFR2)  After reset: 0000H  R/W

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

TKBMFRn

Remark n=0to2
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7.3.16 Peripheral function switch register 0 (PFSELO0)

PFSELO selects function setting I/O in peripheral function and 16-bit timers KB0, KB1, and KB2.

Bits 0 and 1 use external interrupts INTP20 and INTP21 either for PWM control of 16-bit timers KBO, KB1, and KB2 or
for clearing stop mode.

Bits 2 and 3 select the timer trigger for A/D conversion.

Bit 4 selects whether or not to use the INTP20 noise filter. When INTP20 is used by forced output stop function 2,
select to not use the noise filter in order to speed up the reaction time between trigger input and stopping output.

PFSELO can be written by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Remark When INTP20 is used with forced output stop function 2, select none for the noise filter to shorten the
response interval from input of a trigger to termination of output.

Figure 7-19. Format of Peripheral Function Switch Register 0 (PFSELO0)

Address: FO5C6H  After reset: 00H R/W

Symbol 7 <6> <5> <4> 3 2 <1> <0>
PFSELO 0 CMP2STEN |CMPOSTEN | PNFEN ADTRG11 [ ADTRG10 | TMRSTEN1 [ TMRSTENO
CMP2STEN | CMPOSTEN Comparator interrupt selection
See CHAPTER 14 COMPARATOR.
PNFEN Use/Do not use external interrupt INTP20 noise filter
0 Use noise filter
1 Do not use noise filter
ADTRG11 | ADTRG10 Timer trigger selection for A/D conversion
0 0 Timer KBO trigger source
0 1 Timer KB1 trigger source
1 0 Timer KB2 trigger source
1 1 Setting prohibited
TMRSTEN1 Switch of external interrupt INTP21Nete
0 External interrupt function is selected (stop mode release enabled, timer restart disabled)
1 Timer restart function is selected (stop mode release disabled, timer restart enabled).
TMRSTENO Switch of external interrupt INTP20QNete
0 External interrupt function is selected (stop mode release enabled, timer restart disabled)
1 Timer restart function/forced output stop function 2 is selected (stop mode release disabled,
timer restart enabled).

Note When INTP20 or INTP21 is used as a trigger of the timer KB forced output stop function 2 or timer restart
function, see 14.5 Caution for Using Timer KB Simultaneous Operation Function.

Remark See Figure 14-1 Block Diagram of Comparator.
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7.3.17 Port mode register 20 (PM20)

This register specifies input or output mode for port 20 in 1-bit units.

When using the P200/TKBOOO/INTP22, P201/TKBOO01, P202/TKBO10/(INTP21), P203/TKBO11/TKCOO02/(INTP20),
P204/TKBO20/TKCOO03, and P205/TKBO21/TKCO04/DALITxD4 pins for timer output, set PM200 to PM205 and the
output latches of P200 to P205 to 0.

PM20 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 7-20. Format of Port Mode Register 20 (PM20) (38-Pin Products)

Address: FO510H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM20 1 PM206 PM205 PM204 PM203 PM202 PM201 PM200
S P20n pin 1/0 mode selection (n = 0 to 6)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Caution Be sure to set bit 7 of the PM20 register to “1”.
For 20-pin products, bits 4 to 6 of the PM20 register must be set to output mode (specified by setting
the port registers and port mode registers to 0) by software after reset is cancelled.

Remark The figure shown above presents the format of port mode register 20 of the 38-pin products. For the format
of the port mode register of other products, see Table 4-3 PMxx, Pxx, PUxx, PIMxx, POMxx, PMCxx
Registers and Bits Mounted on Each Product.
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7.4 Operation of 16-bit Timers KB0, KB1 and KB2

Operation specifications of 16-bit timers KBO, KB1 and KB2 described below.

o Counter basic operation

o Default level and active level
o Stop/restart operation

o Batch overwrite

There are 6 different operation modes for 16-bit timers KBO, KB1 and KB2

o Standalone mode (period controlled by TKBCRnO)

» Standalone mode (period controlled by external trigger input)

¢ Simultaneous start/stop mode (period controlled by TKBCRNO)

o Simultaneous start/stop mode (period controlled by external trigger input)

e Synchronous start/clear mode (period controlled by master)

o Interleave PFC output mode

(See 7.4.1)
(See 7.4.2)
(See 7.4.3)
(See 7.4.4)

(See 7.4.5)
(See 7.4.6)
(See 7.4.7)
(See 7.4.7)
(See 7.4.8)
(See 7.4.9)
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Figure 7-21. Timer KB Operation Setting Example (Operation Start Flow)

( Start of setup )

PER? setting

TPS2 setting

TKBCTLNO, TKBCTLn1 setting

TKBDNRNO, TKBDNRn1
TKBSIRNO, TKBSIRN1
TKBSSRnO, TKBSSRn1
TKBMFRn setting

TKBIOCnO setting

PFSELO setting

Set bits TKBOEN to TKB2EN and start supply of clock to timer
KB to be used.

Set the operation clock of timer KB.

Select the operation function/operation mode of timer KB.
Select operation clock

Operation function (gate function/dithering/soft start...)

Operation mode (standalone/synchronous start/stop/synchronous
start & clear...)

Set added functions.
Dithering
Soft start
Maximum frequency limit function

Set the active level and default level of timer KB.

Switch or select peripheral functions to interlock with timer KB.

(Set the operation of
timer KC)

(Set the forced output
stop function)

Set the operation of timer KC when using synchronous
start/stop mode function.

When using the forced output stop function, comparator and
INTP20 must be set before start of timer KB output.

P20, PM20 setting

TKBIOCn1 setting

Enable interrupt

TKBCEm < 1(m=0, 1, 2)

(Start of operation)

Set the terminal to output timer KB as output.

Enable timer KB output.

Clear interrupt request flag (XXIF), cancel interrupt mask (XXMK), and
enable interrupt (El).

Zero clear timer count start counter and start count.
(When using in simultaneous start/stop or synchronous start/clear
mode, timer KB and KC, which are to be the slave, can be controlled by

setting the operation control bit TKBCEO of timer KBO, which is to be the
master.)
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Figure 7-22. Timer KB Operation Setting Example (Operation Stop Flow)

<Start of timer stop procesg

TKBCEm <« 0 Timer count stops and timer KB output becomes fixed output at the
set default level.

(When using in synchronous start & stop mode, clearing of timer
operation enable bit TKBCEO of the master also stops operation of
the slave timer.)

(Stop of timer operatiorD

Figure 7-23. Timer KB Operation Setting Example (Compare Register Batch Overwrite Flow)

Start of overwrite

| Overwrite compare register | TKBCNTn, TKBCRNO to TKBCRN3, TKBTGCRnN (n =0, 1, 2)

Overwrite TKBCNTn, TKBCRnO to TKBCRn3, TKBTGCRn (n =
0, 1, 2) TKBDNRNnO, TKBDNRn1, TKBCRLDnNO, and
TKBCRLDnN1 register.

<
l

| Read TKBRSFO bit | Read TKBRSFO of TKBFLGO register.

Accept batch overwrite request when TKBRSFO = 0.
No
TKBRSF0 =0
Yes

| TKBRDTO < 1 | After accepting overwrite request, TKBRSFO bit remains

“1” until setting is actually changed.
( End of overwrite )

Remark The batch overwrite function is used to change the timer counter operation setting while timer
KB is operating. The set value is reflected to the operation from the next restart.

Compare register batch overwrite request
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7.4.1 Counter basic operation

(1) Count start operation
In any mode, the 16-bit counter of timer KB starts its counting from initial value of FFFFH. It increments the counter
from FFFFH to 0000H, 0001H, 0002H, 0003H and so on.

(2) Clear operation
The 16-bit counter is reset to 0000H when the 16-bit counter value matches with the value defined in TKBCRnO or an
external trigger is in effect if the period is determined by external triggers. INTTMKBn interruption occurs when the
counter is cleared at the time when it matches with the value defined in TKBCRNO, but it does not occur when the
counter is cleared by an external trigger.

7.4.2 Default level and active level
(1) Basic operation
Default level and active level settings are available for timer KB output by 16-bit timer KB output control register n0

(TKBIOCnO).

Figure 7-24. Figure of Timing of Default and Active Level
(Basic Operation)

TKBCNTn

TKBCEN
TKBTOEnp

TKBOnp

(TKBTODnp=0
(TKBTOLnp=0

(TKBTODnp=0
(TKBTOLnp=1

L]

(TKBTODnp=1)
(TKBTOLnNp=0)

(TKBTODnp=1)
(TKBTOLnp=1)

|
|

When TKBTOEnp is switched from “0” to “1”, PWM waveform is output according to the generation of TKBOnp set
condition/reset condition and TKBTOLnp setting.
When TKBTOEnp is switched from “1” to “0”, default level is output for TKBOnp according to TKBTODnp setting.
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(2) TKBTOEnp switched from “0” to “1”
When TKBTOEnp is changed from 0 to 1 before the value of counter TKBCNTn matches with the value of compare
register TKBCRnp, while the timer counter is in operation, the timer output generated becomes the PWM waveform in
accordance with the TKBTOLnp setting at the timing when it matches.
If TKBTOEnp is changed from 0 to 1 after the value of counter TKBCNTn matches with the value of compare register
TKBCRnp, the timer output remains its initial setting level until the next timing of match occurs.

Figure 7-25. Figure of Timing of Default and Active Level
(TKBTOEnp = 0 Switched to 1 Before Matching Counter and Compare Register (TKBCRn1 to TKBCRn3))

TKBCNTn
-
TKBCEn i i i i
TKBTOEnp | i
TKBONp I i I

(TKBTODnp=0)
(TKBTOLNp=07

(TKBTODnp=0)
(TKBTOLnp=1)

(TKBTODnp=1J
(TKBTOLnp=0)

(TKBTODnp=1)
(TKBTOLnp=1)

TKBTOEnp:| TKBTOEnp:
1->0 0->1

Figure 7-26. Figure of Timing of Default and Active Level
(TKBTOEnp = 0 Switched to 1 After Matching Counter and Compare Register (TKBCRn1 to TKBCRn3))

TKBCNTn

TKBCEn l
TKBTOEnp l

TKBOnp

(TKBTODnp=0)
(TKBTOLnp=0)

(TKBTODnNp=0)
(TKBTOLnp=1)

|
:

(TKBTODnp=1)
(TKBTOLnp=0)

(TKBTODnp=1)
(TKBTOLnp=1)

TKBTOEnp: | TKBTOEnp:
1->0 0->1
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(3) TKBTOEnp switched from “1” to “0”

(a) Basic timing
TKBOnp is default level set by TKBTODnp after 1 fkekc when TKBTOEnp is switched from “1” to “0”.

Figure 7-27. Figure of Timing of Default and Active Level
(TKBTOENO Switched from “1” to “0”)

fkBke

INTTMKBN

| | |
fken H i i ljl m
| |
TKBTOENO L
| |
TKBCNTn — aaaa X bbbb
|
|
|
|

)
|
I
I
i

P ——— _

TKBORO TKBTOLnO=O: TK!BTODnO—O

|

4>I<i

(b) When the setting due to the matched value of TKBCRNO and the event that TKBTOEnp is cleared occur at
the same instant:
When TKBOnp set timing (Low to High) is simultaneous with the matching between TKBCNTn and TKBCRnm,
the change of TKBTOEnp is given priority to become default level set for TKBTODnp.

Figure 7-28. Figure of Timing for Default and Active Level
(TKBONO Set Timing (Low to High) Is Simultaneous with the Matching Between TKBCNTn and TKBCRnm)
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(c) When the operation of TKBTOEnp is simultaneous with generation of timer count clock
TKBOnp is set by the matching of TKBCNTn = TKBCRnm in case when the operation of TKBTOEnp is
simultaneous with generation of timer count clock.
After 1 fken, TKBOnp is default level which is set with TKBTODnp.

Figure 7-29. Figure of Timing of Default and Active Level
(Operation of TKBTOENO Is Simultaneous with generation of Timer Count Clock.)
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(4) Change TKBTODnp at TKBTOEnp =0
When TKBTODnp being changed at TKBTOEnp = 0, after 1 fkskc, TKBOnp is default level which is set with
TKBTODnp.

Figure 7-30. Figure of Timing of Default and Active Level
(Change TKBTODNO at TKBTOENO = 0)
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7.4.3 Stoplrestart operation
Stop and start of operation of 16-bit timer KB is available by controlling TKBCEn.
16-bit timer KB is reset and stop operation by changing TKBCEn from “1” to “0”.

Counter TKBCNTn is reset to FFFFH and stop operation then.
TKBOnp output outputs default level set by TKBTODnp.

16-bit timer KB starts operation by changing TKBCEn from “0” to “1”.
Counter TKBCNTn maintains FFFFH when TKBCEnN = 0 and start up counting operation by changing TKBCEn from “0”
to “1”.

Figure 7-31. Figure of Timing of Stop Operation (TKBTOLnp = 0, TKBTODnp = 0)
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(1) Count operation start timing
When TKBCEn is switched from “0” to “1” counting operation starts after the progress of the minimum 1 fkekc to the
maximum 1 fkan.
INTTMKBn is output at counting operation start timing.

Figure 7-32. Figure of Timing of Start Operation (TKBCEn Switched from “0” to “1”)
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(2) Count operation stop timing
When TKBCER is switched from “1” to “0” counting operation is stopped after the progress of minimum 1 fkekc.
TKBCNTn is reset to FFFFH and TKBOnp is default level set by TKBTODnp.

Figure 7-33. Figure of Timing of Stop Operation (TKBCEn Switched from “1” to “0”)
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When TKBCEn is switched from “1” to “0” counting operation is stopped after the progress of minimum 1 fkekc.
Before the generation of 1 fken, INTTMKBnN is not output even matching of TKBCNTn = TKBCRnO being generated.

Figure 7-34. Figure of Timing of Stop Operation
(Operation of TKBCENn Is Before the Generation of Timer Count Clock.)
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TKBOnp is set and INTTMKBnN being output via the matching of TKBCNTn = TKBCRnO generated in case when the
operation of TKBCEn is simultaneous with the generation of 1 fkekc.
TKBCNTNn is reset to FFFFH after the progress of 1 fkekc and TKBOnp is default level set by TKBTODnp.

Figure 7-35. Figure of Timing of Stop Operation
(Operation of TKBCEN Is Simultaneous with the Generation of Timer Count Clock.)
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7.4.4 Batch overwrite operation

TMKB compare register np (TKBCRnp) for timer KB has, as shown in Figure 7-36, two stages.
Therefore, its value does not become effective immediately even if any value is set to TKBCRnp by a program. The
value set to TKBCRnp at any timing is transferred at once to buffer registers at the time when the counter starts running or

when transfer trigger occurs, and it is actually used for any comparison operation.

registers to be set with each value at different timing.

This enables multiple compare

Figure 7-36. Compare Register Batch Overwrite Function

TKBCRNO register TKBCRnN3 register TKBTGCRn register
Compare buffer [ Compare buffer Trigger compare buffer
register n0 register n0 register n
. PN PZAN
Batch overwrite
trigger > >
Compare register n0 ammmEE Compare register n3 Trigger compare register n
(TKBCRnNO) (TKBCRnN3) (TKBTGCRnN)
2\ PEAN PN

Write a value at any timing

Write a value at any timing Write a value at any timing

Remark As shown above, TMKB compare registers np (TKBCRnp) have two stage structure and they are treated as
a single register except when values are written to them.

(1) Timing ob batch overwrite

There are three cases when the compare registers are written all together. Among these, (c) can be controlled by

configuration of the register.

(a) When starting count operation of timer KB

(b) Count value of the 16-bit counter and the value that is set to TMKB compare register n0 (TKBCRnO) matches.

(c) An external trigger occurs, while batch overwrite with an external trigger is permitted.
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7.4.5 Standalone mode (period controlled by TKBCRnO0)

(1) Outline of functions
In standalone operation mode, the period is defined by setting value of TKBCRnO, then TKBONO is generated by

TKBCRnNO and TKBCRnN1, and then TKBON1 is generated by TKBCRn2 and TKBCRn3.
Duty can be set within range of 0% to 100% and the period and Duty can be calculated using the following formula.

[Calculation formula for TKBONO output]

Pulse period = (TKBCRnO setting + 1) x Counter clock period
Duty [%] = (TKBCRn1 setting/(TKBCRNO setting + 1)) x 100
0% Output: TKBCRnN1 setting = 0000H

100% Output: TKBCRn1 setting > TKBCRNO setting + 1

[Calculation formula for TKBOn1 output]

Duty [%] = ((TKBCRn3 setting — TKBCRn2 setting)/(TKBCRNO setting + 1)) x 100
0% Output: TKBCRN3 setting = TKBCRN2 setting

100% Output: TKBCRN2 setting = 0000H, TKBCRnN3J setting > TKBCRNO setting + 1
Caution It should always be: TKBCRn2 setting < TKBCRN3 setting.

Figure 7-37 shows the configuration of standalone mode.

Figure 7-37. Configuration of Standalone Mode (Period Controlled by TKBCRnNO0)
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(2) Outline of operation
Figure 7-38 shows the timing sample for standalone mode.

Figure 7-38. Timing Sample for Standalone Mode (Period Controlled by TKBCRnO0)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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TKBONO output ' : : ! '

TKBOnN1 output

xf-
Y

This section describes an example about the standalone operation (periodic control by TKBCRO0). The following
descriptions are linked with <1> to <5> in Figure 7-38.

<1> When TKBCEn is set with a value of 1, the 16-bit timer counter KBn (TKBCNTn) changes from FFFFH to 0000H
in synchronizing with the count clock, then it starts counting up. At the same time, INTTMKBn output is
generated and TKBONO output changes from its initial value specified with TKBOTODO bit of TKBOIOCO register
to its active value (high level in this example) specified with TKBOTOLO bit (TKBOnN1 output hold its initial value
specified with TKBOTOD1 bit).

<2> When TKBCNTn is counted up and its value matches with the value specified in TMKB compare register n1
(TKBCRn1), TKBONO output becomes inactive level.

<3> When TKBCNTn is counted up and its value matches with the value specified in TMKB compare register n2
(TKBCRnN2), TKBON1 output becomes active level.

<4> When TKBCNTn is counted up and its value matches with the value specified in TMKB compare register n3
(TKBCRnN3), TKBON1 output becomes inactive level.

<5> When TKBCNTn is counted up and its value matches with the value specified in TMKB compare register n0O
(TKBCRnNO), INTTMKBnN output is generated at the next count clock and TKBONO output becomes active level.
TKBCNTNn starts its upward counting from 0000H.

<6> Repeats <2> through <5>.
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(3) Operation of batch overwrite (at starting the counting operation)
Compare register of the timers KB0, KB1 and KB2 have function which updates internal buffer register simultaneously
at the starting of counter operation caused by count clock which is generated after overwriting “1” to TKBCERn bit.
Batch overwrite is generated without writing “1” on TKBRDTn bit only in case of counting operation start timing (see
Figure 7-39).

Figure 7-39. Batch Overwrite Function: Figure of Buffer Updating Timing at Counting Operation Start

TKBCEn |
Count clock | | | | | |

TKBRSFn

TKBRDTn

INTTMKBN | |

Compare
register n0
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Buffer register 0000H :)( a

Compare :
register n1
TKBCRn1 5 ;

Buffer register 0000H D( b

Compare i
register n2
TKBCRn2 c |

Buffer register 0000H D( c

Compare !
register n3
TKBCRn3 3 ;

Buffer register 0000H D( d

Remark When TKBCEnN = 0, TKBRSFn is set to “1” at writing “1” to TKBRDTn.
TKBRSFn is cleared to “0” at counting operation start timing (counter start trigger generated).
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(4) Batch overwrite function: Update buffer during counting operation
Compare register of the timers KBO, KB1 and KB2 has a function which updates internal buffer register
simultaneously at the next counter clear (TKBCNTn and TKBCRnO matched), identifying the writing “1” to TKBRDTn
bit as batch overwriting trigger. TKBRSFn is provided as flag to indicate from writing of “1” to TKBRDTn bit until the
completion of batch overwrite (see Figure 7-40).

<1> Compare register setting is transferred to buffer register at the timing when TKBCEn is set from “0” to “1” and
TKBCNTNn starts counting operation.

<2> Overwriting is not generated if writing of “1” to TKBRDTn is not implemented even counter clear is generated
after TKBCRNO to TKBCRN3 and TKBTGCRn registers are overwritten.

<3> Batch overwrite pending flag (TKBRSFn) is “1” by writing “1” to TKBRDTn.

<4> Compare register setting is transferred to buffer register by counter clear generated at TKBRSFn = 1. TKBRSFn
is “0” simultaneously.
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Figure 7-40. Batch Overwrite Function: Figure of the Timing of Buffer Updating During Counting Operation
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(5) Sample of register setting details at standalone mode (period controlled by TKBCRnO0)

bit No. 15 14 13 12 11 10 9 8

TKBCTLNO - TKBGTEn1 | TKBSSEn1 TKBDIEN1 - TKBGTENnO | TKBSSENnO TKBDIENO
Setting 0 1/0 1/0 1/0 0 1/0 1/0 1/0
bit No. 7 || 6 5 4 3 2 1 0 ||

TKBCTLNO TKBMFEN || - TKBIRSN1 TKBIRSNO - TKBTSEn TKBSTSn1 TKBSTSn0 "
Setting 0 || 0 0 0 0 0 0 0 ||
bit No. 7 6 5 4 3 || 2 1 0 ||

TKBCTLn1 TKBCEN - - TKBCKSn TKBSCMn || - TKBMDn1 TKBMDnO ||
Setting 1 0 0 1/0 0 || 0 0 0 ||
bit No. 7 6 5 4 3 2 1 0

TKBIOCnO = - - = TKBTOLn1 | TKBTOLNO | TKBTODn1 | TKBTODNO
Setting 0 0 0 0 1/0 1/0 1/0 1/0
bit No. 7 6 5 4 3 2 1 0

TKBIOCn1 - - - - - - TKBTOENn1 | TKBTOENO
Setting 0 0 0 0 0 0 1/0 1/0

TKBCRnNO 0000H to FFFFH

TKBCRn1 0000H to FFFFH

TKBCRnN2 0000H to FFFFH

TKBCRnN3 0000H to FFFFH

TKBTGCRn 0000H to FFFFH

TKBSIRnO 0000H to FFFFH

TKBSIRN1 0000H to FFFFH

TKBSSRn0 00H to OFH

TKBSSRn1 00H to OFH

TKBDNRNO 00H to FOH

TKBDNRnN1 00H to FOH

TKBMFRn 0000H

@: Setting is fixed for this mode []: Setting is not needed (default setting)
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7.4.6 Standalone mode (period controlled by external trigger input)

(1) Outline of functions
By standalone mode, period can be controlled not only by TKBCRnNO but also by external trigger input.
Input signals selected by TKBSTSn1 and TKBSTSnO bits of 16-bit timer KB operation control register are used to
detect external trigger input (Timer restart function). By using this function, critical conduction mode PFC control can
be implemented, for example.
When the external trigger input is detected, counter TKBCNTn is cleared with 0000H and TKBOnO/TKBON1 output is
respectively set to active level and inactive level. When setting value of TKBCRNO and the counter (TKBCNTn) match
is generated before external trigger input detection, counter is cleared to 0000H and the operation is continued.
For the formula to calculate TKBOnO/TKBOnN1 output in case external trigger input not yet detected and the period is
controlled by TKBCRnO, see 7.4.5 Standalone mode (period controlled by TKBCRnNO).
Calculation formula for TKBOn0/TKBON1 output in case of period to be controlled by external trigger input detection is
as follows:

[Calculation formula for TKBONO output]

Pulse period = (Counter value at external trigger input detection + 1) x Count clock period

Duty [%] = (Setting value of TKBCRn1/(Counter value of external trigger input detection + 1)) x 100
0% output: TKBCRn1 setting = 0000H

100% output: TKBCRn1 setting > Counter value at external trigger input detection + 1

[Calculation formula for TKBONn1 output]

Pulse period = (Counter value at external trigger input detection + 1) x Count clock period

Duty [%] = ((Setting value of TKBCRn3 — Setting value of TKBCRn2)/(Counter value of external trigger input detection
+1)) x 100

0% output: TKBCRN3 setting = TKBCRN2 setting

100% output: TKBCRnN2 setting = 0000H, TKBCRN3 setting > Counter value at external trigger input detection + 1

Caution It should always be: TKBCRn2 setting < KBCRn3 setting.

Figure 7-41 shows the configuration of standalone mode (period controlled by external trigger input).
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Figure 7-41. Configuration of Standalone Mode (Period Controlled by External Trigger Input)
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Table 7-3. External Trigger Assignment List of Standalone Operation
(Period Controlled by External Trigger Input)
Timer KBO Timer KB1 Timer KB2
Comparator 0 - - -
Comparator 1 - v -
Comparator 2 - - v
Comparator 3 \ - -
Comparator 4 - - -
Comparator 5 - - -
INTP20
INTP21
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(2) Batch overwrite function (period controlled by external trigger input, buffer updating during counting
operation (TKBTSEn bit set to 1))
In standalone mode of period controlled by external trigger input, counter clear and compare register batch overwrite
is implemented at the timing when external trigger input is detected after writing “1” to TKBRDTn bit and through
setting TKBTSEn bit of TKBCTLNO register in “1”.
Same as in counter clear, batch overwriting is implemented as well in case when TKBCRnO and counter (TKBCNTn)
being matched before the detection of external trigger input after writing “1” to TKBRDTn bit.
Factor of external trigger input is selected at TKBSTSn1 and TKBSTSn0 of TKBCTLNO register. Figure 7-42 shows
an example of the timing of the batch overwrite operation with TKBTSERn bit set to “1”.

<1> Compare register setting is transferred to buffer register at the timing when TKBCEn is set from “0” to “1” and
TKBCNTn starts counting operation.

<2> Overwriting is not generated if writing of “1” to TKBRDTn is not implemented even counter clear is generated
after TKBCRnO to TKBCRN3 and TKBTGCRn registers are overwritten.

<3> Batch overwrite pending flag (TKBRSFn) is “1” by writing “1” to TKBRDTn.

<4> When a counter clear is generated by an external trigger input while TKBTSEn bit is set to “1” and TKBRSFn bit
is “1”7, the setting value in the compare register is transferred to the buffer register. At the same time, TKBRSFn
bit becomes “0”.

<5> Even if the counter clear event is generated by the external trigger input, the batch overwrite does not occur
unless a value “1” is written in TKBRDTn bit.

RO1UHO169EJ0340 Rev.3.40 R NS 309
Mar 29, 2024 ENES



CHAPTER 7 16-BIT TIMERS KBO, KB1, AND KB2

RL78/11A

Figure 7-42. Batch Overwrite Function: Figure of Standalone for External Trigger Input Factor and the Timing of

Buffer Updating During Counting Operation (TKBTSEn Bit Set to 1)
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(3) Batch overwrite function (period controlled by external trigger input, buffer updating during counting
operation (TKBTSEN bit clear to 0))
This is an example of the case where TKBTSEn bit in TKBCTLnNO register is set to “0” during standalone operation
under the periodic control by external trigger input. In this case, the counter is cleared when a value “1” is written in
TKBRDTn bit and the external trigger input is detected while batch overwrite suspension flag (TKBRSFn bit) is “1”.
An external trigger factor is selected with TKBSTSn1 and TKBSTSnO bit in TKBCTLNO register. Figure 7-43 shows
an example of the batch overwrite operation timing when TKBTSEn bit is set to “0”.

<1> Compare register setting is transferred to buffer register at the timing when TKBCEn is set from “0” to “1” and
TKBCNTNn starts counting operation.

<2> After rewritten TKBCRNO to TKBCRNn3 and TKBTGCRn register, batch overwrite pending flag (TKBRSFn) is “1”
by writing “1” to TKBRDTn.

<3> Even if the counter clear event is generated by the external trigger input, the batch overwrite does not occur
unless TKBTSERn bit is “1”.

<4> When the counter clear event (TKBCNTn matches with TKBCRNO) occurs under the status of TKBRSFn bit is
“1”, the value set to the compare register is transferred to the buffer register. At the same time, TKBRSFn bit
becomes “0”.

<5> Even if the counter clear event is generated by the external trigger input, the batch overwrite does not occur
unless TKBTSEn and TKBRSFn bits are both “1”.
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Figure 7-43. Batch Overwrite Function: Figure of standalone for External Trigger Input Factor and the Timing of

Buffer Updating during Counting Operation (TKBTSEn bit clear to 0)
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(4) Sample of register setting details at standalone mode (period controlled by external trigger input)

TKBCTLNO

TKBCTLn1

TKBIOCnO

TKBIOCn1

TKBCRNO

TKBCRn1

TKBCRN2

TKBCRN3

TKBTGCRn

TKBSIRNO

TKBSIRn1

TKBSSRnO

TKBSSRn1

TKBDNRNO

TKBDNRn1

TKBMFRn

15 14 13 12 11 10 9 8
- TKBGTEn1 | TKBSSEn1 | TKBDIEN1 - TKBGTENO | TKBSSEnO | TKBDIENO
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
TKBMFEn - TKBIRSn1 | TKBIRSNO - TKBTSEn | TKBSTSn1 | TKBSTSNnO
1/0 0 0 0 0 1/0 1/0 1/0
7 6 5 4 3 2 1 0
TKBCEn = = TKBCKSn [| TKBSCMn = TKBMDn1 | TKBMDnO
1/0 0 0 1/0 0 0 0 0
7 6 5 4 3 2 1 0
- - - - TKBTOLNn1 | TKBTOLNO | TKBTODNn1 | TKBTODNO
0 0 0 0 1/0 1/0 1/0 1/0
7 6 5 4 3 2 1 0
- - - - - - TKBTOEn1 | TKBTOENO
0 0 0 0 0 0 1/0 1/0

0000H to FFFFH

0000H to FFFFH

0000H to FFFFH

0000H to FFFFH

0000H to FFFFH

0000H

0000H

00H

00H

00H

00H

0000H to FFFFH

D : Setting is fixed for this mode

[]: Setting is not needed (default setting)
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7.4.7 Simultaneous start/stop mode

(1) Outline of functions

Slave timer KBm can be start/stop simultaneously by synchronization with count start/stop of master timer KB when

master/slave is configured using multiple KBn timers.
Select “Standalone Mode (TKBMDO01, TKBMDO0O = 0, 0)” for master and “Simultaneous Start/Stop Mode (TKBMDm1,

TKBMDmO = 0, 1)” for slave in such case.

Only the start/stop timing of master and slave is synchronized in case of simultaneous start/stop mode.

When different count clock (CKO/CK1) is selected between master and slave, counting operation start timing for

master and slave can be arranged through setting master TKBSCMO bit to “1”.

Each timer operates separately after the timing for counting operation to be started.

The TKBSCMO bit is set for only master.

Cautions 1. Master is timer KB only.

2. Master selecting clock must be faster or with the same speed as slave selecting clock.

Relationship of Selected Clock

Relationship Between CKO and

TKBSCMO Bit of

Between Master and Slave CK1 Master Available
Selecting the same clock for - 0 (0]
master and slave
Selecting different clocks for When master selected clock is 1 (0]
master and slave faster than slave selected clock

When master selected clock is - X

Selecting different clocks for

master and slave

slower than slave selected clock

For the formula to calculate TKBOnO/TKBON1 outputs in case of simultaneous start/stop mode see 7.4.5 Standalone

mode (period controlled by TKBCRn0) and 7.4.6 Standalone mode (period controlled by external trigger

input).
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(2) Operation mode combination available for simultaneous start/stop mode

Shows the operation mode available for simultaneous start/stop mode.

Master:
Operation Mode TKBMDn1, TKBSTSn1, Setting
TKBMDnO TKBSTSnO Available
Standalone mode (period controlled by TKBCRnO) 00B 00B (0]
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B (0]
Simultaneous start/stop mode (period controlled by TKBCRnO) 01B 00B x
Simultaneous start/stop mode (period controlled by external trigger input) 01B 01B/10B/11B x
Synchronous start/clear mode (period controlled by master) 10B - x
Interleave PFC output mode 11B - x
Slave:
Operation Mode TKBMDn1, TKBSTSn1, Setting
TKBMDnO TKBSTSnO Available
Standalone mode (period controlled by TKBCRnO) 00B 00B x
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B x
Simultaneous start/stop mode (period controlled by TKBCRnO) 01B 00B (0]
Simultaneous start/stop mode (period controlled by external trigger input) 01B 01B/10B/11B O
Synchronous start/clear mode (period controlled by master) 10B - x
Interleave PFC output mode 11B - x
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(3) Simultaneous start/stop mode
Master: Sample of register setting details at standalone mode (period controlled by TKBCRnO)

15 14 13 12 11 10 9 8
TKBCTLNO - TKBGTEn1 | TKBSSEn1 | TKBDIEN1 - TKBGTENRO | TKBSSEnO | TKBDIENO
0 1/0 1/0 1/0 0 1/0 1/0 1/0
7 6 5 4 3 2 1 0
TKBMFEn - TKBIRSn1 | TKBIRSNO - TKBTSEn | TKBSTSn1 | TKBSTSnO
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
TKBCTLN1 TKBCEn - - TKBCKSn | TKBSCMn - TKBMDn1 | TKBMDnO
1 0 0 1/0 1/0 0 0 0
7 6 5 4 3 2 1 0
TKBIOCRO - - - - TKBTOLn1 | TKBTOLnO | TKBTODn1 | TKBTODNO
0 0 0 0 1/0 1/0 1/0 1/0
7 6 5 4 3 2 1 0
TKBIOCn1 - - - - - - TKBTOEn1 | TKBTOENO
0 0 0 0 0 0 1/0 1/0
TKBCRO | 0000H to FFFFH |
TKBCRn1 | 0000H to FFFFH |
TKBCRn2 | 0000H to FFFFH |
TKBCRn3 | 0000H to FFFFH |
TKBTGCRn | 0000H to FFFFH |
TKBSIRNO | 0000H to FFFFH |
TKBSIRN1 | 0000H to FFFFH |
TKBSSRnO | 00H to OFH |
TKBSSRn1 | 00H to OFH |
TKBDNRnO | 00H to FOH |
TKBDNRn1 | 00H to FOH |
TKBMFRn | 0000H |

@ : Setting is fixed for this mode [ ]: Setting is not needed (default setting)
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(4) Simultaneous start/stop mode
Slave: Sample of register setting details at standalone mode (period controlled by TKBCRnO)

15 14 13 12 11 10 9 8
TKBCTLNO - TKBGTEn1 | TKBSSEn1 | TKBDIEN1 - TKBGTENRO | TKBSSEnO | TKBDIENO
0 1/0 1/0 1/0 0 1/0 1/0 1/0
7 6 5 4 3 2 1 0
TKBMFEn - TKBIRSn1 | TKBIRSNO - TKBTSEn | TKBSTSn1 | TKBSTSnO
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
TKBCTLN1 TKBCEn - - TKBCKSn | TKBSCMn - TKBMDn1 | TKBMDnO
1 0 0 1/0 0 0 0 1
7 6 5 4 3 2 1 0
TKBIOCRO - - - - TKBTOLn1 | TKBTOLnO | TKBTODn1 | TKBTODNO
0 0 0 0 1/0 1/0 1/0 1/0
7 6 5 4 3 2 1 0
TKBIOCn1 - - - - - - TKBTOEn1 | TKBTOENO
0 0 0 0 0 0 1/0 1/0
TKBCRO | 0000H to FFFFH |
TKBCRn1 | 0000H to FFFFH |
TKBCRn2 | 0000H to FFFFH |
TKBCRn3 | 0000H to FFFFH |
TKBTGCRn | 0000H to FFFFH |
TKBSIRNO | 0000H to FFFFH |
TKBSIRN1 | 0000H to FFFFH |
TKBSSRnO | 00H to OFH |
TKBSSRn1 | 00H to OFH |
TKBDNRnO | 00H to FOH |
TKBDNRn1 | 00H to FOH |
TKBMFRn | 0000H |

@ : Setting is fixed for this mode [ ]: Setting is not needed (default setting)
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(5) Simultaneous start/stop mode
Master: Sample of register setting details at standalone mode (period controlled by external trigger input)

15 14 13 12 11 10 9 8
TKBCTLNO - TKBGTEn1 | TKBSSEn1 | TKBDIEN1 - TKBGTENO | TKBSSEnO | TKBDIENO

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

TKBMFEn - TKBIRSn1 | TKBIRSNO - TKBTSEn | TKBSTSn1 | TKBSTSnO

1/0 0 0 0 0 1/0 1/0 1/0

7 6 5 4 3 2 1 0
TKBCTLn1 TKBCEn - - TKBCKSn | TKBSCMn - TKBMDn1 | TKBMDnO

1 0 0 1/0 1/0 0 0 0

7 6 5 4 3 2 1 0
TKBIOCNO - - - - TKBTOLn1 | TKBTOLnO | TKBTODn1 | TKBTODNO

0 0 0 0 1/0 1/0 1/0 1/0

7 6 5 4 3 2 1 0
TKBIOCn1 - - - - - - TKBTOEn1 | TKBTOERO

0 0 0 0 0 0 1/0 1/0
TKBCRnO | 0000H to FFFFH |
TKBCRn1 | 0000H to FFFFH |
TKBCRn2 | 0000H to FFFFH |
TKBCRn3 | 0000H to FFFFH |
TKBTGCRn | 0000H to FFFFH |
TKBSIRNO | 0000H |
TKBSIRN1 | 0000H |
TKBSSRnO | 00H |
TKBSSRn1 | 00H |
TKBDNRnO | 00H |
TKBDNRn1 | 00H |
TKBMFRn | 0000H to FFFFH |

D : Setting is fixed for this mode []: Setting is not needed (default setting)
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(6) Simultaneous start/stop mode
Slave: Sample of register setting details at standalone mode (period controlled by external trigger input)

15 14 13 12 11 10 9 8
TKBCTLnO - TKBGTEN1 | TKBSSEn1 | TKBDIENn1 - TKBGTENO | TKBSSEnO [ TKBDIENO

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

TKBMFEnNn - TKBIRSN1 TKBIRSNnO - TKBTSEn | TKBSTSn1 | TKBSTSnO

1/0 0 0 0 0 1/0 1/0 1/0

7 6 5 4 3 2 1 0
TKBCTLnN1 TKBCEN - - TKBCKSn TKBSCMn - TKBMDn1 TKBMDnO

1 0 0 1/0 0 0 0 1

7 6 5 4 3 2 1 0
TKBIOCnO - - - - TKBTOLNn1 | TKBTOLNO | TKBTODn1 | TKBTODNO

0 0 0 0 1/0 1/0 1/0 1/0

7 6 5 4 3 2 1 0
TKBIOCn1 - - - - - - TKBTOEN1 | TKBTOENO

0 0 0 0 0 0 1/0 1/0
TKBCRNO | 0000H to FFFFH I
TKBCRn1 | 0000H to FFFFH I
TKBCRnN2 | 0000H to FFFFH I
TKBCRn3 | 0000H to FFFFH I
TKBTGCRn | 0000H to FFFFH I
TKBSIRNO | 0000H |
TKBSIRn1 | 0000H |
TKBSSRNO | 00H I
TKBSSRn1 | 00H |
TKBDNRNO | 00H |
TKBDNRnN1 | 00H I
TKBMFRn | 0000H to FFFFH I
@ : Setting is fixed for this mode []: Setting is not needed (default setting)
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(7) Configuration of simultaneous start/stop mode (period controlled by TKBCRO00)
Figure 7-44 shows configuration of simultaneous start/stop mode.

Figure 7-44. Configuration of Simultaneous Start & Stop Mode (Period Controlled by TKBCR00)

Master channel

koA g Clear
ol 16-bit timer counter KBO Tri Controller
a rigger
@ (TKBCNTO)
CK20—1 &
2 {} Interrupt L INTTMKEO
=) = controller
TKBCROO S
Output |,
-~ TKBOOO
4} R controller
TKBCRO1
4 2 Output L 11go01
controller
TKBCRO02
4
TKBCRO03
Slave channel
0
cka1— 3 Clear
= 16-bit timer counter KBm . Controller
o Trigger
o (TKBCNTm)
CK20—1 &
= < > Interrupt
S > INTTMKBm
{} controller
TKBCRmO S
Output |,
-~ TKBOmMO
4} R controller
TKBCRm1
> 2 Output L 1kBOm1
controller
TKBCRmM2
4
TKBCRm3
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(8) Outline of operation
Figure 7-45 shows timing sample for simultaneous start & stop mode.

Figure 7-45. Timing Sample for Simultaneous Start/Stop Mode (Period Controlled by TKBCR00)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))

Master operation

TKBCEO —J
FFFFH = —

(TKBCROO + 1)
(TKBCRO3)

TKBCNTO

(TKBCRO02)
(TKBCRO1)
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INTTMKBO

TKBOOO output 1 Ioumm B N ;' N

TKBOO1 output | — | | l P P

Slave operation
Start/stop
signal

TKBCEm  ‘L" |
FFFFH — —

(TKBCRmO + 1)
(TKBCRm3)
TKBCNTm

(TKBCRm2) |
(TKBCRm1)

0000H
INTTMKBm

TKBOmO output [ | : | | ¢ |
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<1> .
Simultaneous
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The following describes an operational example of simultaneous start/stop mode. The following descriptions are
linked with <1> to <3> in Figure 7-45.

<1> When the master TKBCEO is set to 1, the master 16-bit timer counter KBO (TKBCNTO) and the slave 16-bit timer
counter KBm (TKBCNTm) change from FFFFH to 0000H upon synching with the count clock and they start
upward counting. At the same time, the master and slave generate INTTMKBO and INTTMKBm respectively and
TKBOO00 and TKBOmO output change from their initial value to active value (in this example, it's high level). For
further detailed operation, see Figure 7-38 Timing Sample for Standalone Mode (Period Controlled by
TKBCRnNO) (at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level
(TKBTOLnNp = 0)).

<2> If TKBCEQ is set to 0, synching with the input clock of timer KB, TKBCNTO of the master and TKBCNTm of the
slave stop its upward count and sets to FFFFH. At the same time, the output of both master and slave change
to their default levels. This status is maintained until the master's TKBCEO is set as 1.

<3> If the master's TKBCEQO is set as 1, the same sequence of operation starting from <1> is repeated.
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7.4.8 Synchronous start/clear mode

Slave timer KBm can be started and cleared simultaneously by synchronization with timings of start/stop of counting by
KBO Master timer, counter clearing and batch overwriting when master/slave is configured using multiple KBn timers.

Operate by “Standalone Mode (TKBMDO01, TKBMDOO = 00)’ for master and “Synchronous Start/Clear Mode
(TKBMDm1, TKBMDmO = 10)” for slave in such case.

Select the same division clock for Master/Slave in TKBCKS0 and TKBCKSm bits.

See 7.4.5 Standalone mode (period controlled by TKBCRNO) for the calculation of master TKBO0O0/TKBOO1 output.
Batch overwriting is controlled by writing “1” to master TKBRDTO.
Verifying of master TKBRSFO is needed to read TKBRSFn flag.

Slave TKBCNTm is cleared at the same timing for Master TKBCNTO clearing.
Batch overwriting for Slave compare register is executed at the same timing for master batch overwriting.

The role of slave TKBCRmO is shifted to register which sets TKBOmO active timing as slave operates according to the
period generated by master TKBCRO0O.

INTTMKBm is generated when matching with TKBCNTm and TKBCRmO is detected. Although INTTMKBm for the
timing to start counting operation is not output.

Slave Duty is calculated by following formula and able to be set within range of 0% to 100%.

[Calculation formula for slave TKBOmMO output]

Pulse period = (Master setting TKBCROO + 1) x Count clock period

Duty [%] = ((Setting Value of TKBCRm1 — Setting value of TKBCRmO)/(Setting value of master TKBCROO + 1)) x 100
0% output: TKBCRm1 setting = TKBCRmO setting

100% output: TKBCRmO setting = 0000H, TKBCRm1 setting > Master TKBCROO setting + 1

Caution Be sure to set value of TKBCRmO < set value of TKBCRm1.

[Calculation formula for slave TKBOm1 output]

Pulse period = (Master TKBCROO setting + 1) x Count clock period

Duty [%] = ((Setting value of TKBCRm3 — Setting Value of TKBCRm2)/(Setting value of master TKBCRO0O + 1)) x 100
0% output: TKBCRm3 setting = TKBCRmM2 setting

100% output: TKBCRm2 setting = 0000H, Setting value of TKBCRm3 > Setting value of master TKBCROO + 1

Caution Be sure to set value of TKBCRm2 < set value of TKBCRmM3

Remark m=1,2
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(1) Operation mode combination available for synchronous start/clear mode
Shows the operation mode available for synchronous start/clear mode.

Master:
Operation Mode TKBMDO1, TKBSTSO01, Setting
TKBMDOO TKBSTS00 Available
Standalone mode (period controlled by TKBCROO) 00B 00B (0]
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B x
Simultaneous start/stop mode (period controlled by TKBCRO0O) 01B 00B x
Simultaneous start/stop mode (period controlled by external trigger input) 01B 01B/10B/11B x
Synchronous start/clear mode (period controlled by master) 10B - x
Interleave PFC output mode 11B — x
Slave:
Operation Mode TKBMDm1, TKBSTSm1, Setting
TKBMDmMO TKBSTSmO Available
Standalone mode (period controlled by TKBCRmO) 00B 00B x
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B x
Simultaneous start/stop mode (period controlled by TKBCRmO) 01B 00B x
Simultaneous start/stop mode (period controlled by external trigger input) 01B 01B/10B/11B x
Synchronous start/clear mode (period controlled by master) 10B - O
Interleave PFC output mode 11B — x
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(2) Synchronous start/clear mode: List of register setting by master

bit No. 15 14 13 12 11 10 9 8
TKBCTLOO = TKBGTEO1 | TKBSSEO1 TKBDIEO1 = TKBGTEOO | TKBSSEOO0 TKBDIEOO
Setting 0 1/0 1/0 1/0 0 1/0 1/0 1/0
bit No. 7 6 5 4 3 2 1 0 ||
TKBCTLOO TKBMFEOQ = TKBIRS01 TKBIRS00 = TKBTSEO TKBSTS01 TKBSTS00 ||
Setting 0 0 0 0 0 0 0 0 ||
bit No. 7 6 5 4 3 || 2 1 0 ||
TKBCTLO1 TKBCEO = = TKBCKSO TKBSCMO || = TKBMDO1 TKBMDOO ||
Setting 1 0 0 1/0 0 || 0 0 0 ||
bit No. 7 6 5 4 3 2 1 0
TKBIOCO00 = = = = TKBTOLO1 TKBTOLOO | TKBTODO1 | TKBTODOO
Setting 0 0 0 0 1/0 1/0 1/0 1/0
bit No. 7 6 5 4 3 2 1 0
TKBIOCO1 - - - - - - TKBTOEO1 TKBTOEO0
Setting 0 0 0 0 0 0 1/0 1/0
TKBCRO00 0000H to FFFFH
TKBCRO1 0000H to FFFFH
TKBCRO02 0000H to FFFFH
TKBCRO03 0000H to FFFFH
TKBTGCRO 0000H to FFFFH
TKBSIR00 0000H to FFFFH
TKBSIRO01 0000H to FFFFH
TKBSSRO00 O00H to OFH
TKBSSRO1 O00H to OFH
TKBDNROO O0H to FOH
TKBDNRO1 00H to FOH
TKBMFRO 0000H
Ol : Setting is fixed for this mode [ ]: Setting is not needed (default setting)
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(3) Simultaneous start/clear mode: List of register setting by slave

bit No. 15 14 13 12 11 10 9 8
TKBCTLmMO - TKBGTEm1 | TKBSSEm1 | TKBDIEm1 - TKBGTEmMO | TKBSSEmO | TKBDIEmMO
Setting 0 1/0 1/0 1/0 0 1/0 1/0 1/0
bit No. 7 6 5 4 & 2 1 0 ||
TKBCTLmMO TKBMFEmM - TKBIRSmM1 TKBIRSmMO - TKBTSEm | TKBSTSm1 | TKBSTSmO ||
Setting 0 0 0 0 0 0 0 0 ||
bit No. 7 6 5 4 3 || 2 1 0
TKBCTLm1 TKBCEmM - - TKBCKSm || TKBSCMm || - TKBMDm1 TKBMDmO
Setting 1 0 0 1/0 0 || 0 1 0
bit No. 7 6 5 4 3 2 1 0
TKBIOCmO - - - - TKBTOLm1 | TKBTOLmMO | TKBTODm1 | TKBTODmMO
Setting 0 0 0 0 1/0 1/0 1/0 1/0
bit No. 7 6 5 4 3 2 1 0
TKBIOCmA1 - - - - - - TKBTOEm1 | TKBTOEmMO
Setting 0 0 0 0 0 0 1/0 1/0
TKBCRmO 0000H to FFFFH
TKBCRm1 0000H to FFFFH
TKBCRm2 0000H to FFFFH
TKBCRm3 0000H to FFFFH
TKBTGCRm 0000H to FFFFH
TKBSIRmMO 0000H to FFFFH
TKBSIRm1 0000H to FFFFH
TKBSSRmO 00H to OFH
TKBSSRm1 00H to OFH
TKBDNRmMO 00H to FOH
TKBDNRm1 00H to FOH
TKBMFRm 0000H
D : Setting is fixed for this mode [1: Setting is not needed (default setting)
Remark m=1,2
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(4) Configuration of synchronous start/clear mode (period controlled by master)

Figure 7-46 shows configuration of synchronous start/clear mode.

Figure 7-46. Configuration of Synchronous Start/Clear Mode (Period Controlled by Master)
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(5) Outline of operation
Figure 7-47 shows timing sample for Synchronous start/clear mode.

Figure 7-47. Timing Sample for Synchronous Start/Clear Mode (Period Controlled by Master)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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The following describes an operational example of synchronous start/clear mode. The following descriptions are
linked with <1> to <4> in Figure 7-47.

<1>

<2>

<3>

<4>

When the master TKBCEDQ is set to 1, the master 16-bit timer counter KBO (TKBCNTO) and the slave 16-bit timer
counter KBm (TKBCNTm) change from FFFFH to 0000H upon synching with the count clock and they start
upward counting. At the same time, the master generate INTTMKBO respectively and TKBOOO output change
from their initial value to active value (in this example, it’s high level).

When count value of TKBCNTm matches with the value specified in TMKB compare register n2 (TKBCRn2),
TKBON1 output of slave becomes active level. For further detailed operation, see Figure 7-38 Timing Sample
for Standalone Mode (Period Controlled by TKBCRn0) (at Default Value of Output Is Low Level
(TKBTODnNp = 0) and Active Level Is High Level (TKBTOLnp = 0)).

When count value of TKBCNTO matches with the value specified in TMKB compare register 00 (TKBCRO00),
clear signal of master is output. At the same time, 16-bit timer counter (TKBCCNTO, TKBCNTm) for master and
slave is cleared.

If TKBCEQO is set to 0, synching with the input clock of timer KB, TKBCNTO of the master and TKBCNTm of the
slave stop its upward count and sets to FFFFH. At the same time, the output of both master and slave change
to their default levels. This status is maintained until the master's TKBCEQ is set as 1.

Figure 7-48 shows the operation timing sample when batch overwriting in synchronous start/clear mode. In this case,

TKBRDTO bit for master set to 1, at the same time batch overwriting by slave in next clear timing.
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Figure 7-48. Timing Sample for Synchronous Start/Clear Mode (Period Controlled by Master)

(at Batch Overwrite)
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7.4.9 Interleave PFC (Power Factor Correction) output mode
This is the mode that can generate a signal as interleave output that controls PFC circuit which regulates the harmonic

current of the power source.

As interleaved PFC circuit can regulate peak input current at greater extent than single PFC circuit, it can make parts
smaller and implement high powered power source units.

Interleaved PFC control requires two inputs for zero current detection and two PWM outputs for switching. TMKB
implements the interleaved PFC control by combining external interrupt input INTP20 and timer output TKBONnO, and
interrupt input INTP21 and timer output TKBOnN1.

TKBONO generates pulse output based on the signal input of INTP20, and TKBONn1 generates pulse output based on

the signal input of INTP21.
In this case, it controls TKBON1 output to be 180 degree of phase shift based on the output timing of TKBONO.

Remark Single PFC control can be implemented in standalone mode (periodic control by external input trigger).
For more detail, see 7.4.6 Standalone mode (periodic control by external trigger input).

Timer KBn restart period is set by TKBCRnNO for cases in which external input INTP20 not being detected.
Active width for TKBONO output is set by TKBCRn1.

Active width for TKBON1 output is set by TKBCRn3.

Therefore, TKBCRN2 is not used for this function.

Remark Interleave PFC (Power Factor Correction) output mode does not use TKBCRn2.

The setting value for TKBTOLNO bit and TKBTODnNO bit, and TKBTOLN1 bit and TKBTODnN1 bit must be the same
value. This makes that when the default level is low (high) level, the active level becomes high (low) level.

[Calculation formula for TKBONO output & TKBON1 output]

Pulse period (MAX)Nete 1 = (TKBCRnO setting + 1) x Count clock period

Active width for TKBONO output = TKBCRn1 setting x Count clock period

Active width for TKBOn1 output = TKBCRnN3 setting x Count clock period

Width of the cycle-to-cycle phase difference during TKBOn1 output Note 2 = INT[(width of the previous period — 1) Note 3/2
+ 1] x Count clock period

Notes 1. This is the timer KBn restart period in case when external interrupt input INTP20 not being detected.
2. Except when condition No. 7 holds.
3.  When condition No. 1 holds, this is determined by the setting of TKBCRnO.

Figure 7-49 shows overview of the basic operation of the interleave PFC mode. In the basic operation of the interleave
PFC mode, TKBCNTn is incremented from 0000H by using INTP20 as a trigger. In this case, TKBOn0 becomes active
level, then becomes inactive level when it matches with the setting value of TKBCRnN1 register.

TKBON1 becomes active level by being triggered by INTP21 which has a phase shifted from the one of INTP20, and
becomes inactive level when it matches with the setting value of TKBCRnN3 register.

Another INTP20 comes in before TKBCNTn matches with the setting value of TKBCRNO register, then the above

operation is repeated.
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Figure 7-49. Operation Outline of Basic Operation for Interleave PFC Mode
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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(1) Output condition of TKBONn1 at interleave PFC
There are output conditions for TKBONn1 output which are controlled according to the table below.

Condition Judgment Status 1 Judgment Status 2 Judgment Status 3 Output Status
No. (INTP20 Input) (Matching with CRO/INTP21 Input) (Period Width)
1 First period (Generate a wave - - Output by T/2
form setting T for CRO)
2 INTP20 input not detected matching of CNTn and CRn0O Subsequent period is Output by T/2
(Ignore INTP21 input detection) over T/2
3 ) T Succeeding period is Maintain the
below T/2 status
4 Subsequent period of No.3 - - Output by T/2
5 INTP20 input detected (for the - - Output by T/2
first time)*"!
6 INTP20 input detected (from INTP21 detected (within the range - Output by T/2
the second time)*? from previous TKBON1 falling edge
to T/2)
7 INTP20 input detected (from INTP21 detected (T/2 to - Output by
the second time)* 2 T/2+T/(TKBIRSNn1 and TKBIRSn0 Trigger Input
setting) range)
8 INTP20 input detected (from INTP21 detected after the range - Maintain the
the second time)* 2 (T/2+T/(TKBIRSNn1 and TKBIRSn0 status
setting))
9 Subsequent period of No.8 - - Output by T/2
10 INTP20 input detected - Succeeding period is Maintain the
below T/2 status
11 Subsequent period of No.10 - - Output by T/2

*1 INTP20 input detected (for the first time) means that the previous period wasn't cleared for INTP20 input being

detected.

*2 INTP20 input detected (from the second time) means that the previous period being cleared for INTP20 input

being detected.

Please see the following figures of wave form corresponding to each “Condition No.”

RO1UHO169EJ0340 Rev.3.40

Mar 29, 2024

RRENESAS

333



RL78/11A

CHAPTER 7 16-BIT TIMERS KBO, KB1, AND KB2

Figure 7-50. Figure of Timing of Interleave PFC Mode (Operation for Conditions No. 1 and No. 2)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Condition No.1  Only for the first period after TKBCEn = 1 setting, TKBOn1 with setting width of TKBCRn3 is output

setting “T” as TKBCRnO.
Condition No.2  In the second period, TKBONn1 with setting width of TKBCRnN3 is output at T/2 of previous period.
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Figure 7-51. Figure of Timing of Interleave PFC Mode (Below T/2s No. 3 and No. 4)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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TKBOnN1 keeps the status and T/2 of the previous period not ensured.
TKBON1 with setting width of TKBCRnN3 is output at T/2 of previous period.
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Figure 7-52. Figure of Timing of Interleave PFC Mode (Operation for Condition No. 5)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Condition No.5  INTP20 which was first detected after setting TKBCEn = 1 outputs TKBOn1 with setting width of
TKBCRnN3.
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Figure 7-53. Figure of Timing of Interleave PFC Mode (Operation for Conditions No. 6)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Figure 7-54. Figure of Timing of Interleave PFC Output Mode (Operation for Conditions No. 7)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Condition No.7  After the detection of INTP20 when INTP21 is detected over T/2 of the previous period and within T/2
+ T/m (m stands for 8/16/32/64; set by TKBIRSn1, TKBIRSn0), TKBOn1 is output by setting width of
TKBCRn3.
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Figure 7-55. Figure of Timing of Interleave PFC Output Mode (Operation for Conditions No. 8 to 9)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Figure 7-56. Figure of Timing of Interleave PFC Output Mode (Operation for Conditions No. 10 and No. 11)
(at Default Value of Output Is Low Level (TKBTODnp = 0) and Active Level Is High Level (TKBTOLnp = 0))
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Condition No.10 TKBOnN1 keeps the status and T/2 of the previous period not ensured.
Condition No.11 TKBON1 with setting width of TKBCRnN3 is output at T/2 of previous period.
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Figure 7-57. Figure of Timing of Interleave PFC Output Mode
(In Case When INTP21 Input Was Detected During TKBOn1 Output)
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When INTP21 input is detected during TKBONn1 output of the previous period, this trigger is ignored. This is when
TKBIEFn is set by “1”.
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Figure 7-58. Figure of Timing of Interleave PFC Output Mode
(Output of TKBON1 Is at the Width of the Previous Output Width and Exceeds Period of Status Maintenance)
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When TKBON1 output of the previous output width is long which exceeds status maintenance period, it is default output
compulsively at the starting timing of the subsequent period following the completion of the status maintenance period.
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(2) List of register setting at interleave PFC output mode

bit No. 15 || 14 13 12 || 11 10 9 8
TKBCTLNO - || TKBGTEn1 | TKBSSEn1 | TKBDIEN1 || - TKBGTENO | TKBSSEnO | TKBDIENO
Setting 0 || 0 0 0 || 0 0 0 0
bit No. 7 6 5 4 3 2 || 1 0
TKBCTLNO TKBMFEN - TKBIRSN1 TKBIRSNO - TKBTSEn || TKBSTSn1 | TKBSTSnO
Setting 1/0 0 1/0 1/0 0 1 || 0 0
bit No. || 7 6 5 4 3 2 || 1 0
TKBCTLn1 || TKBCEn - - TKBCKSn TKBSCMn - || TKBMDn1 TKBMDnO
Setting || 1 0 0 1/0 0 0 || 1 1
bit No. 7 6 5 4 3 2 1 0
TKBIOCnO - - - - TKBTOLn1 | TKBTOLnO | TKBTODn1 | TKBTODNO
Setting 0 0 0 0 1/0 1/0 1/0 1/0
bit No. 7 6 5 4 3 2 1 0
TKBIOCn1 - - - - - - TKBTOEn1 | TKBTOENO
Setting 0 0 0 0 0 0 1/0 1/0
TKBCRNO 0000H to FFFFH
TKBCRn1 0000H to FFFFH
TKBCRn2 0000H
TKBCRn3 0000H to FFFFH
TKBTGCRn 0000H to FFFFH
TKBSIRNO 0000H
TKBSIRn1 0000H
TKBSSRnO 00H
TKBSSRn1 00H
TKBDNRNO 00H
TKBDNRn1 00H
TKBMFRn 0000H to FFFFH

O : Setting is fixed for this mode

[ ]: Setting is not needed (default setting)
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7.5 Option Function of 16-bit Timers KB0, KB1 and KB2

Option function can be added to timers KBO, KB1 and KB2.
The following table shows available option for each operation modes for timer KBO, KB1 and KB2.

Operation Mode Standalone Mode Simultaneous Start/ Synchronous | Interleave PFC
Stop Mode Start/Clear Output Mode
Mode
Period Controlling Method for Period Period Period Period Period Period
Operation Mode Controlled Controlled Controlled | Controlled by | Controlled by Controlled by
by CRO by Trigger by CRO Trigger Master INTP20/CRO
A/D Conversion Start
Timing Signal Output O O o o o o
Function
PWM Output Dithering o y o N o N
Function
Optional
Function PWM Outp.ut Smooth o « o N o .
Start Function
PWM Output Gate o y o N o N
Function
Maximum Frequency N o N o N o
Limit Function

Remark For details of the operation specifications, see 7.4.2 Default level and active level and 7.4.3 Stop/start
operation.
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7.5.1 A/D conversion start timing signal output function

An A/D conversion start timing signal output can be generated by setting the 16-bit timer KB trigger compare register n
(TKBTGCRn). Thereby, the 16-bit timer KBn and A/D conversion start timing can be synchronized.
Timer KBn trigger output signal is output by detecting the match between TKBCNTn and TKBTGCRn which makes

trigger output available at any timing corresponding to set period of TKBCRnm. Output width of timer KBn trigger output

signal is the width of 1 clock of timer clock. Trigger output timing from PWM output period start can be calculated by

following formula;

Trigger output timing = TKBTGCRn setting x Count clock period

Caution Timer KBn trigger output signal is not output when TKBCRn0 < TKBTGCRNn.

Figure 7-59. A/D Conversion Start Timing Signal Output Function for Standalone Mode
(Period Controlled by TKBOCRO)
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Figure 7-60. A/D Conversion Start Timing Signal Output Function for Standalone Mode
(Period Controlled by External Trigger Input)
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7.5.2 PWM output dithering function

16-bit timer KB is available for high resolution PWM output using PWM output dithering function.
Having 16 periods of PWM period as standard, 16 times higher PWM output is available for average resolution through

extension of active period by 1 count clock at n period (n = 0 to 15) during 16 periods.

The period extending active period during 16 periods by 1 count clock is defined by TKBDNRnp.

The relationship between TKBDNRnp and the period extending active period for 1 count clock is as follows:

Figure 7-61. Figure of Relationship Between TKBDNRnp and the Period which Extends Active Period for 1 Count

Clock
Period 1 2 5 6 7 8 10 11 12 13 14 15 16
Repetitions (N)
0
1
2
3
4
5
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7
8
9
10
11
12
13
14
15
Remarks 1. [__] Cell period: Reset output waveform via settings for TKBCRn1 and TKBCRn3 registers
[ Cell period: Reset output waveform via settings +1 for TKBCRn1 and TKBCRN3 registers
2. n=0to2,p=0,1
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Figure 7-62. Figure of Waveform at Dithering Operation
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Figure 7-63. Figure of Waveform at Dithering Operation
(When TKBCRn1 = TKBCRNO (100% Nearest Neighbor), TKBCRNn2 = TKBCRN3(0% Nearest Neighbor)
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Figure 7-64. Figure of Waveform at Dithering Operation
(When TKBCRn3 = TKBCRnO0+1)
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(1) Available for operation mode
This shows enable or disable status under each mode that is specified by TKBCTLnO register (TKBSTSn1 and
TKBSTSnO bit) and TKBCTLn1 register (TKBMDn1 and TKBMDnO bit).

Operation Mode TKBMDn1, TKBSTSn1, Setting
TKBMDnO TKBSTSnO Available
Standalone mode (period controlled by TKBCRnO) 00 00 O
Standalone mode (period controlled by external trigger input) 00 01/10/11 x
Simultaneous start/stop mode (period controlled by TKBCRnO) 01 00 (0]
Simultaneous start/stop mode (period controlled by external trigger input) 01 01/10/11 x
Synchronous start/clear mode (period controlled by master) 10 - (0]
Interleave PFC output mode 11 - x

PWM output dithering function is available when external trigger input isn't used and the period being controlled by

TKBCRnNO.

TKBDNRNO/TKBDNRnN1 control PWM output dithering function of relative TKBOn0/TKBOnN1.

Cautions 1. [Overwrite during the operation (TKBCEn = 1) of TKBDNRnO/TKBDNRN1 register]

Regarding TKBDNRnO/TKBDNRnNn1 owns buffer, overwrite during the operation (TKBCEn = 1) is
available.
At this time, batch overwriting is available via writing “1” to TKBRDTn bit.

2. [Access by TKBCRLDn0O/TKBCRLDnN1 register]
TKBCRLDnNO is a 16-bit register mapping lower 8 bit TKBCRn1 and TKBDNRnO0. TKBCRLDn1 is a
16-bit register mapping lower 8 bit TKBCRNn3 and TKBDNRn1.
Value of TKBDNRnO/TKBDNRn1 is changed even in case that they have accessed
TKBCRLDnO/TKBCRLDnN1 register.
Value of TKBCRn1/TKBCRn3 is changed even in case that they have accessed
TKBCRLDNnO/TKBCRLDnN1 register.
Only the lower 8 bit of TKBCRn1/TKBCRn3 is changed when it is accessed to
TKBCRLDNn0/TKBCRLDnN1 register.

3. [To Combine PWM Output Smooth Start Function with PWM Output Dithering Function]
PWM output dithering function is invalid during the execution of PWM output smooth start
function (TKBSSFnp = 1).
PWM output dithering function is valid when PWM output smooth start function is stopped
(TKBSSFnp = 0).
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7.5.3 PWM output smooth start function

Timer KBO, KB1 and KB2 own PMW output smooth start function corresponding to rush current control and over-
voltage prevention. PWM output smooth start function begins at timer start timing. PWM output smooth start function is
initiated by the timer start timing. The process that a user has performed with software in the past can be easily
accomplished with the optional function of the hardware. It generates PWM waveform setting the default duty register
(TKBSIRnp) of 16-bit timer KB smooth start as 1 period active period. After outputting PWM waveform of the same active
period adding 1 to the value of repetition assigned by 16-bit timer KB smooth start step width register (TKBSSRnp),
outputs the same TKBSSRnp + 1 period waveform again, executing “active period + 1”.

After repeating the action, PWM output smooth start function is cancelled when the same active period defined by
TKBCRn1 and TKBCRnN3 is reached.

16-bit timer KB smooth start default duty register should be set according to following condition;
0000H < TKBSIRN0 < TKBCRn1 < TKBCRnO + 1
TKBCRn2 < TKBSIRn1 <TKBCRn3 < TKBCRnNO + 1

It should be set according to following condition when synchronous start/clear mode is applied;
TKBCRNO < TKBSIRNO < TKBCRn1 < TKBCROO + 1 of Master

Figure 7-65. PWM Output Smooth Start Function
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TKBCNTn

Active Active

J)_e_rigcj%/}_gqri_ogﬁ?%
. » :
]

f

(TKBCRn1, TKBSIRn) --}--

N,
After detecting TKBCEn=0->1, the n+1 period After n+1 period, 1 is added to Continuation to be canceled
(TKBSSRNO) is the value of default register active time to be n+1 period and when the period reaches

(TKBSIRNO). repeated by the same value. TKBCRn1.

(1) Operation mode available for PMW output smooth start function

Operation Mode TKBMDn1, TKBSTSn1, Setting
TKBMDnO TKBSTSnO Available
Standalone mode (period controlled by TKBCRnO) 00B 00B (0]
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B x
Simultaneous start/stop mode (period controlled by TKBCRnO) 01B 00B (0]
Simultaneous start/stop mode (period controlled by external trigger input) 01B 01B/10B/11B x
Synchronous start/clear mode (period controlled by master) 10B - (0]
Interleave PFC output mode 11B - x
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(2

@)

Overwrite during the operation (TKBCEn = 1) of TKBSIRn0/TKBSIRn1/TKBSSRn0/TKBSSRnN1 registers
Overwrite during the operation (TKBCEn = 1) is available for TKBSIRNO/TKBSIRn1/TKBSSRn0/TKBSSRn1.
TKBSIRNO/TKBSIRN1/TKBSSRnO/TKBSSRn1 own buffer and batch overwriting is available via writing “1” to
TKBRDTn bit. In TKBSIRN0/TKBSIRN1, the buffer value at starting PWM output smooth start function is duty default,
and in TKBSSRnO/TKBSSRn1, it is comparison value of internal 4-bit counter.

The internal 4-bit counter is incremented upward using the period of TKBCNTn as a count clock and it becomes OH
when it matches with TKBSSRn0/TKBSSRn1, then continues its counting operation.

Overwrite during the operation (TKBCEn = 1) of
TKBCRNnO/TKBCRN1/TKBCRN2/TKBCRN3/TKBSIRN0/TKBSIRN1/TKBSSRNO/TKBSSRN1 registers

When TKBRDTn is set as “1” during the period of PWM output soft-start (TKBSSFn0 = 1 and TKBSSFn1 = 1), batch
overwrite is masked and TKBSEFnp flag is set. In order to perform batch overwrite, clear TKBSEFnp and confirm
TKBSSFnp becomes “0”, then set “1” to TKBRDTn.

Figure 7-66. Overwrite During the Smooth Start Function Operation (TKBSSFnp = 1) of

TKBCRn0/TKBCRNn1/TKBCRn2/TKBCRN3/TKBSIRNO/TKBSIRN1/TKBSSRNO/TKBSSRNn1 Registers

Timer Clock
TKBRDTn 1\

clear

TKBSEFnp | ] f
TKBCLSEnp [

TKBSSFnp |
set/
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(4) To Combine PWM output smooth start function with PWM output dithering function

PWM output dithering function is invalid during the execution of PWM output smooth start function (TKBSSFnp = 1).

PWM output dithering function will be valid when PWM output smooth start function is stopped (TKBSSFnp = 0).

(5) Completion of PWM output smooth start function and operation of TKBSSFnp

Figure 7-67 shows When TKBCRn1 is 0007H, TKBDNRnp is 70H and TKBSSRnp is 02H. At the timing that
TKBCRn1 = 0007H and the value of TKBCRn1 buffer for internal soft-start matches, TKBSSFnp is cleared then

dithering function begins.

Figure 7-67. Completion of PWM Output Smooth Start Function and Operation of TKBSSFnp
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7.5.4 PWM output gate function (without combining with PWM output smooth start function)
With this function, during high-level period of 16-bit timer KCO output (TKCOO00 to TKCO05), PWM pulse is output from
the output terminal of TKBOnp 16-bit timer KBO to KB2. During low-level period of 16-bit timer KCO output (TKCOQO0 to

TKCOO05), default level is output from the output terminal of TKBOnp 16-bit timer KBO to KB2.

TKBONP Output
(Internal Output)

Figure 7-68. PWM Output Gate Function

TKCOO0q Output

(Internal Output)

TKBOnp Terminal Output
(TKBTODnp =0,
TKBTOLNp=0)
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| | —

Enlnlnih

TKBOnp Terminal Output

(TKBTODnp =1,
TKBTOLNp=0)

TKBOnNp Terminal Output

Loy

(TKBTODnp =1,
TKBTOLnp=1)

Corresponding relationship between

following.

TKCOO00 : TKBOOO
TKCOO01 : TKBOO1
TKCO02 : TKBO10
TKCOO03 : TKBO11
TKCOO04 : TKBO20
TKCOO05 : TKBO21

LU

TKCOOQq gating output and TKBOnp output to be gated is 1:1; please refer the
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KB1, AND KB2

(1) Operation mode available for PMW output gate function

Output gate function can be used under the following operational modes.

Operation Mode TKBMDn1, TKBSTSn1, Setting
TKBMDNO TKBSTSno | Available
Standalone mode (period controlled by TKBCRnO) 00B 00B ]
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B x
Simultaneous start/stop mode (period controlled by TKBCRnO) 01B 00B ]
Simultaneous start/stop mode (period controlled by external trigger input) 01B 01B/10B/11B x
Synchronous start/clear mode (period controlled by master) 10B - o
Interleave PFC output mode 11B - x
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7.5.5 PWM output gate function (combining with PWM output smooth start function)

The functions PWM output gate and PWM output smooth start can be combined.

When soft-start is also used at the same time, PWM pulse is generated from TKBOnp output pin of 16-bit timers KBO to
KB2 synching with the period of 16-bit timers KBO to KB2 after detecting rising edge of timer KCO output (TKCOO00 to
TKCOO05) of 16-bit timer KC. Through the detection of falling edge of timer KCO output (TKCOO00 to TKCOQ05) of 16-bit
timer KC, default level (TKBTODnp) is output from the output terminal of TKBOnp 16-bit timer KBO to KB2.

Figure 7-69. Sample of TKBOnp Output Synchronization Waveform at Starting TKCO0q Output of PWM Output
Gate Function (Combining with PWM Output Smooth Start Function)
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(1) Operation mode and additional function available for PMW output gate function
Output gate function can be used under the following operational modes.

Operation Mode TKBMDn1, TKBSTSn1, Setting
TKBMDnO | TKBSTSno | Available
Standalone mode (period controlled by TKBCRnO) 00B 00B ]
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B x
Simultaneous start/stop mode (period controlled by TKBCRnO) 01B 00B ]
Simultaneous start/stop mode (period controlled by external trigger input) 01B 01B/10B/11B x
Synchronous start/clear mode (period controlled by master) 10B - o
Interleave PFC output mode 11B - x

Please see 7.5.3 PWM output smooth start function for the details of PWM output smooth start function.
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7.5.6 Maximum frequency limit function

Timers KBO, KB1 and KB2 are a function that regulates the minimum period of the counter clear (maximum frequency)
in the periodic control by external trigger or interleaved PFC output mode.

When this function is used, if external trigger input which performs the counter clear occurs while the counter value is
less than the setting value of maximum frequency limit register (TKBMFRn), it performs the counter clear after it continues
counting until it reaches the setting value of TKBMFRn.

(1) Formula for maximum frequency limit (= 1/Minimum period)
Minimum period (= 1/Maximum frequency limit) = (TKBMFRn setting + 1) x Count clock period

Caution The following condition need to be satisfied: TKBMFRn setting < TKBCRnO setting

When counter value is smaller than TKBMFRn at the timing for external trigger input detection, “1” is set for TKBMFFn
flag. TKBMFFn flag is cleared to “0” by writing “1” to TKBCLMFn bit.

Figure 7-70. Maximum Frequency Limit Function
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(2) Operation Mode Available for Maximum Frequency Limit Function
Operation Mode TKBMDn1, TKBSTSn1, Setting
TKBMDNO TKBSTSno | Available
Standalone mode (period controlled by TKBCRnO) 00B 00B x
Standalone mode (period controlled by external trigger input) 00B 01B/10B/11B o
Simultaneous start/stop mode (period controlled by TKBCRnO) 01B 00B x
Simultaneous start/stop mode (period controlled by external trigger input) 01B 01B/10B/11B o
Synchronous start/clear mode (period controlled by master) 10B - x
Interleave PFC output mode 11B - 0]

Remark Available when the period is controlled by external trigger input.
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7.6 Forced Output Stop Function

Forced output stop function is a function to protect power supply, etc.

If any abnormal situation that occurs in a power circuit configured outside of a micro-computer leads to over-voltage of
over-current, making voltage or current sense signal into INTP20/comparator can protect the circuit by maintaining the
timer output high impedance or fixed output state without being intermediated by a CPU’s program control.

With this function, abnormality is identified only when input signal edge have been detected. Fixed level without edge
is not recognized as abnormality.

The following figure shows the system structure of forced output stop function.

Figure 7-71. System Structure of Forced Output Stop Function
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7.6.1 Forced output stop function 1 and 2
There are two ways of controls in forced output stop function. Forced output stop function 1 can select fixed level

output or high-impedance output, and forced output stop function 2 can only set fixed level output. Then the difference of

the control method is shown.

(1) Selectable Output Levels for Forced Output Stop Function 1 & 2

Selectable Output Levels Forced Output Stop
Function 1 | Function 2
High-impedance output o x
Low-level fixed output O
High-level fixed output O

(2) Start/cancel of Forced Output Stop Function 1 & 2

Function/Operation Details (Start Forced Output Stop)

Forced Output Stop

Function 1 | Function 2
Start forced output stop following the detection of the rising edge of comparator output. O o
Start forced output stop following the rising or falling edge detection by external interruption input (INTP20). x o)
Start forced output stop by software bit (TKBPAHTSnp) setting. O x

Function/Operation Details (Cancel Forced Output Stop)

Forced Output Stop

Function 1 | Function 2
Cancel forced output stop by software bit (TKBPAHTTnp) setting. @) x
Cancel forced output stop by synchronization with TMKB period after the software bit (TKBPAHTTnp) O x

setting.

Forced output stop cancelled at the next counter period after the beginning of forced output stop.

Forced output stop cancelled at the next counter period after the detection of falling edge by trigger signal of

forced output stop.

Remark n=0t02,p=0, 1

(3) Trigger Signal Selectable and the Conditions for Trigger Bit Available for Forced Output Stop Function 1 & 2

Selectable Trigger Signals Forced Output Stop
Function 1 | Function 2
Comparator 0 to 5 O O
External interrupt input (INTP20) x o

Trigger Bits Available

Forced Output Stop

Function 1 | Function 2
TKBPAHTSnNp (Trigger bit which starts forced output stop of TKBOnp output) O x
TKBPAHTTnp (Trigger bit which cancels forced output stop of TKBOnp output) @) x
Remark n=0t02,p=0, 1
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Table 7-4. External Trigger Assignment List of Forced Output Stop Function 1

TKBOO0O0 TKBOO01 TKBO10 TKBO11 TKBO20 TKBO21
Comparator 0 \ \ N N v v
Comparator 1 S S - - -
Comparator 2 S S N N - -
Comparator 3 - - N - -
Comparator 4 - - - - v v
Comparator 5 - - - - v v
INTP20 - - - - - -
INTP21 - - - - - -

Table 7-5. External Trigger Assignment List of Forced Output Stop Function 2

TKBOO00 TKBOO1 TKBO10 TKBO11 TKBO20 TKBO21

Comparator 0 S S N N v v
Comparator 1 N S - - - -
Comparator 2 S S N N - -
Comparator 3 - - N v - -
Comparator 4 - - - - v v
Comparator 5 - - - - v v
INTP20 J v V V v v

INTP21 - - - -

Caution For setting of INTP20/INTP21, see CHAPTER 14 COMPARATOR.
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7.6.2 Configuration of forced output stop function
Forced output stop function includes the following hardware.

Table 7-6. Configuration of Forced Output Stop Function

Item Configuration

Control registers Peripheral enable register 2 (PER2)

Forced output stop function control register n0 (TKBPACTLNO)
Forced output stop function control register n1 (TKBPACTLnN1)
Forced output stop function control register n2 (TKBPACTLnN2)
Forced output stop function flag register n (TKBPAFLGn)

Forced output stop function 1 start trigger register n (TKBPAHFSn)

Forced output stop function cancel 1 trigger register n (TKBPAHFTnN)
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7.6.3 Registers controlling forced output stop function
Forced output stop function is controlled by the following registers.

o Peripheral enable register 2 (PER2)

e Forced output stop function control register n0O (TKBPACTLNO)

e Forced output stop function control register n1 (TKBPACTLN1)

e Forced output stop function control register n2 (TKBPACTLN2)

e Forced output stop function flag register n (TKBPAFLGn)

e Forced output stop function start 1 trigger register n (TKBPAHFSn)

e Forced output stop function cancel 1 trigger register n (TKBPAHFTN)

7.6.3.1 Peripheral enable register 2 (PER2)

This register is used to supply or stop 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 the forced output stop function is used, be sure to set bits 6 to 4 (TKBPA2EN to TKBPAOEN) of this register to

1.
The PER2 register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-72. Format of Peripheral Enable Register 2 (PER2)

Address: FO509H

After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
PER2 |PGACMPEN| TKBPA2EN | TKBPA1EN | TKBPAOEN | TKCOEN TKB2EN TKB1EN TKBOEN
TKBPANEN Control of input clock to forced output stop function of timer KBn
0 Stops supply of input clock.

* SFR used by forced output stop function of timer KBn cannot be written.
o Forced output stop function of timer KBn is in the initial status.

Supplies input clock.

* SFR used by forced output stop function of timer KBn can be read/written.

Caution When setting the forced output stop function of timer KBn, be sure to set the TKBPANEN bit to 1

first. If TKBPANEN = 0, writing to a control register of forced output stop function of timer KBn is

ignored, and all read values are default values.

Remark n=0to2
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7.6.3.2 Forced output stop function control registers n0, n1 (TKBPACTLn0, TKBPACTLnN1)

TKBPACTLnNp is a register that selects the signal to be used as the trigger to control the forced output stop function of

the TKBOnp pin, and to select the pin for setting forced output stop mode.

TKBPACTLnp can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Figure 7-73. Format of Forced Output Stop Function Control Register Op (TKBPACTLOp) (1/2)

Address: FO630H (TKBPACTLO00), FO632H (TKBPACTLO1)  After reset: 0000H  R/W
Symbol 15 14 13 12 11 10 9 8
TKBPACTLOp |TKBPAFXSO0p3 [TKBPAFXSO0p2 | TKBPAFXSOp1 | TKBPAFXSOpO 0 0 0 TKBPAFCMOp
7 6 5 4 3 2 1 0
0 TKBPAHZS0p2 | TKBPAHZSO0p1 [TKBPAHZS0p0 [TKBPAHCMOp1 [TKBPAHCMOpO | TKBPAMDOp1 | TKBPAMDOpO
TKBPAFXS0p3 External interruption trigger selection for forced output stop function 2
0 INTP20 can not be used as a trigger.
1 INTP20 can be used as a trigger.N°te!
TKBPAFXS0p2 Comparator trigger selection for forced output stop function 2
0 Comparator 2 can not be used as a trigger.
1 Comparator 2 can be used as a trigger.N°te 2
TKBPAFXS0p1 Comparator trigger selection for forced output stop function 2
0 Comparator 1 can not be used as a trigger.
1 Comparator 1 can be used as a trigger.N°te 3
TKBPAFXS0p0 Comparator trigger selection for forced output stop function 2
0 Comparator 0 can not be used as a trigger.
1 Comparator 0 can be used as a trigger.N°te 2
TKBPAFCMOp Operation mode selection for forced output stop function 2
0 Forced output stop function 2 starts with trigger input, and forced output stop function 2 is
cleared at the next counter period.N°te4
1 Forced output stop function 2 starts with trigger input, and forced output stop function 2 is
cleared at the next counter period following detection of the reverse edge of the trigger.Not¢ 4
TKBPAHZS0p2 Comparator trigger selection for forced output stop function 1
0 Comparator 2 can not be used as a trigger.
1 Comparator 2 can be used as a trigger.N°te 2
TKBPAHZS0p1 Comparator trigger selection for forced output stop function 1
0 Comparator 1 can not be used as a trigger.
1 Comparator 1 can be used as a trigger.N°te3
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Figure 7-73. Format of Forced Output Stop Function Control Register Op (TKBPACTLOp) (2/2)

TKBPAHZS0p0 Comparator trigger selection for forced output stop function 1

0 Comparator 0 can not be used as a trigger.

1 Comparator 0 can be used as a trigger.N°te 2

TKBPAHCMOp1 TKBPAHCMOpO Clear condition selection for forced output stop function 1

0 0 Forced output stop function 1 starts with trigger input, and forced output stop
function 1 is cleared when forced output stop function release trigger
(TKBPAHTTOp) = 1 is written, regardless of the trigger signal level.

0 1 Forced output stop function 1 starts with trigger input, and when the trigger
signal is in its active period, writing “forced output stop function release
trigger (TKBPAHTTOp) = 1” is invalid. Forced output stop function 1 is
cleared when forced output stop function release trigger (TKBPAHTTOp) = 1
is written while the trigger signal is in its inactive period.

1 0 Forced output stop function 1 starts with trigger input, and forced output stop
function 1 is cleared at the next counter period after forced output stop
function release trigger (TKBPAHTTOp) = 1 is written, regardless of the
trigger signal level. Note4

1 1 Forced output stop function 1 starts with trigger input, and when the trigger
signal is in its active period, writing “forced output stop function release
trigger (TKBPAHTTOp) = 1” is invalid. Forced output stop function 1 is
cleared at the next counter period after forced output stop function release
trigger (TKBPAHTTOp) = 1 is written when the trigger signal is in its inactive

period. Nete4
TKBPAMDOp1 | TKBPAMDOpO Output status selection when executing forced output stop function
Forced output stop function 1 Forced output stop function 2
0 0 Hi-Z output Output fixed at low level
0 1 Hi-Z output Output fixed at high level
1 0 Output fixed at low level Output fixed at low level
1 1 Output fixed at high level Output fixed at high level

Notes 1. When INTP20 is used as the forced output stop function 2, see 14.5 Caution for Using Timer KB

Simultaneous Operation Function.

2. When CMPO or CMP2 is used as the timer KB forced output stop function, set CMPnSTEN = 1. See 14.5
Caution for Using Timer KB Simultaneous Operation Function.

3. When CMP1 is used as the timer KB forced output stop function, see 14.5 Caution for Using Timer KB
Simultaneous Operation Function.

4. When timer KB is stopped (TKBCEn = 0) without waiting for the next counter period, the forced output stop
function is kept on until timer KB is restarted (TKBCEn = 1).

Cautions 1. During timer operation, setting the other bits of the TKBPACTLOp register is prohibited. However,
the TKBPACTLOp register can be refreshed (the same value is written).

2. Be sure to clear bits 11 to 9 and 7 to “0”.

Remark n=0to2,p=0,1
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Figure 7-74. Format of Forced Output Stop Function Control Register 1p (TKBPACTL1p) (1/2)

Address: FO670H (TKBPACTL10), FO672H (TKBPACTL11)

Symbol
TKBPACTL1p

After reset: 0000H R/W

15 14 13 12 11 10 9 8
TKBPAFXS1p3 | TKBPAFXS1p2 | TKBPAFXS1p1 | TKBPAFXS1p0 0 0 0 TKBPAFCM1p
7 6 5 4 3 2 1 0
0 TKBPAHZS1p2 [TKBPAHZS1p1 [TKBPAHZS1p0 ([TKBPAHCM1p1 [TKBPAHCM1p0| TKBPAMD1p1 | TKBPAMD1p0
TKBPAFXS1p3 External interruption trigger selection for forced output stop function 2
0 INTP20 can not be used as a trigger.
1 INTP20 can be used as a trigger.N°te?!
TKBPAFXS1p2 Comparator trigger selection for forced output stop function 2
0 Comparator 3 can not be used as a trigger.
1 Comparator 3 can be used as a trigger.N°te 2
TKBPAFXS1p1 Comparator trigger selection for forced output stop function 2
0 Comparator 2 can not be used as a trigger.
1 Comparator 2 can be used as a trigger.N°te 3
TKBPAFXS1p0 Comparator trigger selection for forced output stop function 2
0 Comparator 0 can not be used as a trigger.
1 Comparator 0 can be used as a trigger.N°te 3
TKBPAFCM1p Operation mode selection for forced output stop function 2
0 Forced output stop function 2 starts with trigger input, and forced output stop function 2 is
cleared at the next counter period.N°te#
1 Forced output stop function 2 starts with trigger input, and forced output stop function 2 is
cleared at the next counter period following detection of the reverse edge of the trigger.Not¢ 4
TKBPAHZS1p2 Comparator trigger selection for forced output stop function 1
0 Comparator 3 can not be used as a trigger.
1 Comparator 3 can be used as a trigger.N°te 2
TKBPAHZS1p1 Comparator trigger selection for forced output stop function 1
0 Comparator 2 can not be used as a trigger.
1 Comparator 2 can be used as a trigger.N°te3
TKBPAHZS1p0 Comparator trigger selection for forced output stop function 1
0 Comparator 0 can not be used as a trigger.

1

Comparator 0 can be used as a trigger.N°te3
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Figure 7-74. Format of Forced Output Stop Function Control Register 1p (TKBPACTL1p) (2/2)

TKBPAHCM1p1 | TKBPAHCM1p0 Clear condition selection for forced output stop function 1

0 0 Forced output stop function 1 starts with trigger input, and forced output stop
function 1 is cleared when forced output stop function release trigger
(TKBPAHTT1p) = 1 is written, regardless of the trigger signal level.

0 1 Forced output stop function 1 starts with trigger input, and when the trigger
signal is in its active period, writing “forced output stop function release
trigger (TKBPAHTT1p) = 1” is invalid. Forced output stop function 1 is
cleared when forced output stop function release trigger (TKBPAHTT1p) = 1
is written while the trigger signal is in its inactive period.

1 0 Forced output stop function 1 starts with trigger input, and forced output stop
function 1 is cleared at the next counter period after forced output stop
function release trigger (TKBPAHTT1p) = 1 is written, regardless of the
trigger signal level. Note4

1 1 Forced output stop function 1 starts with trigger input, and when the trigger
signal is in its active period, writing “forced output stop function release
trigger (TKBPAHTT1p) = 1” is invalid. Forced output stop function 1 is
cleared at the next counter period after forced output stop function release
trigger (TKBPAHTT1p) = 1 is written when the trigger signal is in its inactive

period. Note4
TKBPAMD1p1 | TKBPAMD1p0 Output status selection when executing forced output stop function
Forced output stop function 1 Forced output stop function 2
0 0 Hi-Z output Output fixed at low level
0 1 Hi-Z output Output fixed at high level
1 0 Output fixed at low level Output fixed at low level
1 1 Output fixed at high level Output fixed at high level

Notes 1. When INTP20 is used as the forced output stop function 2, see 14.5 Caution for Using Timer KB

Simultaneous Operation Function.

2. When CMP3 is used as the timer KB forced output stop function, see 14.5 Caution for Using Timer KB
Simultaneous Operation Function.

3. When CMPO or CMP2 is used as the timer KB forced output stop function, set CMPnSTEN = 1. For
details, see 14.5 Caution for Using Timer KB Simultaneous Operation Function.

4. When timer KB is stopped (TKBCEn = 0) without waiting for the next counter period, the forced output stop
function is kept on until timer KB is restarted (TKBCEn = 1).

Cautions 1. During timer operation, setting the other bits of the TKBPACTL1p register is prohibited. However,
the TKBPACTL1p register can be refreshed (the same value is written).

2. Be sure to clear bits 11 to 9 and 7 to “0”.

Remark n=0t02,p=0,1
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Figure 7-75. Format of Forced Output Stop Function Control Register 2p (TKBPACTL2p) (1/2)

Symbol
TKBPACTL2p

Address: FO6BOH (TKBPACTL20) , FO6B2H (TKBPACTL21)  After reset: 0000H R/W
15 14 13 12 11 10 9 8
TKBPAFXS2p3 [ TKBPAFXS2p2 | TKBPAFXS2p1 | TKBPAFXS2p0 0 0 0 TKBPAFCM2p
7 6 5 4 3 2 1 0
0 TKBPAHZS2p2 | TKBPAHZS2p1 [TKBPAHZS2p0 [TKBPAHCM2p1 [TKBPAHCM2p0 | TKBPAMD2p1 | TKBPAMD2p0
TKBPAFXS2p3 External interruption trigger selection for forced output stop function 2
0 INTP20 can not be used as a trigger.
1 INTP20 can be used as a trigger.Note !
TKBPAFXS2p2 Comparator trigger selection for forced output stop function 2
0 Comparator 5 can not be used as a trigger.
1 Comparator 5 can be used as a trigger.N°te 2
TKBPAFXS2p1 Comparator trigger selection for forced output stop function 2
0 Comparator 3 can not be used as a trigger.
1 Comparator 3 can be used as a trigger.N°te 2
TKBPAFXS2p0 Comparator trigger selection for forced output stop function 2
0 Comparator 0 can not be used as a trigger.
1 Comparator 0 can be used as a trigger.N°te 3
TKBPAFCM2p Operation mode selection for forced output stop function 2
0 Forced output stop function 2 starts with trigger input, and forced output stop function 2 is
cleared at the next counter period.N°te4
1 Forced output stop function 2 starts with trigger input, and forced output stop function 2 is
cleared at the next counter period following detection of the reverse edge of the trigger.N°te4
TKBPAHZS2p2 Comparator trigger selection for forced output stop function 1
0 Comparator 5 can not be used as a trigger.
1 Comparator 5 can be used as a trigger.N°te 2
TKBPAHZS2p1 Comparator trigger selection for forced output stop function 1
0 Comparator 4 can not be used as a trigger.
1 Comparator 4 can be used as a trigger.N°te 2
TKBPAHZS2p0 Comparator trigger selection for forced output stop function 1
0 Comparator 0 can not be used as a trigger.

1

Comparator 0 can be used as a trigger.N°te3
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Figure 7-75. Format of Forced Output Stop Function Control Register 2p (TKBPACTL2p) (2/2)

TKBPAHCM2p1 | TKBPAHCM2p0 Clear condition selection for forced output stop function 1

0 0 Forced output stop function 1 starts with trigger input, and forced output stop
function 1 is cleared when forced output stop function release trigger
(TKBPAHTT2p) = 1 is written, regardless of the trigger signal level.

0 1 Forced output stop function 1 starts with trigger input, and when the trigger
signal is in its active period, writing “forced output stop function release
trigger (TKBPAHTT2p) = 1” is invalid. Forced output stop function 1 is
cleared when forced output stop function release trigger (TKBPAHTT2p) = 1
is written while the trigger signal is in its inactive period.

1 0 Forced output stop function 1 starts with trigger input, and forced output stop
function 1 is cleared at the next counter period after forced output stop
function release trigger (TKBPAHTT2p) = 1 is written, regardless of the
trigger signal level Note 4

1 1 Forced output stop function 1 starts with trigger input, and when the trigger
signal is in its active period, writing “forced output stop function release
trigger (TKBPAHTT2p) = 1” is invalid. Forced output stop function 1 is
cleared at the next counter period after forced output stop function release
trigger (TKBPAHTT2p) = 1 is written when the trigger signal is in its inactive
period.Note 4

TKBPAMD2p1 | TKBPAMD2p0 Output status selection when executing forced output stop function
Forced output stop function 1 Forced output stop function 2
0 0 Hi-Z output Output fixed at low level
0 1 Hi-Z output Output fixed at high level
1 0 Output fixed at low level Output fixed at low level
1 1 Output fixed at high level Output fixed at high level

Notes 1. When INTP20 is used as the forced output stop function 2, see 14.5 Caution for Using Timer KB

Simultaneous Operation Function.

2. When CMP4 or CMPS5 is used as the timer KB forced output stop function, see 14.5 Caution for Using
Timer KB Simultaneous Operation Function.

3. When CMPO is used as the timer KB forced output stop function, set CMPOSTEN = 1. For details, see 14.5
Caution for Using Timer KB Simultaneous Operation Function.

4. When timer KB is stopped (TKBCEn = 0) without waiting for the next counter period, the forced output stop
function is kept on until timer KB is restarted (TKBCEn = 1).

Cautions 1. During timer operation, setting the other bits of the TKBPACTL2p register is prohibited. However,
the TKBPACTL2p register can be refreshed (the same value is written).

2. Be sure to clear bits 11 to 9 and 7 to “0”.

Remark n=0t02,p=0,1
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7.6.3.3 Forced output stop function control register n2 (TKBPACTLN2)
TKBPACTLNZ2 is a register that enables or disables the forced output stop function of the TKBOnp pin.
TKBPACTLN2 can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-76. Format of Forced Output Stop Function Control Register n2 (TKBPACTLNn2)

Address: F0637H (TKBPACTLO02), FO677H (TKBPACTLO02), FO6B7H (TKBPACTLO02)
After reset: 00H R/W
Symbol 7 6 5 4 3 2 <1> <0>

TKBPACTLN2 0 0 0 0 0 0 TKBPACEn1 | TKBPACENO

TKBPACEnp | Input control of trigger signal used for forced output stop function of the TKBOnp

pin.
0 Disable operation of forced output stop function
1 Enable operation of forced output stop function

Cautions 1. The TKBPACTLN2 register can be overwritten while the timer is operating.
2. Be sure to clear bits 7 to 2 to “0”.

Remark n=0t02,p=0,1
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7.6.3.4 Forced output stop function flag register (TKBPAFLGn)
TKBPAFLGn is a register with status flags for forced output stop function of the TKBOnp pin.
TKBPAFLGn can be read by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-77. Format of Forced Output Stop Function Flag Register (TKBPAFLGn)

Address: F0636H (TKBPAFLGO), FO676H (TKBPAFLG1), FO6B6H (TKBPAFLG2)  Afterreset: 0O0H R

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
TKBPAFLGn | TKBPAFSFn1 | TKBPAHSFn1 | TKBPAFSFn0 | TKBPAHSFnO | TKBPAFIFn1 | TKBPAHIFn1 | TKBPAFIFn0 | TKBPAHIFnO
TKBPAFSFnp Status flag of forced output stop function 2 for TKBOnp pin
0 Forced output stop function clear status
1 Forced output stop function status
TKBPAHSFnp Status flag of forced output stop function 1 for TKBOnp pin
0 Forced output stop function clear status
1 Forced output stop function status
TKBPAFIFnp Input monitor bit of forced output stop function 2 for TKBOnp pin
0 Forced output stop function 2 trigger signal is at low level (inactive)
1 Forced output stop function 2 trigger signal is at high level (active)
TKBPAHIFnp Input monitor bit of forced output stop function 1 for TKBOnp pin
0 Forced output stop function 1 trigger signal is at low level (inactive)
1 Forced output stop function 1 trigger signal is at high level (active)

Caution The timing to cancel the forced output stop function 1 depends on the setting. For details, see 7.7.2
Software cancel operation for forced output stop function 1.

Remark n=0t02,p=0,1
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7.6.3.5 Forced output stop function 1 start trigger register n (TKBPAHFSn)
TKBPAHFSn is the start trigger register used by forced output stop function 1 of the TKBOnp pin.
TKBPAHFSnh can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-78. Format of Forced Output Stop Function 1 Start Trigger Register n (TKBPAHFSn)

Address: F0634H (TKBPAHFSO0), FO674H (TKBPAHFS1), FO6B4H (TKBPAHFS2)
After reset: 00H R/W

Symbol 7 6 5 4 3 2 <1> <0>
TKBPAHFSn 0 0 0 0 0 0 TKBPAHTSN1{TKBPAHTSN(Q
TKBPAHTSnp) Start trigger of forced output stop function 1 for TKBOnp output
0 Invalid setting
1 Starts forced output stop function 1 for TKBOnp output

Cautions 1. The TKBPAHFSn register can be overwritten while the timer is operating.
2. Be sure to clear bits 7 to 2 to “0”.
3. When TKBPAHFSn register is read, 0 is read.

7.6.3.6 Forced output stop function cancel 1 trigger register n (TKBPAHFTn)
TKBPAHFTNn is the cancel trigger register used by forced output stop function 1 of the TKBOnp pin.
TKBPAHFTN can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 7-79. Format of Forced Output Stop Function Cancel 1 Trigger Register n (TKBPAHFTn)

Address: FO635H (TKBPAHFTO), FO675H (TKBPAHFT1), FO6B5H (TKBPAHFT2)
After reset: 00H R/W

Symbol 7 6 5 4 3 2 |§|
TKBPAHFTn 0 0 0 0 0 0 TKBPAHTTn1|TKBPAHTTNO)
TKBPAHTTnp Cancel trigger of forced output stop function for TKBOnp output
0 Invalid setting
1 Clears forced output stop function 1 for TKBOnp output

Cautions 1. The TKBPAHFTn register can be overwritten while the timer is operating.
2. Be sure to clear bits 7 to 2 to “0”.
3. When TKBPAHFSn register is read, 0 is read.
4. The timing to cancel the forced output stop function 1 depends on the setting. For details,
see 7.7.2 Software cancel operation for forced output stop function 1.

Remark n=0t02,p=0,1
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7.7 Operation of Forced Output Stop Function 1

Timer output can be fixed to Hi-Z, high, or low level directly (not via the CPU) and asynchronously with the operation
clock fkekc of the 16-bit timer KBn and KCO circuit when a trigger source occurs (comparator 0 to 5 output). The forced
output stop status is canceled synchronously with the operation clock fkekc of the 16-bit timer KBn and KCO circuits by
setting the stop trigger of forced output stop function 1.

7.7.1 Summary for forced output stop function 1
In this function, comparator output signal and software trigger is used as trigger signal for forced output stop function 1.
The output level selectable at forced output stop is controlled byTKBPAMDnp0O, TKBPAMDnp1 bit of TKBPACTLnp

register.
The following table shows the relationship of forced output stop function 1 of output p terminal (TKBOnp) for timer KBn.

Table 7-7. The Relationship of Forced Output Stop Function 1 of the TKBOnp Pin

TKBPAMDnp1 TKBPAMDnNpO Output Level Selection at Forced Output Stop Function 1 Execution
0 0 Hi-Z Output
0 1 Hi-Z Output
1 0 Low level fixed output
1 1 High-level fixed output

The selection for comparator output being used is controlled by TKBPAHZSnp2 to TKBPAHZSnpO bit for forced output

stop function control register np (TKBPACTLnNp).
The following table shows trigger selection for forced output stop function 1 of output p terminal (TKBOnp) for timer

KBn.

Table 7-8. The Trigger Selection for Forced Output Stop Function 1 of the TKBOnp Pin

Bit Selectable Trigger Signals
Timer KBO Timer KB1 Timer KB2
TKBPAHZSnp0 | Comparator 0
TKBPAHZSnp1 | Comparator 1 Comparator 2 Comparator 4
TKBPAHZSnp2 | Comparator 2 Comparator 3 Comparator 5

Remark n=0t02,p=0, 1
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7.7.2 Software cancel operation for forced output stop function 1

The table below shows the start trigger (TKBPAHTSnp bit for TKBPAHFSN register) setting to start forced output stop

function 1.

Table 7-9. Operation of Start Trigger (TKBPAHTSnp Bit) of Forced Output Stop Function 1

TKBPAHTSnp

Start of Forced Output Stop Function by Software

0

Invalid setting

1

Writing “1” initiates the fixed output control of high-impedance/low-level/high-level for
TKBOnp output (the same function with rising edge detection of trigger signal by forced
output stop function 1).

The table below shows the cancel trigger (TKBPAHTTnp bit for TKBPAHFTn register) setting to cancel forced output
stop function 1.

Note

Table 7-10. Operation of Cancel Trigger (TKBPAHTTnp Bit) at Forced Output Stop Function 1

TKBPACTLnp Register

TKBPAHCMnp1

TKBPAHCMnpO

Cancel of Forced Output Stop Function 1 by Software

0

0

Forced output stop function 1 starts with trigger input, and forced output stop
function 1 is cleared when forced output stop function release trigger
(TKBPAHTTnNp) = 1 is written, regardless of the trigger signal level.

Forced output stop function 1 starts with trigger input, and when the trigger signal is
in its active period, writing “forced output stop function release trigger
(TKBPAHTTnp) = 1” is invalid. Forced output stop function 1 is cleared when forced
output stop function release trigger (TKBPAHTTnp) = 1 is written while the trigger
signal is in its inactive period.

Forced output stop function 1 starts with trigger input, and forced output stop
function 1 is cleared at the next counter period after forced output stop function
release trigger (TKBPAHTTnp) = 1 is written, regardless of the trigger signal level.

Note

Forced output stop function 1 starts with trigger input, and when the trigger signal is
in its active period, writing “forced output stop function release trigger
(TKBPAHTTnNp) = 1”7 is invalid. Forced output stop function 1 is cleared at the next
counter period after forced output stop function release trigger (TKBPAHTTnp) = 1
is written when the trigger signal is in its inactive period. Not¢

When timer KB is stopped (TKBCEn = 0) without waiting for the next counter period, the forced output stop

function is kept on until timer KB is restarted (TKBCEn = 1).

Remark n=0to2,p=0,1

RO1UHO169EJ0340 Rev.3.40
Mar 29, 2024

RRENESAS

375



RL78/11A CHAPTER 7 16-BIT TIMERS KBO, KB1, AND KB2

7.7.3 Basic operation of forced output stop function 1

This shows the operations of forced output function 1 with different setting of TKBPAHCMnp1 and TKBPAHCMnpO
registers.

The trigger signal that initiates the forced output stop function 1 (forced output stop input 1) is an OR output of the
trigger signal selected by TKBPAHZSnpO to TKBPAHZSnp2 bits of forced output stop function control register np
(TKBPACTLnp) and TKBPAHTSNp bit of the trigger register n (TKBPAHFSN) that initiates forced output stop function 1.

(1) Forced output stop function 1 at TKBPAHCMnp1, TKBPAHCMnpO0 =0, 0

Figure 7-80. Forced Output Stop Function 1 at TKBPAHCMnp1, TKBPAHCMnpO0 =0, 0
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(@) TKBPAMDnNp1 =0 (Hi-z output)
High-impedance output is realized via the detection of rising edge of forced output stop input 1.
Regardless of input level of forced output stop input 1, it returns to timer output via writing of “1” to cancel trigger
(TKBPAHTTnp bit).
High-level period of high-impedance output control signal is the period for forced output stop 1 (high-impedance
output).

(b) TKBPAMDnNp1 = 1 (fixed output)
Fixed output is realized in low-level/high-level according to TKBPAMDnpO setting at the detection of rising edge
of forced output stop input 1.
Regardless of input level of forced output stop input 1, output level fixing is cancelled and returned to timer output
via writing of “1” to cancel trigger (TKBPAHTTnp bit).
High-level period of internal fixed signal is the period for forced output stop 1 (low-level/high-level output fixing).

Remark n=0t02,p=0,1
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(2) Forced output stop function 1 at TKBPAHCMnp1, TKBPAHCMnpO =0, 1
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Figure 7-81. Forced Output Stop Function 1 at TKBPAHCMnp1, TKBPAHCMnpO =0, 1
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TKBPAMDnp1 = 0 (Hi-z output)

High-impedance output is realized via the detection of rising edge of forced output stop input 1.

During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger (TKBPAHTTnp
bit) is invalid.

After forced output stop input 1 turned into inactive level (low-level), it returns to timer output via writing of “1” to
cancel trigger (TKBPAHTTnp bit).

High-level period of high-impedance output control signal is the period for forced output stop 1 (high-impedance
output).

TKBPAMDnNp1 = 1 (fixed output)

Fixed output is realized in low-level/high-level according to TKBPAMDnNpO setting at the detection of rising edge
of forced output stop input 1.

During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger (TKBPAHTTnp
bit) is invalid.

After the forced output stop input 1 turned into inactive level (low-level), output level fixing is cancelled and
returned to timer output via writing of “1” to cancel trigger (TKBPAHTTnp bit).

High-level period of internal fixed signal is the period for forced output stop 1 (low-level/high-level output fixing).

Remark n=0t02,p=0,1
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(3) Forced output stop function 1 at TKBPAHCMnp1, TKBPAHCMnpO0 =1, 0

Figure 7-82. Forced Output Stop Function 1 at TKBPAHCMnp1, TKBPAHCMnpO0 =1, 0
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(a) TKBPAMDnNp1 = 0 (Hi-z output)
High-impedance output is realized via the detection of rising edge of forced output stop input 1.
Regardless of the input level of forced output stop input 1, it returns to timer output after writing of “1” to cancel
trigger (TKBPAHTTnp bit), in the next period.
High-level period of high-impedance output control signal is the period for forced output stop 1 (high-impedance
output).

(b) TKBPAMDnNp1 = 1 (fixed output)
Fixed output is realized in low-level/high-level according to TKBPAMDnpO setting at the detection of rising edge
of forced output stop input 1.
Regardless of input level of forced output stop input 1, output level fixing is cancelled and returned to timer output
after writing of “1” to cancel trigger (TKBPAHTTnp bit) in the next counter period.
High-level period of internal fixed signal is the period for forced output stop 1 (low-level/high-level output fixing).

Remark n=0to2,p=0,1
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(4) Forced output stop function 1 at TKBPAHCMnp1, TKBPAHCMnpO0 =1, 1

Figure 7-83. Forced Output Stop Function 1 at TKBPAHCMnp1, TKBPAHCMnpO0 =1, 1
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(@) TKBPAMDnNp1 =0 (Hi-z output)
High-impedance output is realized via the detection of rising edge of forced output stop input 1.
During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger (TKBPAHTTnp
bit) is invalid.
It returns to timer output after writing of “1” to cancel trigger (TKBPAHTTnp bit) during the inactive level (low-
level) of forced output stop input 1, in the next period.
High-level period of high-impedance output control signal is the period for forced output stop 1 (high-impedance
output).

(b) TKBPAMDNp1 = 1 (fixed output)
Fixed output is realized in low-level/high-level according to TKBPAMDnNpO setting at the detection of rising edge
of forced output stop input 1.
During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger (TKBPAHTTnp
bit) is invalid.
During the inactive level (low-level) period of forced output stop input 1, output level fixing is cancelled and
returned to timer output in the next counter period after writing “1” to cancel trigger (TKBPAHTTnp bit).
High-level period of internal fixed signal is the period for forced output stop 1 (low-level/high-level output fixing).

Remark n=0to2,p=0,1
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7.8 Operation of Forced Output Stop Function 2

Timer output can be fixed to high or low level directly (not via the CPU) and asynchronously with the operation clock
fkekc of the 16-bit timer KBn and KCO circuit when a trigger source occurs (comparator 0 to 5 output, INTP20). The forced
output stop status is canceled at the beginning of the next counter cycle after the trigger source occurs or after the trigger
source signal changes to inactive level.

7.8.1 Summary for forced output stop function 2

In this function, comparator output signal and external interrupt (INTP20) are used as trigger signals for forced output
stop function 2.

The output level selectable at forced output stop is controlled byTKBPAMDNnpO, TKBPAMDnp1 bit of TKBPACTLnp
register.

The following table shows the relationship of forced output stop function 2 of output p terminal (TKBOnp) for timer KBn.

Table 7-11. The Relationship of Forced Output Stop Function 2 of the TKBOnp Pin

TKBPAMDnp1 TKBPAMDnNpO Output Level Selection at Forced Output Stop Function 2 Execution
0 0 Low level fixed output
0 1 High-level fixed output
1 0 Low level fixed output
1 1 High-level fixed output

The selection for comparator output being used is controlled by TKBPAFXSnp3 to TKBPAFXSnpO0 bit for forced output
stop function control register np (TKBPACTLnNp).

The following table shows trigger selection for forced output stop function 2 of output p terminal (TKBOnp) for timer
KBn.

Table 7-12. The Trigger Selection for Forced Output Stop Function 2 of the TKBOnp Pin

Bit Selectable Trigger Signals
Timer KBO Timer KB1 Timer KB2
TKBPAFXSnp0 Comparator 0
TKBPAFXSnp1 Comparator 1 Comparator 2 Comparator 4
TKBPAFXSnp2 Comparator 2 Comparator 3 Comparator 5

TKBPAFXSnp3 INTP20

Remark n=0t02,p=0, 1
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7.8.2 Basic operation of forced output stop function 2

This shows the operations of forced output function 2 with different setting of TKBPAFCMnp bits.

The trigger signal that initiates the forced output stop function 2 (forced output stop input 2) is the trigger signal selected
by TKBPAFXSnp0 to TKBPAFXSnp3 bits of forced output stop function control register np.

(1) Forced output stop function 2 at TKBPAFCMnp = 0

Figure 7-84. Forced Output Stop Function 2 at TKBPAFCMnp =0
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Fixed output is realized in low-level/high-level according to TKBPAMDnpO setting at the detection of rising edge of
forced output stop input 2.

Regardless of the input level of the forced output stop input 2, the fixing of output level is canceled at the next counter
cycle and returned to timer output.

High-level period of internal fixed signal is the period for forced output stop 2 (low-level/high-level output fixing).

Remark n=0t02,p=0,1
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(2) Forced output stop function 2 at TKBPAFCMnpO0 = 1

Figure 7-85. Forced Output Stop Function 2 at TKBPAFCMnp0 = 1
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Fixed output is realized in low-level/high-level according to TKBPAMDnpO setting at the detection of rising edge of
forced output stop input 2.

During the active level (high-level) period of forced output stop input 1, writing “1” to cancel trigger (TKBPAHTTnp bit)
is invalid.

After the forced output stop input 2 becomes reverse edge, the fixing of output level is canceled at the next counter
cycle and returned to timer output.

High-level period of internal fixed signal is the period for forced output stop 2 (low-level/high-level output fixing).

Remark n=0t02,p=0,1
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CHAPTER 8 16-BIT TIMER KCO

8.1 Functions of 16-bit Timer KCO

(M

(2

@)

16-bit timer KCO is mounted onto all RL78/I1A microcontroller products.
16-bit timer KCO is a timer with six outputs, enabling the generation of up to six PWM outputs.

In addition, gate control can be implemented for up to six PWM outputs by interlocking with timers KB0O, KB1, and KB2.

16-bit timer KCO is provided with the following functions.

PWM output
¢ A variable pulse with any duty can be output for a period while the timer is operating.
o The default timer output level (high or low level) can be set.

PWM output gating function (by interlocking with 16-bit timers KB0, KB1, and KB2)
Maximum of six lines of 16-bit timers, KBO, KB1, KB2 output (TKBO0O, TKBO01, TKBO10, TKBO11, TKBO20,
TKBO21 output) can be controlled via a gate respectively with any duty by timer KC output.

Simultaneous start & stop mode
By assigning the 16-bit timer KB as master and the 16-bit timer KC as slave, the 16-bit timer KC at slave can be
started or stopped in synchronizing with the count start/stop timing of timer KB.

8.2 Configuration of 16-bit Timer KC0

16-bit timer KCO includes the following hardware.

Table 8-1. Configuration of 16-bit Timer KC0

Item Configuration
Timer/counter 16-bit timer counter KCO (TKCCNTO)
Registers 16-bit timer KC compare register 0 (TKCCRO)
16-bit timer KC duty compare registers 0 to 5 (TKCDUTY00 to TKCDUTY05)
Timer output TKCOO00 to TKCO05
Control registers 16-bit timer KC operation control register 0 (TKCCTLO)

16-bit timer KC output control register 00 (TKCIOCO00)
16-bit timer KC output control register 01 (TKCIOCO01)
16-bit timer KC output pin control register (TOETKCO)
16-bit timer KC output flag register 0 (TKCTOFO0)
16-bit timer KC flag register 0 (TKCFLGO)

16-bit timer KC trigger register 0 (TKCTRGO)

Port mode registers 1, 20 (PM1, PM20)

Port registers 1, 20 (P1, P20)
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Figure 8-1 shows a block diagram.

Figure 8-1. Block Diagram of 16-bit Timer KCO0
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8.2.1 16-bit timer KC compare register 0 (TKCCRO)

TKCCRO is setting to period of timer KC.

TKCCRO can be refreshed (writing the same value) and its value can be rewritten while the timer is counting (TKCCEO
= 1). When the value of TKCCRO is rewritten while the timer is operating, that value is latched, transferred to TKCCRO at
the following timing, and the value of TKCCRO is changed.

* When starting count operation of counter (TKCCEOQ = 0)

¢ When a batch overwrite trigger (TKCRDTO = 1) or an external trigger (TKCTSEO = 1) occurs

This register can be read or written in 16-bit units.

Reset signal generation clears this register to 0000H.

Figure 8-2. Format of 16-bit Timer KC Compare Register 0 (TKCCRO)

Address: FOBDOH  After reset: 0000H R/W

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

TKCCRO

8.2.2 16-bit timer KC duty compare registers 00 to 05 (TKCDUTY00 to TKCDUTY05)

TKCDUTYOm is setting to active period of timer KC output.

TKCDUTYOm can be refreshed (writing the same value) and its value can be rewritten while the timer is counting
(TKCCEO = 1). When the value of TKCDUTYOm is rewritten while the timer is operating, that value is latched, transferred
to TKCDUTYOm at the following timing, and the value of TKCDUTYOm is changed.

* When starting count operation of counter (TKCCEOQ = 0)

¢ When a batch overwrite trigger (TKCRDTO = 1) or an external trigger (TKCTSEO = 1) occurs

This register can be read or written in 16-bit units.

Reset signal generation clears this register to 0000H.

Figure 8-3. Format of 16-bit Timer KC Duty Compare Register 0Om (TKCDUTYOm)

Address: F06D2H (TKCDUTYO00), FO6D4H (TKCDUTY01), FO6D6H (TKCDUTY02), After reset: 0000H R/W
FO6D8H (TKCDUTY03), FO6DAH (TKCDUTY04), FO6DCH (TKCDUTY05)

After reset: 0000H R/W

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

TKCDUTYOm

Remark m=0to5
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8.3 Registers Controlling 16-bit Timer KC0
16-bit timer KCO is controlled by the following registers.

o Peripheral enable register 2 (PER2)

e Timer clock select register 2 (TPS2)

e 16-bit timer KC operation control register 0 (TKCCTLO)
e 16-bit timer KC output control register 00 (TKCIOCOQ0)
e 16-bit timer KC output control register 01 (TKCIOCO01)
e 16-bit timer KC output pin control register (TOETKCO)
e 16-bit timer KC output flag register 0 (TKCTOFO0)

o 16-bit timer KC flag register 0 (TKCFLGO)

o 16-bit timer KC trigger register 0 (TKCTRGO)

e Port mode registers 1, 20 (PM1, PM20)

e Port registers 1, 20 (P1, P20)
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8.3.1 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 KCO is used, be sure to set bit 3 (TKCOEN) of this register to 1.
The PER2 register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-4. Format of Peripheral Enable Register 2 (PER2)

Address: FO509H  After reset: O0OH R/W

Symbol 7 6 5 4 3 2 1

0

PER2 |PGACMPEN| TKBPA2EN | TKBPA1EN | TKBPAOEN | TKCOEN TKBZ2EN TKB1EN

TKBOEN

TKCOEN Control of timer KCO input clock

0 Stops supply of input clock.

o SFR used by timer KCO cannot be written.
o Timer KCO is in the initial status.

1 Supplies input clock.
o SFR used by timer KCO can be read/written.

Caution When setting timer KC0, be sure to set the TKCOEN bit to 1 first. If TKCOEN = 0, writing to a
control register of timer KCO is ignored, and all read values are default values (except for timer
clock select register 2 (TPS2), port mode registers 1, 20 (PM1, PM20), and port registers 1, 20 (P1,

P20)).

RO1UHO169EJ0340 Rev.3.40 R NS
Mar 29, 2024 ENES

387



RL78/11A CHAPTER 8 16-BIT TIMER KCO

8.3.2 Timer clock select register 2 (TPS2)

The TPS2 register is a 16-bit register that is used to select two types of operation clocks (CK20, CK21) that are
commonly supplied to timers KBO, KB1, KB2, and KCO from external prescaler. CK21 is selected by using bits 6 to 4 of
the TPS2 register, and CK20 is selected by using bits 2 to 0.

Rewriting of the TPS2 register during timer operation is possible only in the following cases.

If the PRS200 to PRS202 bits can be rewritten (n = 0 to 2):
All timers for which CK20 is selected as the operation clock (TKBCKSn = 0, TKCCKS0 = 0) are stopped
(TKBCEn = 0, TKCCEOQ = 0).

If the PRS210 to PRS212 bits can be rewritten (n = 0 to 2):
All timers for which CK21 is selected as the operation clock (TKBCKSn = 1, TKCCKSO0 = 1) are stopped (TKBCEn = 0,
TKCCEO = 0).

The TPS2 register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-5. Format of Timer Clock Select Register 2 (TPS2)

Address: FO5C5H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

TPS2 0 TPS | TPS | TPS 0 TPS | TPS | TPS
212 | 211 | 210 202 | 201 | 200
TPS | TPS | TPS Selection of operation clock (CK2k)Netes1:2 (k = 0, 1)
2k2 | 2k1 | 2kO fok = folk = fok = fok = feLL =
2 MHz 5 MHz 20 MHz 32 MHz 64 MHz
0 0 0 [fowk, friL 2 MHz 5 MHz 20 MHz 32 MHz 64 MHz
0 0 1 |few/2, fr/2 1 MHz 2.5 MHz 10 MHz 16 MHz 32 MHz
0 1 0 [fok/22, fe/22 500 kHz 1.25 MHz 5 MHz 8 MHz 16 MHz
0 1 1 Jfow/23, fe/2® | 250 kHz 625 kHz 2.5 MHz 4 MHz 8 MHz
1 0 0 |fo/24, fr/2*  [125 kHz 312.5 kHz 1.25 MHz 2 MHz 4 MHz
1 0 1 |fews2®, fru/2®  |62.5 kHz 156.2 kHz 625 kHz 1 MHz 2 MHz
1 1 0 |]Setting - - - - -
prohibited
1 1 1 | Setting - - - - -
prohibited

Notes 1. When changing the clock selected for fcik (by changing the system clock control register (CKC) value),
stop timers KBO, KB1, KB2, and KCO (TKBCEn = 0, TKCCEOQ = 0).
2. When PLLON = 1 in the PLL control register (PLLCTL), frLL is supplied.

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

Remark fcik: CPU/peripheral hardware clock frequency
frLL: PLL output clock
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8.3.3 16-bit timer KC operation control register 0 (TKCCTLO)
TKCCTLO is a register that controls the count operation and sets the count clock of 16-bit timer.
TKCCTLO can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-6. Format of 16-bit Timer KC Operation Control Register 0 (TKCCTLO)

Address: 06E5H  After reset: 00H R/W

Symbol 6 5 4 3 2 1 0
TKCCTLO TKCCEO 0 0 TKCCKSO0 0 0 0 TKCMDO
TKCCEO Timer KCO operation control
0 Stops timer operation (counter is cleared to FFFFH).
1 Enables timer count operation.
TKCCKSO0 Timer KCO clock selection
0 CK20 clock selected by TPS202 to TPS200 bits
1 CK21 clock selected by TPS212 to TPS210 bits
TKCMDO Timer KCO operation mode selection
0 Standalone mode
1 Synchronous start/stop mode (uses slave, with timer KBO as master)

Cautions 1. During timer operation, setting the other bits of the TKCCTLO register is prohibited. However, the
TKCCTLO register can be refreshed (the same value is written).
2. Be sure to clear bits 6, 5, and 3 to 1 to “0”.
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8.3.4 16-bit timer KC output control register 00 (TKCIOC00)
TKCIOCOO is a register that setting default/active level of TKCOOm in 16-bit timer KCO output.
TKCIOCO00 can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-7. Format of 16-bit Timer KC Output Control Register 00 (TKCIOC00)

Address: FOBE2H  After reset: 0000H  R/W
Symbol 15 14 13 12 11 10 9 8
TKCIOCO00 0 0 TKCTOLO5 | TKCTOLO4 | TKCTOLO3 | TKCTOLO02 | TKCTOLO1 | TKCTOLOO
7 6 5 4 3 2 1 0
0 0 TKCTODO5 | TKCTODO04 | TKCTODO03 | TKCTODO02 | TKCTODO01 | TKCTODO00
TKCTOLOmM Active level setting of timer output TKCOOm
0 Active high
1 Active low
TKCTODOm Default level setting of timer output TKCOOm
0 Low level (normal output)
1 High level (inverted output)
Cautions 1. During timer operation, setting the other bits of the TKCIOCO00 register is prohibited. However,

the TKCIOCOO register can be refreshed (the same value is written).
2. Be sure to clear bits 15, 14, 7, and 6 to “0”.

3. Actual TKCOOm pin output is set not only by TKCOOm output but by the port mode registers
(PMxx) and port registers (Pxx) for the shared ports.

Remark m=0to5
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8.3.5 16-bit timer KC output control register 01 (TKCIOCO01)

TKCIOCO01 is the register that sets the functionality of making 16-bit timer KCO output as PWM output gate function of
16-bit timer KB and TKCOOp output.

When it is used as the PWM output gate function, the setting for 16-bit timer KB is required.

Also, if the output is actually used as TKCOOp output, settings for TOETKCO register as well as port register and port-
mode register are required.

TKCIOCO1 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-8. Format of 16-bit Timer KC Output Control Register 01 (TKCIOCO01)

Address: FOBE4H  After reset: 00H  R/W
Symbol 7 6 <5> <4> <3> <2> <1> <0>
TKCIOCO01 0 0 TKCTOEOQ5 | TKCTOEO4 | TKCTOEO3 | TKCTOEO2 | TKCTOEO1 | TKCTOEOO
TKCTOEOmM | PWM output gating function of timer KB used and timer output TKCOOm output enable/disable
0 Using PWM output gating function of timer KB and disables timer output (Fixes to low-level
output when TKCTODOm = 0, and fixes to high-level output when TKCTODOm = 1.)
1 Using PWM output gating function of timer KB and enables timer output (PWM output)

Cautions 1. The TKCIOCO01 register can be overwritten while the timer is operating.
2, Be sure to clear bits 7 and 6 to “0”.
3. Actual TKCOOm pin output is set not only by TKCOOm output but by the port mode registers
(PMxx) and port registers (Pxx) for the shared ports.

Remark m=0to5

8.3.6 16-bit timer KC output pin control register (TOETKCO0)

It is the register that controls output enable/disable toward pins for the timer output generated from 16-bit timer KC.

The output control of TKCOn is possible regardless of the setting of the timer output gate function which is coupled with
16-bit timer KB.

TOETKCO can be read by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 8-9. Format of 16-bit timer KC output pin control register (TOETKCO0)

Address: FO5C8H After reset: 00H R

Symbol 7 6 <5> <4> <3> <2> <1> <0>
TOETKCO 0 0 TOETKCO05 | TOETKC04 | TOETKCO03 | TOETKCO02 [ TOETKCO01 | TOETKCO00
TOETKCOm Pin of timer output TKCOOm output enable/disable
0 Disables pin output of TKCOOm.
1 Enables pin output of TKCOOm.

Remark m=0to5
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8.3.7 16-bit timer KC output flag register 0 (TKCTOFO)
TKCTOFO is the monitor flag register for TKCOOm among the 16-bit timer KCO outputs.
TKCTOFO can be read by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-10. Format of 16-bit Timer KC Output Flag Register 0 (TKCTOF0)

Address: FOBE6GH After reset: 00H R

Symbol 7 6 <5> <4> <3> <2> <1> <0>
TKCTOFO 0 0 TKCTOFO05 | TKCTOF04 | TKCTOF03 | TKCTOFO02 | TKCTOF01 | TKCTOF00
TKCTOFOm Monitor flag of timer output TKCOOm
0 Low-level status
1 High-level status

Caution Actual TKCOOm pin output is set not only by TKCOOm output but by the port mode registers (PMxx)

and port registers (Pxx) for the shared ports.

Remark m=0to5

8.3.8 16-bit timer KC flag register 0 (TKCFLGO0)
TKCFLGO is a register with status flags for 16-bit timer KCO.
TKCFLGO can be read by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-11. Format of 16-bit Timer KC Flag Register 0 (TKCFLGO)

Address: FOBDFH  After reset: 00H R

Symbol 7 6 5 4 3 2 1 <0>
TKCFLGO 0 0 0 0 0 0 0 TKCRSFO
TKCRSFO Pending status flag for batch overwrite trigger
0 Batch overwrite enabled status or completion of batch overwrite caused by to batch overwrite
trigger
1 Batch overwrite pending (wait for completion) status,

or “01H” is written to batch write trigger register (TKCTRGO)
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8.3.9 16-bit timer KC trigger register 0 (TKCTRGO)
TKCTRGO is a trigger register used for batch overwriting of the compare register for 16-bit timer KCO.
TKCTRGO can be written by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 8-12. Format of 16-bit Timer KC Trigger Register 0 (TKCTRGO)

Address: FOBDEH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
TKCTRGO 0 0 0 0 0 0 0 TKCRDTO
TKCRDTO Trigger for batch overwrite request of compare register
0 Invalid setting
1 Batch overwrite request of compare register (set the TKCRSFO flag to “1”)

Remark When TKCTRGOregister is read, 0 is read.
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8.3.10 Port mode registers 1, 20 (PM1, PM20)

These registers specify input or output mode for port 1 or 20 in 1-bit units.

When using the P10/TKCOOO/INTP20/SO00/TxDO/SCLAO/(DALITxD4), P11/TKCOO01/INTP21/SI00/RxD0/SDAA0/
(DALIRxD4)/(TIO7)/(TxRx4), P12/(TKCOO03)/SCK00, P203/TKCO02/TKBO11/(INTP20), P204/TKCO03/TKBO20, P205/
TKCO04/TKBO21/DALITxD4, and P206/TKCO05/DALIRxD4/TxRx4/INTP23 pins for timer output, set PM10 to PM12 and
PM203 to PM206 and the output latches of P10 to P12 and P203 to P206 to 0.

PM1 and PM20 can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to FFH.

Figure 8-13. Format of Port Mode Registers 1, 20 (PM1, PM20) (38-pin Products)

Address: FFF21H After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM1 1 1 1 1 1 PM12 PM11 PM10
PM1y P1y pin /0O mode selection (y = 0 to 2)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Address: FO510H  After reset: FFH  R/W

Symbol 7 6 5 4 3 2 1 0
PM20 1 PM206 PM205 PM204 PM203 PM202 PM201 PM200
PM20x P20x pin I/O mode selection (x = 0 to 6)

0 Output mode (output buffer on)

1 Input mode (output buffer off)

Caution Be sure to set bits 3 to 7 of the PM1 register, and bit 7 of the PM20 register to “1”.
For 30- and 20-pin products, the following bits must be set to output mode (specified by setting the
port registers and port mode registers to 0) by software after reset is cancelled.
30-pin products: Bit 2 of the PM1 register
20-pin products: Bit 2 of the PM1 register, and bits 4 to 6 of the PM20 register

Remark The figure shown above presents the format of port mode registers 1 and 20 of the 38-pin products. For the
format of the port mode register of other products, see Table 4-3 PMxx, Pxx, PUxx, PIMxx, POMxx,
PMCxx Registers and Bits Mounted on Each Product.
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8.4 Operation of 16-bit Timer KC0

Figure 8-14. Timer KC Operation Setting Example (Operation Start Flow)

Start of setup

(Set the operation of Set the operation of timer KB when using simultaneous start /
timer KB) stop mode function.

PER? settin Set bits TKCOEN and start supply of clock to timer KC to be
I 9 used.

TPS2 setting Set the operation clock of timer KC.
I

TKCCTLO setting Select the operation function/operation mode of timer KC.
Select operation clock

Standalone operation mode or simultaneous start/stop mode

TKCIOCO00 setting Set the active level and default level of timer KC.
P1, P20, PM1, PM20 setting Set the terminal to output timer KC as output.
[

TKCIOCO1 setting Set the gate function and enable timer KB output.

TOETKCO setting Set enable timer KC output.
When using in gate function of timer KB only, disables timer KC
output.

Enable interrupt Clear interrupt request flag (XXIF), cancel interrupt mask (XXMK), and
enable interrupt (El).

Zero clear timer count start counter and start count.
(When using in simultaneous start/stop mode, setting of timer operation
enable bit TKBCEDO of the timer KB also starts operation of the timer

TKCCEO « 1
(TKBCEO « 1)

KC.)
(Start of operation)
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Figure 8-15. Timer KC Operation Setting Example (Operation Stop Flow)

étart of timer stop proce@

TKBCEO « 0 Timer count stops and timer KC output becomes fixed output at the
(TKBCEO < 0) set default level.
e

(When using in simultaneous start/stop mode, clearing of timer
(Stop of timer operatioD

operation enable bit TKBCEO of the timer KB also stops operation
Figure 8-16. Timer KC Operation Setting Example (Compare Register Batch Overwrite Flow)

of the timer KC.)

Start of overwrite

| Overwrite compare register | TKBCNTn, TKBCRNO-TKBCRN3, TKBTGCRnN (n =0, 1, 2)
Overwrite TKBDNRNO, TKBDNRn1, TKBCRLDnNO, and
TKBCRLDnN1 register.

<
l

| Read TKCRSFO bit | Read TKCRSFO of TKCFLGO register.

Accept batch overwrite request when TKCRSFO = 0.
No
TKBRSF0 =0
Yes

| TKCRDTO < 1 | After accepting overwrite request, TKCRSFO bit remains

“1” until setting is actually changed.
( End of overwrite )

Remark The batch overwrite function is used to change the timer counter operation setting while timer
KC is operating. The set value is reflected to the operation from the next restart.

Compare register batch overwrite request
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8.4.1 PWM output function

16-bit timer KCO can output six PWM waveforms with same period and different duty values can be output.

Duty can be set individually within range of 0% to 100% and the TKCOOm period and Duty can be calculated using the
following formula.

Pulse period = (TKCCRO setting + 1) x Counter clock period
Duty [%] = (TKCDUTYOm setting/(TKCCRO setting + 1)) x 100

0% output: TKCDUTYOm setting = 0000H
100% output: TKCDUTYOm setting < TKCCRO setting + 1

Remark m=0to5

Figure 8-17. Basic Timing Sample (at TKCTOLOm = 0, TKCTODOm = 0) for PWM Output Function

TKCCEO |
FFFFH —
g(za+1)
————— S [ mm—m—m—m—====-=—=-=--—--—--—-- TKCDUTY05
——————————————————————————————————————— TKCCRO + 1
B e IR RCEEEE R B TKCDUTY04
e A e ] B TKCDUTY03
—————— e~ TKCDUTY02
1 )
TKCCNTO st I NS W B oS N B N ~ TKCDUTYO1
| | 1 | 1 | I |
| [ 1 1 | 1 1 |
b=0000H |<Z______ TR R S e — S S S — TKCDUTY00
| | i i 1 | | | I |
INTTMKCO — | A I8 L I
l R l I
f T 1 ] 1 H 1 1 | |
TKCO00 1 "L" I N ! I 0 % Duty
! : : I : ! : 1 ] :
! | | | 1 ! ] 1 | |
TKCOO01 . Lo P
— | o
TKCO002 ’—|d P 1 | | ——
| : b
TKCO03 | - | i I
P > |
I ! ! | !
i 1 | |
TKCO04 __| .
; gl
TKCOOS __| 100 % Duty

Remark Above figure in TKCOO00 (0%) to TKCOO05 (100%)
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(1) Batch overwrite function: Update buffer at starting the counting operation
Compare register of the timer KCO have function which update internal buffer register simultaneously at the starting of
counter operation caused by count clock which is generated after overwriting “1” to TKCCEO bit. Batch overwrite is
generated without writing “1” on TKCRDTO bit only in case of counting operation start timing.

Figure 8-18. Batch Overwrite Function: Figure of Buffer Updating Timing at Counting Operation Start
(TKCTOLOmM =0, TKCTODOmM = 0)

feke
1

1 | 1 ! ! 1
TKCCEO i | i : : i
fken I I i

]
TKCRSFO i
TKCRDTO i
|
INTTMKCO |
TKCCRO 00aa i

CR_Buffer 0000 ):( 00aa
|
TKCDUTYO00 00bb i
|

DUTYO_Buffer 0000 >i< 00bb
TKCDUTYO1 00cc i

DUTY1_Buffer 0000 )i( 00cc
|
TKCDUTY02 00dd i
|

DUTY2_Buffer 0000 )i( 00dd
TKCDUTY03 00ee i

DUTY3_Buffer 0000 >l( 00ee
|
TKCDUTY04 00ff i
|

DUTY4_Buffer 0000 ):( 00ff

|
TKCDUTYO05 0099 ;

DUTY5_Buffer 0000 >i( 0099
|

When TKCCEO = 0, TKCRSFO will be set to “1” at writing “1” to TKCRDTO.
TKCRSFO will be cleared to “0” at counting operation start timing (counter start trigger generated).

Figure 8-19. Batch Overwrite Function: Figure of Buffer Updating Timing at Counting Operation Start
fkekc
! | | |
TKCCEO [ : : | |
| | |
I
fcen j
TKCRSFO

TkeroTo | | !
INTTMKCO

|
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(2) Batch overwrite function: Update buffer during counting operation

Compare register of the timer KCO has a function which update internal buffer register simultaneously at the next
counter clear (TKCCNTO and TKCCRO matched), identifying the writing “1” to TKCRDTO bit as batch overwriting
trigger. TKCRSFO is provided as flag to indicate from writing of “1” to TKCRDTO bit until the completion of batch

overwrite. For details, see Figure 8-20.

Figure 8-20. Batch Overwrite Function: Figure of the Timing of Buffer Updating During Counting Operation
(TKCTOLOmM =0, TKCTODOmM = 0)

<1>:

<2>:

<3>:

<4>:

TKCCEO
.

FFFFH—

TKCCNTO

b1=0000H

cl

di1

f

gl (=al+1)

al+1

el

b2 (> a2+ 1)

a2+1
C

d2

2

e2

92=0000H

—

— |

INTTMKCO

al+1

TKCOO00

TKCOO01

cl1

TKCO02

d1

TKCO03

el

c2

d2

e2

TKCO04

<2>

] -
I

—

—

TKCO05
TKCTRSFO

TKCRDTO

TKCCRO

al

a2

CR_buffer __X

al

a2

TKCDUTYO00

b1

b2

DUTYO_buffer __X

b1

b2

TKCDUTYO01

cl

c2

DUTY1_buffer __ X

c1

c2

TKCDUTY02

d1

d2

DUTY2_buffer —_ X

d1

d2

TKCDUTY03

el

e2

DUTY3_buffer __X

el

e2

TKCDUTY04

f2

DUTY4_buffer __X

1

f2

TKCDUTY05

gl

g2

DUTY5_buffer __X

gl

g2

<1>

<4>

Compare register setting will be transferred to buffer register at the timing when TKCCEQ is set from “0” to “1”
and TKCCNTO starts counting operation.
Overwriting will be not generated if writing of “1” to TKCRDTO is not implemented even counter clear is
generated after TKCCRO and TKCDUTYO05 to TKCDUTYO0O registers are overwritten.

Batch overwrite pending flag (TKCRSFO) will be “1” by writing “1” to TKCRDTO.

Compare register setting will be transferred to buffer register by counter clear generated at TKCRSFO = 1.
TKCRSFO will be “0” simultaneously.
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8.4.2 Stopl/restart operation
Stop and restart of operation of 16-bit timer KCO will be available by controlling TKCCEO.

(1) 16-bit timer KCO will be reset and stop operation by changing TKCCEO from “1” to “0”.

Counter TKCCNTO will be reset to FFFFH and stop operation then.
TKCOOm output will output default level set by TKCTODOm.

(2) 16-bit timer KCO will start operation by changing TKCCEO from “0” to “1”.

Counter TKCCNTO will maintain FFFFH when TKCCEOQ = 0 and start up counting operation by changing TKCCEO

from “0” to “1”.

TKCOOm output will follow the settings of TKCTOEOM/TKCTOLOmM/TKCTODOm to output waveform.

Figure 8-21. Figure of Timing of Stop/Restart Operation (TKCTOLOm =0, TKBTODOm = 0)

TKCCEO [T R R
1
T e S FFFFH
~ _9_(3_2 5_1’:_1_) ____________________________________ TKCDUTY05
L O AR NS TKCCRO + 1
e s SRS DU TKCDUTY04
N R < S S TKgDUTY03
__________________________________________ TKCDUTY02
] |
TKCCNTO = S B : <L -TKCDUTYO1
| | | |
| ] ] | | ]
b=0000H|="______ :L___i___J:___4: _________________ ST VT S — e — TKCDUTY00
INTTMKCO ] R L - 0000H
| i 1a+1 : i R | |
i I ! ' ! ' | |
TKCOO00 Lt o 1
i - b
! | 1 | 1 I
TKCO01 Lo I
r—c>l b ! |
TKCO02 |—| L —
| ' ! |
|
TKCO03 | N : .
! ' !
TKCO04 __| ; ]
H : : 1
TKCO05 | L [Moo%ouy
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Figure 8-22. Count Operation Start Timing

freke ||Illlll'lllllll'lllllllllIlll

When TKCCEO is switched from “0” to “17,

|
ficen |_! |_! |_| counting operation will start after the progress of
TKCCEOQ | | i the minimum 1 fkekc to the maximum 1 fkcn.
! : INTTMKCO is output at counting operation start
TKCCNTO FFEF X_0000 X 0001 timing.
| |
|
INTTMKCO ! l_l
| |

Figure 8-23. Count Operation Stop Timing

fkeke

! When TKCCEO is switched from “1” to “07,
fien m : m m . . .

] counting operation will be stopped after the

|
|
|
TKCCEO ! progress of minimum 1 fkekc.
|
|
|

TKCCNTO will be reset to FFFFH and TKCOOm

|
TKCCNTO 00aa I FFFF ,
! >|< will be default level set by TKCTODOm.
[
INTTMKCO :
| |
TKCOOm TKCTOLOm:O: TKCTODOmM=0

I

fkeke

o M M M When TKCCEO is switched from “1” to “0’,

counting operation will be stopped after the

I ]
TKCCEO | | -
— progress of minimum 1 fkekc.
TKCCNTO o Xaaaa=C;'\’>l< CEFF Before the generation of 1 fkcn, INTTMKCO will
i i not be output even matching of TKCCNTO =
INTTMKCO - TKCCRO being generated.
[I
TKCOOm TKCTOLOM=0 | | TKCTODOm=0
SR

fkeke

TKCOOm will be set and INTTMKCO being

11
|
ficn [1 M T output via the matching of TKCCNTO = TKCCRO
TKCCEO i | generated in case when the operation of
l
L TKCCEDO is simultaneous with the generation of
TKCCNTO aaa9 X aaaa=CRYOX__FFFF 1 fucn.
1
INTTMKCO

. TKCCNTO will be reset to FFFFH after the
TKCOOm _ TKCTOLOm=0 H TKCTODOM=0 progress of 1 fkekc and TKCOOm will be default
level set by TKCTODOmM.

[
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8.4.3 Default level and active level

Default level and active level settings are available for timer KC output by 16-bit timer KC output control register 00
(TKCIOCO00).

When TKCTOEOm is switched from “1” to “0”, default level is output for TKCOOm according to TKCTODOm setting.

When TKCTOEOm is switched from “0” to “1”, PWM waveform is output according to the generation of TKCOOm set
condition/reset condition and TKCTOLOm setting.

Figure 8-24. TKCTOEOmM = 0 Switched to 1 Before PWM Reset Timing (Matching Duty)

TKCCNTO

TKCCEO
TKCTOEOmM

TKCOOm
(TKCTODOM=0
(TKCTOLOM=0
(

)
)
TKCTODOm=0)
(TKCTOLOm=1)

(TKCTODOm=1)
(TKCTOLOM=0)

(TKCTODOm=1)
(TKCTOLOm=1)

TKCTOEOmM:  TKCTOEOm:
1->0 0->1

Figure 8-25. TKCTOEOm = 0 Switched to 1 After PWM Reset Timing (Matching Duty)

TKCCNTO

TKCCEO
TKCTOEOm

TKCOOm
(TKCTODOM=0)
(TKCTOLOM=0)
(TKCTODOM=0)
(TKCTOLOm=1)

(TKCTODOm=1)
(TKCTOLOmM=0)

(TKCTODOm=1)
(TKCTOLOm=1)

I I
TKCTOEOm: TKCTOEOm:
1->0 0->1

ROTUHO0169EJ0340 Rev.3.40 R NS 402
Mar 29, 2024 ENES



RL78/11A CHAPTER 8 16-BIT TIMER KCO

Figure 8-26. TKCTOEOmM Switched from “1” to “0”

fkekc ||||||Illl'l“ll'lllllllllllll

TKCOOm will be default level set by TKCTODOm

[I |
[
e 1 I I_! [ after 1 fkekc time when TKCTOEOm is switched
TKCTOEOM 1 from “1” to “0".
[ |
1 I I
TKCCNTO 00aa I >|( 0030
Il |
INTTMKCO !
il
TKCOOm TKCTOLOmM=0! |I TKCTODOm=0
o

f MU Uyt
o 1 H When TKCOOm set timing (Low level to High

ficn |_| !_! |_| level) is simultaneous with the matching between
TKCTOEOM 'I i TKCCNTO and TKCCRO, the change of
. TKCTOEOm will be given priority to become
TKCCNTO  aaa9 Xaaaa=CR>:< 0000 default level set for TKCTODOm.
I 1
INTTMKCO AN
[
-0 ! ! -
TKCOOm TKCTOLOmM=0 : : TKCTODOmM=0
B

flako |_|_|_|_|_|_|_|_|_|_|_|_|_|_|_L|_L|_|_|_|_|_|_|_|_|_|_|_L TKCOOm will be set by the matching of

| |
fecn [ [ ! [] TKCCNTO = TKCCRO in case when the
Lo operation of TKCTOEOm is simultaneous with
TKCTOEOM |I : generation of 1 ficn.

TKCCNTO aaa9 Xaaaa:CR>:( ioooo X 0001
(. After 1 fkekc time, TKCOOm will be default level

INTTMKCO |_| which is set with TKCTODOm.
[
TKCOOm  TKCTOLOM=0 [T TrCTODOM=0
— e

| )
Figure 8-27. Change TKCTODOm at TKCTOEOmM =0

fkeke

fcen |_|

TKCTOEOmM v »

TKCTODOmM | l

|

TKCOOm will be default level set by TKCTODOm
after 1 fkekc time when TKCTOEOm is switched
from “1” to “0”.

T

TKCOOm | |
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8.4.4 Simultaneous start & stop mode

Slave timer KCO can be start/stop simultaneously by synchronization with count start/stop of master timer KBO when

master/slave is configured using 16-bit timer KBO/KCO.

Select “Standalone Operation Mode (TKBMDn1, TKBMDnO = 0, 0)” for master and “Simultaneous Start & Stop Mode

(TKCMDO = 1)” for slave in this case.

For the formula to calculate TKCOO05 to TKCOO00 outputs see 8.4.1 PWM

Figure 8-28. Basic Timing Sample (at TKCTOLOmM = 0, TKCTODOm = 0) for Simultaneous Start & Stop Mode

output function.
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9.1 Functions of Real-time Clock

CHAPTER 9 REAL-TIME CLOCK

The real-time clock has the following features.

e Having counters of year, month, week, day, hour, minute, and second, and can count up to 99 years.

e Constant-period interrupt function (period: 0.5 seconds, 1 second, 1 minute, 1 hour, 1 day, 1 month)

¢ Alarm interrupt function (alarm: week, hour, minute) (38-pin products only).

¢ Pin output function of 1 Hz (38-pin products only).
The real-time clock interrupt signal (INTRTC) can be utilized for wakeup from STOP mode and triggering an A/D

converter's SNOOZE mode.

Cautions 1. The count of year, month, week, day, hour, minutes and second can only be performed when a

subsystem clock (fsus = 32.768 kHz) is selected as the operation clock of the real-time clock.

When the low-speed on-chip oscillator clock (fi. = 15 kHz) is selected, only the constant-period

interrupt function is available. The 20-pin products have the constant-period interrupt function

only, because these products have no subsystem clock.

However, the constant-period interrupt interval when fi. is selected will be calculated with the

constant-period (the value selected with RTCCO register) x fsus/fiL.

2. Most of the following descriptions in this chapter use the 38-pin as an example.

9.2 Configuration of Real-time Clock

The real-time clock includes the following hardware.

Table 9-1. Configuration of Real-time Clock

ltem

Configuration

Counter Internal counter (16-bit)

Control registers Peripheral enable register 0 (PERO)

Subsystem clock supply mode control register (OSMC)

Real-time clock control register 0 (RTCCO)

Real-time clock control register 1 (RTCC1)

Second count register (SEC)

Minute count register (MIN)

Hour count register (HOUR)

Day count register (DAY)

Week count register (WEEK)

Month count register (MONTH)

Year count register (YEAR)

Watch error correction register (SUBCUD)

Alarm minute register (ALARMWM)

Alarm hour register (ALARMWH)

Alarm week register (ALARMWW)
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Figure 9-1. Block Diagram of Real-time Clock

Real-time clock control register 1

Real-time clock control register 0

Operation speed mode

|WALE‘WALIE‘WAFG RIFG ‘ RWST‘RWAIT| | RTCE |RCLOE1| AMPM | CT2 | cT1 ‘ cTo | |WLéTK'B"M control register (OSMC)
_ D——@ RTC1HZ
Alarm week Alarm hour Alarm minute
register register register
(ALARMWW) (ALARMWH)| |(ALARMWM)
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INTRTC
CTOto CT2
RIFG
8
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o
[\7
n
IAMPM
RWST RWAIT | o5
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Year count Month count| Week count| Day count Hour count Minute count| Second
! ! N . . : count Internal
register register register register register register register counter
(YEAR) |+ (MONTH) (WEEK) ©AY) L] (HOuR) |l (MIN) (SEC) [~ wait control [~ (16.p) | _ferc
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Count enable/ ]
disable circuit | |Watch error
correction
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Buffer Buffer Buffer Buffer Buffer Buffer Buffer RTCE (ai'E't) WUTMMCKO
S Internal bus S

Caution The count of year, month, week, day, hour, minutes and second can only be performed when a

subsystem clock (fsus = 32.768 kHz) is selected as the operation clock of the real-time clock. When

the low-speed on-chip oscillator clock (fiL = 15 kHz) is selected, only the constant-period interrupt

function is available. The 20-pin products have the constant-period interrupt function only, because

these products have no subsystem clock.
However, the constant-period interrupt interval when fiL is selected will be calculated with the

constant-period (the value selected with RTCCO register) x fsus/fiL.
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9.3 Registers Controlling Real-time Clock
The real-time clock is controlled by the following registers.

» Peripheral enable register 0 (PERO)

» Subsystem clock supply mode control register (OSMC)
» Real-time clock control register 0 (RTCCO)
» Real-time clock control register 1 (RTCC1)
» Second count register (SEC)

* Minute count register (MIN)

* Hour count register (HOUR)

» Day count register (DAY)

* Week count register (WEEK)

* Month count register (MONTH)

* Year count register (YEAR)

» Watch error correction register (SUBCUD)
« Alarm minute register (ALARMWM)

» Alarm hour register (ALARMWH)

» Alarm week register (ALARMWW)

» Port mode register 3 (PM3)

* Port register 3 (P3)
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9.3.1 Peripheral enable register 0 (PERO0)
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 the real-time clock is used, be sure to set bit 7 (RTCEN) of this register to 1.

The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 9-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> 3 <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
RTCEN Control of real-time clock (RTC) and 12-bit interval timer input clock supply
0 Stops input clock supply.
e SFR used by the real-time clock (RTC) and 12-bit interval timer cannot be written.
e The real-time clock (RTC) and 12-bit interval timer are in the reset status.
1 Enables input clock supply.
e SFR used by the real-time clock (RTC) and 12-bit interval timer can be read and written.

Cautions 1. When using the real-time clock, first set the RTCEN bit to 1 and then set the following registers,
while oscillation of the count clock (frtc) is stable. If RTCEN = 0, writing to the control registers
of the real-time clock is ignored, and, even if the registers are read, only the default values are
read (except for the subsystem clock supply mode control register (OSMC), port mode register 3
(PM3), port register 3 (P3)).

* Real-time clock control register 0 (RTCCO0)
* Real-time clock control register 1 (RTCC1)
» Second count register (SEC)

* Minute count register (MIN)

* Hour count register (HOUR)

* Day count register (DAY)

* Week count register (WEEK)

* Month count register (MONTH)

* Year count register (YEAR)

* Watch error correction register (SUBCUD)
* Alarm minute register (ALARMWM)

* Alarm hour register (ALARMWH)

* Alarm week register (ALARMWW)

2. The subsystem clock supply to peripheral functions other than the real-time clock and 12-bit
interval timer can be stopped in STOP mode or HALT mode when the subsystem clock is used,
by setting the RTCLPC bit of the subsystem clock supply mode control register (OSMC) to “1”.

3. Be sure to clear bits 1, 3, and 6 to “0”.
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9.3.2 Subsystem clock supply mode control register (OSMC)

The WUTMMCKO bit can be used to select the real-time clock count clock (frtc).

In addition, by stopping clock functions that are unnecessary, the RTCLPC bit can be used to reduce power
consumption. For details about setting the RTCLPC bit, see CHAPTER 5 CLOCK GENERATOR.

The OSMC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 9-3. Format of Subsystem Clock Supply Mode Control Register (OSMC)

Address: FOOF3H Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
OSMC RTCLPC 0 0 WUTMMCKO 0 0 0 0
WUTMMCKO Selection of operation clock (frtc) for real-time clock and 12-bit interval timer.
0 Subsystem clock (fsus)
1 Low-speed on-chip oscillator clock (fiL)

Cautions 1. The count of year, month, week, day, hour, minutes and second can only be performed when a
subsystem clock (fsus = 32.768 kHz) is selected as the operation clock of the real-time clock.
When the low-speed on-chip oscillator clock (fi. = 15 kHz) is selected, only the constant-period
interrupt function is available. The 20- to 32-pin products have the constant-period interrupt
function only, because these products have no subsystem clock.
However, the constant-period interrupt interval when fiL is selected will be calculated with the
constant-period (the value selected with RTCCO register) x fsus/fiL.

2. Most of the following descriptions in this chapter use the 38-pin as an example.

9.3.3 Real-time clock control register 0 (RTCCO)

The RTCCO register is an 8-bit register that is used to start or stop the real-time clock operation, control the RTC1HZ
pin, and set a 12- or 24-hour system and the constant-period interrupt function.

The RTCCO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.
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Figure 9-4. Format of Real-time Clock Control Register 0 (RTCCO0)

Address: FFFODH  After reset: 00OH R/W

Symbol <7> 6 <5> 4 3 2 1 0
RTCCO RTCE 0 RCLOE1 0 AMPM CT2 CT1 CTO0
RTCE Real-time clock operation control
0 Stops counter operation.
1 Starts counter operation.
RCLOE1 RTC1HZ pin output control
0 Disables output of the RTC1HZ pin (1 Hz).
1 Enables output of the RTC1HZ pin (1 Hz).
AMPM Selection of 12-/24-hour system
0 12-hour system (a.m. and p.m. are displayed.)
1 24-hour system

time system.

* Table 9-2 shows the displayed time digits that are displayed.

* Rewrite the AMPM bit value after setting the RWAIT bit (bit O of real-time clock control register 1 (RTCC1)) to 1. If
the AMPM bit value is changed, the values of the hour count register (HOUR) change according to the specified

a.m., minute 00, and second 00 of
every month)

CT2 CT1 CTO Constant-period interrupt (INTRTC) selection
When selecting subsystem clock | When selecting low-speed on-chip
(fsub) oscillator clock (fiL)
0 0 0 Does not use constant-period interrupt function.
0 0 1 Once per 0.5 s (synchronized with | Once per 1.1 s
second count up)
0 1 0 Once per 1 s (same time as Once per2.2s
second count up)
0 1 1 Once per 1 m (second 00 of every | Once per 2.2 m
minute)
1 0 0 Once per 1 hour (minute 00 and Once per 2.2 hour
second 00 of every hour)
1 0 1 Once per 1 day (hour 00, minute Once per 2.2 day
00, and second 00 of every day)
1 1 X Once per 1 month (Day 1, hour 00 | Once per 2.2 month

When changing the values of the CT2 to CTO bits while the counter operates (RTCE = 1), rewrite the values of the
CT2 to CTO bits after disabling interrupt servicing INTRTC by using the interrupt mask flag register. Furthermore,
after rewriting the values of the CT2 to CTO bits, enable interrupt servicing after clearing the RIFG and RTCIF flags.

Cautions 1. Do not change the value of the RTCLOE1 bit when RTCE = 1.
2. The RTC1HZ pin does not output a 1-Hz signal if the RCLOE1 bit is set to 1 while the RTCE bit is 0.

Remark x: don’t care
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9.3.4 Real-time clock control register 1 (RTCC1)

The RTCC1 register is an 8-bit register that is used to control the alarm interrupt function and the wait time of the
counter.

The RTCCA1 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 9-5. Format of Real-time Clock Control Register 1 (RTCC1) (1/2)

Address: FFFOEH  After reset: 00H R/W

Symbol <7> <6> 5 <4> <3> 2 <1> <0>
RTCC1 WALE WALIE 0 WAFG RIFG 0 RWST RWAIT
WALE Alarm operation control
0 Match operation is invalid.
1 Match operation is valid.

When setting a value to the WALE bit while the counter operates (RTCE = 1) and WALIE = 1, rewrite the WALE bit
after disabling interrupt servicing INTRTC by using the interrupt mask flag register. Furthermore, clear the WAFG
and RTCIF flags after rewriting the WALE bit. When setting each alarm register (WALIE flag of real-time clock
control register 1 (RTCC1), the alarm minute register (ALARMWM), the alarm hour register (ALARMWH), and the
alarm week register (ALARMWW)), set match operation to be invalid (“0”) for the WALE bit.

WALIE Control of alarm interrupt (INTRTC) function operation
0 Does not generate interrupt on matching of alarm.
1 Generates interrupt on matching of alarm.
WAFG Alarm detection status flag
0 Alarm mismatch
1 Detection of matching of alarm

This is a status flag that indicates detection of matching with the alarm. It is valid only when WALE = 1 and is set to
“1” one cycle of frrc after matching of the alarm is detected. This flag is cleared when “0” is written to it. Writing “1”

to it is invalid.
RIFG Constant-period interrupt status flag
0 Constant-period interrupt is not generated.
1 Constant-period interrupt is generated.

This flag indicates the status of generation of the constant-period interrupt. When the constant-period interrupt is
generated, it is set to “1”.
This flag is cleared when “0” is written to it. Writing “1” to it is invalid.
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Figure 9-5. Format of Real-time Clock Control Register 1 (RTCC1) (2/2)

RWST Wait status flag of real-time clock

0 Counter is operating.

1 Mode to read or write counter value

This status flag indicates whether the setting of the RWAIT bit is valid.
Before reading or writing the counter value, confirm that the value of this flag is 1.

RWAIT Wait control of real-time clock

0 Sets counter operation.

1 Stops SEC to YEAR counters. Mode to read or write counter value

This bit controls the operation of the counter.

Be sure to write “1” to it to read or write the counter value.

As the internal counter (16-bit) is continuing to run, complete reading or writing within one second and turn back to
0.Nete 1.2 \When reading or writing to the counter is required while generation of the alarm interrupt is enabled, first set
the CT2 to CTO bits to 010B (generating the constant-period interrupt once per 1 second).

Then, complete the processing from setting the RWAIT bit to 1 to setting it to 0 before generation of the next
constant-period interrupt.

When RWAIT = 1, it takes up to 1 clock of frrc until the counter value can be read or written (RWST = 1).

When the internal counter (16-bit) overflowed while RWAIT = 1, it keeps the event of overflow until RWAIT = 0, then
counts up.

However, when it wrote a value to second count register, it will not keep the overflow event.

Notes 1.

If RWAIT is set to 1 within 1 frrc clock time after setting RTCE to 1, two operation clocks time (frtc)
might be taken to set RWST bit to 1.

If RWAIT is set to 1 within 1 frrc clock time after return from standby (HALT mode, STOP mode or
SNOOZE mode), two operation clocks time (frrc) might be taken to set RWST bit to 1.

Caution If writing is performed to the RTCC1 register with a 1-bit manipulation instruction, the RIFG flag and

WAFG flag may be cleared. Therefore, to perform writing to the RTCC1 register, be sure to use an 8-

bit manipulation instruction. To prevent the RIFG flag and WAFG flag from being cleared during

writing, disable writing by setting 1 to the corresponding bit. If the RIFG flag and WAFG flag are not

used and the value may be changed, the RTCC1 register may be written by using a 1-bit manipulation

instruction.

Remarks 1.

2.

Fixed-cycle interrupts and alarm match interrupts use the same interrupt source (INTRTC). When using
these two types of interrupts at the same time, which interrupt occurred can be judged by checking the
fixed-cycle interrupt status flag (RIFG) and the alarm detection status flag (WAFG) upon INTRTC
occurrence.

The internal counter (16 bits) is cleared when the second count register (SEC) is written.
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9.3.5 Second count register (SEC)

The SEC register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of seconds.

It counts up when the internal counter (16-bit) overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 cycles of frrc later. Set a
decimal value of 00 to 59 to this register in BCD code.

The SEC register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 9-6. Format of Second Count Register (SEC)

Address: FFF92H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
SEC 0 SEC40 SEC20 SEC10 SECS8 ‘ SEC4 ‘ SEC2 SEC1

Remark The internal counter (16 bits) is cleared when the second count register (SEC) is written.

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in 9.4.3 Reading/writing real-time clock.

9.3.6 Minute count register (MIN)

The MIN register is an 8-bit register that takes a value of 0 to 59 (decimal) and indicates the count value of minutes.

It counts up when the second counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 cycles of frrc later. Even if
the second count register overflows while this register is being written, this register ignores the overflow and is set to the
value written. Set a decimal value of 00 to 59 to this register in BCD code.

The MIN register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 9-7. Format of Minute Count Register (MIN)

Address: FFF93H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
MIN 0 MIN40 MIN20 MIN10 MIN8 MIN4 MIN2 MIN1

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in 9.4.3 Reading/writing real-time clock.

RO1UHO169EJ0340 Rev.3.40 R NS 413
Mar 29, 2024 ENES



RL78/MA CHAPTER 9 REAL-TIME CLOCK

9.3.7 Hour count register (HOUR)
The HOUR register is an 8-bit register that takes a value of 00 to 23 or 01 to 12 and 21 to 32 (decimal) and indicates

the count value of hours.

It counts up when the minute counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 cycles of frrc later. Even if
the minute count register overflows while this register is being written, this register ignores the overflow and is set to the
value written. Specify a decimal value of 00 to 23, 01 to 12, or 21 to 32 by using BCD code according to the time system
specified using bit 3 (AMPM) of real-time clock control register 0 (RTCCO).

If the AMPM bit value is changed, the values of the HOUR register change according to the specified time system.

The HOUR register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 12H.
However, the value of this register is 00H if the AMPM bit (bit 3 of the RTCCO register) is set to 1 after reset.

Figure 9-8. Format of Hour Count Register (HOUR)
Address: FFF94H  Afterreset: 12H R/W

Symbol 7 6 5 4 3 2 1 0
HOUR 0 0 HOUR20 HOUR10 HOURS HOUR4 HOUR2 HOUR1

Cautions 1. Bit 5 (HOUR20) of the HOUR register indicates AM(0)/PM(1) if AMPM = 0 (if the 12-hour system is

selected).
2. When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow

the procedures described in 9.4.3 Reading/writing real-time clock.
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Table 9-2 shows the relationship between the setting value of the AMPM bit, the hour count register (HOUR) value, and

time.

Table 9-2. Displayed Time Digits

24-Hour Display (AMPM = 1)

12-Hour Display (AMPM = 1)

Time HOUR Register Time HOUR Register
0 00H 12 a.m. 12H
1 01H 1a.m. 01H
2 02H 2 a.m. 02H
3 03H 3am. 03H
4 04H 4am. 04H
5 05H 5a.m. 05H
6 06H 6 a.m. 06H
7 07H 7 a.m. 07H
8 08H 8am. 08H
9 09H 9am. 09H
10 10H 10 a.m. 10H
11 11H 11 a.m. 11H
12 12H 12 p.m. 32H
13 13H 1p.m. 21H
14 14H 2 p.m. 22H
15 15H 3p.m. 23H
16 16H 4 p.m. 24H
17 17H 5p.m. 25H
18 18H 6 p.m. 26H
19 19H 7 p.m. 27H
20 20H 8 p.m. 28H
21 21H 9 p.m. 29H
22 22H 10 p.m. 30H
23 23H 11 p.m. 31H

The HOUR register value is set to 12-hour display when the AMPM bit is “0” and to 24-hour display when the AMPM bit

is “1”.

In 12-hour display, the fifth bit of the HOUR register displays 0 for AM and 1 for PM.
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9.3.8 Day count register (DAY)
The DAY register is an 8-bit register that takes a value of 1 to 31 (decimal) and indicates the count value of days.
It counts up when the hour counter overflows.
This counter counts as follows.

e 01 to 31 (January, March, May, July, August, October, December)

(
¢ 01 to 30 (April, June, September, November)
¢ 01 to 29 (February, leap year)

¢ 01 to 28 (February, normal year)

When data is written to this register, it is written to a buffer and then to the counter up to 2 cycles of frrc later. Even if
the hour count register overflows while this register is being written, this register ignores the overflow and is set to the
value written. Set a decimal value of 01 to 31 to this register in BCD code.

The DAY register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 01H.

Figure 9-9. Format of Day Count Register (DAY)

Address: FFF96H  After reset: 01H R/W
Symbol 7 6 5 4 3 2 1 0
DAY 0 0 DAY20 DAY10 DAY8 DAY4 DAY2 DAY1

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in 9.4.3 Reading/writing real-time clock.
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9.3.9 Week count register (WEEK)
The WEEK register is an 8-bit register that takes a value of 0 to 6 (decimal) and indicates the count value of weekdays.
It counts up in synchronization with the day counter.
When data is written to this register, it is written to a buffer and then to the counter up to 2 cycles of frrc later. Set a
decimal value of 00 to 06 to this register in BCD code.
The WEEK register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 9-10. Format of Week Count Register (WEEK)

Address: FFF95H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
WEEK 0 0 0 0 0 ‘ WEEK4 ‘ WEEK2 WEEK1

Cautions 1. The value corresponding to the month count register (MONTH) or the day count register (DAY) is
not stored in the week count register (WEEK) automatically. After reset release, set the week
count register as follow.

Day WEEK
Sunday O00H
Monday 01H
Tuesday 02H
Wednesday 03H
Thursday 04H
Friday 05H
Saturday 06H

2. When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow
the procedures described in 9.4.3 Reading/writing real-time clock.
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9.3.10 Month count register (MONTH)

The MONTH register is an 8-bit register that takes a value of 1 to 12 (decimal) and indicates the count value of months.

It counts up when the day counter overflows.

When data is written to this register, it is written to a buffer and then to the counter up to 2 cycles of frrc later. Even if
the day count register overflows while this register is being written, this register ignores the overflow and is set to the value
written. Set a decimal value of 01 to 12 to this register in BCD code.

The MONTH register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 01H.

Figure 9-11. Format of Month Count Register (MONTH)

Address: FFF97H  Afterreset: 01H R/W
Symbol 7 6 5 4 3 2 1 0
MONTH 0 0 0 MONTH10 MONTHS8 MONTH4 MONTH2 MONTH1

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in 9.4.3 Reading/writing real-time clock.

9.3.11 Year count register (YEAR)

The YEAR register is an 8-bit register that takes a value of 0 to 99 (decimal) and indicates the count value of years.

It counts up when the month count register (MONTH) overflows.

Values 00, 04, 08, ..., 92, and 96 indicate a leap year.

When data is written to this register, it is written to a buffer and then to the counter up to 2 cycles of frrc later. Even if
the MONTH register overflows while this register is being written, this register ignores the overflow and is set to the value
written. Set a decimal value of 00 to 99 to this register in BCD code.

The YEAR register can be set by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 9-12. Format of Year Count Register (YEAR)

Address: FFF98H  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
YEAR YEARS80 YEAR40 YEAR20 YEAR10 YEARS8 YEAR4 YEAR2 YEAR1

Caution When it reads or writes from/to the register while the counter is in operation (RTCE = 1), follow the
procedures described in 9.4.3 Reading/writing real-time clock.
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9.3.12 Watch error correction register (SUBCUD)

This register is used to correct the watch with high accuracy when it is slow or fast by changing the value that overflows

from the internal counter (16-bit) to the second count register (SEC) (reference value: 7FFFH).
The SUBCUD register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 9-13. Format of Watch Error Correction Register (SUBCUD)

Address: FFF99H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
SUBCUD DEV F6 F5 F4 F3 F2 F1 FO
DEV Setting of watch error correction timing
0 Corrects watch error when the second digits are at 00, 20, or 40 (every 20 seconds).
1 Corrects watch error only when the second digits are at 00 (every 60 seconds).

Writing to the SUBCUD register at the following timing is prohibited.
e When DEV = 0 is set: For a period of SEC = 00H, 20H, 40H
e When DEV = 1 is set: For a period of SEC = 00H

F6 Setting of watch error correction value
0 Increases by {(F5, F4, F3, F2, F1, FO) — 1} x 2.
1 Decreases by {(/F5, /F4, /[F3, /F2, [F1, /[F0) + 1} x 2.

When (F6, F5, F4, F3, F2, F1, F0) = (*, 0, 0, 0, 0, O, *), the watch error is not corrected. *is 0 or 1.
/F5 to /FO are the inverted values of the corresponding bits (000011 when 111100).
Range of correction value: (when F6=0) 2,4,6,8, ..., 120, 122, 124

(when F6=1) -2,-4,-6,-8, ...,-120,-122, -124

The range of value that can be corrected by using the watch error correction register (SUBCUD) is shown below.

DEV = 0 (correction every 20 seconds) DEV = 1 (correction every 60 seconds)
Correctable range —189.2 ppm to 189.2 ppm —-63.1 ppm to 63.1 ppm
Maximum excludes +1.53 ppm +0.51 ppm
quantization error
Minimum resolution + 3.05 ppm +1.02 ppm

Remark If a correctable range is —63.1 ppm or lower and 63.1 ppm or higher, set 0 to DEV.
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9.3.13 Alarm minute register (ALARMWM)
This register is used to set minutes of alarm.

The ALARMWM register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Caution Set a decimal value of 00 to 59 to this register in BCD code. If a value outside the range is set, the
alarm is not detected.

Figure 9-14. Format of Alarm Minute Register (ALARMWM)

Address: FFFOAH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1

ALARMWM 0 WM40 WM20 WM10 WM8 ‘ WM4 ‘ WM2 WM1

9.3.14 Alarm hour register (ALARMWH)
This register is used to set hours of alarm.

The ALARMWH register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 12H.

However, the value of this register is 00H if the AMPM bit (bit 3 of the RTCCO register) is set to 1 after reset.

Caution Set a decimal value of 00 to 23, 01 to 12, or 21 to 32 to this register in BCD code. If a value outside
the range is set, the alarm is not detected.

Figure 9-15. Format of Alarm Hour Register (ALARMWH)

Address: FFFO9BH  After reset: 12H R/W
Symbol 7 6 5 4 3 2 1

ALARMWH | 0 ‘ 0 WH20 WH10 WH8 WH4 WH2 WH1

Caution Bit 5 (WH20) of the ALARMWH register indicates AM(0)/PM(1) if AMPM = 0 (if the 12-hour system is
selected).

9.3.15 Alarm week register ALARMWW)
This register is used to set date of alarm.
The ALARMWW register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 9-16. Format of Alarm Week Register (ALARMWW)

Address: FFFOCH  After reset: 00H R/W
Symbol 7 6 5 4 3 2 1

ALARMWW 0 WW6 Ww5 Www4 WwW3 Ww2 WwA1 WWO
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Here is an example of setting the alarm.

Time of Alarm Day 12-Hour Display 24-Hour Display

Sunday|Monday | Tuesday |Wednesday| Thursday| Friday |Saturday| Hour | Hour |Minute |Minute| Hour | Hour |Minute |Minute
10 1 10 1 10 1 10 1

o=z
- ==
N2
w2 =
» ==
oz =
o= =

Every day, 0:00 a.m. 1 1 1 1 1 1 1 1 2 0 0 0 0 0 0
Every day, 1:30 a.m. 1 1 1 1 1 1 1 0 1 3 0 0 1 3 0
Every day, 11:59 a.m. 1 1 1 1 1 1 1 1 1 5 9 1 1 5 9
Monday through 0 1 1 1 1 1 0 3 2 0 0 1 2 0 0
Friday, 0:00 p.m.

Sunday, 1:30 p.m. 1 0 0 0 0 0 0 2 1 3 0 1 3 3 0
Monday, Wednesday, 0 1 0 1 0 1 0 3 1 5 9 2 3 5 9

Friday, 11:59 p.m.

9.3.16 Port mode register 3 (PM3)
The PM3 register can be set by a 1-bit or 8-bit manipulation instruction.
Reset signal generation sets this register to FFH.
When using the port 3 as the RTC1HZ pin for output of 1 Hz, set the PM30 bit to “0”.

Figure 9-17. Format of Port Mode Register 3 (PM3)

Address: FFF23H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0
PM3 1 1 1 1 1 1 PM31 PM30

9.3.17 Port register 3 (P3)
The P3 register can be set by a 1-bit or 8-bit manipulation instruction.
Reset signal generation sets this register to 00H.
When using the port 3 as 1-Hz output to the RTC1Hz pin, set the P30 bit to “0”.

Figure 9-18. Format of Port Register 3 (P3)

Address: FFFO3H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
P3 0 0 0 0 0 0 P31 P30
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9.4 Real-time Clock Operation
9.4.1 Starting operation of real-time clock

Figure 9-19. Procedure for Starting Operation of Real-time Clock

( = )

RTCEN = 1Netet Supplies input clock.
RTCE=0 Stops counter operation.
Setting WUTMMCKO Sets frrc

Setting AMPM, CT2 to CTO | Selects 12-/24-hour system and interrupt (INTRTC).

Setting SEC Sets second count register.
|
Setting MIN Sets minute count register.
|
Setting HOUR Sets hour count register.
|
Setting WEEK Sets week count register.
|
Setting DAY Sets day count register.
|
Setting MONTH Sets month count register.
|
Setting YEAR Sets year count register.
|
Setting SUBCUDMete2 Sets watch error correction register.

Clearing IF flags of interrupt | Clears interrupt request flags (RTCIF).

Clearing MK flags of interrupt [ Clears interrupt mask flags (RTCMK).

RTCE = 1Note3 Starts counter operation.

Yes

No INTRTC = 17

( End )

Notes 1. First set the RTCEN bit to 1, while oscillation of the count clock (frTc) is stable.
2. Set up the SUBCUD register only if the watch error must be corrected. For details about how to
calculate the correction value, see 9.4.6 Example of watch error correction of real-time clock.
3. Confirm the procedure described in 9.4.2 Shifting to HALT/STOP mode after starting operation
when shifting to HALT/STOP mode without waiting for INTRTC = 1 after RTCE = 1.
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9.4.2 Shifting to HALT/STOP mode after starting operation
Perform one of the following processing when shifting to HALT/STOP mode immediately after setting the RTCE bit to 1.

However, after setting the RTCE bit to 1, this processing is not required when shifting to HALT/STOP mode after the
INTRTC interrupt has occurred.

e Shifting to HALT/STOP mode when at least two cycles of the count clock (frtc) have elapsed after setting the RTCE
bit to 1 (see Figure 9-20, Example 1).
e Checking by polling the RWST bit to become 1, after setting the RTCE bit to 1 and then setting the RWAIT bit to 1.
Afterward, setting the RWAIT bit to 0 and shifting to HALT/STOP mode after checking again by polling that the RWST
bit has become 0 (see Figure 9-20, Example 2).

Figure 9-20. Procedure for Shifting to HALT/STOP Mode After Setting RTCE Bit to 1

Example 1

%

RTCE =1

Waiting at least for 2
frrc clocks

HALT/STOP instruction
execution

Ao

Sets to counter operation
start

Shifts to HALT/STOP mode

Example 2

T

RTCE =1

RWAIT =1

:

Yes

RWAIT =0

%l

Yes

HALT/STOP instruction
execution

¢

Sets to counter operation
start

Sets to stop the SEC to YEAR
counters, reads the counter
value, write mode

Checks the counter wait status

Sets the counter operation

Shifts to HALT/STOP mode
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9.4.3 Reading/writing real-time clock

Read or write the counter after setting 1 to RWAIT first.

Set RWAIT to 0 after completion of reading or writing the counter.

Figure 9-21. Procedure for Reading Real-time Clock

(s )

_ Stops SEC to YEAR counters.
| RWAIT =1 | Mode to read and write count values

No RWST =1? Checks wait status of counter.
Yes
| Reading SEC | Reads second count register.
[
| Reading MIN | Reads minute count register.
Reading HOUR Reads hour count register.
Reading WEEK Reads week count register.
Reading DAY Reads day count register.
Reading MONTH Reads month count register.
Reading YEAR Reads year count register.
RWAIT =0 Sets counter operation.

RWST = 2Nt

C o

Note Be sure to confirm that RWST = 0 before setting STOP mode.

Caution Complete the series of process of setting the RWAIT bit to 1 to clearing the RWAIT bit to 0 within 1

Remark

second. When reading to the counter is required while generation of the alarm interrupt is enabled,
first set the CT2 to CTO bits to 010B (generating the constant-period interrupt once per 1 second).
Then, complete the processing from setting the RWAIT bit to 1 to setting it to 0 before generation of
the next constant-period interrupt.

The second count register (SEC), minute count register (MIN), hour count register (HOUR), week count
register (WEEK), day count register (DAY), month count register (MONTH), and year count register (YEAR)
may be read in any sequence.

All the registers do not have to read and only some registers may be read.
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Figure 9-22. Procedure for Writing Real-time Clock

(" s )

_ Stops SEC to YEAR counters.
RWAIT =1 Mode to read and write count values
No .
RWST =1? Checks wait status of counter.
Yes
Writing SEC Writes second count register.
Writing MIN Writes minute count register.
Writing HOUR Writes hour count register.
Writing WEEK Writes week count register.
Writing DAY Writes day count register.
Writing MONTH Writes month count register.
Writing YEAR Writes year count register.
RWAIT =0 Sets counter operation.

RWST = 2"t

C =

Note Be sure to confirm that RWST = 0 before setting STOP mode.

Cautions 1.

Complete the series of operations of setting the RWAIT bit to 1 to clearing the RWAIT bit to 0
within 1 second. When writing to the counter is required while generation of the alarm interrupt is
enabled, first set the CT2 to CTO bits to 010B (generating the constant-period interrupt once per 1
second). Then, complete the processing from setting the RWAIT bit to 1 to setting it to 0 before
generation of the next constant-period interrupt.

When changing the values of the SEC, MIN, HOUR, WEEK, DAY, MONTH, and YEAR register
while the counter operates (RTCE = 1), rewrite the values of the MIN register after disabling
interrupt servicing INTRTC by using the interrupt mask flag register. Furthermore, clear the
WAFG, RIFG and RTCIF flags after rewriting the MIN register.

Remark The second count register (SEC), minute count register (MIN), hour count register (HOUR), week count
register (WEEK), day count register (DAY), month count register (MONTH), and year count register (YEAR)
may be written in any sequence.

All the registers do not have to be set and only some registers may be written.
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9.4.4 Setting alarm of real-time clock
Set time of alarm after setting 0 to WALE (alarm operation invalid.) first.

Figure 9-23. Alarm processing Procedure

s )

WALE =0 Match operation of alarm is invalid.
|
WALIE =1 alarm match interrupts is valid.
|
Setting ALARMWM Sets alarm minute register.
|
Setting ALARMWH Sets alarm hour register.
|
Setting ALARMWW Sets alarm week register.
|
WALE =1 Match operation of alarm is valid.

INTRTC =1?

Match detection of alarm | Yes

(Alarm interrupt processing) @onstant-period interrupt servicingD

Remarks 1. The alarm week register (ALARMWW), alarm hour register (ALARMWH), and alarm week register
(ALARMWW) may be written in any sequence.

2. Fixed-cycle interrupts and alarm match interrupts use the same interrupt source (INTRTC). When using
these two types of interrupts at the same time, which interrupt occurred can be judged by checking the
fixed-cycle interrupt status flag (RIFG) and the alarm detection status flag (WAFG) upon INTRTC
occurrence.
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9.4.5 1 Hz output of real-time clock

Figure 9-24. 1 Hz Output Setting Procedure

s )

RTCE=0 Stops counter operation.
I
Setting port Sets P30 = 0 and PM30 = 0.
I
RCLOE1=1 Enables output of the RTC1HZ pin (1 Hz).
I
RTCE=1 Starts counter operation.

I
(Output start from RTC1HZ p@

Cautions 1. First set the RTCEN bit to 1, while oscillation of the count clock (fsus) is stable.
2. Pin output function of 1 Hz is not available in the 20- and 30-pin products.
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9.4.6 Example of watch error correction of real-time clock
The watch can be corrected with high accuracy when it is slow or fast, by setting a value to the watch error correction
register.

[Example of calculating the correction value]

The correction value used when correcting the count value of the internal counter (16-bit) is calculated by using the
following expression.
Set the DEV bit to 0 when the correction range is —-63.1 ppm or less, or 63.1 ppm or more.

(When DEV = 0)
Correction valueN°t® = Number of correction counts in 1 minute + 3 = (Oscillation frequency + Target frequency — 1)
x 32768 x 60 + 3

(When DEV = 1)
Correction valueN°te = Number of correction counts in 1 minute = (Oscillation frequency + Target frequency — 1) x
32768 x 60

Note The correction value is the watch error correction value calculated by using bits 6 to 0 of the watch error
correction register (SUBCUD).
(When F6 = 0) Correction value = {(F5, F4, F3, F2, F1, FO) -1} x 2
(When F6 = 1) Correction value = — {(/F5, /F4, /[F3, [F2, [F1, [FO) + 1} x 2

When (F6, F5, F4, F3, F2, F1, FO)is (*, 0, 0, 0, O, 0, *), watch error correction is not performed. “*”is 0 or 1.
/F5 to /FO are bit-inverted values (000011 when 111100).

Remarks 1. The correction value is 2, 4, 6, 8, ... 120, 122, 124 or -2, -4, -6, -8, ... -120, 122, -124.
2. The oscillation frequency is the count clock (frtc).
It can be calculated from the output frequency of the RTC1HZ pin x 32768 when the watch error
correction register is set to its initial value (O0H).
3. The target frequency is the frequency resulting after correction performed by using the watch error
correction register.
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[Correction example 1]
Example of correcting from 32772.3 Hz to 32768 Hz (32772.3 Hz — 131.2 ppm)

[Measuring the oscillation frequency]
The oscillation frequencyN°® of each product is measured by outputting about 1 Hz from the RTC1HZ pin when the
watch error correction register (SUBCUD) is set to its initial value (00H).

Note See 9.4.5 1 Hz output of real-time clock for the setting procedure of the RTC1Hz output.

[Calculating the correction value]
(When the output frequency from the PCLBUZO0 pin is 32772.3 Hz)
Assume the target frequency to be 32768 Hz (32772.3 Hz-131.2 ppm) and DEV to be 0, because the correctable
range of —131.2 ppm is —=63.1 ppm or lower.

The expression for calculating the correction value when DEV is 0 is applied.

Correction value = Number of correction counts in 1 minute + 3
= (Oscillation frequency + target frequency — 1) x 32768 x 60 + 3
=(32772.3 + 32768 — 1) x 32768 x 60 + 3
=86

[Calculating the values to be set to (F6 to FO)]
(When the correction value is 86)
If the correction value is 0 or larger (when slowing), assume F6 to be 0.
Calculate (F5, F4, F3, F2, F1, FO) from the correction value.

{(F5,F4,F3,F2,F1,FO)-1}x2 =86
(F5, F4, F3, F2, F1, FO) =44
(F5, F4, F3, F2, F1, FO) =(1,0,1,1,0,0)

Consequently, when correcting from 32772.3 Hz to 32768 Hz (32772.3 Hz — 131.2 ppm), setting the correction
register such that DEV is 0 and the correction value is 86 (bits 6 to 0 of the SUBCUD register: 0101100) results in
32768 Hz (0 ppm).

Figure 9-25 shows the operation when (DEV, F6, F5, F4, F3, F2, F1, F0) is (0,0, 1,0, 1, 1, 0, 0).
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[ Correction example 2|
Example of correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm)

[Measuring the oscillation frequency]
The oscillation frequencyN°te of each product is measured by outputting about 1 Hz from the RTC1HZ pin when the
watch error correction register (SUBCUD) is set to its initial value (00H).

Note See 9.4.5 1 Hz output of real-time clock for the setting procedure of outputting about 1 Hz from the RTC1HZ
pin.

[Calculating the correction value]
(When the output frequency from the RTCCL pin is 0.9999817 Hz)
Oscillation frequency = 32768 x 0.9999817 =~ 32767.4 Hz
Assume the target frequency to be 32768 Hz (32767.4 Hz + 18.3 ppm) and DEV to be 1.
The expression for calculating the correction value when DEV is 1 is applied.

Correction value = Number of correction counts in 1 minute
= (Oscillation frequency + Target frequency — 1) x 32768 x 60
= (32767.4 + 32768 — 1) x 32768 x 60
=-36

[Calculating the values to be set to (F6 to FO)]
(When the correction value is —36)
If the correction value is 0 or less (when quickening), assume F6 to be 1.
Calculate (F5, F4, F3, F2, F1, FO) from the correction value.

—{(F5, IF4, [F3, IF2, [F1, [FO) — 1} x 2 =36
(IF5, [F4, [F3, IF2, [F1, [FO) =17

(F5, IF4, IF3, IF2, IF1, IF0) =(0,1,0,0,0,1)
(F5, F4, F3, F2, F1, F0) =(1,0,1,1,1,0)

Consequently, when correcting from 32767.4 Hz to 32768 Hz (32767.4 Hz + 18.3 ppm), setting the correction
register such that DEV is 1 and the correction value is —36 (bits 6 to 0 of the SUBCUD register: 1101110) results in
32768 Hz (0 ppm).

Figure 9-26 shows the operation when (DEV, F6, F5, F4, F3, F2, F1, FO)is (1, 1,1,0, 1,1, 1, 0).
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CHAPTER 10 12-BIT INTERVAL TIMER

10.1 Functions of 12-bit Interval Timer

An interrupt (INTIT) is generated at any previously specified time interval.

mode and triggering an A/D converter's SNOOZE mode.

10.2 Configuration of 12-bit Interval Timer

The 12-bit interval timer includes the following hardware.

Table 10-1. Configuration of 12-bit Interval Timer

ltem

Configuration

Counter

12-bit counter

Control registers

Peripheral enable register 0 (PERO)

Subsystem clock supply mode control register (OSMC)

Interval timer control register (ITMC)

Figure 10-1. Block Diagram of 12-bit Interval Timer

Interrupt request

Clear
‘ 5 ggggt Count ¢
SuB S operation .
f % control circuit 12-bit counter
T |
[t
signal (INTIT)
‘ ‘ Match signal
WgL’gAM RINTE ITCMP11 to ITCMPO
Subsystem clock
supply mode control Interval timer control
register (OSMC) register (ITMC)
Internal bus

Caution The subsystem clock (fsue) can be selected as the count clock only for 38-pin products.

It can be utilized for wakeup from STOP
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10.3 Registers Controlling 12-bit Interval Timer
The 12-bit interval timer is controlled by the following registers.

» Peripheral enable register 0 (PERO)
» Subsystem clock supply mode control register (OSMC)
« Interval timer control register (ITMC)

10.3.1 Peripheral enable register 0 (PERO)

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 the 12-bit interval timer is used, be sure to set bit 7 (RTCEN) of this register to 1.

The PERQO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 10-2. Format of Peripheral Enable Register 0 (PERO0)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> 6 <5> <4> 3 <2> 1 <0>
PERO RTCEN 0 ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
RTCEN Control of real-time clock (RTC) and 12-bit interval timer clock supply
0 Stops clock supply.

o SFR used by the real-time clock (RTC) and 12-bit interval timer cannot be written.
e The real-time clock (RTC) and 12-bit interval timer are in the reset status.

1 Enables clock supply.
e SFR used by the real-time clock (RTC) and 12-bit interval timer can be read and written.

Cautions 1. When using the 12-bit interval timer, be sure to first set the RTCEN bit to 1 and then set the
following register, while oscillation of the count clock is stable. If RTCEN = 0, writing to the
register controlling the 12-bit interval timer is ignored, and, even if the register is read, only the
default value is read (except the subsystem clock supply mode control register (OSMC)).

e Interval timer control register (ITMC)

2. Clock supply to peripheral functions other than the real-time clock and 12-bit interval timer can
be stopped in STOP mode or HALT mode when the subsystem clock is used, by setting the
RTCLPC bit of the subsystem clock supply mode control register (OSMC) to 1.

3. Be sure to clear bits 1, 3, and 6 to “0”.
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10.3.2 Subsystem clock supply mode control register (OSMC)
The WUTMMCKO bit can be used to select the 12-bit interval timer or real-time clock operation clock.

In addition, by stopping clock functions that are unnecessary, the RTCLPC bit can be used to reduce power

consumption. For details about setting the RTCLPC bit, see CHAPTER 5 CLOCK GENERATOR.
The OSMC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10-3. Format of Subsystem Clock Supply Mode Control Register (OSMC)

Address: FOOF3H Afterreset: 00H R/W

Symbol 7 6 5 4 3 2 1
OSMC RTCLPC 0 0 WUTMMCKO 0 0 0
WUTMMCKO Selection of operation clock for real-time clock and 12-bit interval timer.
0 Subsystem clock (fsus)
1 Low-speed on-chip oscillator clock (fiL)
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10.3.3 Interval timer control register (ITMC)

This register is used to set up the starting and stopping of the 12-bit interval timer operation and to specify the timer

compare value.
The ITMC register can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to OFFFH.

Figure 10-4. Format of Interval Timer Control Register (ITMC)

Address: FFFO0H  After reset: OFFFH R/W

Symbol 15 14 13 12 11t00
ITMC RINTE 0 0 0 ITMCMP11 to ITMCMPO
RINTE 12-bit interval timer operation control
0 Count operation stopped (count clear)
1 Count operation started
ITMCMP11 to ITMCMPO Specification of the 12-bit interval timer compare value
001H These bits generate an interrupt at the fixed cycle (count clock cycles x (ITMCMP

setting + 1)).

FFFH

000H Setting prohibit

Example interrupt cycles when 001H or FFFH is specified for ITMCMP11 to ITMCMPO

* ITMCMP11 to ITMCMPO = 001H, count clock: when fsus = 32.768 kHz
1/32.768 [kHz] x (1 + 1) = 0.06103515625 [ms] = 61.03 [us]

* ITMCMP11 to ITMCMPO = FFFH, count clock: when fsus = 32.768 kHz
1/32.768 [kHz] x (4095 + 1) = 125 [ms]

Cautions 1. Before changing the RINTE bit from 1 to 0, use the interrupt mask flag register to disable the

INTIT interrupt servicing. When the operation starts (from 0 to 1) again, clear the ITIF flag, and

then enable the interrupt servicing.

2. The value read from the RINTE bit is applied one count clock cycle after setting the RINTE bit.

3. When setting the RINTE bit after returned from standby mode and entering standby mode again,
confirm that the written value of the RINTE bit is reflected, or wait that more than one clock of the

count clock has elapsed after returned from standby mode. Then enter standby mode.
4. Only change the setting of the ITMCMP11 to ITMCMPO bits when RINTE = 0.

However, it is possible to change the settings of the ITMCMP11 to ITMCMPO bits at the same time

as when changing RINTE from 0 to 1 or 1 to 0.
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10.4 12-bit Interval Timer Operation

10.4.1 12-bit interval timer operation timing
The count value specified for the ITMCMP11 to ITMCMPO bits is used as an interval to operate a 12-bit interval timer

that repeatedly generates interrupt requests (INTIT).
When the RINTE bit is set to 1, the 12-bit counter starts counting.
When the 12-bit counter value matches the value specified for the ITMCMP11 to ITMCMPO bits, the 12-bit counter

value is cleared to 0, counting continues, and an interrupt request signal (INTIT) is generated at the same time.

The basic operation of the 12-bit interval timer is as follows.

Figure 10-5. 12-bit Interval Timer Operation Timing
(ITMCMP11 to ITMCMPO = OFFH, count clock: fsus = 32.768 kHz)

Countelock ] [ T ML L LML ML L L L UL L L L L

RINTE |
After RINTE is changed from 0 to 1, counting starts

at the two rise of the count clock signal.

OFFH

12-bit counter / ‘/ /
000H

\ When RINTE is cleared from 1 to 0,

the 12-bit counter is cleared without
synchronization with the count clock.

[

ITMCMP11 to OFFH
ITMCMPO
INTIT ¢ (G g
Period (7.81 ms)
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10.4.2 Start of count operation and re-enter to HALT/STOP mode after returned from HALT/STOP mode

When setting the RINTE bit after returned from HALT or STOP mode and entering HALT or STOP mode again, write 1
to the RINTE bit, and confirm the written value of the RINTE bit is reflected or wait for at least one cycle of the count clock.
Then, enter HALT or STOP mode.

o After setting RINTE to 1, confirm by polling that the RINTE bit has become 1, and then enter HALT or STOP mode
(see Example 1 in Figure 10-6).

o After setting RINTE to 1, wait for at least one cycle of the count clock and then enter HALT or STOP mode (see

Example 2 in Figure 10-6).

Figure 10-6. Procedure of Entering to HALT or STOP Mode After Setting RINTE to 1

Example 1

=

Return from HALT mode
Return from STOP mode

RINTE =1

e

Yes

HALT instruction executed

Count operation is started.

Confirm count operation
is started.

Enter HALT or

Example 2

‘%

Return from HALT mode
Return from STOP mode

RINTE =1

Wait for at least one cycle
of the count clock

T

At least one cycle of the
count clock after returned
from HALT or STOP
mode

'

HALT instruction executed

STOP instruction executed

Enter HALT or
STOP mode

STOP instruction executed STOP mode /\\_/
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CHAPTER 11 WATCHDOG TIMER

11.1 Functions of Watchdog Timer

The counting operation of the watchdog timer is set by the option byte (000COH).

The watchdog timer operates on the low-speed on-chip oscillator clock (fiL).

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

If the watchdog timer counter overflows

¢ If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
¢ If data other than “ACH” is written to the WDTE register

If data is written to the WDTE register during a window close period

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1. For
details of the RESF register, see CHAPTER 22 RESET FUNCTION.

When 75% + 1/2 fiL of the overflow time is reached, an interval interrupt can be generated.
11.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 11-1. Configuration of Watchdog Timer

ltem Configuration

Counter Internal counter (17 bits)

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, window open period, and interval interrupt are set by the option
byte.

Table 11-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer Option Byte (000COH)
Watchdog timer interval interrupt Bit 7 (WDTINT)
Window open period Bits 6 and 5 (WINDOW1, WINDOWO)
Controlling counter operation of watchdog timer Bit 4 (WDTON)
Overflow time of watchdog timer Bits 3 to 1 (WDCS2 to WDCS0)
Controlling counter operation of watchdog timer Bit 0 (WDSTBYON)
(in HALT/STOP mode)

Remark For the option byte, see CHAPTER 27 OPTION BYTE.
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Figure 11-1. Block Diagram of Watchdog Timer

WDTINT of option
byte (000COH)

Interval time controller

(Count value overflow time x 3/4 + 1/2 fi)
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Remark fi.: Low-speed on-chip oscillator clock frequency
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11.3 Register Controlling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

11.3.1 Watchdog timer enable register (WDTE)
Writing “ACH” to the WDTE register clears the watchdog timer counter and starts counting again.

This register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 9AH or 1AHNote,

Figure 11-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFFABH  After reset: 9AH/1IAHN®  R/W

Symbol 7 6 5 4 3 2 1 0

WDTE |

Note The WDTE register reset value differs depending on the WDTON bit setting value of the option byte (000COH).
To operate watchdog timer, set the WDTON bit to 1.

WDTON Bit Setting Value WDTE Register Reset Value
0 (watchdog timer count operation disabled) 1AH
1 (watchdog timer count operation enabled) 9AH

Cautions 1. If a value other than “ACH” is written to the WDTE register, an internal reset signal is generated.
2. If a 1-bit memory manipulation instruction is executed for the WDTE register, an internal reset

signal is generated.
3. The value read from the WDTE register is 9AH/1AH (this differs from the written value (ACH)).
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11.4 Operation of Watchdog Timer

11.4.1 Controlling operation of watchdog timer

1. When the

watchdog timer is used, its operation is specified by the option byte (000COH).

e Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (000COH) to 1 (the

counter starts operating after a reset release) (for details, see CHAPTER 27).
WDTON Watchdog Timer Counter
0 Counter operation disabled (counting stopped after reset)

1

Counter operation enabled (counting started after reset)

¢ Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH) (for details, see 11.4.2
and CHAPTER 27).

e Setaw

indow open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (000COH) (for

details, see 11.4.3 and CHAPTER 27).

After a reset release, the watchdog timer starts counting.

3. By writing

“ACH” to the watchdog timer enable register (WDTE) after the watchdog timer starts counting and before

the overflow time set by the option byte, the watchdog timer is cleared and starts counting again.

4. After that,

write the WDTE register the second time or later after a reset release during the window open period. If

the WDTE register is written during a window close period, an internal reset signal is generated.

5. If the overflow time expires without “ACH” written to the WDTE register, an internal reset signal is generated.

An internal reset signal is generated in the following cases.

¢ If a 1-bit manipulation instruction is executed on the WDTE register
¢ If data other than “ACH” is written to the WDTE register

Cautions 1.

When data is written to the watchdog timer enable register (WDTE) for the first time after reset
release, the watchdog timer is cleared in any timing regardless of the window open time, as long
as the register is written before the overflow time, and the watchdog timer starts counting again.
After “ACH” is written to the WDTE register, an error of up to two cycles of fi. may occur before
the watchdog timer is cleared.

The watchdog timer can be cleared immediately before the count value overflows.

The operation of the watchdog timer in the HALT, STOP, and SNOOZE modes differs as follows
depending on the set value of bit 0 (WDSTBYON) of the option byte (000COH).

WDSTBYON =0 WDSTBYON =1

In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.

In STOP mode

In SNOOZE mode

If WDSTBYON = 0, the watchdog timer resumes counting after the HALT or STOP mode is
released. At this time, the counter is cleared to 0 and counting starts.

When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts
operating after the oscillation stabilization time has elapsed.

Therefore, if the period between the STOP mode release and the watchdog timer overflow is short,

an overflow occurs during the oscillation stabilization time, causing a reset.

Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the
STOP mode release by an interval interrupt.
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11.4.2 Setting overflow time of watchdog timer
Set the overflow time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH).

If an overflow occurs, an internal reset signal is generated. The present count is cleared and the watchdog timer starts
counting again by writing “ACH” to the watchdog timer enable register (WDTE) during the window open period before the

overflow time.

The following overflow times can be set.

Table 11-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCSH1 WDCSO0 Overflow Time of Watchdog Timer
(fi. = 17.25 kHz (MAX.))
0 0 0 2%/fi (3.71 ms)
0 0 1 27ffiL (7.42 ms)
0 1 0 2%/fiL (14.84 ms)
0 1 1 2%/fi (29.68 ms)
1 0 0 2"/fiL (118.72 ms)
1 0 1 2'3/fiL (474.89 ms) Note
1 1 0 2"/fiL (949.79 ms) Nete
1 1 1 2'6/fi (3799.18 ms) Nete

Note Using the watchdog timer under the following conditions may lead to the generation of an interval interrupt
(INTWDT]) after one cycle of the watchdog timer clock once the watchdog timer counter has been cleared.

Usage conditions that may lead to the generation of an interval interrupt:
- The overflow time of the watchdog timer is set to 213/, 2'%/fiL, or 2"6/fiL.

- The interval interrupt is in use (the setting of the WDTINT bit of the relevant option byte is 1).

- ACH is written to the WDTE register (FFFABH) when the watchdog timer counter has reached or exceeded
75% of the overflow time.

This interrupt can be masked by clearing the watchdog timer counter through steps 1 to 5 below.
1. Set the WDTIMK bit of the interrupt mask flag register 0 (MKOL) to 1 before clearing the watchdog timer

counter.

ok oenN

Wait for at least 80 ps.
Clear the WDTIIF bit of the interrupt request flag register (IFOL) to 0.
Clear the WDTIMK bit of the interrupt mask flag register 0 (MKOL) to 0.

Clear the watchdog timer counter.

Remark fi.: low-speed on-chip oscillator clock frequency
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11.4.3 Setting window open period of watchdog timer
Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option byte

(0O00COH). The outline of the window is as follows.

o If “ACH” is written to the watchdog timer enable register (WDTE) during the window open period, the watchdog timer

is cleared and starts counting again.
e Even if “ACH” is written to the WDTE register during the window close period, an abnormality is detected and an

internal reset signal is generated.

Example: If the window open period is 50%

Counting Overflow
starts time
" Window close period (50%) 4\, Window open period (50%) ;{
Internal reset signal is generated Counting starts again when

if "ACH" is written to WDTE. "ACH" is written to WDTE.

Caution When data is written to the WDTE register for the first time after reset release, the watchdog timer is
cleared in any timing regardless of the window open time, as long as the register is written before the

overflow time, and the watchdog timer starts counting again.
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The window open period can be set is as follows.

Table 11-4. Setting Window Open Period of Watchdog Timer

WINDOW1 WINDOWO Window Open Period of Watchdog Timer
0 0 Setting prohibited
0 1 50%
1 0 75% Note
1 1 100%

Note  When the window open period is set to 75%, clearing the counter of the watchdog timer (writing ACH to
WDTE) must proceed outside the corresponding period from among those listed below, over which clearing of
the counter is prohibited (for example, confirming that the interval timer interrupt request flag (WDTIIF) of the
watchdog timer is set).

Watchdog timer overflow time Period over which clearing the
WDCS2 WDCS1 WDCSO0 9 counter is prohibited when the window
(fiL = 17.25 kHz (MAX.)) N
open period is set to 75%

0 0 0 25/fiL (3.71 ms) 1.85msto2.51 ms
0 0 1 27iL (7.42 ms) 3.71 ms to 5.02 ms
0 1 0 28/fiL (14.84 ms) 7.42 ms to 10.04 ms
0 1 1 2%/fiL (29.68 ms) 14.84 ms to 20.08 ms
1 0 0 2"/fiL (118.72 ms) 56.36 ms to 80.32 ms
1 0 1 2'3/fiL (474.89 ms) 237.44 ms to 321.26 ms
1 1 0 2'"/fiL (949.79 ms) 474.89 ms to 642.51 ms
1 1 1 2'%/fiL (3799.18 ms) 1899.59 ms to 2570.04 ms

Caution When bit 0 (WDSTBYON) of the option byte (000COH) = 0, the window open period is 100% regardless
of the values of the WINDOW1 and WINDOWO bits.

Remark If the overflow time is set to 2%fiL, the window close time and open time are as follows.

Setting of Window Open Period
50% 75% 100%
Window close time 0 t0 20.08 ms 0to 10.04 ms None
Window open time 20.08 to0 29.68 ms 10.04 to 29.68 ms 0to 29.68 ms

<When window open period is 50%>
¢ Overflow time:
29/fiL (MAX.) = 29/17.25 kHz = 29.68 ms
e Window close time:
0 to 2%fiL (MIN.) x (1 — 0.5) = 0 to 2%/12.75 kHz x 0.5 = 0 to 20.08 ms
¢ Window open time:
2%fiL (MIN.) x (1 — 0.5) to 2°%/fi. (MAX.) = 2%/12.75 kHz x 0.5 to 2%/17.25 kHz = 20.08 to 29.68 ms
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11.4.4 Setting watchdog timer interval interrupt
Depending on the setting of bit 7 (WDTINT) of an option byte (00O0COH), an interval interrupt (INTWDTI) can be
generated when 75% + 1/2fiL of the overflow time is reached.

Table 11-5. Setting of Watchdog Timer Interval Interrupt

WDTINT Use of Watchdog Timer Interval Interrupt
0 Interval interrupt is used.
1 Interval interrupt is generated when 75% + 1/2fi of overflow time is reached.

Caution When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts
operating after the oscillation stabilization time has elapsed.
Therefore, if the period between the STOP mode release and the watchdog timer overflow is short, an
overflow occurs during the oscillation stabilization time, causing a reset.
Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the STOP
mode release by an interval interrupt.

Remark The watchdog timer continues counting even after INTWDTI is generated (untii ACH is written to the
watchdog timer enable register (WDTE)). If ACH is not written to the WDTE register before the overflow time,
an internal reset signal is generated.
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CHAPTER 12 A/D CONVERTER

The number of analog input channels of the A/D converter differs, depending on the product.

20-pin 30-pin, 38-pin
Analog input channels 6 ch 11 ch
(ANIO to ANI2, ANI4, ANI5, ANI8) (ANIO to ANI2, ANI4 to ANI7, ANI16 to ANI19)

Caution Most of the following descriptions in this chapter use the 38-pin as an example.

12.1 Function of A/D Converter

The A/D converter is used to convert analog input signals into digital values, and is configured to control a total of
twelve channels of analog inputs, including up to eleven channels of A/D converter analog inputs (ANIO to ANI2, ANI4 to
ANI7, and ANI16 to ANI19) and an internal programmable gain amplifier output signal (PGAOUT). 10-bit or 8-bit resolution
can be selected by the ADTYP bit of the A/D converter mode register 2 (ADM2).

The A/D converter has the following function.

o 10-bit/8-bit resolution A/D conversion
10-bit or 8-bit resolution A/D conversion is carried out repeatedly for one analog input channel selected from ANIO to
ANI2, ANI4 to ANI7, and ANI16 to ANI19. Each time an A/D conversion operation ends, an interrupt request (INTAD)

is generated (when in the select mode).
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Various A/D conversion modes can be specified by using the mode combinations below.

Trigger mode

Software trigger

Conversion is started by software.

Hardware trigger no-wait mode

Conversion is started by detecting a hardware trigger.

Hardware trigger wait mode

The power is turned on by detecting a hardware trigger while the
system is off and in the conversion standby state, and
conversion is then started automatically after the stabilization
wait time passes.

When using the SNOOZE mode function, specify the hardware
trigger wait mode.

Channel selection
mode

Select mode A/D conversion is performed on the analog input of one selected
channel.
Scan mode A/D conversion is performed on the analog input of four channels

in order.

Conversion operation
mode

One-shot conversion mode

A/D conversion is performed on the selected channel once.

Sequential conversion mode

A/D conversion is sequentially performed on the selected
channels until it is stopped by software.

Operation voltage
mode

Standard 1 or standard 2 mode

Conversion is done in the operation voltage range of 2.7 V < Voo
<55V.

Low voltage 1 or low voltage 2
mode

Conversion is done in the operation voltage range of 2.7 V < Voo
<55V.

Select this mode for conversion at a low voltage. Because the
operation voltage is low, it is internally boosted during
conversion.

Sampling time selection

Sampling clock cycles:
7 fap

The sampling time in standard 1 or low voltage 1 mode is seven
cycles of the conversion clock (fap). Select this mode when the
output impedance of the analog input source is high and the
sampling time should be long.

Sampling clock cycles:
5 fap

The sampling time in standard 2 or low voltage 2 mode is five
cycles of the conversion clock (fap). Select this mode when
enough sampling time is ensured (for example, when the output
impedance of the analog input source is low).
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12.2 Configuration of A/D Converter

(M

)

3

4

(5

The A/D converter includes the following hardware.

ANIO to ANI2, ANI4 to ANI7 and ANI16 to ANI19 pins
These are the analog input pins of the eleven channels of the A/D converter. They input analog signals to be
converted into digital signals. Pins other than the one selected as the analog input pin can be used as 1/O port pins.

PGAOUT
This is the internal programmable gain amplifier output signal pin. The A/D converter can perform A/D conversion by
selecting the output signal of the programmable gain amplifier as the analog input.

Sample & hold circuit

The sample & hold circuit samples each of the analog input voltages sequentially sent from the input circuit, and
sends them to the A/D voltage comparator. This circuit also holds the sampled analog input voltage during A/D
conversion.

A/D voltage comparator

This A/D voltage comparator compares the voltage generated from the voltage tap of the comparison voltage
generator with the analog input voltage. If the analog input voltage is found to be greater than the reference voltage
(1/2 AVRrer) as a result of the comparison, the most significant bit (MSB) of the successive approximation register
(SAR) is set. If the analog input voltage is less than the reference voltage (1/2 AVrer), the MSB bit of the SAR is
reset.

After that, bit 8 of the SAR register is automatically set, and the next comparison is made. The voltage tap of the
comparison voltage generator is selected by the value of bit 9, to which the result has been already set.

Bit 9 = 0: (1/4 AVReF)
Bit 9 = 1: (3/4 AVReF)

The voltage tap of the comparison voltage generator and the analog input voltage are compared and bit 8 of the SAR
register is manipulated according to the result of the comparison.

Analog input voltage > Voltage tap of comparison voltage generator: Bit 8 = 1
Analog input voltage < Voltage tap of comparison voltage generator: Bit 8 = 0

Comparison is continued like this to bit O of the SAR register.
When performing A/D conversion at a resolution of 8 bits, the comparison continues until bit 2 of the SAR register.

Remark AVrer: The + side reference voltage of the A/D converter. This can be selected from AVrerr, the internal
reference voltage (1.45 V), and Vob.

Comparison voltage generator
The comparison voltage generator generates the comparison voltage input from an analog input pin.
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(6)

@

(®)

9

Successive approximation register (SAR)

The SAR register is a register that sets voltage tap data whose values from the comparison voltage generator match
the voltage values of the analog input pins, 1 bit at a time starting from the most significant bit (MSB).

If data is set in the SAR register all the way to the least significant bit (LSB) (end of A/D conversion), the contents of
the SAR register (conversion results) are held in the A/D conversion result register (ADCR). When all the specified
A/D conversion operations have ended, an A/D conversion end interrupt request signal (INTAD) is generated.

10-bit A/D conversion result register (ADCR)

The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCR register holds the A/D conversion result in its higher 10 bits (the lower 6 bits
are fixed to 0).

8-bit A/D conversion result register (ADCRH)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the higher 8 bits of the A/D conversion result.

Controller

This circuit controls the conversion time of an input analog signal that is to be converted into a digital signal, as well
as starting and stopping of the conversion operation. When A/D conversion has been completed, this controller
generates INTAD through the A/D conversion result upper limit/lower limit comparator.

(10) AVRerP pin

This pin inputs an external reference voltage (AVReFp).

If using AVrerp as the + side reference voltage of the A/D converter, set the ADREFP1 and ADREFPO bits of A/D
converter mode register 2 (ADM2) to 0 and 1, respectively.

The analog signals input to ANI2, ANI4 to ANI7, and ANI16 to ANI19 are converted to digital signals based on the
voltage applied between AVRrerp and the — side reference voltage (AVRerm/Vss).

In addition to AVRerp, it is possible to select Vop or the internal reference voltage (1.45 V) as the + side reference
voltage of the A/D converter.

(11) AVRerm pin

This pin inputs an external reference voltage (AVrerm). If using AVRerm as the — side reference voltage of the A/D
converter, set the ADREFM bit of the ADM2 register to 1.
In addition to AVRerw, it is possible to select Vss as the — side reference voltage of the A/D converter.

RO1UHO169EJ0340 Rev.3.40 R NS 451
Mar 29, 2024 ENES



RL78/11A CHAPTER 12 A/D CONVERTER

12.3 Registers Controlling A/D Converter
The A/D converter is controlled by the following registers.

o Peripheral enable register 0 (PERO)

e A/D converter mode register 0 (ADMO0)

e A/D converter mode register 1 (ADM1)

e A/D converter mode register 2 (ADM2)

o 10-bit A/D conversion result register (ADCR)

o 8-bit A/D conversion result register (ADCRH)

e Analog input channel specification register (ADS)

e Conversion result comparison upper limit setting register (ADUL)
e Conversion result comparison lower limit setting register (ADLL)
o A/D test register (ADTES)

o A/D port configuration register (ADPC)

e Port mode control registers 0, 12, and 14 (PMCO0, PMC12, PMC14)
e Port mode registers 0, 2, 12, and 14 (PMO, PM2, PM12, PM14)
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12.3.1 Periphe
This register

ral enable register 0 (PERO)
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 the A/D converter is used, be sure to set bit 5 (ADCEN) of this register to 1.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal

generation clears this register to 00H.

Figure 12-2. Format of Peripheral Enable Register 0 (PERO0)

Address: FOOFOH  After reset: 00H R/W

Symbol

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

PERO

RTCEN 0 ADCEN IICAQEN 0 SAUOEN 0 TAUOEN

ADCEN Control of A/D converter input clock supply

0 Stops input clock supply.
e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.

1 Enables input clock supply.

e SFR used by the A/D converter can be read/written.

Cautions 1.

When setting the A/D converter, be sure to set the following registers first while the ADCEN bit is
set to 1.

If ADCEN = 0, the values of the A/D converter control registers are cleared to their initial values
and writing to them is ignored (except for port mode registers 0, 2, 12, and 14 (PMO0, PM2, PM12,
PM14), port mode control registers 0, 12, and 14 (PMCO, PMC12, PMC14), and A/D port
configuration register (ADPC)).

e A/D converter mode register 0 (ADMO0)

e A/D converter mode register 1 (ADM1)

e A/D converter mode register 2 (ADM2)

¢ 10-bit A/D conversion result register (ADCR)

¢ 8-bit A/D conversion result register (ADCRH)

e Analog input channel specification register (ADS)

e Conversion result comparison upper limit setting register (ADUL)

e Conversion result comparison lower limit setting register (ADLL)

e A/D test register (ADTES)

Be sure to clear the bits 1, 3, and 6 to “0”.
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12.3.2 A/D converter mode register 0 (ADMO)
This register sets the conversion time for analog input to be A/D converted, and starts/stops conversion.
The ADMO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-3. Format of A/D Converter Mode Register 0 (ADMO)

Address: FFF30H Afterreset: OOH R/W
Symbol <7> 6 5 4 3 2 1 <0>

ADMO ADCS ADMD FR2MWtel | FRNotel | FRQNetel || yqhoted | | yQhotel ADCE

ADCS A/D conversion operation control
0 Stops conversion operation
[When read]
Conversion stopped/standby status
1 Enables conversion operation
[When read]

While in the software trigger mode: Conversion operation status
While in the hardware trigger wait mode: A/D power supply stabilization wait status
+ conversion operation status

ADMD Specification of the A/D conversion channel selection mode
0 Select mode
1 Scan mode
ADCE A/D voltage comparator operation controlN°te 2
0 Stops A/D voltage comparator operation
1 Enables A/D voltage comparator operation

Notes 1. For details of the FR2 to FRO, LV1, LVO bits, and A/D conversion, see Table 12-3 A/D Conversion Time
Selection.

2. While in the software trigger mode or hardware trigger no-wait mode, the operation of the A/D voltage
comparator is controlled by the ADCS and ADCE bits, and it takes 1 us from the start of operation for the
operation to stabilize. Th