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Notice

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.

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.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas
Electronics or others.

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.

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.

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.

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.

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.

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.

It is 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.

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

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

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly

controlled subsidiaries.

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

(Rev.4.0-1 November 2017)




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 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. 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 Vi
(Max.) and Vi1 (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 Vi. (Max.) and Vi (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/G1M, G1IN and design and develop application systems and programs for these
devices.

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

The RL78/G1M, G1IN manual is separated into two parts: this manual and the software
edition (common to the RL78 family).

RL78/G1M, G1N RL78 Family
User’s Manual User’s Manual
Hardware Software
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
e Electrical specifications

It is assumed that the readers of this manual have general knowledge of electrical
engineering, logic circuits, and microcontrollers.
e To gain a general understanding of functions:
— Read this manual in the order of the CONTENTS.
e How to interpret the register format:

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

e To know details of the RL78/G1M, G1N Microcontroller instructions:

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

(RO1USO015E).



Conventions

Related Documents

Data significance: Higher digits on the left and lower digits on the right

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

Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information

Numerical representations: Binary S XXXX OF XXXxB
Decimal XXX X

Hexadecimal ---xxxxH

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/G1M, G1N User's Manual Hardware

This manual

RL78 Family Software User's Manual

RO1US0015E

Documents Related to Flash Memory Programming

Document Name

Document No.

PG-FP6 Flash Memory Programmer User's Manual R20UT4025E
E1, E20 Emulator User's Manual R20UTO398E
E2 Emulator User's Manual R20UT3538E
E2 Lite Emulator User's Manual R20UT3240E
Renesas Flash Programmer Flash Memory Programming Software User's Manual R20UT4066E
Renesas Flash Development Toolkit User's Manual R20UTO508E

Other Documents

Document Name

Document No.

Renesas Microcontrollers RL78 Family RO1CPOO03E
Semiconductor Package Mount Manual R50ZZ0003E
Semiconductor Reliability Handbook R517Z0001E

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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RL78/G1M, G1IN RO1UH0904EJ0100
RENESAS MCU Rev.1.00
May 29, 2020

CHAPTER 1 OUTLINE

1.1 Features

Ultra-low power consumption technology

e Vop = single power supply voltage of 2.0t0 5.5V
(Use this product within the voltage range from 2.25 to 5.5 V because the detection voltage (Vspor) of the
selectable power-on-reset (SPOR) circuit should also be considered.)

e HALT mode

e STOP mode

RL78 CPU core

e CISC architecture with 3-stage pipeline

e Minimum instruction execution time: Can be changed from high speed (0.05 us: @ 20 MHz operation with high-speed
on-chip oscillator) to low speed (1.0 pus: @ 1 MHz operation)

e Address space: 1 MB

e General-purpose registers: 8-bit register x 8

e On-chip RAM: 512 B to 1 KB

Code flash memory
e Code flash memory: 4 KB to 8 KB
e On-chip debug function

High-speed on-chip oscillator
e Select from 20 MHz, 10 MHz, 5 MHz, 2.5 MHz, and 1.25 MHz
e High accuracy: £2.0% (Voo = 2.0t0 5.5 V, Ta =-20 to +85°C)

Operating ambient temperature
e Ta=-40t0 +85°C

Power management and reset function
e On-chip selectable power-on-reset (SPOR) circuit

Serial interface
e CSI: 1 channel
e UART: 1 channel

Timer

e 8-/16-bit timer: 4 channels

e 12-bit interval timer: 1 channel

e Watchdog timer: 1 channel (operable with the dedicated low-speed on-chip oscillator)

e Real-time output function: 8 channels (RL78/G1M only)

A/D converter
e 8/10-bit resolution A/D converter (Vop = 2.4 t0 5.5 V)
e Analog input: 8 channels

RO1UH0904EJ0100 Rev.1.00 ‘IIENESAS 1
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CHAPTER 1 OUTLINE

1/0 port

e |/O port: 18 (N-ch open drain output [Vop withstand voltage]: 14)
(P-ch open drain output [Vop withstand voltage]: 6)

e High current pin (RL78/G1N only)

e Can be set to N-ch open drain and on-chip pull-up resistor

e On-chip key interrupt function
e On-chip clock output/buzzer output controller

Others

e On-chip BCD (binary-coded decimal) correction circuit

ROM, RAM capacities

Flash ROM RAM 20 Pins
RL78/G1M RL78/G1N
8 KB 1 KB R5F11W68ASM R5F11Y68ASM
R5F11W68DSM R5F11Y68DSM
4 KB 512B R5F11W67ASM R5F11Y67ASM
R5F11W67DSM R5F11Y67DSM

Remark The functions mounted depend on the product. See 1.6 Outline of Functions.
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1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package of RL78/G1M, G1N

PartNo. R5F 11W 6 7 A SM #30

Packaging specification
#10, 30 : Tray (TSSOP)
#50 : Embossed Tape (TSSOP)

Package type:
SM : 20-pin, TSSOP, 0.65 mm pitch

Fields of application:
A : Consumer applications, Ta = -40°C to 85°C
D : Industrial applications, Ta = -40°C to 85°C

ROM capacity:
7: 4KB
8: 8KB

Pin count:
6: 20-pin

Product name:
RL78/G1M group : 11W

RL78/G1N group : 11Y

Memory type:
F : Flash memory

Renesas MCU

Renesas semiconductor product

Table 1-1. List of Ordering Part Numbers

Pin Count Package Fields of Part Number RENESAS Code
ApplicationNote
20 pins 20-pin plastic TSSOP A R5F11W67ASM#10, R5SF11W68ASM#10 PTSP0020JI-A
(4.4 x 6.5 mm, 0.65 mm pitch) R5F11W67ASM#30, R5SF11W68ASM#30

R5F11W67ASM#50, R5SF11W68ASM#50
R5F11Y67ASM#10, R5SF11Y68ASM#10
R5F11Y67ASM#30, R5F11Y68ASM#30
R5F11Y67ASM#50, R5SF11Y68ASM#50

D R5F11W67DSM#10, R5F11W68DSM#10
R5F11W67DSM#30, R5F11W68DSM#30
R5F11W67DSM#50, R5F11W68DSM#50
R5F11Y67DSM#10, R5F11Y68DSM#10
R5F11Y67DSM#30, R5F11Y68DSM#30
R5F11Y67DSM#50, R5F11Y68DSM#50

Note For the fields of application, see Figure 1-1 Part Number, Memory Size, and Package of RL78/G1M, G1N.

Caution The part number represents the number at the time of publication.
Be sure to review the latest part number through the target product page in the Renesas Electronics

Corp. website.

RO1UHO0904EJ0100 Rev.1.00 ’-IENESAS 3
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1.3 Pin Configuration (Top View)

1.3.1 RL78/G1M products

e 20-pin plastic TSSOP (4.4 x 6.5 mm, 0.65 mm pitch)

P125/KR1/RESETO—{1 O 20 [=—=0O P40/KRO/TOOLO0/(PCLBUZO0)/(TI01/TO01)
P137/TIO0/INTPO O—={2 19 [=—O P16/ANI7/TI02/TO02/KR7/(SCKO00)
POO/INTP5/RTIO00 O=—+3 330 18 =—=0O P15/ANI6/INTP2/(SI00/RxDO0)
PO1/INTP4/RTIO01 O=—4 o 17 =—=O P14/ANI5/TI03/INTP3
P0O2/RTIO02 O 5 'Z ® 16 [=—O P13/ANI4/TO03/KR6
PO3/RTIO03 O 6 o 9 15+—=0O P12/ANI3/TI01/TO01/KR5
PO4/RTIO04 O~—~7 £z 14 [+=—O P11/ANI2/TO00/KR4/(INTP1)
PO5/RTIO05 O=~—*+8 13 [=—0O P10/ANI1/SCK00/PCLBUZ0/KR3/(SO00/TxDO0)
Vss O——9 12 +—=0O P07/ANIO/SI00/RxD0O/KR2/RTIO07
Voo O—10 11 |=—0O P06/SO00/TXDO/INTP1/RTIO06

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 (PIOR). See Figure 4-7 Format of Peripheral I/O Redirection Register (PIOR).

1.3.2 RL78/G1N products

e 20-pin plastic TSSOP (4.4 x 6.5 mm, 0.65 mm pitch)

P125/KR1/RESETO—{1 O 20 [+——=0 P40/KRO/TOOLO/(PCLBUZ0)/(TI01/TO01)
P137/TI00/INTPO/(SI00/RXD0) O+ 2 19 [*——0O P16/ANI7/TI02/TO02/KR7/(SCK00)/(TxDO)
POO/INTP5/(KRO)/(SCK00) O=—{3 a3 18|=——=0O P15/ANI6/INTP2
PO1/INTP4/(SO00/TXDO) O 4 o 17 |=——0O P14/ANI5/TIO3/INTP3
P02 O=—+{5 2 16 [+——=O P13/ANI4/TO03/KR6
P03 O~—~{6 T 15 |+=——=O P12/ANI3/TIO1/TO0L/KRS
P04 O=—+7 =5 14 f«—O P11/ANI2/TO00/KR4/(INTP1)
P05 O=—~{8 13 [*=—=0O P10/ANI1/SCKO0/PCLBUZO/KR3
Vss O———|9 12 |=——=0 PO7/ANIO/SIO0/RXDO/KR2
Voo O———|10 11 |=——=0O P06/SO00/TXDO/INTP1

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 (PIOR). See Figure 4-7 Format of Peripheral I/O Redirection Register (PIOR).
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1.4 Pin Identification

ANIO to ANI7
INTPO to INTP5
KRO to KR7
POO to PO7
P10 to P16
P40

P125

P137
PCLBUZO
RESET
RTIOO00 to RTIO07
RxDO

SCKO00

SI00

SO00

TIOO to TIO3
TOO00 to TO03
TOOLO

TxDO

ANIO to ANI7
Vob

Vss

: Analog input

: External interrupt input
: Key return

:Port 0

:Port1

:Port 4

:Port 12

:Port 13

: Reset

: Real-time output

: Receive data

: Serial clock input/output
: Serial data input

: Serial data output

: Timer input

: Timer output

: Data input/output for tool
: Transmit data

: Analog input

: Power supply

: Ground

: Programmable clock output/buzzer output

RO1UHO0904EJ0100 Rev.1.00
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1.5 Block Diagram

1.5.1 RL78/G1M products

TI00 / TO00

TI01/TO01

TI02 / TO02

TI03 / TOO03

TAU (4 ch)

!

ch00

!

cho1

ch02

ch03

!

Code flash
4 KB/8 KB

g0 8880 Y

g

TAUO (2 ch) T l
RxDO ——
e < I - -
\,_‘/ N—] control
SCKO00 a
Koo csi00 RL78-S1
S000 ot
512 B/1 KB
Clock generator
) + e
TOOLO on-chip debug [ > Reset generator RESET
BCD
I e e S S
Low speed High speed
RTIOO to RTIO? ﬂ Selectable on-chip on-chip
power on oscillator oscillator
reset 15 kHz 1.25t0 20 Hz
Voo Vss

g

-
(=

8 »P00 to PO7
K7 >P10to P16

Port 0

Port 1

Port 4 P40

Port 12 P125
Buzzer/clock PCLBUZ0
output control

Key return

Interrupt
control <:I| INTPO to INTP5
6 ch
8-/10-hit
A/D converter <I| ANIO to ANI7
8ch
Watchdog timer
Low-speed
] on-chip
12-bit interval oscillator

timer
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1.5.2 RL78/G1N products

TAU (4 ch)
TI00 / TO0O «—
TI01/TOO1 P /|
Ti02/7002 R d
TI03/ TO03 R

TAUO (2 ch)
RxDO —
400 P /N
SCK00 [\
S100 Csl00
5000
TOOLO On-chip debug K >

BCD
| s [

Code flash
4 KB/8 KB

L\ Interrupt
N—1 control
RL78-S1
RAM
512 B/1 KB

Q3

1t

iy

Clock generator

+ |~—RESET
Reset generator
Low speed || High speed
Selectable on-chip on-chip
power on oscillator oscillator
reset 15 kHz 1.25t0 20 Hz
Voo Vss

Port 0

K8 >P00 to PO7
K7 >P10to P16

Port 1

Port 4 P40

Port 12 P125
Port 13 [~ P137
Buzzer/clock

g8 88408 Y

Keyreum K JKRo to KR7

Interrupt
- control K 6 1INTPO to INTPS
6.ch
8-/10-bit
<:> A/D converter K _7 ANIO to ANI7
8ch

-

Watchdog timer
Low-speed
— on-chip
oscillator

i

/\,:'> 12-bit interval
timer
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1.6 Outline

of Functions

This outline describes the function at the time when Peripheral 1/0 redirection register (PIOR) is set to O0H.

(1/2)
Item 20-pin
RL78/G1M Products RL78/G1N Products
R5F11W67ASM R5F11W68ASM R5F11Y67ASM R5F11Y68ASM
R5F11W67DSM R5F11W68DSM R5F11Y67DSM R5F11Y68DSM
Code flash memory 4 KB 8 KB 4 KB 8 KB
RAM 512B 1KB 512 B 1 KB
Main system | High-speed on-chip | e 1.25 to 20 MHz (Voo = 2.7 to 5.5 V)
clock oscillator clock e 1.25t0 5 MHz (Vop = 2.0 to 5.5 VN°te )

Low-speed on-chip oscillator clock

15 kHz £15%

General-purpose register

8-bit register x 8

Minimum instruction execution time

0.05 ps (20 MHz operation)

Instruction set

e Data transfer (8 bits)
e Adder and subtractor/logical operation (8 bits)
e Multiplication (8 bits x 8 bits)

e Rotate, barrel shift, and bit manipulation

(set, reset, test, and Boolean operation), etc.

I/O port Total 18
CMOS I/0 16 (N-ch open-drain output (Voo tolerance): 14)
P-ch open-drain output (high current pin): 6
CMOS input 2
Timer 16-bit timer 4 channels
Watchdog timer 1 channel
12-bit interval timer 1 channel

Timer output 4 channels (PWM outputs: 3\°t2)

Real-time output

8 channels -

Clock output/buzzer output 1

2.44 kHz to 10 MHz: (Peripheral hardware clock: fuan= 20 MHz operation)

8-/10-bit resolution A/D converter 8 channels
Serial interface CSI: 1 channel, UART: 1 channel

Vectored Internal 12
interrupt External 7
sources

Key interrupt 8

Notes 1.

Use this product within the voltage range from 2.25 to 5.5 V because the detection voltage (Vspror) of the

selectable power-on-reset (SPOR) circuit should also be considered.

The number of outputs varies, depending on the setting of channels in use and the number of the master

(see 6.9.4 Operation as multiple PWM output function).

RO1UH0904EJ0100 Rev.1.00
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(2/2)
Item 20-pin
RL78/G1M Products RL78/G1N Products
R5F11W67ASM R5F11W68ASM R5F11Y67ASM R5F11Y68ASM
R5F11W67DSM R5F11W68DSM R5F11Y67DSM R5F11Y68DSM

Reset

e Reset by RESET pin

e Internal reset by watchdog timer

e Internal reset by selectable power-on-reset

e Internal reset by illegal instruction execution™°te !
e Internal reset by data retention lower limit voltage

Selectable power-on-reset circuit

e Detection voltage
Rising edge (Vseor): 2.25 V/2.68 V/3.02 V/4.45 V (max.)
Falling edge (Vspror): 2.20 V/2.62 V/2.96 V/4.37 V (max.)

On-chip debug function

Provided

Power supply voltage

Vop = 2.0 to 5.5 VNote2

Operating ambient temperature

Ta=-40to + 85°C

Notes 1. The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution not issued by emulation with the on-chip debug emulator.

2. Use this product within the voltage range from 2.25 to 5.5 V because the detection voltage (Vsror) of the
selectable power-on-reset (SPOR) circuit should also be considered.

RO1UHO0904EJ0100 Rev.1.00
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2.1 Port Functions

CHAPTER 2 PIN FUNCTIONS

The input or output, buffer, and pull-up resistor settings are also valid for the alternate functions.

2.1.1 RL78/G1M products

Function Pin Type 110 After Reset Alternate Function Function
Name Release
P00 7-1-1 110 Input port INTP5/RTIO00 Port 0.
PO1 INTP4/RTIO01 8-bit I/O port.
Input/output can be specified in 1-bit units.
P02 RTIO02 . . "
Use of an on-chip pull-up resistor can be specified
P03 RTIO03 by a software setting at input port.
P04 RTIO04 Output of P06 can be set to N-ch open-drain output
P05 RTIOO05 (Voo tolerance). .
P07 can be set to analog input°te.
P06 7-1-2 SO00/TxDO/INTP1/RTIO06
P07 7-3-1 Analog input | ANIO/SI00/RxDO/KR2/
RTIO07
P10 7-3-2 110 Analog input | ANI1/SCKO00/PCLBUZ0/ Port 1.
KR3/(S0O00)/(TxD0) 7-bit 1/O port.
P11 ANI2/TO00/KR4/(INTP1) Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified
P12 7-3-1 ANI3/TI01/TO01/KR5 . .
by a software setting at input port.
P13 ANI4/TO03/KR6 P11 to P16 can be set to analog input™'e,
P14 ANI5/TIO3/INTP3
P15 ANI6/INTP2/(S100)/(RxDO0)
P16 TI02/TO02/KR7/(SCKO00)/
ANI7
P40 7-1-1 110 Input port KRO/TOOLO/(PCLBUZO0)/ Port 4
(TI01/TO01) 2-bit I/O port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified
by a software setting at input port.
P125 3-1-1 Input Input port KR1/RESET Port 12
3-bit input port.
For P125, use of an on-chip pull-up resistor can be
specified by a software setting.
P125 is also used for the input pin for external
reset (RESET).
To use the pin for external reset, set the
PORTSELB bit in the option byte (000C1H) to 1.
P137 2-1-2 Input Input port TIOO/INTPO Port 13
1-bit input only port.

Note Setting digital or analog to each pin can be done in the port mode control register 0 (PMCO0) (can be set in 1-bit

units).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR). See Figure 4-7 Format of Peripheral I/O Redirection Register (PIOR).
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2.1.2 RL78/G1N products

Function Pin Type I/0 After Reset Alternate Function Function
Name Release
P00 7-1-9 110 Input port INTP5/(KRO)/(SCK00) Port 0.
PO1 INTP4/(SO00)/(TxDO) 8-bit I/ port.
Input/output can be specified in 1-bit units.
P02 - Use of an on-chip pull-up resistor can be specified
P03 - by a software setting at input port.
P04 _ Output of P06 and P07 can be set to N-ch open-
P05 _ drain output (Voo tolerance).
Output of P00 to P05 can be set to P-ch open-
P06 19-1-1 SO00/TxDO/INTP1 drain output (Voo tolerance).
P07 19-3-1 Analog input | ANIO/SI00/RxD0/KR2 P07 can be set to analog input°te.
P10 19-3-1 110 Analog input | ANI1/SCK00/PCLBUZ0/ Port 1.
KR3 7-bit I/0 port.
P11 ANI2/TOO0/KR4/(INTP1) Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified
P12 ANIS/TIO1/TOOT/KRS by a software setting at input port.
P13 ANI4/TO03/KR6 Output of P10 to P15 can be set to N-ch open-
P14 ANIS/TIO3/INTP3 drain output (Voo tolerance).
P15 ANIS/INTP2/SI00/RXDO P11 to P16 can be set to analog inputN°e,
P16 7-3-1 TI02/TO02/KR7/(TxDO)/
(SCKOO0)/ANI7
P40 7-1-1 /0 Input port KRO/TOOLO/(PCLBUZO0)/ Port 4
(T101/TO01) 2-bit 1/0 port.
Input/output can be specified in 1-bit units.
Use of an on-chip pull-up resistor can be specified
by a software setting at input port.
P125 3-1-1 Input | Input port KR1/RESET Port 12
3-bit input port.
For P125, use of an on-chip pull-up resistor can be
specified by a software setting.
P125 is also used for the input pin for external
reset (RESET).
To use the pin for external reset, set the
PORTSELB bit in the option byte (000C1H) to 1.
P137 2-1-2 Input Input port TIOO/INTPO/(SI000)/(RxD0) | Port 13
1-bit input only port.

Note Setting digital or analog to each pin can be done in the port mode control register 0 (PMCO) (can be set in 1-bit

units).

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0 redirection
register (PIOR). See Figure 4-7 Format of Peripheral I/O Redirection Register (PIOR).
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RL78/G1M, G1N

CHAPTER 2 PIN FUNCTIONS

2.2 Functions Other than Port Pins

2.2.1 Functions for each product

Function RL78/G1M RL78/G1N Function RL78/G1M RL78/G1N
Name Name
ANIO J J RxDO J x/
ANI J J TxDO J v
ANI2 J J SCK00 J \/
ANI3 J J SI00 V x/
ANI4 J J S000 J V
ANI5 J J TIOO J x/
ANI6 J J TO00 J v
ANI7 J J TIO1 J x/
INTPO J J TOO01 J x/
INTP1 J J TI02 J \/
INTP2 J J TO02 J x/
INTP3 J J TIO3 J v
INTP4 J J TOO03 J x/
INTP5 J J RTIO00 J -
KRO V J RTIOO1 J -
KR1 J J RTIO02 J -
KR2 V J RTIO03 J -
KR3 J J RTIO04 J -
KR4 J J RTIO05 J -
KR5 J J RTIO06 J -
KR6 J J RTIO07 J -
KR7 V J
PCLBUZ0 J J
TOOLO v J
RESET J J
Voo J J
Vss V J
RO1UH0904EJ0100 Rev.1.00 RENESAS 12
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CHAPTER 2 PIN FUNCTIONS

2.2.2 Description of functions

Function Name 110 Functions
ANIO to ANI7 Input Analog input pins of A/D converter
(See Figure 10-21 Analog Input Pin Connection.)
INTPO to INTP5 Input External interrupt request input
Specified available edge: Rising edge, falling edge, or both rising and falling edges
KRO to KR7 Input Key interrupt input
Specified available edge: Rising edge or falling edge
PCLBUZO Output Clock/buzzer output
RESET Input This is the active-low external reset input pin.
When the external reset pin is not used, connect this pin directly or via a resistor to Voo.
RxDO Input Serial data input pin of serial interface UARTO
TxDO Qutput Serial data output pin of serial interface UARTO
SCKO00 I/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
TIOO to TIO3 Input Inputting an external count clock/capture trigger to 16-bit timers 00 to 03
TOO0O0 to TO03 Output Timer output pins of 16-bit timers 00 to 03
RTIO00 to RTIO07 Output Real-time output port
Vop - Positive power supply
Vss - Ground potential
TOOLO I/0 Data 1/O pin for a flash memory programmer/debugger

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
Vob Normal operation mode
ov Flash memory programming mode

For details, see 19.4.2 Flash memory programming mode.

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

the shortest distance to Vob to Vss lines.
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RL78/G1M, G1N

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 Functions.

Table 2-2. Connection of Unused Pins

Pin Name 1/0 Recommended Connection of Unused Pins
P00 to PO7 1/0 Input: Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P10 to P16 Input: Independently connect to Voo or Vss via a resistor.
Output: Leave open.
P40/TOOLO Input: Independently connect to Voo via a resistor.
Output: Leave open.
P125/RESET Input Leave open, or connect to Voo while PORTSELB = 1.
P137 Input Independently connect to Vop or Vss via a resistor.

RO1UHO904EJ0100 Rev.1.00
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RL78/G1M, G1N CHAPTER 2 PIN FUNCTIONS

2.4 Block Diagrams of Pins

Figures 2-1 to 2-7 show the block diagrams of the pins described in 2.1.1 RL78/G1M products and 2.1.2 RL78/G1N

products.

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

~— Alternate
function [
” RD
35
=L
©
= O 4 'ﬂ © Pmn
[0]
S
N

Remark For alternate functions, see 2.1 Port Functions.
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CHAPTER 2 PIN FUNCTIONS

Figure 2-2. Pin Block Diagram for Pin Type 3-1-1

| PU register Dc | P-ch
(PUmn) |

Alternate
function

~")
WRPU
&
2]
=}
o
© RD
c
2
=
N \—
N

/Il oq_o@_ © Pmn

RESET 4—@’ °<| °@|
PORTSELB {>c

Remark For alternate functions, see 2.1 Port Functions.
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RL78/G1M, G1N CHAPTER 2 PIN FUNCTIONS

Figure 2-3. Pin Block Diagram for Pin Type 7-1-1

~")
WRPU Voo
f‘\ | PU register
S Teum [ Ik P
Alternate
function
RD
1 @ R ¢
o |, rL pd
2 / l
o)
ﬁ I
c LO
Q WRPORT
= N Vb
rL Output latch
-C
WRPM O Pmn
fL PM register _DO—| N-ch
~7 (PMmn)
Vss
Alternate
function (SAU
Alternate function
(other than SAU )|
—

Remarks 1. For alternate functions, see 2.1 Port Functions.
2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

Internal bus

Figure 2-4. Pin Block Diagram for Pin Type 7-1-2

PU register

o—3

(PUmn)

P

Alternate

function

RD
1
WRPORT 0
N
KL Output latch
~ (Pmn)
WRPM
M N PM register
7 (PMmn)
WRPOM
M POM register
~ (POMmn)
Alternate

function (SAU

Alternate function

(other than SAU )

O Pmn

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 (POMx). 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 Functions.
2. SAU: Serial array unit
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RL78/G1M, G1N

CHAPTER 2 PIN FUNCTIONS

Internal bus

Figure 2-5. Pin Block Diagram for Pin Type 7-1-9

PU register

o—3

(PUmn)

Alternate
function

P

/O

RD
WRPORT
KL Output latch
~ (Pmn)
WRPM
M PM register
~7 (PMmn)
WRPOM
Jan POM register
~ (POMmn)
Alternate function
(SAU)
Alternate function|
(other than SAU)

O Pmn

Caution The input buffer is enabled even if the type 7-1-9 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 (POMx). This

may lead to a through current flowing through the type 7-1-9 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 Functions.

2. SAU: Serial array unit
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Figure 2-6. Pin Block Diagram for Pin Type 7-3-1

N~
WRPU Voo
fL | PU register
<~ (PUmn) ﬁ ); | P-ch
WRPMC
rL PMC register
~ (PMCmn)
Alternate
function
RD
1 o
2]
=}
Keo) I
©
S | WRPORT 0
..g N Vob
- /L Output latch
S [T D>
P-ch
WRPM O Pmn
/L PM register N-ch
~ 71 (PMmn)
Vss
Alternate
function (SAU
Alternate function
(other than SAU )
_L P-ch
A/D converter
T N-ch
—
Remarks 1. For alternate functions, see 2.1 Port Functions.
2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

Internal bus

Figure 2-7. Pin Block Diagram for Pin Type 7-3-2

function (SAU)

Alternate function
(other than SAU )

A/D converter

L P-ch

WRPU Voo
A}\ .| PU register
(PUmn) | -~
— P-ch
WRpPMC
N PMC register
~ (PMCmn)
Alternate
function
RD {
,_é_ﬂi iy !
WRPORT \O
N Voo
rL Qutput latch
O (Pmn) _D:D
Ry Bl
WRpPM -—@ Pmn
/L | PM register N-ch
A\
WRPOM (PMmn)
Vss
/L ,| POM register
7 (POMmn)
Alternate

T 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 (POMx). 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 Functions.
2. SAU: Serial array unit
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CHAPTER 2 PIN FUNCTIONS

Internal bus

Figure 2-8. Pin Block Diagram for Pin Type 19-1-1

WRPU
&

RD

WRPORT

PU register

(PUmn)

>

Alternate

function

A)
WRPM
A./\

=
Y
T
s}

1
0
N
Output latch
(Pmn)
PM register
(PMmn)

Alternate function
(SAU)

Alternate function|
(other than SAU)

PD register

(PDmn)

,| POM register

(POMmn)

O Pmn

N-ch

Vss

Caution The input buffer is enabled even if the type 19-1-1 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 (POMx). This
may lead to a through current flowing through the type 19-1-1 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 Functions.
2. SAU: Serial array unit
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RL78/G1M, G1N CHAPTER 2 PIN FUNCTIONS

Figure 2-9. Pin Block Diagram for Pin Type 19-3-1

WRPU
/L | PU register
& >

(PUmN) ﬂ:} P

WRPMC
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Alternate |
function
RD /
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p
(2]
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,| PD register q I
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Vss
L P-ch
A/D converter
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Caution The input buffer is enabled even if the type 19-3-1 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 (POMx). This
may lead to a through current flowing through the type 19-3-1 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 Functions.
2. SAU: Serial array unit

RO1UHO0904EJ0100 Rev.1.00 R NS 23
May 29, 2020 =ENES



RL78/G1M, G1N CHAPTER 3 CPU ARCHITECTURE

CHAPTER 3 CPU ARCHITECTURE

RL78/G1M, G1N have the RL78-S1 core.
The features of the RL78-S1 core are as follows.
e CISC architecture with 3-stage pipeline
e Address space: 1 MB
e General-purpose register: 8-bit register x 8
e Instructions are common to the RL78-S2 core of RL78/G13 or RL78/G1A. Note, however, the following instructions
require a different number of clock cycles. For details, see CHAPTER 22 INSTRUCTION SET. For the difference of
each CPU core function, refer to RL78 Family Software User’'s Manual (RO1US0015E).
- 16-bit data transfer (MOVW, XCHW, ONEW, CLRW)
- 16-bit operation (ADDW, SUBW, CMPW)
- Multiply (MULU)
- 16-bit increment/decrement (INCW, DECW)
- 16-bit shift (SHRW, SHLW, SARW)
- 16-bit rotate (ROLWC)
- Call/return (CALL, CALLT, BRK, RET, RETI, RETB)
- Stack manipulate (PUSH, POP, MOVW, ADDW, SUBW)

RO1UHO0904EJ0100 Rev.1.00 R NS 24
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the RL78/G1M, G1N can access a 1 MB address space. Figures 3-1 and 3-2 show the memory maps.

Figure 3-1. Memory Map (R5F11W67 (G1M), R5F11Y67 (G1N))

FFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH
General-purpose
FFEFSH register 8 bytes
FFEF7H
Reserved
FFEEOH
FFEDFH
RAM
512 Bytes
FFCEOH
FFCDFH
Reserved
F9000H
F8FFFH
Mirror
4 KB
F8000H
F7FFFH
Reserved
FO800H
FO7FFH Special function register (2nd SFR)
FOOOOH 2 KB
EFFFFH
Reserved
O0OFFFH
Code flash memory
4 KB
00000H

00FFFH
A1 Program area
000CEH
000CDH On-chip debugh*'®
security ID setting area
000C4H 10 bytes
000C3H Option byte areaot®
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
Vector table area
128 bytes
00000H

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

Caution Access to the reserved area is prohibited.
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CHAPTER 3 CPU ARCHITECTURE

Figure 3-2. Memory Map (R5F11W68 (G1M), R5F11Y68 (G1N))

FFFFFH
Special function register (SFR)
2
FFFOOH 56 bytes
FFEFFH
General-purpose
FFEF8H register 8 bytes
FFEF7H
FFEEOH Reserved
FFEDFH
RAM
1 KB
FFAEQOH
FFADFH
Reserved
FAOOOH
FOFFFH
Mirror
8 KB
F8000H
F7FFFH
Reserved
FO800H
FO7FFH Special function register (2nd SFR)
FOOO0OH 2 KB
EFFFFH
Reserved
01FFFH
Code flash memory
8 KB
00000H

01FFFH
A Program area
000CEH
OOOCDH On-Chip debugNote
security ID setting area

000C4H 10 bytes
000C3H Option byte area°te
000COH 4 bytes
000BFH

CALLT table area

4

00080H 64 bytes
0007FH

Vector table area

128 bytes

00000H

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

Caution Access to the reserved area is prohibited.
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CHAPTER 3 CPU ARCHITECTURE

3.1.1 Internal program memory space
The internal program memory space stores the program and table data. The RL78/G1M, G1N products incorporate

internal ROM (flash memory), as shown below.

Table 3-1. Internal ROM Capacity

Part Number

Internal ROM

Structure

Capacity

R5F11W67 (G1M), RSF11Y67 (G1N)

R5F11W68 (G1M), R5F11Y68 (G1N)

Flash memory

4096 x 8 bits (00000H to 0OFFFH)

8192 x 8 bits (00000H to 01FFFH)

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

(1) Vector table area

The 128-byte area of 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

addresses are assigned to a 64 KB address area of 00000H to OFFFFH, because the vector code is 2 bytes.

Of 16-bit addresses, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.

Table 3-2. Vector Table

Vector Table Address Interrupt Source RL78/G1M RL78/G1N
00000H RESET, SPOR, WDT, TRAP N N
00004H INTWDTI y J
00006H INTPO V J
00008H INTP1 y J
0000AH INTSTO, INTCSI00 y J
0000CH INTSRO y J
0000EH INTSREO y J
00010H INTTMO1H y J
00012H INTTMOO V J
00014H INTTMO1 y J
00016H INTAD y J
00018H INTKR V J
0001AH INTP2 y J
0001CH INTP3 V J
0001EH INTTMO3H y J
00022H INTTMO2 V J
00024H INTTMO3 y J
00026H INTIT V J
00028H INTP4 y J
0002AH INTP5 y J
0007EH BRK y J
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(2) CALLT instruction table area
The 64-byte area of 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 2 bytes).

(3) Option byte area
The 4-byte area of 000COH to 000C3H can be used as an option byte area. For details, see CHAPTER 18 OPTION
BYTE.

(4) On-chip debug security ID setting area
The 10-byte areas of 000C4H to 000CDH and 010C4H to 010CDH can be used as an on-chip debug security ID
setting area. For details, see CHAPTER 20 ON-CHIP DEBUG FUNCTION.
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3.1.2 Mirror area
The products with 4/8 KB flash memory mirror the code flash area of 00000H to O0OFFFH/O1FFFH to the area of

F8000H to F8FFFH/FOFFFH.
By reading data from F8000H to FBFFFH/FOFFFH, 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.

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 shows examples.

Example R5F11W67ASM (Flash memory: 4 KB)

FFFFFH
Special function register (SFR)
FEFOOH 256 bytes
FFEFFH
General-purpose register
FFEF8H 8 bytes
FFEF7H
Reserved
FFEEOH
FFEDFH
RAM
512 bytes
FFCEOH
FFCDFH
Reserved
F9000H
F8FFFH
Mirror
4 KB
F8000H
F7FFFH
Reserved
FO800H
FO7FFH Special function register (2nd SFR)
FOOO0OH 2KB .
EFFFFH Mirror
For example, 00789H is mirrored
to F8789H.
Data can therefore be read by
Reserved MOV A, 1789H
instead of
MOV ES, #00H
MOV A, ES:!789H.
00FFFH
Code flash memory
4 KB
00000H
RO1UH0904EJ0100 Rev.1.00 ‘IIENESAS 29
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3.1.3 Internal data memory space
The RL78/G1M, G1N products incorporate the following RAMs.

Table 3-3. Internal RAM Capacity

Part Number Internal RAM
R5F11W67xSM (G1M), R5F11Y67xSM (G1N) 512 bytes (FFCEOH to FFEDFH)
R5F11W68xSM (G1M), R5F11Y68xSM (G1N) 1 KB (FFAEOH to FFEDFH)

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).
The internal RAM is used as a stack memory.

Caution It is prohibited to use the general-purpose register (FFEF8H to FFEFFH) space for fetching
instructions or as a stack area.

3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area of FFFOOH to FFFFFH (see
Table 3-4in 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 of FOOOOH to FO7FFH (see
Table 3-5in 3.2.5 Extended Special function registers (2nd SFRs: 2nd Special Function Registers)).

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

Caution Do not access addresses to which extended SFRs are not assigned.
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3.1.6 Data memory addressing

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

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
RL78/G1M, G1N, based on operability and other considerations. For areas containing data memory in particular, special
addressing methods designed for the functions of the special function registers (SFR) and general-purpose registers are
available for use. Figure 3-3 shows correspondence between data memory and addressing.

For details of each addressing, see 3.4 Addressing for Processing Data Addresses.

Figure 3-3. Correspondence Between Data Memory and Addressing

FFFFFH 7 £
SFR addressin
FFF20H | Special function register (SFR) g
FFF1FH 256 bytes 1
FFFOOH v
FFEFFH 4
General-purpose Register addressing

FFEF8H register 8 bytes | Short direct
FFEF7H ortdirec

Reserved addressing
FFEEOH
FFEDFH
FFE20H| — F RAM_ N
FFE1FH 512/1024 bytes

Reserved

Direct addressing
Register indirect addressing
Based addressing

Based indexed addressing

Mirror
4/8 KB
Reserved
FO800H
FO7FFH Special function register (2nd SFR)
FOOOOH 2 KB
EFFFFH
Reserved
Code flash memory
00000H 4/8 KB v
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3.2 Processor Registers

The RL78/G1M, G1N products incorporate the following processor registers.

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

(1) Program counter (PC)
The program counter is a 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 3-4. Format of Program Counter

19 0

PC

(2) Program status word (PSW)
The program status word is an 8-bit register consisting of various flags set/reset by instruction execution.
Program status word contents are stored in the stack area upon acknowledgment of a vectored interrupt request 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 3-5. Format of Program Status Word

PSW| IE YA 0 AC 0 ISP1 | ISPO CcYy

(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 (EIl) state, and interrupt request acknowledgment is controlled
with an in-service priority flag (ISP1, ISPO0), an interrupt mask flag for various interrupt sources, and a priority
specification flag.
The IE flag is reset (0) upon DI instruction execution or interrupt acknowledgment and is set (1) upon El
instruction execution.

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

(c) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). Itis reset (0) in all other cases.
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(d) In-service priority flags (ISP1, ISPO)
These flags manage 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 (PROOL, PROOH,
PR10L, PR10H, PRO1L, PR11L) (see 13.3.3 Priority specification flag registers (PROOL, PROOH, PR10L,
PR10H, PRO1L, PR11L)) can not be acknowledged. Actual request acknowledgment is controlled by the
interrupt enable flag (IE).

(e) 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 3-6. Format of Stack Pointer

15 0
SP [SP15SP14SP13SP12SP11SP10| 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 (restored) from the stack memory.

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 (FFEF8H to FFEFFH) space for fetching
instructions or a stack area.

R01UH0904EJ0100 Rev.1.00 R NS 33
May 29, 2020 =ENES



RL78/G1M, G1N CHAPTER 3 CPU ARCHITECTURE

3.2.2 General-purpose registers

The general-purpose registers are a bank of eight 8-bit registers (X, A, C, B, E, D, L, and H) mapped to addresses
(FFEF8H to FFEFFH) of the data memory.

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).

Caution It is prohibited to use the general-purpose register (FFEF8H to FFEFFH) space for fetching
instructions or as a stack area.

Figure 3-7. Configuration of General-Purpose Registers

(&) Function name

16-bit processing 8-bit processing
FFEFFH
H
General-purpose
register HL
L
FFEF8H
D
DE
E
B
BC
C
A
AX
X
15 0 7 0
(b) Absolute name
16-bit processing 8-bit processing
FFEFFH
R7
General-purpose RP3
register
R6
FFEF8H
R5
RP2
R4
R3
RP1
R2
R1
RPO
RO
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 3-8. 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 Kbytes from FOOOOH to FFFFFH, using the

ES register as well extends this to the 1 Mbyte from 00000H to FFFFFH.

Figure 3-9. Extension of Data Area Which Can Be Accessed

laddr16 — F| 0000H - FFFFH

ESladdr16  — | OH - FH | 0000H - FFFFH|

b FFFFFH 4
Special function register
(SFR) 256 bytes
laddr16 ~L -
ES:laddr16 Sp(e;(‘;:zl ;L'J:né:)tlgnKr;?tséer Data memory space
FOO000H
EFFFFH
L Code flash memory L
Y OOOOOHT T Y
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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 and 8, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

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

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

Table 3-4 gives a list of the SFRs. The meanings of items in the table are as follows.

e Symbol
Symbol indicating the address of a special function register. It is a reserved word in the 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.
o R/W
Indicates whether the corresponding SFR can be read or written.
R/W: Read/write enable
R: Read only
W: Write only
e Manipulable bit units
“\” indicates the manipulable bit unit (1 or 8). “~” indicates a bit unit for which manipulation is not possible.
o 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 3-4. SFR List (1/2)

Address | Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After Reset
1-bit 8-bit
FFFOOH | Port register 0 PO R/W N N 00H
FFFO1H | Port register 1 P1 R/W v v 00H
FFFO4H | Port register 4 P4 RIW N N O0H
FFFOCH | Port register 12 P12 R N N Undefined
FFFODH | Port register 13 P13 R v v Undefined
FFF10H | Serial data register 00L TXDO0/SIO00 | SDROOL R/IW - 3 00H
FFF11H | Serial data register 00H - SDROOH R/W - v 00H
FFF12H | Serial data register 01L RXDO SDRO1L R/W - N 00H
FFF13H | Serial data register 01H - SDRO1H R/W - v O00H
FFF18H | Timer data register OOL TDROOL R/W - N O00H
FFF19H | Timer data register 0OH TDROOH R/W - N 00H
FFF1AH | Timer data register 01L TDRO1L R/W - v O00H
FFF1BH | Timer data register 01H TDRO1H R/W - v 00H
FFF1EH | A/D conversion result lower bit register ADCRL R - v 00H
FFF1FH | A/D conversion result upper bit register ADCRH R - N 00H
FFF20H | Port mode register 0 PMO R/W v v FFH
FFF21H | Port mode register 1 PM1 R/W N v FFH
FFF24H | Port mode register 4 PM4 R/W N N FFH
FFF30H | A/D converter mode register 0 ADMO R/W v v 00H
FFF31H Ane.alog input channel specification ADS R/W J J 00H
register
FFF34H | Key interrupt control register KRCTL R/W N N 00H
FFF35H | Key interrupt flag register KRF R/W - v O00H
FFF37H | Key interrupt mode register 0 KRMO R/W N N O00H
FFF38H | External interrupt rising edge enable EGPO R/W J J 00H
register 0
FFF39H | External interrupt falling edge enable EGNO R/W N N 00H
register 0
FFF64H | Timer data register 02L TDRO2L R/wW - N 00H
FFF65H | Timer data register 02H TDRO2H R/W - v 00H
FFF66H | Timer data register O3L TDRO3L R/W - N 00H
FFF67H | Timer data register 03H TDRO3H R/wW - N 00H
FFF90H | Interval timer control register L ITMCL R/W - N FFH
FFF91H | Interval timer control register H ITMCH R/W - v OFH
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Table 3-4. SFR List (2/2)

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

FFFA5H | Clock output select register 0 CKSO0 R/W N N 00H
FFFA8H | Reset control flag register RESF R - v UndefinedMote !
FFFABH | Watchdog timer enable register WDTE R/W - N 1AH/QAHNoe 2
FFFEOH | Interrupt request flag register OL IFOL RIW N N 00H
FFFE1H | Interrupt request flag register OH IFOH R/W \/ v 00H
FFFE2H | Interrupt request flag register 1L IF1L R/W \ v 00H
FFFE4H | Interrupt mask flag register OL MKOL R/W «/ v FFH
FFFE5H | Interrupt mask flag register OH MKOH R/W d N FFH
FFFE6BH | Interrupt mask flag register 1L MK1L R/W \/ v FFH
FFFE8H | Priority specification flag register 00L PROOL R/W \/ N FFH
FFFEOQH | Priority specification flag register 00H PROOH R/W \/ N FFH
FFFEAH | Priority specification flag register 01L PRO1L R/W \/ v FFH
FFFECH | Priority specification flag register 10L PR10L R/W \/ N FFH
FFFEDH | Priority specification flag register 10H PR10H R/W \/ v FFH
FFFEEH | Priority specification flag register 11L PR11L R/W \/ N FFH
FFFFEH | Processor mode control register PMC R/W \/ v 00H

Notes 1. The reset values of the register vary depending on the reset source as shown below.

Reset Source | RESET Input Reset by Reset by Reset by Reset by Data
Execution of WDT SPOR Retention Lower
. lllegal Limit Voltage
Register .
Instruction
RESF TRAP bit Cleared (0) Set (1) Held Held Cleared (0)
WDTREF bit Held Set (1) Held
SPORF bit Held Held Set (1)

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

Remark For extended SFRs (2nd SFRs), see Table 3-5 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 and 8, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

e 1-bit manipulation
Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand (laddr16.bit). This
manipulation can also be specified with an address.

e 8-bit manipulation
Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (laddr16). This
manipulation can also be specified with an address.

Table 3-5 gives a list of the extended SFRs. The meanings of items in the table are as follows.

e 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.
e R/W
Indicates whether the corresponding extended SFR can be read or written.
R/W: Read/write enable
R:  Read only
W:  Write only
e Manipulable bit units
“\” indicates the manipulable bit unit (1 or 8). “~” indicates a bit unit for which manipulation is not possible.
o After reset
Indicates each register status upon reset signal generation.

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

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).
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Table 3-5. Extended SFR (2nd SFR) List (1/2)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit
FO010H | A/D converter mode register 2 ADM2 RIW v v 00H
FOO30H | Pull-up resistor option register 0 PUO RIW v v 00H
FOO031H | Pull-up resistor option register 1 PU1 RIW v v 00H
F0034H | Pull-up resistor option register 4 PU4 R/W v v 01H
FOO3CH | Pull-up resistor option register 12 PU12 RIW v v 00H
FOO50H | Port output mode register 0 POMO R/W v v 00H
F0051H | Port output mode register 1 POM1 R/W v v 00H
FO060H | Port mode control register 0 PMCO R/W v v FFH
FO061H | Port mode control register 1 PMCH1 R/W v v FFH
FOO70H | Noise filter enable register 0 NFENO R/W V v 00H
FO071H | Noise filter enable register 1 NFEN1 R/W v v 00H
FO072H | Timer I/O control register TIOSC R/W v v 00H
FOO73H | Input switch control register ISC R/W v v 00H
F0074H | Pull-down resistor option register 0 PDO R/W v v 00H
F0075H | Pull-down resistor option register 1 PD1 RIW v v 00H
FO077H | Peripheral I/O redirection register PIOR R/W - v 00H
FOOA8H | High-speed on-chip oscillator trimming register HOCODIV R/W - v Undefined
FOOFOH | Peripheral enable register 0 PERO RIW v v 00H
FOOF3H | Operation speed mode control register OosSMC R/W - v 00H
FOOFEH | BCD adjust result register BCDADJ R - v Undefined
FO100H | Serial status register 00 SSRO00 R - v O00H
FO102H | Serial status register 01 SSRO1 R - v O00H
FO108H | Serial flag clear trigger register 00 SIR00 R/W - v 00H
FO10AH | Serial flag clear trigger register 01 SIR01 R/W - v O00H
FO110H | Serial mode register O0OL SMROOL R/W - v 20H
FO111H | Serial mode register 00H SMROOH R/W - v 00H
FO112H | Serial mode register 01L SMRO1L R/W - v 20H
FO113H | Serial mode register 01H SMRO1H R/W - v 00H
FO118H | Serial communication operation setting register 00L | SCROOL R/W - v 87H
FO119H | Serial communication operation setting register 00H | SCROOH R/W - v 00H
FO11AH | Serial communication operation setting register 01L | SCRO1L R/W - v 87H
FO11BH | Serial communication operation setting register 01H | SCRO1H R/W - v O00H
FO120H | Serial channel enable status register 0 SEO R v v 00H
FO122H | Serial channel start register 0 SS0 R/W v v 00H
F0124H | Serial channel stop register 0 STO RIW v v 00H
FO126H | Serial clock select register O SPS0 R/W - v 00H
FO128H | Serial output register 0 SO0 R/W - v 03H
FO129H | Serial clock output register 0 CKOO0 R/W - v 03H
FO12AH | Serial output enable register 0 SOEO RIW v v 00H
FO134H | Serial output level register 0 SOLOo R/W - v 00H
FO180H | Timer counter register 00L TCROOL R - v FFH
FO0181H | Timer counter register 00H TCROOH R - v FFH
FO182H | Timer counter register 01L TCRO1L R - v FFH
FO0183H | Timer counter register 01H TCRO1H R - v FFH
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Table 3-5. Extended SFR (2nd SFR) List (2/2)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit
FO0184H Timer counter register 02L TCRO2L R — v FFH
FO185H | Timer counter register 02H TCRO2H R - v FFH
FO0186H | Timer counter register 03L TCRO3L R - v FFH
FO0187H | Timer counter register 03H TCRO3H R - v FFH
FO190H | Timer mode register 00L TMROOL R/W - v 00OH
FO191H | Timer mode register 00H TMROOH R/W - v 00H
FO0192H | Timer mode register 01L TMRO1L R/W - v 00H
FO193H Timer mode register 01H TMRO1H R/W - v 00H
FO194H | Timer mode register 02L TMRO2L R/W - v 00H
FO195H | Timer mode register 02H TMRO2H R/W - v 00H
FO0196H | Timer mode register 03L TMRO3L R/W - v 00H
FO197H | Timer mode register 03H TMRO3H R/W - v 00H
FO1AOH | Timer status register 00 TSRO0 R - v 00H
FO1A2H | Timer status register 01 TSRO01 R - v 00H
FO1A4H | Timer status register 02 TSR02 R - v 00H
FO1A6H | Timer status register 03 TSR03 R - v O00H
FO1BOH | Timer channel enable status register 0 TEO R v v 00H
FO1B1H | Timer channel enable status register 0 (8-bit mode) | TEHO R v v 00H
FO1B2H | Timer channel start register 0 TSO R/W v v 00H
FO1B3H | Timer channel start register 0 (8-bit mode) TSHO R/W v v 00H
FO01B4H | Timer channel stop register 0 TTO R/W v v 00H
FO1B5H | Timer channel stop register 0 (8-bit mode) TTHO RIW v v 00H
FO1B6H | Timer clock select register O TPSO R/W - v 00H
FO1B8H | Timer output register 0 TOO R/W - v 00H
FO1BAH | Timer output enable register 0 TOEO R/IW v v 00H
FO1BCH | Timer output level register 0 TOLO R/W - v 00H
FO1BEH | Timer output mode register 0 TOMO R/W - v 00H
FO1COH | RTO source select register RTOSRC R/W v v 00H
FO1C1H | RTO forced cutoff control register RTOSHT R/W v v 00H
FO1C2H | RTO control register 0 RTOOUTCO R/W V v 00H
FO1C3H | RTO control register 1 RTOOUTCA1 R/W v v 00H
FO1C4H | RTO forced cutoff output selection register RTOCIO R/W v v 00H
FO1C5H | RTO forced cutoff status register RTOSTR R/W v v 00H
Remark For SFRs in the SFR area, see Table 3-4 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 3-10. Outline of Relative Addressing

PC Instruction code
OP code

o
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 !laddr20 is used to specify 20-bit addresses and CALL !addr16 or
BR !addr16 is used to specify 16-bit addresses. 0000 is set to the higher 4 bits when specifying 16-bit addresses.

Figure 3-11. Example of CALL !"addr20/BR !laddr20

PG Instruction code

OP code

Low Addr.

High Addr.

Seg Addr.

Figure 3-12. Example of CALL 'addr16/BR !addrl16

Instruction code

PC PCs| PCu| PCL
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 3-13. Outline of Table Indirect Addressing

OP code
High Addr. |
|
00000000 |10 0
| Lol LowAddr
Table addess
Memory
0000
Pc | Pcs| pcu| P

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 3-14. Outline of Register Indirect Addressing

Instruction code

OP code
Cs p
PC PG PG PG
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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 3-15. Outline of Implied Addressing

Instruction code

OP code A register

Memory (register area)
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,EDLH
p AX, BC, DE, HL

Figure 3-16. Outline of Register Addressing

OP code Register

Memory (register bank area)
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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

added F of higher 4-bit addresses)

laddr16 Label or 16-bit immediate data (only the space from FOOOOH to FFFFFH is specifiable: automatically

ES:laddr16 | Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3-17. Example of laddr16

MOV laddr16, A

<1>

Instruction code

OP-code

Target memory

1 Low Addr.

High Addr.

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

Memory

Figure 3-18. Example of ES:!laddr16

ES: laddr16

<1> <2>

Instruction code

Target memory

OP-code
Specifies the
9 Low Addr. address in memory

High Addr. X0000H
Specifies a
64-Kbyte area N

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

o 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

FFFFFH
A

v

FO000H

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.
Note that it is prohibited to use the area from FFEEOH to FFEF7H. In the products with 128 bytes of RAM, it is also
prohibited to use the area from FFE20H to FFE5FH.

[Operand format]

Identifier Description

SADDR Label or FFE20H to FFF1FH immediate data

SADDRP Label or FFE20H to FFF1FH immediate data (only even address is specifiable.)

Figure 3-19. Outline of Short Direct Addressing

Instruction code

OP code

________ FFF1FH
saddr saddr

________ FFE20H

Memory

Remark SADDR and SADDRP are used to describe the values of addresses FE20H to FF1FH with 16-bit immediate
data (higher 4 bits of actual address are omitted), and the values of addresses FFE20H to FFF1FH with 20-
bit immediate data.

Regardless of whether SADDR or SADDRP is used, addresses within the space from FFE20H to FFF1FH
are specified for the memory.
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3.4.5 SFR addressing
[Function]
SFR addressing directly specifies the target SFR addresses using 8-bit data in the instruction word. This type of

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

[Operand format]

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

Figure 3-20. Outline of SFR Addressing

Instruction code

FFFFFH

OP code SFR !
o I FFFOOH

Memory
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3.4.6 Register indirect addressing
[Function]
Register indirect addressing directly specifies the target addresses using the contents of the register pair specified

with the instruction word as an operand address.

[Operand format]

Identifier Description

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

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

Figure 3-21. Example of [DE], [HL]

FFEFFH
[DE], [HL]

<1> <1>

Target memory

Instruction code <1> <1 >Specifies the }

OP-code rp(HL/DE) address in memory |

FOO000H

e Either pair of registers <1> specifies the target
location as an address in the 64-Kbyte area from
FOOOOH to FFFFFH.

Memory

Figure 3-22. Example of ES:[DE], ES:[HL]

ES: [DE], ES: [HL]
<1> <2> <1> <2> liFFFFH

i Target memory Area from
Instruction code <2> gpecifies the \ X0000H to
<2> address in memory XFFFFH
OP-code rp(HL/DE) >

_X0000H -

<1> Specifies a

<1> 64-Kbyte area

ES

v
¢ The ES register <1> specifies a 64-Kbyte area within the 00000H
overall 1-Mbyte space as the four higher-order bits, X, of
the address range.
¢ 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 i

s specifiable)

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

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

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

Figure 3-23. Example of [SP+byte]

Instruction code

<1>

Target memory

<2>
2 Offset

\ AN

<2> byte

>

Specifies a
<1> stack area
SP

\ 4

* SP (stack pointer) <1> indicates the stack as the
target.
* By indicating an offset from the address (top of the

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

Memory

FFFFFH
A

Stack area

v
FOOO00OH
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Figure 3-24. Example of [HL + byte], [DE + byte]

[HL + byte], [DE + byte]

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

Instruction code

OP-code

Target memory

ﬂ <2> Offset p

<2> byte

Other data in
the array

K <1> Address of —
rp(HL/DE)

an array
® Either pair of registers <1> specifies the address
where the target array of data starts in the 64-Kbyte
area from FOOOOH to FFFFFH.

e “byte” <2> specifies an offset within the array to

the target location in memory.

Memory

Figure 3-25. Example of word[B], word[C]

word [B], word [C]

<> <2> <1>  <2>

Instruction code

FFFFFH
A

Target
array
of data

v
FOOO0OH

FFFFFH

Target memory

Array of
word-sized

data

<2> <2>  Offset 7'y
OP-code —| r(B/IC) >
Address of a word %
Low Addr. <1> within an array
High Addr.

FOO000H

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

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

Memory

Figure 3-26. Example of word[BC]

word [BC]

<1> <2>

FFFFFH
A

Target memory

Array of
word-sized

data

v

FOO00OH

Instruction code <2>
<2> Offset 4
OP-code I rp(BC)
Address of aword 1
L <1 Low Addr. <1>  within an array
High Addr.

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

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

Memory
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Figure 3-27. Example of ES:[HL + byte], ES:[DE + byte]

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

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

XFFFFH

Instruction code

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

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

* Other data in
an arra
rp(HL/DE) y the array

X0000H X0000H

A

¥ Specifi
<1> <1> ! Specifies a
{ 64-Kbyte area
ES ; >

e The ES register <1> specifies a 64-Kbyte
area within the overall 1-Mbyte 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-Kbyte
area specified in the ES register <1>.

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

Figure 3-28. 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 ‘ \g/otrd-szed
\ r(BIC) ata

<2>
Low Addr. Address of a word within an array :‘

<

2——————
High Addr.

X0000H X0000H

<1> = Specifies a
i <1>64-Kbyte area
ES >

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

e “word” <2> specifies the address where the target array of word-sized data
starts in the 64-Kbyte area specified in the ES register <1>.

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

Memory
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ES: word [BC]

<1 > <2> <3>

Figure 3-29. Example of ES:word[BC]

Target memory

A

Instruction code <3>
<3
oPcode = \ S e -
<2>
_<2>%ﬁ Address of a word within an array |
High Addr. X0000H

A

<1>

ES

i <1> Specifies a
64-Kbyte area

® The ES register <1> specifies a 64-Kbyte area within the

overall 1-Mbyte 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-Kbyte 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 3-30. Example of [HL+B], [HL+C]

[HL +B] [HL+C]

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

FFFFFH
A
. Target
Instruction code Target memory array
<2> Offset 1 of data
OP-code L r(B/C) >
Address of -
2 > Tenamay | | Opercaen ]|
rp(HL) FOO0OH
® A pair of registers <1> specifies the address where the target
array of data starts in the 64-Kbyte area from FOOOOH to
FFFFFH.
® Either register <2> specifies an offset within the array to the
target location in memory Memory
Figure 3-31. Example of ES:[HL+B], ES:[HL+C]
ES:[HL +B] ES:[HL +C]
<1><2> <3> <1> <2> <3>
XFFFFH
<3> <3> Target memory Target
Y array
Instruction code r(B/C) Offset of data
<2> Address of -
<2> the array Other data in
OP-code | rp(HL) > the array Y o000

T Specifies a

<1> <1> 64-Kbyte area
ES >

» The ES register <1> specifies a 64-Kbyte area within the overall
1-Mbyte space as the four higher-order bits, X, of the address range. Memory
» A pair of registers <2> specifies the address where the target
array of data starts in the 64-Kbyte 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) values. 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 PSW AX/BC/DE/HL
POP PSW AX/BC/DE/HL
CALL/CALLT

RET

BRK

RETB
(Interrupt request generated)

RETI

Each stack operation saves or restores data as shown in Figures 3-32 to 3-37.

Figure 3-32. Example of PUSH rp

PUSH rp
<1> <2> A
<1> SP T
Instruction code A/ SP— 1 | Higher-order byte of rp
<3> SP- 2 1 ,Lower-order byte of rp Stack area
OP-code = SP/‘L/
v
tp FOOOOH
e Stack addressing is specified <1>.
¢ The higher-order and lower-order bytes of the pair of registers
indicated by rp <2> are stored in addresses SP — 1 and 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 3-33. Example of POP

POP rp
<1> <2> A
<1 > SP P SP + 2
Instruction code SP +1 (SP+1) Stack
SP (SP) area
OP-code <2> SP
—— ,,
: FOOOOH
rp
¢ 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
e 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
the PSW).
Figure 3-34. Example of CALL, CALLT
CALL
<1> A
Instruction code <1> SP sP—1 Stack
SP-2 — area
oo L o5 | PCl9-PCI6
x PC15-PC8
sp|3>SP-4 PC7 - PCO
v
<2>
FOO0OH
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 O are stored
in addresses 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 3-35. Example of RET

RET A
<1> . SP+4
Instruction code <1> SP+3 (SP+3)
/'L/' SP+2 (SP+2) Stack
OP-code SP+1 (SP+1) area
s |2 sp (SP)
//\\/ '
<2> FOOOOH
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
» The value of SP <3> is increased by four.
Figure 3-36. Example of interrupt, BRK
PSW </\
A
SP >
Instruction code SP-1 b PSW Stack
<1> SP-2 |, PC19-PC16 area
OP-code sP-3 [, PC15-PC8
or SP <3>SP- 4 PC7- PCO
v
Interrupt
<2>
FOOOOH
PC
e Stack addressing is specified <1>. In response to a BRK

instruction or acceptance of an interrupt, the value of the
program counter (PC) changes to indicate the address of
the next instruction.

e The values of the PSW, PC bits 19 to 16, 15to0 8, and 7 to
0 are stored in addresses SP -1, SP -2, SP - 3, and
SP — 4, respectively <2>.

o The value of the SP <3> is decreased by 4.

Memory
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Figure 3-37. Example of RETI, RETB

RETI, RETB
<1> PSW —
\ A
SP+4 (
SP
Instruction code <1> SP+3 (SP+3)
SP+2 (SP+2) Stack
OP-code SP+1 (SP+1) area
P - (SP)
o ,,
<2> FOOOOH
PC
¢ Stack addressing is specified <1>.
¢ The contents of addresses SP, SP + 1, SP + 2, and SP + 3 are Memory
stored in PC bits 7 to 0, 15 to 8, 19 to 16, and the PSW, respectively
<2>.
» The value of SP <3> is increased by four.
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4.1 Port Functions

CHAPTER 4 PORT FUNCTIONS

The RL78 microcontrollers are provided with digital 1/0 ports, which enable variety of control operations.
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

4.2.1 Port configuration of RL78/G1M products
Ports include the following hardware.

Table 4-1. Port Configuration (RL78/G1M)

Iltem

Configuration

Control registers

Port mode registers 0, 1, 4 (PMO, PM1,PM4)

Port registers 0, 1, 4, 12, 13 (PO, P1, P4, P12, P13)

Pull-up resistor option registers 0, 1, 4, 12 (PUO, PU1, PU4, PU12)
Port output mode registers 0, 1 (POMO, POM1)

Port mode control registers 0, 1 (PMCO, PMC1)

Peripheral 1/O redirection register (PIOR)

Port Total: 18 (CMOS 1/0: 16 (N-ch open-drain output (Voo tolerance): 2), CMOS input: 2)
On-chip pull-up resistor Total: 17
On-chip pull-down resistor Total: 0
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@

@

©)

4)

Port 0

Port 0 is an I/O port with output latches. Port 0 can be set to the input mode or output mode in 1-bit units using port
mode register 0 (PM0). When the P00 to P07 pins are used as input pins, use of the on-chip pull-up resistors can
be specified in 1-bit units by pull-up resistor option register 0 (PUO).

Output from the P06 pin can be specified as N-ch open-drain (Vop tolerance) in 1-bit units using port output mode
register 0 (POMO).

This port can also be used for real-time output, analog input, key return input, and external interrupt request input.
Reset signal generation sets P00 to P06 to input mode, and sets P07 to analog input mode.

Port 1

Port 1 is an /O port with output latches. 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 P16 pins are used as input pins, use of the on-chip pull-up resistors can
be specified in 1-bit units by pull-up resistor option register 1 (PU1).

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

This port can also be used for serial interface data 1/0O, clock I/O, analog input, key return input, clock/buzzer output,
timer 1/0O, and external interrupt request input.

Reset signal generation sets P10 to P16 to analog input mode.

Port 4

Port 4 is an 1/O 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 is used as an input pin, use of the 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.

Port 12

Port 12 is an input-only port. Use of an on-chip pull-up resistor can be specified for P125 using pull-up resistor
option register 12 (PU12) (the on-chip pull-up resistor is always valid when RESET input is selected (PORTSELB =
1)).

This port can also be used for key return input and reset input.

Caution Once the power is turned on, P125 functions as the RESET input. The PORTSELB bit of the
option byte (000C1H) defines whether this port operates as P125/KR1 or RESET. When this pinis
set to P125/KR1, do not input the low level to this pin during a reset by the selectable power-on-
reset (SPOR) circuit and during the period from release from the reset by the SPOR circuit to the
start of normal operation. If input of the low level continues during this period, the chip will
remain in the reset state in response to the external reset. Accordingly, the pull-up resistor is
enabled after power is turned on.

(5) Port 13

Port 13 is an input-only port. This port can also be used for timer input and external interrupt request input.
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4.2.2 Port configuration of RL78/G1N products
Ports include the following hardware.

Table 4-2. Port Configuration (RL78/G1N)

Item Configuration

Control registers Port mode registers 0, 1, 4 (PMO, PM1,PM4)

Port registers 0, 1, 4, 12, 13 (PO, P1, P4, P12, P13)

Pull-up resistor option registers 0, 1, 4, 12 (PUO, PU1, PU4, PU12)
Pull-down resistor option registers 0, 1 (PDO, PD1)

Port output mode registers 0, 1 (POMO, POM1)

Port mode control registers 0, 1 (PMCO, PMC1)

Peripheral 1/O redirection register (PIOR)

Port Total: 18 (CMOS 1/0O: 16 (N-ch open-drain output (Voo tolerance): 8),
P-ch open-drain output (Voo tolerance): 6), CMOS input: 2)
On-chip pull-up resistor Total: 17
On-chip pull-down resistor Total: 8
(1) PortO
Port 0 is an I/O port with output latches. Port 0 can be set to the input mode or output mode in 1-bit units using port
mode register 0 (PM0). When the P00 to P07 pins are used as input pins, use of the on-chip pull-up resistors can
be specified in 1-bit units by pull-up resistor option register 0 (PUO).
When the P06 and P07 pins are used as input pins, use of the on-chip pull-down resistors can be specified in 1-bit
units by pull-down resistor option register 0 (PDO).
Output from the P00 to P05 pins can be specified as P-ch open-drain (Vop tolerance) in 1-bit units using port output
mode register 0 (POMO).
Output from the P06 and P07 pins can be specified as N-ch open-drain (Vop tolerance) in 1-bit units using port
output mode register 0 (POMO).
This port can also be used for serial interface data 1/0, clock 1/0, analog input, key return input, and external
interrupt request input.
Reset signal generation sets P00 to P06 to input mode, and sets P07 to analog input mode.
(2) Portl
Port 1 is an /O port with output latches. 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 P16 pins are used as input pins, use of the on-chip pull-up resistors can
be specified in 1-bit units by pull-up resistor option register 1 (PU1). When the P10 to P15 pins are used as input
pins, use of the on-chip pull-down resistors can be specified in 1-bit units by pull-down resistor option register 1
(PD1).
Output from the P10 to P15 pins can be specified as N-ch open-drain (Voo tolerance) in 1-bit units using port output
mode register 1 (POM1).
This port can also be used for serial interface data 1/0, clock I/O, analog input, key return input, clock/buzzer output,
timer 1/0, and external interrupt request input.
Reset signal generation sets P10 to P16 to analog input mode.
(3) Port4
Port 4 is an I/O 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 is used as an input pin, use of the 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 I/O for a flash memory programmer/debugger.
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(4) Port 12
Port 12 is an input-only port. Use of an on-chip pull-up resistor can be specified for P125 using pull-up resistor
option register 12 (PU12) (the on-chip pull-up resistor is always valid when RESET input is selected (PORTSELB =
1)).

This port can also be used for key return input and reset input.

Caution Once the power is turned on, P125 functions as the RESET input. The PORTSELB bit of the
option byte (000C1H) defines whether this port operates as P125/KR1 or RESET. When this pinis
set to P125/KR1, do not input the low level to this pin during a reset by the selectable power-on-
reset (SPOR) circuit and during the period from release from the reset by the SPOR circuit to the
start of normal operation. If input of the low level continues during this period, the chip will
remain in the reset state in response to the external reset. Accordingly, the pull-up resistor is
enabled after power is turned on.

(5) Port 13
Port 13 is an input-only port. This port can also be used for timer input and external interrupt request input.
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4.3 Registers Controlling Port Function

Port functions are controlled by the following registers.

e Port mode registers 0, 1, 4 (PMO, PM1, PM4)

e Port registers 0, 1, 4, 12, 13 (PO, P1, P4, P12, P13)
e Pull-up resistor option registers 0, 1, 4, 12 (PUO, PU1, PU4, PU12)

e Pull-down resistor option registers 0, 1 (PD0, PD1)Note
e Port output mode registers 0, 1 (POMO, POM1)
e Port mode control registers 0, 1 (PMCO, PMC1)
e Peripheral 1/O redirection register (PIOR)

Note RL78/G1N only

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.

Table 4-3. Pm, PMn, PUy, PDz, POMz, PMCz Registers and the Bits

Bit Name
Port Pm Register PMn Register | PUy Register |PDz Register"°®*| POMz Register | PMCz Register
PORTO 0 P00 PMO00 PUOO - POMOQNte -
1 PO1 PMO1 PUO1 — POMO1Nete -
2 P02 PM02 PU0O2 — POMOQ2Note -
3 P03 PMO03 PUO3 - POMO3Nete -
4 P04 PM04 PUO4 — POMO4Nete -
5 P05 PMO05 PUO5 - POMO5Nete -
6 P06 PMO06 PU0O6 PDO6Net® POMoO6N°te -
7 PO7 PMO7 PUO7 PDOQ7Note POMOQ7Note PMCO7
PORT1 0 P10 PM10 PU10 PD1QNote POM1QNete PMC10
1 P11 PM11 PU11 PD11Note POM11Nete PMC11
2 P12 PM12 PU12 PD12Note POM12Nete PMC12
3 P13 PM13 PU13 PD13Nete POM13Nete PMC13
4 P14 PM14 PU14 PD14Note POM14Nete PMC14
5 P15 PM15 PU15 PD15Note POM15Nete PMC15
6 P16 PM16 PU16 — — PMC6
PORT4 0 P40 PM40 PU40 — — -
PORT12 5 P125 - PU125 — — -
PORT13 7 P137 - - — — -
Note RL78/G1N only.
Remark m=0,1,4,12,13
n=0,1,4
y=0,1,4,12
Z=0,1
The format of each register is described below.
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4.3.1 Port mode registers 0, 1, 4 (PMO, PM1, PM4)
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 referring to 4.5 Register Settings

When an Alternate Function Is Used .

Figure 4-1. Format of Port Mode Registers 0, 1, 4 (PMO, PM1, PM4)

Symbol 7 6 5 4

3 2 1 0

Address

PMO | PMO7 [ PMO06 [ PMO05 | PMO04 [ PMO03 ’ PMO02 | PMO1 [ PMO00O | FFF20H

PM1 | 1 ‘ PM16 ‘ PM15 | PM14 ‘ PM13 ‘ PM12 | PM11 ‘ PM10 | FFF21H

PM4 | 1 ‘ 1 ‘ 1 | 1 ‘

1 ‘ 1 | 1 ‘PM40|FFF24H

After reset

FFH

FFH

FFH

R/W
R/W

R/W

R/W

PMmn

Pmn pin 1/0 mode selection

0 Output mode (output buffer on)

1 Input mode (output buffer off)

m=0,1,4,n=0to7

Caution Be sure to set bits that are not mounted to their initial values.
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4.3.2 Port registers 0, 1, 4, 12, 13 (PO, P1, P4, P12, P13)

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
readote,

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

Reset signal generation sets the P12 and P13 registers to the undefined value, and clears the other registers to O0H.

Note When a pin that is set as an analog input pin (PMCOx = 1, PMOx = 1) is read, the value read is always 0
regardless of the input signal level on the pin.
When the data bit for P125 is read while the setting for the P125/KR1/RESET pin is RESET input (PORTSELB
= 1), the value read is always 1.

Figure 4-2. Format of Port Registers 0, 1, 4, 12, 13 (PO, P1, P4, P12, P13)

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
PO | pPo7 | P06 ‘ P05 ‘ P04 | P03 ‘ P02 ‘ P01 ‘ POO | FFFOOH  OOH (output latch) R/W
P1 | 0 | P16 ‘ P15 ‘ P14 ‘ P13 ‘ P12 ‘ P11 ‘ P10 | FFFO1H  OOH (output latch) R/W
P4 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ P40 | FFFO4H  OOH (output latch) R/W
P12 | 0 | 0 ‘ P125 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FFFOCH Undefined R
P13 | P137 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FFFODH Undefined R

Pmn Output data control (in output mode) Input data read (in input mode)
0 Output 0 Input low level
1 Output 1 Input high level

m=0,1,4,12,13;n=0to 7

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 0, 1, 4, 12 (PUO, PU1, PU4, PU12)

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 that satisfy the following three conditions for the pins to which the use of an on-chip pull-
up resistor has been specified in these registers.

Usage conditions of the on-chip pull-up resistor:

e PMmn = 1 (Input mode)
e PMCmn = 0 (Digital 1/0)
e POMON = 0 (Normal output mode)

On-chip pull-up resistors cannot be connected to bits set to output mode and bits used as alternate-function output pins,
regardless of the settings of these registers.

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

Reset signal generation sets PU4 to 01H, PU12 to 20H, and clears PUO and PU1 to O0H.

Figure 4-3. Format of Pull-up Resistor Option Registers 0, 1, 4, 12 (PUO, PU1, PU4, PU12)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PUO | PU07 | PU06 ‘ PU05 ‘ PUO4 | PUO3 ‘ PU02 ‘ PUO1 ‘ PUOO | FO030H 00H R/W
PU1 | 0 | PU16 ‘ PU15 ‘ PU14 | PU13 ‘ PU12 ‘ PU11 ‘ PU10 | FO031H 01H R/W
PU4 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU40 | F0034H 01H R/W
PU12 | 0 | 0 ‘ PU125Nte 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FOO3CH 20H R/IW

PUmn Pmn pin on-chip pull-up resistor selection
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected

m=0,1,4,12;n=0to 7

Note This bit can be only manipulated when the P125/KR1 function is selected (PORTSELB = 0) (the on-chip
pull-up resistor is always valid (PU125 = 1) when the RESET input (PORTSELB = 1) is selected).

Cautions 1. Be sure to set bits that are not mounted to their initial values.
2. When both a pull-up and a pull-down register are connected to a port, do not enable both
registers at the same time.
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4.3.4 Pull-down resistor option registers 0, 1 (PDO, PD1) (RL78/G1N only)

These registers specify whether the on-chip pull-down resistors are to be used or not. On-chip pull-down resistors can
be used in 1-bit units only for the bits that satisfy the following three conditions for the pins to which the use of an on-chip

pull-down resistor has been specified in these registers.
Usage conditions of the on-chip pull-down resistor:
e PMmn = 1 (Input mode)
e PMCmn = 0 (Digital 1/0)
e POMON = 0 (Normal output mode)

On-chip pull-down resistors cannot be connected to bits set to output mode and bits used as alternate-function output

pins, regardless of the settings of these registers.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears PDO and PD1 to OOH.

Figure 4-4. Format of Pull-down Resistor Option Registers 0, 1 (PDO, PD1)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PDO | PDO7 | PD06 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FO074H 00H R/W
PD1 | 0 | 0 ‘ PD15 ‘ PD14 | PD13 ‘ PD12 ‘ PD11 ‘ PD10 | FO075H 01H R/W

PDmn Pmn pin on-chip pull-down resistor selection
0 On-chip pull-down resistor not connected
1 On-chip pull-down resistor connected

m=0,1;n=0to7

Cautions 1. Be sure to set bits that are not mounted to their initial values.

2. When both a pull-up and a pull-down register are connected to a port, do not enable both

registers at the same time.
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4.3.5 Port output mode registers 0, 1 (POMO, POM1)
This register sets CMOS output/N-ch open drain output or CMOS output/P-ch open drain output in 1-bit units.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Caution An on-chip pull-up resistor/on-chip pull-down resistor is not connected to a bit for which N-ch open

drain output (Vob tolerance) mode or P-ch open drain output (Voo tolerance) mode (POMOn =1) is set.

Figure 4-5. Format of Port Output Mode Registers 0, 1 (POMO, POM1)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
POMO |POMO7N°te POMO06 ‘POMOSN"te POMO04"°'| POMO3Nte| POMO2'°'| POMO1M'®| POMOO™|  FOO50H OOH R/W
POM1 | 0 | 0 ‘POMlSN"te POM14'°e| POM13"te| POM12Nee| POM11€| POM10 | FOO51H 0OH R/W
POMmMN Pmn pin output mode selection
0 Normal output mode
1 N-ch open-drain output (Voo tolerance) mode (mn = 06, 07, 10 to 15)
P-ch open-drain output (Voo tolerance) mode (mn = 00 to 05)

Note RL78/G1N only.

m=0,1;n=0to7

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 0, 1 (PMCO, PMC1)
This register sets the digital I/0 or analog input in 1-bit units.
This register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Figure 4-6. Format of Port Mode Control Registers 0, 1 (PMCO, PMC1)

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMCO | PMCO07 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘ 1 | FO060H FFH R/W
PMC1 | 1 | PMC16 ‘ PMC15 ‘ PMC14 | PMC13 ‘ PMC12 ‘ PMC11 ‘ PMC10 | FO061H FFH R/W
PMCmn Pmn pin digital I/O/analog input selection
0 Digital I/O (alternate function other than analog input)
1 Analog input

m=0,1;n=0to 7

Cautions 1. Select input mode by using port mode registers 0, 1 (PMO, PM1) for the ports which are set

by the PMCO and PMC1 registers as analog input.
2. Besureto set bits that are not mounted to their initial values.
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4.3.7 Peripheral I/O redirection register (PIOR)
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 PIOR 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 clears this register to 00H.

Figure 4-7. Format of Peripheral /0 Redirection Register (PIOR)

RL78/G1N products

Symbol 7 6 5 4 3 Address  After reset R/W
PIOR | 0 | PIOR6 ‘ PIORS5 ‘ PIOR4 | PIOR3 ‘ PIOR2 ‘ PIOR1 ‘ PIORO | FO077H O00H R/W
RL78/G1M products
Symbol 7 6 5 4 3 Address  After reset R/W
PIOR | PIOR7 | 0 ‘ 0 ‘ 0 | 0 ‘ PIOR2 ‘ PIOR1 ‘ PIORO | FOO77H 00H R/W
Setting value
Bit Function

0 1

PIOR7Note 1 S0O00/TxD0 P06 P10

SI00/RxDO P07 P15

SCKO00 P10 P16

PIORGN°® 2 TxDO P06 P16

RxDO PO7 P137

PIOR5Note 2 SO00/TxD0 P06 PO1

SI00/RxDO P07 P137

SCKO00 P10 P16

PIOR4Note 2 SO00/TxD0 P06 PO1

SI00/RxDO P07 P137

SCKO00 P10 P0OO

PIOR3Note 2 KRO P40 P00

PIOR2 INTP1 P06 P11

PIOR1 TI01/TOO01 P12 P40

PIORO PCLBUZO P10 P40

Notes 1. RL78/G1M products only.

2. RL78/G1N products only.

Cautions 1. Itis prohibited to set PIORO and PIOR1 to 1 at the same time.
2. ltis prohibited to set PIOR3 and PIOR4 to 1 at the same time.
3. ltis prohibited to set two or more of PIOR4, PIOR5, and PIORS6 at the same time.
4. Be sureto set bits that are not mounted to their initial values.
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4.4 Port Function Operations
Port operations differ depending on whether the input or output mode is set, as shown below.
4.4.1 Writing to I/O port

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

(2) Input mode
A value is written to the output latch by a transfer instruction, but since the output buffer is off, the pin status does
not change. 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 I/O port

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

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

4.4.3 Operations on I/O port

(1) Output mode
An operation is performed on the output latch contents, and the result is written to the output latch. The output
latch contents are output from the pins.
Once data is written to the output latch, it is retained until data is written to the output latch again.
The data of the output latch is cleared when a reset signal is generated.

(2) Input mode
The pin level is read and an operation is performed on its contents. The result of the operation is written to the
output latch, but since the output buffer is off, the pin status does not change. 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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4.5 Register Settings When an Alternate Function Is Used

4.5.1 Basic concepts on using an alternate function

If a given pin is also used alternately for analog input, first in the port mode control register 0 (PMCO) specify whether
the pin is to be used in analog input or digital output.

The basic configuration of an output circuit for pins that are used in digital I/O is shown in Figure 4-8. The output from
the SAU function doubling as an output from the port output latch is input into the AND gate. The output from the AND
gate is input into the OR gate. To the other input pin for the OR gate, the outputs from alternate non-SAU functions (TAU,
clock/buzzer output, etc.) are connected. When such a pin is used as a port or alternate function, the alternate function
that is not used must not interfere with the output from the function to be used. Table 4-4 summarizes underling concepts
of specifying basic settings for making that distinction.

Figure 4-8. Basic Configuration of the Output Circuit for the Pins

™  WRrorT
Vob
l Output latch
~ (Pmn) |
WRpwm Pmn/Alternate function
l PM register fl_>o—| N -ch
2] ~ (PMmn)
o]
g WRrom
T Vss
g l
& POM register [note 1 To the input circuit
(POMmn)
Alternate function |note 2
(SAU)
Alternate function |note 3
(other than SAU)
N

Notes 1. Inthe absence of a POM register, this signal should be considered Low (0).
2. Inthe absence of an alternate function, this signal should be considered High (1).
3. Inthe absence of an alternate function, this signal should be considered Low (0).

Remark m: port number (m =0, 4, 12, 13); n: bit number (n =0to 7)

Table 4-4. Basic Settings

Output Function of the Pin Output Settings for Alternate Functions That Are Not Used
Used Port Function SAU Output Function Non-SAU Output Function
Port output function - Output: High (1) Output: Low (0)
SAU output function High (1) - Output: Low (0)
Non-SAU output function Low (0) Output: High (1) Output: Low (0)Note

Note Since more than one non-SAU output function can be assigned to a given pin, the output from an alternate
function that is not used must be set to Low (0). For specific settings methods, see 4.5.2 Register settings for
alternate functions that do not use an output function.
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4.5.2 Register settings for alternate functions that do not use an output function
If the output from an alternate function associated with a pin is not used, the settings described below must be specified.
If the pin is subject to a peripheral I/O redirect function, the output can be changed to another pin by setting the peripheral

I/O redirection register (PIOR). In this manner, the port function or another alternate function that is assigned to the target

pin can be used.

@)

@)

©)

(4)

SOp = 1/TXDq = 1 (when not using the serial output (SOp/TXDq) of SAU)

In situations where serial output (SOp/TXDq) is not used, such as when SAU is used exclusively for serial input, set
the bits in the serial output enable register m (SOEm) associated with the output that is not used to 0 (output
disabled), and the SOmn bit in the serial output register m (SOm) to 1 (High). This is the same as the default
settings.

SCKp =1 (when not using the channel n of SAU)

When not using SAU, set the bit n (SEmn) in the serial channel enable status register m (SEm) to O (operation
halted status), set the bits in the serial output enable register m (SOEm) associated with the output that is not used
to 0 (output disabled), and the SOmn and CKOmn bits in the serial output register m (SOm) to 1 (High). This is the
same as the default settings.

TOmn =0 (when not using the output from the channel n of TAU)

When not using the TOmn output from TAU, set the bits in the timer output enable register 0 (TOEOQ) associated
with the output that is not used to 0 (output disabled), and the bits in the timer output register 0 (TOOQ) to 0 (Low).
This is the same as the default settings.

PCLBUZn =0 (when not using the clock output/buzzer output)
When not using the clock output/buzzer output, set the PCLOER bit in the clock output selection register n (CKSn)
to 0 (output disabled). This is the same as the default settings.

4.5.3 Example of register settings for port and alternate functions used

Tables 4-5 and 4-6 show examples of register settings for port and alternate functions that are used. Registers that
control the port functions should be set as indicated in Tables 4-5 and 4-6. For conventions used in Tables 4-5 and 4-6,
see the remarks provided below:

Remark - Excluded
X: don't care
PIOR: Peripheral I/O redirection register
POMz: Port output mode register z (z=0, 1)
PMCz: Port mode control register z (z=0, 1)
PMn: Port mode registern (n =0, 1, 4)
Pm: Port output latch (m =0, 1, 4, 12, 13)
PUy: Pull-up resistor option registery (y =0, 1, 4, 12)
PDz: Pull-down resistor option register z (z = 0, 1)

Functions in parentheses in the above table can be assigned via settings in the peripheral I/O redirection
register (PIOR).
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Table 4-5. Examples of Register And Output Latch Settings With Pin Functions (RL78/G1M) (1/4)

Pin Function PIOR POMz | PMCz PMn Pm PUy Alternate Function Output
Name 110 SAU Output Non-SAU
Function

POO | POO Input - - - 1 X 0/1 - X
Output - - - 0 0/1 X - RTIO00 =0

INTP5 Input - - - 1 X 0/1 - X

RTIO00 Output - — - 0 0 X — X

PO1 | PO1 Input - - - 1 X 0/1 - X
Output - - - 0 0/1 X - RTIO01 =0

INTP4 Input - - - 1 X 0/1 - X

RTIOO01 Output - - - 0 0 x - x

P02 | PO2 Input - - - 1 X 0/1 - X
Output - - - 0 0/1 X - RTIO02=0

RTIO02 Output - — - 0 0 X — X

P03 | PO3 Input - - - 1 X 0/1 - X
Output - - - 0 0/1 x - RTIO03 =0

RTIO03 Output - - - 0 0 X - X

P04 | PO4 Input - - - 1 X 0/1 - X
Output - - - 0 0/1 X - RTIO04 =0

RTIO04 Output - - - 0 0 X - X

P05 | PO5 Input - - - 1 X 0/1 - X
Output - - - 0 0/1 X - RTIO05 =0

RTIO05 Output - - - 0 0 x - x
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Table 4-5. Examples of Register And Output Latch Settings With Pin Functions (RL78/G1M) (2/4)

Pin Function PIOR POMz | PMCz PMn Pm PUy Alternate Function Output
Name 110 SAU Output Non-SAU
Function
P06 | PO6 Input - X - 1 X 0/1 X X
Output - 0 - 0 0/1 x SO00/TxDO0 =1 RTIO06 =0
N-ch open- - 1 - 0 0/1 X
drain output
SO00 Output PIOR7 =0 0/1 - 0 1 x x RTIO06 =0
TxDO Output 0/1 - 0 1 X X RTIO06 =0
INTP1 Input PIOR2 =0 X - 1 X 0/1 x X
RTIO06 Output - 0 - 0 0 x SO00/TxD0 =1 x
N-ch open- - 1 - 0 0 X SO00/TxD0 =1 X
drain output
P07 | PO7 Input — - 0 1 x 0/1 - x
Output - - 0 0 0/1 x - RTIO07 =0
ANIO Input - - 1 1 x x - x
SI00 Input PIOR7 =0 — 0 1 x 0/1 - x
RxDO Input - 0 1 X 0/1 - X
KR2 Input - - 0 1 X 0/1 - X
RTIO07 Output — — 0 0 0 x - X
P10 | P10 Input - X 0 1 x 0/1 x x
Output - 0 0 0 0/1 x SCKO0 (SO0/TxD0) | PCLBUZO =0
=1
N-ch open- - 1 0 0 0/1 X SCKO00 (SO0/TxD0)
drain output =1
ANI1 Input — X 1 1 X x x x
SCKO00 Input PIOR7 =0 X 0 1 X 0/1 X X
Output 01 0 0 1 x x PCLBUZO =0
PCLBUZO Output PIOR0O=0 0 0 0 0 x SCKO0 (SO0/TxDO0) x
=1
KR3 Input - X 0 1 X 0/1 X X
(S0O00) Output PIOR7 =1 0/1 0 0 1 x x PCLBUZ0 =0
(TXDO) Output PIOR7=1| O0/1 0 0 1 x x PCLBUZO =0
P11 | P11 Input - - 0 1 X 0/1 - X
Output - - 0 0 0/1 x - TO00 =0
ANI2 Input - - 1 1 X X - X
TOO00 Output - - 0 0 0 x - x
KR4 Input - - 0 1 X 0/1 - X
(INTP1) Input PIOR2 = 1 - 0 1 x 01 - x
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Table 4-5. Examples of Register And Output Latch Settings With Pin Functions (RL78/G1M) (3/4)

Pin Function PIOR POMz | PMCz | PMn Pm PUy Alternate Function Output

Name 110 SAU Output Non-SAU
Function

P12 | P12 Input - - 0 1 X 0/1 - x
Output - - 0 0 0/1 X - TO01=0

ANI3 Input - - 1 1 X X - X

TIO1 Input PIOR1=0 - 0 1 X 0/1 - X

TOO01 Output - 0 0 0 X - X

KR5 Input - - 0 1 x 0/1 - x

P13 | P13 Input — - 0 1 X 0/1 — X
Output — - 0 0 0/1 X — TO03=0

ANI4 Input — - 1 1 X X — X

TOO03 Output - - 0 0 0 0/1 - x

KR6 Input - - 0 1 X 0/1 - X

P14 | P14 Input - - 0 1 x X - -

Output - - 0 0 0/1 X - -

ANI5 Input — - 1 1 X 0/1 — -

TIO3 Input - - 0 1 X 0/1 - -

INTP3 Input - - 0 1 X 0/1 — —

P15 | P15 Input - - 0 1 x X - -

Output - - 0 0 0/1 X - -

ANI6 Input — - 1 1 X 0/1 — —

INTP2 Input - - 0 1 X 0/1 - -

(SI100) Input PIOR7 =1 - 0 1 x 01 - -

(RxDO0) Input - 0 1 X 0/1 - -

P16 | P16 Input — - 0 1 X x X X
Output - - 0 0 0/1 0/1 (SCK00) =1 TO02=0

T102 Input - - 0 1 X X x x

TO02 Output - - 0 0 0 0/1 (SCK00) = 1 x

KR7 Input - - 0 1 X 0/1 X X

(SCKO00) Input PIOR7 =1 - 0 1 X 0/1 x x
Output - 0 0 1 X TO02 =0

ANI7 Input - - 1 1 X X X X
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Table 4-5. Examples of Register And Output Latch Settings With Pin Functions (RL78/G1M) (4/4)

Pin Function PIOR POMz | PMCz | PMn Pm PUy Alternate Function Output
Name 110 SAU Output Non-SAU
Function
P40 | P40 Input — - - X 0/1 - X
Output - - - 0 0/1 X - (PCLBUZ0) =0
(TO01) =0

KRO Input - - - 1 x 0/1 - x
TOOLO 1/0 - - - x x x - x
(PCLBUZO) | Output PIORO = 1 - - 0 0 x - x

(TI02) Input PIOR1 =1 - - 1 x 01 - x
(TOO01) Output - - 0 0 X - X

P125 | p125Netet Input — - — - X 0/1 - -
KR1Note 1 Input _ _ — - x 0/1 - -
RESETM2 | |nput _ _ _ _ x on - -

P137 | P137 Input — - — - X - - _
TIOO Input - - - - x - - -

INTPO Input - - - - x - - —

Notes 1. PORTSELB = 0 (option byte 000C1H)
2. PORTSELB =1 (option byte 000C1H)
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Table 4-6. Examples of Register And Output Latch Settings With Pin Functions (RL78/G1N) (1/4)

Pin Function PIOR POMz | PMCz | PMn Pm PUy | PDz Alternate Function Output
Name I/0 SAU Output Non-SAU
Function
P00 | POO Input - x - 1 X 0/1 - X -
Output - 0 - 0 0/1 x - (SCK00) = 1 -
P-ch open- - - 0 0/1 X -
drain output
INTP5 Input - x - 1 X 0/1 - x -
(KRO) Input PIOR3 =1 x - 1 x 0/1 - x -
(SCKO00) Input PIOR4 =1 x - 1 x 0/1 - x -
Output PIOR4 =1 0 — 0 1 X — X —
PO1 | PO1 Input - X - 1 X 0/1 - X X
Output - 0 - 0 0/1 X - (TxD0/SO00) = 1 X
P-ch open- - 1 - 0 0/1 X - (TxD0/SO00) = 1 X
drain output
INTP4 Input — X - 1 x 0/1 — x X
(SO00) Output PIOR4 =1/ 0 - 0 1 x - x x
(TXDO) Output PIOR5 =1 0 - 0 1 x - x x
P02 | P02 Input - X - 1 X 0/1 - - -
Output - 0 - 0 0/1 X - - -
P-ch open- - 1 - 0 0/1 X - - -
drain output
P03 | PO3 Input - X - 1 X 0/1 - - -
Output - 0 - 0/1 X - — —
P-ch open- - 1 - 0/1 x - - -
drain output
P04 | PO4 Input - x - 1 x 0/1 - - -
Output - 0 - 0/1 X - - -
P-ch open- - 1 - 0/1 X - - -
drain output
PO5 | PO5 Input - X - 1 X 0/1 - - -
Output - 0 - 0/1 X - - -
P-ch open- - 1 - 0/1 X - - -
drain output
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Table 4-6. Examples of Register And Output Latch Settings With Pin Functions (RL78/G1N) (2/4)

Pin Function PIOR POMz | PMCz | PMn Pm PUy | PDz Alternate Function Output
Name 110 SAU Output Non-SAU
Function
P06 | PO6 Input - X - 1 X 0/1 0/1 X -
Output - 0 - 0 0/1 X X S000/TxD0 =1 -
N-ch open- - 1 - 0 0/1 X X
drain output
SO00 Output PIOR4=0/| 0/1 - 0 1 x x x -
PIOR5 =0
TxDO Qutput PIOR4=0/| 0/1 - 0 1 X X x -
PIORS5 =0/
PIOR6 =0
INTP1 Input PIOR2=0 x - 1 X 0/1 0/1 x -
P07 | PO7 Input - x 0 1 x 0/1 0/1 - -
Output - 0 0 0 0/1 X X - -
N-ch open- - 1 0 0 0/1 X X - -
drain output
ANIO Input - x 1 1 X X X — —
SI100 Input PIOR4 =0/ x 0 1 x 0/1 0/1 - -
PIOR5 =0
RxDO Input PIOR4 =0/ X 0 1 X 0/1 0/1 - -
PIOR5 =0/
PIOR6 =0
KR2 Input - X 0 1 x 0/1 0/1 - -
P10 | P10 Input - x 0 1 x 0/1 0/1 x x
Output - 0 0 0 0/1 x x SCK00 =1 PCLBUZO =0
N-ch open- - 1 0 0 0/1 X x SCK00 =1 PCLBUZO =0
drain output
ANI1 Input — X 1 1 X X X X X
SCKO00 Input PIOR4 =0/ x 0 1 x 0/1 0/1 x x
Output PIORS=0 | op 0 0 1 x x x PCLBUZO = 0
PCLBUZ0 Output PIORO=0 0 0 0 0 x x SCK00 =1 x
KR3 Input - X 0 1 X 0/1 0/1 X X
P11 | P11 Input - x 0 1 X 0/1 0/1 - x
Output - 0 0 0 0/1 X X - TO00 =0
N-ch open- - 0 0 0/1 X x - TO00 =0
drain output
ANI2 Input — X 1 1 X x X — x
TOO00 Output - 0 0 0 0 X X — X
KR4 Input - X 0 1 X 0/1 0/1 - X
(INTP1) Input PIOR2=1 x 0 1 x 0/1 0/1 - x
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Table 4-6. Examples of Register And Output Latch Settings With Pin Functions (RL78/G1N) (3/4)

Pin Function PIOR POMz | PMCz | PMn Pm PUy | PDz Alternate Function Output
Name 110 SAU Output Non-SAU
Function
P12 | P12 Input - X X 0/1 0/1 - x
Output - 0 0/1 X X - TO01=0
N-ch open- - 1 0 0 0/1 X X -
drain output
ANI3 Input - X 1 1 X X X — X
TIO1 Input PIOR1=0 X 0 1 X 0/1 0/1 — X
TOO1 Output 0 0 0 0 X X — X
KR5 Input - X 0 1 X 0/1 0/1 - X
P13 | P13 Input - x 0 1 x 0/1 0/1 - x
Output - 0 0 0 0/1 X x - TO03=0
N-ch open- - 1 0 0 0/1 X X -
drain output
ANI4 Input - X 1 1 X X X — x
TOO03 Output - 0 0 0 0 X X - x
KR6 Input - x 0 1 x 0/1 0/1 - X
P14 | P14 Input - X 0 1 X 0/1 0/1 — -
Output - 0 0 0 0/1 X X - -
N-ch open- - 1 0 0 0/1 X X - -
drain output
ANI5 Input - x 1 1 X x x - —
TIO3 Input - X 0 1 X 0/1 0/1 - -
INTP3 Input - x 0 1 x 0/1 0/1 - -
P15 | P15 Input - X 0 1 X 0/1 0/1 — -
Output - 0 0 0 0/1 X X - -
N-ch open- - 1 0 0 0/1 X x - -
drain output
ANI6 Input — X 1 1 X x x _ _
INTP2 Input - x 0 1 x 0/1 0/1 - -
P16 | P16 Input — — 0 1 x 0/1 — X X
Output - - 0 0 0/1 x - (SCK00/TXD0) = 1 TO02=0
TI02 Input - - 0 1 x 0/1 - x x
TO02 Output - - 0 0 0 x - (SCK00/TxD0) = 1 x
KR7 Input - - 0 1 X 0/1 - X X
(TxDO0) Output PIOR6 =1 - 0 0 1 X - X TO02=0
(SCKO00) Input PIOR5S=1| - 0 1 x 0/1 - x x
Output - 0 0 1 x - x TO02=0
ANI7 Input - — 1 1 x x - X X
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Table 4-6. Examples of Register And Output Latch Settings With Pin Functions (RL78/G1N) (4/4)

Pin Function PIOR POMz | PMCz | PMn Pm PUy | PDz Alternate Function Output
Name 1/0 SAU Output Non-SAU
Function
P40 | P40 Input - - - X 0/1 - - X
Output - - - 0 0/1 X - - (TO01) =0
(PCLBUZO0) =0

KRO Input PIOR3 =0 - — 1 X 0/1 - - X
TOOLO 1/10 - - — X x x — _ x
(PCLBUZO0) | Output PIORO = 1 - - 0 0 x - - x
(TI01) Input PIOR1 =1 - - 1 x 0/1 - - x
(TOO01) Output PIOR1 =1 - - 0 0 x - - x
P125 | p125hetet Input — — — - X 0/1 — - -
KR1Note 1 Input — — _ - x 0/1 _ - -
RESETM2 | |nput - _ _ _ x x _ _ _
P137 | P137 Input - — — - X - _ - _
TI00 Input - - - - x - _ - —
INTPO Input - - - - x - - - -
(S100) Input PIOR5 =0/ - - - x - _ - -

PIOR6 =0
(RxDO) Input PIOR4 =0/ - — - x - _ - —

PIOR5 =0/

PIOR6 =0

Notes 1. PORTSELB = 0 (option byte 000C1H)
2. PORTSELB =1 (option byte 000C1H)
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4.6 8-Seg LED Control Example (RL78/G1N Only)

4.6.1 Overview
This chapter describes how a 6-digit 8-segment LED is controlled via a port, by using an example.

4.6.2 Hardware connection example
Figure 4-9 shows an example of connecting the P00 to P05 pins to the COM pins that control LED digits, and the P06,

P07, and P10 to P15 pins to the SEG pins that control LED segments.

Figure 4-9. Hardware Connection Example

SEG_a
COM_1 SEG_b
COM_2 SEG ¢
COM_3 l l l SEG_d
COM_4 SEG_e
S AT
1 COM_6 -R'e GEEER'e GEER'e GEED'e GEED'e @EN’e SEG_g [
SEG_dp
R
“MT™MT P00 P15 1 ol e
“MM pPO1 P14 1 MMM
“™MM P02 P13 1 MM
=M P03 P12 1 T
Ll o4 RL78/G1IN P11 — AL
P05 P10 1 ™M
e | v P07 ﬁ_' -
P06
B Vss
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Table 4-7. Pins Used and Their Features (RL78/G1N Only)

Pin Name 110 Function
P00 Output COM output 1
PO1 Output COM output 2
P02 Output COM output 3
P03 Output COM output 4
P04 Output COM output 5
P05 Output COM output 6
P06 Output SEG output dp
P07 Output SEG output g
P10 Output SEG output f
P11 Output SEG output e
P12 Output SEG output d
P13 Output SEG output ¢
P14 Output SEG output b
P15 Output SEG output a

4.6.3 Port output timing

When the level of the output from a port that controls a digit is high and the level of the output from a port that controls
a segment is low, the corresponding LED lights.

COM_2

COM_3

COM_4

COM_5

COM_6

SEG_x

Figure 4-10. Port Output Timing
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4.6.4 Flowcharts

Figures 4-11 and 4-12 show the flowchart for a program when using INTTMOO as the interval timer.

(1) Main function

Figure 4-11. Flowchart of main Function Processing

(s )

A

Initialize

A

Set up the interval
timer.

A

Interval timer
Counting starts

INTTMOO interrupt
count value is;

4 5
A 4 A 4
Turn off Turn off
LED LED
A 4 A 4

Turn on the 5th
digit of LED

Turn on the 6th
digit of LED

A

S Indicates

Indicates

O

O 1 ...................
A 4 A
Turn off Turn off
LED LED
A 4 A
Turn on the 1st | | Turnon the 2nd
digit of LED digit of LED
y
|
' Indicates > C Indicates
\ A 4
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(2) INTTMOO interrupt processing

Figure 4-12. Flowchart of INTTMOO Interrupt Processing

( INTTMOO interrupt entry point )

INTTMOO interrupt count value + 1

INTTMOO interrupt
count value > 5?

INTTMOO interrupt count value =0

A

( Return >
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4.6.5 Register settings
The following describes the settings for the ports that control the LED. After setting these registers, the LED lights to
indicate a number corresponding to the P15 to P10 and P07 to POO pins.

(1) Clear the PMCO7 bit of the PMCO register to 0 to set the P07 pin to digital I/O mode.

7 6 5 4 3 2 1 0
PMCO07
PMCO
0 1 1 1 1 1 1 1

(2) Clear the PMC15 to PMC10 bits of the PMC1 register to 0 to set the P15 to P10 pins to digital I/O mode.
7 6 5 4 3 2 1 0

PMC16 PMC15 PMC14 PMC13 PMC12 PMC11 PMC10

PMC1
1 1 0 0 0 0 0 0

(3) Set the POMO7 to POMOO bits of the POMO register to 1 to set the P05 to P00 pins to P-ch open-drain output
mode and set the P06 and P07 pins to N-ch open-drain output mode (Voo tolerance).
7 6 5 4 3 2 1 0

POMO7 POMO06 POMO5 POMO4 POMO3 POMO2 POMO1 POMO0

POMO
0 0 1 1 1 1 1 1

(4) Set the POM15 to POM10 bits of the POM1 register to 1 to set the P15 to P10 pins to N-ch open-drain
output mode (Voo tolerance).
7 6 5 4 3 2 1 0

POM15 POMO0O4 POM13 POM12 POM11 POM10

POM1
0 0 1 1 1 1 1 1

(5) Clear the PM07 to PMOO bits of the PMO register to 0 to set the P07 to P00 pins to output mode.

7 6 5 4 3 2 1 0
PMO PMO7 PMO06 PMO05 PM04 PMO03 PM02 PMO1 PMOO
0 0 0 0 0 0 0 0

(6) Clear the PM15 to PM10 bits of the PM1 register to 0 to set the P15 to P10 pins to output mode.

7 6 5 4 3 2 1 0
PML1 PM16 PM15 PM14 PM13 PM12 PM11 PM10
1 1 0 0 0 0 0 0
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4.7 Cautions When Using Port Function

4.7.1 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.

Example

Explanation:

When PQO0 is an output port, PO1 to PQO7 are input ports (all pin statuses are high level), and the port
latch value of port 0 is 00H, if the output of output port POO is changed from low level to high level via a
1-bit manipulation instruction, the output latch value of port 0 is FFH.

The targets of writing to and reading from the Pn register of a port whose PMmn bit is 1 are the output
latch and pin status, respectively.

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

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

In step <1>, the output latch value (0) of P0OO, which is an output port, is read, while the pin statuses of
P01 to PO7, which are input ports, are read. If the pin statuses of PO1 to PO7 are high level at this time,
the read value is FEH.

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

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

Figure 4-13. Bit Manipulation Instruction (P00)

P00 —@ —> instruction (setl P0.0) POO _© >
PO1to PO7T——O <— :> PO1to P07 ——QO <—

Port 0 output latch Port 0 output latch

1-bit manipulation

Low-level output | is executed for POO High-level output
bit.

Pin status: High Pin status: High

[oJoJoJoJoJojojo] EIENENENENEN NN

1-bit manipulation instruction for POO bit

<1> Port register 0 (PO) is read in 8-bit units.
e For P00, an output port, the value of the port output latch (0) is read.
e For P01 to P07, input ports, the pin status (1) is read.
<2> Set the P00 bit to 1.
<3> Write the results of <2> to the output latch of port register 0 (PO) in 8-bit units.
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4.7.2 Notes on specifying the pin settings

For an output pin to which multiple alternate 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 1/O redirection register (PIOR). For details about the alternate output function, see 4.5 Register Settings
When an Alternate Function Is Used.

No specific setting is required for input pins because the output of their alternate functions is disabled (the buffer output
is Hi-Z).

Disabling the unused functions, including blocks that are only used for input or do not have /O, is recommended for
lower power consumption.
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CHAPTER 5 CLOCK GENERATOR

5.1 Functions of Clock Generator

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

(1) Main system clock
<1> High-speed on-chip oscillator

The frequency at which to oscillate can be selected from among fiH = 20/10/5/2.5/1.25 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.
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 5-4 Format of High-
Speed On-Chip Oscillator Frequency Selection 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)
12525 | 5 10 | 20

27V<Vop<55V N N \ v v
2.0V <Vop<27VNete | N N - -

Note Use this product within the voltage range from 2.25 to 5.5 V because the detection voltage (Vspor) of the
selectable power-on-reset (SPOR) circuit should also be considered.

(2) Low Speed On-chip Oscillator clock
This circuit oscillates a clock of fi. = 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.

e Watchdog timer
e 12-bit interval timer

This clock operates when bit 4 (WDTON) of the option byte (000COH), bit 4 (WUTMMCKO) of the operation speed
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 0,
oscillation of the LOCO stops if the HALT or STOP instruction is executed.

Remark fiH: High-speed on-chip oscillator clock frequency
fi: Low speed on-chip oscillator clock frequency
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5.2 Configuration of Clock Generator

The clock generator includes the following hardware.

Table 5-1. Configuration of Clock Generator

ltem

Configuration

Control registers

Peripheral enable register 0 (PERO)
High-speed on-chip oscillator frequency selection register (HOCODIV)
Operation speed mode control register (OSMC)

Oscillators

High-speed on-chip oscillator
Low-speed on-chip oscillator
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Remark fiH: High-speed on-chip oscillator clock frequency
fmain:  Main system clock frequency
fcik:  CPU/peripheral hardware clock frequency
fiL: Low-speed on-chip oscillator clock frequency

5.3 Registers Controlling Clock Generator
The following registers are used to control the clock generator.
e Peripheral enable register 0 (PERO)

e High-speed on-chip oscillator frequency selection register (HOCODIV)
e Operation speed mode control register (OSMC)
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5.3.1 Peripheral enable register 0 (PERO)
This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to 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.
e 12-bit Interval timer
e A/D converter
e Real-time output controllerNete
e Serial array unit 0
e Timer array unit 0

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 5-2. 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 TMKAEN | RTOENN* | ADCEN 0 0 SAUOEN 0 TAUOEN
TMKAEN Control of 12-bit interval timer input clock supply
0 Stops input clock supply.

e SFR used by the 12-bit interval timer cannot be written.
e The 12-bit interval timer is in the reset status.

1 Enables input clock supply.
e SFR used by the 12-bit interval timer can be read and written.

RTOEN Control of real-time output controller input clock supply

0 Stops input clock supply.
e SFR used by the real-time output controller cannot be written.
e The real-time output controller is in the reset status.

1 Enables input clock supply.
e SFR used by the real-time output controller 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.

Note RL78/G1M products only.

Caution Be sure to clear the following bits to 0.
RL78/G1M products: Bits 1, 3, and 4
RL78/G1N products: Bits 1, 3, 4, and 6
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Figure 5-2. Format of Peripheral Enable Register 0 (PERO) (2/2)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> 4 3 <2>
PERO TMKAEN | RTOENNete | ADCEN 0 0 SAUOEN
SAUOEN Control of serial array unit input clock supply
0 Stops input clock supply.

e SFR used by the serial array unit cannot be written.
e The serial array unit is in the reset status.

Enables input clock supply.
e SFR used by the serial array unit 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.

Enables input clock supply.
e SFR used by timer array unit can be read and written.

Note RL78/G1M products only.

Caution Be sure to clear the following bits to 0.

RL78/G1M products: Bits 1, 3, and 4
RL78/G1N products: Bits 1, 3, 4, and 6

5.3.2 Operation speed mode control register (OSMC)

The OSMC register can be used to control supply of the operation clock for the 12-bit interval timer.

When operating the 12-bit interval timer, set WUTMMCKO = 1 beforehand and do not set WUTMMCKO = 0 until the

timer is stopped.

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

Reset signal generation clears this register to 00H.

Figure 5-3. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H After reset: 00H R/W

Symbol 7 6 5 4 3 2
OosSMC 0 0 0 WUTMMCKO 0 0 ‘
WUTMMCKO Supply of operation clock for 12-bit interval timer
0 Stops Clock supply

1

Low-speed on-chip oscillator clock (fiL) supply
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5.3.3 High-speed on-chip oscillator frequency selection register (HOCODIV)

This register is used to change the frequency of the high-speed on-chip oscillator clock set with the option byte
(000C2H).

HOCODIV 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 5-4. Format of High-Speed On-Chip Oscillator Frequency Selection Register (HOCODIV)

Address: FOOA8H  After reset: value set by FRQSEL2 to FRQSELDO of the option byte (000C2H) R/W

Symbol 7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV 2|HOCODIV 1|HOCODIV 0
HOCODIV 2|HOCODIV 1|HOCODIV 0 High-speed on-chip oscillator clock frequency selection
0 0 1 20 MHz
0 1 0 10 MHz
0 1 1 5 MHz
1 0 0 2.5 MHz
1 0 1 1.25 MHz
Other than above Setting prohibited

Cautions 1. Set the HOCODIV register within the operable voltage range before and after the
frequency change.
2. After the frequency is changed with the HOCODIV register, the frequency is switched
after the following transition time has elapsed.
e Operation for up to three clocks at the pre-change frequency
e CPU/peripheral hardware clock wait at the post-change frequency for up to three
clocks
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5.4 System Clock Oscillator

5.4.1 High-speed on-chip oscillator

The high-speed on-chip oscillator is incorporated in the RL78/G1M, G1N. The frequency can be selected from among
20, 10, 5, 2.5, or 1.25 MHz by using the option byte (000C2H). The high-speed on-chip oscillator automatically starts
oscillating after reset release.

5.4.2 Low-speed on-chip oscillator

The low-speed on-chip oscillator is incorporated in the RL78/G1M, G1N.

The low-speed on-chip oscillator clock is used only as the watchdog timer and 12-bit interval timer clock. The low-
speed on-chip oscillator clock cannot be used as the CPU clock.

The low-speed on-chip oscillator runs while the watchdog timer is operating or when bit 4 (WUTMMCKO) in the
operation speed mode control register (OSMC) is set to 1.

The low-speed on-chip oscillator is stopped when the watchdog timer is stopped and WUTMMCKO is set to 0.
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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 fvaIN

- High-speed on-chip oscillator clock fiH
e Low-speed on-chip oscillator clock fiL
o CPU/peripheral hardware clock fcik

The CPU starts operation when the high-speed on-chip oscillator starts outputting after a reset release in the
RL78/G1M, G1N.

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

Figure 5-5. Clock Generator Operation When Power Supply Voltage Is Turned On

Power supply

voltage (Voo) SPOR release

reset voltage _

oV

<1>

Internal reset signal l

SPOR i
Reset processing"®® %!
1<3>
CPU clock < High-speed on-chip oscillator clock
3<2>
High-speed on-chip
oscillator clock (fiH)

Note 1 '

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

<2> When the power supply voltage exceeds detection voltage of the SPOR circuit, the reset is released and 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
an SPOR reset processing have been performed after reset release.

Notes 1. The reset processing time includes the oscillation accuracy stabilization time of the high-speed on-chip
oscillator clock.
2. For SPOR reset processing time, see CHAPTER 17 SELECTABLE POWER-ON-RESET CIRCUIT.
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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 (fcik) always starts operating with the high-speed on-chip
oscillator clock. The frequency of the high-speed on-chip oscillator can be selected by using FRQSELO to FRQSEL2 of
the option byte (000C2H). This frequency can be changed with the high-speed on-chip oscillator frequency select register
(HOCODIV).

[Option byte setting]
Address: 000C2H

Option byte 7 6 5 4 3 2 1 0
(000C2H) 1 1 1 1 1 FRQSEL2 | FRQSEL1 | FRQSELO
FRQSEL2 | FRQSEL1 | FRQSELO Frequency of the high-speed on-chip oscillator

0 0 1 20 MHz

0 1 0 10 MHz

0 1 1 5 MHz

1 0 0 2.5 MHz

1 0 1 1.25 MHz

Other than above Setting prohibited

[High-speed on-chip oscillator frequency selection register (HOCODIV) setting]
Address: FOOA8H

7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV 2|HOCODIV 1|HOCODIV 0
HOCODIV 2| HOCODIV 1 |HOCODIV 0 Selected frequency
0 0 1 20 MHz
0 1 0 10 MHz
0 1 1 5 MHz
1 0 0 2.5 MHz
1 0 1 1.25 MHz
Other than above Setting prohibited

Cautions 1. Set the HOCODIV register within the operable voltage range before and after the
frequency change.
2. After the frequency is changed with the HOCODIV register, the frequency is
switched after the following transition time has elapsed.
e Operation for up to three clocks at the pre-change frequency
e CPU/peripheral hardware clock wait at the post-change frequency for up to three
clocks
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5.6.2 CPU clock status transition diagram
Figure 5-6 shows the CPU clock status transition diagram of this product.

Figure 5-6. CPU Clock Status Transition Diagram

< High-speed on-chip oscillator: Woken up

Vop being greater than the detection voltage for the SPOR
circuit and release from the reset state due to any reset source.

%High—speed on-chip oscillator: Stops

(A)
CPU: Operating
with high-speed
on-chip oscillato)

(©)

CPU: High-speed
on-chip oscillator
—STOP

High-speed on-chip oscillator: Operating IE

CPU: High-speed
on-chip oscillator
— HALT

High-speed on-chip oscillator: Operating

Table 5-2 shows transition of the CPU clock and examples of setting the SFR registers.

Table 5-2. CPU Clock Transition and SFR Register Setting Examples (1/3)

(1) e HALT mode (B) set while CPU is operating with high-speed on-chip oscillator clock (A)

Status Transition Setting

(A) — (B) Executing HALT instruction

(2) o STOP mode (C) set while CPU is operating with high-speed on-chip oscillator clock (A)

(Setting sequence) >
Status Transition Setting
(A) — (C) Stopping peripheral functions that Executing STOP instruction
cannot operate in STOP mode
Remark (A)to (C)in Table 5-2 correspond to (A) to (C) in Figure 5-6.
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CHAPTER 6 TIMER ARRAY UNIT

The number of units or channels of the timer array unit is four channels.

The timer array unit has four 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 in combination to create a high-accuracy timer.

TIMER ARRAY UNIT

-

~

channel 0
channel 1
channel 2
\ channel 3 /
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For details about each function, see the table below.

Independent Channel Operation Function

Simultaneous Channel Operation Function

e Interval timer (— see 6.8.1) e One-shot pulse output (— see 6.9.1)
e Square wave output (— see 6.8.1) o Two-channel input with one-shot pulse output function
e External event counter (— see 6.8.2) (— see 6.9.2)

e Divider function (— see 6.8.3)

e Input pulse interval measurement (— see 6.8.4)

e Measurement of high-/low-level width of input signal
(— see 6.8.5)

e Delay counter (— see 6.8.6)

e PWM output function (— see 6.9.3)
e Multiple PWM output function (— see 6.9.4)

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:

e Interval timer (higher and lower 8-bit timers)
e Square wave output (lower 8-bit timer only)
e External event counter (lower 8-bit timer only)
e Delay counter (lower 8-bit timer only)
e PWM output function (lower 8-bit timer only)
e Multiple PWM output function (lower 8-bit timer only)

Interlinked operation of channel 1 with the serial array unit operating as UARTO can be obtained by setting the ISC

register. The input pulse interval measurement mode can then be used to measure the width at the baud rate of the other

party in communications and make the required adjustments in response

RO1UH0904EJ0100 Rev.1.00 I{ENESAS
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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 (INTTMOnN) at fixed intervals.

Interrupt request signal

Compare operatiori
(INTTMON)

Operation clock—
Channel n

(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).

Operation clock |Compare operatior{ Timer output _|_|_|_|_

Channel 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 (TIONn) has reached a specific value.

—; Timer inputg, Compare operatio Interrupt request signal
— - (TIOn) p 5 ' (INTTMOnN) 1

Edge detection Channel n

(4) Divider function (channels 0 and 3 only)
A clock input from a timer input pin (T100, TI03) is divided and output from an output pin (TO00, TO03).

Timer input |Compare operatiorl

JUUUL (TI00, TIO3)

Timer output _|_|_|_|_
(TOO00, TO03)

Channel n

(5) 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.

— = (Tion) -
Edge detection Channel n m xxH]
Start Capture
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(6) Measurement of high-/low-level width of input signal
Counting is started by a single edge of the signal input to the timer input pin (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.

i i Capture operation
— Tlmerlnput: | p P I _T L

_ Y (TIon) ! ]
Edge detection Channel n
tart Capture

(7) 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.

—— Timer inputg ( Compare operatio Interrupt request signal |-|
C j

— —  (TIon) (INTTMON)

Edge detection

hannel n

Start

Remark n: Channel number (n =0 to 3)
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6.1.2 Simultaneous channel operation function

By using the combination of a master channel (a reference timer mainly controlling the cycle) and a slave channel (a
timer 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.
——  Timerinputg,
] L Tlmeromput m Interrupt request signal
Edge detection (T10n) Channel n (master) (INTTMOnN)

Output Pulse width

- timing
|Compare operatloFI

Timer output \ ' .
k Channel p (slave) (TOOP) ' Set Reset
'(Master) (Slave)
Start
(Master)

(2) Two-channel input with one-shot pulse output function

Two channels are used as a set to generate any one-shot pulse by setting or resetting the timer output pin (TO03)
at a valid edge of the timer input pin (TIOn, TI03) input.

mer 4
Tlm_?lr nput G, .| m Interrupt request signal
(Tion) \_ Channel n (master) (INTTMOnN)
Output
timin
4 |Compare operatio;l ) g_m
Timer input Timer output ! i i
(TI03) \__Channel 3 (slave) (TOO03) ' Set Reset
'(INTTMOn) (TI03 edge detection)
Start

(TI0Nn edge detection)

Caution There are several rules for using the simultaneous channel operation function.
For details, see 6.4.1 Basic rules of simultaneous channel operation function.

Remark n: Channel number (n =0 to 3)
p: Slave channel number (0 < p < 3)
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(3) PWM (Pulse Width Modulation) output function

Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

Operation clock —«! Compare operatio

Interrupt request signal

Channel n (master) (INTTMOn)
( |Compare operatioq © Timer output
\Channel p (slave) " (TOOP) " Duty !

Cycle

(4) Multiple PWM (Pulse Width Modulation) output function

By extending the PWM function and using one master channel and two or more slave channels, up to three types

of PWM signals that have a specific period and a specified duty factor can be generated.

Operation clock ( Compare operatio Interrupt request signal

(INTTMON)
Channel n (master)

Channel p (slave)** (TOOp) 'Duty '
° " Period

(Compare operatio )
1 Timer output P

)

————

Channel g (slave)™*® (TOO0q) . Duty :
Period -

Timer output

Note This operation can be obtained with the lower 8-bit timer of channel 1 or 3.

Caution There are several rules for using the simultaneous channel operation function.
For details, see 6.4.1 Basic rules of simultaneous channel operation function.

Remark n: Channel number (n =0 to 3)
p, g: Slave channel number (0 <p <q<3)
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6.1.3 8-bit timer operation function (channels 1 and 3 only)

The 8-bit timer operation function makes it possible to use a 16-bit timer in a configuration consisting of two 8-bit timers
(higher and lower).

The 16-bit timer channels 1 and 3 support the following functions as 8-bit timer operation.

e Interval timer (higher and lower 8-bit timers)
e Square wave output (lower 8-bit timer only)
e External event counter (lower 8-bit timer only)
e Delay counter (lower 8-bit timer only)
e PWM output function (lower 8-bit timer only)
e Multiple PWM output function (lower 8-bit timer only)

Caution There are several rules for using 8-bit timer operation function.
For details, see 6.4.2 Basic rules of 8-bit timer operation function (only channels 1 and 3).
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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

Item

Configuration

Timer/counter

Timer counter register On (TCROnH, TCRONL)

Register

Timer data register On (TDROnH, TDRONL)

Timer input

TIOO to TIO3

Timer output

TOO0O0 to TOO03, output controller

Control registers

<Registers of unit setting block>

e Peripheral enable register 0 (PERO)

e Timer clock select register 0 (TPSO0)

e Timer channel enable status register 0 (TEO, TEHO)
e Timer channel start register 0 (TS0, TSHO)

e Timer channel stop register O (TTO, TTHO)

e Timer output enable register 0 (TOEQ)

e Timer output register 0 (TOO0)

e Timer output level register 0 (TOLO)

e Timer output mode register 0 (TOMO)

<Registers of each channel>

e Timer mode register On (TMRONH, TMRONL)
e Timer status register On (TSRON)

o Noise filter enable register 1 (NFEN1)

e Input switch control register (ISC)

e Port mode control register 0 (PMCO)

e Port mode register 0, 4 (PMO, PM4)

e Port register 0, 4 (PO, P4)

Remark n: Channel number (n =0 to 3)

Alternate port for timer I/O of the timer array unit channels varies depending on products.

Table 6-2. Timer I/O Pins in the Products

Timer Array Unit Channel 1/0O Pins of Each Products
Channel 0 P03/TO00, P137/TI00

Channel 1 P04/TI101/TO01, (P40/T101/TO01)
Channel 2 PO5/T102/TO02

Channel 3 P41/T103, PO7/TO03

Remarks 1. If a pinis to be used for both timer input and timer output, it can be used only for timer input or timer

output.

2. —: Not supported

The pin names in parentheses indicate function-multiplexed ports while PIORO bit in the peripheral I1/0
redirection register is set to 1.
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Figures 6-1 and 6-2 show the block diagrams of the timer array unit.

Figure 6-1. Entire Configuration of Timer Array Unit

Timer clock select register 0 (TPSO0)

PRS013 | PRS012 | PRS0 11| PRS010 | PRS003 | PRS002 | PRS001 | PRS000
[ | )| | [ . | |
4 4
feLk > Prescaler
[ [
fek/2 to fouk/21°
Peripheral enable Selector -t |
register 0 TAUOEN {/'
(PERO)
Selector -t
CKO1
CKO00
Input switch control
register (ISC) / \—>© TOO00
ISC T100 ©— —» INTTMOO
l N Channel 0 - (Timer interrupt)
TIor —H S =0 TO01
E — INTTMO1
RxDO ©@— & Channel 1 — INTTMO1H
(Serial input pin) \\ /
._,/ \—>@ TOO02
— INTTMxx
TIOZ@—\ Channel 2 / (Timer interrupt)
> / \—>© TOO03
- — INTTMxx
TIOS@—\ Channel 3 /—> INTTMxxH
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Figure 6-2. Internal Block Diagram of Channel of Timer Array Unit

(@) Channels 0 and 2
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| CK00 c ~
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6.2.1 Timer counter register On (TCRON)
TCRON register consists of two 8-bit read-only registers (TCROnH and TCRONL) and is used to count clocks (frcik).
When data is read from the TCROn register, the TCROnH and TCROnNL registers must be accessed consecutively.
The value of this counter is incremented or decremented in synchronization with the rising edge of a count clock (frci).
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 (TMRON)).

Figure 6-3. Format of Timer Counter Register On (TCROn) (n =0to 3)
Address: FO180H (TCROOL), FO181H (TCROOH)  Afterreset: FFH R
: FO182H (TCRO1L), FO183H (TCRO1H)
: FO184H (TCRO02L), FO185H (TCRO2H)

: FO186H (TCRO3L), FO187H (TCRO3H)

TCRONH TCRONL

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

e | | [ 0 P PP

Remark n: Channel number (n =0 to 3)

Reading from the TCRONH and TCROnNL registers must be performed successively, in order of the TCRONL register and
the TCRONH register. If data are read from TCROnL between the successive read, reading is not performed correctly.

Caution Consecutive reading from the TCROnH and TCROnNL registers must be performed in the state where
an interrupt is disabled by the Dl instruction.

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
e When the TAUOEN bit of peripheral enable register 0 (PERO) is cleared
e \When counting of the slave channel has been completed in the PWM output mode
e When counting has been completed in the delay count mode
e When counting of the master/slave channel has been completed in the one-shot pulse output mode
e \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.
e When the start trigger is input in the capture mode
e \When capturing has been completed in the capture mode

Cautions 1. The count value is not captured to timer data register On (TDROn) even when the TCROn register
is read.
2. When channels 1 and 3 are used in 8-bit timer mode (SPLIT = 1), it is prohibited to read the
TCRO1H and TDRO1H registers or the TCRO3H and TDRO3H registers.
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The TCROnN register read value differs as follows according to operation mode changes and the operating status.

Table 6-3. Timer Counter Register On (TCROn) Read Value in Various Operation Modes

Operation Mode Count Mode Timer Counter Register On (TCRON) Read Valug\°t®
Value if the operation | Value if the count Value if the operation | Value when waiting
mode was changed operation paused mode was changed for a start trigger after
after releasing reset (TTOn =1) after count operation | one count
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 Following timer operation of channel n being stopped (TEOn = 0), this is the value read from the TCROnN register at the
time counter operation is enabled (TSOn = 1). The TCROn register retains this value until counting starts.

Caution When channels 1 and 3 are used in 8-bit timer mode (SPLIT = 1), it is prohibited to read the TCRO1H and
TDRO1H registers or the TCRO3H and TDRO3H registers.

Remark n: Channel number (n =0 to 3)
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6.2.2 Timer data register On (TDROnN)

The TDROnN register consists of two eight bit registers (TDROnH, TDROnL) for which the capture or comparison
functions can be selected.

Switching between the capture and comparison functions is by using the MDOn3 to MDONO bits of the timer mode
register On (TMRON) to select the operating mode.

When using the TDROn register as a compare register, the value of the TDROnL and TDROnH registers can be
changed at any time.

For access to a TDROnN register, the TDRONH and TDRONL registers must be accessed consecutively.

In eight-bit timer mode (i.e. when the SPLITOn bit of timer mode register On (TMRON) is set to “1”), the TDROn register
can be rewritten in eight-bit units, with the higher 8 bits used as TDROnH and the lower 8 bits used as TDROnL.

The following points for caution apply when data are read from or written to TDROnH and TDROnNL registers.

e |n 16-bit timer mode (when channels 0 and 2 are in use, or bit 3 (SPLITOn) of the TMRONH register of channels 1 and
3 is cleared to “0”)
Writing to TDROnH and TDROnNL registers must be performed by writing in a row with data in order of that for the
TDRONH register and that for the TDRONL register. The values of TDROnH and TDRONL are updated when TDROnNL is
rewritten.
Reading from the TDROnH and TDRONL registers must be performed in a row with data in order of that from the
TDRONL register and that from the TDROnH register. The value of TDRONH is updated when TDRONL is read.
If data are written to TDRONH, read from TDROnNL, or read from TCROn between the successive read or successive
write operations, reading and writing is not performed correctly.
Consecutive reading from the TDROnH and TDRONL registers and consecutive writing to the TDROnH and TDROnL
registers must be performed in the state where an interrupt is disabled by the DI instruction.

e In 8-bit timer mode (when bit 3 (SPLITON) of the TMRONH register of channel 1 or 3 is set to “1”)
The data can be written to the TDROnH and TDROnNL registers in 8-bit units in 8-bit timer mode.
Reading from TDRONnH register must be performed in a row with data in order of that from the TDROnNL register and
that from the TDRONH register. The value of TDRONH is updated when TDRONL is read.
If data are written to TDROnH, read from TDROnNL, or read from TCROn between the successive read operations,
reading is not performed correctly.
Consecutive reading from the TDROnH and TDRONL registers must be performed in the state where an interrupt is
disabled by the DI instruction.

Caution When channels 1 and 3 are used in 8-bit timer mode (SPLIT = 1), it is prohibited to read the TCRO1H
and TDRO1H registers or the TCRO3H and TDRO3H registers.

Remark n: Channel number (n =0 to 3)
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Figure 6-4. Format of Timer Data Register On (TDROnH, TDRONnL) (n =0, 2)

Address: FFF18H (TDROOL), FFF19H (TDROOH), After reset: 00H R/W
FFF64H (TDRO2L), FFF65H (TDRO2H)

FFF19H (TDROOH) FFF18H (TDROOL)

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

oron | | [ 1 PP

Figure 6-5. Format of Timer Data Register On (TDROn) (n =1, 3)

Address: FFF1AH (TDRO1L), FFF1BH (TDRO1H), After reset: 00H R/W
FFF66H (TDRO3L), FFF67H (TDRO3H)

FFF1BH (TDRO1H) FFF1AH (TDROL1L)

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

4 I A O I O

(i) When timer data register On (TDROnH, TDROnNL) is used as compare register
Counting down is started from the value set to the TDROnH and TDROnNL registers. When the count value
reaches 0000H, an interrupt request signal (INTTMON) is generated. The TDROn register holds its value until it
is rewritten.

Caution The TDROn register does not perform a capture operation even if a capture trigger is input,
when it is set to the compare function.

(i) When timer data register On (TDROnH, TDROnNL) is used as capture register
The count value of timer counter register On (TCRON) is captured to the TDRONH and TDRONL registers 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 (TMRON).

Remark n: Channel number (n =0 to 3)
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6.3 Registers Controlling Timer Array Unit

Timer array unit is controlled by the following registers.

e Peripheral enable register 0 (PERO)

e Timer clock select register 0 (TPSO0)

e Timer channel enable status register 0 (TEO, TEHO)
e Timer channel start register 0 (TS0, TSHO)
e Timer channel stop register 0 (TTO, TTHO)

e Timer output enable register 0 (TOEO)

e Timer output register 0 (TOO)

e Timer output level register 0 (TOLO)

e Timer output mode register 0 (TOMO)

e Timer mode register On (TMROnH, TMRONL)
e Timer status register On (TSRON)

e Noise filter enable register 1 (NFEN1)

e Input switch control register (ISC)

e Port mode control register 0 (PMCO0)

e Port mode register 0, 4 (PMO, PM4)

e Port register 0, 4 (PO, P4)

Remark n: Channel number (n =0 to 3)
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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 O0H.

Figure 6-6. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> 4 3 <2> 1 <0>
PERO TMKAEN RTOENN® ADCEN 0 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.

Note RL78/G1M products only.

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
noise filter enable register 1 (NFEN1), input switch control register (ISC), port mode
registers 0, 4 (PMO, PM4), port registers 0, 4 (PO, P4), and port mode control register 0
(PMCO0)).

e Timer counter register On (TCROnH, TCRONL)
e Timer data register On (TDROnH, TDROnNL)
e Timer clock select register 0 (TPSO0)
e Timer channel enable status register 0 (TEO, TEHO)
e Timer channel start register 0 (TS0, TSHO)
e Timer channel stop register 0 (TTO, TTHO)
e Timer output enable register 0 (TOEO)
e Timer output register 0 (TOO)
e Timer output level register 0 (TOLO)
e Timer output mode register 0 (TOMO)
e Timer mode register On (TMRONnH, TMRONL)
e Timer status register On (TSRON)
2. Be sureto clear the following bits to 0.
RL78/G1M products: bits 1, 3, 4
RL78/G1N products: bits 1, 3,4, 6
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6.3.2 Timer clock select register 0 (TPS0)

The TPSO register is a 16-bit register that is used to select four types of operation clocks (CK00, CK01) that are
commonly supplied to each channel from the prescaler.

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 3):

All channels for which CKOO is selected as the operation clock (CKSOn1 = 0) are stopped (TEOn = 0).
If the PRS010 to PRS013 bits can be rewritten (n = 0 to 3):

All channels for which CKO1 is selected as the operation clock (CKSOn1 = 1) are stopped (TEOn = 0).

The TPSO register can be set by a 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.
Figure 6-7. Format of Timer Clock Select Register 0 (TPS0)

Address: FO1B6H  After reset: 0OOH R/W

Symbol 7 6 5 4 3 2 1 0
TPSO PRS013 PRS012 PRSO011 PRS010 PRS003 PRS002 PRS001 PRS000
PRS | PRS | PRS | PRS Selection of operation clock (CKOK)N°t¢ (k = 0, 1)
Ok3 | Okz | Okl | OkO ferk = fok = ferk = fok = ferk =
1.25 MHz 2.5 MHz 5 MHz 10 MHz 20 MHz
0 0 0 0 fewk 1.25 MHz 2.5 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 fewk/2 625 kHz 1.25 MHz 2.5 MHz 5 MHz 10 MHz
0 0 1 0 fow/2? 313 kHz 625 kHz 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 fork/23 156 kHz 313 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 fow/24 78.1 kHz 156 kHz 313 kHz 625 kHz 1.25 MHz
0 1 0 1 fow/2® 39.1 kHz 78.1 kHz 156 kHz 313 kHz 625 kHz
0 1 1 0 foLk/2° 19.5 kHz 39.1 kHz 78.1 kHz 156 kHz 313 kHz
0 1 1 1 fowk/27 9.77 kHz 19.5 kHz 39.1 kHz 78.1 kHz 156 kHz
1 0 0 0 fork/28 4.88 kHz 9.77 kHz 19.5 kHz 39.1 kHz 78.1 kHz
1 0 0 1 fou/2° 2.44 kHz 4.88 kHz 9.77 kHz 19.5 kHz 39.1 kHz
1 0 1 0 fowk/210 1.22 kHz 2.44 kHz 4.88 kHz 9.77 kHz 19.5 kHz
1 0 1 1 fok/2M 610 Hz 1.22 kHz 2.44 kHz 4.88 kHz 9.77 kHz
1 1 0 0 foik/212 305 Hz 610 Hz 1.22 kHz 2.44 kHz 4.88 kHz
1 1 0 1 fork/23 153 Hz 305 Hz 610 Hz 1.22 kHz 2.44 kHz
1 1 1 0 fouk/24 76.3 Hz 153 Hz 305 Hz 610 Hz 1.22 kHz
1 1 1 1 fork/21° 38.1 Hz 76.3 Hz 153 Hz 305 Hz 610 Hz

Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value),
stop timer array unit (TTO = OFH, TTHO = 0AH).

Caution If fck (undivided) is selected as the operation clock (CKOk) and TDROnH and TDRONnL are
cleared to OOH (n = 0 to 3), the interrupt request signal (INTTMOn) output from timer array

units cannot be used.

Remarks 1. fcik: CPU/peripheral hardware clock frequency
2. The above selected clock, but a signal which becomes high level for one fcik cycle period from
its rising edge. For details, see 6.5.1 Count clock (frcik).
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6.3.3 Timer mode register On (TMROnN)

The TMROnN register consists of two eight-bit registers (TMROnH, TMRONL) which set an operation mode of channel n.
This register is used to select the operation clock (fuck), select the count clock (frcik), 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 TMRONH and TMRONL registers is prohibited when the register is in operation (when TEOn = 1).

The TMRONnH and TMROnNL registers can be set by a 8-bit memory manipulation instruction.

Reset signal generation clears TMROnH and TMROnNL registers to O0H.

Caution The bits mounted depend on the channels in the bit 3 of TMRONH register.

TMRO2H: MASTERDO2 bit
TMRO1H, TMRO3H: SPLITOn bit (n =1, 3)
TMRO1H: Fixed to O
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Figure 6-8. Format of Timer Mode Register On (TMROnN) (1/3)

Address: : FO190H (TMROOL), FO191H (TMROOH)  After reset: 00H R/W
: FO192H (TMROL1L), F0193H (TMRO1H)
: FO194H (TMRO2L), FO195H (TMRO2H)
: FO196H (TMRO3L), FO197H (TMRO3H)

Symbol 7 6 5 4 3 2 1 0
TMROOH CKS001 0 0 CCS00 0 STS002 STS001 STS000
Symbol 7 6 5 4 3 2 1 0
TMRO2H CKS021 0 0 CCs02 MASTERO02 STS022 STS021 STS020
Symbol 7 6 5 4 3 2 1 0
TMRONH
(n=13) CKSOn1 0 0 CCSOn SPLITOn STSOn2 STSOnl STSOnO
Symbol 7 6 5 4 3 2 1 0
TMRONL
CIson1 CISOn0 0 0 MDONn3 MDONn2 MDONn1 MDONO
(n=0to 3)
CKSOn1 Selection of operation clock (fuck) of channel n
0 Operation clock CKOO set by timer clock select register 0 (TPSO0)
1 Operation clock CKO1 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.

CCSOn Selection of count clock (frck) of channel n
0 Operation clock (fuck) specified by the CKSOn1 bit
1 Valid edge of input signal input from the TIOn pin

Count clock (frewk) is used for the counter, output controller, and interrupt controller.

Cautions 1. Be sureto clear the following bits to 0.
TMROOH register: bits 3,5, 6
TMRO1H to TMRO3H registers: bits 5, 6
TMROOL to TMRO3L registers: bits 4,5

2. The timer array unit must be stopped (TTO = OFH, TTHO = OAH) if the clock selected for

fcik is changed (by changing the value of the system clock control register (CKC)),
even if the operating clock (fuck) specified by using the CKSOn1 bit or the valid edge of
the signal input from the TIOn pin is selected as the count clock (frcik).

Remark  n: Channel number (n =0 to 3)
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Figure 6-8. Format of Timer Mode Register On (TMROnN) (2/3)
Symbol 7 5 4 3 2 1 0
TMROOH | CKS001 ‘ ‘ 0 ‘ CCS00 ‘ 0 ‘ STS002 ‘ STS001 STS000 |
Symbol 7 5 4 3 2 1 0
TMRO2H | CKS021 ‘ ‘ 0 ’ CCs02 ’ MASTERO02 ‘ STS022 ‘ STS021 STS020 |
Symbol 7 5 4 3 2 1 0
TMRONH
(n=1,3) CKSOn1 0 CCSOn SPLITOn STSOn2 STSOn1 STSONnO
(Bit 3 of TMRO2H)
MASTERO02 Selection of independent channel operation/simultaneous channel operation (slave/master) of
channel n
0 Operates as the slave channel in the independent channel operation function or the simultaneous
channel operation function.
1 Operates as the master channel in the simultaneous channel operation function.
Channel 0 or 2 can be set as the master channel.
Channel 2 operates as the master channel when bit 3 (MASTERO02) in TMRO2H is set to 1.
Channel 0 operates as the master channel regardless of the setting of bit 3 in TMROOHN°*® because channel 0 is
highest in the order of channels.
For the channel to be used as the independent channel operation function, MASTERO2 = 0.
(Bit 3 of TMRO1H and TMRO3H)
SPLITOn Selection of 8 or 16-bit timer operation for channels 1 and 3 (n =1, 3)
0 Operates as 16-bit timer.
1 Operates as 8-bit timer.
STS | STS | STS Setting of start trigger or capture trigger of channel n (n =0 to 3)
On2 | Onl | 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 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 When the channel is used as a slave channel with the one-shot pulse output, PWM output
function, or multiple PWM output function:
The interrupt request signal of the master channel (INTTMOn) is used as the start trigger.
1 1 0 When the channel is used as a slave channel in two-channel input with one-shot pulse output
function:
The interrupt request signal of the master channel (INTTMOn) is used as the start trigger.
A valid edge of the TI03 pin input of the slave channel is used as the end trigger
Other than above | Setting prohibited
Note Bit 3 of TMROOH register is read-only and its value is fixed to 0. Writing is ignored.
Caution Be sure to clear the following bits to 0.
TMROOH register: bits 3, 5, 6
TMRO1H to TMRO3H registers: bits 5, 6
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Figure 6-8. Format of Timer Mode Register On (TMROnN) (3/3)

Symbol 7 6 5 4 3 2 1 0
TMRONL
Clson1 CISono 0 0 MDONn3 MDOn2 MDONn1 MDONO
(n=0to 3)
CISonl | CISOnO Selection of TIOn pin input valid edge
0 0 Falling edge
0 1 Rising edge
1 0 Both edges (when low-level width is measured)
Start trigger: Falling edge, Capture trigger: Rising edge
1 1 Both edges (when high-level width is measured)
Start trigger: Rising edge, Capture trigger: Falling edge
If both the edges are specified when the value of the STSOn2 to STSONO bits is other than 010B, set the CISOn1 to
CISOnO bits to 10B.
MD MD | MD Setting of operation Corresponding function Count operation of
On3 | On2 | Onl mode of channel n TCR
0 0 0 Interval timer mode Interval timer/Square wave output/Divider Down count
function/PWM output (master)
0 1 0 Capture mode Input pulse interval measurement/Two- Up count
channel input with one-shot pulse output
function (slave)
0 1 1 Event counter mode External event counter Down count
1 0 0 One-count mode Delay counter/One-shot pulse output/Two- | Down count
channel input with one-shot pulse output
function (master)/PWM output (slave)
1 1 0 Capture & one-count Measurement of high-/low-level width of Up count
mode input signal
Other than above | Setting prohibited
The operation of each mode changes depending on the operation of MDONO bit (see the table below).
Operation mode MD Setting of starting counting and interrupt
(Value set by the MDONn3 to MDON1 bits) ono
e Interval timer modeN°te 2 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 modeN°te 2 0 | Timer interrupt is not generated when counting is started
©0,1,1) (timer output does not change, either).
e One-count modeN°te? 0 | Start trigger is invalid during counting operation.
(1,0,0) At that time, a timer interrupt is not generated.
1 | Start trigger is valid during counting operationN°®¢ 2,
At that time, a timer 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, a timer interrupt is not generated.
Other than above Setting prohibited
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Notes 1. In one-count mode, the interrupt request signal (INTTMOn) when starting a count operation and

TOON output are not controlled.
2. If the start trigger (TSOn = 1) is issued during operation, the counter is initialized, and recounting
is started (interrupt request signal (INTTMON) is not generated).

Caution Be sureto clear bits 4 and 5 in registers TMROOL to TMRO3L to “0”.

Remark n: Channel number (n =0 to 3)
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6.3.4 Timer statu

s register On (TSROnN)

The TSRO register indicates the overflow status of the counter of channel n.

The TSRO register is valid only in the capture mode (MDOn3 to MDOn1 = 010B) and capture & one-count mode
(MDONn3 to MDONn1 = 110B). It will not be set in any other mode. See Table 6-4 for the operation of the OVF bit in each
operation mode and set/clear conditions.

The TSRON register can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 6-9. Format of Timer Status Register On (TSROn)

Address: FOLAOH (TSR00), FO1A2H (TSRO1)  After reset: 00H R

FO1A4H (TSR02), FO1A6H (TSR03)
Symbol 7 6 5 4 3 2 1 0
TMROOL 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 =0 to 3)
Table 6-4. 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
e Capture & one-count mode set When an overflow has occurred upon capturing
e Interval timer mode clear
e Event counter mode set — (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, TEHO (8-bit mode))
The TEO and TEHO registers are used to enable or stop the timer operation of each channel.
Each bit of the TEO and TEHO registers correspond to each bit of the timer channel start register 0 (TS0, TSHO) and the
timer channel stop register 0 (TTO, TTHO). When a bit of the TS0 and TSHO registers is set to 1, the corresponding bit of
TEO and TEHO is set to 1. When a bhit of the TTO and TTHO registers is set to 1, the corresponding bit of TEO and TEHO is

cleared to 0.

The TEO and TEHO registers can be read by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TEO and TEHO registers to O0H.

Figure 6-10. Format of Timer Channel Enable Status Register 0 (TEO)

Address: FO1BOH  After reset: 0OOH R

Symbol 7 6 5 4 3 2 1 0
TEO 0 0 0 0 TEO3 TEO02 TEO1 TEOO
TEONn Indication of operation enable/stop status of channel n
0 Operation is stopped.
1 Operation is enabled.

Indicates operation enable/stop status of the 16-bit timer.
TEO1 and TEOS3 bits indicate whether operation of the lower 8-bit timer is enabled or stopped when channels 1 and

3 are in the 8-bit timer mode.

Remark n: Channel number (n =0 to 3)

Figure 6-11. Format of Timer Channel Enable Status Register 0 (TEHO)

Address: FO1B1H  After reset: 0OH R

Symbol 7 6 5 4 3 2 1 0
TEHO 0 0 0 0 TEHO03 0 TEHO1 0
TEHON Indication of operation enable/stop status of channel n
0 Operation is stopped.
1 Operation is enabled.

8-bit timer mode.

This bit indicates whether operation of the higher 8-bit timer is enabled or stopped when channels 1 and 3 are in the
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6.3.6 Timer channel start register 0 (TS0, TSHO (8-bit mode))

The TS0 and TSHO registers are trigger registers that are used to initialize timer counter register On (TCROn) and start

the counting operation of each channel.

When a bit of these registers is set to 1, the corresponding bit of timer channel enable status register O (TEO, TEHO) is
setto 1. The TSHOn and TSOn bits are immediately cleared to 0 when operation is enabled (TEOn = 1), because they are

trigger bits.
The TS0 and TSHO registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears TS0 and TSHO registers to 00H.

Figure 6-12. Format of Timer Channel Start Register 0 (TSO0)

Address: FO1B2H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TSO 0 0 0 0 TS03 TS02 TS01 TS00
TSOn Operation enable (start) trigger of channel n (n = 0 to 3)
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 6-5in 6.5.2 Start timing of counter).

TS01 and TSO03 bits are the trigger to enable operation (start operation) of the lower 8-bit timer when
channels 1 and 3 are in the 8-bit timer mode.

Figure 6-13. Format of Timer Channel Start Register 0 (TSHO)

Address: FO1B3H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TSHO 0 0 0 0 TSHO3 0 TSHO1 0
TSHON Operation enable (start) trigger of channel n (n = 1, 3)
0 No trigger operation
1 The TEHON bit is set to 1 and the count operation becomes enabled.
The TCROnN register count operation start in the interval timer mode in the count operation enabled
state (see Table 6-5in 6.5.2 Start timing of counter).

This bit is the trigger to enable operation (start operation) of the higher 8-bit timer when channels 1 and 3 are used
in the 8-bit timer mode.

Cautions 1. Be sure to clear the following bits to 0.
TSO: Bits4to7
TSHO: Bits 0,2,4to 7

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 bit is set to 1.

When the TIOn pin noise filter is enabled (TNFEN = 1):
Four cycles of the operation clock (fmck)

When the TIOn pin noise filter is disabled (TNFEN = 0):
Two cycles of the operation clock (fmck)

Remark  When the TS0 and TSHO registers are read, 0 is always read.

RO1UH0904EJ0100 Rev.1.00 I{ENESAS
May 29, 2020

123



RL78/G1M, G1IN CHAPTER 6 TIMER ARRAY UNIT

6.3.7 Timer channel stop register 0 (TTO, TTHO (8-bit mode))

The TTO and TTHO registers are trigger registers that are used to stop the counting operation of each channel.

When a bit of TTO and TTHO registers is set to 1, the corresponding bit of timer channel enable status register 0 (TEO,
TEHO) is cleared to 0. The TTOn and TTHOnN bits are immediately cleared to 0 when operation is stopped (TEOn, TEHOn =
0), because they are trigger bits.

The TTO and TTHO registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears TTO and TTHO registers to 00H.

Figure 6-14. Format of Timer Channel Stop Register 0 (TTO)

Address: FO1B4H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TTO 0 0 0 0 TTO3 ‘ TTO2 ‘ TTO1 TTOO
TTOn Operation stop trigger of channel n (n = 0 to 3)
0 No trigger operation
1 TEOn is cleared to 0, and counting operation is stopped.
TTO1 and TTO3 bits are the trigger to stop operation of the lower 8-bit timer when channels 1 and 3
are in the 8-bit timer mode.

Figure 6-15. Format of Timer Channel Stop Register 0 (TTHO)

Address: FO1B5H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TTHO 0 0 0 0 TTHO3 0 TTHO1 0
TTHON Operation stop trigger of channel n (n =1, 3)
0 No trigger operation
1 TEHOnN is cleared to 0, and counting operation is stopped (stop trigger is generated).
This bit is the trigger to stop operation of the higher 8-bit timer when channels 1 and 3 are used in the 8-bit timer
mode.

Caution Be sure to clear the following bits to 0.
TTO: Bits 4to 7
TTHO: Bits0,2,4t07

Remark When the TTO and TTHO registers are read, 0 is always read.
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6.3.8 Timer output enable register 0 (TOEQ)
The TOEDO 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 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 6-16. Format of Timer Output Enable Register 0 (TOEQ)

Address: FOLBAH  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TOEON 0 0 0 0 TOEO3 [ TOEO02 ’ TOEO1 | TOEOO
TOEON Timer output enable/disable of channel n
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 TOOnN bit is output from the TOON pin.
1 Enable output of timer.
Reflected in the TOON bit timer operation, to generate the output waveform.
Writing to the TOON bit is disabled (writing is ignored).
Caution Be sure to clear bits 4to 7 to “0”.
Remark n: Channel number (n = 0 to 3)
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6.3.9 Timer output register 0 (TOO)

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 (TOOnN) of each channel.

The TOON bit oh 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 TOOnN alternate pin as a port function pin, set the corresponding TOOn bit to 0.

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

Reset signal generation clears this register to 00H.

Figure 6-17. Format of Timer Output Register 0 (TOO)

Address: FO1B8H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
TOO 0 0 0 0 TOO03 TO02 TOO1 TOO00
TOON Timer output of channel n
0 Timer output value is “0”".
1 Timer output value is “1”.

Caution Be sureto clear bits 4to 7to “0”.

Remark n: Channel number (n =0 to 3)
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6.3.10 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). In the master
channel output mode (TOMON = 0), this register setting is invalid.

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

Reset signal generation clears this register to O0H.

Figure 6-18. Format of Timer Output Level Register 0 (TOLO)

Address: FO1IBCH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TOLO 0 0 0 0 TOLO3 [ TOLO2 ’ TOLO1 | 0
TOLONn Control of timer output level of channel n
0 Positive logic output (active-high)
1 Negative logic output (active-low)

Caution Be sureto clear bits 0,4to 7to “0".

Remarks 1. The timer output logic is inverted when the timer output signal changes next, instead of
immediately after the TOLO register value is rewritten.
2. n: Channel number (n =0 to 3)
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6.3.11 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 (one-shot pulse output, two-channel input with
one-shot pulse output function, PWM output, 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 an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 6-19. Format of Timer Output Mode Register 0 (TOMO)

Address: FOIBEH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TOMO 0 0 0 0 TOMO3 TOMO02 TOMO1 0
TOMON Control of timer output mode of channel n
0 Used as the independent channel operation function (to produce toggle output by the interrupt
request signal (INTTMOn))
1 Slave channel output mode (output is set by the interrupt request signal (INTTMO0O, INTTMO02) of the
master channel, and reset by the timer interrupt request signal (INTTMOp) of the slave channel)
Caution  Be sure to clear bits 0, 4to 7to “0”.
Remark  n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)
(For details of the relation between the master channel and slave channel, see 6.4.1 Basic
rules of simultaneous channel operation function.)
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6.3.12 Noise filter enable register 1 (NFEN1)

The NFEN1 register is used to set whether the noise filter can be used for the timer input (TIOn) pin 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. For the timer input (TIOn) operation, see 6.5.1 (2)
When valid edge of input signal via the TIOn pin is selected (CCSOn = 1), 6.5.2 Start timing of counter, and 6.7
Timer Input (TIONn) Control.

The NFENL1 registers can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 6-20. Format of Noise Filter Enable Register 1 (NFEN1)

Address: FOO71H  After reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 0
NFEN1 0 0 0 0 TNFENO3 TNFENO2 TNFENO1 TNFENOO
TNFENON Enable/disable using noise filter of TIOn pin input signal (n = 0 to 3)
0 Noise filter OFF
1 Noise filter ON

Caution The applicable pin for the noise filter set by the TNFENO1 bit can be switched by setting the
ISC1 bit in the input switch control register (ISC).
ISC1=0: Whether or not to use the noise filter for the TIO1 pin input signal can be

selected.
ISC1=1: Whether or not to use the noise filter for the RxDO pin input signal can be
selected.
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6.3.13 Input switch control register (ISC)
The ISC register is used to implement baud rate correction by using channel 1 in association with the serial array unit.
When the ISC1 bit is set to 1, the input signal of the serial data input (RxDO) pin is selected as a timer input (T101).
The width at the baud rate (transfer rate) of the other party in communications can be measured by using the timer
array unit input pulse interval measurement mode with the input edge signal of the start bit as a trigger.
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 1 input of timer array unit
0 Uses the input signal of the TI01 pin as a timer input (normal operation).
1 Uses the input signal of the RxDO pin as a timer input

(detects the wakeup signal and measures the pulse width for baud rate correction).

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 RxDO pin as an external interrupt (wakeup signal detection).

Caution Be sureto clear bits 7to 2to “0".
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6.3.14 Timer I/O control register (TIOSC)
The TIOSC registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0OH.

Figure 6-22. Format of Timer 1/0O Control Register (TIOSC)

Address: FOO72H  After reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 0
TIOSC 0 0 0 0 0 TOEN3Nete | TOEN1Nte TINT
TOEN3Note TOO03 output control for RTO
0 Enable TOO03 output
1 Disable TO03 output
TOEN1No® TOO1 output control for RTO
0 Enable TOO1 output
1 Disable TO01 output
TINT Input clock source selection for TAU of channel 2
0 TIO02 input
1 INTTMOL1 input

Note RL78/G1M products only.
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6.3.15 Registers controlling port functions of pins to be used for timer /O

Using the timer array unit functions requires setting of the registers that control the port functions multiplexed on the
target channels (port mode register (PMxx), port register (Pxx), and port mode control register (PMCxx)). For details, see
4.3.1 Port mode registers 0, 1, 4 (PMO, PM1, PM4), 4.3.2 Port registers 0, 1, 4, 12, 13 (PO, P1, P4, P12, P13), and
4.3.6 Port mode control registers 0, 1 (PMCO, PMC1).

For the setting examples when the port is used as timer 1/O, see 4.5.3 Example of register settings for port and
alternate functions used.

When using the ports that share the pin with the timer output (such as P12/ANI3/TI01/TO01/KR5) for timer output, set
the bit in the port mode register (PMxx), the port register (Pxx), and the port mode control register (PMCxx) corresponding

to each port to 0.

Example: When using P12/ANI3/TI01/TO01/KRS5 for timer output
Set the PMC12 bit of port mode control register 1 to “0”.
Set the PM12 bit of port mode register 1 to “0".
Set the P12 bit of port register 1 to “0”.

When using the ports (such as P12/ANI3/TI01/TO01/KR5) to be shared with the timer output pin for timer input, set the
bit in the port mode register (PMxx) corresponding to each port to 1. Also set the bit in the port mode control register
(PMCxx) corresponding to each port to 0. At this time, the bit in the port register (Pxx) may be 0 or 1.

Example: When using P12/ANI3/TI01/TO01/KR5 for timer input
Clear the PMC12 bit of port mode control register 1 to “0”.
Set the PM12 bit of port mode register 1 to “1”.
Clear the P12 bit of port register 1 to O, or set 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.

@)
@)
©)

4)
®)

(6)

@)

(©)

©)

Only an even channel (channel 0, 2) can be set as a master channel.

Any channel, except channel 0, can be set as a slave channelN°ote,

The slave channel must be lower than the master channel.

Example: If channel 2 is set as a master channel, channel 3 can be set as a slave channel.

Two or more slave channels can be set for one master channel.

When two or more master channels are to be used, slave channels with a master channel between them may not

be set.

Example: If channels 0 and 2 are set as the master channel, only channel 1 can be set as the slave channel of
master channel 0. Channel 3 cannot be set as the slave channel of master channel 0.

The operating clock for a slave channel in combination with a master channel must be the same as that of the

master channel. The CKSOn1 bit (bit 7 of timer mode register OnH (TMRONH)) 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 the interrupt request signal (INTTMOn), start software trigger, and count clock (frcik)

to the lower channels.

A slave channel can use the interrupt request signal (INTTMOn), a start software trigger, or the count clock (frcLk)

of the master channel as a source clock, but cannot transmit its own INTTMOn, start software trigger, or count

clock (frcik) to channels with lower channel numbers.

A master channel cannot use the interrupt request signal (INTTMOn), a start software trigger, or the count clock

(frck) 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.

Note When channel 1 or 3 is used as an 8-bit timer, the lower 8 bits can be selected as the slave channel that
operates in combination. In this case, the higher 8 bits of channel 1 or 3 can be used as an interval timer.

Remark n: Channel number (n =0 to 3)

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 6.4.1 Basic rules of simultaneous channel operation function do not apply to the
channel groups.
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Example

TAUO \
CKOO . | Channel 0: Master | «—t Channel group 1 ) )
' ' (Simultaneous channel operation function)
E | Channel 1: Slave | :
It ’ /Channel group 2
; N (Simultaneous channel operation
CKOlL ! | Channel 2: Master | :‘/ function)
. | Channel 3: Slave | : * The operating clock of channel group 1 may
K B e / be different from that of channel group 2.

——%| Channel 1: independent
channel operation

Channel group 1
L — (Simultaneous channel operation
function)

* A channel that operates independent
channel operation function may be between

N Channel 2: Slave | g a master and a slave of channel group 1.
K e - / Furthermore, the operating clock may be set
separately.
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6.4.2 Basic rules of 8-bit timer operation function (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:

@)
@)
®)
4)

©)
(6)

@)

®)

©)

The 8-bit timer operation function applies only to channels 1 and 3.

When using 8-bit timers, set the SPLIT bit of timer mode register OnH (TMROnH) to 1.

The higher 8 bits can be operated as the interval timer function.

At the start of operation, the higher 8 bits output the interrupt request signal (INTTMO1H, INTTMO3H) (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 CKSO0n1 bit of the lower-bit TMRONH register.
For the higher 8 bits, the TSHOnN bit is manipulated to start channel operation and the TTHOn bit is manipulated to
stop channel operation. The channel status can be checked using the TEHON bit.

The lower 8 bits operate according to the settings of TMROnH and TMROnNL registers. The lower 8-bit timer
supports the following functions:

e Interval timer

e Square wave output

e External event counter

e Delay counter

e PWM output function

e Multiple PWM output function

For the lower 8 bits, the TSOn bit is manipulated to start channel operation and the TTOn bit is manipulated to stop
channel operation. The channel status can be checked using the TEOn bit.

During 16-bit operation, manipulating the TSHON/TTHON bits is invalid. The TSOn and TTOn bits are manipulated
to operate channel n. The TEHOn bit is not changed.

(10) When the 8-bit timer operation function is in use, the simultaneous channel operation function (one-shot pulse,

PWM, multiple PWM (16-pin products only)) cannot be used.

Caution When channels 1 and 3 are used in 8-bit timer mode (SPLIT = 1), it is prohibited to read the TCRO1H

and TDRO1H registers or the TCRO3H and TDRO3H registers.

Remark n: Channel number (n =1, 3)
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6.5 Operation of Counter

6.5.1 Count clock (frcLk)
The count clock (frcuk) of the timer array unit can be selected between following by CCSOn bit of timer mode register On
(TMRON).

e Operation clock (fuck) specified by the CKSOn1 bit
e Valid edge of input signal input from the TIOn pin

Because the timer array unit is designed to operate in synchronization with fc.k, the timings of the count clock (frcik)
are shown below.

(1) When operation clock (fmck) specified by the CKSOn1 bit is selected (CCSOn = 0)
The count clock (frcw) is between fcik to foik /225 by setting of timer clock select register 0 (TPS0). When a divided
fck is selected, however, the clock selected in TPSO register is at the high level for one fcik cycle period from its
rising edge. When a fcik is selected, it is fixed to the high level
Counting of timer count register On (TCROnN) delayed by one fcik cycle period from rising edge of the count clock
(frcwk), because of synchronization with fcik. But, this is described as “counting at rising edge of the count clock
(frck)”, as a matter of convenience.

Figure 6-23. Timing of fc.k and Count Clock (frcik) (When CCSOn = 0)

B UL L L L L LU

otz L L T T T ]
A A A A A A A A A A A A A A A A A A
fo/4 l |
. A A A A A A A A
TCLK
(= fmex fewx/8 |
= CKOn) A A A A
feu/16 [ ]
. A A
-
Remarks 1. A :Rising edge of the count clock (frcik)
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 (frcik) is the signal that detects valid edge of input signal via the TIOn pin and synchronizes next
rising fuck. The count clock (frcwk) is delayed for 1 to 2 period of fuck from the input signal via the TIOn pin (when a
noise filter is used, it is delayed for 3 to 4 clock cycles).
Counting of timer count register On (TCROnN) delayed by one fcik cycle period from rising edge of the count clock
(frcwk), because of synchronization with fck. 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 fcik and Count Clock (frcik) (When CCSOn = 1, Noise Filter Unused)

uyuuy

fuck | [] [ [ és,ﬂ %,IT [T

TSOn (Write) |_L
)

<1>

fok

TEONn

(
TION input m - %? ﬁ%_/\l

Sampling wave |

Edge detection ( <3> Edge detection

Rising edge ]
detection signal (frcwk) | i( |
A A /7 A A

<1> Setting TSOn bit to 1 enables the timer to be started and the operation enters 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 (frcik)) is
output.

Remarks1. A : Rising edge of the count clock (frcik)
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 via TIOn pin of the input pulse interval measurement, the
measurement of high/low width of input signal, and the delay counter, the one-shot pulse
output are the same as that shown in Figure 6-24.
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6.5.2 Start timing of counter

Timer count register On (TCRON) operation becomes enabled 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 6-5.

Table 6-5. Operations from Count Operation Enabled State to Timer Count Register On (TCROn) Count Start

Timer Operation Mode

Operation When TSOn = 1 Is Set

e 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 TDROnN register to the TCROnN register and
the subsequent count clock performs count down operation (see 6.5.3 (1) Interval
timer mode operation).

e Event counter mode

Writing 1 to the TSOn bit loads the value of the TDRON register to the TCROnN register.

Detection TIOn input edge, the subsequent count clock performs count down operation.

(see 6.5.3 (2) Event counter mode operation).

e Capture mode

No operation is carried out from start trigger (TSOn = 1) detection 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) Capture mode operation (input
pulse interval measurement)).

e 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 TDROnN register to the TCROnN register and
the subsequent count clock performs count down operation (see 6.5.3 (4) One-count
mode operation).

e 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) Capture & one-count mode
operation (high-level width is measured)).
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6.5.3 Counter operation
Here, the counter operation in each mode is explained.

(1) Interval timer mode operation

<1> Operation is enabled (TEOn = 1) by writing 1 to the TSOn bit. Timer count register On (TCRON) holds the
initial value until count clock (frcLk) generation.

<2> Astart 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 TCROnN register counts down and its count value is 0000H, INTTMOn is generated in the next
count clock 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 <
(frek) —l /r |_ )§7 |_|
TSOn (Write) l\
<1>
TEON , <>
Start trigger
detection signal /
TCRON Initial m M1 deresesarass 0001 OOO<§) m
value
X
TDRON <a>| [} <4> m ) ())
\\ ........... <5> g
INTTMOR 1

When MDONO is set to 1

Caution In the first cycle operation of count clock (frcik) after writing the TSOn bit, an error of a maximum
of one cycle of the count clock (frck) is generated since count start delays until count clock
(frck) has been generated. When the information on count start timing is necessary, the
interrupt request signal (INTTMOnN) can be generated at count start by setting MDOnO = 1.

Remark fuck, the start trigger detection signal, and INTTMOn become active for one clock period in
synchronization with fcik.
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(2) Event counter mode operation

<1> Timer count register On (TCROnN) holds its initial value while operation is stopped (TEOn = 0).

<2> Operation 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 TCRON register value is counted down according to the count clock (frcik) of the valid edge
of the TIOn input.

Figure 6-26. Operation Timing (In Event Counter Mode)

e | [ M&I—I L/&I_I [T

TSOn (Write)
<1> Z \

TEOn
— k2>
TIOn input | l >%| gg _, I
Edge detection _ | Edge detection
Count clock (frcwx)
Start trigger / <4>
detection signal
<1> )<3>
Initial —1 _
TCRON value ~ m m \ m-2
<3>
TDRON / m

Remark Figure 6-26 shows the timing when the noise filter is not used. When the noise filter is on-state, the edge
detection is delayed by two cycles of the operating clock (fuck) from the TIOn input (totally 3 to 4 cycles).
The error of one cycle is due to the asynchronous timing between the TIOn input and operating clock
(fmek).
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(3) Capture mode operation (input pulse interval measurement)

<1> Operation is enabled (TEOn = 1) by writing 1 to the TSOn bit.
<2> Timer count register On (TCROnN) holds the initial value until count clock (frcLk) generation.
<3> A start trigger is generated at the first count clock after operation is enabled. And the value of O000H is
loaded to the TCRON 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 the interrupt request signal (INTTMOn) is generated. However, this capture
value has no meaning. The TCROnN 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 the
TDRON register and the interrupt request signal (INTTMON) is generated.
Figure 6-27. Operation Timing (In Capture Mode: Input Pulse Interval Measurement)
fi
e M T <§ Hng_F I
/)
TSOn (Write)
a b
TEONn _ Note _
_ <a> ((
TIOn input l >> \é(
\ Edge detection Edge detection
Rising edge
g edg \“ | %
Start trigger |_L <4:\ j
detection signal
[ )= /
/
T
TCROn Initial value ) 0000 X 0001 x 0000 X Sg m-1 X )( 0000
'\ | {
TDRON \ X 0001t X -
INTTMON U [ [

Note

When MDONO is set to 1

If a clock has been input to TIOn (the trigger exists) when capturing starts, counting starts when a start
trigger is generated (<3>) by writing to TSOn (<1>), 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

Remark

In the first cycle operation of count clock (frcik) after writing the TSOn bit, an error of a maximum
of one cycle of the count clock (frck) is generated since count start delays until count clock
(frc,k) has been generated. When the information on count start timing is necessary, the

interrupt request signal (INTTMOnN) can be generated at count start by setting MDOnO = 1.

Figure 6-27 shows the timing when the noise filter is not used. When the noise filter is on-state, the edge
detection is delayed by two cycles of the operating clock (fuck) from the TIOn input (totally 3 to 4 cycles).
The error of one cycle is due to the asynchronous timing between the TIOn input and operating clock
(fmck).
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(4) One-count mode operation

<1> Operation 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 (TDRON) is loaded to the TCROn register and
count starts.

<5> When the TCROn register counts down and its count value is 0000H, the interrupt request signal
(INTTMOn) is generated and the value of the TCROnN register becomes FFFFH and counting stops.

Figure 6-28. Operation Timing (In One-count Mode)

7o N iy Ny Ny Ny Y (O

TSON (Write) | |

<1> //

TEON
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TIOn input , <3>1 >> |
Edge detection _
Rising edge | <<
<d> > /)
Start trigger |_

detection signal

<2> <5>

2 ! Y i
TCROnN Initial value m X Sé x 1 X 0 X FFFF

INTTMON | |

Start trigger input wait status

Remark Figure 6-28 shows the timing when the noise filter is not used. When the noise filter is on-state, the edge
detection is delayed by two cycles of the operating clock (fuck) from the TIOn input (totally 3 to 4 cycles).
The error of one cycle is due to the asynchronous timing between the TIOn input and operating clock
(fmcx).
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(5) Capture & one-count mode operation (high-level width is measured)

<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 TCROnN register is captured to timer data
register On (TDRON) and the interrupt request signal (INTTMON) is generated.

Figure 6-29. Operation Timing (In Capture & One-count Mode: High-level Width Measurement)
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Remark Figure 6-29 shows the timing when the noise filter is not used. When the noise filter is on-state, the edge
detection is delayed by two cycles of the operating clock (fuck) from the TI0n input (totally 3 to 4 cycles).
The error of one cycle is due to the asynchronous timing between the TIOn input and operating clock

(fmex).
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6.6 Channel Output (TOOn 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
(INTTMOnN) 5
’_O = Set
e —
Interrupt signal of the slave channel é — TOON pin
(INTTMOp) ,_:>_ Reset/toggle
<1> <3>
<2> <4>
TOLON

TOEON TOON write signal

The following describes the TOON 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 TOMON = 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 TOOnN 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)

p: Slave channel number (n < p < 3)
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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
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|
'
'
'
) - :
(Write operation enabled period toTOOnX Write operation disabled period to TOOn )
f T -
' ' '
JAN A A AN
<1> SetTOMOn  <2> Set TOOn <3> Set TOEOn  <4> Set PMCO, <5> Timer operation start
Set TOLONn PMx, and Px

<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: Positive logic output, 1: Negative logic 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 TOEON bit (writing to the TOO register is disabled).

<4> The port is set to digital /O by the port mode control register 0 (PMCO). The port is set to output mode by the
port mode register 0 (PMO0). The output latch for the port is set to 0 by the port register 0 (P0) (see 6.3.15
Registers controlling port functions of pins to be used for timer I/O).

<5> The timer operation is enabled (TSOn = 1).

Remark n: Channel number
(n=0to0 3)
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6.6.3 Cautions on channel output operation

@)

@

Changing values set in the registers TOO, TOEO, TOLO, and TOMO during timer operation

Since the timer operations (operations of timer count register On (TCROn) and timer data register On (TDROnN)) are
independent of the TOON output circuit and changing the values set in timer output register 0 (TOO), timer output
enable register 0 (TOEOQ), timer output level register 0 (TOLO), and timer output mode register 0 (TOMO) 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.

When the values set to the TOEO, TOLO, and TOMO registers (but not the TOO register) are changed close to the
occurrence of the interrupt request signal (INTTMOnN) of each channel, the waveform output to the TOOn pin might
differ, depending on whether the values are changed immediately before or immediately after INTTMOn occurs.

Remark n: Channel number (n =0 to 3)

Default level of TOOn 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.

(@) 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 I

Default

TOON bit=0

([ HI-Z | status (Default status : Low)
TOLON bit=0
(Active high)
-—- TOONn bit=1
(Default status : High)
(thgﬁt)< TOON bit=0
-—— (Default status : Low)
TOLONn bit=1
(Active low)
-—— TOON bit=1
\ A e (Default status : High)
Port output is enabled Bold : Active level
A A A A
Toggle Toggle Toggle Toggle Toggle
Remarks 1. Toggle: Reverse TOON pin output status
2. n: Channel number (n =0 to 3)
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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
(TOLOp) setting.

Figure 6-33. TOOp Pin Output Status at PWM Output (TOMOp = 1)

TOEOp
Active Active Active
( Hi-z |Default TOOp bit= 0 )
| status (Default status : Low) _
TOLOp bit=0
. (Active high)
TOOp bit=1
(Default status : High) )
TOOp <
(output) TOOp bit=0 3
1 (Default status : Low)
TOLOp hit=1
(Active low)
TOOp 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 (n < p < 3)
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(3) Operation of TOOn pin in slave channel output mode (TOMOn = 1)

(@) 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 TOON 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

TOON (Output)

A
Set

Active

Reset

Active

A Reset
Set

Set

Reset

Active

A
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 =0 to 3)

(b) Set/reset timing

Reset

To realize 0%/100% output at PWM output, the TOOn pin/TOON bit set timing at master channel interrupt

request signal (INTTMOn) generation is delayed by one cycle of the count clock (frcik) 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 6-35 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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Master
channel

Slave
channel

Master
channel

Slave
channel

Figure 6-35. Set/Reset Timing Operating Statuses

(a) Basic operation timing
frou S | o |
INTTMON |
Internal reset
signal _ﬂ )
Toonpint ¥ |.)
TOON  1oggle Toggle
e Internal set
signal
1 clock delay \ \
INTTMOp
Internal reset / /
signal
TOOp pin/ x ) e~
TOOp
S Set Reset Set
(b) Operation timing when 0% duty
frewe S
~
INTTMON [
Internal reset
signal _r ) ‘)
TOON pin/
TOON J
Toggle Toggle
Internal set
signal —
1 clock delay \
TCROp J0000] 000Lese}ueesasssentssanrssnnssanssantsnnsaens Joooo | o001
INTTMOp } ’
Internal reset / I— / Set
signal
ToOp pin/  Reset & / Set Reset <‘ /
K TOOp

Reset has priority.

Reset has priority.

Remarks 1. Internal reset signal: TOOnN pin reset/toggle signal
TOON pin set signal

2. n: Master channel number (n =0, 2)

p: Slave channel number (n < p < 3)

Internal set signal:
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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 TOOnN bits (TOEON = 0) that correspond to
the relevant bits of the channel used to perfor0O output (TOON).

Before writing

Figure 6-36. Example of TOOn Bit Collective Manipulation

TOO TOO03 TO02 TOO1 TOO0O
0 0 0 0 0 0 1 0
TOEO TOEO3 TOEO2 TOEO1 TOEOO
0 0 0 0 0 0 1 0
Data to be written
TOO 0 0 0 0 ‘ 1 ‘ 1 | 0 0
After writing (% é f ?
TOO TOO03 TOO02 TOO1 TOOO0
0 0 0 0 1 1 1 0

Writing is done only to the TOON 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 =0 to 3)

TOO03
TO02

TOO1

TOO00

Figure 6-37. TOOn Pin Statuses by Collective Manipulation of TOOn Bit

Two or more TOOn output can
be changed simultaneously

Output does not change

- 1

when value does not
change

A

Before writing

Writing to the TOON bit

Writing to the TOON bit is
ignored when TOEOn
=1
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6.6.5 Timer interrupt and TOON pin output at count 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 interrupt request signal (INTTMOn)
generation.

In the other modes, neither INTTMOn at count operation start nor TOOn output is controlled.

Figure 6-38 shows operation examples when the interval timer mode (TOEOn = 1, TOMOn = 0) is set.

Figure 6-38. Operation Examples of Timer Interrupt at Count Operation Start and TOOn Output

(&) When MDONnO is setto 1

TCRON
TEOn |
INTTMON AL I I
L i
TOON N |
A
Count operation start
(b) When MDONO is set to 0
TCRON
TEON |
INTTMOnN l A I
| L
TOON 5 ‘

A
Count operation start

When MDONO is set to 1, the interrupt request signal (INTTMOn) is output at count operation start, and TOOn performs a
toggle operation.

When MDONO is set to 0, the interrupt request signal (INTTMOnN) 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 =0 to 3)
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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 6-39. Input Circuit Configuration

CCSOn
Interrupt signal from master channel — 1

fmek

freik

Count clock
selection

Timer
controller

Noise Edge
filter detection

TIOn pin ———

Trigger
selection

TNFENON CISOn1, STSONn2 to
CISOnO STSOnO

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 for the TIOn pin is enabled and disabled.

Figure 6-40. Sampling Waveforms Through TIOn Input Pin with Noise Filter Enabled and Disabled

- T AT

Noise filter disabled

Noise filter enabled \’ \\’

................................... 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 (CCS0n), 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 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 (CCS0n), 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 (fuck), 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

@

@

Interval timer

The timer array unit can be used as a reference timer that generates the interrupt request signal (INTTMOn) at fixed
intervals.

The INTTMOnN generation period can be calculated by the following expression.

Generation period of INTTMOnN = Period of count clock x (Set value of TDROn + 1)

When channel 1 or 3 is used as an 8-bit timer (SPLITOn = 1), both the higher and lower 8-bit timers can be used as
interval timers.

Operation as square wave output

The TOON pin 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.

| e Period of square wave output from TOOn pin = Period of count clock x (Set value of TDROn + 1) x 2 |

| e Frequency of square wave output from TOOnN pin = Frequency of count clock/{(Set value of TDROn + 1) x 2} |

When channel 1 or 3 is used as an 8-bit timer (SPLITOn = 1), only the lower 8-bit timer can be used for square
wave output.

The timer count register On (TCROnN) operates as a down counter in the interval timer mode.

The TCROn register loads the value of the timer data register On (TDRON) at the first count clock after the channel
start trigger bit (TSOn, TSHO1, TSHO3) of the timer channel start register 0 (TS0, TSHO) 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 TMRON 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 TDROn register again. After that, the same operation is repeated.

The TDROnN register can be rewritten at any time. The new value of the TDROn register becomes valid from the
next period.

Remark n: Channel number (n =0 to 3)
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Figure 6-41. Block Diagram of Operation as Interval Timer/Square Wave Output

© TOOn pin

—— Interrupt signal

(INTTMON)

-
k=l
k3]
] CKO1 9
Operation clock 9 -

CKOO ~ Timer counter Output
8 —=| register On (TCROnN) controller
© =
3 Timer data Interrupt

TSOn % register On (TDRON) controller
=

Figure 6-42. Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDONO = 1)

TSOn |

TEONn

TCRON
0000H

TDRON a X b

TOON

INTTMON

Remarks 1. n: Channel number (n =0 to 3)
2. TSOn: Bit n of timer channel start register 0 (TS0)
TEON: Bit n of timer channel enable status register 0 (TEO)
TCRON: Timer count register On (TCRON)
TDRON: Timer data register On (TDROnN)

a+l a+l a+l b+1' b+1' b+1

TOON: TOON pin output signal
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Figure 6-43. Example of Set Contents of Registers for Operation as Interval Timer/Square Wave Output (1/2)

(@) Timer mode register On (TMROnH, TMRONL)

TMRONH TMRONL

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

CKSOn1 CCSOn | M/SN*'® | STSON2 [ STSON1 [ STSONO | CISON1 | CISONO MDOn3 | MDON2 | MDON1 | MDONO
1/0 0 0 0 0/1 0 0 0 0 0 0 0 0 0 0 1/0

I | I |

Operation mode of channel n
000B: Interval timer

TMRON

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 (Channel 2)
0: Independent channel operation
Setting of SPLITON bit (Channel 1, 3)
0: 16-bit timer
1: 8-bit timer

| Count clock selection
0: Selects operation clock (fwck).

Operation clock (fuck) selection
0: Selects CK0O as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Timer output register 0 (TOO)

Bit n
TOO TOON 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 (the level set in the TOOn bit is output from the
1/0 TOON pin).
1: Enables the TOON output operation by counting operation (output from the TOOnN pin is toggled).
Note TMRO2: MASTERON bit
TMRO1, TMROS3: SPLITON bit
TMROO: 0 fixed

Remark n: Channel number (n =0 to 3)
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Figure 6-43. Example of Set Contents of Registers for Operation as Interval Timer/Square Wave Output (2/2)

(d) Timer output level register 0 (TOLO)

TOLO

Bit n

TOLONn
0

0: Setting is invalid because master channel output mode is set (TOMOn = 0).

(e) Timer output mode register 0 (TOMO)

TOMO

Bit n

TOMON
0

0: Sets master channel output mode.

Remark n: Channel number (n =0 to 3)
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Figure 6-44. Procedure for Operating Interval Timer/Outputting Square Wave (1/2)

Software operation

Hardware status

A4

TAU Power-off status
default (Clock supply is stopped and writing to SFR of the TAU is
setting disabled.)
Sets the TAUOEN bit of peripheral enable register O
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled). Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU is
enabled.)
Sets timer clock select register 0 (TPSO0).
Determines operating clock (CK0OO and CKO01) for each
channel.
Channel | Sets timer mode register On (TMROnN) (determines Channel stops operating.
default operation mode for each channel).
setting Sets interval (period) value in the timer data register On
(TDRON) (for the access procedure to the TDROnH and
TDRONL registers, see 6.2.2 Timer data register On
(TDRON)).
Clears the target bit of timer output mode register 0 The TOON pin goes into Hi-Z state.
(TOMO) to 0 (master channel output mode). (The port mode register is set to input mode.)
Clears the target bit of the TOLO register to 0.
To use square wave output:
Sets the TOOnN bit and determines default level of the
TOON output.
Sets the TOEON bit to 1 and enables operation of —® TOON does not change because channel stops operating (the
TOON. TOON pin is not affected even if the TOON bit is modified).
The level set in the TOON bit is output from the TOON pin.
Clears the port register and port mode registerto 0 |
(output mode is set).
Operation | Sets the TOEON bit to 1 and enables operation of TOOn
start (only if resuming square wave output operation).
Sets the target bit of TSO or TSHO register to 1. —®The target bit of TEO or TEHO register is set to 1, and count
The target bit of TS0 or TSHO register automatically operation starts.
returns to 0 because it is a trigger bit. Value of the TDRON register is loaded to timer count
register On (TCROnN) at the next count clock. INTTMOn is
generated and TOON performs toggle operation if the
MDONO bit of the TMRONL register is 1.
During The 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 (for the access 0000H, the value of the TDRON register is loaded to the
procedure to the TCROnH and TCROnNL registers, see TCRON register again and the count operation is continued.
6.2.1 Timer counter register On (TCROnN)). By detecting TCROn = 0000H, INTTMOn is generated and
The set values in the target bits of the TOO and TOEO TOOnN performs toggle operation.
register can be changed. After that, the above operation is repeated.
The set values in the target bits of the TMROn, TOMO,
and TOLO registers cannot be changed.
Operation | Sets the target bit of TTO or TTHO register to 1. ————®The target bit of the TEO or TEHO register is cleared to 0, and
stop The target bit of TTO or TTHO register automatically count operation stops.
returns to 0 because it is a trigger bit. The TCROnN register holds count value and stops.
The TOON output is not initialized but holds current status.
Clears the TOEOn bit to 0 and sets a value in the TOOn ~®The level set in the TOON bit is output from the TOOn pin.
bit.
(Caution and Remark are listed on the next page.)
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Figure 6-44. Procedure for Operating Interval Timer/Outputting Square Wave (2/2)

Software operation Hardware status

TAU To hold the TOOnN pin output level
stop Clears the TOOn bit to O after the value to
be held (output latch) is set in the port register. jThe TOON pin output level is held by port function.
Power-off status

(Clock supply is stopped and SFR of the TAU is initialized.)

Caution When channels 1 and 3 are used in 8-bit timer mode (SPLIT = 1), it is prohibited to read the TCRO1H and
TDRO1H registers or the TCRO3H and TDRO3H registers.

Remark n: Channel number (n =0 to 3)
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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 the
interrupt request signal (INTTMOn). The specified number of counts can be calculated by the following expression.

| Specified number of counts = Set value of TDRONn + 1 |

When channel 1 or 3 is used as an 8-bit timer (SPLITOn = 1), only the lower 8-bit timer can be used as the external
event counter.

Timer count 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 (TSO0) to 1.

The TCROnN register counts down each time the valid input edge of the TIOn pin has been detected. When TCROn =
0000H, the TCRON 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 6-45. Block Diagram of Operation as External Event Counter

TNFENOn =
S
8
) Noise Edge D )
TIon pin @Q—{ . : 3 Timer counter
filter detection § | register on (TcrRON)
[S)
5 /T
% Timer data Interrupt O Int t t signal
TSOn % register On (TDRON) controller n erru([l)Nlil(_e%tJA%sn)S|gna
=
Remark n: Channel number (n =0 to 3)
RO1UH0904EJ0100 Rev.1.00 ‘-zENESAS 160

May 29, 2020



RL78/G1M, G1IN CHAPTER 6 TIMER ARRAY UNIT

Figure 6-46. Example of Basic Timing of Operation as External Event Counter

TSOn
TEOn .
mon | IO TUF LT UL
3 3
I 2 2 2 2
TCROnN 1 1 1
OOOOH/ L 0 / 0 / I—|0 >
TDRON 0003H X 0002H
INTTMON
4 events 4 events 3 events

Remarks 1. n: Channel number (n =0 to 3)

2. TSOn: Bit n of timer channel start register 0 (TS0)
TEON: Bit n of timer channel enable status register 0 (TEO)
TION: TIOn pin input signal

TCRONn:  Timer count register On (TCRON)
TDRON: Timer data register On (TDROnN)
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Figure 6-47. Example of Set Contents of Registers in External Event Counter Mode (1/2)

(@) Timer mode register On (TMROnH, TMRONL)

TMRONH TMRONL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
TMRON  |ckson1 CCSOn | M/SN°t® | STSON2 [ STSON1 [ STSONO | CISON1 | CISONO MDOn3 | MDOn2 | MDOn1 | MDONO
1/0 0 0 1 0/1 0 0 0 1/0 1/0 0 0 0 1 1 0

Operation mode of channel n
011B: Event count mode

Setting of operation when counting is started
0: Neither generates INTTMOnN 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 2)
0: Independent channel operation
Setting of SPLITOn bit (Channel 1, 3)
0: 16-bit timer
1: 8-bit timer

|___Count clock selection
1: Selects the TIOn pin input valid edge.

Operation clock (fwck) selection
0: Selects CK0O as operation clock of channel n.
1: Selects CKO01 as operation clock of channel n.

(b) Timer output register 0 (TOO)
Bit n
TOO TOON 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 TMRO2: MASTERON bit
TMRO1, TMROS3: SPLITOnN bit
TMROO: 0 fixed

Remark n: Channel number (n =0 to 3)
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Figure 6-47. Example of Set Contents of Registers in External Event Counter Mode (2/2)

(d) Timer output level register 0 (TOLO)

TOLO

Bit n

TOLON
0

0: Setting is invalid because master channel output mode is set (TOMOn = 0).

(e) Timer output mode register 0 (TOMO)

TOMO

Bit n

TOMOn
0

0: Sets master channel output mode.

Remark n: Channel number (n =0 to 3)
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Figure 6-48. Procedure for Operating External Event Counter

Software operation

Hardware status

TAU Power-off status
default (Clock supply is stopped and writing to SFR of the TAU
setting is disabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled). Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU is
enabled.)
Sets timer clock select register 0 (TPSO0).
Determines operating clock (CK0O and CKO01) for each
channel.
Channel | Sets noise filter enable register 1 (NFENL1). Channel stops operating.
default Sets timer mode register On (TMROnN) (determines
setting operation mode for each channel and selects the
detection edge).
Sets number of counts in the timer data register On
(TDRON) (for the access procedure to the TDROnH and
TDRONL registers, see 6.2.2 Timer data register On
(TDRON)).
Clears the target bit of timer output mode register O
(TOMO) to 0 (master channel output mode).
Clears the target bit of the TOLO register to 0.
Clears the target bit of timer output enable register 0
(TOEO) to 0.
Operation | Sets the target bit of TSO register to 1. »The target bit of TEO register is set to 1, and count
start The target bit of TS0 register automatically returns to 0 operation starts.
because it is a trigger bit. Value of the TDRON register is loaded to timer count
register On (TCRON) and detection of the TIOn pin input
edge is awaited.
During The set value of the TDRON register can be changed. Counter (TCRON) counts down each time input edge of the
operation | The TCROnN register can always be read (for the access TIOn pin has been detected. When count value reaches
procedure to the TCROnH and TCROnNL registers, see 0000H, the value of the TDRON register is loaded to the
6.2.1 Timer counter register On (TCROnN)). TCRON register again, and the count operation is
The set values in the target bits of the TMRON, TOO, continued. By detecting TCROn = 0000H, the INTTMOn is
TOEO, TOMO, and TOLO registers cannot be changed. generated.
After that, the above operation is repeated.
Operation | Sets the target bit of TTO register to 1. —®The target bit of TEO register is cleared to 0, and count
stop The target bit of TTO automatically returns to O operation stops.
because it is a trigger bit. The TCRON register holds count value and stops.
TAU Clears the TAUOEN bit of the PERO register to 0. —»Power-off status
stop (Clock supply is stopped and SFR of the TAU is
initialized.)
Remark n: Channel number (n =0 to 3)
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6.8.3 Operation as frequency divider (only channels 0 and 3)
The timer array unit can be used as a frequency divider that divides a clock input to the TIOn pin and outputs the result

clock from the TOON pin.
The divided clock frequency output from TOON can be calculated by the following expression.

e \When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROn + 1) x 2}
e \When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDROn + 1)

Timer count register On (TCRON) operates as a down counter in the interval timer mode.

After the channel start trigger bit (TSOn) of timer channel start register 0 (TSO0) is set to 1, the TCROn register loads the
value of timer data register On (TDROn) when the TIOn valid edge is detected.

If the MDOON bit of timer mode register On (TMRON) is 0 at this time, INTTMOn is not output and TOOn is not toggled. If
the MDOOnN bit of timer mode register On (TMRON) is 1, INTTMOn is output and TOOn is toggled.

After that, the TCROnN register counts down at the valid edge of the TIOn pin. When TCROn = 0000H, it toggles TOON.
At the same time, the TCROnN register loads the value of the TDROn register again, and continues counting.

If detection of both the edges of the TIOn pin is selected, the duty factor error of the input clock affects the divided clock

period of the TOON output.
The period of the TOON output clock includes a sampling error of a maximum of one operating clock (fuck) period.

Clock period of TOOn output = Ideal TOON output clock period + Operating clock period (error) |

The TDRON register can be rewritten at any time. The new value of the TDROnN register becomes valid during the next

count period.

Figure 6-49. Block Diagram of Operation as Frequency Divider

TNFENON
| 5
8
. Noise Edge [} i
TIOn pin@Q—=| . ; 3 Timer counter Output )
flter detection ‘Zg —=| register On (TCROnN) controller TOO0nN pin
o =
5 T
8 Timer data
TSOn 2 register On (TDRON)
.E’
Remark n=0,3
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Figure 6-50. Example of Basic Timing of Operation as Frequency Divider (MDOONn = 1)

TS00
TEOO |
moo U UUHUULUUUULUUUUULLTL
2 2 2
1 1 1 11 |1 |1 |1
TCROO 0000H> o> o> o‘> o‘) o‘> o‘> 0
TDROO 0002H X 0001H
TO00
INTTMOO
<~—— Divided — ~<—Divided—
by 6 by 4

Remark n: Channel number (n =0, 3)
TSOn: Bit n of timer channel start register 0 (TS0)
TEON: Bit n of timer channel enable status register 0 (TEO)
TION: TIOn pin input signal
TCRON: Timer count register On (TCRON)
TDROn: Timer data register On (TDRON)
TOONn:  TOOnN pin output signal
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Figure 6-51. Example of Set Contents of Registers During Operation as Frequency Divider (1/2)

(@) Timer mode register On (TMROnH, TMRONL)

TMRONH TMRONL

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

TMRON  |ckson1 CCSOon | M/SN'® | STSON2 [STSON1 [STSONO | CISOn1 | CISONO MDON3 | MDON2 | MDON1 | MDONO
1/0 0 0 1 0 0 0 0 1/0 | 1/0 0 0 0 0 0 1/0

I | I |

Operation mode of channel 0
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMOn nor inverts
timer output when counting is started.
1: Generates INTTMOn and inverts timer
output when counting is started.

L__Selection of TI0O pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

L__Start trigger selection
000B: Selects only software start.

Setting of SPLITOn bit (Channel 3)
0: 16-bit timer

L__Count clock selection
1: Selects the TI0O pin input valid edge.

Operation clock (fuck) selection
0: Selects CKOO as operation clock of channel 0.
1: Selects CKO1 as operation clock of channel 0.

(b) Timer output register 0 (TOO)

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 (the level set in the TOOn bit is output from
1/0 the TOON pin.).

1: Enables the TOOn output operation by counting operation (output from the TOOnN pin is toggled).

Note TMRO3: SPLITO3 bit
TMRO0O: 0 fixed

Remark n: Channel number (n =0, 3)
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Figure 6-51. Example of Set Contents of Registers During Operation as Frequency Divider (2/2)

(d) Timer output level register 0 (TOLO)

TOLO

Bit n

TOLON
0

0: Setting is invalid because master channel output mode is set (TOMOn = 0).

(e) Timer output mode register 0 (TOMO)

TOMO

Bit n

TOMON
0

0: Sets master channel output mode.

Remark n: Channel number (n =0, 3)

RO1UH0904EJ0100 Rev.1.00 I{ENESAS
May 29, 2020

168



Operation is resumed.

RL78/G1M, G1IN

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-52. Procedure for Operating Frequency Divider

Software operation

Hardware status

TAU Power-off status
default (Clock supply is stopped and writing to SFR of the TAU is
setting | disabled)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled). P Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU is
enabled.)
Sets timer clock select register 0 (TPSO0).
Determines operating clock (CK0OO0 and CKO01) for each
channel.
Channel | Sets noise filter enable register 1 (NFEN1). Channel stops operating.
default Sets timer mode register On (TMROn) (determines
setting operation mode for each channel and selects the
detection edge).
Sets interval (period) value in the timer data register On
(TDRON) (for the access procedure to the TDROnH and
TDROnNL registers, see 6.2.2 Timer data register On
(TDRON)).
Clears the target bit of timer output mode register 0 The TOON pin goes into Hi-Z state.
(TOMO) to 0 (master channel output mode). (The port mode register is set to input mode.)
Clears the target bit of the TOLO register to 0.
Sets the TOON bit and determines default level of the
TOON output.
Sets the TOEON bit to 1 and enables operation of TOOn.—P TOOn does not change because channel stops operating (the
Clears the port register and port mode register to 0 TOOp pin is not affected even if the TOOp bit is modified).
(output mode is set). The level set in the TOON bit is output from the TOON pin.
—p| Operation | Sets the TOEON bit to 1 and enables operation of TOOn
start (only when operation is resumed).
Sets the target bit of TSO register to 1. —®The target bit of TEO register is set to 1, and count operation
The target bit of TSO register automatically returns to O starts.
because it is a trigger bit. Value of the TDRON register is loaded to timer count register
On (TCRON) at the next count clock. INTTMOn is generated
and TOON performs toggle operation if the MDONO bit of the
TMROnNL register is 1.
During The 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 (for the access 0000H, the value of the TDRON register is loaded to the TCROn
procedure to the TCROnH and TCROnNL registers, see register again, and the count operation is continued. By
6.2.1 Timer counter register On (TCRON)). detecting TCROn = 0000H, INTTMOn is generated and TOOn
The set values in the target bits of the TOO and TOEO performs toggle operation.
registers can be changed. After that, the above operation is repeated.
The set values in the target bits of the TMROn, TOMO,
and TOLO registers cannot be changed.
Operation | Sets the target bit of TTO register is to 1. —————————3 The target bit of TEOn register is cleared to 0, and count
stop The target bit of TTO automatically returns to 0 operation stops.
—] because it is a trigger bit. The TCROnN register holds count value and stops.
The TOON output is not initialized but holds current status.
Clears the TOEON bit to 0 and sets a value inthe TOOn bit. ~—® The level set in the TOON bit is output from the TOON pin.
TAU To hold the TOOnN pin output level
stop Clears the TOOn bit to O after the value to be held
(output latch) is set to the port register. ————— B The TOOnN pin output level is held by port function.
Clears the TAUOEN bit of the PERO register to 0. = ——#Power-off status
(Clock supply is stopped and SFR of the TAU is initialized.)
Remark  n: Channel number (n =0, 3)
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6.8.4 Operation as input pulse interval measurement

The count value can be captured on detection of a valid edge of TIOn pin input and the interval of the pulse input to
TIOn pin can be measured. In addition, the count value can be captured by setting TSOn to 1 by software during the period
of TEOn = 1.

For the UARTO baud rate correction, set bit 1 (ISC1) of the input switch control register (ISC) to 1.

In the following descriptions, read TIOn as RxD0. When the ISC1 bit is set to 1, the input signal of the serial data input
(RxDO) pin is selected as a timer input (TI01). The width at the baud rate (transfer rate) of the other party in
communications can be measured by using the input pulse interval measurement mode with the input edge signal of the
start bit as a trigger.

The input 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 (fuck) selected with the CKSOn1 bit of timer
mode register On (TMROnN), so an error of one cycle of the operating clock (fmck) occurs.

Timer count 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 (TSO) is set to 1, the TCROnN 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 TCROnN register is transferred (captured) to timer
data register On (TDROnN) and, at the same time, the TCROn 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 TSRON 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 STSONn2 to STSONO bits of the TMRON register to 001B to use the valid edges of TIOn as a start trigger and a
capture trigger.

In addition, a software operation (TSOn = 1) can be used as a capture trigger, instead of using the TIOn pin input. When
TSOn is set to 1 during TEOn = 1, the count value is captured in synchronization with the operating clock (fvck).

Figure 6-53. Block Diagram of Operation as Input Pulse Interval Measurement

S
CKO1 3
Operation clock & Timer counter Interrupt Interrupt signal
CKO00 é —=| register On (TCRON) controller (INTTMOn)
TNFEIIIOn o l
in© Noise Edge kS ~
Tion pin filter detection % Timer data
; register On (TDRON)
TSON——= 8
=

Remark n: Channel number (n =0 to 3)
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Figure 6-54. Example of Basic Timing of Operation as Input Pulse Interval Measurement (MDONO = 0)

TSOn

TEOn

TIOn I |

FFFFH

TCRON a
0000H

TDRON 0000H X a b X ¢ d

INTTMON I I

OVF

Remarks 1. n: Channel number (n =0 to 3)
2. TSOn: Bit n of timer channel start register 0 (TS0)
TEON: Bit n of timer channel enable status register 0 (TEO)
TIOn: TIOn pin input signal
TCRONn: Timer count register On (TCRON)
TDROn: Timer data register On (TDRON)
OVF: Bit O of timer status register On (TSROnN)
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Figure 6-55. Example of Set Contents of Registers to Measure Input Pulse Interval (1/2)

(@) Timer mode register On (TMROnH, TMRONL)

TMRONH TMRONL

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

TMRON  |ckson1 CCSOn |M/sMe1| STSON2 | STSON1 |STSONO| CISON1 | CISONO MDON3 | MDON2 | MDON1 | MDONO
1/0 0 0 0 0 0 0 1 1/0 | 1/0 0 0 0 1 0 1/0

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.N°t¢ 2

L Setting of MASTERON bit (Channel 2)
0: Independent channel operation

Setting of SPLITON bit (Channel 1, 3)
0: 16-bit timer

L__Count clock selection
0: Selects operation clock (fvck).

Operation clock (fuck) selection
0: Selects CKOO as operation clock of channel n.
1: Selects CKOL1 as operation clock of channel n.

(b) Timer output register 0 (TOO)
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

Notes 1. TMR02: MASTERON bit
TMRO1, TMRO3: SPLITOn bit
TMROO: 0 fixed
2. A software operation (TSOn = 1) can be used as a start trigger, instead of using the TIOn pin input.

Remark n: Channel number (n =0 to 3)

RO1UH0904EJ0100 Rev.1.00 RENESAS 172
May 29, 2020



RL78/G1M, G1N

CHAPTER 6 TIMER ARRAY UNIT

Figure 6-55. Example of Set Contents of Registers to Measure Input Pulse Interval (2/2)

(d) Timer output level register 0 (TOLO)

TOLO

Bit n

TOLON
0

0: Setting is invalid because master channel output mode is set (TOMOn = 0).

(e) Timer output mode register 0 (TOMO)

TOMO

Bit n

TOMOn
0

0: Sets master channel output mode.

Remark n: Channel number (n =0 to 3)
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Figure 6-56. Procedure for Measuring Input Pulse Interval

Software operation

Hardware status

|| stop

TAU Power-off status
default (Clock supply is stopped and writing to SFR of the TAU
setting is disabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled). Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU
is enabled.)
Sets timer clock select register 0 (TPSO0).
Determines operating clock (CK0O and CKO01) for each
channel.
Channel | Sets noise filter enable register 1 (NFENL1). Channel stops operating.
default Sets timer mode register On (TMROnN) (determines
setting operation mode for each channel and selects the
detection edge).
Clears the target bit of timer output mode register 0
(TOMO) to 0 (master channel output mode).
Clears the target bit of the TOLO register to 0.
Clears the target bit of the timer output enable register
(TOEON) to 0.
Operation | Sets the target bit of TSO register to 1. ——— - The target bit of TEO register is set to 1, and count
start The target bit of TS0 register automatically returns to O | operation starts.
because it is a trigger bit. Timer count register On (TCRON) is cleared to 0000H at
the next count clock.
When the MDONO bit of the TMROn register is 1,
INTTMOn is generated.
During The set values of only the CISOn1 and CISOnO bits of the | Counter (TCRON) 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 TDROnN register can always be read (for the access the count value is transferred (captured) to timer data
procedure to the TDRONH and TDRONL registers, see register On (TDRON). At the same time, the TCROn
6.2.2 Timer data register On (TDRON)). register is cleared to 0000H, and the INTTMOn signal is
The TCROnN register can always be read (for the access generated.
procedure to the TCRONH and TCRONL registers, see If an overflow occurs at this time, the OVF bit of timer
6.2.1 Timer counter register On (TCRON)). status register On (TSRON) is set; if an overflow does not
The TSRON register can always be read. occur, the OVF bit is cleared.
The set values in the target bits of the TOO, TOEDO, After that, the above operation is repeated.
TOMOn, and TOLOnN registers cannot be changed.
Operation | Sets the target bit of TTO register isto 1. ———®The target bit of TEO register is cleared to 0, and count
The target bit of TTO register automatically returns to 0 operation stops.
because it is a trigger bit. The TCROnN register holds count value and stops.
The OVF bit of the TSROnN register is also held.
TAU Clears the TAUOEN bit of the PERO register to 0. —®Power-off status
stop (Clock supply is stopped and SFR of the TAU is
initialized.)
Remark n: Channel number (n =0 to 3)
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6.8.5 Operation as input signal high-/low-level width measurement

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 ((L0000H x TSROn: OVF) + (Capture value of TDROn + 1))

Caution The TIOn pin input is sampled using the operating clock (fmck) selected with the CKSOn1 bit of
timer mode register On (TMROnN), so an error of one cycle of the operating clock (fmck) occurs.

Timer count 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 O (TSO) is set to 1, the TEOn bit is set to 1 and
the TIOn 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 CISOnO 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 TEOn bit is 1.

CISOn1, CISOn0 of TMRON register = 10B: Low-level width is measured.
CISOn1, CISOnO of TMRON register = 11B: High-level width is measured.
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Figure 6-57. Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

CKoO1
CKO00

Operation clock

TNFENON

in© Noise | _| Edge
Tion pin filter detection

c

kel

i3]

Kd}

[] .

2 Timer counter Interrupt
8 —=l register On (TCROnN) controller
O

3 Timer data

% register On (TDROnN)

£

— Interrupt signal

(INTTMON)

Figure 6-58. Example of Basic Timing of Operation as Input Signal High-/Low-Level Width Measurement

TCRON \ b c

TDRON 0000H a b

INTTMON

TSOn

TEONn

TIONn |

OVF

FFFFH

0000H

~_ ]

Remarks 1. n: Channel number (n =0 to 3)

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 count register On (TCRON)

Timer data register On (TDROnN)

Bit O of timer status register On (TSROnN)
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Figure 6-59. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width (1/2)

(@) Timer mode register On (TMRONnH, TMRONL)

TMRONH TMRONL

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

TMRON  |ckson1 CCSOn | M/SN°'® | 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

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 (Channel 2)
0: Independent channel operation
Setting of SPLITOnN bit (Channel 1, 3)
0: 16-bit timer

L__Count clock selection
0: Selects operation clock (fvck).

Operation clock (fwck) selection
0: Selects CK0O as operation clock of channel n.
1: Selects CKO0L1 as operation clock of channel n.

(b) Timer output register 0 (TOO)
Bit n
TOO TOON 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: Setting is invalid because master channel output mode is set (TOMOn = 0).
0
Note TMROZ2: MASTERON bit
TMRO1, TMRO03: SPLITON bit
TMROO: 0 fixed

Remark n: Channel number (n =0 to 3)
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Figure 6-59. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width (2/2)

(e) Timer output mode register 0 (TOMO)

TOMO

Bit n

TOMOn
0

0: Sets master channel output mode.

Remark n: Channel number (n =0 to 3)
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Figure 6-60. Procedure for Measuring Input Signal High-/Low-Level Width

Software operation

Hardware status

TAU Power-off status
default (Clock supply is stopped and writing to SFR of the TAU
setting is disabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled). Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU
is enabled.)
Sets timer clock select register 0 (TPSO).
Determines operating clock (CK0OO0 and CKO01) for each
channel.
Channel | Sets noise filter enable register 1 (NFEN1). Channel stops operating.
default Sets timer mode register On (TMROnN) (determines
setting operation mode for each channel and selects the
detection edge).
Clears the target bit of timer output mode register 0
(TOMO) to 0 (master channel output mode).
Clears the target bit of the TOLO register to 0.
Clears the target bit of the timer output enable register
(TOEON) to 0.
—® Operation | Sets the target bit of TSO register to 1. —® The target bit of TEO register is set to 1, and the TIOn pin
start The target bit of TSO register automatically returns to O | start edge detection wait status is set.
because it is a trigger bit.
Detects the TIOn pin input count start valid edge. ——® Clears timer count register On (TCROn) to 0000H and
starts counting up.
During The TDROnN register can always be read (for the access When the TIOn pin start edge is detected, the counter
operation | procedure to the TDROnH and TDROnNL registers, see (TCRON) counts up from 0000H. If a capture edge of the
6.2.2 Timer data register On (TDRON)). TIOn pin is detected, the count value is transferred to timer
The TCROnN register can always be read (for the access data register On (TDRON) and INTTMOn is generated.
procedure to the TCROnH and TCROnNL registers, see If an overflow occurs at this time, the OVF bit of timer
6.2.1 Timer counter register On (TCROnN)). status register On (TSROn) is set; if an overflow does not
The TSROn register can always be read. occur, the OVF bit is cleared. The TCROnN register stops
The set values in the target bits of the TOO, TOEO, the count operation until the next TIOn pin start edge is
TOMOn, and TOLON registers cannot be changed. detected.
After that, the above operation is repeated.
— Operation | Sets the target bit of TTO register to 1. —® The target bit of TEO register is cleared to 0, and count
stop The target bit of TTO register automatically returns to 0 operation stops.
because it is a trigger bit. The TCROnN register holds count value and stops.
The OVF bit of the TSRON register is also held.
TAU Clears the TAUOEN bit of the PERO register to 0.  —®Power-off status
stop (Clock supply is stopped and SFR of the TAU is

initialized.)

Remark n: Channel number (n =0 to 3)
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6.8.6 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
generate the interrupt request signal (INTTMOn) after any specified interval.

It can also generate INTTMOn at any interval by setting TSOn to 1 by software to start the count down during the period
of TEOn = 1.

The interrupt request signal (INTTMOnN) generation period can be calculated by the following expression.

Generation period of interrupt request signal (INTTMOn) = Period of count clock x (Set value of TDROn + 1) |

Caution The TIOn pin input is sampled using the operating clock (fuck) selected with the CKSOn1 bit of timer
mode register On (TMROnN), so an error of one cycle of the operation clock (fmck) occurs.

When channel 1 or 3 is used as an 8-bit timer (SPLITOn = 1), only the lower 8-bit timer can be used as the delay
counter.

Timer count register On (TCRON) operates as a down counter in the one-count mode.

When the channel start trigger bit (TSOn) of timer channel start register 0 (TSO0) is set to 1, the TEOn bit is set to 1 and
the TIOn pin input valid edge detection wait status is set.

Timer count register On (TCROnN) starts operating upon TIOn pin input valid edge 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 with TCROn =
FFFFH until the next TIOn pin input valid edge is detected.

The TDROnN register can be rewritten at any time. The new value of the TDRON register becomes valid from the next
period.

Figure 6-61. Block Diagram of Operation as Delay Counter

s
. CcKo1 8
Operation clock 8 Timer counter
CK00 g —| register On (TCRON)
) =
TNFENON TSon §
} % Timer data Interrupt Interrupt signal
o o Noise Edge % register On (TDRON) controller (INTTMOn)
n pin © filter detection =
Remark n: Channel number (n =0 to 3)
RO1UH0904EJ0100 Rev.1.00 -zENESAS 180

May 29, 2020



RL78/G1M, G1IN CHAPTER 6 TIMER ARRAY UNIT

Figure 6-62. Example of Basic Timing of Operation as Delay Counter

Tson ||

TEOn __|
TiOn
FFFFH |
TCRON
OOOOH} /
TDRON a X b
INTTMON |
- a+l b+l

Remarks 1. n: Channel number (n =0 to 3)
2. TSOn: Bit n of timer channel start register 0 (TS0)
TEOn: Bit n of timer channel enable status register 0 (TEO)
TIOn:  TIOn pin input signal
TCRON: Timer count register On (TCRON)
TDRON: Timer data register On (TDRON)
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Figure 6-63. Example of Set Contents of Registers to Delay Counter (1/2)

(@) Timer mode register On (TMROnH, TMROnNL)

TMRONH TMRONL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
TMRON  |ckson1 CCSOn [M/S°te 1/ STSON2 [ STSON1 [STSONO| CISON1 | CISONO MDONn3 | MDON2 | MDON1 [ MDONO
1/0 0 0 0 0/1 0 0 1 1/0 1/0 0 0 1 0 0 1/0
I I I | il

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

L__Start trigger selection
001B: Selects the TIOn pin input valid edge.°t¢ 2

L—Setting of MASTERON bit (Channel 2)
0: Independent channel operation
Setting of SPLITOnN bit (Channel 1, 3)
0: 16-bit timer
1: 8-bit timer

L__Count clock selection
0: Selects operation clock (fuck).

Operation clock (fuck) selection
0: Selects CKOO as operation clock of channel n.
1: Selects CK02 as operation clock of channel n.

(b) Timer output register 0 (TOO)
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

Notes 1. TMRO02: MASTERON bit
TMRO1, TMRO3: SPLITOn bit
TMROO: 0 fixed
2. A software operation (TSOn = 1) can be used as a start trigger, instead of using the TIOn pin input.

Remark n: Channel number (n =0 to 3)
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Figure 6-63. Example of Set Contents of Registers to Delay Counter (2/2)

(d) Timer output level register 0 (TOLO)

TOLO

Bit n

TOLON
0

0: Setting is invalid because master channel output mode is set (TOMOn = 0).

(e) Timer output mode register 0 (TOMO)

TOMO

Bit n

TOMON
0

0: Sets master channel output mode.

Remark n: Channel number (n =0 to 3)
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Figure 6-64. Procedure for Operating Delay Counter
Software operation Hardware status
TAU Power-off status
default (Clock supply is stopped and writing to SFR of the TAU
seting | isdisabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled). Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU
is enabled.)
Sets timer clock select register 0 (TPSO).
Determines operating clock (CK0OO0 and CKO01) for each
channel.
Channel | Sets noise filter enable register 1 (NFEN1). Channel stops operating.
default Sets timer mode register On (TMROnN) (determines
setting operation mode for each channel and selects the
detection edge).
Sets INTTMON output delay in the timer data register On
(TDRON) (for the access procedure to the TDROnH and
TDRONL registers, see 6.2.2 Timer data register On
(TDRON)).
Clears the target bit of timer output mode register 0
(TOMO) to 0 (master channel output mode).
Clears the target bit of the TOLO register to 0.
Clears the target bit of the timer output enable register
(TOEON) to 0.
—® Operation | Sets the target bit of TSO register to 1. —® Target bit of TEO register is set to 1, and the start trigger
start The target bit of TSO register automatically returns to O | detection (the valid edge of the TIOn pin input is detected
because it is a trigger bit. or the TSOn bit is set to 1) wait status is set.
Count operation starts on detection of the next start Value of the TDRON register is loaded to the timer count
trigger: register On (TCROnN), and count down operation starts.
- The TIOn pin input valid edge is detected.
- The TSOn bit is set to 1 by software.
During The set value of the TDROn register can be changed. The counter (TCRON) counts down. When TCROn counts
operation | The TCROnN register can always be read (for the access down to 0000H, INTTMOn is generated, and counting
procedure to the TCROnH and TCROnNL registers, see stops (which leaves TCROn at FFFFH) until the next start
6.2.1 Timer counter register On (TCROnN)). trigger is detected (the valid edge of the TIOn pin input is
The set values in the target bits of theTMRON, TOO, detected or the TSOn bit is set to 1).
TOEO, TOMON, and TOLON registers cannot be changed. | After that, the above operation is repeated.
Operation | The target bit of TTO register is set to 1. —®The target bit of TEO register is cleared to 0, and count
stop The target bit of TTO register automatically returns to 0 operation stops.
] because it is a trigger bit. The TCROnN register holds count value and stops.
TAU Clears the TAUOEN bit of the PERO register to 0. —® Power-off status
stop (Clock supply is stopped and SFR of the TAU is
initialized.)
Remark n: Channel number (n =0 to 3)
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6.9 Simultaneous Channel Operation Function of Timer Array Unit

6.9.1 Operation as one-shot pulse output

By using two channels as a set, a one-shot pulse having any delay (output delay time) can be generated from the
signal input to the TIOn pin.

In addition, by setting TSOn to 1 by software, the count down can be started during the period of TEOn = 1.

The delay time and one-shot pulse width can be calculated by the following expressions.

Delay time = {Set value of TDROn (master) + 2} x Count clock period
One-shot pulse width = {Set value of TDROp (slave)} x Count clock period

Caution The TIOn pin input is sampled using the operating clock (fmck) selected with the CKSOn1 bit of
timer mode register On (TMROnN), so an error of one cycle of the operating clock (fmck) occurs.

The master channel operates in the one-count mode and counts the delays. Timer count 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 (frck). When TCROn = 0000H, it outputs INTTMOnN and stops counting until the next start trigger is detected.

The slave channel operates in the one-count mode and counts the one-shot 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 (frcik). When TCROp = 0000H, it outputs INTTMOp and stops counting with TCROp = FFFFH until the next
start trigger (INTTMOn of the master channel) is detected. The output level of TOOp becomes active one count clock
(frcwk) after generation of INTTMOn from the master channel, and inactive when TCROp = O000H.

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 may be 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)
p: Slave channel number (n < p < 3)
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Figure 6-65. Block Diagram of Operation for One-shot Pulse Output

Master channel

(one-count mode) =
S
CKo1 8
Operation clock 8 Timer counter
CKO00 g —=| register On (TCRON) [
8]
; ?
TSO .
- B ; Timer data Interrupt | Interrupt signal
. Noise Edge register On (TDRON) controller
O— INTTMO
Ti0n pin filter detection g ( "
TNFENON
Slave channel
(one-count mode)
S
) CKo1 3
Operation clock § Timer counter Output i
CKO0O g —| register 0p (TCROp) controller © TO0p pin
O
;
B Timer data Interrupt | _ Interrupt signal
register Op (TDRO
% g p( p) controller (INTTMOp)
=
'_
Remark n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)
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Figure 6-66. Example of Basic Timing of Operation for One-shot Pulse Output

tson _]|

TEOn _|

TIONn

Master —
FFFFH
channel

TCROn
0000H

TDRON

TOON

INTTMON -I

tsop _|

TEOp |

FFFFH

TCROp ‘\
Slave 0000H

channel

TDROp

TOOp

INTTMOp

a+2

Remarks 1. n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)

a+2

2. TSOn, TSOp: Bit n, p of timer channel start register 0 (TS0)

TEONn, TEOp: Bit n, p of timer channel enable status register O (TEO)
TIOn, TIOp: TIOn and TI0p pins input signal
TCRON, TCROp: Timer count 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 6-67. Example of Set Contents of Registers for One-shot Pulse Output (Master Channel) (1/2)

(@) Timer mode register On (TMRONnH, TMRONL)

TMRONH TMRONL

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

TMRON  |ckson1 CCSOn | MMt |STSON2|STSON1 |STSONO | CISON1 | CISONO MDONn3 | MDON2 | MDON1 [ MDONO
1/0 0 0 0 1 0 0 1 1/0 | 1/0 0 0 1 0 0 0

I | [ I |

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

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.°t¢ 2

L__Setting of MASTERON bit (Channel 2)
1: Master channel.

L__Count clock selection
0: Selects operation clock (fvck).

Operation clock (fwck) selection
0: Selects CKOO as operation clock of channels n.

1: Selects CKO1 as operation clock of channels n.

(b) Timer output register 0 (TOO)
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: Setting is invalid because master channel output mode is set (TOMOn = 0).
0

Notes 1. TMRO2: MASTERO2 bit
TMROO: O fixed
2. A software operation (TSOn = 1) can be used as a start trigger, instead of using the TIOn pin input.

Remark n: Master channel number (n = 0, 2)
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Figure 6-67. Example of Set Contents of Registers for One-shot Pulse Output (Master Channel) (2/2)

(e) Timer output mode register 0 (TOMO)

Bit n
TOMO | TOMON
0
Remark

0: Sets master channel output mode.

n: Master channel number (n =0, 2)
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Figure 6-68. Example of Set Contents of Registers for One-shot Pulse Output (Slave Channel) (1/2)

(@) Timer mode register Op (TMROpH, TMROpL)

TMROpH TMROpL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
TMROp |cksop1 CCSO0p | M/SN°'® | STSOp2 | STSOp1 | STSOp0 | CISOp1 | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOpO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0
I I I | 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 MASTEROp bit (Channel 2)
0: Slave channel

Setting of SPLITOp bit (Channel 1, 3)
0: 16-bit timer

L__Count clock selection
0: Selects operation clock (fvck).

Operation clock (fwck) selection
0: Selects CKOO as operation clock of channel p.
1: Selects CKO1 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO)

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 (the level set in the TOOp bit is output from the
1/0 TOOp pin).
1: Enables the TOOp output operation by counting operation (output from the TOOp pin is toggled).

(d) Timer output level register 0 (TOLO)

Bit p
TOLO TOLOp 0: Positive logic output (active-high)
1/0 1: Negative logic output (active-low)
Note TMRO02: MASTERON bit
TMRO1, TMRO3: SPLITOp bit

Remark n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)
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Figure 6-68. Example of Set Contents of Registers for One-shot Pulse Output (Slave Channel) (2/2)

(e) Timer output mode register 0 (TOMO)

TOMO

Remark

Bit p

TOMOp
1

1: Sets the slave channel output mode.

n: Master channel number (n =0, 2)

p: Slave channel number (n < p < 3)
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Figure 6-69. Procedure for Outputting One-shot Pulse (1/2)

Software operation

Hardware status

TAU
default
setting

Sets the TAUOEN bit of peripheral enable registers 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled).

Sets timer clock select register 0 (TPSO0).
Determines operating clock (CK0OO0 and CKO01) for each
channel.

Power-off status
(Clock supply is stopped and writing to SFR of the TAU
is disabled.)

» Power-on status. Each channel stops operating.

(Clock supply is started and writing to SFR of the TAU is
enabled.)

Channel
default
setting

Sets timer mode registers On, Op (TMROn, TMROp)
(determines operation mode for each channel and
selects the detection edge).

Sets an output delay of the master channel in the timer
data register On (TDROnN), and a pulse width of the slave
channel in the timer data register Op (TDROp) (for the
access procedure to the TDROnH and TDRONL registers,
see 6.2.2 Timer data register On (TDRON)).

Sets master channel.
Sets noise filter enable register 1 (NFEN1).
Clears the target bit of timer output mode register O
(TOMO) to O (master channel output mode).
Clears the target bit of the TOLO register to 0.
Clears the target bit of the timer output enable register
0 (TOEOQ) to 0.

Sets slave channel.
Sets the target bit of timer output mode register 0
(TOMO) to 1 (slave channel output mode).
Sets the target bit of the TOLO register.
Sets the TOOp bit and determines default level of the
TOOp output.

Channel stops operating.

The TOOp pin goes into Hi-Z state.
(The port mode register is set to input mode.)

Sets the TOEOp bit to 1 and enables operation of TOOp. L TOOp does not change because channel stops operating

Clears the port register and port mode register to 0.
(output mode is set)

(the TOOp pin is not affected even if the TOOp bit is

modified).

'rThe level set in the TOOp bit is output from the TOOp pin.

Remark n:

Master channel number (n =0, 2)

p: Slave channel number (n < p < 3)
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4>

Figure 6-69. Procedure for Outputting One-shot Pulse (2/2)

Software operation

Hardware status

Operation | Sets the TOEOp bit of the slave channel to 1 to enable
start TOOp operation (only when operation is resumed).
Sets the target bits of the TSO register (master and
slave) to 1 at the same time. The target bits of the TEO register are set to 1 and the
The target bits of the TS0 register automatically return | master channel enters the TIOn pin input valid edge
to 0 because they are trigger bits. detection wait status.
Count operation starts on detection of the next start —® Value of the TDROn register is loaded to the timer count
triggers: register On (TCRON) of the master channel, and count
- The TIOn pin input valid edge is detected. down operation starts.
- The TSOn bit is set to 1 by software.
During Changes master channel setting. The master channel counter (TCROnN) performs count
operation The TCROn register can always be read (for the down operation. When the count value reaches TCROn =
access procedure to the TCROnH and TCRONL 0000H, INTTMOn is generated, and the counter stops at
registers, see 6.2.1 Timer counter register On TCROI’:I : FFFFH .until the. next start trigger is dgtgcted (the
(TCRON)). IIOn pin input valid edge is detected or TSOn bit is set to
The set values of only the CISOn1 and CISOnO bits of ): !
the TMRO ist be ch d The slave channel, triggered by INTTMOn of the master
€ " reg|§ ercanbec 'ange ' channel, loads the value of the TDROp register to the
The setvalues in the target t?'ts of theTDRON, TOO, TCROp register, and the counter starts counting down.
TOEO, TOMO, and TOLO registers cannot be changed. | The output level of TOOp becomes active one cycle of the
Changes slave channel setting. count clock (frck) after generation of INTTMON from the
The TCROp register can always be read. master channel. It becomes inactive when TCROp =
The set values in the target bits of the TOOp, TOEOp, | 0000H, and the counting operation is stopped at TCROp =
TOMO, and TOLDO registers can be changed. FFFFH.
The set values of the TMROp and TDROp registers After that, the above operation is repeated.
cannot be changed.
Operation | Sets the target bits of the TTO register (master and slave)
stop to 1 at the same time. The target bits of the TEO register are cleared to 0, and
The target bits of the TTO register automatically return count operation stops.
to 0 because they are trigger bits. The TCROn and TCROp registers hold count value and
stop.
The TOOp output is not initialized but holds current
status.
Clears the TOEOp bit of slave channel to 0 and sets a
value to the TOOp bit. » The level set in the TOOp bit is output from the TOOp pin.
TAU To hold the TOOp pin output level
stop Clears the TOOp bit to 0 after the value to
be held (output latch) is set to the port register. ————®The TOOp pin output level is held by port function.
Clears the TAUOEN bit of the PERO register to 0. —»Power-off status
(Clock supply is stopped and SFR of the TAU is
initialized.)
Remark n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)
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6.9.2 Two-channel input with one-shot pulse output function
By using signal input to two pins (TIOn and TIOp), a one-shot pulse having any delay pulse width can be generated.
The two-channel input with one-shot pulse output function is provided only in the 16-bit products.

The output delay time and one-shot pulse width can be calculated by the following expressions.

Delay time = {Set value of TDROn (master) + 2} x count clock period
One-shot pulse active-level width =
count clock period x ((10000H + TSROp:OVF) + (capture value of TDROp (slave) + 1)

Caution The TIOn and TIOp pin inputs are each sampled using the operating clock (fmck) selected with the
CKSOn1 bit of the timer mode register (TMRON), so an error of one cycle of the operating clock (fmck)
per pin occurs.

The master channel should be operated in the one-count mode to start counting the delays (output delay time) upon
detection of a valid edge of the master channel TIOn pin input used as the start trigger. Upon detection of a start trigger
(valid edge of TIOn pin input), the master channel loads the value of timer data register On (TDROnN) to the timer count
register On (TCRON), and performs counting down in synchronization with the count clock (frcik).

When TCROn = 0000H, the master channel outputs INTTMOn and outputs the active level from the TOOp pin. It stops
counting until the next start trigger is detected.

The slave channel should be operated in the capture mode to set the one-shot pulse to the inactive level upon
detection of a valid edge of the slave channel TIOn pin input used as the end trigger. Upon detection of an end trigger
(valid edge of TIOp pin input), the slave channel transfers (captures) the count value of the TCROp register to the TDROp
register, and clears it to 0000H. Simultaneously, the slave channel outputs INTTMOp and the inactive level from the TOOp
pin. Here, if the counter overflow has occurred, the OVF bit in the timer status register Op (TSROp) is set; if not, the OVF
bit is cleared. After this, the same steps are repeated.

When the count value is captured to the TDROp register, the OVF bit in the TSROp register is updated depending on
the overflow status during the active level period, which allows the overflow status of the captured value to 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 TSROp register is set to 1. However, a normal interval value cannot be measured for the OVF bit, if two or more
overflows occur.

Instead of using the TIOn pin input, the software operation (TSOn = 1) can be used as a start trigger for the master
channel.

Remark n: Master channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 6-70. Block Diagram of Operation for Two-channel Input with One-shot Pulse Output Function

Master channel
(one-count mode)

CKO1

Operation clock

CKO00

Clock selection

TSOn

Timer counter
—| register On (TCRON)

Timer data

- Noise Edge
TI0n pin ©Q—= Y
P filter detection

Trigger selection

TNFENOn

register On (TDRON)

(capture mode)

CKo1

Operation clock

CKO00

Clock selection

Timer counter
—] register Op (TCROp)

Timer data

Trigger selection

. Noise Edge
TI0p pin ©— 9
PP filter detection

f

TNFENOp

Remark n: Master channel number (n = 0, 2)
p: Slave channel number (p = 3)

register Op (TDROp)

Interrupt -} Interrupt signal
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Output .
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Figure 6-71. Example of Basic Timing of Operation for Two-channel Input with One-shot Pulse Output Function

tson _|

TEOn __|

TIOn

Master
channel FFEFH

TCRON
0000H

TDRON a

TOON

INTTMON

tsop _|| \

TEOp | /

TIOp

FFFFH
TCROp b

Slave 0000H
channel /
TDROp 0000H b

\

)

TOOp

INTTMOp

a+2 b+1 a+2 b+1

Remarks 1. n: Master channel number (n =0, 2)

p: Slave channel number (p = 3)

2. TSOn, TSOp: Bit n, p of timer channel start register 0 (TSO0)
TEONn, TEOp: Bit n, p of timer channel enable status register 0 (TEO)
TIOn, TIOp: TIOn and TI0p pins input signal
TCRON, TCROp: Timer count 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 6-72. Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function
(Master Channel) (1/2)

(@) Timer mode register On (TMROnH, TMRONL)

TMRONnH TMRONL

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

TMRON  |ckson1 CCSOn | M\ [ STSON2 | STSON1|STSONO | CISON1 | CISONO MDON3 | MDON2 | MDOn1 | MDONO
1/0 0 0 0 1 0 0 1 0 0 0 0 1 0 0 0

I | [ I |

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TIOn pin input edge
00B: Detects falling edge.

| Start trigger selection
001B: Selects the TIOn pin input valid edge.°t¢ 2

L__Setting of MASTERON bit (Channel 2)
1: Master channel

L__Count clock selection
0: Selects operation clock (fvck).

Operation clock (fwck) selection
0: Selects CKOO as operation clock of channel n.
1: Selects CKO1 as operation clock of channel n.

(b) Timer output register 0 (TOO)
Bit n

TOO TOON 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: Setting is invalid because master channel output mode is set (TOMOn = 0).
0

Notes 1. TMRO02: MASTERO2 bit
TMROO: 0 fixed
2. A software operation (TSOn = 1) can be used as a start trigger, instead of using the TIOn pin input.

Remark n: Master channel number (n =0, 2)
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Figure 6-72. Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function

(Master Channel) (2/2)

(e) Timer output mode register 0 (TOMO)

TOMO

Bit n

TOMON
0

0: Sets master channel output mode.

Remark n: Master channel number (n =0, 2)
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Figure 6-73. Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function
(Slave Channel) (1/2)

(@) Timer mode register Op (TMROpH, TMROpL)

TMROpH TMROpL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
TMROp |cksop1 ccsop| S |STSOp2|STSOp1|STSO0pO| CISOpP1 | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOPO
1/0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0

Operation mode of channel p
010B: Capture mode

Setting of operation when counting

is started

0: Does not generate INTTMON
when counting is started.

L__Selection of TIOp pin input edge
00B: Detects falling edge.

L__Trigger selection
110B: Selects INTTMOnN of master channel as the start trigger and

selects TI0p pin input valid edge of slave channel as the end trigger
(capture trigger).

L__Setting of SPLITOp bit (Channel 3)
0: 16-bit timer

L__Count clock selection
0: Selects operation clock (fvck).

Operating clock (fwck) selection
0: Selects CK0O as operating clock of channel p.
1: Selects CKO01 as operating clock of channel p.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO)

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 (the level set in the TOOp bit is output from the
1/0 TOOp pin).
1: Enables the TOOp output operation by counting operation (output from the TOOp pin is toggled).

(d) Timer output level register 0 (TOLO)

Bit p
TOLO TOLOp 0: Positive logic output (active-high)
1/0 1: Negative logic output (active-low)

Remark n: Master channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 6-73. Example of Set Contents of Registers for Two-channel Input with One-shot Pulse Output Function

(Slave Channel) (2/2)

(e) Timer output mode register 0 (TOMO)

TOMO

Bit p

TOMOp
1

1: Sets the slave channel output mode.

Remark p: Slave channel number (p = 3)
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Figure 6-74. Procedure for Two-channel Input with One-shot Pulse Output Function (1/2)

Software operation

Hardware status

TAU
default
setting

Sets the TAUOEN bit of peripheral enable registers 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled).

Sets timer clock select register 0 (TPSO0).
Determines operating clock (CK0OO0 and CKO01) for each
channel.

Power-off status
(Clock supply is stopped and writing to SFR of the TAU
is disabled.)

» Power-on status. Each channel stops operating.

(Clock supply is started and writing to SFR of the TAU is
enabled.)

Channel
default
setting

Sets noise filter enable register 1 (NFEN1).

Sets timer mode register On, Op (TMROn, TMROp)
(determines operation mode for each channel and
selects the detection edge).

Sets master channel
Sets delay (output delay time) to timer data register On
(TDRON) (for the access procedure to the TDROnH
and TDROnNL registers, see 6.2.2 Timer data register
On (TDRON)).
Clears the target bit of timer output mode register 0
(TOMO) to O (master channel output mode).
Clears the target bit of the TOLO register to 0.
Clears the target bit of the timer output enable register
0 (TOEOQ) to 0.

Sets slave channel.
Sets the target bit of timer output mode register 0
(TOMO) to 1 (slave channel output mode).
Sets the target bit of the TOLO register.
Sets the TOOp bit and determines default level of the
TOOp output.

Clears the port register and port mode register to 0.

(output mode is set)

Channel stops operating.

The TOOp pin goes into Hi-Z state.
(The port mode register is set to input mode.)

TOOp does not change because channel stops operating.

Sets the TOEOp bit to 1 and enables operation of TOOp. L (The TOOp pin is not affected even if the TOOp bit is

modified).

'rThe level set in the TOOp bit is output from the TOOp pin.

Remark n:

Master channel number (n =0, 2)
p: Slave channel number (p = 3)
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Figure 6-74. Procedure for Two-channel Input with One-shot Pulse Output Function (2/2)

Software operation

Hardware status

Operation | Sets the TOEOp bit of the slave channel to 1 to enable
start TOOp operation (only when operation is resumed).
Sets the target bits of the TSO register (master and
slave) to 1 at the same time. The target bits of the TEO register are set to 1 and the
The target bits of the TS0 register automatically return | master channel enters the TIOn pin input valid edge
to 0 because they are trigger bits. detection wait status.
Count operation starts on detection of the next start Value of the TDRON register is loaded to the timer count
triggers: register On (TCRON) of the master channel, and count
- The TIOn pin input valid edge is detected. down operation starts.
- The TSOn bit is set to 1 by software.
During Changes master channel setting. The master channel counter (TCROnN) performs count
operation The TCRON register can always be read (for the down operation. When the count value reaches TCROn =
access procedure to the TCRONH and TCRONL 0000H, INTTMOn is generated, and the coqnter stops at
. . . TCRON = FFFFH until the next start trigger is detected (the
registers, see 6.2.1 Timer counter register On o . . o
TIOn pin input valid edge is detected or TSOn bit is set to
(TCRON)). 1)
The set values .of only the CISOn1 and CISOnO bits of The slave channel, triggered by INTTMOp of the master
the TMROn register can be changed. channel, clears the timer counter register Op (TCROp) to
The set values in the target bits of the TDROn, TOO, | 0000H. The counter starts counting up from 0000H, and
TOEO, TOMO, and TOLO registers cannot be changed. | when the TIOp pin input valid edge is detected, the count
Changes slave channel setting. value is transferred (captured) to the timer data register Op
The TDROP register can always be read. (TDROp) and T(.:ROp register is gleared to 0000H. At this
) time, INTTMOp is generated, which sets the TOOp output
The TCROp register can always be read. . .
) level to inactive
The TSROp register can always be read. After that, the above operation is repeated.
The set values of only the CISOp1 and CISOpO bits of
the TMROp register can be changed.
The set values in the target bits of the TOOp, TOEOp,
TOMO, and TOLO registers cannot be changed.
Operation | Sets the target bits of the TTO register (master and slave)
stop to 1 at the same time. The target bits of the TEO register are cleared to 0, and
The target bits of the TTO register automatically return count operation stops.
to 0 because they are trigger bits. The TCROn and TCROp registers hold count value and
stop.
The TOOp output is not initialized but holds current
status.
Clears the TOEOp bit of slave channel to 0 and sets a
value to the TOOp bit. » The level set in the TOOp bit is output from the TOOp pin.
TAU To hold the TOOp pin output level
stop Clears the TOOp bit to O after the value to
be held (output latch) is set to the port register. ———®The TOOp pin output level is held by port function.
Clears the TAUOEN bit of the PERO register to 0. =~ ——® Power-off status
Clock supply is stopped and SFR of the TAU is
initialized.
Remark n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)
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6.9.3 Operation as PWM output function

Two channels can be used as a set to generate a pulse of any period and duty factor.

When channel 1 or 3 is used as an 8-bit timer (SPLITOn = 1), only the lower 8-bit timer can be used as the slave
channel for the PWM output function.

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 (00H in 8-bit timer mode)

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), the
actually output PWM waveform has a 100% duty factor.

The master channel operates in the interval timer mode. If the channel start trigger bit (TSOn) of timer channel start
register 0 (TSO) is set to 1, the interrupt request signal (INTTMOn) is output, the value set to timer data register On
(TDRON) is loaded to timer count register On (TCRON), and the counter counts down in synchronization with the count
clock (frcik). When TCRONn reaches 0000H, INTTMOn is output, the value of the TDROnN 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 set to 1.

During the PWM output function operation, 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 TCROp counts down to 0000H. When TCROp reaches 0000H,
it outputs INTTMOp, and stops counting with TCROp = FFFFH until the next start trigger (INTTMOn from the master
channel) is generated.

During the PWM output function operation, 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 count clock (frcik) after the master channel generates INTTMOn and
goes to the inactive level when the TCROp register of the slave channel becomes 0000H.

Cautions 1. To rewrite both timer data register On (TDROnH, TDRONL) of the master channel and the TDROpH
and TDROpL registers of the slave channel, a write access is necessary at least four times. The
timing at which the values of the TDROnH, TDROnL, TDROpH, and TDROpL registers are loaded to
the TCROnH, TCROnL, TCROpH, and TCROpL registers is upon generation of INTTMOn of the
master channel. Thus, when rewriting is performed split before and after generation of INTTMOn
of the master channel, the TOOp pin cannot output the expected waveform. To rewrite all of the
TDRONnH, TDRONnL, TDROpH, and TDROpL registers, therefore, be sure to consecutively rewrite the
four registers immediately after INTTMOn is generated from the master channel.

2. To use the PWM output function in 8-bit timer mode, set OOH in TDROnH of the master channel
and set the pulse period for the 8-bit timer. The TDROnL register value should be set within the
range from O0H to FEH (0% to 100% output).

Remark n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)
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Figure 6-75. Block Diagram of Operation as PWM Output Function

Master channel

(interval timer mode) =
i)
CKO1 8
Operation clock [ Timer counter
CKO0O i —| register On (TCRON) [
O
2 Timer data Interrupt Int tsi |
TSOn % register On (TDRON) controller (TN?IHFLII\EO;;gna
=
'_
Slave channel
(one-count mode)
S
) CKo1 8
Operation clock 2 Timer counter Output _
CKO00 3 —=| register Op (TCROp) controller © TOO0p pin
(@]
;
B Timer data Interrupt | Interrupt signal
register Op (TDRO
§ g p( p) controller (INTTMOp)
E
Remark n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)
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Figure 6-76. Example of Basic Timing of Operation as PWM Output Function

Master
channel

Slave
channel

TSOn

TEON

TCRON

TDRON

TOON

INTTMOn

TSOp

TEOp

TCROp

TDROp

TOOp

INTTMOp

DN
/ / ) )
a X b
] |
: (
—\
0000H \ A
/ ) )
c X d
<_a:rl __el-rl . b+1
c c d

Remarks1. n: Master channel number (n =0, 2)

p: Slave channel number (n < p < 3)

. TSOn, TSOp:
TEOnN, 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 count registers 0n, Op (TCROn, TCROp)

Timer data registers On, Op (TDROn, TDROp)

TOON and TOOp pins output signal
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Figure 6-77. Example of Set Contents of Registers for PWM Output Function (Master Channel)

(@) Timer mode register On (TMROnH, TMRONL)

TMRONH TMRONL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
TMRON  |ckson1 CcCson | MM |STSON2|STSON1|STSONO| CISON1 | CISONO MDOn3 | MDON2 | MDON1 [ MDONO
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
I | I |

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 MASTERON bit (Channel 2)
1: Master channel.

L__Count clock selection
0: Selects operation clock (fvck).

Operation clock (fuck) selection
0: Selects CKOO as operation clock of channel n.
1: Selects CKOL1 as operation clock of channel n.

(b) Timer output register 0 (TOO)
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: Setting is invalid because master channel output mode is set (TOMOn = 0).
0

(e) Timer output mode register 0 (TOMO)
Bit n

TOMO |Tomon 0: Sets master channel output mode.
0

Note TMRO02: MASTERO2 bit
TMROO: 0 fixed
Remark n: Master channel number (n =0, 2)
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Figure 6-78. Example of Set Contents of Registers for PWM Output Function (Slave Channel) (1/2)

(@) Timer mode register Op (TMROpH, TMROpL)

TMROpH TMROpL

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

TMROp  |cKksop1 CCSOp | M/SNee | STSOp2 | STSOp1 | STSOPO | CISOpP1 | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOPO
1/0 0 0 0 1/0 1 0 0 0 0 0 0 1 0 0 1

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 INTTMOnN of master channel.

L__Setting of MASTEROp bit (Channel 2)
0: Slave channel

Setting of SPLITOp bit (Channel 1, 3)
0: 16-bit timer
1: 8-bit timer

L__Count clock selection
0: Selects operation clock (fvck).

Operation clock (fwck) selection
0: Selects CKOO as operation clock of channel p.
1: Selects CKO1 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register 0 (TOO)

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 (the level set in the TOOp bit is output from the
1/0 TOOp pin).

1: Enables the TOOp output operation by counting operation (output from the TOOp pin is toggled).

(d) Timer output level register 0 (TOLO)

Bit p
TOLO TOLOp 0: Positive logic output (active-high)
1/0 1: Negative logic output (active-low)

Note TMRO02: MASTEROp bit
TMRO1, TMRO03: SPLITOp bit

Remark n: Master channel number (n = 0, 2)
p: Slave channel number (n < p < 3)
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Figure 6-78. Example of Set Contents of Registers for PWM Output Function (Slave Channel) (2/2)

(e) Timer output mode register 0 (TOMO)
Bit p

TOMO | Tomop 1: Sets the slave channel output mode.
1

Remark n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)
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Figure 6-79. Procedure for Using PWM Output Function (1/2)

Software operation Hardware status
TAU Power-off status
default (Clock supply is stopped and writing to SFR of the TAU
setting is disabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled). Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU is
enabled.)
Sets timer clock select register 0 (TPSO).
Determines operating clock (CK0OO0 and CKO01) for each
channel.
Channel | Sets timer mode registers On, Op (TMROn, TMROp) Channel stops operating.
default (determines operation mode for each channel). (Clock is supplied and some power is consumed.)
setting Sets an interval (period) value of the master channel and
a duty factor of the slave channel in the timer data
registers On and Op (TDROn and TDROp) (for the access
procedure to the TDRONH and TDRONL registers, see
6.2.2 Timer data register On (TDROn)).
Sets master channel The TOOp pin goes into Hi-Z state.
Clears the target bit of the timer output mode register O | (The port mode register is set to input mode.)
(TOMO) to O (master channel output mode).
Clears the target bit of the TOLO register to 0.
Clears the target bit of the timer output enable register
0 (TOEQ) to 0.
Sets slave channel
Sets the target bit of the timer output mode register 0
(TOMO) to 1 (slave channel output mode).
Sets the target bit of the TOLO register.
Sets the TOOp bit and determines default level of the
TOOp output. TOOp does not change because channel stops operating
Sets the TOEOp bit to 1 and enables operation of TO0p. —# (The TOOp pin is not affected even if the TOOPp bit is
Clears the port register and port mode register to 0. modified).
(output mode is set.) The level set in the TOOp bit is output from the TOOp pin.
Remark n: Master channel number (n =0, 2)

p: Slave channel number (n<p < 3)
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Figure 6-79. Procedure for Using PWM Output Function (2/2)

Software operation Hardware status

Operation | Sets the TOEOp bit of the slave register to 1 and enables

Operation is resumed.

start operation of TOOn (only when operation is resumed).
Sets the target bits (master and slave) of the TS0 register
to 1 at the same time. P The target bit of the TEO register is set to 1, and the timer
The target bits of the TS0 register automatically return counter register On (TCRON) of the master channel is
to 0 because they are trigger bits. loaded with the TDROnN register value and starts
counting down.
During Changes master channel setting. The timer counter register On (TCRON) of the master
operation The set values of the TDRON register can be changed | channel performs count down operation. When the count
after INTTMOn of the master channel is generated. value reaches TCRONn = 0000H, INTTMOn output is
The TCROnN register can always be read (for the generated. At the same time, the value of the TDROn
access procedure to the TCROnH and TCRONnL register is loaded to the TCROnN register, and the counter
registers, see 6.2.1 Timer counter register On starts counting down again.
(TCRON)). At the slave channel, the value of the TDROp register is
The set values in the target bits of the TMROn, TOO, loaded to the TCROp register, triggered by INTTMOnN of

TOEO, TOMO, and TOLO registers cannot be changed. | the master channel, and the counter starts counting down.
The output level of TOOp becomes active one count clock
(frewk) after generation of the INTTMON output from the
master channel. It becomes inactive when TCROp =
0000H, and the counting operation is stopped with TCROp
= FFFFH.

After that, the above operation is repeated.

Changes slave channel setting.

The set values of the TDROp register can be changed
after INTTMOn of the master channel is generated.
The TCROp register can always be read.

The set values in the target bits of the TOO, TOEO, and
TOLO registers can be changed.

The set values in the target bits of the TMROp and
TOMO registers cannot be changed.

Operation | Sets the target bits of the TTO registers (master and

stop slave) to 1 at the same time. The target bits of the TEO register are cleared to 0, and
The target bits of the TTO registers automatically return count operation stops.
to 0 because they are trigger bits. The TCROn and TCROp registers hold count value and
stop.
The TOOp output is not initialized but holds current
status

Clears the TOEOp bit of slave channel to 0 and sets a

value to the TOOp bit. P The level set in the TOOp bit is output from the TOOp pin.
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 (output latch) is set to the port register.

Clears the TAUOEN bit of the PERO register to 0. — Power-off status
(Clock supply is stopped and SFR of the TAU is

initialized.)
Remark n: Master channel number (n =0, 2)
p: Slave channel number (n < p < 3)
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6.9.4 Operation as multiple PWM output function

By extending the PWM output function and using multiple slave channels, many PWM waveforms with different duty
values can be output. The multiple PWM output function is provided only in the 16-bit products.

When channel 1 or 3 is used as an 8-bit timer (SPLITOn = 1), only the lower 8-bit timer can be used as the slave
channel for the PWM output function.

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}, the actually output PWM
waveform has a 100% duty factor.

The master channel counts the pulse periods. When operated in interval timer mode, it loads the TDROn value to the
TCRON register to start counting down.

The slave channel 1 counts the duty factor, and outputs any PWM waveform from the TOOp pin. When operated in
one-count mode, it loads the TDROp register value to the TCROp register using INTTMOn from the master channel as a
start trigger, and performs count down operation until TCROp reaches 0000H. When TCROp = 0000H, TCROp outputs
INTTMOp and stops counting with TCROq = FFFFH until the next start trigger (INTTMOn from the master channel) has
been input.

In the same way as the slave channel 1, the slave channel 2 counts the duty factor, and outputs a desired PWM
waveform from the TOOqg pin. When operated in one-count mode, the counter loads the TDROq register value to the
TCROq register using INTTMOn from the master channel as a start trigger, and performs counting down until TCROq
reaches 0000H. When TCROq = 0000H, the TCROq register outputs INTTMOq and stops counting with TCROp = FFFFH
until the next start trigger (INTTMOnN from the master channel) has been input.

The PWM output level (TOOp or TO0q) becomes active one count clock (frcik) after generation of INTTMOn from the
master channel, and inactive when TCROp = 0000H or TCROq = 0000H.

When channel 0 is used as the master channel as above, up to three types of PWM signals can be output at the same
time.

Cautions 1. To rewrite both timer data register On (TDROnH, TDROnL) of the master channel and the TDROpH
and TDROpL registers of the slave channel, write access is necessary at least four times. Since
the values of the TDROnH, TDROnL, TDROpH, and TDROpL registers are loaded to the TCROnH,
TCRONL, TCROpH, and TCROpL 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 all of the TDROnH,
TDRONnL, TDROpH, and TDROpL registers, be sure to consecutively rewrite the four registers
immediately after INTTMOn is generated from the master channel.

2. To use the multiple PWM output function in 8-bit timer mode, set 00H in TDROnH of the master
channel and set the pulse period for the 8-bit timer. The TDROnL register value should be set
within the range from 00H to FEH (0% to 100% output).

Remark n: Master channel number (n = 0)
p: Channel number of slave channel 1, g: Channel number of slave channel 2
n <p<q=3(Where p and g are consecutive integers greater than n)
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Figure 6-80. Block Diagram of Operation as Multiple PWM Output Function (Output Two Types of PWMs)

Master channel
(interval timer mode)

5
_ CKOZ 3
Operation clock 3 Timer counter
CKoo———| 8 —=|  register On (TCRON)[ |
O
g
;:"j Timer data |nterrupt Int tsi |
TS0n = register On (TDRON) controller (TN?rr;ul\ﬁOrs]')gna
.E’
Slave channel 1
(one-count mode)
c
2
_ CKOZL E
Operation clock 2 Timer counter Output _
CKO0O g —|  register Op (TCROp) controller © TOOp pin
O
g
% Jimer data Interrupt | Interrupt signal
2 register Op (TDRO
5 g p( p) controller (INTTMOp)
g
Slave channel 2
(one-count mode)
5
ok CKOZ g
Operation cloc g Timer counter
. Output .
CKOO El —~| register 0q (TCROq controller ©T00q pin
(S}
g
% 'Ttimeor d(aTthO ) Interrupt Interrupt signal
2 register
5 9 q q controller (INTTMOQ)
g
Remark n: Channel number (n = 0)
p: Channel number of slave channel 1, g: Channel number of slave channel 2
n<p<q=<3(Where p and g are consecutive integers greater than n)
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Figure 6-81. Example of Basic Timing of Operation as Multiple PWM Output Function
(Output Two Types of PWMs)

TSOn f

TEOn

FFFFH

Master
channel TCRON 0000H \ \\

TDRON a X b

TOON

INTTMON 1 |l

TSOp

TEOp

FFFFH

TCRO
Slave P 0000H R

channel 1 } } )
TDROp c X d

Toop ___| |

INTTMOp I

atl at+l b+1

TSOq

TEOq

FFFFH i

TCRO
Slave a 00ooH [\ A

channel 2

1 %/
"%

TDROq e X f

TOOq

INTTMOq Il

a+l a+l b+1

(Remarks are listed on the next page.)
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Remarks 1. n: Channel number (n = 0)
p: Slave channel number 1, g: Slave channel number 2
n<p<q=<3(Where p and q are consecutive integers greater than n)

2. TSOn, TSOp, TSOq: Bit n, p, g of timer channel start register 0 (TSO0)

TEONn, TEOp, TEOQ: Bit n, p, g of timer channel enable status register 0 (TEQ)
TCRON, TCROp, TCROg: Timer count registers 0On, Op, 0g (TCROn, TCROp, TCROQ)
TDRON, TDROp, TDROg: Timer data registers On, Op, 0q (TDROn, TDROp, TDROQ)
TOON, TOOp, TOOQ: TOON, TOOp, and TOOq pins output signal

Figure 6-82. Example of Set Contents of Registers for Multiple PWM Output Function (Master Channel) (1/2)

(@) Timer mode register 00 (TMRO00)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMROO  |cksoo1 CCS00 STS002 | STS001 | STS000| CIS001 | CIS000 MD003 | MDO002 | MD0O1 | MD00O
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

L] L]

Operation mode of channel 0
000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMOO when counting is
started.

Selection of TI00 pin input edge
00B: Sets 00B because these are not used.

Start trigger selection
000B: Selects only software start.

Count clock selection
0: Selects operation clock (fvck).

Operation clock (fuck) selection
0: Selects CKOO as operation clock of channel 0.
1: Selects CKO1 as operation clock of channel 0.

RO1UH0904EJ0100 Rev.1.00 I{ENESAS
May 29, 2020

214



RL78/G1M, G1N CHAPTER 6 TIMER ARRAY UNIT

Figure 6-82. Example of Set Contents of Registers for Multiple PWM Output Function (Master Channel) (2/2)

(b) Timer output register 0 (TOO)
Bit 0

TOO TO00 0: Outputs 0 from TOO0O.
0

(c) Timer output enable register 0 (TOEO)
Bit 0

TOEO TOE00 0: Stops the TOO00 output operation by counting operation.
0

(d) Timer output level register 0 (TOLO)
Bit 0

TOLO TOLOO 0: Setting is invalid because master channel output mode is set (TOMOO = 0).
0

(e) Timer output mode register 0 (TOMO)

Bit 0
TOMO TOMOO 0: Sets master channel output mode.
0
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Figure 6-83. Example of Set Contents of Registers for Multiple PWM Output Function (Slave Channel)
(Output Two Types of PWMs) (1/2)

(@) Timer mode register Op, 0g (TMROp, TMROQ)

TMROp

TMROq

Note

Remark

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSOpl CCSOp | M/SN°® | STSOp2 | STSOp1 | STS0pO | CISOpL | CISOPO MDOp3 | MDOp2 | MDOp1 | MDOpPO
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
CKS0q1l CCS0q | M/SN°'® | STS0G2 | STS0q1 [ STS0qO | CIS0gL | CIS0q0 MDO0g3 | MDO0g2 | MDOg1 | MDOgO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

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 INTTMOO of master channel.
Setting of MASTEROp and MASTERO(q bits (Channel 2)
0: Slave channel
Setting of SPLITOp and SPLITOq bits (Channel 1, 3)
0: 16-bit timer
1: 8-bit timer
Count clock selection
0: Selects operation clock (fuck).
Operation clock (fwck) selection
0: Selects CKOO as operation clock of channel p, q.
1: Selects CKOL1 as operation clock of channel p, g.
* Make the same setting as master channel.
TMRO2: MASTEROp and MASTERO(q bits

TMRO1, TMRO3: SPLITOp and SPLITOq bits

p: Channel number of slave channel 1, g: Channel number of slave channel 2
0 <p<g =3 (Where pand g are consecutive integers greater than 0)
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Figure 6-83. Example of Set Contents of Registers for Multiple PWM Output Function (Slave Channel)

(Output Two Types of PWMs) (2/2)

(b) Timer output register 0 (TOO)

TOO

Bitq Bitp
Tooq | TOOp
1/0 1/0

0: Outputs 0 from TOOp or TOOQ.
1: Outputs 1 from TOOp or TOOq.

(c) Timer output enable register 0 (TOEO)

TOEO

Bitq Bitp
TOEOq | TOEOp
1/0 1/0

0: Stops the TOOp or TOOq output operation by counting operation (the level set in the TOOp or
TOOq bit is output from the TOOp or TOOq pin).

1: Enables the TOOp or TO0q output operation by counting operation (output from the TOOp or
TOOq pin is toggled).

(d) Timer output level register 0 (TOLO)

TOLO

Bitq Bitp
TOLOg | TOLOp
1/0 1/0

0: Positive logic output (active-high)
1: Negative logic output (active-low)

(e) Timer output mode register 0 (TOMO)

TOMO

Bitq Bitp
TOMOq | TOMOp
1 1

1: Sets the slave channel output mode.

Remark p: Channel number of slave channel 1, g: Channel number of slave channel 2
0 <p<q=3(Where p and g are consecutive integers greater than 0)
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Figure 6-84. Procedure for Using Multiple PWM Output Function (Output Two Types of PWMSs) (1/2)

Software operation Hardware status
TAU Power-off status
default (Clock supply is stopped and writing to SFR of the TAU
setting is disabled.)
Sets the TAUOEN bit of peripheral enable register 0
(PERO) to 1 (when the TAUOEN bit is 0, read/write
operation is disabled). » Power-on status. Each channel stops operating.
(Clock supply is started and writing to SFR of the TAU is
.| Gnabled) ]
Sets timer clock select register 0 (TPSO0).
Determines operating clock (CK0OO0 and CKO01) for each
channel.
Channel | Sets timer mode registers 00, Op, 0q (TMR0O, TMROp, Channel stops operating.
default TMROq) (determines operation mode for each channels). | (Clock is supplied and some power is consumed.)
setting Sets an interval (period) value of the master channel and
a duty factor of the slave channels to the timer data
registers 00, Op, and 0g (TDR0O, TDROp, and TDRO0Q)
(for the access procedure to the TDROnH and TDROnL
registers, see 6.2.2 Timer data register On (TDROn)).
Sets master channel. The TOOp and TOOq pins go into Hi-Z state.
Clears the target bit of the timer output mode register | (The port mode register is in output mode.)
0 (TOMO) to 0 (master channel output mode).
Clears the target bit of the TOLO register to 0.
Clears the target bit of the timer output enable register
0 (TOEOQ) to 0.
Sets slave channel.
Sets the target bit of the timer output mode register 0
(TOMO) to 1 (slave channel output mode).
Sets the target bit of the TOLO register.
Sets the TOOp and TOOq bits and determines default
level of the TOOp and TOOq outputs. o TOOp and TOOq do not change because channels stop
Sets the TOEOp and TOEQq bits to 1 and enables >operating. (The TOOp pin is not affected even if the TOOp
TOOp and TOOqg outputs based on count operation. or TOOq bit is modified).
Clears the port register and port mode register to 0. The levels set in the TOOp and TOOq bits are output from
(output mode is set.) the TOOp and TOO(q pins.
Remark p: Channel number of slave channel 1, g: Channel number of slave channel 2
n<p<q=<3(Where pand q are a consecutive integer greater than n)
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Figure 6-84. Procedure for Using Multiple PWM Output Function (Output Two Types of PWMSs) (2/2)

Software operation

Hardware status

Operation | Sets the TOEOp and TOEOq bits of the slave register to 1
start and enables the TOOp and TOOq outputs by the count
operation (only when resuming operation).
Sets the target bits of the TSO register (master and slave)
to 1 at the same time. The target bit of the TEO register is set to 1, and the timer
The target bits of TSO register automatically return to 0 | counter register 00 (TCR00) of the master channel is
because they are trigger bits. loaded with the TDROO register value and starts counting
down.
During Changes master channel setting. The timer counter register 00 (TCROO) of the master
operation The set values of the TDROO register can be changed | channel performs count down operation. When the count
after INTTMOO of the master channel is generated. value reaches TCROO = 0000H, INTTMOO is generated.
The TCROO register can always be read (for the access | At the same time, the value of the TDROO register is
procedure to the TCROOH and TCROOL registers, see | loaded to the TCROO register, and the counter starts
6.2.1 Timer counter register On (TCROnN)). counting down again.
The set values in the target bits of the TMRO00, TOO, At the slave channel, the values of the TDROp and TDROq
TOEO, TOMO, and TOLO registers cannot be changed. | registers are loaded to the TCROp and TCROq registers,
Changes slave channel setting. triggered by INTTMOO of the master channel, and the
The set values of the TDROp and TDRO(q registers can | counter starts counting down. The output levels of TOOp
be changed after INTTMOO of the master channel is and TOOq become active one count clock (frcik) after
generated. generation of the INTTMOO output from the master
The TCROp and TCROq register can always be read. | channel. They become inactive when TCROp = 0000H
The set values in the target bits of the TOO, TOEO, and | gnd TCROq = 0000H, and the counting operation is
TOLO registers can be changed. stopped at TCROp = FFFFH and TCROq = FFFFH.
The set values in the target bits of the TMROp, TMROq, | After that, the above operation is repeated.
and TOMO registers cannot be changed.
Operation | Sets the target bits (master and slave) of the TTO register
stop to 1 at the same time. ———pThe target bits of the TEO register are cleared to 0, and
The target bits of the TTO register automatically return | count operation stops.
to 0 because they are trigger bits. The TCRO00, TCROp, and TCRO(q registers hold count
value and stop.
The TOOp and TOOq outputs are not initialized but hold
current status.
Clears the TOEOp and TOEQ(q bits of slave channels to 0
and sets a value to the TOOp and TOOq bits. —» The levels set in the TOOp and TOOq bit are output from
the TOOp and TOOq pins.
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 (output latch) is set to the port
register.

Clears the TAUOEN bit of the PERO register to 0.

| The TOOp and TOOq pin output levels are held by port
function.

—» Power-off status

(Clock supply is stopped and SFR of the TAU is
initialized.)

Remark p: Channel number of slave channel 1, g: Channel number of slave channel 2

0 <p<g=3(Where pand g are a consecutive integer greater than 0)
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6.10 Cautions When Using Timer Array Unit

6.10.1 Cautions when using timer output

Depending on the product, a timer output and other alternate functions may be assigned to some pins. In such case,
the outputs of the other alternate functions must be set to their initial states.

For details, see 4.5 Register Settings When an Alternate Function Is Used.
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CHAPTER 7 12-BIT INTERVAL TIMER

7.1 Functions of 12-bit Interval Timer

An interrupt request signal (INTIT) is generated at any previously specified time interval. It can be utilized as the trigger
for waking up from STOP mode and HALT mode.

7.2 Configuration of 12-bit Interval Timer

The 12-bit interval timer includes the following hardware.

Table 7-1. Configuration of 12-bit Interval Timer

Item

Configuration

Counter

12-bit

counter

Control registers

Peripheral enable register 0 (PERO)

Operation speed mode control register (OSMC)

Interval timer control register H (ITMCH)
Interval timer control register L (ITMCL)

fi

Operation speed mode
control register (OSMC)

Figure 7-1. Block Diagram of 12-bit Interval Timer

Count

clock

Clear

!

Count operation
control circuit

12-bit counter

A4

| L~ Interrupt request

Match signal
ITMCH

Match signall signal (INTIT)
ITMCL

WUTMM
CKO

RINTE

ITMCMP11 to ITMCMP8

ITMCMP7 to ITMCMPO

8

Interval timer control
register (ITMCH, ITMCL)

8

Internal bus
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7.3 Registers Controlling 12-bit Interval Timer

The 12-bit interval timer is controlled by the following registers.
» Peripheral enable register 0 (PERO)
« Operation speed mode control register (OSMC)
« Interval timer control register (ITMC)

7.3.1 Peripheral enable register 0 (PERO)

This register is used to enable or disable supplying the clock to the peripheral hardware. Clock supply to the hardware
that is not used is also stopped so as to decrease the power consumption and noise.

When using the 12-bit interval timer, be sure to set bit 7 (TMKAEN) to 1 at first.

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 7-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 0OH R/W

Symbol <7> <6> <5> 4 3 <2> 1 <0>
PERO TMKAEN | RTOEN"' | ADCEN 0 0 SAUOEN 0 TAUOEN
TMKAEN Control of 12-bit interval timer input clock supply
0 Stops input clock supply.

e SFR used by the 12-bit interval timer cannot be written.
e The 12-bit interval timer is in the reset status.

1 Enables input clock supply.
e SFR used by the 12-bit interval timer can be read and written.

Note RL78/G1M products only.

Cautions 1. Set the WUTMMCKO bit of the OSMC register to 1 to determine the clock source
for counting before supplying an input clock signal to the 12-bit interval timer
(TMKAEN = 1).

2. When setting the 12-bit interval timer, be sure to first set the TMKAEN bit to 1 and
then set the following registers, while oscillation of the count clock is stable. If
TMKAEN = 0, writing to the 12-bit interval timer is ignored, and all read values are
default values (except for the operation speed mode control register (OSMC)).

e Interval timer control register H (ITMCH)
e Interval timer control register L (ITMCL)
3. Be sure to clear the following bits to 0.
RL78/G1M products: Bits 1, 3, and 4
RL78/G1N products: Bits 1, 3, 4, and 6
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7.3.2 Operation speed mode control register (OSMC)
The WUTMMCKO bit can be used to control supply of the 12-bit interval timer count clock.
Set the WUTMMCKO bit to 1 before operating the 12-bit interval timer.
Do not clear WUTMMCKO to 0 before counter operation has stopped.
The OSMC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 7-3. Format of Operation Speed Mode Control Register (OSMC)

Address: FOOF3H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
osMmC 0 0 0 WUTMMCKO 0 0 0 0
WUTMMCKO Supply of count clock for 12-bit interval timer
0 Clock supply stop.
1 Low-speed on-chip oscillator clock (fi.) supply
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7.3.3 Interval timer control register (ITMCH, ITMCL)
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.

Set the eight lower-order bits (ITCMP7 to ITCMPO) of the value for comparison in the ITMCL register and then set the
four higher-order bits (ITCMP11 to ITCMP8) of the value for comparison and make the setting to stop or start counter
operation in the ITMCH register.

The ITMCH and ITMCL registers can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets the ITMCH and ITMCL registers to OFH and FFH, respectively.

Figure 7-4. Format of Interval Timer Control Register (ITMCH, ITMCL)

Address: FFF91H  After reset: OFH R/W

Symbol

ITMCH

7

6 5 4 3t00

RINTE

0 0 0 ITCMP11 to ITCMP8

Address: FFF90H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
ITMCL ITCMP7 to ITCMPO
RINTE 12-bit interval timer operation control
0 Count operation stopped (count clear)
1 Count operation started
ITCMP11 to ITCMPO Specification of the 12-bit interval timer compare value

001H These bits generate an interrupt at the fixed cycle (count clock cycles x (ITCMP

oo setting + 1)).

FFFH

000H Setting prohibited

Example interrupt cycles when 001H or FFFH is specified for ITCMP11 to ITCMPO
e ITCMP11 to ITCMPO = 001H, count clock: when fi. = 15 kHz
1/15 [kHz] x (1 + 1) + 0.1333 [ms] = 133.3 [us]
e ITCMP11 to ITCMPO = FFFH, count clock: when fi. = 15 kHz
1/15 [kHz] x (4095 + 1) + 273 [ms]
Cautions 1. Set the TMKAMK flag to 1 to disable processing of the INTIT interrupt before stopping
the counter (by clearing the RINTE bit to 0). Clear the TMKAIF flag to 0 to enable INTIT
interrupt processing before restarting counter operation (by setting the RINTE bit to 1).

2. The value read from the RINTE bit is applied one count clock cycle after setting the
RINTE bit to 1.

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 ITCMP11 to ITCMPO bits when the counting operation is
stopped (RINTE = 0).

However, it is possible to change the settings of the ITCMP11 to ITCMP8 bits at the
same time as when changing the setting of the RINTE bit from Oto 1 or 1to O.
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7.4 12-bit Interval Timer Operation

7.4.1 12-bit interval timer operation timing

The count value specified for the ITCMP11 to ITCMPO 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 ITCMP11 to ITCMPO 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 shown in Figure 7-5.

Figure 7-5. 12-bit Interval Timer Operation Timing
(ITCMP11 to ITCMPO = OFFH, count clock: fi = 15 kHz)

Countclock [T [T M T 1TI L LTI LI LML M LA LrL L ri L i e L

RINTE |
Counting starts at the rising edge of the first cycle of

the count clock signal after the RINTE bit is set to 1.

OFFH
12-bit counter
000H
\ The 12-bit counter is cleared
asynchronously with the count clock signal
when the RINTE bit is cleared to 0.
I
ITCMP11 to OFFH

ITCMPO

INTIT ( —I I —I

Period (17.06 ms)

A
r
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7.4.2 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.

e 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 7-6).

e 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 7-6).

Figure 7-6. Procedure of Entering to HALT or STOP Mode After Setting RINTE to 1

%l

Return from HALT mode
Return from STOP mode

RINTE =1

-1 >

Yes

Count operation is started.

Confirm count operation
is started.

‘%

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

Enter HALT or

HALT instruction executed Enter HALT or STOP instruction executed STOP mode
STOP instruction executed STOP mode /\\/
Example 1 Example 2
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CHAPTER 8 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

8.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for clock output for supply to peripheral ICs.
Buzzer output is a function to output a square wave of buzzer frequency.

One pin can be used to output a clock or buzzer sound.

The PCLBUZO pin outputs a clock selected by clock output select register 0 (CKSO0).
Figure 8-1 shows the block diagram of clock output/buzzer output controller.

Figure 8-1. Block Diagram of Clock Output/Buzzer Output Controller

fuan  ——— Prescaler

5 3

fwan/2t to fuan/213

fmain to fvain/24

Clock/buzzer
controller

Selector

PCLOEO

I .

PCLOEOQ| CCS02 | CCSO01 | CCS00

@ Clock output select register 0 (CKSO0)

S Internal bus S

Note RL78/G1M products only

Output latch
P02 (P40)

PMO02
(PM40)

P10/ANI1/SCKO00/PCLBUZO/KR3/[SO00Nte/TxDON!¢]

(PA0/KRO/TOOLO/[PCLBUZO)/[TIO1}/[TO01])

Caution  The PCLBUZO pin can output a frequency, see 23.4 AC Characteristics.

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

register (PIOR).
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8.2 Configuration of Clock Output/Buzzer Output Controller
The clock output/buzzer output controller includes the following hardware.

Table 8-1. Configuration of Clock Output/Buzzer Output Controller

Item Configuration

Control registers Clock output select register 0 (CKS0)

Port mode register 0 (PMO0) [Port mode register 4 (PM4)]
Port register 0 (PO) [Port register 4 (P4)]

Port mode control register 0 (PMCO)

Peripheral I/O redirection register (PIOR)

Remark Functions in brackets in the above table can be assigned via settings in the peripheral 1/O redirection register
(PIOR).

8.3 Registers Controlling Clock Output/Buzzer Output Controller

The following registers are used to control the clock output/buzzer output controller.
e Clock output select register 0 (CKSO0)

e Port mode register 0 (PMO) [Port mode register 4 (PM4)]

e Port mode control register 0 (PMCO)

e Peripheral I/O redirection register (PIOR)

Remark Functions in brackets can be assigned via settings in the peripheral I/O redirection register (PIOR).
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8.3.1 Clock output select register 0 (CKSO0)

This register sets output enable/disable for clock output or for the buzzer frequency output pin (PCLBUZO0), and sets the

output clock.

The CKSO register is set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Address: FFFA5H

Figure 8-2. Format of Clock Output Select Register 0 (CKSO0)

After reset: 00H R/W

Symbol <7> 6 5 4 3 2 1 0
CKSO0 PCLOEO 0 0 0 0 CCS02 CCSs01 CCS00
PCLOEO PCLBUZO pin output enable/disable specification
0 Output disable (default)
1 Output enable
CCS02 | CCs01 | CCSs00 PCLBUZO pin output clock selection
fwain (MHZ)
1.25 2.5 5 10 20
0 0 0 fman 1.25MHz | 2.5MHz 5 MHz"™*® | 10 MHz""*® | Setting
prohibited N°te
0 0 1 fmain/2 625 kHz 1.25MHz | 2.5 MHz 5 MHz N | 10 MHz Nt
0 1 0 fuan/2? | 312.5 kHz | 625 kHz 1.25 MHz | 2.5 MHz 5 MHz Mo
0 1 1 fuan/2® | 156.3 kHz | 312.5 kHz | 625 kHz 1.25MHz | 2.5 MHz
1 0 0 fuan/24 | 78.1 kHz 156.3 kHz | 312.5kHz | 625 kHz 1.25 MHz
1 0 1 fuan/21 | 610 Hz 1.22 kHz 2.44 kHz 4.88 kHz 9.77 kHz
1 1 0 fuain/212 | 305 Hz 610 Hz 1.22 kHz 2.44 kHz 4.88 kHz
1 1 1 fuan/21® | 153 Hz 305 Hz 610 Hz 1.22 kHz 2.44 kHz
Note The available output clock varies depending on the operating voltage range. For detail, see

23.4 AC Characteristics.

Cautions 1. Change the output clock after disabling the PCLBUZO0 pin output (PCLOEO = 0).
2. To shift to STOP mode, execute the STOP instruction when at least 1.5 cycles of
the clock used for the PCLBUZO pin output have elapsed after the PCLBUZO pin
output has been disabled.

Remark fmain: Main system clock frequency
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8.3.2 Registers controlling port functions of clock output/buzzer output pin

Using the port pin for the clock output/buzzer output controller requires setting of the registers that control the port
function multiplexed on the clock output/buzzer output pin (PCLBUZO pin): (port mode registers 0, 4 (PMO, PM4), port
registers 0, 4 (PO, P4), port mode control register 0 (PMCO), peripheral I/O redirection register (PIOR)).

For details on the registers that control the port functions, see 4.3.1 Port mode registers 0, 1, 4 (PMO, PM1, PM4),
4.3.2 Portregisters 0, 1, 4, 12, 13 (PO, P1, P4, P12, P13), 4.3.6 Port mode control registers 0, 1 (PMCO, PMC1), and
4.3.7 Peripheral I/O redirection register (PIOR).

When you intend to use the PCLBUZO pin, set the corresponding bits in the port mode register 0 (PMO0), port mode
control register 0 (PMCO), port register 0 (P0), and port output mode register 0 (POMO) to 0.

For details, see 4.5.3 Example of register settings for port and alternate functions used.

PCLBUZO pin output can be assigned to pin P40 by setting the PIOR bit in the peripheral 1/O redirection register (PIOR)
to 1.
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8.4 Operations of Clock Output/Buzzer Output Controller

One pin can be used to output a clock or buzzer sound.
The PCLBUZO0 pin outputs a clock/buzzer selected by the clock output select register 0 (CKSO0).

8.4.1 Operation as output pin
The PCLBUZO pin is output as the following procedure.

<1> Set the bits in the port mode register (PM0/PM4), port register (P0/P4), and port mode control register 0 (PMCO)
that correspond to the pin on which the PCLBUZO function is multiplexed to O.

<2> Select the output frequency with bits 0 to 2 (CCS00 to CCS02) of the clock output select register (CKS0) of the
PCLBUZO pin (output in disabled).

<3> Set bit 7 (PCLOEDO) of the CKSO register to 1 to enable clock/buzzer output.

Remark The controller used for outputting the clock starts or stops outputting the clock one clock after enabling or
disabling clock output (PCLOEO bit) is switched. At this time, pulses with a narrow width are not output.

Figure 8-3 shows enabling or stopping output using the PCLOEO bit and the timing of outputting the clock.

Figure 8-3. Timing of Clock Output from PCLBUZO

recen_| N s I s IR e I

1 clock elapsed _ |

Clock output

Narrow pulses are not output

Caution Entry to STOP mode within 1.5 clock cycles of the PCLBUZO pin output being disabled (PCLOEO =
0) will shorten the width of the PCLBUZO0 pin output pulse. In such cases, only execute the STOP
instruction when at least 1.5 cycles of the clock used for PCLBUZO output have elapsed after the
PCLBUZO0 pin output has been disabled.
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CHAPTER 9 WATCHDOG TIMER

9.1 Functions of Watchdog Timer

The count operation is specified by the user option byte (000COH) in the watchdog timer.

The watchdog timer operates on the low-speed on-chip oscillator clock.

The watchdog timer is used to detect an inadvertent program loop. If a program loop is detected, an internal reset
signal is generated.

Program loop is detected in the following cases.

e If the watchdog timer counter overflows
e If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
e |f data other than “ACH" is written to the WDTE register

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is setto 1. For
details of the RESF register, see CHAPTER 16 RESET FUNCTION.
When 75% of the overflow time is reached, an interval interrupt is generated.
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9.2 Configuration of Watchdog Timer

The watchdog timer includes the following hardware.

Table 9-1. Configuration of Watchdog Timer

Item

Configuration

Control register

Watchdog timer enable register (WDTE)

How the counter operation is controlled and overflow time are set by the option byte.

Table 9-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer

Option Byte (000COH)

Controlling counter operation of watchdog timer Bit 4 (WDTON)

Overflow time of watchdog timer

Bits 3 to 1 (WDCS2 to WDCSO0)

Controlling counter operation of watchdog timer Bit 0 (WDSTBYON)
(in HALT/STOP mode)

Remark For the option byte, see CHAPTER 18 OPTION BYTE.

WDCS2 to WDCSO of
option byte (000COH)

Figure 9-1. Block Diagram of Watchdog Timer

Interval time controller
(2" x 0.75)

(25-1)/fi to

[— Interval interrupt request signal

(INTWDTI)

Clock 17-bit | @D, Overflow signal
fiL input counter I———— Selector
controller Reset
output
controller

WDTON of option

byte (O0OCOH)

1l

— Internal reset signal

Watchdog timer enable |
register (WDTE) —

Write detector to
WDTE except ACH

)

2 Internal bus 2
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9.3 Register Controlling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

9.3.1 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 1AH or 9AHN°te,

Figure 9-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFFABH After reset: 1AH/9AHN°t® R/W

Symbol 7 6 5 4 3

WDTE |

The WDTE register reset value differs depending on the WDTON bit setting value of the option byte

Note
(O00COH). 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 avalue 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 1AH/9AH (this differs from the written value (ACH)).
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9.4 Operation of Watchdog Timer

9.4.1 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 (0O0COH) to 1 (the

counter starts operating after a reset release) (for details, see CHAPTER 18).
WDTON Watchdog Timer Counter

0 Counter operation disabled (counting stopped after reset)

1 Counter operation enabled (counting started after reset)

e Set an overflow time by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH) (for details, see 9.4.2
and CHAPTER 18).

<2> 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> 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.

e If a 1-bit manipulation instruction is executed on the WDTE register
e If data other than “ACH” is written to the WDTE register

Cautions 1.

If the watchdog timer is cleared by writing “ACH” to the WDTE register, the actual overflow time
may become shorter than the overflow time set by the option byte by up to one clock cycle of fi.
The watchdog timer can be cleared immediately before the count value overflows.

The operation of the watchdog timer in the HALT and STOP modes differs as follows depending
on the set value of bit 0 (WDSTBYON) of the option byte (O0O0COH).

WDSTBYON = 0: Watchdog timer operation stops.
WDSTBYON = 1: Watchdog timer operation continues.

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.
Setting WDTON =0 and WDSTBON =1 is prohibited.
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9.4.2 Setting time of watchdog timer

Set the overflow time and interval interrupt time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the

option byte (00O0COH).

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) before the overflow time.

When 75% of the overflow time is reached, an interval interrupt is generated.

The following overflow time and interval interrupt time can be set.

Table 9-3. Setting of Overflow Time and Interval Interrupt Time

WDCS2 WDCS1 WDCSO0 Overflow Time of Interval Interrupt Time of
Watchdog Timer Watchdog Timer
(When fiL =17.25 kHz (max.) (When fiL =17.25 kHz (max.)
0 0 0 (2°-1)/fu (3.65 ms) 25/fi. x 0.75 (2.78 ms)
0 0 1 (27 —1)/i (7.36 ms) 27ffi. x 0.75 (5.56 ms)
0 1 0 (28 —1)/fi (14.7 ms) 28/fi. x 0.75 (11.1 ms)
0 1 1 (2° —1)/i (29.6 ms) 2%fiL x 0.75 (22.2 ms)
1 0 0 (2™ —1)/fw (118 ms) 2%/fi x 0.75 (89.0 ms)
1 0 1 (2% —1)/fL (474 ms) 2%%/fi x 0.75 (356 ms)
1 1 0 (21 —1)/fi (949 ms) 2¥ffi x 0.75 (712 ms)
1 1 1 (2% —1)/fi (3799 ms) 2%/fiL x 0.75 (2849 ms)

Cautions 1. The watchdog timer continues counting even after INTWDTI is generated (until 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.

2. The watchdog timer always generates an interval interrupt when the specified time is

reached unless this is specifically disabled. If the interval interrupt from the watchdog timer
is not to be used, be sure to disable the interrupt by setting the WDTIMK bit to 1.

Remark fi.: Low-speed on-chip oscillator clock frequency
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CHAPTER 10 A/D CONVERTER

The A/D converter has eight analog input channels.
10.1 Function of A/D Converter

The A/D converter is used to convert analog input signals into digital values, and is configured to control up to 8
channels of A/D converter analog inputs. Ten-bit or eight-bit resolution can also be selected by using the ADTYP bit of
A/D converter mode register 2 (ADM2).

The A/D converter has the following function.
e 10-bit/8-bit resolution A/D conversion
Following the selection of one analog input channel from among ANIO to ANI7, software initiates A/D conversion
with 10-bit or 8-bit resolution. An A/D conversion end interrupt request signal (INTAD) is generated on completion
of A/D conversion. The range of operating voltage for the A/D converter is from 2.4 to 5.5 V.
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10.2 Configuration of A/D Converter

The A/D converter includes the following hardware.

(1) ANIO to ANI7 pins
These are the analog input pins of the 7 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 I/O port pins.
(2) 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.
(3) 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 Vop) 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 Vop), 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 Vob)
Bit 9 = 1: (3/4 Vob)
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 0 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.
(4) Comparison voltage generator
The comparison voltage generator generates the comparison voltage input from an analog input pin.
(5) 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 higher-order bit storage register (ADCRH)
and the A/D conversion result lower-order bit storage register (ADCRL). When A/D conversion operations have
ended, an A/D conversion end interrupt request signal (INTAD) is generated.
(6) A/D conversion result higher-order bit storage register (ADCRH)
ADCRH is an 8-bit register which holds the result of A/D conversion. The conversion result is loaded from the
successive approximation register, and the eight higher-order bits of the A/D conversion result are stored in ADCRH.
The two lower-order bits of the result of 10-bit A/D conversion are stored in ADCRL.
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(7) A/D conversion result lower-order bit storage register (ADCRL)
ADCRL is an 8-bit register which holds the two lower-order bits (ADCR1, ADCRO) of the result of 10-bit A/D
conversion. The six lower-order bits of this register are fixed to 0.

(8) 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 an A/D conversion end interrupt request signal (INTAD).
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10.3 Registers Used in A/D Converter
The A/D converter is controlled by the following registers.

e Peripheral enable register 0 (PERO)

e A/D converter mode register 0 (ADMO)

e A/D converter mode register 2 (ADM2)

e A/D conversion result higher-order bit storage register (ADCRH)
e A/D conversion result lower-order bit storage register (ADCRL)
e Analog input channel specification register (ADS)

e Port mode registers 0, 1 (PMO, PM1)

e Port mode control registers 0, 1 (PMCO, PMC1)

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 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 10-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> 4 3 <2> 1 <0>
PERO TMKAEN RTOENNete ADCEN 0 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.

Note RL78/G1M products only.

Cautions 1. When setting the A/D converter, be sure to set the following registers while the ADCEN
bit is set to 1 first. 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 the port mode
register 0 (PMO) and the port mode control register 0 (PMCO)).

e A/D converter mode register 0 (ADMO)
e A/D converter mode register 2 (ADM2)
e A/D conversion result higher-order bit storage register (ADCRH)
e A/D conversion result lower-order bit storage register (ADCRL)
e Analog input channel specification register (ADS)
2. Be sure to clear the following bits to 0.
RL78/G1M products: Bits 1, 3, and 4
RL78/G1N products: Bits 1, 3, 4, and 6
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10.3.2 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 O0H.

Figure 10-3. Format of A/D Converter Mode Register 0 (ADMO)

Address: FFF30H  After reset: 00H R/W

Symbol <7> <6> <5> 4 3 <2> 1 <0>
ADMO ADCS 0 0 FRNotel FRQNotel ‘ 0 ‘ LvQnetel | ADCE
ADCS A/D conversion operation control
0 Stops conversion operation (conversion stopped/standby status)
1 Enables conversion operation (conversion operation status)

<Clear conditions>

e 0 is written to ADCS.

e The bit is automatically cleared to 0 when A/D conversion ends.
<Set condition>

o1 is written to ADCS when the ADCE bit is 1.

ADCE

A/D voltage comparator operation control Note?

0

Stops A/D voltage comparator operation

1

Enables A/D voltage comparator operation

Notes 1.

For details of the FR1, FRO, and LVO bits and A/D conversion, see Table 10-2 10-bit
Resolution A/D Conversion Time Selection or Table 10-3 8-bit Resolution A/D
Conversion Time Selection.

The operation of the A/D voltage comparator is controlled by the ADCS and ADCE bits, and it
takes 0.1 ps from the start of operation for the operation to stabilize. Therefore, when the
ADCS bit is set to 1 after 0.1 us or more has elapsed from the time ADCE bit is set to 1, the
conversion result at that time has priority over the first conversion result. If the ADCS bit is set
to 1 to perform A/D conversion without waiting for at least 0.1 s, ignore data of the
conversion.

Cautions 1. Rewrite the values of the FR1, FRO, and LVO bits in the conversion standby status

(ADCS =0, ADCE =1) or in the conversion stopped status (ADCS =0, ADCE = 0).
Rewriting the values of the FR1, FRO, and LVO bits, and ADCS bits by an 8-bit
manipulation instruction at the same time is prohibited.

2. Setting ADCS =1 and ADCE =0 s prohibited. When 1 is written to the ADCS bit in

the conversion stopped status (ADCE = 0, ADCS = 0), the ADCS bit is not set to 1.

3. Changing the ADCE and ADCS bits from 0 to 1 at the same time by using an 8-bit

manipulation instruction is prohibited. Be sure to set these bits in the order
described in 10.7 A/D Converter Setup Flowchart.

4, Be sure to clear bits 2,5, and 6 to “0”.

May 29, 2020

5. Setting the ADCS bit to 1 during conversion (ADCS = 1) is prohibited. When
restarting the conversion for the same channel is required, stop conversion once
(ADCS =0), and then restart the A/D conversion (ADCS = 1).
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Note

Table 10-1. Settings of ADCS and ADCE Bits

ADCS ADCE A/D Conversion Operation
0 0 Conversion stopped state
0 1 Conversion standby state
1 0 Setting prohibited
1 1 Conversion-in-progress state

Figure 10-4. Timing Chart When A/D Voltage Comparator Is Used

ADCS

A/D voltage comparator: enables operation

Conversion

standby

:

Conversion

-—

stopped

Conversion . Conversion
, standby Note ' operation
1 is written
to ADCS.

The flag is automatically cleared when 0 is
written to ADCS or when A/D conversion ends.

It requires at least 0.1 ps to stabilize the internal circuit until the A/D conversion operation is started (ADCS = 1)

after the operation of the A/D voltage comparator is enabled (ADCE = 1).

waiting for at least 0.1 ps, ignore data of the first conversion.

Table 10-2. 10-bit Resolution A/D Conversion Time Selection

If the ADCS bit is set to 1 without

A/D Converter Mode | Conversion | Number of | Conversion Conversion Time Selection (us)
Register 0 (ADMO0) Clock Conversion Time
FR1 | FRO | LVO0? Clock fok = fok = fok = fok = fok =
1.25 MHz 2.5 MHz 5 MHz 10 MHz 20 MHZzNete
0 0 0 feL/8 23 fap 184/fcrk Setting Setting Setting 18.4 9.2
(Number of prohibited prohibited prohibited
0 1 fewl4 sampling 92/feix 18.4 9.2 46
clock: 9 fap) _
1 0 fewk/2 46/fcik 18.4 9.2 4.6 Setting
1 1 fer 23/ferx 18.4 9.2 4.6 Setting | Prohibited
prohibited
0 0 1Note fouk/8 17 fao 136/fcik Setting Setting Setting 13.6 6.8
(Number of prohibited prohibited prohibited
o | 1 foud/4 sampling | ggjfey 136 6.8 3.4
clock: 3 fap) -
1 0 feLk/2 34/fek 13.6 6.8 3.4 Setting
1 1 fer 17Mewx 136 6.8 3.4 Setting | Prohibited
prohibited
Note Setting prohibited when 2.4 VV < Vbp < 2.7 V. Can be selected when 2.7V <Vob <55 V.
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Table 10-3. 8-bit Resolution A/D Conversion Time Selection

A/D Converter Mode | Conversion | Number of | Conversion Conversion Time Selection (us)
Register 0 (ADMO) Clock Conversion Time
FR1 | FRO LVO Clock fok = fok = fok = fok = fok =
1.25 MHz 2.5 MHz 5 MHz 10 MHz 20 MHZzNete
0 0 0 feLk/8 21 fao 168/fck Setting Setting Setting 16.8 8.4
(Number of prohibited prohibited prohibited
0 1 fewk/d sampling 84/fcik 16.8 8.4 4.2
clock: 9 fap) ;
1 0 ferk/2 42/fcik 16.8 8.4 4.2 Setting
1 1 fork 21/feix 16.8 8.4 4.2 Setting prohibited
prohibited
0 0 1Note fouk/8 15 fap 120/fck Setting Setting Setting 12.0 6.0
(Number of prohibited prohibited prohibited
0 1 feu/a sampling 60/fci 12.0 6.0 3.0
clock: 3 fap) -
1 0 fewk/2 30/fcLk 12.0 6.0 3.0 Setting
1] 1 foux 15/fci 12.0 6.0 3.0 Setting | Prohibited
prohibited

Note Setting prohibited when 2.4 VV < Vbp < 2.7 V. Can be selected when 2.7V <Vob <55 V.

Cautions

Remark fcik: CPU/peripheral hardware clock frequency

1.

described in 23.6.1 A/D converter characteristics.

The A/D conversion time must also be within the relevant range of conversion times (tconv)

Rewrite the values of the FR1, FRO, and LVO bits to other than the same data in the conversion

standby status (ADCS =0, ADCE = 1) or in the conversion stopped status (ADCS =0, ADCE = 0).
Rewriting the values of the FR1, FRO, and LVO bits, and ADCS bits by an 8-bit manipulation
instruction at the same time is prohibited.

taking clock frequency errors into consideration.

The above conversion time does not include clock frequency errors.

Select conversion time,

RO1UH0904EJ0100 Rev.1.00
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Figure 10-5. A/D Converter Sampling and A/D Conversion Timing

1 is written to ADCS.

((
)T
ADCS
Sampling
timing r) (J
INTAD —|
((
)T
Sampling Successive conversion Conversion standby
status
)}
Conversion time
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10.3.3 A/D converter mode register 2 (ADM2)
This register is used to set the resolution of the A/D converter.
The ADM2 register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 10-6. Format of A/D Converter Mode Register 2 (ADM2)

Address: FOO10H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 <0>
ADM2 0 0 0 0 0 0 0 ADTYP
ADTYP Resolution of A/D conversion
0 10-bit resolution
1 8-bit resolution

Caution Rewrite the value of the ADM2 register in the conversion stopped status (while the ADCS
and ADCE bits are set to 0).

10.3.4 A/D conversion result higher-order bit storage register (ADCRH)

ADCRH is an 8-bit register which holds the result of A/D conversion. The conversion result is loaded from the
successive approximation register after A/D conversion ends. When 10-bit resolution is selected, the eight higher-order
bits of the A/D conversion result are stored in this register and the two lower-order bits of the A/D conversion result are
stored in ADCRL.

The ADCRH register can be read by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10-7. Format of A/D Conversion Result Higher-Order Bit Storage Register (ADCRH)

Address: FFF1FH  After reset: OOH R
Symbol 7 6 5 4 3 2 1 0

ADCRH ADCR9 ADCRS8 ADCRY7 ADCRG6 ADCR5 ADCR4 ADCR3 ADCR2

Caution When writing to the A/D converter mode register 0 (ADMO) and the analog input channel
specification register (ADS), the contents of the ADCRH/ADCRL register may become
undefined. Read the conversion result following conversion completion before writing to the
ADMO and ADS registers. Using timing other than the above may cause an incorrect
conversion result to be read.
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10.3.5 A/D conversion result lower-order bit storage register (ADCRL)

This register is an 8-bit register that holds the two lower-order bits of the result of 10-bit A/D conversion. The six lower-
order bits are fixed to 0.

The ADCRL register can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to O0H.

Figure 10-8. Format of A/D Conversion Result Lower-Order Bit Storage Register (ADCRL)

Address: FFF1EH  After reset: 0OOH R
Symbol 7 6 5 4 3 2 1 0

ADCRL ADCR1 ADCRO 0 0 0 0 0 0

Figure 10-9 shows the state after the result of 10-bit resolution A/D conversion has been stored. Each time A/D
conversion ends, the conversion result is loaded from the successive approximation register (SAR). The eight higher-
order bits of the conversion result are stored in ADCRH and the two lower-order bits of the result are stored in ADCRL.

Figure 10-9. The State After Storage of the Result of 10-bit Resolution A/D Conversion

ADCRH ADCRL

ADC | ADC | ADC | ADC | ADC | ADC | ADC | ADC | ADC | ADC 0 0 0 0 0 0
R9 R8 R7 R6 R5 R4 R3 R2 R1 RO

Cautions 1. When writing to the A/D converter mode register 0 (ADMO) and analog input channel
specification register (ADS), the contents of the ADCRH/ADCRL registers may become
undefined. Read the conversion result following conversion completion before writing to
the ADMO and ADS registers. Using timing other than the above may cause an incorrect
conversion result to be read.

2. When the ADCRL register is read while 8-bit resolution A/D conversion is selected (when
the ADTYP bit of A/D converter mode register 2 (ADM2) is 1), 0 is read from the two
higher-order bits (ADCR1 and ADCRO0). Note that, when ADCRL register is read before
completion of A/D conversion while 8-bit resolution A/D conversion is selected, 0 may not
be read from the two higher-order bits (ADCR1, ADCRO0).
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10.3.6 Analog input channel specification register (ADS)
This register specifies the input channel of the analog voltage to be A/D converted.
The ADS register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10-10. Format of Analog Input Channel Specification Register (ADS)

Address: FFF31H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADS 0 0 0 0 0 ADS2 ’ ADS1 ’ ADSO

ADS2 ADS1 ADSO Target of A/D conversion Analog input pin

0 0 0 ANIO PO7/ANIO pin

0 0 1 ANI1 P10/ANI1 pin

0 1 0 ANI2 P11/ANI2 pin

0 1 1 ANI3 P12/ANI3 pin

1 0 0 ANI4 P13/ANI4 pin

1 0 1 ANI5 P14/ANI5 pin

1 1 0 ANI6 P15/ANI6 pin

1 1 1 ANI7 P16/ANI7 pin

Cautions 1. Rewrite the ADS register in the conversion standby status (ADCS = 0, ADCE = 1) or in the
conversion stopped status (ADCS = 0, ADCE = 0).
2. Set the port used as an analog input port to the input mode by using the port mode
registers 0, 1 (PMO, PM1) and to the analog input by using the port mode control registers
0, 1 (PMCO, PMC1). Do not set the pin that is set by port mode control registers 0, 1
(PMCO, PMC1) as digital /0 by the ADS register.
3. Be sureto clear bits 3to 7to “0".

10.3.7 Registers controlling port function of analog input pins

Set up the registers for controlling the functions of the ports shared with the analog input pins of the A/D converter (port
mode registers 0, 1 (PMO, PM1) and port mode control registers 0, 1 (PMCO, PMC1)). For details, see 4.3.1 Port mode
registers 0, 1, 4 (PMO, PM1, PM4), and 4.3.6 Port mode control registers 0, 1 (PMCO, PMC1).

For an example of settings when using a port pin for analog input of the A/D converter, see 4.5.3 Example of register
settings for port and alternate functions used.

When using the ANIO to ANI7 pins for analog input of the A/D converter, set the bits in the port mode registers 0, 1
(PMO, PM1) and port mode control registers 0, 1 (PMCO, PMC1) corresponding to each port to 1.
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10.4 A/D Converter Conversion Operations

The A/D converter conversion operations are described below.

<1>

<2>

<3>

<4>

<5>

<6>

<7>

The voltage input to the selected analog input channel is sampled by the sample & hold circuit.

When sampling has been done for a certain time, the sample & hold circuit is placed in the hold state and the
sampled voltage is held until the A/D conversion operation has ended.

Bit 9 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to (1/2)
Vop by the tap selector.

The voltage difference between the series resistor string voltage tap and sampled voltage is compared by the
voltage comparator. If the analog input is greater than (1/2) Vob, the MSB bit of the SAR register remains set to 1.
If the analog input is smaller than (1/2) Vop, the MSB bit is reset to 0.

Next, bit 8 of the SAR register is automatically set to 1, and the operation proceeds to the next comparison. The
series resistor string voltage tap is selected according to the preset value of bit 9, as described below.

e Bit 9 = 1: (3/4) Vop

e Bit 9 = 0: (1/4) Vop

The voltage tap and sampled voltage are compared and bit 8 of the SAR register is manipulated as follows.

e Sampled voltage = Voltage tap: Bit8 =1

e Sampled voltage < Voltage tap: Bit8 =0

Comparison is continued in this way up to bit 0 of the SAR register.

Upon completion of the comparison of 10 bits, an effective digital result value remains in the SAR register, and
the result value is transferred to the A/D conversion result register (ADCRH, ADCRL) and then latched.

At the same time, the A/D conversion end interrupt request (INTAD) is generated.

After A/D conversion ends, the ADCS bit is automatically cleared to 0, and the system enters the A/D conversion
standby status.

Remark Two types of the A/D conversion result registers are available.

e ADCRH register (8 bits): Store eight higher-order bits of the result of 10-bit resolution A/D conversion or the
result of 8-bit resolution A/D conversion.
e ADCRL register (2 bits): Store two lower-order bits of the result of 10-bit resolution A/D conversion.
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1 is written to ADCS

ADCS

Figure 10-11. Conversion Operation of A/D Converter

Conversion time

A/D converter
operation

Sampling
_ time
Conversion Sampling . Conversion
standby AID conversion standby
i Conversion
SAR Undefined \ result
Conversion

ADCRH, ADCRL

result

INTAD

1

A/D conversion is performed once when the bit 7 (ADCS) of the A/D converter mode register 0 (ADMO) is set to 1 by

software. The ADCS bit is automatically cleared to O after A/D conversion ends.
Reset signal generation clears the A/D conversion result register (ADCRH, ADCRL) to 00H.
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10.5 Input Voltage and Conversion Results

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7) and the theoretical A/D
conversion result (stored in the A/D conversion result register (ADCR = ADCRH + ADCRL)) is shown by the following
expression.

VaiN

VoD

SAR = INT ( x 1024 + 0.5)

ADCR = SAR x 64

or

ADCR V ADCR V
—05) x —2— < Van < ( +0.5) x ———
64 1024 64 1024

(
where, INT(): Function which returns integer part of value in parentheses
VAIN: Analog input voltage
ADCR: A/D conversion result register (ADCRH + ADCRL) value
SAR:  Successive approximation register

Figure 10-12 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 10-12. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR
1023——+ 11 [~ FFCOH
1022———+ 11 [~ FF80H
1021\ I I I I I I 7771»->-\ I I I I I FF4OH

A/D conversion result e e

S NS S S SIS WU SO NN N SN SN BN o

21— T [ 0080H

1T T 1" 0040H

o 0000H

1 1 3 2 5 3 2043 1022 2045 1023 2047 1

2048 1024 2048 1024 2048 1024 2048 1024 2048 1024 2048

Input voltage/Voo
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10.6 A/D Converter Operation Modes

The operation of the A/D converter is described below.

In addition, the setting procedure is described in 10.7 A/D

Converter Setup Flowchart.

<1>

<2>

<3>

<4>

<5>

<6>

In the conversion stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system
enters the conversion standby status.

After the software counts up to the stabilization wait time (0.1 us), the ADCS bit of the ADMO register is set to 1 to
start the A/D conversion of the analog input specified by the analog input channel specification register (ADS).
When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCRH,
ADCRL), and the A/D conversion end interrupt request signal (INTAD) is generated.

After A/D conversion ends, the ADCS bit is automatically cleared to 0, and the system enters the conversion
standby status.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the conversion
stop status. Setting ADCS =1 and ADCE = 0 is prohibited. Specifying 1 for ADCS in the conversion stopped
status (ADCS =0, ADCE = 0) is ignored and A/D conversion does not start.

Figure 10-13. Example of Operation Timing

<1> ADCE is set to 1. ADCE is cleared to 0. <6>

! i

ADCE ADCSissetto ADCSis ADCS is
The Tigger <2> 1 while i.n the <4>a|utomgt|cally <2> <5> cleared to -
is not l conversion l 82?&; to l l 0 during A/D | The ttngger
acknowledged. standby status. ¥ - =2 on conversion I:Crllgowledged.
ADCS -~ ends. operation. -—
lADS is rewritten
(from ANIO to ANI1).
Data O Data 1
ADS (ANIO) ( X (ANI1)
<3> conversion C_onversmn is
ends. e interrupted.
A/ID - - -
. Stop | Conversion Data 0 Conversion Data 1 Conversion Stop
conversion status | sany (ANI0) standby (ANI1) standby status
status
ADCRH, < Data 0
ADCRL } (ANIO)
INTAD —|
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10.7 A/D Converter Setup Flowchart
The A/D converter setup flowchart is described below.
10.7.1 Setting up A/D conversion of voltages on ANIO to ANI7

Figure 10-14. Setting Up A/D Conversion of Voltages on ANIO to ANI7

C Start of setup )

Setting PERO register

The ADCEN bit of the PERO register is set (1), and a clock is provided to the A/D converter.

The ports (ANIO to ANI7) to be A/D converted are set to analog input.
« Set the bits in the PMCO, PMC1, PMO, and PM1 registers to 1.

Setting PMCO, PMC1, PMO,
PM1 registers

The conversion time and each mode of the A/D converter are set.
* A/D converter mode register 0 (ADMO)

FR1, FRO, and LVO bits: These bits are used to select the A/D conversion time.
« A/D converter mode register 2 (ADM2)

ADTYP bit: This bit is used to select 10-bit or 8-bit resolution.

« Setting ADMO register

« Setting ADM2 register

* Setting ADS register
(The order of the settings
is irrelevant.)

« Analog input channel specification register (ADS)

ADS2, ADS1, and ADSO bits:
These bits are used to select ANIO to ANI7 as the target of A/D conversion.

The operation of the A/D voltage comparator is started.

* The ADCE bit of the ADMO register is set (1),
and the system enters the conversion standby status.

Setting ADCE bit

A/D voltage stabilization The stabilization wait time (0.1 Hs) is counted by the software.

wait time count

Setting ADCS bit

A/D conversion operation

After counting up to the stabilization wait time ends, the ADCS bit of the ADMO
register is set (1) and A/D conversion starts.

End of A/D conversion

Storage of conversion resultg
in the ADCRH and ADCRL

registers

C =

A/D conversion ends. The conversion result is stored in the ADCRH and ADCRL registers.
« A/D conversion result higher-order bit storage register (ADCRH): Eight higher-order bits
* A/D conversion result lower-order bit storage register (ADCRL): Two lower-order bits

At the same time, the A/D conversion end interrupt request signal (INTAD) is generated,
and the ADCS bit of the ADMO register is automatically cleared (0) (conversion standby status).
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10.8 How to Read A/D Converter Characteristics Table

Here, special terms unique to the A/D converter are explained.

10.8.1 Resolution

This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input voltage per
bit of digital output is called 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the full scale is
expressed by %FSR (Full Scale Range).

1LSB is as follows when the resolution is 10 bits.

1LSB = 1/21° = 1/1024
= 0.098%FSR

Accuracy has no relation to resolution, but is determined by overall error.

10.8.2 Overall error
This shows the maximum error value between the actual measured value and the theoretical value.

Zero-scale error, full-scale error, integral linearity error, and differential linearity errors that are combinations of these
express the overall error.

Note that the quantization error is not included in the overall error in the characteristics table.

10.8.3 Quantization error

When analog values are converted to digital values, a +1/2LSB error naturally occurs. In an A/D converter, an analog
input voltage in a range of +1/2LSB is converted to the same digital code, so a quantization error cannot be avoided.

Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral linearity
error, and differential linearity error in the characteristics table.

Figure 10-15. Overall Error Figure 10-16. Quantization Error
1.....1 1....1
Ideal line
5 5
g =
> > ‘
5L ° — -
8 Overall s ./_\
2 = error 8 |uese—~" Quantization error
' :«—1/2LSB
0......0 0 0.....0 !
0 Vop 0 " Voo
Analog input Analog input
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10.8.4 Zero-scale error

This shows the difference between the actual measurement value of the analog input voltage and the theoretical value
(1/2LSB) when the digital output changes from 0......000 to O......001.

If the actual measurement value is greater than the theoretical value, it shows the difference between the actual
measurement value of the analog input voltage and the theoretical value (3/2LSB) when the digital output changes from
0...... 001toO...... 010.

10.8.5 Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical value
(full-scale — 3/2LSB) when the digital output changes from 1......110 to 1......111.

10.8.6 Integral linearity error

This shows the degree to which the conversion characteristics deviate from the ideal linear relationship. It expresses
the maximum value of the difference between the actual measurement value and the ideal straight line when the zero-
scale error and full-scale error are 0.

10.8.7 Differential linearity error

While the ideal width of code output is 1LSB, this indicates the difference between the actual measurement value and
the ideal value.

Figure 10-17. Zero-Scale Error Figure 10-18. Full-Scale Error

11|
:2\ T Full-scale error
- Ideal line )
o)
@ ™ 111 -
Lol S : 7
=) 5]
-
] P
o 5 110
= 010 £
o 3
IS X 3 /
2 001 | > 101 p Ideal line
a ’/—\— Zero-scale error a | M
000 . . . N 000 | | |
1 2 3 0 1021 1022 1023
T003AVrer T2 AVeer Top4AVRe Voo T024AVRer T05AVREF T054AVREr VD

Analog input (V) Analog input (V)

Figure 10-19. Integral Linearity Error Figure 10-20. Differential Linearity Error

1ooeent 1
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10.8.8 Conversion time

This expresses the time from the start of sampling to when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.

10.8.9 Sampling time

This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

~— Sampling time —

Conversion time
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10.9 Cautions for A/D Converter

10.9.1 Operating current in STOP mode
Shift to STOP mode after stopping the A/D converter (by setting bit 7 (ADCS) of A/D converter mode register 0 (ADMO)
to 0). The operating current can be reduced by setting bit 0 (ADCE) of the ADMO register to 0 at the same time.

10.9.2 Input range of ANIO to ANI7 pins

Observe the rated range of the ANIO to ANI7 pins input voltage. If a voltage exceeding Vob or equal to or lower than
Vss (even in the range of absolute maximum ratings) is input to an analog input channel, the converted value of that
channel becomes undefined. In addition, the converted values of the other channels may also be affected.

10.9.3 Conflicting operations

<1> Reading from the ADCRH or ADCRL register has priority if conflict between writing to the A/D conversion result
register (ADCRH, ADCRL) and reading from ADCRH or ADCRL register by software operation occurs at the
end of conversion. After the read operation, the new conversion result is written to the ADCRH or ADCRH
register.

<2> Writing to the ADMO register has priority if conflict between writing to the ADCRH or ADCRL register and writing
to the A/D converter mode register 0 (ADMO) occurs at the end of conversion. Writing to the ADCRH or ADCRL
register is not performed, nor is the A/D conversion end interrupt signal (INTAD) generated.

10.9.4 Noise countermeasures
To maintain the 10-bit resolution, attention must be paid to noise input to the Voo and ANIO to ANI7 pins.
<1> Connect a capacitor with a low equivalent resistance and a good frequency response to the power supply.
<2> The higher the output impedance of the analog input source, the greater the influence. To reduce the noise,
connecting external C as shown in Figure 10-21 is recommended.
<3> Do not switch these pins with other pins during conversion.
<4> The accuracy is improved if the HALT mode is set immediately after the start of conversion.
<5> Set P-ch open drain of P00 to P05 to off state (high impedance) during A/D conversion (RL78/G1N).
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Figure 10-21. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than
Voo or equal to or lower than Vss may enter, clamp with
a diode with a small VF value (0.3 V or lower).

Reference

voltage © ' Voo
input /

10.9.5 Analog input (ANIn) pins

ANIO to ANI7

C=10pFt0 0.1 pF

<1> The analog input pins (ANIO to ANI7) are also used as input port pins (P07, P10 to P16). When A/D conversion
is performed with any of the ANIO to ANI7 pins selected, do not change output value to alternate port P07, P10
to P16 while conversion is in progress; otherwise the conversion resolution may be degraded.

<2> |If a pin adjacent to a pin that is being A/D converted is used as a digital I/O port pin, the A/D conversion result
might differ from the expected value due to a coupling noise. Be sure to prevent such a pulse from being input
or output.

10.9.6 Input impedance of analog input (ANIn) pins

This A/D converter charges a sampling capacitor for sampling during sampling time.

Therefore, only a leakage current flows when sampling is not in progress, and a current that charges the capacitor
flows during sampling. Consequently, the input impedance fluctuates depending on whether sampling is in progress, and
on the other states.

To make sure that sampling is effective, however, it is recommended to keep the output impedance of the analog input
source to within 1 kQ, and to connect a capacitor of about 0.1 pF to the ANIO to ANI7 pins (see Figure 10-21).

10.9.7 Interrupt request flag (ADIF)
The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is changed.
When A/D conversion is stopped and then resumed, clear ADIF flag before the A/D conversion operation is resumed.

10.9.8 Conversion results just after A/D conversion start

The first A/D conversion value immediately after A/D conversion starts may not fall within the rating range if the ADCS
bit is set to 1 within 0.1 ps after the ADCE bit was set to 1. Take measures such as polling the A/D conversion end
interrupt request signal (INTAD) and removing the first conversion result.

10.9.9 A/D conversion result register (ADCRH, ADCRL) read operation

When a write operation is performed to A/D converter mode register 0 (ADMO), analog input channel specification
register (ADS), and port mode control register (PMCO), the contents of the ADCRH and ADCRL registers may become
undefined. Read the conversion result following conversion completion before writing to the ADMO, ADS, or PMCO register.
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10.9.10 Internal equivalent circuit

The equivalent circuit of the analog input block is shown below.

Figure 10-22. Internal Equivalent Circuit of ANIn Pin

ANIn

c2

Table 10-4. Resistance and Capacitance Values of Equivalent Circuit

AVRerp, VoD ANIn Pins R1 [kQ] C1 [pF] C2 [pF]
27V<Vop<55V ANIO to ANI7 40 8 1.7
24V <Voo<27V ANIO to ANI7 200

Remark The resistance and capacitance values shown in Table 10-4 are not guaranteed values.

10.9.11 Starting the A/D converter

The range of operating voltage for the A/D converter is from 2.4 to 5.5 V. Start the A/D converter after the Vop voltage

stabilizes.
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CHAPTER 11 SERIAL ARRAY UNIT

Serial array unit O has two serial channels. Each channel can achieve 3-wire serial (CSI) and UART communication.
Function assignment of each channel supported by the RL78/G1M, G1N is as shown below.

Unit Channel Used as CSI Used as UART
0 0 CSI00 UARTO
1 -

A single channel cannot be used under multiple communication methods. When a different communication method is

to be configured, use another channel
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11.1 Functions of Serial Array Unit
Each serial interface supported by the RL78/G1M, G1N has the following features.

11.1.1 3-wire serial /0 (CSI00)

Data is transmitted or received in synchronization with the serial clock (SCK) output from the master channel.
3-wire serial communication is clocked communication performed by using three communication lines: one for the serial
clock (SCK), one for transmitting serial data (SO), one for receiving serial data (SI).

For details about the settings, see 11.5 Operation of 3-Wire Serial I/O (CSI00) Communication.

[Data transmission/reception]
e Data length of 7 or 8 hits
e Phase control of transmit/receive data
e MSB/LSB first selectable
[Clock control]
e Master/slave selection
e Phase control of I/O clock
e Setting of transfer period by prescaler and internal counter of each channel
e Maximum transfer rateNote
During master communication: Max. fcik/4
During slave communication: ~ Max. fmck/6
[Interrupt function]
e Transfer end interrupt/buffer empty interrupt
[Error detection flag]
e Overrun error

Note Use the clocks within a range satisfying the SCK cycle time (tkcy) characteristics. For details, see CHAPTER 23
ELECTRICAL SPECIFICATIONS.
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11.1.2 UART (UARTO)

This is a start-stop synchronization function using two lines: serial data transmission (TXD) and serial data reception
(RXD) lines. By using these two communication lines, each data frame, which consist of a start bit, data, parity bit, and
stop bit, is transferred asynchronously (using the internal baud rate) between the microcontroller and the other
communication party. Full-duplex UART communication can be performed by using a channel dedicated to transmission
(even-numbered channel) and a channel dedicated to reception (odd-numbered channel).

For details about the settings, see 11.6 Operation of UART (UARTO0) Communication.

[Data transmission/reception]
e Data length of 7 or 8 bits
Select the MSB/LSB first
Level setting of transmit/receive data and select of reverse
Parity bit appending and parity check functions
e Stop bit appending
[Interrupt function]
e Transfer end interrupt/buffer empty interrupt
e Error interrupt in case of framing error, parity error, or overrun error

[Error detection flag]
e Framing error, parity error, or overrun error

The ISC register can be used to set up the input signal on the RxDO pin of UARTO as an external interrupt input or as a
timer input for the timer array unit. The input pulse interval measurement mode of the timer array unit can then be used to
measure the width at the baud rate of the other party in communications and make the required adjustments in response.
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11.2 Configuration of Serial Array Unit

The serial array unit includes the following hardware.

Table 11-1. Configuration of Serial Array Unit

Iltem Configuration
Shift register 8 bits
Buffer register Serial data register OnL (SDROnLN°®)
Serial clock I/O SCKOO pin (for 3-wire serial 1/O)
Serial data input SI00 pin (for 3-wire serial 1/0), RxDO pin (for UART)

Serial data output S000 pin (for 3-wire serial 1/0), TxDO pin (for UART)

Control registers <Registers of unit setting block>

e Peripheral enable register 0 (PERO)

e Serial clock select register 0 (SPSO0)

e Serial channel enable status register 0 (SEO)
e Serial channel start register 0 (SS0)

e Serial channel stop register 0 (STO)

e Serial output enable register 0 (SOEO)
e Serial output register 0 (SO0)

e Serial clock output register 0 (CKOO)
e Serial output level register 0 (SOLO)

o Noise filter enable register 0 (NFENO)
e Input switch control register (ISC)

<Registers of each channel>

e Serial data register On (SDROnH, SDRONLN°t®)

e Serial mode register On (SMROnH, SMRONL)

e Serial communication operation setting register On (SCROn)
e Serial status register On (SSROn)

e Serial flag clear trigger register On (SIRON)

<Registers of port function block>

e Port output mode register 0 (POMO)
e Port mode control register 0 (PMCO)
e Port mode register 0 (PMO0)

e Port register 0 (P0)

Note The serial data register OnL (SDROnL) can be read or written as the following SFR, depending on the
communication mode.
e During CSlp communication: SIOp (CSlp data register)
e During UARTO reception: RXDO (UARTO receive data register)
e During UARTO transmission: TXDO (UARTO transmit data register)

Remark n: Channel number (n =0, 1), p: CSI number (p = 00)
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Figure 11-1 shows the block diagram of the serial array unit 0.

Figure 11-1. Block Diagram of Serial Arr
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(1) Shift register
This is an 8-bit register that converts parallel data into serial data or vice versa.
During reception, it converts data input to the serial pin into parallel data.
When data is transmitted, the value set to this register is output as serial data from the serial output pin.
The shift register cannot be directly manipulated by program.
To read or write to the shift register, use the lower 8 bits of serial data register OnL (SDROnL).

Shift register | ‘ ‘ ‘ | ‘ ‘ ‘ |

(2) Serial data register OnL (SDROnL)
The SDROnNL register is used as a transmit/receive buffer register of channel n.
When data is received, parallel data converted by the shift register is stored in the SDRONL register. When data is
to be transmitted, set transmit data to be transferred to the shift register in the SDRONL register.
The length of data stored in the SDROnNL register is as follows, depending on the setting of bit 0 (DLSOnO) of serial
communication operation setting register On (SCROnL), regardless of the output sequence of the data.
e 7-bit data length (stored in bits O to 6 of SDROnNL register)
e 8-bit data length (stored in bits 0 to 7 of SDROnNL register)

The SDROnNL register is set by an 8-bit memory manipulation instruction when the operation is enabled (SEOn = 1).
Writing to the SDRONL register is prohibited when the operation is stopped (SEOn = 0).
Reset signal generation clears the SDRONL register to 00H.

Eight-bit memory manipulation instructions are used to set the SDRONL register as a buffer for an SFR listed below,
in accord with the communications protocol in use.

e During CSlp communication: SIOp (CSlp data register)

e During UARTO reception: RXDO (UARTO receive data register)

e During UARTO transmission: TXDO (UARTO transmit data register)

Remark n: Channel number (n =0, 1), p: CSI nhumber (p = 00, 01)
Figure 11-2. Format of Serial Data Register OnL (SDROnL) (n =0, 1)

Address: FFF10H (SDROOL), FFF12H (SDRO1L) After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

SDRONL

Remark For the function of the SDRONH register, see 11.3 Registers Controlling Serial Array Unit.
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11.3 Registers Controlling Serial Array Unit

Serial array unit is controlled by the following registers.

e Peripheral enable register 0 (PERO)

e Serial clock select register 0 (SPS0)

e Serial mode register On (SMROnH, SMROnNL)
e Serial communication operation setting register On (SCROnH, SCROnNL)
e Serial data register On (SDROnH, SDRONL)
e Serial flag clear trigger register On (SIRON)

e Serial status register On (SSRON)

e Serial channel start register 0 (SS0)

e Serial channel stop register 0 (STO)

e Serial channel enable status register 0 (SEO)
e Serial output enable register 0 (SOEO0)

e Serial output level register 0 (SOLO)

e Serial output register 0 (SO0)

e Serial clock output register (CKOO0)

o Noise filter enable register 0 (NFENO)

e Input switch control register (ISC)

e Port output mode register 0 (POMO)

e Port mode control register 0 (PMCO)

e Port mode register 0 (PMO)

e Port register 0 (P0)

Remark n: Channel number (n =0, 1)
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11.3.1 Peripheral enable register 0 (PERO)

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 serial array unit 0 is used, be sure to set bit 2 (SAUOEN) 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 the PERO register to 00H.

Figure 11-3. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol <7> <6> <5> 4 3 <2> 1 <0>
PERO TMKAEN RTOENN® ADCEN 0 0 SAUOEN 0 TAUOEN
SAUOEN Control of serial array unit O input clock supply
0 Stops supply of input clock.

e SFR used by serial array unit O cannot be written.
e Serial array unit 0 is in the reset status.

1 Enables input clock supply.
e SFR used by serial array unit O can be read/written.

Note RL78/G1M products only.

Cautions 1. When setting serial array unit 0, be sure to set the following registers while the SAUOEN
bit is set to 1 first. If SAUOEN = 0, control registers of serial array unit 0 become default
values and writing to them is ignored (except for the noise filter enable register 0
(NFENO), input switch control register (ISC), port output mode register 0 (POMO), port
mode register 0 (PMQ), port mode control register 0 (PMCO), and port register 0 (P0)).

e Serial clock select register 0 (SPSO0)

e Serial mode register On (SMROnH, SMRONL)

e Serial communication operation setting register On (SCROnH, SCROnL)

e Serial data register On (SDROnH, SDRONL)

e Serial flag clear trigger register On (SIROn)

e Serial status register On (SSRON)

e Serial channel start register 0 (SS0)

e Serial channel stop register 0 (STO)

e Serial channel enable status register 0 (SEO)

e Serial output enable register 0 (SOEO)

e Serial output level register 0 (SOLO)

e Serial output register 0 (SO0)

e Serial clock output register (CKOO)

2. Be sure to clear the following bits to 0.

RL78/G1M products: Bits 1, 3, and 4
RL78/G1N products: Bits 1, 3, 4, and 6
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11.3.2 Serial clock select register 0 (SPSO0)

The SPSO register is an 8-hit register that is used to select two types of operation clocks (CK00, CKO01) that are
commonly supplied to each channel. CKOL1 is selected by bits 7 to 4 of the SPSO register, and CKOO is selected by bits 3
to 0.

Rewriting the SPSO0 register is prohibited when the operation is enabled (when SEOn = 1).

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

Reset signal generation clears the SPSO register to 00H.

Figure 11-4. Format of Serial Clock Select Register 0 (SPSO0)

Address: FO126H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
SPS0 PRS013 PRS012 PRS011 PRS010 PRS003 [ PRS002 ’ PRS001 PRS000
PRS | PRS | PRS | PRS Section of operation clock (CKn)N°te
On3 On2 Onl 0no fok = fok = fok = fok = fok =
1.25 MHz 2.5 MHz 5 MHz 10 MHz 20 MHz
0 0 0 0 fek 1.25 MHz 2.5 MHz 5 MHz 10 MHz 20 MHz
0 0 0 1 feLk/2 625 kHz 1.25 MHz 2.5 MHz 5 MHz 10 MHz
0 0 1 0 feLk/22 313 kHz 625 kHz 1.25 MHz 2.5 MHz 5 MHz
0 0 1 1 foLk/23 156 kHz 313 kHz 625 kHz 1.25 MHz 2.5 MHz
0 1 0 0 fok/24 78 kHz 156 kHz 313 kHz 625 kHz 1.25 MHz
0 1 0 1 foLk/2° 39 kHz 78 kHz 156 kHz 313 kHz 625 kHz
0 1 1 0 foLk/28 19.5 kHz 39 kHz 78 kHz 156 kHz 313 kHz
0 1 1 1 feLk/27 9.8 kHz 19.5 kHz 39 kHz 78 kHz 156 kHz
1 0 0 0 fok/28 4.9 kHz 9.8 kHz 19.5 kHz 39 kHz 78 kHz
1 0 0 1 fok/2° 2.5 kHz 4.9 kHz 9.8 kHz 19.5 kHz 39 kHz
1 0 1 0 fowk/210 1.22 kHz 2.5 kHz 4.9 kHz 9.8 kHz 19.5 kHz
1 0 1 1 fou/21t 625 Hz 1.22 kHz 2.5 kHz 4.9 kHz 9.8 kHz
1 1 0 0 feLk/2t? 313 Hz 625 Hz 1.22 kHz 2.5 kHz 4.9 kHz
1 1 0 1 fok/213 152 Hz 313 Hz 625 Hz 1.22 kHz 2.5 kHz
1 1 1 0 fok/24 78 Hz 152 Hz 313 Hz 625 Hz 1.22 kHz
1 1 1 1 feLk/21° 39 Hz 78 Hz 152 Hz 313 Hz 625 Hz

Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value), do
so after having stopped (serial channel stop register 0 (STO) = 03H) the operation of the serial array unit
(SAU).

Remarks 1. fck: CPU/peripheral hardware clock frequency
2. n: Channel number (n =0, 1)

RO1UHO0904EJ0100 Rev.1.00 ’-zENESAS 268
May 29, 2020



RL78/G1M, G1N

CHAPTER 11 SERIAL ARRAY UNIT

11.3.3 Serial mode register On (SMROnH, SMROnL)

The SMRONnH and SMRONL registers are registers that set an operation mode of channel n. It is also used to select an
operation clock (fuck), specify whether the serial clock (fsck) may be input or not, set a start trigger, an operation mode
(CSl or UART), and an interrupt source. This register is also used to invert the level of the receive data only in the UART

mode.

Rewriting the SMRONnH and SMROnNL registers is prohibited when the operation is enabled (when SEOn = 1). However,
the MDONO bit can be rewritten even when the operation is enabled.

The SMROnH and SMROnNL registers can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets the SMROnH and SMROnNL registers to 00H and 20H, respectively.

Address: FO111H (SMROOH), FO113H (SMRO1H)
After reset: 0OH R/W

Figure 11-5. Format of Serial Mode Register On (SMROnH, SMROnNL) (1/2)

After reset: 20H R/W

Address: FO110H (SMROOL), FO112H (SMRO1L)

Symbol 7 6 5 4 3 2 1 0 Symbol 7 6 5 4 3 1 0
SMRONH | CKS |CCS| O 0 0 0 0 STS |SMROnL| O SIS 1 0 0 MD | MD
On On On 0no Onl | OnO
Note 3 Note 1 Note 2 Note 4
CKSOn Selection of operation clock (fuck) of channel n
0 Operation clock CKOO set by the SPSO register
1 Operation clock CKO1 set by the SPSO register
Operation clock (fuck) is used by the edge detector. In addition, depending on the setting of the CCSOn bit and the
SDRONH register, a transfer clock (frcwx) is generated.
CCSO0nNote3 Selection of transfer clock (frcik) of channel n
0 Divided operation clock fuck specified by the CKSOn bit
1 Clock input fsck from the SCKp pin (slave transfer in CSI mode)
Transfer clock frewk is used for the shift register, communication controller, output controller, interrupt controller, and
error controller. When CCSOn = 0, the division ratio of operation clock (fuck) is set by the higher 7 bits of the
SDRONH register.
STSOnNote Selection of start trigger source
0 Only software trigger is valid (selected for CSI and UART transmission).
1 Valid edge of the RxDO pin (selected for UART reception)
Transfer is started when the above source is satisfied after 1 is set to the SSO register.
Notes 1. Provided in the SMRO1H register only.
2. Provided in the SMROLL register only.
3. Provided in the SMROOH register only.
4. Provided in the SMROOL register only.
Caution Do not change the initial values of the following bits.

SMROOH: Be sure to clear bits 0to 5to “0”.
SMRO1H: Be sure to clear bits 1to 6to “0”.

SMROOL: Be sure to clear bits 2to 4, 6, and 7 to “0”, and set bit 5to “1”.

SMRO1L: Be sure to clear bits 2to 4, and 7 to “0”, and set bit 5to “1”.

Remark n: Channel number (n =0, 1)
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Figure 11-5. Format of Serial Mode Register On (SMROnH, SMROnNL) (2/2)

Address: FO111H (SMROOH), FO113H (SMRO1H) Address: FO110H (SMROOL), FO112H (SMRO1L)
After reset: 00H R/W After reset: 20H R/W
Symbol 7 6 5 4 3 2 1 0 Symbol 7 6 5 4 3 2 1 0

SMROnH |CKS|ccs| 0 | 0 | 0 | 0 | O [STS|SMROnL| O |SIS| 1} O | O | O |MD|MD
on | on on 0on0 Onl | OnO
Note 3 Note 1 Note 2 Note 4
SISOnQNete 2 Controls inversion of level of receive data of UARTO
0 Falling edge is detected as the start bit.
The input communication data is captured as is.
1 Rising edge is detected as the start bit.
The input communication data is inverted and captured.
MDOn1 Setting of operation mode of channel n
0 CSI mode
1 UART mode
MDOnQNote 2 Selection of interrupt source of channel n
0 Transfer end interrupt
1 Buffer empty interrupt
(Occurs when data is transferred from the SDRONL register to the shift register.)
For successive transmission, the next transmit data is written by setting the MDONO bit to 1 when SDROnL data has
run out.

Notes 1. Provided in the SMRO1H register only.
2. Provided in the SMRO1L register only.
3. Provided in the SMROOH register only.
4. Provided in the SMROOL register only.

Caution Do not change the initial values of the following bits.
SMROOH: Be sure to clear bits 0to 5to “0”.
SMRO1H: Be sure to clear bits 1to 6 to “0”.
SMROOL: Be sure to clear bits 2 to 4, 6, and 7 to “0”, and set bit 5to “1".
SMROL1L: Be sure to clear bits 2to 4 and 7 to “0”, and set bit 5to “1”.

Remark n: Channel number (n =0, 1)
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11.3.4 Serial communication operation setting register On (SCROnH, SCROnL)

The SCRONH and SCRONL registers are communication operation setting registers of channel n. It is used to set a
data transmission/reception mode, phase of data and clock, whether an error signal is to be masked or not, parity bit, start
bit, stop bit, and data length.

Rewriting the SCRONH and SCROnNL registers is prohibited when the operation is enabled (when SEOn = 1).

The SCROnH and SCROnNL registers can be set by an 8-bit memory manipulation instruction.

Reset signal generation sets the SCROnH and SCROnNL registers to 00H and 87H, respectively.

Figure 11-6. Format of Serial Communication Operation Setting Register On (SCROnH, SCROnL) (1/2)

Address: FO119H (SCROOH), FO11BH (SCR0O1H) Address: F0118H (SCROOL), FO11AH (SCRO1L)
After reset: 00OH R/W After reset: 87TH R/W
Symbol 7 6 5 4 3 2 1 0 Symbol 7 6 5 4 3 2 1 0

SCROnH | TXE [RXE [ DAP | CKP | O |[EOC |PTCO|PTC | scronL | DIR 0 [SLCo|SLCO| O 1 1 |DLSO

On"°*3  On |OnMete3oniotes On | n1 | OnO On niNoed  no n0
TXEQnNote 3 RXEON Setting of operation mode of channel n
0 0 Disable communication.
0 1 Reception only
1 0 Transmission only
1 1 Transmission/reception

DAPOnNete3 | CKponNotes Selection of data and clock phase in CSI mode Type

0 0 SCKOO SR EREREREpEpEREn 1
S000
SI00 input timing I N N N N
0 1 SCK00 Uy e 2
S000
SI00 input timing, | | | | | | | |
1 0 SCK00 SR ERERERERERERE 3
S000
SI00 input timing Y I I I

1 1 SCK00 e 4
S000

sooimputtming | 11 L 1 1 1 1

Be sure to set DAPOn, CKPOn = 0, 0 in the UART mode.

EOCON Selection of masking of error interrupt signal (INTSREX (x = 0, 1))
0 Disables generation of error interrupt INTSREXx (INTSRx is generated).
1 Enables generation of error interrupt INTSREX (INTSRx is not generated if an error occurs).
Set EOCOn = 0 in the CSI mode and during UART transmission°®¢ 2,

Notes 1. Provided in the SCROOL register only.
2. If EOCOn is not cleared for CSIOn, error interrupt INTSREn may be generated.

3. Provided in the SCROOH register only.

(Caution and Remark are listed on the next page.)
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Figure 11-6. Format of Serial Communication Operation Setting Register On (SCROnH, SCROnL) (2/2)

Address: FO119H (SCROOH) , FO11BH (SCRO01H)
After reset: 00OH R/W

After reset: 87TH R/W

Address: FO118H (SCROOL) , FO11AH (SCRO1L)

Symbol 7 6 5 4 3 2 1 0 Symbol 7 6 5 4 3 0
SCRONH | TXE [RXE [ DAP | CKP| 0 |EOC |PTCO|PTC scronL | DIR 0 |SLCo|sLCO| O DLSO
On"°*3  On |OnMete3oniotes On | n1 | OnO On niNoed  no n0
PTC | PTC Setting of parity bit in UART mode
Onl | OnO Transmission Reception
0 0 Does not output the parity bit. Receives without parity
0 1 | Outputs 0 parityMote2, No parity judgment
1 0 Outputs even parity. Judged as even parity.
1 1 Outputs odd parity. Judges as odd parity.

Be sure to set PTCOn1, PTCONO = 0, 0 in the CSI mode.

DIRON Selection of data transfer sequence in CSI and UART modes
0 Inputs/outputs data with MSB first.
1 Inputs/outputs data with LSB first.
SLCONn|SLCONn Setting of stop bit in UART mode
1Note 1 0
0 0 No stop bit
0 1 Stop bit length = 1 bit
1 0 Stop bit length = 2 bits (n = 0 only)
1 1 Setting prohibited

transferred.
Set the stop bit length to 1 bit (SLCOn1, SLCONO = 0, 1) during UART reception.
Set no stop bit (SLCOn1, SLCONO = 0, 0) in the CSI mode.

transmission.

When the transfer end interrupt is selected, the interrupt is generated when all stop bits have been completely

Set the stop bit length to 1 bit (SLCOn1, SLCONO = 0, 1) or 2 bits (SLCON1, SLCONO = 1, 0) during UART

DLSONn0 Setting of data length in CSI and UART modes
0 7-bit data length (stored in bits O to 6 of the SDROnNL register)
1 8-bit data length (stored in bits O to 7 of the SDROnNL register)

Notes 1. Provided in the SCROOL register only.
2. 0is always added regardless of the data contents.
3. Provided in the SCROOH register only.

Caution Do not change the initial values of the following bits.
SCROOH: Be sure to clear bit 3to “0".
SCRO1H: Be sure to clear bits 3to 5, and 7 to “0”.
SCROOL: Be sure to clear bits 3 and 6 to “0”, and set bits 1 and 2 to “1”.

SCRO1L: Be sure to clear bits 3, 5, and 6 to “0”, and set bits 1 and 2to “1".

Remark n: Channel number (n =0, 1)
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11.3.5 Serial data register On (SDROnH, SDRONL)

The SDROnH and SDRONL registers are the transmit/receive data registers of channel n.

The SDROnH and SDRONL registers are set by an 8-bit memory manipulation instruction.

Reset signal generation clears the SDROnH and SDROnNL registers to O0H.

The SDRONH register is used as a register that sets the division ratio of the operating clock (fmck).

If the CCSOn bit of the SMRONH register is cleared to 0, the clock set by dividing the operating clock by the SDROnH
register is used as the transfer clock.

If the CCSOn bit of the SMRONH register is set to 1, set the SDRONH register to 00000000B. The input clock fsck from
the SCKp pin (slave transmission in the CSI mode) is used as the transfer clock.

The SDRONH register is set by an 8-bit memory manipulation instruction when the operation is stopped (SEOn = 0).
Writing to the SDRONH register is ignored when the operation is enabled (SEOn = 1), and 0 is always read from the
SDRONH register.

The SDROnNL register functions as a transmit/receive buffer register. During reception, the parallel data converted by
the shift register is stored in the SDROnNL register. During transmission, the data to be transmitted to the shift register is
set to the SDRONL register.

The SDROnNL register is set by an 8-bit memory manipulation instruction when the operation is enabled (SEOn = 1).
Writing to the SDRONL register is prohibited when the operation is stopped (SEOn = 0).

Figure 11-7. Format of Serial Data Register On (SDROn)

Address: FFF11H (SDROOH), FFF13H (SDRO1H) Address: FFF10H (SDROOL), FFF12H (SDRO1L)
After reset: 00H R/W After reset: 00H R/W
Division ratio setting register Transmit/receive buffer register

Symbol 7 6 5 4 3 2 1 0 Symbol 7 6 5 4 3 2 1 0

soron| || | [ | [ Jofswm | | [ | | | [ | |
SDRONH[7:1] Transfer clock setting by dividing the operating clock (fvck)

0 0 0 0 0 0 0 fme/2
0 0 0 0 0 0 1 fuek/4
0 0 0 0 0 1 0 fmck/6
0 0 0 0 0 1 1 fmek/8
° ° ° ° ° ° ° °

° ° ° ° ° ° ° °

° ° ° ° ° ° ° °

1 1 1 1 1 1 0 fmck/254
1 1 1 1 1 1 1 fmck/256

Caution Setting SDROnH[7:1] = (0000000B, 0000001B) is prohibited when UART is used.

Remarks 1. For the function of the SDROnNL register, see 11.2 Configuration of Serial Array Unit.
2. n: Channel number (n =0, 1)
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11.3.6 Serial flag clear trigger register On (SIRON)

The SIRON register is a trigger register that is used to clear each error flag of channel n.
When each bit (FECTOn, PECTOn, OVCTON) of this register is set to 1, the corresponding bit (FEFOn, PEFOn, OVFOn)
of serial status register On (SSROn) is cleared to 0. Because the SIROn register is a trigger register, it is cleared

immediately when the corresponding bit of the SSROn register is cleared.

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

Reset signal generation clears the SIROn register to O0H.

Figure 11-8. Format of Serial Flag Clear Trigger Register On (SIROn)

Address: FO108H (SIR00) , FO10AH (SIR01) , After reset: 00OH  R/W

Symbol 7 6 5 4 3 2 1 0
SIRON 0 0 0 0 0 ‘ FECTOnNete PECTON | OVCTOn
FECTONNote Clear trigger of framing error of channel n
0 Not cleared
1 Clears the FEFOn bit of the SSROnN register to 0.
PECTON Clear trigger of parity error flag of channel n
0 Not cleared
1 Clears the PEFON bit of the SSRON register to 0.
OVCTOn Clear trigger of overrun error flag of channel n
0 Not cleared
1 Clears the OVFOn bit of the SSROnN register to 0.

Note Provided in the SIRO1 register only.

Caution Be sure to clear the following bits to 0.

SIRO0O register: Bits 2to 7
SIRO01 register: Bits 3to 7

Remarks 1. n: Channel number (n =0, 1)
2. When the SIROnN register is read, O0H is always read.
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11.3.7 Serial status register On (SSROn)

The SSROnN register indicates the communication status and error occurrence status of channel n. The errors indicated

by this register are framing errors, parity errors, and overrun errors.
The SSROnN register can be read by an 8-bit memory manipulation instruction.
Reset signal generation clears the SSROn register to 00H.

Figure 11-9. Format of Serial Status Register On (SSROn) (1/2)

Address: FO100H (SSR00) , FO102H (SSRO01) , Afterreset: OOH R

Symbol 7 6 5 4 3 2 1 0
SSRONn 0 TSFOn BFFONn 0 0 FEFOnN°te PEFON OVFOn
TSFOn Communication status indication flag of channel n
0 Communication is stopped or suspended.
1 Communication is in progress.

<Clear conditions>

set to 1 (communication is suspended).
e Communication ends.
<Set condition>
e Communication starts.

e The STOn bit of the STO register is set to 1 (communication is stopped) or the SSOn bit of the SSO register is

BFFONn Buffer register status indication flag of channel n
0 Valid data is not stored in the SDRONL register.
1 Valid data is stored in the SDRONL register.

<Clear conditions>

e Reading receive data from the SDROnNL register ends during reception.

set to 1 (communication is enabled).

<Set conditions>

(transmission or transmission and reception mode in each communication mode).

(reception or transmission and reception mode in each communication mode).

e A reception error occurs.

e Transferring transmit data from the SDRONL register to the shift register ends during transmission.

e The STOnN bit of the STO register is set to 1 (communication is stopped) or the SSOn bit of the SSO register is

e Transmit data is written to the SDRONL registers while the TXEOn bit of the SCROnH register is set to 1

e Receive data is stored in the SDROnNL registers while the RXEOn bit of the SCROnH register is set to 1

Note Provided in the SSROL1 register only.

Caution If data is written to the SDRONL registers when BFFOn = 1, the transmit/receive data stored

in the register is discarded and an overrun error (OVFOn = 1) is detected.

Remark  n: Channel number (n =0, 1)
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Figure 11-9. Format of Serial Status Register On (SSROn) (2/2)
Address: FO100H (SSR00) - FO102H (SSR01), After reset: 0000H R
Symbol 7 6 5 4 3 2 1 0
SSRON 0 TSFOn BFFONn 0 0 FEFOnN°te PEFON OVFOn
FEFQOnNote Framing error detection flag of channel n
0 No error occurs.
1 An error occurs (during UART reception).
<Clear condition>
e 1 is written to the FECTOn bit of the SIROn register.
<Set condition>
e A stop bit is not detected when UART reception ends.
PEFON Parity/ACK error detection flag of channel n
0 No error occurs.
1 Parity error occurs (during UART reception).
<Clear condition>
e 1 is written to the PECTOn bit of the SIROn register.
<Set condition>
e The parity of the transmit data and the parity bit do not match when UART reception ends (parity error).
OVFOn Overrun error detection flag of channel n
0 No error occurs.
1 An error occurs
<Clear condition>
e 1 is written to the OVCTOn bit of the SIRON register.
<Set condition>
e Even though receive data is stored in the SDROnNL registers, that data is not read and transmit data or the
next receive data is written while the RXEOn bit of the SCRONH register is set to 1 (reception or transmission
and reception mode in each communication mode).
e Transmit data is not ready for slave transmission or transmission and reception in CSI mode.
Note Provided in the SSROL1 register only.
Remark n: Channel number (n =0, 1)
276
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11.3.8 Serial channel start register 0 (SS0)
The SSO register is a trigger register that is used to enable communication/count for each channel.

When 1 is written to a bit of this register (SS0n), the corresponding bit (SEOn) of serial channel enable status register O

(SEO) is set to 1 (operation is enabled). Because the SSOn bit is a trigger bit, it is cleared immediately when SEOn = 1.

The SSO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears the SSO register to O0H.

Figure 11-10. Format of Serial Channel Start Register 0 (SS0)

Address: FO122H (SS0) After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
SS0 0 0 0 0 0 0 SS01 SS00
SSOn Operation start trigger of channel n
0 No trigger operation
1 Sets the SEOn bit to 1 and enters the communication wait statusN°t,

Note If SSOn is set to 1 during transfer operations, transfer stops and the interface enters the state of

waiting. At this time, the control registers and the shift register, the SCKOn and SOOn pins, and the

FEFOn, PEFONn, and OVFOnN flags retain their values.

Cautions 1. Be sureto clear bits 2to 7to “0”.

2. For the UART reception, set the RXEOn bit of SCRONnH register to 1, and then be sure to

set SSOn to 1 after 4 or more fmck clocks have elapsed.

Remarks 1. n: Channel number (n =0, 1)
2. When the SSO register is read, 00H is always read.
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11.3.9 Serial channel stop register 0 (STO)

The STO register is a trigger register that is used to enable stopping communication/count for each channel.
When 1 is written to a bit of this register (STOn), the corresponding bit (SEOn) of serial channel enable status register O

(SEQO) is cleared to 0 (operation is stopped). Because the STOn bit is a trigger bit, it is cleared immediately when SEOn = 0.

The STO register is set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears the STO register to 00H.

Figure 11-11. Format of Serial Channel Stop Register 0 (STO)

Address: FO124H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
STO 0 0 0 0 0 0 STOo1 STOO
STOn Operation stop trigger of channel n
0 No trigger operation
1 Clears the SEOn bit to 0 and stops the communication operationN°t®

Note The control registers and the shift register, the SCKOn and SOOn pins, and the FEFOn, PEFOn, and

OVFOn flags retain their values.

Caution Be sureto clear bits 2to 7 to “0”.

Remarks 1. n: Channel number (n =0, 1)
2. When the STO register is read, 00H is always read.
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11.3.10 Serial channel enable status register 0 (SEO)

The SEO register indicates whether the data transmission/reception operation of each channel is enabled or disabled.

When 1 is written to a bit of serial channel start register 0 (SSO0), the corresponding bit of this register is set to 1. When
1 is written to a bit of serial channel stop register 0 (STO), the corresponding bit of this register is cleared to 0.

If the operation of channel n is enabled, the value of the CKOOnN bit (serial clock output of channel n) of serial output
register 0 (SQO) cannot be rewritten by software, and a value is output from the serial clock pin according to the
communication operation.

If the operation of channel n is disabled, the value of the CKOOn bit of the SQO register can be set by software and its
value is output from the serial clock pin. In this way, any waveform, such as that of a start condition/stop condition, can be
created by software.

The SEO register can be read by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears the SEO register to O0H.

Figure 11-12. Format of Serial Channel Enable Status Register 0 (SEOQ)

Address: FO120H (SEO) After reset: 0OH R

Symbol 7 6 5 4 3 2 1 0
SEO 0 0 0 0 0 0 SEO01 SEO0
SEOn Indication of operation enable/disable status of channel n
0 Operation is disabled (stopped)
1 Operation is enabled.

Caution Be sureto clear bits 2to 7to “0”".

Remark n: Channel number (n =0, 1)
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11.3.11 Serial output enable register 0 (SOEO)

The SOEQO register is used to enable or disable output of the serial communication operation of each channel.

If serial output is enabled for channel n, the value of the SOOn bit of serial output register 0 (SO0) cannot be rewritten
by software, and a value is output from the serial data output pin according to the communication operation.

If serial output is disabled for channel n, the SOOn bit value of the SO0 register can be set by software, and its value is
output from the serial data output pin. In this way, any waveform, such as that of a start condition/stop condition, can be
created by software.

The SOEO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears the SOEOQ register to O0H.

Figure 11-13. Format of Serial Output Enable Register 0 (SOEQ)

Address: FO12AH (SOEO)  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
SOEO 0 0 0 0 0 0 0 SOEO00
SOEON Serial output enable/disable of channel n
0 Disables output by serial communication operation.
1 Enables output by serial communication operation.

Caution Be sureto clear bits 1to 7to “0”.

Remark n: Channel number (n = 0)
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11.3.12 Serial output register 0 (SO0)

The SOO register is a buffer register for serial output of each channel.

The value of the SOO0N bit of this register is output from the serial data output pin of channel n.

The SOOnN bit of this register can be rewritten by software only when serial output is disabled (SOEOn = 0). When serial
output is enabled (SOEOn = 1), rewriting by software is ignored, and the value of the register can be changed only by a
serial communication operation.

To use the pin for serial interface as a port function pin, set the corresponding SOOn bit to 1.

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

Reset signal generation clears the SOO register to 03H.

Figure 11-14. Format of Serial Output Register 0 (SO0)

Address: FO128H (SO0)  After reset: 03H R/W

Symbol 7 6 5 4 3 2 1 0
SO0 0 0 0 0 0 0 1 SO00
SO0n Serial data output of channel n
0 Serial data output value is “0".
1 Serial data output value is “1”.

Caution Be sureto set bit 1to “1”, and clear bits 2to 7 to “0”.

Remark n: Channel number (n = 0)
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11.3.13 Serial clock output register (CKOO)

The CKOO register is

The value of the CKOON bit of this register is output from the serial clock output pin of channel n.

a buffer register for serial clock output of each channel.

The CKOOn bit of this register can be rewritten by software only when channel operation is disabled (SEOn = 0). When
channel operation is enabled (SEOn = 1), rewriting by software is ignored, and the value of the register can be changed
only by a serial communication operation.

To use the pin for serial interface as a port function pin, set the corresponding CKOOn bit to 1.

The CKOO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears the CKOO register to 03H.

Address: FO129H

Figure 11-15. Format of Serial Clock Output Register (CKQO0)

(CKOO) Afterreset: 03H R/W

Symbol 7 6 5 4 3 2 0
CKOO0 0 0 0 0 0 0 CKOO00
CKOOn Serial clock output of channel n
0 Serial clock output value is “0”.
1 Serial clock output value is “1”.
Caution Be sureto set bit 1to “1”, and clear bits 2to 7 to “0”.
Remark n: Channel number (n = 0)
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11.3.14 Serial output level register 0 (SOLO)

The SOLO register is used to set inversion of the data output level of channel 0.

This register can be set only in the UART mode. Be sure to set O to corresponding bit in the CSI mode.

Inverting channel O by using this register is reflected on pin output only when serial output is enabled (SOEO0 = 1).
When serial output is disabled (SOEQO = 0), the value of the SOO00 bit is output as is.

Rewriting the SOLO register is prohibited when the operation is enabled (SE0O = 1).

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

Reset signal generation clears the SOLO register to O0H.

Figure 11-16. Format of Serial Output Level Register 0 (SOLO)

Address: FO134H (SOL0O)  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
SOLO 0 0 0 0 0 0 0 SOLO00
SOL00 Selects inversion of the level of the transmit data of channel 0 in UART mode
0 Communication data is output as is.
1 Communication data is inverted and output.

Caution Be sureto clear bits 1to 7to “0”.

Figure 11-17 shows examples in which the level of transmit data is reversed during UART transmission.

Figure 11-17. Examples of Reverse Transmit Data

(@) Non-reverse Output (SOL0O = 0)

SOLOO = 0 output

SOUTO00
ST Trt;msmitfdata P S
(b) Reverse Output (SOLOO = 1)
SOL00 =1 output—‘ P \ \_/ ;\
SOUTO00 ST i > P si
Transmit data (inverted)
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11.3.15 Noise filter enable register 0 (NFENO)

The NFENO register is used to set whether the noise filter can be used for the input signal from the serial data input pin
of UART.

Disable the noise filter of the pin used for CSI communication, by clearing the corresponding bit of this register to 0.

Enable the noise filter of the pin used for UART communication, by setting the corresponding bit of this register to 1.

When the noise filter is enabled, after synchronization with the operating clock (fuck) for the target channel, whether the
signhal 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 (fmck) for the target
channel.

The NFENO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears the NFENO register to 00H.

Figure 11-18. Format of Noise Filter Enable Register 0 (NFENO)

Address: FOO70H  After reset: 00H R/IW

Symbol 7 6 5 4 3 2 1 0
NFENO 0 0 0 0 0 0 0 SNFENOO
SNFENOO Use of noise filter of RxDO pin
0 Noise filter OFF
1 Noise filter ON
Set the SNFENOO bit to 1 to use the RxDO pin.
Clear the SNFENOO bit to O to use other than the RxDO pin.

Caution Be sureto clear bits 1to 7to “0".
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11.3.16 Input switch control register (ISC)
The ISC1 and ISCO hits in the ISC register are used to handle the combination of the external interrupt and the timer
array unit at the time of baud rate correction of UARTO.
When bit 0 is set to 1, the input signal on the serial data input (RxDO0) pin is input to the external interrupt input (INTPO),
making detection of the input edge signal of the start bit in the form of the INTPO interrupt possible.
When bit 1 is set to 1, the input signal on the serial data input (RxDO) pin is input to the timer input pin (TI01). The
width at the baud rate (transfer rate) of the other party can be measured by using the timer array unit input pulse interval
measurement mode with the input edge signal of the start bit as a trigger.
The ISC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears the ISC register to O0H.

Figure 11-19. 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 the channel 1 of the timer array unit
0 Select the input signal on TI01 pin as the timer input (hormal operation)
1 Select the input signal on RxDO pin as the timer input
(Detection of the wake-up signal and pulse-width-measurement for baud rate correction)
ISCO Switching the external interrupt (INTPO)
0 Select the input signal on INTPO pin as the external interrupt input (normal operation)
1 Select the input signal on RxDO pin as the external interrupt input (detection of the wake-up signal)

Caution Be sureto clear bits 2to 7to “0”.
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11.3.17 Registers controlling port functions of serial input/output pins

Using the serial array unit requires setting of the registers that control the port functions multiplexed on the target
channel (port mode registers 0, 1 (PMO, PM1), port registers 0, 1 (PO, P1), port output mode registers 0, 1 (POMO, POM1),
port mode control registers 0, 1 (PMCO0, PMC1)).

For details, see 4.3.1 Port mode registers 0, 1, 4 (PMO, PM1, PM4), 4.3.2 Port registers 0, 1, 4, 12, 13 (PO, P1, P4,
P12, P13), 4.3.5 Port output mode registers 0, 1 (POMO, POM1), and 4.3.6 Port mode control registers 0, 1 (PMCO,
PMC1).

For an example of settings when using a port pin for serial input and output, see 4.5.3 Example of register settings
for port and alternate functions used.

Specifically, using a port pin with a multiplexed serial data or serial clock output function (e.g.
P10/ANI1/SCK00/PCLBUZ0/KR3) for serial data or serial clock output, requires setting the corresponding bits in the port
mode control register 1 (PMC1) and port mode register 1 (PM1) to 0, and the corresponding bit in the port register 1 (P1)
to 1.

When using the port pin in N-ch open-drain output (Voo tolerance) mode, set the corresponding bit in the port output
mode registers 0, 1 (POMO, POM1) to 1.

Example: When P10/ANI1/SCK00/PCLBUZO0/KR3 is to be used for serial data output
Clear the PMC10 bit of port mode control register 1 to “0”.
Clear the PM10 bit of port mode register 1 to “0".
Set the P10 bit of port register 1 to “1".

Specifically, using a port pin with a multiplexed serial data or serial clock input function (e.g. PO7/ANIO/SI00/RxD0/KR2)
for serial data or serial clock input, requires setting the corresponding bit in the port mode register 0 (PMO) to 1, and the
corresponding bit in the port mode control register 0 (PMCO) to 0. In this case, the corresponding bit in the port register 0
(PO) can be setto O or 1.

Example: When P0O7/ANIO/SI00/RxD0/KR?2 is to be used for serial data input
Clear the PMCO7 bit of port mode control register 0 to “0".
Set the PMO7 bit of port mode register 0 to “1”.
Clear the PO7 bit of port register O to 0, or set to “1".
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11.4 Operation Stop Mode

Each serial interface of serial array unit has the operation stop mode.
In this mode, serial communication cannot be executed, thus reducing the power consumption.
In addition, the serial interface function alternate pins can be used as port function pins in this mode.

11.4.1 Stopping the operation by units

The stopping of the operation by units is set by using peripheral enable register 0 (PERO).
The PERO 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.

Figure 11-20. Peripheral Enable Register 0 (PERO) Setting When Stopping Operation by Units

(@) Peripheral enable register 0 (PERO) ... Set only the bit of SAUO to be stopped to 0.

<7> <6> <5> 4 3 <2> 1 <0>
PERO TMKAEN RTOENN°t® ADCEN SAUOEN TAUOEN
x x x 0 0 0/1 0 x

Control of SAUO input clock
0: Stops supply of input clock
1: Supplies input clock

Note RL78/G1M products only.

Cautions 1. When setting serial array unit 0, be sure to first set the control registers of the serial array unit 0
with the SAUOEN bit set to 1. If SAUOEN = 0, control registers of serial array unit 0 become
default values and writing to them is ignored (except for the noise filter enable register 0 (NFENO),
input switch control register (ISC), port output mode register 0 (POMO), port mode register 0
(PMO), port mode control register 0 (PMCO), and port register 0 (P0)).

2. Be sure to clear the following bits to 0.
RL78/G1M products: Bits 1, 3, and 4
RL78/G1N products: Bits 1, 3, 4, and 6

Remark [ ] Setting disabled (fixed by hardware)
x: Bits not used with serial array units (depending on the settings of other peripheral functions)
0/1: Set to 0 or 1 depending on the usage of the user.
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11.4.2 Stopping the operation by channels
The stopping of the operation by channels is set using each of the following registers.

Figure 11-21. Each Register Setting When Stopping Operation by Channels

(@) Serial channel stop register 0 (STO) ... This register is a trigger register that is used to enable stopping

communication/count by each channel.
Symbol: 7 6 5 4 3 2 1 0

STO STO1 | STOO
0 0 0 0 0 0 0/1 | 0/1
L |

1: Clears the SEOn bit to 0 and stops the communication operation —
* Because the STOn bit is a trigger bit, it is cleared immediately when SEOn = 0.

(b) Serial Channel Enable Status Register 0 (SEO) ... This register indicates whether data

transmission/reception operation of each channel is enabled or stopped.
Symbol: 7 6 5 4 3 2 1 0

SEO SEO1 | SE00
0 0 0 0 0 0 0/1 | 0/1

0: Operation stops l |

* The SEO register is a read-only status register. Operation is stopped by using the STO
register.
For a channel whose operation is disabled, the value of the CKOOn bit of the SOO register
can be set by software.

(c) Serial output enable register 0 (SOEDO) ... This register is a register that is used to enable or stop output

of the serial communication operation of each channel.
Symbol: 7 6 5 4 3 2 1 0

SOEO SOE00
0 0 0 0 0 0 0 | 01
0: Stops output by serial communication operation 4|

* For channel n whose serial output is stopped, the SOO0n bit value of the SOO register can be set by
software.

(d) Serial clock output register 0 (CKOO) ...This register is a buffer register for serial output of each
channel.
Symbol: 7 6 5 4 3 2 1 0

CKOO0 CKOo
o|lo|lo|o|o|]o]| 1|01
]

1: Serial clock output value is “1"

*When using pins corresponding to each channel as port function pins, set the corresponding CKOOn bit to “1”.

(e) Serial output register 0 (SOO0) ...This register is a register that is used to set a value of serial output of

each channel.
Symbol: 7 6 5 4 3 2 1 0

SO0 S000
0 0 0 0 0 0 1 0/1

1: Serial data output value is “1” ;

* When using pins corresponding to each channel as port function pins, set the corresponding SOOn bit to “1”.

n: Channel number (n =0, 1)

Remark []: Setting disabled (fixed by hardware), 0/1: Set to 0 or 1 depending on the usage of the user
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11.5 Operation of 3-Wire Serial 1/0 (CSI00) Communication

This is a clocked communication function that uses three lines: serial clock (SCK) and serial data (S| and SO) lines.
[Data transmission/reception]
e Data length of 7 or 8 hits
e Phase control of transmit/receive data
e MSB/LSB first selectable
[Clock control]
e Phase control of I/O clock
e Setting of transfer period by prescaler and internal counter of each channel
e Maximum transfer rateN°te
During master communication: Max. fcik/4
During slave communication: ~ Max. fuck/6
[Interrupt function]
e Transfer end interrupt/buffer empty interrupt
[Error detection flag]
e Overrun error

Note Use the clocks within a range satisfying the SCK cycle time (tkcy) characteristics. For details, see CHAPTER 23
ELECTRICAL SPECIFICATIONS.

Unit Channel Used as CSI Used as UART
0 CSI00 UARTO
0
1 —

3-wire serial I/0O (CSI00) performs the following seven types of communication operations.
e Master transmission (See 11.5.1.)
e Master reception (See 11.5.2.)
e Master transmission/reception (See 11.5.3.)
e Slave transmission (See 11.5.4.)
e Slave reception (See 11.5.5.)
e Slave transmission/reception (See 11.5.6.)
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11.5.1 Master transmission
Master transmission is that the RL78/G1M, G1N output a transfer clock and transmits data to another device.

3-Wire Serial /0

CslI00

Target channel

Channel 0 of SAUO

Pins used

SCKO00, SO00

Interrupt

INTCSIO0

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag

None

Transfer data length

7 or 8 bits

Transfer rateNt

Max. fcuk/4 [Hz] (SDRONH[7:1] = 1 or more)
Min. fek/(2 x 215 x128) [Hz]

Data phase Selectable by the DAPOn bit of the SCRONH register

e DAPON = 0: Data output starts at the start of the operation of the serial clock.

e DAPON = 1: Data output starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPOn bit of the SCRONH register

e CKPON = 0: Non-reverse (data output at the falling edge and data input at the rising edge of SCK)
e CKPONn = 1: Reverse (data output at the rising edge and data input at the falling edge of SCK)

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the peripheral function characteristics in
the electrical specifications (see CHAPTER 23 ELECTRICAL SPECIFICATIONS).

Remarks 1. fck: System clock frequency

2. n=0
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(1) Register setting

Figure 11-22. Example of Contents of Registers for Master Transmission of 3-Wire Serial 1/0 (CSI00) (1/2)
(@) Serial mode register On (SMROnH, SMROnNL)

Symbol: SMROnH Symbol: SMROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
cKsonl|ccson STSONn SISON0 MDON1 }{ MDONO
0/1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1

Operation clock (fwck) of channel n

0: Prescaler output clock CK0O set by the SPSO0 register . .

1: Prescaler output clock CKO1 set by the SPSO register 0: Transfer end interrupt
1: Buffer empty interrupt

Interrupt source of channel n

(b) Serial communication operation setting register On (SCROnH, SCROnL)

Symbol: SCROnH Symbol: SCROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXEON J|RXEON J{ DAPON | CKPON EOCOnN]| pTCOn1 [J PTCONO DIRON SLCOn1}SLCONO DLSOnO
1 0 0/1 | 0/1 0 0 0 0 0/1 0 0 0 0 1 1 0/1
) Selection of data transfer sequence Setting of data length
Sele'ctlon of the data'and clock phase (For 0: Inputs/outputs data with MSB first 0: 7-bit data length
details about the setting, see 11.3 1: Inputs/outputs data with LSB first. 1: 8-bit data length

Registers Controlling Serial Array Unit.)

(c) Serial dataregister On (SDROnH, SDRONnH)

Symbol: SDROnH Symbol: SDROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Baud rate setting Transmit data
(Operation clock (fuck) division setting) 0 (Transmit data setting)
SIOp

(d) Serial clock output register 0 (CKOO) ... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0

CKOO0 CKO00
0 0 0 0 0 0 1 0/1

|_ Communication starts when these bits are 1 if the clock
phase is non-inversion (the CKPOn bit of the SCRONH =
0). If the clock phase is inverted (CKPOn = 1),
communication starts when these bits are 0.

(Remarks are listed on the next page.)
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Figure 11-22. Example of Contents of Registers for Master Transmission of 3-Wire Serial 1/0 (CSI00) (2/2)

(e) Serial output register 0 (SOO) ... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0

SO0 S000
0 0 0 0 0 0 1 0/1

(f) Serial output enable register 0 (SOEO) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SOEO SOE00
0 0 0 0 0 0 0 0/1

(g) Serial channel start register 0 (SS0) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SSO Ss01 | SS00

0 0 0 0 0 0 0 |01

Remarks 1. n =0, p: CSI number (p = 00)
2. @: Setting is fixed in the CSI master transmission mode, e Setting disabled (set to the initial value)

x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user.
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(2) Operation procedure

Figure 11-23. Initial Setting Procedure for Master Transmission

(Starting initial setting>

Setting the PERO register

|

Setting the SPSO register

Setting the SMRONH/L register

Setting the SCRONH/L register

Setting the SDRONH register

|

Setting the SO0 and CKOOn registers

Setting the SOEQ register

|

Setting port

|

Writing to the SSO register

Gompleting initial settinD

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate (setting the
transfer clock by dividing the operation
clock (fmck)).

Set the initial output level of the serial
clock (CKOON) and serial data (SO0n).

Set the SOEON bit to 1 and enable data
output of the target channel.

Enable data output and clock output of
the target channel by setting a port
register and a port mode register.

Set the SSOn bit of the target channel to 1
(SEOn bit = 1: to enable operation).

Setting of SAU is completed.
Set transmit data to the SIOp register (the

SDROnL register) and start communication.
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(Selective)

(Essential)

(Essential)

(Selective)

(Selective)

Figure 11-24. Procedure for Stopping Master Transmission

Starting setting to stop

‘ Writing the STO register ‘

‘ Changing setting of the SOEO register

Changing setting of the
SO0 and CKOO registers

‘ Setting the PERO register ‘

Stop setting is completed

If there is any data being transferred, wait for
their completion.
(If there is an urgent must stop, do not wait)

Write 1 to the STOn bit of the target channel.

(SEOnN = 0: to operation stop status)

Set the SOEON bit to 0 and stop the output of
the target channel.

The levels of the serial clock (CKOOn) and
serial data (SO0n) on the target channel can
be changed if necessitated by an emergency.

To use the STOP mode, reset the serial array
unit by stopping the clock supply to it.

The master transmission is stopped.
Go to the next processing.
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Figure 11-25. Procedure for Resuming Master Transmission

<Starting setting for resumpticD

) No
(Essential) Slave ready?

Yes
(Essential) Port manipulation
(Selective) | Changing setting of the SPSO register
(Selective)  |changing setting of the SDRONH register
(Selective) Changing setting of the SMRONH/L register
(Selective) Changing setting of the SCRONH/L register
(Selectlve) Changing setting of the SOEQ register
(Selective) Changing setting of the SO0 and
CKOO registers

(Selective) Changing setting of the SOEO register
(Essential) Port manipulation
(Essential) | \writing to the SSO register

Completing resumption

setting
Remark

Wait until stop the communication target
(slave) or communication operation
completed

Disable data output and clock output of
the target channel by setting a port
register and a port mode register.

Re-set the register to change the operation
clock setting.

Re-set the register to change the
transfer baud rate setting (setting the
transfer clock by dividing the operation
clock (fmck)).

Re-set the register to change serial
mode register On (SMRONH/L) setting.

Re-set the register to change serial
communication operation setting register
On (SCROn) setting.

Set the SOEON bit to O to stop output
from the target channel.

Set the initial output level of the serial
clock (CKOON) and serial data (SO0n).

Set the SOEON bit to 1 and enable output

from the target channel.

Enable data output and clock output of
the target channel by setting a port
register and a port mode register.

Set the SSOn bit of the target channel to 1
(SEOn = 1: to enable operation).

Setting is completed
Sets transmit data to the SIOp register (the

SDROnNL register) and start communication.

If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait

until the transmission target (slave) stops or transmission finishes, and then perform initialization

instead of restarting the transmission.
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(3) Processing flow (in single-transmission mode)

Figure 11-26. Timing Chart of Master Transmission (in Single-Transmission Mode)
(Type 1: DAPOn = 0, CKPOn = 0)

sson ]
STOn |'|_
seon | L
SDRONL X Transmit data 1 X Transmit data 2 X Transmit data 3
sexppn | TLMLMLML LML UL LU
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp 1
Data transmission Data transmission Data transmission
TSFOn |

Remark n =0, p: CSI nhumber (p = 00)
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aunnos Buissasold 1dnusiu|

N

aunnol urepyy

Figure 11-27. Flowchart of Master Transmission (in Single-Transmission Mode)

@aﬂing Csl communicatioD

SAU default setting

For the initial setting, see Figure 11-23.
(Select Transfer end interrupt)

Set data for transmission and the number of data. Clear communication end flag
| Setting transmit data | (Storage area, Transmission data pointer, Number of communication data and
Communication end flag are optionally set on the internal RAM by the software)

; Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and
| Enables interrupt | ptreq g (XXIF) p ( )

set interrupt enable (EI).

Read transmit data from storage area and
write it to SIOp. Update transmit data pointer.

—\\/1iting to SIOp makes SOp and SCKp signals out (communication starts)

Writing transmit data to
SIOp (=SDRONL)

|

| Wait for transmit completes |

Ce— \\/NeN Transfer end interrupt is generated, it moves to interrupt

processing routine
Cl'ransfer end interrupD
Transmitting next data?

Yes
i R o Read transmit data, if any, from storage area and
Writing transmit data to Sets communication o ) )
SIOp (=SDRONL) completion flag write it to SIOp.  Update transmit data pointer.
If not, set transmit end flag

Transmission completed? Check completion of transmission by verifying transmit end flag

Yes

| Disable interrupt (MASK) |

| Write STON bit to 1 |

CEnd of communicatioD
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(4) Processing flow (in continuous transmission mode)

Figure 11-28. Timing Chart of Master Transmission (in Continuous Transmission Mode)
(Type 1: DAPOn = 0, CKPOn = 0)

SSon  <1>|
STOn <6>|'|_
SEOn | L
SDRONL Transmit data Transmit data 2 Transmit data 3
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp
Dpata transmission Data transmission Data transmission
MDOnO <4>|
TSFOn |
BFFONn
<2><3> <2> <3> <2> <3> <5>
(Note)
Note

If transmit data is written to the SDROnNL register while the BFFOn bit of serial status register On (SSROn) is 1
(valid data is stored in serial data register On (SDROnNL)), the transmit data is overwritten.

Caution The MDONO bit of serial mode register On (SMROnL) can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it will be rewritten before the

transfer end interrupt of the last transmit data.

Remark n =0, p: CSI number (p = 00)
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Figure 11-29. Flowchart of Master Transmission (in Continuous Transmission Mode)

Starting setting

<1> SAU default setting For the initial sening,_see Figure 11-23.
/ (Select buffer empty interrupt)

—

Setting transmit data

Set data for transmission and the number of data. Clear communication end flag

(Storage area, Transmission data pointe, Number of communication data and

Communication end flag are optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set

aunnol urepy

| Enables interrupt |
interrupt enable (El).

<> Writing transmit data to Read transmit data from storage area and write it
SIOp( = SDRONL) ~ to SIOp. Update transmit data pointe Wiiting to SIOp makes SOp
- and SCKp signals out
(communication starts)
\\ | Wait for transmit completes When transfer end interrupt is generated, it moves to
e <3><5> < interrupt processing routine.

Guffer empty/transfer end inte@

If transmit data is left, read them from storage area the
write into SIOp, and update transmit data pointer and

No number of transmit data.

If no more transmit data, clear MDOn bit if & set. If not,

Number of
communication data > 0?

finish.

Writing transmit data to
SIOp (= SDROnNL)

aunnol Buissasoid ydnuaiu)

Subtract -1 from number of | I o | Sets communication
transmit data Clear MDOnO bit to 0 completion interrupt flag

= Y |

No Check completion of transmission by

verifying transmit end flag

Transmission completed?

Write MDONO bit to 1 |

aunnol urep

Yes

Communication
continued?

| Disable interrupt (MASK)|

<6> | Write1 to STON bit |

End of communication

Remark <1> to <6> in the figure correspond to <1> to <6> in Figure 11-28 Timing Chart of Master
Transmission (in Continuous Transmission Mode).
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11.5.2 Master reception

Master reception is that the RL78/G1M, G1N output a transfer clock and receives data from other device.

3-Wire Serial /0

CSI00

Target channel

Channel 0 of SAUO

Pins used

SCKO0, SI00

Interrupt

INTCSIO0

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag

Overrun error detection flag (OVFOn) only

Transfer data length

7 or 8 bits

Transfer rateNot

Max. fcwk/4 [Hz] (SDRONH[7:1] = 1 or more)
Min. fek/(2 x 215 x 128) [Hz]

Data phase Selectable by the DAPOn bit of the SCRONnH register

e DAPON = 0: Data input starts at the start of the operation of the serial clock.

e DAPON = 1: Data input starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPOn bit of the SCRONH register

e CKPOn = 0: Non-inversion
e CKPOn = 1: Inverted

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the electrical
specifications (see CHAPTER 23 ELECTRICAL SPECIFICATIONS).

Remarks 1. fcx: System clock frequency

2. n=0
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(1) Register setting

Figure 11-30. Example of Contents of Registers for Master Reception of 3-Wire Serial 1/0 (CSI00) (1/2)
(@) Serial mode register On (SMROnH, SMROnNL)

Symbol: SMROnH Symbol: SMROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
cKsonl|ccson STSOn SISOn0 mDOn1 ||MDONO
0/1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1

Interrupt source of channel n
0: Transfer end interrupt

Operation clock (fuck) of channel n 1: Buffer empty interrupt

0: Prescaler output clock CKOO set by the SPSO register
1: Prescaler output clock CKO1 set by the SPSO register

(b) Serial communication operation setting register On (SCROnH, SCROnL)

Symbol: SCROnH Symbol: SCROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXEOn|RXEON [| DAPON | CKPON EOCON | PTCON1 |PTCONO DIRON SLCon1 | SLCOno DLSONn0

0 1 o101 | 0O 0 0 0 01| O 0 0 0 1 1 |01
I_'_l I I

Selection of data transfer sequence Setting of data length

Selection of the data and clock 0: Inputs/outputs data with MSB first 0: 7-bit data length

phase (For details about the setting, 1: Inputs/outputs data with LSB first. 1: 8-bit data length

see 11.3 Registers Controlling
Serial Array Unit.)

(c) Serial dataregister On (SDROnH, SDRONL)

Symbol: SDROnH Symbol: SDROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Baud rate setting 0 Receive data
(Operation clock (fmck) division setting) (Write FFH as dummy data.)
SIOp
(d) Serial clock output register 0 (CKOO) ... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0
CKOO0 CKO00

0 0 0 0 0 0 1 |01

L Communication starts when these bits are 1 if the clock
phase is non-inversion (the CKPOn bit of the SCROn = 0).
If the clock phase is inverted (CKPOn = 1), communication
starts when these bits are 0.

(e) Serial output register 0 (SO0) ...The register that not used in this mode.

Symbol: 7 6 5 4 3 2 1 0

SO0 S000

(Remarks are listed on the next page.)

RO1UHO0904EJ0100 Rev.1.00 ’-IENESAS 301
May 29, 2020



RL78/G1M, G1N CHAPTER 11 SERIAL ARRAY UNIT

Figure 11-30. Example of Contents of Registers for Master Reception of 3-Wire Serial 1/0 (CSI00) (2/2)

(f) Serial output enable register 0 (SOEQ) ... The register that not used in this mode.

Symbol: 7 6 5 4 3 2 1 0

SOEO SOE00

(g) Serial channel start register 0 (SS0) ... Sets only the bits of the target channel to 1.

Symbol: 7 6 5 4 3 2 1 0

SSO0 SS01 | SS00
0 0 0 0 0 0 0/1 | 0/1

Remarks 1. n =0, p: CSI number (p = 00)
2. @: Setting is fixed in the CSI master transmission mode, R Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 11-31. Initial Setting Procedure for Master Reception

<Starting initial setting>

‘ Setting the PERO register ‘

Release the serial array unit from the
reset status and start clock supply.

‘ Setting the SPSO register ‘ Set the operation clock.

‘ Setting the SMRONH/L register

Set an operation mode, etc.

‘ Setting the SCRONHI/L register

Set a communication format.

Set a transfer baud rate (setting the

‘ Setting the SDRONH register ‘

transfer clock by dividing the operation

clock (fmck)).

‘ Setting the SKOO register ‘

Set the initial output level of the serial

clock (CKOON).

Enable clock output of the target channel

Setting port ‘ by setting a port register and a port mode

register.

Set the SSOn bit of the target channel to 1

‘ Writing to the SSO register ‘ (SEON bit = 1: to enable operation).
Setting is completed.
< End of initial setting > Set dummy data to the SIOp register (the

SDROnNL register) and start communication.

Figure 11-32. Procedure for Stopping Master Reception

Starting setting to stop

If there is any data being transferred, wait for
their completion.

(Selective) (If there is an urgent must stop, do not wait)
(Essential) ‘ Writing the STO register ‘ Write 1 to the STOn bit of the target channel.
(SEOn = 0: to operation stop status)
(Essential) ‘ Changing setting of the SOEO register Set the SOEON bit to 0 and stop the output of
the target channel.
(Selective) Changing setting of the The level of the serial clock (CKOOn) on the
CKOO register target channel can be changed if necessitated
by an emergency.
(Selective) ‘ Setting the PERO register ‘ Reset the serial array unit by stopping the
clock supply to it.
L The master transmission is stopped.
Stop setting is completed .
Go to the next processing.
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(Essential)

Figure 11-33. Procedure for Resuming Master Reception

éarting setting for resumpti(D

Completing slave
preparations?

(Essential) Port manipulation
(Selective) Changing setting of the SPSO register
(SeIeCtive) Changing setting of the SDRONH register
(Selective) Changing setting of the SMRONHIL register
(Selective) Changing setting of the SCRONHIL register
i Changing setting of the CKOO
(Selective) register
(Selective) Clearing error flag
(Essential) Port manipulation
(Essential) | writing to the SSO register
Completing resumption
< setting >
Remark

Wait until stop the communication target
(slave) or communication operation
completed

Disable clock output of the target
channel by setting a port register and a
port mode register.

Re-set the register to change the operation
clock setting.

Re-set the register to change the
transfer baud rate setting (setting the
transfer clock by dividing the operation
clock (fmck)).

Re-set the register to change serial
mode register On (SMRONH/L) setting.

Re-set the register to change serial
communication operation setting register
On (SCRONHI/L) setting.

Set the initial output level of the serial
clock (CKOON).

If the OVF flag remain set, clear this
using serial flag clear trigger register On
(SIRON).

Enable clock output of the target channel
by setting a port register and a port mode
register.

Set the SSOn bit of the target channel to 1
(SEOn bit = 1: to enable operation).

Setting is completed
Sets dummy data to the SIOp register

(SDROnNL register) and start communication.

If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait

until the transmission target (slave) stops or transmission finishes, and then perform initialization

instead of restarting the transmission.
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(3) Processing flow (in single-reception mode)

Figure 11-34. Timing Chart of Master Reception (in Single-Reception Mode) (Type 1: DAPOn = 0, CKPOn = 0)

SSOn
STOn |'|_
SEOn ) . L
) Receive data 1 Receive data 2 Receive data 3-\
SDRONL X Dummy data for reception Dummy data Dummy data !
AWrite AWrite AWrite
A Read ARead ARead
SCKp pin |||||||||||||||
Slp pin Receive data 1 Receive data 2 Receive data 3
Shift  — — — —r—
INTCSIp | Il
Data reception Data reception Data reception
TSFOn
Remark n =0, p: CSI number (p = 00)
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aunnol urepy

Gtaning Csl communicatioD

SAU default setting

Setting receive data

Enables interrupt

N

aunnol Buissasoud 1dniiaiu)

g

aunnol urepy

—_—
P

Writing dummy data to
SIOp (=SDROnNL)

Wait for receive completes

Figure 11-35. Flowchart of Master Reception (in Single-Reception Mode)

For the initial setting, see Figure 11-31.
(Select Transfer end interrupt)

Setting storage area of the receive data, number of communication data

(Storage area, Reception data pointer, Number of communication data and
Communication end flag are optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
interrupt enable (EI)

Writing to SIOp makes SCKp signals out

A

(communication starts)

When transfer end interrupt is generated, it moves

P
<

Transfer end interrupt
generated?

Reading receive data to
SIOp (=SDRONL)
I

C RI:?TI )

Yes

Disable interrupt (MASK)

I
Write STOn bitto 1

CEnd of communication)

All reception completed?

to interrupt processing routine

Read receive data then writes to storage area.
Update receive data pointer and number of
communication data.

Check the number of communication data
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(4) Processing flow (in continuous reception mode)

Figure 11-36. Timing Chart of Master Reception (in Continuous Reception Mode) (Type 1: DAPOn = 0, CKPOn = 0)

sSson  <1>
STOn <8>|_|_
SEON ) L
— Receive data 3 1
SDRONL XDummy data X Dummy data Receive data 1) Dummy data Receive data 2 !
<2>AWrite ~ <2>AWrite 12> AWrite
A Read ARead ARead
SCKp pin L U U L o
Slp pin Receive data 1 Receive data 2 Receive data 3
register On (X eceftion & sift opgradén XXX Keosffion & sift onéragn J(X X Hecepfion & sifropéradn X
INTCSIp
Data reception Data reception Data reception
MDOnO 551
TSFOn
BFFONn
<3> <3> <4> <3> <4> <6><7>

Caution The MDONO bit can be rewritten even during operation.

However, rewrite it before receive of the last bit is started, so that it has been rewritten before the

transfer end interrupt of the last receive data.

Remarks 1. <1>to <8> in the figure correspond to <1> to <8> in Figure 11-37 Flowchart of Master Reception

(in Continuous Reception Mode).
2. n=0, p: CSI number (p = 00)
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Figure 11-37. Flowchart of Master Reception (in Continuous Reception Mode)

Starting CSI communication

SAU default setting
<1>
a
Setting receive data
£ i
)
S
g -
= | Enables interrupt |
g |
<> Writing dummy data to
SIOp (=SDRONL)
| Wait for receive completes |
<3><6>

For the initial setting, see Figure 11-31.
(Select buffer empty interrupt)

Setting storage area of the receive data, number of communication data
(Storage area, Reception data pointer, Number of communication data and
Communication end flag are optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
interrupt enable (EI)

Writing to SIOp makes SCKp
e signals out (communication starts)

When interrupt is generated, it moves to

interrupt processing routine

Buffer empty/transfer end interr@

Yes
<4> [Reading receive data to SIOp
<7> (=SDRONL)

Subtract -1 from number of
transmit data

aunnoJ Buissadsoud 1dnuaiu)

Number of communication
data?

Clear MDONO bit to 0 |

Read receive data, if any, then write them to storage
area, and update receive data pointer (also subtract -1
from number of transmit data)

Writing dummy data to
SIOp (=SDRONL)

Y
A

Number of communication
data=0?

Write 1 to MDONO bit |

aunno. urepyy

No

Communication continued?

| Disable interrupt (MASK) |

<g> | Write 1 to STON bit

\\ End of communication

When number of communication data
becomes 0, receive completes

Remark <1>to <8> in the figure correspond to <1> to <8> in Figure 11-36 Timing Chart of Master Reception

(in Continuous Reception Mode).
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11.5.3 Master transmission/reception
Master transmission/reception is that the RL78/G1M, G1N output a transfer clock and transmits/receives data to/from
other device.

3-Wire Serial /0 CsSI00
Target channel Channel 0 of SAUO
Pins used SCKO0, SI100, SO00
Interrupt INTCSIOO0

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag | Overrun error detection flag (OVFOn) only

Transfer data length | 7 or 8 bits

Transfer rateN°t® Max. fewk/4 [Hz] (SDRONH[7:1] = 1 or more)
Min. fewk/(2 x 21° x 128) [Hz]

Data phase Selectable by the DAPOn bit of the SCRONH register
e DAPON = 0: Data /O starts at the start of the operation of the serial clock.
e DAPON = 1: Data /O starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPOn bit of the SCRONH register
e CKPOn = 0: Non-inversion
e CKPOn = 1: Inverted

Data direction MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the electrical
specifications (see CHAPTER 23 ELECTRICAL SPECIFICATIONS).

Remarks 1. fcx: System clock frequency
2. n=0
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(1) Register setting

Figure 11-38. Example of Contents of Registers for Master Transmission/Reception of 3-Wire Serial I/O
(CSI00) (1/2)

(@) Serial mode register On (SMROnH, SMROnNL)

Symbol:SMROnH Symbol:SMROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ckson|jccson STSOn SIS0no mDon1 }{MDono
0/1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1

Interrupt source of channel n
Operation clock (fuck) of channel n 0: Transfer end interrupt
0: Prescaler output clock CKOO set by the SPSO register 1: Buffer empty interrupt
1: Prescaler output clock CKO1 set by the SPSO register

(b) Serial communication operation setting register On (SCROnH, SCROnL)

Symbol:SCROnH Symbol:SCROnL

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXEON |RXEON |{ DAPON | CKPON EOCOn| PTCONL |PTCONO DIRON sLcon1|SLCOn0 DLS0nO
1 1 o101 0 0 0 0 o1 O 0 0 0 1 1 0/1

I_'_l I I
) Selection of data transfer sequence Setting of data length
Selection of the data and clock 0: Inputs/outputs data with MSB first 0: 7-bit data length
phase (For details about the setting, 1: Inputs/outputs data with LSB first. 1: &-bit data length

see 11.3 Registers Controlling
Serial Array Unit.)

(c) Serial dataregister On (SDROnH, SDRONL)

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Baud rate setting Transmit data setting/receive data register
(Operation clock (fmck) division setting) 0
SIOp
(d) Serial clock output register 0 (CKOO) ... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0
CKOO0 CKO00

0 0 0 0 0 0 1 |01

|_ Communication starts when these bits are 1 if the clock
phase is non-inversion (the CKPOn bit of the SCROn = 0).
If the clock phase is inverted (CKPOn = 1), communication
starts when these bits are 0.

(e) Serial output register 0 (SOO0) ... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0

SO0 S000
0 0 0 0 0 0 1 0/1

(Remarks are listed on the next page.)
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Figure 11-38. Example of Contents of Registers for Master Transmission/Reception of 3-Wire Serial I/O
(CSI00) (2/2)

(f) Serial output enable register 0 (SOEQ) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SOEO SOE00
0 0 0 0 0 0 0 0/1

(g) Serial channel start register 0 (SS0) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SS0 SS01 | SS00

0 0 0 0 0 0 |01 )01

Remarks 1. n =0, p: CSI number (p = 00)
2. @: Setting is fixed in the CSI master transmission/reception mode
O Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 11-39. Initial Setting Procedure for Master Transmission/Reception

<Starting initial setting>

Setting the PERO register

Setting the SPSO register

Setting the SMRONH/L register

Setting the SCRONH/L register

Setting the SDRONH/L register

Setting the SO0 and CKOO registers

Setting the SOEO register

Setting port

Writing to the SSO register

< End of initial setting >

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate (setting the
transfer clock by dividing the operation
clock (fmck)).

Set the initial output level of the serial
clock (CKOON) and serial data (SO0n).

Set the SOEON bit to 1 and enable data
output of the target channel.

Enable data output and clock output of
the target channel by setting a port
register and a port mode register.

Set the SSOn bit of the target channel to 1
(SEON bit = 1: to enable operation).

Setting is completed
Set transmit data to the SIOp register (the
SDROnNL register) and start communication.
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Figure 11-40. Procedure for Stopping Master Transmission/Reception

(Selective)

(Essential)

(Essential)

(Selective)

(Selective)

Starting setting to stop

‘ Writing the STO register ‘

‘ Changing setting of the SOEO register

Changing setting of the SO0 and
CKOO registers

‘ Setting the PERO register ‘

Stop setting is completed

If there is any data being transferred, wait for
their completion.
(If there is an urgent must stop, do not wait)

Write 1 to the STOn bit of the target channel.

(SEOnN = 0: to operation stop status)

Set the SOEON bit to 0 and stop the output of
the target channel.

The levels of the serial clock (CKOOn) and
serial data (SO0n) on the target channel can
be changed if necessitated by an emergency.

Reset the serial array unit by stopping the
clock supply to it.

The master transmission is stopped.
Go to the next processing.

RO1UHO0904EJ0100 Rev.1.00

May 29, 2020

RRENESAS

313



RL78/G1M, G1N

CHAPTER 11 SERIAL ARRAY UNIT

Figure 11-41. Procedure for Resuming Master Transmission/Reception

Starting setting for resumption

Completing slave

(Essential) :
preparations?

(Selective) ‘ Port manipulation ‘

(Essential) ‘ Changing setting of the SPSO register

(Selective) ‘Changing setting of the SDRONH register

(Se|ective) Changing setting of the SMRONH/L register
(Selective) Changing setting of the SCRONHI/L register
(Selective) ‘ Clearing error flag ‘

(Selective) ‘ Changing setting of the SOEO register

. ‘ Changing setting of the SO0 and ‘
(Selective) CKOO registers
(Selective) Changing setting of the SOEQ register
(Essential) ‘ Port manipulation ‘
(Essential) ‘ Writing to the SSO register ‘

( Completing resumption setting )

Wait until stop the communication target
(slave) or communication operation
completed

Disable data output and clock output of
the target channel by setting a port
register and a port mode register.

Re-set the register to change the operation
clock setting.

Re-set the register to change the transfer
baud rate setting (setting the transfer
clock by dividing the operation clock

(fmex)).

Re-set the register to change serial
mode register On (SMRONH/L) setting.

Re-set the register to change serial
communication operation setting register
0On (SCRONH/L) setting.

If the FEF, PEF, and OVF flags remain
set, clear them using serial flag clear
trigger register On (SIRON).

Set the SOEON bit to 0 to stop output
from the target channel.

Set the initial output level of the serial
clock (CKOON) and serial data (SO0n).

Set the SOEON bit to 1 and enable output
from the target channel.

Enable data output and clock output of
the target channel by setting a port
register and a port mode register.

Set the SSOn bit of the target channel to 1
(SEOn = 1: to enable operation).

Remark If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait
until the transmission target (slave) stops or transmission finishes, and then perform initialization
instead of restarting the transmission.
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(3) Processing flow (in single-transmission/reception mode)

Figure 11-42. Timing Chart of Master Transmission/Reception (in Single-Transmission/Reception Mode)
(Type 1: DAPONn =0, CKPOn = 0)

SSOn I

STOn |'|_
SEOn ‘ ] L
 Receive data 1 Receive data 2 Receive data 3
SDRONnL X Transmit data 1 X Transmit data 2 Transmit data 3 !
AWrite A Write A Write
A Read A Read Read A
Slp pin Receive data 1 Receive data 2 Receive data 3
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp Il
Data transmission/reception Data transmission/reception Data transmission/reception
TSFOn
Remark n =0, p: CSI number (p = 00)
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Figure 11-43. Flowchart of Master Transmission/Reception (in Single-Transmission/Reception Mode)

-

aunnoJ urey

aunnos Buissasoud 1dnuiaiu|

\'g

aunnoJ urep

étarting CslI communicati@

SAU default setting

Setting
transmission/reception data

——

Enables interrupt

Writing transmit data to
SIOp (=SDRONL)

For the initial setting, see Figure 11-39.
(Select transfer end interrupt)

Setting storage data and number of data for transmission/reception data
(Storage area, Transmission data pointer, Reception data pointer, Number of
communication data and Communication end flag are optionally set on the
internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set

interrupt enable (EI)

Read transmit data from storage area and write it
to SIOp. Update transmit data pointer. Writing to SIOp makes SOp

Wait for transmission/reception
completes

A

and SCKp signals out
(communication starts)

When transfer end interrupt is generated, it

-
«

CTranSfer end interrupt)

Read receive data to SIOp
(=SDROnNL)

C RI?TI )

Transmission/reception
completed?

Disable interrupt (MASK)

Write STOn bitto 1

CEnd of communication)

moves to interrupt processing routine.

Read receive data then writes to storage area, update receive
data pointer

If there are the next data, it continues
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(4) Processing flow (in continuous transmission/reception mode)

Figure 11-44. Timing Chart of Master Transmission/Reception (in Continuous Transmission/Reception Mode)
(Type 1: DAPONn = 0, CKPOn =0)

Sson <1>
STOn <> |'|_
SEOn
- Receive data 31 L
SDRONL X Transmit data 1)X_Transmit data 2 ) Receive data 1 | Transmit data 3 Receive data 2 '
AWrite A\ Write M\ Write
A Read A Read Read A
SCKp pin J'U'U'UFLI'I_HILFU'IILFLF‘J'I_I'I_I'I_HLI'IJU'LFIIIII_I'IJ
Slp pin Receive data 1 Receive data 2 Receive data 3
Shift R l—u—l&l—hhl—\l—\ Rl—\irl—\é'l—h_\ﬂl—\l—_\ /e
register On OXRcepon o shi{onsaiat X )(X_Récepfon'd shif onsfatdh Y )X Recopfon snifopcaticn )
SOp pin Transmit data 1 X Transmit data 2 Transmit data 3
INTCSIp
Data transmjission/reception | Data transmission/reception | Data|transmission/reception
MDONO pry|
TSFOn
BFFON
<2><3> <2> Note 2 <2> <4><2> Note 2 <2> <4> <6><7>
Note 1 -—————— -—

Notes 1. If transmit data is written to the SDRONL register while the BFFOn bit of serial status register On (SSR0On)
is 1 (valid data is stored in serial data register On (SDRONL)), the transmit data is overwritten.

2. The transmit data can be read by reading the SDROnNL register during this period. At this time, the
transfer operation is not affected.

Caution The MDONO bit of serial mode register On (SMRONL) can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it has been rewritten before
the transfer end interrupt of the last transmit data.

Remarks 1. <1> to <8> in the figure correspond to <1> to <8> in Figure 11-45 Flowchart of Master
Transmission/Reception (in Continuous Transmission/Reception Mode).
2. n=0, p: CSI number (p =00)
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Figure 11-45. Flowchart of Master Transmission/Reception (in Continuous Transmission/Reception Mode)

aunnos urey

aunnol Buissasoud dnusiu|

\
>

<1>

<2>

Starting setting

SAU default setting

s

Setting
transmission/reception data

Enables interrupt

Writing dummy data to
SIOp (=SDRONL)

&

For the initial setting, see Figure 11-39.
(Select buffer empty interrupt)

Setting storage data and number of data for transmission/reception data
(Storage area, Transmission data pointer, Reception data, Number of
communication data and Communication end flag are optionally set on the
internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set interrupt
enable (EI)

Read transmit data from storage area and write it
to SIOp. Update transmit data pointer.

foa

Wait for transmission/reception

<3> <6> : <

completes

Writing to SIOp makes SOp
and SCKp signals out
(communication starts)

When transmission/reception interrupt is generated, it

<4>

<7>

Yes

Reading reception data to
SIOp (=SDROnNL)

Subtract -1 from number of
transmit data

Number of
communication data?

Writing transmit data to

SIOp (=SDRONL)

-

moves to interrupt processing routine

@ﬁer empty/transfer end interr@

Except for initial interrupt, read data received then write them
to storage area, and update receive data pointer

If transmit data is left (number of communication data is
equal or grater than 2), read them from storage area then
write into SIOp, and update transmit data pointer.

If it's waiting for the last data to receive (number of
communication data is equal to 1), change interrupt timing
to communication end

<5>

Clear MDONO bit to 0

Number of communication
data = 0?

| Write 1 to MDONO bit |

aunnol urepy

N

<8>

| Disable interrupt (MASK) |

Write 1 to STOn bit |

End of communication

Remark <1> to <8> in the figure correspond to <1> to <8> in Figure 11-44 Timing Chart of Master

Transmission/Reception (in Continuous Transmission/Reception Mode).
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11.5.4 Slave transmission
Slave transmission is that the RL78/G1M, G1N transmit data to another device in the state of a transfer clock being
input from another device.

3-Wire Serial /0 CSI00
Target channel Channel 0 of SAUO
Pins used SCKO00, SO00
Interrupt INTCSIOO0

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag | Overrun error detection flag (OVFOn) only

Transfer data length | 7 or 8 bits

Transfer rate Max. fuck/6 [Hz]Notes 1.2

Data phase Selectable by the DAPOnN bit of the SCRONH register
e DAPON = 0: Data output starts at the start of the operation of the serial clock.
e DAPON = 1: Data output starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPOn bit of the SCROnH register
o CKPOn = 0: Non-inversion
e CKPONn = 1: Inverted

Data direction MSB or LSB first

Notes 1. Because the external serial clock input to the SCKOO pin is sampled internally and used, the fastest transfer
rate is fmck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the AC characteristics in the
electrical specifications (see CHAPTER 23 ELECTRICAL SPECIFICATIONS).

Remarks 1. fmck: Operation clock frequency of target channel
2. n=0
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(1) Register setting

Figure 11-46. Example of Contents of Registers for Slave Transmission of 3-Wire Serial I/O (CSIO00) (1/2)

(@) Serial mode register On (SMROnH, SMROnNL)

Symbol: SMROnH Symbol: SMROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
cksonljccson STSOn SIS0N0 MDOon1 |{MDono
0/1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1

Interrupt source of channel n
Operation clock (fuck) of channel n 0: Transfer end interrupt
0: Prescaler output clock CKOO set by the SPSO register 1: Buffer empty interrupt
1: Prescaler output clock CKO1 set by the SPSO register

(b) Serial communication operation setting register On (SCROnH, SCROnL)

Symbol: SCROnH Symbol: SCRONL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXEON |RXEON |{ DAPON | CKPON EOCOn| PTCONL |PTCONO DIRON SLCOn1|SLCONO DLS0n0
1 0 o101 | 0 0 0 0 01| 0O 0 0 0 1 1 0/1
I_'_l I I
Selection of data transfer sequence Setting of data length
Selection of the data and clock 0: Inputs/outputs data with MSB first 0: 7-bit data length
phase (For details about the setting, 1: Inputs/outputs data with LSB first. 1: 8-bit data length

see 11.3 Registers Controlling
Serial Array Unit.)

(c) Serial dataregister On (SDROnH, SDROnNL)

Symbol: SDROnH Symbol: SDROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0000000 Transmit data setting
Baud rate setting 0
SIOp
(d) Serial clock output register 0 (CKOO) ... The Register that not used in this mode.
Symbol: 7 6 5 4 3 2 1 0

CKOO0 CKO00

(e) Serial output register 0 (SOQ) ... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0

SO0 S000
0 0 0 0 0 0 1 0/1

(Remarks are listed on the next page.)
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Figure 11-46. Example of Contents of Registers for Slave Transmission of 3-Wire Serial I/O (CSI00) (2/2)

(f) Serial output enable register 0 (SOEQ) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SOEO SOE00
0 0 0 0 0 0 0 0/1

(g) Serial channel start register 0 (SS0) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SSO0 SS01 | SS00
0 0 0 0 0 0 0/1 | 0/1

Remarks 1. n=0 p: CSI number (p = 00)
2. @: Setting is fixed in the CSI master transmission mode, [[] : Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 11-47. Initial Setting Procedure for Slave Transmission

<Starting initial setting>

Setting the PERO register

Setting the SPSO register

Setting the SMRONH/L register

Setting the SCRONH/L register

Setting the SDRONH register

Setting the SOO register

Setting the SOEO register

Setting port

Writing to the SSO register

Gompleting initial settin@

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set bits 7 to 1 to 0000000B for baud rate

setting.

Set the initial output level of the serial
data (SOO0N).

Set the SOEON bit to 1 and enable data
output of the target channel.

Enable data output of the target channel
by setting a port register and a port mode
register.

Set the SSOn bit of the target channel to 1
(SEOn bit = 1: to enable operation).

Initial setting is completed.

Set transmit data to the SIOp register (the
SDROnNL register) and wait for a clock from
the master.
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(Selective)

(Essential)

(Essential)

(Selective)

(Selective)

Figure 11-48. Procedure for Stopping Slave Transmission

Starting setting to stop

‘ Writing the STO register ‘

‘ Changing setting of the SOEO register

‘ Changing setting of the SOO register

‘ Setting the PERO register ‘

Stop setting is completed

If there is any data being transferred, wait for
their completion.
(If there is an urgent must stop, do not wait)

Write 1 to the STOn bit of the target channel.

(SEOnN = 0: to operation stop status)

Set the SOEON bit to 0 and stop the output of
the target channel.

The level of the serial data (SOOn) on the
target channel can be changed if necessitated
by an emergency.

Reset the serial array unit by stopping the
clock supply to it.

The master transmission is stopped.
Go to the next processing.
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Remark

Figure 11-49. Procedure for Resuming Slave Transmission

<Starting setting for resumptitD

Completing master
preparations?

(Essential)

(Selective) Port manipulation
(Selective) Changing setting of the SPSO register
(Selective) Changing setting of the SMRONHIL register
(Selective) Changing setting of the SCRONHIL register
(Selective) Clearing error flag
(Selective) Changing setting of the SOEO register
(Essential) Changing setting of the SOO register
(Essential) Changing setting of the SOEO register
(Essential) Port manipulation
(Essential) Writing to the SSO register
(Essential) Starting communication

@mpleting resumption setti@

Wait until stop the communication target
(master)

Disable data output of the target channel
by setting a port register and a port
mode register.

Re-set the register to change the operation
clock setting.

Re-set the register to change serial
mode register On (SMRONH/L) setting.

Re-set the register to change serial
communication operation setting register
0On (SCRONH/L) setting.

If the OVF flag remain set, clear this
using serial flag clear trigger register On
(SIRON).

Set the SOEON bit to 0 to stop output
from the target channel.

Set the initial output level of the serial
data (SOO0N).

Set the SOEOn bit to 1 and enable
output from the target channel.

Enable data output of the target channel
by setting a port register and a port mode
register.

Set the SSOn bit of the target channel to 1
(SEOn = 1: to enable operation).

Sets transmit data to the SIOp register (the
SDROnNL register) and wait for a clock from
the master.

If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait
until the transmission target (master) stops or transmission finishes, and then perform

initialization instead of restarting the transmission.
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(3) Processing flow (in single-transmission mode)

Figure 11-50. Timing Chart of Slave Transmission (in Single-Transmission Mode)
(Type 1: DAPOn = 0, CKPOn = 0)

SSOn
STOn |'|_
SEOn [
SDRONL X Transmit data 1 X Transmit data 2 X Transmit data 3
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shift — —_— —_——— J— —_ I
register On OO Shioperaion XX Stift opgratén XX snit operatioff Y X
INTCSIp Il
Data transmission Data transmission Data transmission
TSFOn |

Remark n =0, p: CSI humber (p = 00)
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Figure 11-51. Flowchart of Slave Transmission (in Single-Transmission Mode)

4 Gtarting csl communicatioD

SAU default setting

-
o

Setting transmit data

aunnoJ urep

Enables interrupt

fy
|

Writing transmit data to
SIOp (= SDRONL])

For the initial setting, see Figure 11-47.
(Select transfer end interrupt)

Set storage area and the number of data for transmit data
(Storage area, Transmission data pointer, Number of communication data and
Communication end flag are optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
interrupt enable (EI).

Read transmit data from storage area and write it to SIOp. Update
transmit data pointer.

Start communication when master

P
«

Wait for transmit completes

V7

aunnol Buissasoud 1dniisiu|

Y

<

start providing the clock

When transmit end, interrupt is generated

<«

Gransfer end interrupt )
C RETI )

Yes
Transmitting next data?

No

Yes
Continuing transmit?

No

aunnoJ urepy

Disable interrupt (MASK)

Write 1 to STOn bit

\ CEnd of communication)

Clear the interrupt request flag (xxIF).

Determine if it completes by counting number of communication data
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(4) Processing flow (in continuous transmission mode)

Figure 11-52. Timing Chart of Slave Transmission (in Continuous Transmission Mode)
(Type 1: DAPONn = 0, CKPOn =0)

SSOon <1>
STOn <6>|'|_
SEOn |
SDRONL Transmit data 1 Transmit data 2 Transmit data 3
SCKp pin Uy Uy U U U U UL UL
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
register On X_Shift op @@DOOCD@MP.@@DOOD@W@DDC“O“ X:
INTCSIp
Data transmission Data transmission Data transmission
MDONO <4> |
TSFOn
BFFONn
<2><3> <2> <3> <2> <3> <5>

(Note)

Note If transmit data is written to the SDROnNL register while the BFFOn bit of serial status register On (SSROn) is 1
(valid data is stored in serial data register On (SDROnL)), the transmit data is overwritten.

Caution The MDONnO bit of serial mode register On (SMRONL) can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started.

Remark n =0, p: CSI number (p = 00)
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aunnoJ urepy

aunnol Buissasoid idnuiisiu)

N

aunnol urepy

Figure 11-53. Flowchart of Slave Transmission (in Continuous Transmission Mode)

Starting setting

<1> SAU default setting

]

| Setting transmit data |

| Enables interrupt |

<2>| Writing transmit data to
SIOp (=SDROnL)

For the initial setting, see Figure 11-47.
(Select buffer empty interrupt)

Set storage area and the number of data for transmit data
(Storage area, Transmission data pointer, Number of communication data and
Communication end flag are optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
interrupt enable (EI)

Read transmit data from buffer and write it to SIOp. Update transmit
data pointer

Start communication when master start providing the

<
-
«

| Wait for transmit completes |

<3><5>

clock

When buffer empty/transfer end interrupt is generated,

<
«

Number of transmit
data > 1?

Reading transmit data |

Writing transmit data to
SIOp (=SDRONL)

Subtract —1 from number of
transmit data

RETI

Number of communication
data=-1?

Write 1 to MDONO bit |

No

Communication continued?

| Disable interrupt (MASK)

<6> Write 1 to STOn bit

End of communication

it moves to interrupt processing routine

@ﬁer empty/transfer end interr@

If transmit data is left, read them from storage area then write into
SIOp, and update transmit data pointer.
If not, change the interrupt to transmission complete

Clear MDONO bit to 0 <4>

It is determined as follows depending on the number of communication data.

[No] +2 or higher: Unwritten data to SIOp
+1: Transmit data completion
0: During the last data received
[Yes] -1: All data received completion

Remark <1> to <6> in the figure correspond to <1> to <6> in Figure 11-52 Timing Chart of Slave
Transmission (in Continuous Transmission Mode).
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11.5.5 Slave reception
Slave reception is that the RL78/G1M, G1N receive data from another device in the state of a transfer clock being input
from another device.

3-Wire Serial 110 CSI00
Target channel Channel 0 of SAUO
Pins used SCKO0, SI00
Interrupt INTCSIOO0

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag | Overrun error detection flag (OVFOn) only

Transfer data length | 7 or 8 bits

Transfer rate Max. fuck/6 [Hz]Notes 1.2

Data phase Selectable by the DAPON bit of the SCRONH register
e DAPON = 0: Data output starts at the start of the operation of the serial clock.
e DAPON = 1: Data output starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPOn bit of the SCRONH register
e CKPOn = 0: Non-inversion
e CKPOn = 1: Inverted

Data direction MSB or LSB first

Notes 1. Because the external serial clock input to the SCKOO pin is sampled internally and used, the fastest transfer
rate is fmck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the AC characteristics in the
electrical specifications (see CHAPTER 23 ELECTRICAL SPECIFICATIONS).

Remarks 1. fmck: Operation clock frequency of target channel
2. n=0
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(1) Register setting

Figure 11-54. Example of Contents of Registers for Slave Reception of 3-Wire Serial 1/0 (CSI00) (1/2)

(@) Serial mode register On (SMROnH, SMROnNL)

Symbol:SMROnH Symbol:SMROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
cksonljccson STSOn SIS0n0 mDOn1 || MDONO
0/1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1

Interrupt source of channel n
Operation clock (fuck) of channel n 0: Transfer end interrupt

0: Prescaler output clock CKOO set by the SPSO register
1: Prescaler output clock CKO1 set by the SPSO register

(b) Serial communication operation setting register On (SCROnH, SCROnL)

Symbol: SCROnH Symbol: SCROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXEOn |RXEON |{ DAPON | CKPON EOCOn| PTCONL |PTCONO DIRON SLcon1|SLCOnO DLS0nO

0 1 o/1|0/1| 0 0 0 0 01| 0 0 0 0 1 1 (01
I_'_l I I

Selection of data transfer sequence Setting of data length

Selection of the data and clock 0: Inputs/outputs data with MSB first 0: 7-bit data length

phase (For details about the setting, 1: Inputs/outputs data with LSB first. 1. 8-bit data length

see 11.3 Registers Controlling
Serial Array Unit.)

(c) Serial dataregister On (SDROnH, SDROnNL)

Symbol: SDROnH Symbol: SDROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0000000 Receive data
Baud rate setting 0
SIOp

(d) Serial clock output register 0 (CKOO) ... The Register that not used in this mode.
Symbol: 7 6 5 4 3 2 1 0

CKOO0 CKO00

(e) Serial output register 0 (SOO0) ... The Register that not used in this mode.
Symbol: 7 6 5 4 3 2 1 0

SO0 S000

(Remarks are listed on the next page.)
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Figure 11-54. Example of Contents of Registers for Slave Reception of 3-Wire Serial 1/0 (CSI00) (2/2)

(f) Serial output enable register 0 (SOEDQ) ... The Register that not used in this mode.
Symbol: 7 6 5 4 3 2 1 0

SOEO SOE00

(g) Serial channel start register 0 (SSO0) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SSO0 SS01 | SS00
0 0 0 0 0 0 0/1 | 0/1

Remarks 1. n =0, p: CSI number (p = 00)
2. @: Setting is fixed in the CSI master transmission mode, [_] : Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 11-55. Initial Setting Procedure for Slave Reception

(Starting initial settings>

Setting the PERO register

Setting the SPSO register

Setting the SMROnN register

Setting the SCROnN register

Setting the SDRONH register

Settin

g port

Writing to the

SSO register

Gompleting initial settinD

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set baud rate setting (bits 7 to 1) to
0000000B.

Enable data input and clock input of the
target channel by setting a port register
and a port mode register.

Set the SSOn bit of the target channel to 1
(SEON bit = 1: to enable operation). Wait for
a clock from the master.

Figure 11-56. Procedure for Stopping Slave Reception

Starting setting to stop

(Selective)

(Essential) ‘ Writing the STO register ‘

(Essential) ‘ Changing setting of the SOEO register
|

(Selective) ‘ Setting the PERO register

Stop setting is completed

If there is any data being transferred, wait for
their completion.
(If there is an urgent must stop, do not wait)

Write 1 to the STOn bit of the target channel.

(SEOnN = 0: to operation stop status)

Set the SOEON bit to 0 and stop the output of
the target channel.

Reset the serial array unit by stopping the
clock supply to it.

The master transmission is stopped.
Go to the next processing.
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Figure 11-57. Procedure for Resuming Slave Reception

éarting setting for resumpti@
Completing master u

preparations?

Wait until stop the communication target
(master)
(Essential)

Disable clock output of the target

(Essential) Port manipulation channel by setting a port register and a

port mode register.

Re-set the register to change the

(Selective) Changing setting of the SPSO register

operation clock setting.

Re-set the register to change serial

i hangi ing of th Il i
(Selective) | Chenonosetingcfie SR regster mode register On (SMRONH/L) setting.

Re-set the register to change serial

(Selective) Changing setting of the SCRONHIL register communication operation setting register
On (SCRONH/L) setting.

) If the OVF flag remain set, clear this
(Selective) Clearing error flag

using serial flag clear trigger register On
(SIRON).

Enable clock output of the target channel
(Essential) Port manipulation by setting a port register and a port mode

register.

Set the SSOn bit of the target channel to 1
(SEON bit = 1: to enable operation). Wait
for a clock from the master.

(Essential) Writing to the SSO register

Gompleting resumption seﬁi@

Remark If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the
transmission target (master) stops or transmission finishes, and then perform initialization instead of
restarting the transmission.
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(3) Processing flow (in single-reception mode)

Figure 11-58. Timing Chart of Slave Reception (in Single-Reception Mode)
(Type 1: DAPONn = 0, CKPOn =0)

SSOn |
STOn I'l_
SEOn ‘ ] L
Receive data 3
SDROnL Receive data 1 Receive data 2 X!
[
A Read A Read Read A
Slp pin Receive data 1 Receive data 2 Receive data 3
register on —| X Recepton &3hil operaicr ¥ X Retpioh et tperson Recenlon d st operdoarl )|
INTCSIp 1
Data reception Data reception Data reception
TSFOn

Remark n =0, p: CSI number (p = 00)
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aunnoJ urepy

Figure 11-59. Flowchart of Slave Reception (in Single-Reception Mode)

Gtarting Csl communicatioD

SAU default setting
\

Ready for reception

Enables interrupt

aunnods Buissaosold 1dniiaiu|

aunnoJ urey

[
Ll

Wait for receive completes

For the initial setting, see Figure 11-55.
(Select transfer end interrupt only)

Clear storage area setting and the number of receive data

(Storage area, Reception data pointer, Number of communication data and
Communication end flag are optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
interrupt enable (EI).

Start communication when master start providing

P
<

the clock

P
]

CTransfer end interrupt)

Reading receive data to
SIOp (=SDRONL)

C RETI )
Reception completed?

Yes

Disable interrupt (MASK)

Write STOn bit to 1

CEnd of communication)

When transmit end, interrupt is generated

Read receive data then writes to storage area, and counts
up the number of receive data.
Update receive data pointer.

Check completion of number of receive data

RO1UH0904EJ0100 Rev.1.00

May 29, 2020

RRENESAS 335



RL78/G1M, G1N CHAPTER 11 SERIAL ARRAY UNIT

11.5.6 Slave transmission/reception
Slave transmission/reception is that the RL78/G1M, G1N transmit/receive data to/from another device in the state of a
transfer clock being input from another device.

3-Wire Serial /0 CsSI00
Target channel Channel 0 of SAUO
Pins used SCKO00, S100, SO00
Interrupt INTCSIOO0

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag Overrun error detection flag (OVFON) only

Transfer data length | 7 or 8 bits

Transfer rate Max. fuck/6 [Hz]Notes 1.2

Data phase Selectable by the DAPON bit of the SCROnH register
e DAPON = 0: Data output starts at the start of the operation of the serial clock.
e DAPON = 1: Data output starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPOn bit of the SCROnH register
e CKPONn = 0: Non-inversion
e CKPONn = 1: Inverted

Data direction MSB or LSB first

Notes 1. Because the external serial clock input to the SCKO0O0 pin is sampled internally and used, the fastest transfer
rate is fmck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the AC characteristics in the
electrical specifications (see CHAPTER 23 ELECTRICAL SPECIFICATIONS).

Remarks 1. fmck: Operation clock frequency of target channel
2. n=0
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(1) Register setting

Figure 11-60. Example of Contents of Registers for Slave Transmission/Reception of 3-Wire Serial 1/0 (CSI00) (1/2)

(@) Serial mode register On (SMROnH, SMROnNL)

Symbol: SMROnH Symbol: SMROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
cksonljccson STSOn SIS0N0 MDOon1 |{MDono
0/1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1

Interrupt source of channel n
Operation clock (fuck) of channel n 0: Transfer end interrupt
0: Prescaler output clock CKOO set by the SPSO register 1: Buffer empty interrupt
1: Prescaler output clock CKO1 set by the SPSO register

(b) Serial communication operation setting register On (SCROnH, SCROnL)

Symbol: SCROnH Symbol: SCROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXEON [RXEON || DAPON | CKPON EOCOn| PTCONL [PTCONO DIRON SLCON1 | SLCONO DLSO0N0

1 1 01j01] 0 0 0 0 o1 0 0 0 0 1 1 |01
I_'_l I I

Selection of data transfer sequence Setting of data length

Selection of the data and clock 0: Inputs/outputs data with MSB first 0: 7-bit data length

phase (For details about the setting, 1: Inputs/outputs data with LSB first. 1: 8-bit data length

see 11.3 Registers Controlling
Serial Array Unit.)

(c) Serial dataregister On (SDROnH, SDRONL)

Symbol: SDROnH Symbol: SDROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0000000 Transmit data setting/receive data register
Baud rate setting 0
SIOp

(d) Serial clock output register 0 (CKOO) ... The Register that not used in this mode.
Symbol: 7 6 5 4 3 2 1 0

CKOO0 CKOO00

(e) Serial output register 0 (SOQ) ... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0

SO0 S000
0 0 0 0 0 0 1 0/1

(Caution, and Remarks are listed on the next page.)
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Figure 11-60. Example of Contents of Registers for Slave Transmission/Reception of 3-Wire Serial 1/0 (CSI00) (2/2)

(f) Serial output enable register 0 (SOEQ) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SOEO SOE00
0 0 0 0 0 0 0 0/1

(g) Serial channel start register 0 (SS0) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SS0 SS01 | SS00

0 0 0 0 0 0 |01 )01

Caution Be sure to set transmit data to the SIOp register before the clock from the master is started.

Remarks 1. n =0, p: CSI number (p = 00)
2. @: Setting is fixed in the CSI master transmission mode, [[] : Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)

0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 11-61. Initial Setting Procedure for Slave Transmission/Reception

<Starting initial setting>

Setting the PERO register

Release the serial array unit from the

reset status and start clock supply.

Setting the SPSO register Set the operation clock.
Setting the SMRONH/L register Set an operation mode, etc.
Setting the SCRONHIL register Set a communication format.

Set bits 7 to 1 to 0000000B for baud rate

Setting the SDRONH register .
setting.

Set the initial output level of the serial

Setting the SOO register
data (SOO0n).

Set the SOEON bit to 1 and enable data

Setting the SOEO register output of the target channel.

Enable data output of the target channel
Setting port by setting a port register and a port
mode register.

Set the SSOn bit of the target channel to 1
(SEON bit = 1: to enable operation).

. ] Initial setting is completed.
Gompletlng initial settm@ Set transmit data to the SIOp register

(the SDROnNL register) and wait for a
clock from the master.

Writing to the SSO register

Caution Be sure to set transmit data to the SIOp register before the clock from the master is started.

R0O1UH0904EJ0100 Rev.1.00 ‘-zENESAS 339
May 29, 2020



RL78/G1M, G1N CHAPTER 11 SERIAL ARRAY UNIT

Figure 11-62. Procedure for Stopping Slave Transmission/Reception

Starting setting to stop

If there is any data being transferred, wait for
their completion.

(Selective) (If there is an urgent must stop, do not wait)
(Essential) ‘ Writing the STO register ‘ Write 1 to the STOn bit of the target channel.
(SEOnN = 0: to operation stop status)
(Essential) ‘ Changing setting of the SOEO regjster Set the SOEON bit to 0 and stop the output of
the target channel.
. ) ) ) The level of the serial data (SOOn) on the
(Selective) Changing setting of the SOO register ) )
target channel can be changed if necessitated
by an emergency.
(Selective) ‘ Setting the PERO register ‘ Reset the serial array unit by stopping the
clock supply to it.
L Th ission i .
Stop setting is completed e master transmlsspn is stopped
Go to the next processing.
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Figure 11-63. Procedure for Resuming Slave Transmission/Reception

(Essential)

(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

(Starting setting for resumpticD

preparations?

Port manipulation

Changing setting of the SPSO register

Changing setting of the SMRONH/L register

Changing setting of the SCROnNH/L register

Clearing error flag

Changing setting of the SOEQ register

Changing setting of the SOO register

Completing master u

Changing setting of the SOEQ register

Port manipulation

Writing to the SSO register

Starting communication

@mpleting resumption seni@

Wait until stop the communication target
(master)

Disable data output of the target channel
by setting a port register and a port
mode register.

Re-set the register to change the
operation clock setting.

Re-set the register to change serial mode
register On (SMROn) setting.

Re-set the register to change serial
communication operation setting register
On (SCRON) setting.

If the OVF flag remain set, clear this using
serial flag clear trigger register On
(SIRON).

Set the SOEON bit to 0 to stop output
from the target channel.

Set the initial output level of the serial
data (SOO0n).

Set the SOEON bit to 1 and enable output

from the target channel.

Enable data output of the target channel
by setting a port register and a port mode
register.

Set the SSOn bit of the target channel to 1
(SEOn = 1: to enable operation).

Sets transmit data to the SIOp register
(the SDROnNL register) and wait for a
clock from the master.

Cautions 1. Be sure to set transmit data to the SIOp register before the clock from the master is started.

2. If PERO is rewritten while stopping the master transmission and the clock supply is stopped,

wait until the transmission target (master) stops or transmission finishes, and then perform

initialization instead of restarting the transmission.
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(3) Processing flow (in single-transmission/reception mode)

Figure 11-64. Timing Chart of Slave Transmission/Reception (in Single-Transmission/Reception Mode)
(Type 1: DAPONn = 0, CKPOn =0)

SSOn

STon [T
SEOn ‘
Receive data 1 Receive data 2 Receive data 3 4
SDROnL X Transmit data 1 Transmit data 2 Transmit data 3 !
AWrite A Write A Write
A Read A Read A Read
SCKp pin
Slp pin Receive data 1 Receive data 2 Receive data 3
registeron — | X_Receplion & shffopérath X X Fecepfion & shif operation X_Keoeplion & shift opéraich ¥
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp
Data transmission/reception Data transmission/reception Data transmission/reception
TSFOn

Remark n =0, p: CSI number (p = 00)
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Figure 11-65. Flowchart of Slave Transmission/Reception (in Single-Transmission/Reception Mode)

-

o

Caution

 ——

Gtartjng Csl communicati@

SAU default setting

Setting
transmission/reception data

Enables interrupt

Writing transmit data to
SIOp (=SDROnNL)

[

Ll

Wait for transmission/reception
completes

CTransfer end interrupt)

For the initial setting, see Figure 11-61.
(Select Transfer end interrupt)

Setting storage area and number of data for transmission/reception data
(Storage area, Transmission/reception data pointer, Number of communication data
and Communication end flag are optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
interrupt enable (EI).

Read transmit data from storage area and write it to SIOp.
Update transmit data pointer.

Start communication when master start providing the
clock

When transfer end interrupt is generated, it moves to
interrupt processing routine

Reading receive data to
SIOp (=SDRONL)

Read receive data and write it to storage area. Update
receive data pointer.

C RI?TI )

Transmission/reception
completed?

Transmission/reception
next data?

Update the number of communication data and confirm
if next transmission/reception data is available

Disable interrupt (MASK)

Write STOn bitto 1

CEnd of communication)

Be sure to set transmit data to the SIOp register before the clock from the master is started.

RO1UH0904EJ0100 Rev.1.00

May 29, 2020

RRENESAS 343



RL78/G1M, G1N CHAPTER 11 SERIAL ARRAY UNIT

(4) Processing flow (in continuous transmission/reception mode)

Figure 11-66. Timing Chart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)
(Type 1: DAPOn = 0, CKPOn = 0)

Sson <1>]
STOn <8>|_'_
L

SEON [
Receive data 37
SDRONL X Transmit data 1X Transmit data 2 ) Receive data 1) Transmit data 3 Receive data 2 )
A Write Write A Write
A Read A Read A Read
Slp pin Receive data 1 Receive data 2 Receive data 3
Shift KX:X:l—lI—\TI—u—XXZ\I—\rI—\rI—\I—\:—\ —r—r—r— e r— —
register On Reception & shiftoperation, | Reception, @'@?@P’:X:” WCRFCGP@,@&W_“?”\_[_
SOp pin Transmit data 1 X Transmit data 2 Transmit data 3
INTCSIp
Data transmission/reception | Data transmission/reception | Data transmission/reception
MDONO gy
TSFOn
BFFONn
<2><3> <2> <3> <4><2> <3> <4> <6><7>
Note 2
Note 1 - Note 2

Notes 1. If transmit data is written to the SDRONL register while the BFFOn bit of serial status register On (SSR0n)
is 1 (valid data is stored in serial data register On (SDROnNL)), the transmit data is overwritten.
2. The transmit data can be read by reading the SDROnL register during this period. At this time, the
transfer operation is not affected.

Caution The MDOnNO bit of serial mode register On (SMRONL) can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it has been rewritten before
the transfer end interrupt of the last transmit data.

Remarks 1. <1> to <8> in the figure correspond to <1> to <8> in Figure 11-67 Flowchart of Slave
Transmission/Reception (in Continuous Transmission/Reception Mode).
2. n=0, p: CSI number (p = 00)
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Figure 11-67. Flowchart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)

-

aunnol urep

aunnoi Buissasoud 1dnusi|

Starting setting

SAU default setting

‘

Setting
transmission/reception data

I
Enables interrupt |

For the initial setting, see Figure 11-61.
(Select buffer empty interrupt)

Setting storage area and number of data for transmission/reception data
(Storage area, Transmission/reception data pointer, Number of communication data
and Communication end flag are optionally set on the internal RAM by the software)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
interrupt enable (El)

Start communication when master start providing the

&
<

| Wait for transmission completes |

<3> <6>

clock

When buffer empty/transfer end is generated, it moves

&
<

@ﬂer empty/transfer end interr@

Yes
<4> Read receive data to SIOp
(=SDRONL)
<7>

I

Subtract -1 from number of
transmit data

Number of communication
data?

interrupt processing routine

Other than the first interrupt, read reception data then writes
to storage area, update receive data pointer

If transmit data is remained, read it from storage area and write it to
SIOp. Update storage pointer.

If transmit completion (number of communication data = 1), Change
the transmission completion interrupt

Writing transmit data to

Clear MDONO bit to 0

SIOp (=SDRONL)

Number of communication
data = 0?

Write 1 to

MDOnO bit

aunnol urep

Caution

Communication
continued?

| Disable interrupt (MASK) |

I
Write 1 to STOn bit |

End of communication

<8>

Be sure to set transmit data to the SIOp register before the clock from the master is started.

Remark <1> to <8> in the figure correspond to <1> to <8> in Figure 11-66 Timing Chart of Slave
Transmission/Reception (in Continuous Transmission/Reception Mode).
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11.5.7 Calculating transfer clock frequency
The transfer clock frequency for 3-wire serial 1/0 (CSI0O0) communication can be calculated by the following
expressions.

(1) Master

I (Transfer clock frequency) = {Operation clock (fvck) frequency of the target channel} + (SDROnH[7:1] + 1) + 2 [HZz]

(2) Slave

‘ (Transfer clock frequency) = {Frequency of serial clock (SCK) supplied by master}N°t¢ [Hz]

Note The permissible maximum transfer clock frequency is fmck/6.

Remark The value of SDROnH[7:1] is the value of bits 7 to 1 of serial data register OnH (SDROnH) (0000000B to
1111111B) and therefore is 0 to 127.

The operation clock (fuck) is determined by serial clock select register 0 (SPS0) and bit 7 (CKSOn) of serial mode
register On (SMRONH).
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Table 11-2. Selection of Operation Clock For 3-Wire Serial 1/0

SMROn SPSO0 Register Operation Clock (fuck)Note

Register

CKSOn | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS fok= 20 MHz
13 12 11 10 03 02 01 00

0 X X X X 0 0 0 0 | fox 20 MHz
X X X X 0 0 0 1 | fox/2 10 MHz
X X X X 0 0 1 0 | fow/2? 5 MHz
X X X X 0 0 1 1 | fox/2® 2.5 MHz
X X X X 0 1 0 0 | fos2? 1.25 MHz
X X X X 0 1 0 1 | fox/28 625 kHz
X X X X 0 1 1 0 | fows28 312.5 kHz
X X X X 0 1 1 1 | fox/2” 156.2 kHz
X X X X 1 0 0 0 | fouws2® 78.1 kHz
X X X X 1 0 0 1 fouk/2° 39.1 kHz
X X X X 1 0 1 0 | fows20 19.5kHz
X X X X 1 0 1 1 | fow/2¥ 9.77 kHz
X X X X 1 1 0 0 | foxr2?? 4.88 kHz
X X X X 1 1 0 1 | fow/2®® 2.44 kHz
X X X X 1 1 1 0 | fows2t 1.22 kHz
X X X X 1 1 1 1 | fow/2® 610 Hz
1 0 0 0 0 X X X X | fox 20 MHz

0 0 0 1 X X X X | few/2 10 MHz
0 0 1 0 X X X X | fow/2? 5 MHz
0 0 1 1 X X X X | fow/2® 2.5 MHz
0 1 0 0 X X X X | fow/2* 1.25 MHz
0 1 0 1 X X X X | fow/25 625 kHz
0 1 1 0 X X X X | fow/2° 312.5 kHz
0 1 1 1 X X X X | fow/2” 156.2 kHz
1 0 0 0 X X X X | fow/28 78.1 kHz
1 0 0 1 X X X X | fow/2° 39.1 kHz
1 0 1 0 X X X X | fox/210 19.5 kHz
1 0 1 1 X X X X | few/21 9.77 kHz
1 1 0 0 X X X X | fox/2'? 4.88 kHz
1 1 0 1 X X X X | fox/2B® 2.44 kHz
1 1 1 0 X X X X | fow/2M 1.22 kHz
1 1 1 1 X X X X | /218 610 Hz

Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value), do so

after having stopped (serial channel stop register 0 (ST0) = 03H) the operation of the serial array unit (SAU).

Remarks 1. X: don't care

2.

n=0,1
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11.5.8 Procedure for processing errors that occurred during 3-wire serial I/O (CSI00) communication

The procedure for processing errors that occurred during 3-wire serial I/O (CSI00) communication is described in Figure
11-68.

Figure 11-68. Processing Procedure in Case of Overrun Error

Software Manipulation Hardware Status Remark

Reads serial data register On (SDROnL). —®The BFFOn bit of the SSROnN register is set | This is to prevent an overrun error if the

to 0 and channel n is enabled to receive next reception is completed during error
data. processing.
Reads serial status register On (SSROn). Error type is identified and the read value

is used to clear error flag.

Writes 1 to serial flag clear trigger ——® Error flag is cleared. Error can be cleared only during reading,

register On (SIRON). by writing the value read from the SSROn
register to the SIRON register without
modification.

Remark n=0
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11.6 Operation of UART (UARTO) Communication

This is a start-stop synchronization function using two lines: serial data transmission (TXD) and serial data reception
(RXD) lines. By using these two communication lines, each data frame, which consists of a start bit, data, parity bit, and
stop bit, is transferred asynchronously (using the internal baud rate) between the microcontroller and the other
communication party. Full-duplex UART communication can be performed by using a channel dedicated to transmission
(an even-numbered channel) and a channel dedicated to reception (an odd-numbered channel).

[Data transmission/reception]
e Data length of 7 or 8 bits
Select the MSB/LSB first
Level setting of transmit/receive data and select of reverse (selecting whether to reverse the level)

Parity bit appending and parity check functions

e Stop bit appending and stop bit check functions
[Interrupt function]

e Transfer end interrupt/buffer empty interrupt

e Error interrupt in case of framing error, parity error, or overrun error
[Error detection flag]

e Framing error, parity error, or overrun error

The ISC register can be used to set up the input signal on the RxDO pin of UARTO as an external interrupt input or as a
timer input for the timer array unit. The input pulse interval measurement mode of the timer array unit can then be used to
measure the width at the baud rate of the other party in communications and make the required adjustments in response.

Unit Channel Used as CSI Used as UART
0 0 CSI00 UARTO
l —

Caution When UART operation is selected, the even-numbered channel can only be used for transmission
and the odd-numbered channel can only be used for reception.

UART performs the following four types of communication operations.
e UART transmission (See 11.6.1.)
o UART reception (See 11.6.2.)
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11.6.1 UART transmission

UART transmission is an operation to transmit data from the RL78/G1M, G1N to another device asynchronously (start-
stop synchronization).

Of the two channels used for UART, the even-numbered channel is used for UART transmission.

UART UARTO
Target channel Channel 0 of SAUO
Pins used TxDO
Interrupt INTSTO

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer
mode) can be selected.

Error detection flag | None

Transfer data length | 7 or 8 bits (UARTO only)

Transfer rateN°t® Max. fwck/6 [bps] (SDRONH[7:1] = 2 or greater, Min. fcu/(2 x 2% x 128) [bps]

Data phase Non-inverted output (default: high level)
Inverted output (default: low level)

Parity bit The following selectable
o No parity bit

e Appending O parity

e Appending even parity
e Appending odd parity

Stop bit The following selectable
e Appending 1 bit
e Appending 2 bits

Data direction MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the peripheral function characteristics in
the electrical specifications (see CHAPTER 23 ELECTRICAL SPECIFICATIONS).

Remarks 1. fuck: Operation clock frequency of target channel
fck:  System clock frequency
2. n: Channel number (n = 0)
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(1) Register setting

Figure 11-69. Example of Contents of Registers for UART Transmission (UARTO) (1/2)

(@) Serial mode register On (SMROnH, SMROnNL)

Symbol: SMROnH Symbol: SMROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
cksonljccson mDOn1 ||MDONO
0/1 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0/1

Interrupt source of channel n
Operation clock (fuck) of channel n 0: Transfer end interrupt
0: Prescaler output clock CKOO set by the SPSO register 1: Buffer empty interrupt
1: Prescaler output clock CKO1 set by the SPSO register

(b) Serial communication operation setting register On (SCROnH, SCROnL)

Symbol: SCROnH Symbol: SCROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TXEOn|JRXEOn|(DAPON [ CKPON EOCOn||PTCON1 [ PTCONO DIRON SLCON1 | SLCONO DLSON0
1 0 0 0 0 0 0/1 | 0/1 o1 0 J0/1]| 01 0 1 1 |01
Setting of parity bit . Setting of stop bit
00B: No parity Selection of data transfer sequence 01B: Appending 1 bit
01B: Appending 0 parity 0: Inputs/outputs data with MSB first 10B: Appending 2 bits
10B: Appending Even parity 1: Inputs/outputs data with LSB first.

11B: Appending Odd parity

(c) Serial dataregister On (SDROnH, SDRONL)

Symbol: SDROnH Symbol: SDROnL
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Baud rate setting Transmit data setting
0
TXDO

(d) Serial output level register 0 (SOLO)... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0

SOLO SOL00
0 0 0 0 0 0 0 0/1

0: Non-inverted transmission

1: Inverted transmission

Remarks 1. n=0
2. @ Setting is fixed in the CSI master transmission mode, [[]: Setting disabled (set to the initial value)
0/1: Set to 0 or 1 depending on the usage of the user
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Figure 11-69. Example of Contents of Registers for UART Transmission (UARTO) (2/2)

(e) Serial clock output register 0 (CKOO) ... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0

CKOO0 CKO00

(f) Serial output register 0 (SOQ) ... Sets only the bits of the target channel.
Symbol: 7 6 5 4 3 2 1 0

SO0 S000
0 0 0 0 0 0 1 0/1

1

0: Serial data output value is “0”
1: Serial data output value is “1”

(g) Serial output enable register 0 (SOEQ) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SOEO SOE00
0 0 0 0 0 0 0 |0/1Notg

(h) Serial channel start register 0 (SS0) ... Sets only the bits of the target channel to 1.
Symbol: 7 6 5 4 3 2 1 0

SSO SS01 | SS00
0 0 0 0 0 0 X 0/1

Note Before transmission is started, be sure to set to 1 when the SOLOO bit of the target channel is set to 0, and set to
0 when the SOLOO bit of the target channel is set to 1. The value varies depending on the communication data
during communication operation.

Remark [ ]: Setting disabled (set to the initial value)
x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user

RO1UHO0904EJ0100 Rev.1.00 ’-QENESAS 352
May 29, 2020



RL78/G1M, G1N

CHAPTER 11 SERIAL ARRAY UNIT

(2) Operation procedure

Figure 11-70. Initial Setting Procedure for UART Transmission

<Starting initial setting>

Setting the PERO register

Setting the SPSO register

Setting the SMRONH/L register

Setting the SCRONH/L register

Setting the SDRONH register

Setting the SOLO register

Setting the SOO register

Setting the SOEO register

Setting port

Writing to the SSO register

Gompleting initial settin@

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock.

Set an operation mode, etc.

Set a communication format.

Set a transfer baud rate (setting the
transfer clock by dividing the operation
clock (fmck)).

Set an output data level.

Set the initial output level of the serial
data (SO00).

Set the SOEOQO bit to 1 and enable data
output of the target channel.

Enable data output of the target channel
by setting a port register and a port mode
register.

Set the SS00 bit of the target channel to 1 and
set the SEOn bit to 1 (to enable operation).

Initial setting is completed.
Communication starts by setting transmit data
to the TXDO register (SDROnNL register).
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Figure 11-71. Procedure for Stopping UART Transmission

(Selective)

(Essential)

(Essential)

(Selective)

(Selective)

Starting setting to stop

‘ Writing the STO register ‘

‘ Changing setting of the SOEO register

‘ Changing setting of the SOO register

‘ Setting the PERO register ‘

Stop setting is completed

If there is any data being transferred, wait for
their completion.
(If there is an urgent must stop, do not wait)

Write 1 to the STOn bit of the target channel.

(SEOn = 0: to operation stop status)

Set the SOEON bit to 0 and stop the output of
the target channel.

The level of the serial data (SOOn) on the
target channel can be changed if necessitated
by an emergency.

Reset the serial array unit by stopping the
clock supply to it.

The master transmission is stopped.
Go to the next processing.
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(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

Figure 11-72. Procedure for Resuming UART Transmission

<Starting setting for resumpti@
Completing master “

preparations?

Port manipulation

‘ Changing setting of the SPSO register

‘ Changing setting of the SDRONH register

Changing setting of the SMRONH/L register

Changing setting of the SCRONH/L register

Changing setting of the SOLO register

Changing setting of the SOEQ register

Changing setting of the SO0 register

Changing setting of the SOEQ register

Port manipulation

Writing to the SSO register

@mpleting resumption setti@

Wait until stop the communication target
or communication operation completed

Disable data output of the target channel
by setting a port register and a port mode
register.

Re-set the register to change the
operation clock setting.

Re-set the register to change the
transfer baud rate setting (setting the
transfer clock by dividing the operation
clock (fmck)).

Re-set the register to change serial
mode register On (SMRONH/L) setting.

Re-set the register to change the serial
communication operation setting register
On (SCRON) setting.

Re-set the register to change serial
output level register 0 (SOLO) setting.

Clear the SOEON bit to 0 and stop output.

Set the initial output level of the serial
data (SOO0N).

Set the SOEON bit to 1 and enable
output.

Enable data output of the target channel
by setting a port register and a port mode
register.

Set the SSOn bit of the target channel to 1 and set
the SEOn bit to 1 (to enable operation).

Setting is completed
Sets transmit data to the TXDO register
(SDROnNL register) and start communication.

Remark If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until the
transmission target stops or transmission finishes, and then perform initialization instead of restarting the

transmission.
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(3) Processing flow (in single-transmission mode)

Figure 11-73. Timing Chart of UART Transmission (in Single-Transmission Mode)

SSOn
STOn |_|_
SEOn ‘ L
SDROnL Transmit data 1 X Transmit data 2 X Transmit data 3
TXDq pin st/ Transmit data 1 Xp/sP ST/ Transmit data 2 x P/SP ST/ Transmit data 3 XP/SP
Shift ——— —_—r—r —_——r— —r— —
INTSTq 1
Data transmission Data transmission Data transmission
TSFOn | |
Remark q: UART number (q=0),n=0
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Figure 11-74. Flowchart of UART Transmission (in Single-Transmission Mode)

CStarting UART communicaticD

SAU default setting

For the initial setting, see Figure 11-70.

(Select transfer end interrupt)

Set data for transmission and the number of data. Clear communication end flag

| Setting transmit data

| (Storage area, transmission data pointer, number of communication data and

| Enables interrupt

communication end flag are optionally set on the internal RAM by the software)

| Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set

interrupt enable (El).

Writing transmit data to
TXDO (SDRONL)

|

Read transmit data, if any, from storage area and write it to TXDO. Update

transmit data pointer. If not, set transmit end flag

_ When writing transmit data to SDROnL,

>

| Wait for transmit completes |

<
<

CTransfer end interrupt)

Yes

Transmitting next data?

Writing transmit data to
TXDO (=SDRONL)

Sets communication
completion flag

Yes

Transmission completed?

| Disable interrupt (MASK)

| Write 1 to STOn bit

CEnd of communication)

start the transmissions operation.

When transfer end interrupt is generated, it
moves to interrupt processing routine

When data to be transmitted remain, read them

from storage area and write them to  TXDO.

Update the pointer to the data for transmission.

If all data for transmission have been transmitted,
’ set the communication completion flag.

Check completion of transmission by

verifying transmit end flag
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(4) Processing flow (in continuous transmission mode)

Figure 11-75. Timing Chart of UART Transmission (in Continuous Transmission Mode)

SSon  <1>
STOn <6>
SEONn L
SDRONnL Transmit data 1 Transmit data 2 Transmit data 3
TXDq pin ST/ Transmit data 1 X P/sA\ST/  Transmit data 2 x P/sp st/ Transmit data 3 XP/sP
Shift —h A —_— ——— I
register On Shift operation X_ X X:X:§h_ift\°_|3‘%f\atl’,”: X x DC%E@”:D(:_
INTSTq I I 1 |
Data transmission Data|transmission Data transmission
MDOnO < 4>| [_
TSFOn
BFFON B
<2><3> <2> <3> <2> <3> <5>
Note

Note If transmit data is written to the SDROnNL register while the BFFOn bit of serial status register On (SSROn) is 1
(valid data is stored in serial data register On (SDROnL)), the transmit data is overwritten.

Caution The MDONO bit of serial mode register On (SMRONL) can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started, so that it will be rewritten before the

transfer end interrupt of the last transmit data.

Remark qg: UART number (q=0),n=0
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Figure 11-76. Flowchart of UART Transmission (in Continuous Transmission Mode)

Starting UART
communication
For the initial setting, see Figure 11-70.
<1> .
/ SAU default setting (Select buffer empty interrupt)

5

Setting transmit data

Set data for transmission and the number of data. Clear communication end flag
(Storage area, Transmission data pointer, Number of communication data and

Communication end flag are optionally set on the internal RAM by the software)

aunnoJ urep

| Enables interrupt | Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set

interrupt enable (El).

<> Writing transmit data to Read transmit data from storage area and write it
TXDO (=SDRONL) to TXDg. Update transmit data pointer. When writing transmit data to
TXDO (= SDROnL), start the
transmissions operation.
\ | Wait for transmit completes | When transfer end interrupt is generated, it moves to
- <3> ‘ < interrupt processing routine.

@ffer empty/transfer end interr@

If transmit data is left, read them from storage area then
write into TXDg, and update transmit data pointer and

Number of number of transmit data.

communication data > 0?

If no more transmit data, clear MDONO bit if it's set. If

not, finish.

Writing transmit data to
TXDO (=SDRONL)

<2>

aunno Buissasoud ydnusiu|

<4>
Subtract -1 from number of -
transmit data | Clear MDONO bitfo 0 | completion interrupt flag

= Y |

g

RETI
No } Check completion of transmission by
Transmission completed? verifying transmit end flag

Write 1 to MDONO bit |

Sets communication

aunnol urepy

Communication
continued?

| Disable interrupt (MASK) |

<6> | Write 1 to STOn bit |

End of communication

Remark <1> to <6> in the figure correspond to <1> to <6> in Figure 11-75 Timing Chart of UART
Transmission (in Continuous Transmission Mode).
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11.6.2 UART reception
UART reception is an operation wherein the RL78/G1M, G1N asynchronously receives data from another device (start-
stop synchronization).

For UART reception, the odd-number channel of the two channels used for UART is used. The SMR register of both

the odd- and even-numbered channels must be set.

Note

UART

UARTO

Target channel

Channel 1 of SAUO

Pins used

RxDO

Interrupt

INTSRO

Transfer end interrupt only (setting the buffer empty interrupt is prohibited)

Error interrupt

INTSREO

Error detection flag

e Framing error detection flag (FEFON)
e Parity error detection flag (PEFON)
e Overrun error detection flag (OVFOn)

Transfer data length

7 or 8 bits (UARTO only)

Transfer rateNot

Max. fwck/6 [bps] (SDRONH[7:1] = 2 or more), Min. fcik/(2 x 2% x 128) [bps]

Data phase

Non-inverted output (default: high level)
Inverted output (default: low level)

Parity bit

The following selectable

e No parity check

o No parity specified (0 parity)
e Appending even parity

e Appending odd parity

Stop Bit

1 bit check

Data direction

MSB or LSB first

Use this operation within a range that satisfies the conditions above and the peripheral characteristics in the
electrical specifications (see CHAPTER 23 ELECTRICAL SPECIFICATIONS).

Remarks 1. fmck: Operation clock frequency of target channel

fck:  System clock frequency
2. n: Channel number (n =1)
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(1) Register setting

Figure 11-77. Example of Contents of Registers for UART Reception (UARTO) (1/2)

(@) Serial mode register On (SMROnH, SMROnNL)
Symbol: SMROnH

Symbol: SMROnL

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKSOn||CCSOn STSOn SISOn0 MDOn1[{MDONO
O/1fjoNeelf 0 0 | O | O [ O 1 0 (01| 1 0 0|0 1 [jonetez

0: Normal reception
1: Inverted reception

Operation clock (fuck) of channel n

0: Prescaler output clock CK0O
set by the SPSO register

1: Prescaler output clock CKO1
set by the SPSO register

(b) Serial mode register Or (SMROrH, SMROrL)
Symbol: SMROnH

Operation mode of channel n
0: Transfer end interrupt

Symbol: SMROnL

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
cKsor || ccsor MDor1 |[ MDoro
o1 O 0 0 0 0 0 0 0 0 1 0 0 0 1 |01

Same setting value as CKSOn bit

Operation mode of channel r
0: Transfer end interrupt
1: Buffer empty interrupt

(c) Serial communication operation setting register On (SCROnH, SCROnL)

Symbol: SCROnH

Symbol: SCROnL

15 14 13 12 11 10 9 8 7 6 4 3 2 1 0
TXEONn| RXEOn | DAPON | CKPOn EOCON(| PTCON1|PTCONO DIRON SLCOn1{|SLCONO DLSOn0
QNote3 1 |oNote3igNote3 g | O/1 || O/1 | 0O/1 o1 0 0 1 0 1 1 |01
Masking of error interrupt INTSREX _| \_'_‘

0: Masks INTSREXx

1: Enables generation of INTSREx Selection of data transfer sequence
0: Inputs/outputs data with MSB first
Setting of parity bit 1: Inputs/outputs data with LSB first.
00B: No parity

01B: No parity judgment
10B: Appending Even parity
11B: Appending Odd parity

(d) Serial data register On (SDROnH, SDROnL)
Symbol: SDROnH

7 6 5 4 3 2 1 0 7 6

Setting of data length

Symbol: SDROnL
4 3 2 1 0

Baud rate setting

Receive data register

RXDO

Notes 1. Provided in the SMROOH register only.
2. Provided in the SMROOL register only.
3. Provided in the SCROOH register only.
Caution

For UART reception, be sure to set the SMROr register of channel r that is to be paired with channel
n.

Remarks 1. n: Channel number (n = 1),

r: Channel number (r =n-1) qg: UART number (q = 0)

2. @: Setting is fixed in the UART master transmission mode, [7] : Setting disabled (set to the initial
value)
0/1: Set to 0 or 1 depending on the usage of the user
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Figure 11-77. Example of Contents of Registers for UART Reception (UARTO) (2/2)

(e) Serial clock output register 0 (CKOO) ... The register that not used in this mode.
Symbol: 7 6 5 4 3 2 1 0

CKOO0 CKO00

(f) Serial output register 0 (SO0) ... The register that not used in this mode.
Symbol: 7 6 5 4 3 2 1 0

SO0 S000

(g) Serial output enable register 0 (SOEQ) ... The register that not used in this mode.
Symbol: 7 6 5 4 3 2 1 0

SOEO SOE00

(h) Serial channel start register 0 (SS0) ... Sets only the bits of the target channel is 1.
Symbol: 7 6 5 4 3 2 1 0

SSO0 SS01 | SS00

0 0 0 0 0 0 [0/1 | x

Caution For UART reception, be sure to set the SMROO register of channel O that is to be paired with channel 1.

Remark []: Setting disabled (set to the initial value)

x: Bit that cannot be used in this mode (set to the initial value when not used in any mode)
0/1: Set to 0 or 1 depending on the usage of the user
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(2) Operation procedure

Figure 11-78. Initial Setting Procedure for UART Reception

< Starting initial setting >

Setting the PERO register

Setting the SPSO register Set the operation clock.

Setting the SMRONn and SMROr registers

Setting the SCROn register

Release the serial array unit from the
reset status and start clock supply.

Set an operation mode, etc.

Set a communication format.

‘ Set a transfer baud rate (setting the
Setting the SDRONH register transfer clock by dividing the operation

‘ clock (fuck)).
Enable data input of the target channel
Setting port by setting a port register and a port
‘ mode register.

Set the SSOn bit of the target channel to 1 and
set the SEOn bit to 1 (to enable operation).
‘ Become wait for start bit detection.

< Completing initial setting >

Caution  After setting the RXEOn bit of SCROn register to 1, be sure to set SSOn to 1 after 4 or more fcik
clocks have elapsed.

Writing to the SSO register

Figure 11-79. Procedure for Stopping UART Reception

Starting setting to stop

If there is any data being transferred, wait for
their completion.

(Selective) (If there is an urgent must stop, do not wait)
(Essential) ‘ Writing the STO register ‘ Write 1 to the STOn bit of the target channel.
| (SEOnN = 0: to operation stop status)
(Selective) ‘ Setting the PERO register ‘ Reset the serial array unit by stopping the
clock supply to it.
Stop setting is completed The master transmlsspn is stopped.
Go to the next processing.
RO1UH0904EJ0100 Rev.1.00 ‘-zENESAS 363

May 29, 2020



RL78/G1M, G1N

CHAPTER 11 SERIAL ARRAY UNIT

Caution

Remark

(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential) @mpleting resumption setti@

After setting the RXEOn bit of SCRON register to 1, be sure to set SSOn to 1 after 4 or more fcik

Figure 11-80. Procedure for Resuming UART Reception

<Starting setting for resumptifD
Completing master u

preparations?

Changing setting of the SPSO0 register

Changing setting of the SDROnH register

Changing setting of the SMROnH/L
and SMROrH/L registers

Changing setting of the SCRONHIL register

Clearing error flag

Setting port

Writing to the SSO register

clocks have elapsed.

Stop the target for communication or wait

Re-set the register to change the operation
clock setting.

Re-set the register to change the transfer
baud rate setting (setting the transfer clock
by dividing the operation clock (fmck)).

Re-set the registers to change serial mode
registers On, Or (SMROnH/L, SMROrH/L)
setting.

Re-set the register to change serial
communication operation setting register
On (SCRONH/L) setting.

If the FEF, PEF, and OVF flags remain
set, clear them using serial flag clear
trigger register On (SIRON).

Enable data input of the target channel
by setting a port register and a port mode
register.

Set the SSOn bit of the target channel to 1 and set
the SEOn bit to 1 (to enable operation). Become
wait for start bit detection.

If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait until

the transmission target (slave) stops or transmission finishes, and then perform initialization instead of

restarting the transmission.
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(3) Processing flow

Figure 11-81. UART Reception Timing Chart

SSOn

STOn

SEON

) Receive data 3 — L
SDRONL Receive data 1 Receive data 2 \
RxDq pin ST/ Receive data 1 X P /sp ST/ Receive data 2 Xp/sp Ns1/ Receive data3 P /sp
shift ——— —r— ——— ——r
registor on  ———— XX siftoperalon X_ X X8 gperatoT X X X XCsirogerafor X° T
INTSRq
Data reception Data reception Data reception
TSFOn | ‘

Remark n: Channel number (n = 1)
r: Channel number (r=n-1) g: UART number (q = 0)
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Figure 11-82. Flowchart of UART Reception

C Starting UART communication)
For the initial setting, see Figure 11-78.

SAU default setting (setting to mask for error interrupt)

Setting storage area of the receive data, number of communication
| data (storage area, reception data pointer, number of communication
data and communication end flag are optionally set on the internal
RAM by the software)

| Setting receive data

aunnos urey

| Clear interrupt request flag (XXIF), reset interrupt mask

| Enables interrupt (XXMK) and set interrupt enable (El).

‘l
|

| Wait for receive completes |

< Starting reception if start bit is
\ detected
/ < When receive complete, transfer end

interrupt is generated.
C Transfer end interrupt )

i j Read receive data then writes to storage area, and counts
Reading receive data to RXDO up the number of receive data.
(SDRONL) Update receive data pointer.

No

Indicating normal reception?

aunnol Buissasoud 1dnuisiu)

Yes

Y

C RETI ) | | Error processing | |
No . Check the number of received data,
Reception completed? h . ;
determine the completion of reception

Yes

N

| Interrupt (mask) |

aunnos urey

| Writing 1 to the STOn bit |

C End of UART communication )

R0O1UH0904EJ0100 Rev.1.00 ‘-zENESAS 366
May 29, 2020



RL78/G1M, G1N CHAPTER 11 SERIAL ARRAY UNIT

11.6.3 Calculating baud rate

(1) Baud rate calculation expression
The baud rate for UART (UARTO) communication can be calculated by the following expressions.

‘ (Baud rate) = {Operation clock (fuck) frequency of target channel} + (SDROnH[7:1] + 1) + 2 [bps]

Caution Setting serial data register On (SDROnH) SDROnH[7:1] = (0000000B, 0000001B) is prohibited.

Remarks 1. When UART is used, the value of SDRONnH[7:1] is the value of bits 7 to 1 of the SDRONH register
(0000010B to 1111111B) and therefore is 2 to 127.
2. n=0,1

The operation clock (fuck) is determined by serial clock select register 0 (SPS0) and bit 15 (CKSO0n) of serial mode
register On (SMRON).
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Table 11-3. Selection of Operation Clock For UART

SMROn SPSO0 Register Operation Clock (fuck)Note

Register

CKSOn | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS fouc= 20 MHz
13 12 11 10 03 02 01 00

0 X X X X 0 0 0 0 ferk 20 MHz
X X X X 0 0 0 1 fok/2 10 MHz
X X X X 0 0 1 0 feLr/22 5 MHz
X X X X 0 0 1 1 fek/23 2.5 MHz
X X X X 0 1 0 0 feuk/24 1.25 MHz
X X X X 0 1 0 1 fok/2° 625 kHz
X X X X 0 1 1 0 fouk/28 312.5 kHz
X X X X 0 1 1 1 fek/2” 156.2 kHz
X X X X 1 0 0 0 fouk/28 78.1 kHz
X X X X 1 0 0 1 fouk/2° 39.1 kHz
X X X X 1 0 1 0 fok/210 19.5 kHz
X X X X 1 0 1 1 fok/2M 9.77 kHz
X X X X 1 1 0 0 fork/212 4.88 kHz
X X X X 1 1 0 1 fok/213 2.44 kHz
X X X X 1 1 1 0 fok/214 1.22 kHz
X X X X 1 1 1 1 fok/21® 610 Hz
1 0 0 0 0 X X X X fek 20 MHz

0 0 0 1 X X X X fek/2 10 MHz
0 0 1 0 X X X X feuk/22 5 MHz
0 0 1 1 X X X X fok/23 2.5 MHz
0 1 0 0 X X X X fek/24 1.25 MHz
0 1 0 1 X X X X feuk/2° 625 MHz
0 1 1 0 X X X X feL/2° 312.5 kHz
0 1 1 1 X X X X fek/2” 156.2 kHz
1 0 0 0 X X X X fouk/28 78.1 kHz
1 0 0 1 X X X X fer/2° 39.1 kHz
1 0 1 0 X X X X fok/210 19.5 kHz
1 0 1 1 X X X X fok/21 9.77 kHz
1 1 0 0 X X X X fok/212 4.88 kHz
1 1 0 1 X X X X fok/213 2.44 kHz
1 1 1 0 X X X X fok/214 1.22 kHz
1 1 1 1 X X X X fok/21® 610 Hz

Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value), do so

Remarks 1.
2.

after having stopped (serial channel stop register 0 (ST0) = 03H) the operation of the serial array unit (SAU).

X: don't care
n=0,1
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(2) Baud rate error during transmission
The baud rate error of UART (UARTO0) communication during transmission can be calculated by the following
expression. Make sure that the baud rate at the transmission side is within the permissible baud rate range at the

reception side.

‘ (Baud rate error) = (Calculated baud rate value) + (Target baud rate) x 100 — 100 [%]

Here is an example of setting a UART baud rate at fcik = 20 MHz.

UART Baud Rate feik = 20 MHz
(Target Baud Rate) Operation Clock (fmck) SDRONH[7:1] Calculated Baud Rate Error from Target Baud Rate
300 bps fork/2° 64 300.48 bps +0.16%
600 bps foik/28 64 600.96 bps +0.16%
1200 bps fowk/27 64 1201.92 bps +0.16%
2400 bps fowk/28 64 2403.85 bps +0.16%
4800 bps foik/25 64 4807.69 bps +0.16%
9600 bps foik/24 64 9615.38 bps +0.16%
19200 bps fowk/28 64 19230.8 bps +0.16%
31250 bps fowk/23 39 31250.0 bps +0.0%
38400 bps foik/22 64 38461.5 bps +0.16%
76800 bps fewk/2 64 76923.1 bps +0.16%
153600 bps fouk 64 153846 bps +0.16%
312500 bps fok 31 312500 bps +0.0%
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(3) Permissible baud rate range for reception
The permissible baud rate range for reception during UART (UARTO) communication can be calculated by the
following expression. Make sure that the baud rate at the transmission side is within the permissible baud rate
range at the reception side.

. . 2 x k x Nfr
(Maximum receivable baud rate) = x Brate
2xkxNfr—k+2

. . 2 x k x (Nfr—1)
(Minimum receivable baud rate) = x Brate
2xkxNfr—k-2

Brate: Calculated baud rate value at the reception side (See 11.6.3 (1) Baud rate calculation expression.)
k: SDRONH[7:1] + 1
Nfr: 1 data frame length [bits]

= (Start bit) + (Data length) + (Parity bit) + (Stop bit)

Remark n=1

Figure 11-83. Permissible Baud Rate Range for Reception (1 Data Frame Length = 11 Bits)

Latch
timing
\Y% \Y% v \Y% v %7
I
Data frame length Start . . . Parity Stop
of SAU \ bit /( Bit 0 X Bit Bit7 X bit Y bit

B

FL

1 data frame (11 x FL)

Permissible minimum Start . . . Parity Stop
data frame length \ bit /( Bit 0 X Bit 1 >< >< Bit 7 X bit y bit \

(11 x FL) min.

Permissible maximum \ Start /< Bit 0 X Bit 1 Bit 7 X Parity y Stop
data frame length bit bit bit

(11 x FL) max.

As shown in Figure 11-83 the timing of latching receive data is determined by the division ratio set by bits 7 to 1 of
serial data register OnH (SDROnH) after the start bit is detected. If the last data (stop bit) is received before this
latch timing, the data can be correctly received.
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11.6.4 Procedure for processing errors that occurred during UART (UARTO) communication
The procedure for processing errors that occurred during UART (UARTO) communication is described in Figures 11-84

and 11-85.

Figure 11-84. Processing Procedure in Case of Parity Error or Overrun Error

Software manipulation

Hardware status

Remark

Reads serial data register On ——
(SDRONL).

p The BFFON bit of the SSRON register is
set to 0 and channel n is enabled to
receive data.

This is to prevent an overrun error if the
next reception is completed during error
processing.

Reads serial status register On (SSROn).

Error type is identified and the read
value is used to clear error flag.

Writes 1 to serial flag clear trigger ——
register On (SIRON).

P Error flag is cleared.

Error can be cleared only during
reading, by writing the value read from
the SSRON register to the SIRON register
without modification.

Figure 11-85. Processing Procedure in Case of Framing Error

Software manipulation

Hardware status

Remark

Reads serial data register on —————»
(SDRONL).

The BFFOn bit of the SSRON register is
set to 0 and channel n is enabled to
receive data.

This is to prevent an overrun error if the
next reception is completed during error
processing.

Reads serial status register On (SSROn).

Error type is identified and the read
value is used to clear error flag.

Writes serial flag clear trigger register On -
(SIRON).

p Error flag is cleared.

Error can be cleared only during
reading, by writing the value read from
the SSROnN register to the SIRON register
without modification.

Sets the STOn bit of serial channel stop —® The SEOn bit of serial channel enable

register 0 (STO) to 1.

status register 0 (SEO) is set to 0 and
channel n stops operating.

Synchronization with other party of
communication

Synchronization with the other party of
communication is re-established and
communication is resumed because it is
considered that a framing error has
occurred because the start bit has been
shifted.

Sets the SSOn bit of serial channel start
register 0 (SS0) to 1.

The SEOn bit of serial channel enable
> status register 0 (SEO) is setto 1 and
channel n is enabled to operate.

Remark n=0,1
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CHAPTER 12 REAL-TIME OUTPUT CONTROLLER (RL78/G1M only)

12.1 Functions of Real-Time Output Controller

The real-time output controller can control one DC motor or two stepper motors by using the PWM output function of

the TAU. The real-time output controller can cut off the timer output by using an interrupt INTPO as a trigger.

The forced cut-off signal can be output in either of the following states: Hi-Z, low level, high level, or cutoff-invalidated,

by using a software setting.
Figure 12-1 shows the block diagram of the real-time output controller.

External

Figure 12-1. Block Diagram of Real-Time Output Controller

Real-time output controller

(’ Internal data bus (‘
RTOSTR

I I e |

Channel 0

©— interrupt

INTPO INTPO control

Controller

PORT

Input enable
Hi-Z control

!

Output

Output data

data

Y

selection

Selector

A

Other output data

Input data

o)

RTIO00

CHO
]
Timer array unit T T T T T Terosrco] [T Trroscro T T Tevosero | [T T T T wrostmo] [T T T T Trrocior [ rrocion |
PWM output (CH1, CH3) RTOSRC@ RTOOUTCO RTOSHT RTOCIO
~—— c Internal data bus I
I Channels 1 to 7 (architecture same as channel 0)
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12.2 Configuration of Real-Time Output Controller

The real-time output controller includes the following hardware.

Table 12-1. Configuration of Real-Time Output Controller

Item

Configuration

Control registers

RTO source selection register RTOSRC)

RTO forced cutoff control register (RTOSHT)

RTO control register 0 (RTOOUTCO)

RTO control register 1 (RTOOUTC1)

RTO forced cutoff output selection register (RTOCIO)
RTO forced cutoff status register (RTOSTR)

Port mode register 0 (PMO0)

Port register 0 (P0O)

Port mode control register 0 (PMCO)

Output pins

Real-time output (RTIO00 to RTIO07)

12.3 Registers Controlling Real-Time Output Controller

The following registers are used to control the real-time output controller.
e RTO source selection register (RTOSRC)

e RTO forced cutoff control register (RTOSHT)

e RTO control register 0 (RTOOUTCO)

e RTO control register 1 (RTOOUTC1)

e RTO forced cutoff output selection register (RTOCIO)

e RTO forced cutoff status register (RTOSTR)

e Port mode register 0 (PMO)

e Port register 0 (P0)

e Port mode control register 0 (PMCO0)
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12.3.1 RTO source selection register (RTOSRC)

The RTOSRC register is used to select the source of the clock input to the real-time output controller. Select the TAU
timer output TOO01 or TOO03 as the source clock to be input to the real-time output controller.

The RTOSRC 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 RTO Source Selection Register (RTOSRC)

Address: FO1COH After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0
RTOSRC | RTOSRC7 ‘ RTOSRC6 | RTOSRC5 ‘ RTOSRC4 ‘ RTOSRC3 | RTOSRC2 ‘ RTOSRC1 ‘ RTOSRCO |

RTOSRC7 Selection of RTIO07 output source
0 Select TOO1.
1 Select TO03.

RTOSRC6 Selection of RTIO06 output source
0 Select TOO1.
1 Select TOO03.

RTOSRC5 Selection of RTIO05 output source
0 Select TOO1.
1 Select TO03.

RTOSRC4 Selection of RTIO04 output source
0 Select TOO1.
1 Select TOO03.

RTOSRC3 Selection of RTIO03 output source
0 Select TOO1.
1 Select TO03.

RTOSRC2 Selection of RTIO02 output source
0 Select TOO1.
1 Select TOO03.

RTOSRC1 Selection of RTIO01 output source
0 Select TOO01.
1 Select TO03.

RTOSRCO Selection of RTIO00 output source
0 Select TOO1.
1 Select TO03.
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12.3.2 RTO forced cutoff control register (RTOSHT)
The RTOSHT register is used to control whether to cut off the real-time output.
The RTOSHT 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 RTO Forced Cutoff Control Register (RTOSHT)

Address: FOLC1H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

RTOSHT | RTOSHT7 ’ RTOSHT6 | RTOSHTS ‘ RTOSHT4 ‘ RTOSHT3 | RTOSHT2 ‘ RTOSHT1 ‘ RTOSHTO |

RTOSHT7 RTIOO07 output forced cutoff control

0 Disable forced cutoff.

1 Enable forced cutoff.

RTOSHT6 RTIO06 output forced cutoff control
0 Disable forced cutoff.
1 Enable forced cutoff.

RTOSHT5 RTIOO05 output forced cutoff control
0 Disable forced cutoff.
1 Enable forced cutoff.

RTOSHT4 RTIO04 output forced cutoff control
0 Disable forced cutoff.
1 Enable forced cutoff.

RTOSHT3 RTIO03 output forced cutoff control
0 Disable forced cutoff.
1 Enable forced cutoff.

RTOSHT2 RTIO02 output forced cutoff control
0 Disable forced cutoff.
1 Enable forced cutoff.

RTOSHT1 RTIOO01 output forced cutoff control
0 Disable forced cutoff.
1 Enable forced cutoff.

RTOSHTO RTIO00 output forced cutoff control
0 Disable forced cutoff.
1 Enable forced cutoff.
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12.3.3 RTO control register 0 (RTOOUTCO)

The RTOOUTCO register is used to enable or disable outputting the waveforms from RTIO00 to RTIO03 and control
whether to invert their logic level.

The RTOOUTCO register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 12-4. Format of RTO Control Register 0 (RTOOUTCO)

Address: FO1C2H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

RTOOUTCOl RTOACT3 ‘ RTOACT2 | RTOACT1 ‘ RTOACTO ‘ RTOSEL3 | RTOSEL2 ‘ RTOSEL1 ‘ RTOSELO |

RTOACT3 RTIOO03 output inverting control
0 Do not invert.
1 Invert.

RTOACT2 RTIO02 output inverting control
0 Do not invert.
1 Invert.

RTOACT1 RTIOO01 output inverting control
0 Do not invert.
1 Invert.

RTOACTO RTIOO00 output inverting control
0 Do not invert.
1 Invert.

RTOSEL3 RTIO03 output control
0 Disable output.
1 Enable output.

RTOSEL2 RTIO02 output control
0 Disable output.
1 Enable output.

RTOSEL1 RTIOO01 output control
0 Disable output.
1 Enable output.

RTOSELO RTIO00 output control
0 Disable output.
1 Enable output.
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12.3.4 RTO control register 1 (RTOOUTC1)

The RTOOUTCL1 register is used to enable or disable outputting the waveforms from RTIO04 to RTIO07 and control
whether to invert their logic level.

The RTOOUTCL1 register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 12-5. Format of RTO Control Register 1 (RTOOUTC1)

Address: FO1C3H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

RTOOUTCll RTOACT7 ‘ RTOACT6 | RTOACTS ‘ RTOACT4 ‘ RTOSEL7 | RTOSELG6 ‘ RTOSELS5 ‘ RTOSEL4 |

RTOACT7 RTIOO07 output inverting control
0 Do not invert.
1 Invert.

RTOACT6 RTIO06 output inverting control
0 Do not invert.
1 Invert.

RTOACT5S RTIOO05 output inverting control
0 Do not invert.
1 Invert.

RTOACT4 RTIO04 output inverting control
0 Do not invert.
1 Invert.

RTOSEL7 RTIOQ7 output control
0 Disable output.
1 Enable output.

RTOSEL6 RTIO06 output control
0 Disable output.
1 Enable output.

RTOSELS RTIOO05 output control
0 Disable output.
1 Enable output.

RTOSEL4 RTIO04 output control
0 Disable output.
1 Enable output.
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12.3.5 RTO forced cutoff output selection register (RTOCIO)
The RTOCIO register is used to select the status of the timer output that has forcibly been cut off.
The RTOCIO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 12-6. Format of RTO Forced Cutoff Output Selection Register (RTOCIO)

Address: FOLC4H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

RTOCIO | RTOCIO7 [ RTOCIO6 | RTOCIO5 ’ RTOCIO4 [ RTOCIO3 | RTOCIO2 ’ RTOCIO1 [ RTOCIO0 |

RTOCIO7 | RTOCIO6 Selection of the status of forced cutoff output from RTIO07
0 0 Hi-Z output
0 1 Low-level output
1 0 High-level output
1 1 Cutoff-invalidated

RTOCIOS5 | RTOCIO4 | Selection of the status of forced cutoff output from RTIOO05 to RTIO03

0 0 Hi-Z output

0 1 Low-level output

1 0 High-level output
1 1 Cutoff-invalidated

RTOCIO3 | RTOCIO2 Selection of the status of forced cutoff output from RTIO06
0 0 Hi-Z output
0 1 Low-level output
1 0 High-level output
1 1 Cutoff-invalidated

RTOCIOL1 | RTOCIOO | Selection of the status of forced cutoff output from RTIO02 to RTIO00

0 0 Hi-Z output

0 1 Low-level output

1 0 High-level output
1 1 Cutoff-invalidated
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12.3.6 RTO forced cutoff status register (RTOSTR)

The RTOSTR register is used to clear the output cutoff state, and is used as a flag register that indicates the status of a
cutoff signal. Setting the clearing trigger bit RTOINTPCLR to 1 clears the output cutoff state. If the cutoff status flag
RTOSHTFLG is 1, it indicates that the output has been forcibly cut off.

Bit 0 is write-only. If this bit is read, O is always returned. Bits 7 to 1 are read-only.

Write to the RTOINTPCLR bit when the RTOSHTFLG bit is 1.

The RTOSTR register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 12-7. Format of RTO Forced Cutoff Status Register (RTOSTR)

Address: FO1C5H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
RTOSTR 0 0 0 0 0 0 RTOSHT | RTOINT
FLG PCLR
RTOSHTFLG Cutoff status flag
0 The timer output is output normally.
1 The timer output is cut off.

The RTOSHTFLG bit is read-only.

RTOINTPCLR Clearing the output cutoff state
0 —
1 Clear the output cutoff state.

Caution If cutting off the output is invalidated by using the RTO forced cutoff output selection register
(RTOCIO), the output is not cut off even if the RTOSHTFLG flag is set to 1 (the timer output is cut off)
when an external interrupt INTPO is input.
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12.3.7 Registers controlling the port function of real-time output pins
When using the real-time output controller, specify the settings for port mode register 0 (PMO), port register 0 (P0), and
port mode control register 0 (PMCO) that are used to control the port function shared by the real-time output pin (RTIO0n)
For details about the registers that control the port function, see 4.3.1 Port mode registers 0, 1, 4 (PMO, PM1, PM4)
4.3.2 Portregisters 0,1, 4, 12, 13 (PO, P1, P4, P12, P13), and 4.3.6 Port mode control registers 0, 1 (PMCO, PMC1).
When using the pin as a real-time output pin, clear the corresponding bit in port mode register 0 (PMO0) to 0, set the
corresponding bit in port register 0 (P0) to 1, and clear the corresponding bit in port mode control register 0 (PMCO) to 0.
For details, see 4.5.3 Example of register settings for port and alternate functions used.

Remark n=0to7
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12.4 Operations of Real-Time Output Controller

12.4.1 Initial setup

Select a TAU output (TO01 or TOO03) as the source of the timer waveform by using the RTOSRC register. Whether to
invert or not to invert the timer waveform and whether to fix the level to low or high can be specified by using the
RTOOUTCO and RTOOUTC1 registers. Select whether to enable or disable cutting off the output by using the RTOSHT
register, and select the status of the timer output that has forcibly been cut off from Hi-Z, low level, high level, and cutoff-
invalidated by using the RTOCIO register.

Figure 12-8. Initial Register Setup Flow

( St‘art )

RTOEN =1

TAU startup setting

Set up the RTOSRC register.

|

Set up the RTOOUTCO register.
|

Set up the RTOOUTCL1 register.
|

Set up the RTOCIO register.

|

Set up the RTOSHT register.

Set up the RTOSTR register.

Specify port control settings.

( End )

Cautions 1. Specify the setting in the RTOSRC register before the corresponding RTOSELnN bit is set to 1
(enabling output).
2. Specify the setting in the RTOCIO register while the corresponding RTOSHTn bit is 0 (disabling
forced cutoff).

Remark n=0to7
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12.4.2 Normal operation
The output waveform is not inverted, inverted, fixed to low level, or fixed to high level, according to the register settings.
The settings of RTOOUTCO and RTOOUTCL1 can be changed during operation. Set the RTOSELn and RTOACTN bits at
the same time. For details, see Table 12-2 Operation of Cutoff Trigger Signal INTPO.

Figure 12-9. Output Timing

RTOSRCO =1, RTOSRC1 =1

rtosht0-1

When RTOSELO = 0, RTOACTO =0, When RTOSELO = 1, RTOACTO =0, When RTOSELO = 0, RTOACTO =1,
rto_outO is low-level output rto_out0 =tau_0_toutl rto_out0 is high-level output

P
rto_out0
rto_outl \
\ N

When RTOSEL1 =0, RTOACT1 =1, When RTOSEL1 =1, RTOACT1 =1, When RTOSEL1 =0, RTOACT1 =0,
rto_outl is high-level output rto_outl =tau_0_toutl rto_outl is low-level output

12.4.3 Forced cutoff processing (RTOSHTn =1)

The real-time output controller can forcibly cut off its output by using an external interrupt input as a trigger. Forced
cutoff is available when the corresponding bit in the RTOSHT register is 1. The status of the cutoff output can be selected
by using the RTOCIO register.

(1) Executing forced cutoff
The output from the pins for which the corresponding RTOSHTn bit is 1 (enabling forced cutoff) is cut off when the
external interrupt INTPO is input. INTPO can be detected at the rising edge, falling edge, and rising and falling
edges. The output is cut off one or two clock cycles after INTPO is input. For details, see Table 12-10.

(2) Clearing forced cutoff
Bit 0 (RTOINTPCLR) of the RTOSTR register is used to clear the output cutoff state. If the RTOINTPCLR flag is
set to 1 while the cutoff status flag RTOSHTFLG is 1, the RTOSHTFLG flag is cleared to 0 and the output cutoff
state is cleared.

Remark n=0to7
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Table 12-2. Operation of Cutoff Trigger Signal INTPO

Bit RTOSHTN RTOSELNn RTOACTnNn RTOSHTFLG RTOCIO RTIOON Output
Setting 0 1 0 * * Not inverted
0 1 1 * * Inverted
0 0 0 * * Low level
0 0 1 * * High level
* 1 0 0 * Not inverted
* 1 1 0 * Inverted
* 0 0 0 * Low level
* 0 1 0 * High level
* 1 0 * 11 Not inverted
* 1 1 * 11 Inverted
* 0 0 * 11 Low level
* 0 1 * 11 High level
1 * * 1 00 Hi-Z
1 * * 1 01 Low level
1 * * 1 10 High level

Remark n=0to7

Figure 12-10. Timing of Entering and Exiting the Output Cutoff State by Using INTPO

RTO_clk
! |
TAU_0_out'°® | I

Output signal

| I:l: T :
INTPO_event® R e !
A forced cutoff | | (2 5y When RTOINTPCLR is set to 1, the
INTPO event SynNote signal occurs. : /!l : forced cutoff signal is deasserted.
| | ! e—
T t T
RTOSHT[0]"** Forced cutoff || | | |
signal after || | ! I | INTPO_event_syn is cleared two clock|
RTOINTPCLR synchronization|! : IK | | cycles after RTOINTPCLR is setto 1.
| | : |
|
RTOSHTFLG | ! |
| | |
|
|

1 after
Note h izati |_|
RTO_out0 I'z synchronization | ,—\_

RTIO00 \ IJ_\—’_\_

When the signal is forcibly cut off,
the port output becomes Hi-Z.

(1) The forced cutoff state is entered one or two clock cycles after INTPO occurs.
(2) The forced cutoff state is exited two clock cycles after INTPO is cleared.

Note RL78/G1M internal signal

Caution A short pulse might occur when the output cutoff state is entered by using a cutoff trigger signal
INTPO, at which the output level is changed to Hi-Z, low, or high, and when the output cutoff state is
exited by using software.
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12.5 Notes on Use

(1) Specify the setting in the RTOSRC register before the corresponding RTOSELn bit is set to 1 (enabling output).

(2) Specify the setting in the RTOCIO register while the corresponding RTOSHTn bit is 0 (disabling forced cutoff).

(3) When PER.RTOEN=0, the RTO output and output cutoff feature cannot be used because the real-time output
controller is initialized.

(4) Before setting the cutoff state clear bit RTOINTPCLR to 1, make sure that the cutoff status flag RTOSHTFLG is 1
(output is cut off).

Remark n=0to7
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12.6 Example of Controlling Brushless DC Electric Motor

12.6.1 Overview

This section describes an example of how blushless DC electric motors (BLDC motors) are controlled by using the real-
time output (RTO) controller.

(1) Hardware connection example

Figure 12-11 shows an example of BLDC motor hardware connection.

In this example, RTIO00 to RTOO05

(outputs) are used to control the BLDC motor output, INTP1 to INTP3 (inputs) are used to control the Hall-effect
sensor output signal, and INTPO (input) as the forced cutoff signal.

Figure 12-11. Hardware Connection Example

+15V
RL78/G1M Driver IC
RTIO00 U+ -In-
v+ * .
RTIO01 UINV/W
RTIO02 W i
U- y.4
RTIO03 7/
RTIO04 v 'I"' .In. _|
W- -
RTIO05
//
1
y al/b/c
Forced cutoff signal
INTPO Comparator
Hall-effect sensor a GND
INTP1 d
Hall-effect sensor b i
INTP2 ai'%’;f‘;r
Hall-effect sensor ¢ !
INTP3

Table 12-3. Pins Used and Their Features

Pin Name Input/Output Function
POO/RTIO00 Output Phase U+ output
P0O1/RTIO01 Output Phase V+ output
P0O2/RTIO02 Output Phase W+ output
PO3/RTIO03 Output Phase U- output
PO4/RTIO04 Output Phase V- output
PO5/RTIO05 Output Phase W- output
P11/(INTP1) Input Hall-effect sensor a
P15/INTP2 Input Hall-effect sensor b
P14/INTP3 Input Hall-effect sensor ¢
P137/INTPO Input Forced cutoff signal
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12.6.2 Timing of controlling three-phase BLDC motors

Figure 12-12. Timing of Controlling Three-Phase BLDC Motors

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

Carrier wave
(sawtooth wave)

O

Hall-effect T
sensor a

Hall-effect
sensor b

Hall-effect
sensor c \

=
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12.6.3 Flowchart of real-time output initialization
Figure 12-13 shows the flowchart of real-time output (RTO) initialization.

Figure 12-13. Flowchart of RTO Initialization

( Start )

A
Set up PWM output from TAU
channel 1\ ?

Y
| Set up the ports. |

v
| RTOEN = 1 |

Y
| Set up the RTOSRC register. |

v
| Set up the RTOOUTCO register. |

Y
| Set up the RTOOUTC1 register. |

Y
| Initialization of forced cutof

Note 2
reer |

A

( End )

Notes 1. For details about the settings for PWM output from TAU channel 1, see CHAPTER 6 TIMER ARRAY UNIT.
2. For details about forced cutoff processing, see 12.4.3 Forced cutoff processing (RTOSHTnh = 1).

RO1UHO0904EJ0100 Rev.1.00 ’-IENESAS 387
May 29, 2020



RL78/G1M, G1IN

CHAPTER 12 REAL-TIME OUTPUT CONTROLLER (RL78/G1M only)

12.6.4 Register setting example

The example below shows the setting for outputting a waveform that rotates BLDC motors in the forward direction by

using the signals from RTIOO00 to RTIOO05 at the same time, by initializing the RTO source selection register (RTOSRC),
RTO control register 0 (RTOOUTCO), and RTO control register 1 (RTOOUTCL1).

(1) Clear the RTOSRCS5 to RTOSRCO bits of the RTOSRC register to 0 to specify the TAUO channel 1 as the source

clock input to RTIO00 to RTIO05.

7 6 5 4 3 2 1 0
RTOSRC RTOSRC7 RTOSRC6 RTOSRC5 RTOSRC4 RTOSRC3 RTOSRC2 RTOSRC1 RTOSRCO
X X 0 0 0 0 0 0

(2) Setthe RTOSEL3 to RETOSELO bits of the RTOOUTCO register to 1 to enable outputting from RTIO00 to RTIO03.
Set the RTOACT3 to RTOACTO bits of the RTOOUTCO register to 0 to output non-inverted signals from RTIO00 to

RTIOO03, which rotate BLDC motors in the forward direction.

7 6 5 4 3 2 1 0
RTOOUTCO RTOACT3 RTOACT2 RTOACT1 RTOACTO RTOSEL3 RTOSEL2 RTOSEL1 RTOSELO
0 0 0 0 1 1 1 1

(3) Set the RTOSELS5 and RETOSEL4 bits of the RTOOUTCL1 register to 1 to enable outputting from RTIO05 and
RTIO04. Set the RTOACT5 and RTOACT4 bits of the RTOOUTC1 register to 0 to output non-inverted signals from
RTIO05 and RTIO04, which rotate BLDC motors in the forward direction.

7 6 5 4 3 2 1 0
RTOACT7 RTOACT6 RTOACTS RTOACT4 RTOSEL7 RTOSEL6 RTOSELS RTOSEL4
RTOOUTC1 « " 0 0 « " 1 1

Table 12-4. Example of RTOOUTO and RTOOUT1 Register Settings

Description

Value Set to RTOOUTO

Value Set to RTOOUT1

State 1: Rising edge of the output from Hall-effect sensor a
Phase U+ invalid, U+ output in reverse direction, phase V- valid, and V— output in
forward direction

0x10

0x01

State 2: Falling edge of the output from Hall-effect sensor ¢
Phase U+ valid, U+ output in forward direction, phase W- invalid, and W- output
in reverse direction

0x01

0x20

State 3: Rising edge of the output from Hall-effect sensor b
Phase V+ invalid, V+ output in reverse direction, phase W- valid, and W- output in
forward direction

0x20

0x02

State 4: Falling edge of the output from Hall-effect sensor a
Phase V+ valid, V+ output in forward direction, phase U- invalid, and U— output in
reverse direction

0x82

0x00

State 5: Rising edge of the output from Hall-effect sensor ¢
Phase W+ invalid, W+ output in reverse direction, phase U- valid, and U- output
in forward direction

0x48

0x00

State 6: Falling edge of the output from Hall-effect sensor b
Phase W+ valid, W+ output in forward direction, phase V- invalid, and V- output in
reverse direction

0x04

0x10
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12.7 Example of Controlling Stepper Motors
12.7.1 Overview
This section describes an example of how two 2-phase stepper motors are controlled by using eight real-time output

(RTO) pins.

12.7.2 Hardware connection example
Figure 12-14 shows an example of stepper motor hardware connection.

Figure 12-14. Hardware Connection Example

Stepper motor 1

POO/RTIO00 s A
PO1/RTIOO01 o Motor B
P02/RTIO02 R . A

»  driver B
PO6/RTIO06 K

Two-phase excitation
A

P137/TI00/INTPO
Forced cutoff signal

Current detector

RL78/G1M <

4

PO3/RTIO03 Stepper motor 2
P04/RTIO04 A
> Motor B
PO5/RTIO05 Jd  driver [A
P0O7/RTIO07 S B

Two-phase excitation

Table 12-5. Pins Used and Their Features

Pin Name Input/Output Function
POO/RTIO00 Output Phase A output from stepper motor 1
PO1/RTIO01 Output Phase B output from stepper motor 1
P0O2/RTIO02 Output Phase A output from stepper motor 1
PO6/RTIO06 Output Phase B output from stepper motor 1
PO3/RTIO03 Output Phase A output from stepper motor 2
P0O4/RTIO04 Output Phase B output from stepper motor 2
PO5/RTIO05 Output Phase A output from stepper motor 2
PO7/RTIO07 Output Phase B output from stepper motor 2
P137/INTPO Input Forced cutoff signal
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12.7.3 Controlling the stepper motors

Eight RTIO pins are used to rotate and stop stepper motors in the forward and reverse directions in 2-phase excitation
mode. PWM mode of the TAU is used to control the rotation speed.

In this example, TAUOO and TAUO1 are used to control stepper motor 1, and TAUO2 and TAUO3 are used to control
stepper motor 2. Pulses of any cycle and duty can be generated by combining the two TAU channels. TAUOO and TAUO2
serve as master channels in interval timer mode, and TAUO1 and TAUO3 serve as slave channels in one-count mode.

Insert a non-overlap time to prevent a through current from flowing when the output pattern is switched.

Figure 12-15 shows an example of stepper motor controlling waveforms.

Figure 12-15. Example of Stepper Motor Controlling Waveforms

Count value I

| |
TAUOO :I 1 1 1 1 :I 1 1 I;
Count value |1 | | | | I | | |t
| | | | | | | | |
TWTMMMﬂWMMMu
| |1 |1 |1 I |1 I I |1 It
| |1 |1 |1 Il |1l I I |1 |1
| > P ego Wog, PP 11 X H X X
AN VT T T
TR I e T =
| | | | |

0
=y
[)
7]
()
(o8]

[ [
4+l I | | I | H |
Phase A | | [ | I | [ | I |
| | [ [ | 0 [ | | —I
= Il [ I | I | I [ I
Phase B l N : H : Il : H : I
| [ I I I I I I I I
T RN I I I M [ I I
Non-overlap time
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12.7.4 Flowchart of RTO initialization
Figure 12-16 shows the flowchart of real-time output (RTO) initialization.

Figure 12-16. Flowchart of RTO Initialization

( Start )

h 4
Specify PWM mode
of TAUN®?!

Select RTO input source
(RTOSRC)

y
RTIOO00 to RTIO03
Enable output and control
output inverting
(RTOOUTCO)

y
RTIO04 to RTIO07
Enable output and control
output inverting
(RTOOUTCL1)

\ 4
Specify forced cutoff
settings.\°*® 2

y

Set up the ports

A 4

( Return )

Notes 1. For details about the settings for PWM output from TAU channel 1, see CHAPTER 6 TIMER ARRAY UNIT.
2. For details about forced cutoff processing, see 12.4.3 Forced cutoff processing (RTOSHTnh = 1).
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12.7.5 Register settings

Table 12-6. Example Settings for Registers That Control Stepper Motor 1

State Value Set to RTOSRC Value Set to RTOOUTCO Value Set to RTOOUTC1
—» <1> 0x00 0x40 0x40
<2> 0x00 0x00 0x40
<3> 0x00 0x10 0x40
<4> 0x00 0x10 0x00
<5> 0x00 0x30 0x00
<6> 0x00 0x20 0x00
<7> 0x00 0x60 0x00
<« <8> 0x00 0x40 0x00
Table 12-7. Example Settings for Registers That Control Stepper Motor 2
State Value Set to RTOSRC Value Set to RTOOUTCO Value Set to RTOOUTC1
—> <1> 0x00 0x00 0xa0
<2> 0x00 0x00 0x80
<3> 0x00 0x80 0x80
<4> 0x00 0x80 0x00
<5> 0x00 0x80 0x10
<6> 0x00 0x00 0x10
<7> 0x00 0x00 0x30
<“— <8> 0x00 0x00 0x20

For details about the timing rotate in reverse direction,

refer to the application note described in 12.7.1.
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CHAPTER 13 INTERRUPT FUNCTIONS

The interrupt function switches the program execution to other processing. When the branch processing is finished, the
program returns to the interrupted processing.
The number of interrupt sources differs, depending on the product.

RL78/G1M Products RL78/G1N Products

Maskable interrupts External 7 7

Internal 13 13

13.1 Interrupt Function Types
The following two types of interrupt functions are used.

(1) Maskable interrupts
These interrupts undergo mask control. Maskable interrupts can be divided into four priority groups by setting the
priority specification flag registers (PROOL, PROOH, PR10L, PR10H, PRO1L, PR11L).
Multiple interrupt servicing can be applied to low-priority interrupts when high-priority interrupts are generated. If two
or more interrupt requests, each having the same priority, are simultaneously generated, then they are processed
according to the priority of vectored interrupt servicing. For the priority order, see Table 13-1.
A standby release signal is generated and STOP and HALT modes are released.
External interrupt requests and internal interrupt requests are provided as maskable interrupts.

(2) Software interrupt
This is a vectored interrupt generated by executing the BRK instruction. It is acknowledged even when interrupts are
disabled. The software interrupt does not undergo interrupt priority control.

13.2 Interrupt Sources and Configuration
Interrupt sources include maskable interrupts and software interrupts. In addition, they also have up to four reset

sources (see Table 13-1). The vector codes that store the program start address when branching due to the generation of
a reset or various interrupt requests are two bytes each, so interrupts jump to a 64 K address of 00000H to OFFFFH.
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Table 13-1. Interrupt Source List

g | 2 o s
> S - 3 S g =N
= T3 Interrupt Source S c ﬁ o o B3
= = 8 o 2 5 5 229
2 S 2 2 X 2T mE &
@ £ =u g < S K
2 © = Q S
£ a Name Trigger > ©
% 0 INTWDTI Watchdog timer interval Internal 0004H (a)
g (75% of overflow time +3/(4 x fi))
©
= 1 INTPO Pin input edge detection External | 0006H (b)
2 INTP1 0008H
3 INTSTO/ UARTO transmission transfer end or buffer empty interrupt/CSIO0 | Internal 000AH (a)
INTCSI00 transfer end or buffer empty interrupt
4 INTSRO UARTO reception transfer end 000CH
5 INTSREO UARTO reception communication error occurrence 000EH
6 INTTMO1H | End of counting or start of operations by timer channel 1 (at 0010H
higher 8-bit timer operation)
7 INTTMOO End of counting, completion of capture, or start of operations by 0012H
timer channel 0
8 INTTMO1 End of counting, completion of capture, or start of operations by 0014H
timer channel 1 (at 16-bit or lower 8-bit timer operation)
9 INTAD End of A/D conversion 0016H
10 INTKR Key return signal detection External 0018H (c)
11 INTP2 Pin input edge detection 001AH (b)
12 | INTP3 001CH
13 INTTMO3H | End of counting or start of operations by timer channel 3 (at Internal 001EH (a)
higher 8-bit timer operation)
14 INTTMO2 End of counting, completion of capture, or start of operations by 0022H
timer channel 2
15 INTTMO3 End of counting, completion of capture, or start of operations by 0024H
timer channel 3 (at 16-bit or lower 8-bit timer operation)
17 INTIT Signal detection by the interval timer 0026H
18 INTP4 Pin input edge detection External 0028H (b)
19 |INTPS 002AH
% - BRK Execution of BRK instruction - 007EH (d)
2
]
% - | RESET RESET pin input - 0000H -
14
SPOR Selectable power-on-reset
WDT Overflow of watchdog timer
TRAP Execution of illegal instructiont3

Notes 1. The default priority determines the sequence of interrupts if two or more maskable interrupts occur
simultaneously. Zero indicates the highest priority and 10 indicates the lowest priority.
2. Basic configuration types (a) to (d) correspond to (a) to (d) in Figure 13-1.
3. When the instruction code in FFH is executed.
No reset is issued even if an illegal instruction is executed during emulation with the on-chip debug emulator.
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Figure 13-1. Basic Configuration of Interrupt Function (1/2)

(&) Internal maskable interrupt

S Internal bus 8

MK | 0 ISP1 | ISPO

E PR1 | PR
C o
Vector table

IF ._/l Priority controller address generator

Interrupt
request

Standby release
signal

(b) External maskable interrupt (INTPn)

Internal bus S

L

External interrupt edge
enable register MK |
(EGPO, EGNO)

0 ISP1| ISPO

E PR1 | PR
\_. — ’_Lﬁ

—CI \ i Vector table
INTPN pin input —] deEtiifor I [ ) Priority controller address generator
Standby release
signal
IF: Interrupt request flag
IE: Interrupt enable flag
ISPO: In-service priority flag O
ISP1: In-service priority flag 1
MK: Interrupt mask flag
PRO: Priority specification flag O
PR1: Priority specification flag 1
Remark n=0to5
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Figure 13-1. Basic Configuration of Interrupt Function (2/2)

(c) External maskable interrupt (INTKR)
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Key interrupt mode
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IE: Interrupt enable flag

ISPO: In-service priority flag O
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MK: Interrupt mask flag

PRO: Priority specification flag 0
PR1: Priority specification flag 1

Remark n=0to7
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13.3 Registers Controlling Interrupt Functions

The following 6 types of registers are used to control the interrupt functions.
e Interrupt request flag registers (IFOL, IFOH, IF1L)

e Interrupt mask flag registers (MKOL, MKOH, MK1L)

e Priority specification flag registers (PROOL, PROOH, PR10L, PR10H, PRO1L, PR11L)
e External interrupt rising edge enable register 0 (EGPO)

e External interrupt falling edge enable register 0 (EGNO)
e Program status word (PSW)

Tables 13-2 shows a list of interrupt request flags, interrupt mask flags, and priority specification flags corresponding to

interrupt request sources.

Table 13-2. Flags Corresponding to Interrupt Request Sources

Interrupt Source Interrupt Request Flag Interrupt Mask Flag Priority Specification Flag
Register Register Register
INTWDTI WDTIIF IFOL WDTIMK MKOL WDTIPRO WDTIPR1 PROOL,
INTPO PIFO PMKO PPRO0 PPR10 PRI10L
INTP1 PIF1 PMK1 PPRO1 PPR11
INTSTOQNo® STIFQNote STMKQNete STPROO STPR10N°t
INTCSIOQN CSIIFQQNote CSIMKOQNote CSIPR000 CSIPR100Nt®
INTSRO SRIFO SRMKO SRPR00 SRPR10
INTSREO SREIF0 SREMKO SREPR00 SREPR10
INTTMO1H TMIFO1H TMMKO1H TMPROO1H TMPR101H
INTTMOO TMIFOO TMMKO0 TMPR000 TMPR100
INTTMO1 TMIFO1 IFOH TMMKO1 MKOH TMPRO001 TMPR101 PROOH,
INTAD ADIF ADMK ADPRO ADPR1 PRI1OH
INTKR KRIF KRMK KRPRO KRPR1
INTP2 PIF2 PMK2 PPRO2 PPR12
INTP3 PIF3 PMK3 PPRO3 PPR13
INTTMO3H TMIFO3H TMMKO3H TMPROO3H TMPR103H
INTTMO2 TMIF02 TMMKO02 TMPR002 TMPR102
INTTMO3 TMIFO03 IF1L TMMKO3 MK1L TMPRO003 TMPR103 PRO1L,
INTIT ITIF ITMK ITPRO ITPR1 PRI11L
INTP4 PIF4 PMK4 PPR04 PPR14
INTP5 PIF5 PMK5 PPRO5 PPR15
Note If interrupt source INTSTO or INTCSIOO occurs, bit 3 of the IFOL register is set to 1.
Bit 3 of the MKOL, PROOL, and PR10L registers supports these two interrupt sources.
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13.3.1 Interrupt request flag registers (IFOL, IFOH, IF1L)

The interrupt request flags are set to 1 when the corresponding interrupt request is generated or an instruction is
executed. They are cleared to O when the interrupt request is acknowledged, a reset signal is generated, or an instruction
is executed.

When an interrupt is acknowledged, the interrupt request flag is automatically cleared and then the interrupt routine is
entered.

IFOL, IFOH, and IF1L registers can be set by a 1-bit or 8-bit memory manipulation instruction. Reset signal generation
clears these registers to 00H.

Remark If an instruction that writes data to this register is executed, the number of instruction execution clocks
increases by 2 clocks.

Figure 13-2. Format of Interrupt Request Flag Registers (IFOL, IFOH, IF1L)

Address: FFFEOH After reset: 00H R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
IFOL TMIFOO0 TMIFO1H SREIFO SRIFO STIFO PIF1 PIFO WDTIIF
CSIIFO0

Address: FFFE1H After reset: 00H R/W

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

IFOH | TMIF02 | 0 |TM|F03H ‘ PIF3 ‘ PIF2 ‘ KRIF ‘ ADIF ‘ TMIFO1 |

Address: FFFE2H After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> <1> <0>
IF1L | 0 | 0 | 0 ‘ 0 ‘ PIF5 ‘ PIF4 ‘ ITIF ‘ TMIFO3 |
XXIFXX Interrupt request flag
0 No interrupt request signal is generated
1 Interrupt request is generated, interrupt request status

Cautions 1. Do not change undefined bit data.

2. When manipulating a flag of the interrupt request flag register, use a 1-bit memory
manipulation instruction (CLR1). When describing in C language, use a bit manipulation
instruction such as IFOL.0 = 0; or _asm(“clrl IFOL.0"); because the compiled assembler
must be a 1-bit memory manipulation instruction (CLR1).

If a program is described in C language such as IFOL & = Oxfe; and compiled, it becomes
the assembler of three instructions.

mov a, IFOL

and a, #OFEH

mov IFOL, a
In this case, even if the request flag of the another bit of the same interrupt request flag
register (IFOL) is set to 1 at the timing between “mov a, IFOL” and “mov IFOL, a”, the flag
is cleared to 0 at “mov IFOL, a”. Therefore, care must be exercised when using an 8-bit
memory manipulation instruction in C language.
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13.3.2 Interrupt mask flag registers (MKOL, MKOH, MK1L)
The interrupt mask flags are used to enable/disable the corresponding maskable interrupt servicing.

The MKOL, MKOH, and MKI1L registers can be set by a 1-bit or 8-bit memory manipulation instruction. Reset signal
generation sets these registers to FFH.

Remark If an instruction that writes data to this register is executed, the number of instruction execution clocks

increases by 2 clocks.

Figure 13-3. Format of Interrupt Mask Flag Registers (MKOL, MKOH, MK1L)

Address: FFFE4H After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
MKOL TMMKOO | TMMKO1H | SREMKO SRMKO STMKO PMK1 PMKO WDTIMK
CSIMKO0
Address: FFFE5H After reset: FFH R/W
Symbol <7> 6 <5> <4> <3> <2> <1> <0>
MKOH TMMKO02 1 TMMKO3H PMK3 PMK2 KRMK ADMK TMMKO1
Address: FFFE6H After reset: FFH R/W
Symbol 7 6 5 4 <3> <2> <1> <0>
MK1L 1 1 1 1 PMK5 PMK4 ITMK TMMKO03
XXMKXX Interrupt servicing control
0 Interrupt servicing enabled
1 Interrupt servicing disabled

Caution Do not change undefined bit data.
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13.3.3 Priority specification flag registers (PROOL, PROOH, PR10L, PR10H, PRO1L, PR11L)

The priority specification flag registers are used to set the priority level of the corresponding maskable interrupt.

A priority level is set by using the PROxy and PR1xy registers in combination (xy = OL, OH, 1L).

The PROOL, PROOH, PR10L, PR10H, PRO1L, and PR11L registers can be set by a 1-bit or 8-bit memory manipulation
instruction.

Remark If an instruction that writes data to this register is executed, the number of instruction execution clocks

increases by 2 clocks.

Figure 13-4. Format of Priority Specification Flag Registers (PROOL, PROOH, PR10L, PR10H, PRO1L, PR11L)

Address: FFFE8H After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PROOL TMPR0O0OO | TMPROO1H | SREPR0OO | SRPROO STPROO PPRO1 PPROO WDTIPRO
CSIPRO000

Address: FFFECH After reset: FFH R/W

Symbol <7> <6> <5> <4> <3> <2> <1> <0>
PR10L TMPR100 | TMPR101H | SREPR10 SRPR10 STPR10 PPR11 PPR10 WDTIPR1
CSIPR100

Address: FFFE9H After reset: FFH R/W

Symbol <7> 6 <5> <4> <3> <2> <1> <0>
PROOH TMPRO002 1 TMPROO3H PPRO3 PPRO02 KRPRO ADPRO TMPRO001
Address: FFFEDH After reset: FFH R/W
Symbol <7> 6 <5> <4> <3> <2> <1> <0>
PR10H TMPR102 1 TMPR103H PPR13 PPR12 KRPR1 ADPR1 TMPR101
Address: FFFEAH After reset: FFH R/W
Symbol 7 6 5 4 <3> <2> <1> <0>
PRO1L 1 1 1 1 PPRO5 PPRO4 ITPRO TMPRO003
Address: FFFEEH After reset: FFH R/W
Symbol 7 6 5 4 <3> <2> <1> <0>
PR11L 1 1 1 1 PPR15 PPR14 ITPR1 TMPR103
XXPR1X XXPROX Priority level selection
0 0 Specifying level 0 (high priority)
0 1 Specifying level 1
1 0 Specifying level 2
1 1 Specifying level 3 (low priority)
Caution Do not change undefined bit data.
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13.3.4 External interrupt rising edge enable register 0 (EGPO0), external interrupt falling edge enable register 0
(EGNO)
These registers specify the valid edge for INTPO to INTP5.
The EGPO and EGNO registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0H.

Figure 13-5. Format of External Interrupt Rising Edge Enable Register 0 (EGP0) and External Interrupt Falling
Edge Enable Register 0 (EGNO)

Address: FFF38H  After reset: OOH R/W
Symbol 7 6 5 4 3 2 1 0

EGPO 0 0 EGP5 EGP4 EGP3 EGP2 EGP1 EGPO

Address: FFF39H  After reset: OOH R/W

Symbol 7 6 5 4 3 2 1 0
EGNO 0 0 EGN5 EGN4 EGN3 EGN2 EGN1 EGNO
EGPn EGNn INTPn pin valid edge selection (n =0 to 5)
0 0 Edge detection disabled
0 1 Falling edge
1 0 Rising edge
1 1 Both rising and falling edges

Caution  When the input port pins used for the external interrupt functions are switched to the
output mode, the INTPn interrupt might be generated upon detection of a valid edge. When
switching the input port pins to the output mode, set the port mode register (PMxx) to 0
after disabling the edge detection (by setting EGPn and EGNn to 0).

Remarks 1. For the edge detection port, see 2.1 Port Functions.
2.n=0to5
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13.3.5 Program status word (PSW)

The program status word is a register used to hold the instruction execution result and the current status for an interrupt
request. The IE flag that sets maskable interrupt enable/disable and the ISPO and ISP1 flags that controls multiple
interrupt servicing are mapped to the PSW.

Besides 8-bit read/write, this register can carry out operations using bit manipulation instructions and dedicated
instructions (ElI and DI). When a vectored interrupt request is acknowledged, if the BRK instruction is executed, the
contents of the PSW are automatically saved into a stack and the IE flag is reset to 0. Upon acknowledgment of a
maskable interrupt request, if the value of the priority specification flag register of the acknowledged interrupt is not 00, its
value minus 1 is transferred to the ISP0O and ISP1 flags. The PSW contents are also saved into the stack with the PUSH
PSW instruction. They are restored from the stack with the RETI, RETB, and POP PSW instructions.

Reset signal generation sets PSW to 06H.

Figure 13-6. Configuration of Program Status Word

<7> <6> 5 <4> 3 <2> <1> 0 After reset
psw| iE | z | o | aAc| o |isp1]ispo] cv | 06H
‘ ‘ ‘ ‘ > Used when normal instruction is executed
ISP1 | ISPO Priority of interrupt currently being serviced
0 0 | Enables interrupt of level O

(while interrupt of level 1 or 0 is being serviced).

0 1 | Enables interrupt of level 0 and 1

(while interrupt of level 2 is being serviced).

1 0 | Enables interrupt of level 0 to 2

(while interrupt of level 3 is being serviced).

1 1 | Enables all interrupts

(waits for acknowledgment of an interrupt).

IE Interrupt request acknowledgment enable/disable
0 Disabled
1 Enabled
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13.4 Interrupt Servicing Operations

13.4.1 Maskable interrupt request acknowledgment

A maskable interrupt request becomes acknowledgeable when the interrupt request flag is set to 1 and the mask (MK)
flag corresponding to that interrupt request is cleared to 0. A vectored interrupt servicing is acknowledged if interrupts are
in the interrupt enabled state (when the IE flag is set to 1). However, a low-priority vectored interrupt request is not
acknowledged during servicing of a higher priority interrupt request.

The times from generation of a maskable interrupt request until vectored interrupt servicing is performed are listed in
Table 13-3 below.

For the interrupt request acknowledgment timing, see Figures 13-8 and 13-9.

Table 13-3. Time from Generation of Maskable Interrupt Until Servicing

Minimum Time Maximum TimeNote

Servicing time 11 clocks 18 clocks

Note Maximum time does not apply when an instruction from the internal RAM area is executed.
Remark 1 clock: 1/fcik (fck: CPU clock)

If two or more maskable interrupt requests are generated simultaneously, the request with a higher priority level
specified in the priority specification flag is acknowledged first. If two or more interrupts requests have the same priority
level, the request with the highest default priority is acknowledged first.

An interrupt request that is held pending is acknowledged when it becomes acknowledgeable.

Figure 13-7 shows the interrupt request acknowledgment algorithm.

If a maskable interrupt request is acknowledged, the contents are saved into the stacks in the order of PSW, then PC,
the IE flag is reset (0), and the contents of the priority specification flag corresponding to the acknowledged interrupt are
transferred to the ISP1 and ISPO flags. The vector table data determined for each interrupt request is the loaded into the
PC and branched.

Restoring from an interrupt is possible by using the RETI instruction.
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Figure 13-7. Interrupt Request Acknowledgment Processing Algorithm

( Start )

xxIF =17

Yes (interrupt request generation)

@ -
Yes
Interrupt request held pending

(xxPR1, xxPRO)
< (ISP1, ISP0)

No (Low priority)

Interrupt request held pending

Yes (High priority)

Higher priority
than other interrupt requests
simultaneously
generated?

Interrupt request held pending
Yes pt req p g

No

Is default
priority " higher than othel
interrupt requests with the
same priority
simultaneously
generated?

@ -
Yes
Interrupt request held pending
Vectored interrupt servicing,

No

Interrupt request held pending

xx|F: Interrupt request flag

xxMK: Interrupt mask flag

xxPRO: Priority specification flag O

xxPR1: Priority specification flag 1

IE: Flag that controls acknowledgment of maskable interrupt request (1 = Enable, O = Disable)
ISPO, ISP1: Flag that indicates the priority level of the interrupt currently being serviced (see Figure 13-6)

Note For the default priority, see Table 13-1 Interrupt Source List.
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Figure 13-8. Interrupt Request Acknowledgment Timing (Minimum Time)

8 clocks
i : . . ) PSW and PC saved, ici
CPU processing Instruction Instruction Instruction Instruction | jump to interrupt Interrupt senvicing
servicing program
xXIF , \
! 11 clocks \

Remark 1 clock: 1/fcik (fck: CPU clock)

Figure 13-9. Interrupt Request Acknowledgment Timing (Maximum Time)

8 clocks 8 clocks
CPU processing Instruction Instruction Instruction Previous interrupt E%‘Q’%”&Zﬁuﬁved’ Interrupt servicing
instruction servicing program
XxIF / \
} 18 clocks

Remark 1 clock: 1/fcik (fck: CPU clock)

13.4.2 Software interrupt request acknowledgment

A software interrupt request is acknowledged by BRK instruction execution. Software interrupts cannot be disabled.

If a software interrupt request is acknowledged, the contents are saved into the stacks in the order of the program
status word (PSW), then program counter (PC), the IE flag is reset (0), and the contents of the vector table (O007EH,
0007FH) are loaded into the PC and branched.

Restoring from a software interrupt is possible by using the RETB instruction.

Caution Can not use the RETI instruction for restoring from the software interrupt.

13.4.3 Multiple interrupt servicing

Multiple interrupt servicing occurs when another interrupt request is acknowledged during execution of an interrupt.

Multiple interrupt servicing does not occur unless the interrupt request acknowledgment enabled state is selected (IE =
1). When an interrupt request is acknowledged, interrupt request acknowledgment becomes disabled (IE = 0). Therefore,
to enable multiple interrupt servicing, it is necessary to set (1) the IE flag with the El instruction during interrupt servicing to
enable interrupt acknowledgment.

Moreover, even if interrupts are enabled, multiple interrupt servicing may not be enabled, this being subject to interrupt
priority control. Two types of priority control are available: default priority control and programmable priority control.
Programmable priority control is used for multiple interrupt servicing.

In the interrupt enabled state, if an interrupt request with a priority equal to or higher than that of the interrupt currently
being serviced is generated, it is acknowledged for multiple interrupt servicing. If an interrupt with a priority lower than that
of the interrupt currently being serviced is generated during interrupt servicing, it is not acknowledged for multiple interrupt
servicing. Interrupt requests that are not enabled because interrupts are in the interrupt disabled state or because they
have a lower priority are held pending. When servicing of the current interrupt ends, the pending interrupt request is
acknowledged following execution of at least one main processing instruction execution.

Table 13-4 shows relationship between interrupt requests enabled for multiple interrupt servicing and Figure 13-10
shows multiple interrupt servicing examples.
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Table 13-4. Relationship Between Interrupt Requests Enabled for Multiple Interrupt Servicing
During Interrupt Servicing

Multiple Interrupt Maskable Interrupt Request Software
Request | prigrity Level 0 Priority Level 1 Priority Level 2 Priority Level 3 Interrupt
(PR = 00) (PR=01) (PR =10) (PR=11) Request
Interrupt Being Serviced IE=1 | IE=0 | IE=1 | IE=0 | IE=1 | IE=0 | IE=1 | IE=0
Maskable ISP1=0 o X X x x x x X o
interrupt ISPO=0
ISP1=0 o X o X X X x X o
ISPO=1
ISP1=1 o X o X o X X X o
ISPO=0
ISP1=1 o X o x o x o x o
ISPO=1
Software interrupt o x o x o x o x o

Remarks 1. o: Multiple interrupt servicing enabled

2. x: Multiple interrupt servicing disabled

3. ISPO, ISP1, and IE are flags contained in the PSW.
ISP1 =0, ISP0O = 0: An interrupt of level 1 or level O is being serviced.
ISP1 =0, ISPO = 1: An interrupt of level 2 is being serviced.
ISP1 =1, ISPO = 0: An interrupt of level 3 is being serviced.
ISP1 =1, ISP0O = 1: Wait for an interrupt acknowledgment (enable all interrupts).
IE = 0: Interrupt request acknowledgment is disabled.
IE = 1: Interrupt request acknowledgment is enabled.

4. PR is a flag contained in the PROOL, PROOH, PR10L, PR10H, PROLL, and PR11L registers.
PR = 00: Specify level 0 with xxPR1x = 0, xxPROx = 0 (higher priority level)
PR =01: Specify level 1 with xxPR1x =0, xxPR0Ox =1
PR =10: Specify level 2 with xxPR1x =1, xxPROx =0
PR =11: Specify level 3 with xxPR1x = 1, xxPROx = 1 (lower priority level)
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Figure 13-10. Examples of Multiple Interrupt Servicing (1/2)

Example 1. Multiple interrupt servicing occurs twice

Main processing INTxx servicing INTyy servicing INTzz servicing

E:l IE=0 |_T|_| E=0 El IE=0

INTXX —» INTyy — INTzz —
(PR =11) (PR =10) (PR=01)

IE=1
IE=1 | RETI | IE=1 | RETI

During servicing of interrupt INTxX, two interrupt requests, INTyy and INTzz, are acknowledged, and multiple interrupt
servicing takes place. Before each interrupt request is acknowledged, the El instruction must always be issued to enable
interrupt request acknowledgment.

Example 2. Multiple interrupt servicing does not occur due to priority control

Main processing INTxx servicing INTyy servicing

[2] e =

INTXX —= INTyy —

IE=1

|1 instruction execution |

IE=0

Interrupt request INTyy issued during servicing of interrupt INTxx is not acknowledged because its priority is lower than
that of INTxx, and multiple interrupt servicing does not take place. The INTyy interrupt request is held pending, and is
acknowledged following execution of one main processing instruction.

PR = 00: Specify level 0 with xxPR1x = 0, xxPROx = 0 (higher priority level)
PR =01: Specify level 1 with xxPR1x =0, xxPR0x =1

PR = 10: Specify level 2 with xxPR1x = 1, xxPROx =0

PR = 11: Specify level 3 with xxPR1x = 1, xxPROx = 1 (lower priority level)
IE=0: Interrupt request acknowledgment is disabled

IE=1: Interrupt request acknowledgment is enabled.
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Figure 13-10. Examples of Multiple Interrupt Servicing (2/2)

Example 3. Multiple interrupt servicing does not occur because interrupts are not enabled

Interrupts
INTyy is not
pending, and

PR = 00:

Main processing INTxx servicing INTyy servicing

INTXX —» (PR =00)

(PR =11) EETI

1 instruction executionl

are not enabled during servicing of interrupt INTxx (El instruction is not issued), therefore, interrupt request
acknowledged and multiple interrupt servicing does not take place. The INTyy interrupt request is held
is acknowledged following execution of one main processing instruction.

Specify level 0 with xxPR1x = 0, xxPRO0x = 0 (higher priority level)

PR = 01: Specify level 1 with xxPR1x =0, xxPROx =1
PR = 10: Specify level 2 with xxPR1x =1, xxPR0Ox =0
PR =11: Specify level 3 with xxPR1x =1, xxPROx = 1 (lower priority level)
IE=0: Interrupt request acknowledgment is disabled
IE=1: Interrupt request acknowledgment is enabled.
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13.4.4 Interrupt request hold

There are instructions where, even if an interrupt request is issued while the instructions are being executed, interrupt
request acknowledgment is held pending until the end of execution of the next instruction. These instructions (interrupt

request hold instructions) are listed below.

e MOV PSW, #byte
e MOV PSW, A

e MOV1 PSW. bit, CY
e SET1 PSW. bit

e CLR1 PSW. hit

e RETB

e RETI

e POP PSW

e BTCLR PSW. bit, $addr20
e EI

e DI

e SKC

e SKNC

e SKZ

e SKNZ

e SKH

e SKNH

e [nstructions that write data for the IFOL, IFOH, IF1L, MKOL, MKOH, MK1L, PROOL, PROOH, PR10L, PR10H, PRO1L,

and PR11L registers

Figure 13-11 shows the timing at which interrupt requests are held pending.

Figure 13-11. Interrupt Request Hold

CPU processing Instruction N

Instruction M

PSW and PC saved, jump
to interrupt servicing

Interrupt servicing
program

xxIF J

Remarks 1. Instruction N: Interrupt request hold instruction
2. Instruction M: Instruction other than interrupt request hold instruction
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CHAPTER 14 KEY INTERRUPT FUNCTION

14.1 Functions of Key Interrupt

A key interrupt (INTKR) can be generated by setting the key return mode register (KRM) and inputting a rising

edge/falling edge to the key interrupt input pins (KRO to KR7).

Table 14-1. Assignment of Key Interrupt Detection Pins

Key Interrupt Pins Key Return Mode Registers (KRMO) Key Return Flag Register (KRF)
KRO KRMOO KRFO
KR1 KRMO1 KRF1
KR2 KRMO02 KRF2
KR3 KRMO03 KRF3
KR4 KRMO04 KRF4
KR5 KRMO05 KRF5

14.2 Configuration of Key Interrupt

The key interrupt includes the following hardware.

Table 14-2. Configuration of Key Interrupt

Item

Configuration

Control register

Key return flag register (KRF)

Key return control register (KRCTL)
Key return mode register (KRMO)

Port mode control registers 0, 1 (PMCO0, PMC1)
Port mode registers 0, 1, 4 (PMO, PM1, PM4)
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KRO

KR1

O
KRFO
KRMO00

Figure 14-1. Block Diagram of Key Interrupt
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14.3 Register Controlling Key Interrupt
The key interrupt function is controlled by the following five registers:

e Key return control register (KRCTL)

e Key return mode register (KRMO)

e Key return flag register (KRF)

e Port mode control register 0 (PMCO0)

e Port mode registers 0 and 4 (PMO, PM4)

14.3.1 Key return control register (KRCTL)
This register controls the usage of the key return flags (KRFO to KRF7) and sets the detection edge.
The KRCTL register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 14-2. Format of Key Return Control Register (KRCTL)

Address: FFF34H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
KRCTL KRMD 0 0 0 0 0 0 KREG
KRMD Usage of key return flags (KRFO to KRF7)
0 Does not use key return flags
1 Uses key return flags
KREG Selection of detection edge (KRO to KR7)
0 Falling edge
1 Rising edge
KRMD KREG Interrupt function
0 0 Key interrupt, external interrupt (specified by the port level) Note
0 1 External interrupt (specified by the port level)
1 0 External interrupt (specified by the flag)
1 1

Note  When the falling edge is detected, the function and operation of the external interrupt
are the same as those of the key interrupt.
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14.3.2 Key return mode register (KRMO)
This register sets the key interrupt mode.
The KRMO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0OH.

Figure 14-3. Format of Key Return Mode Register (KRMO0)

Address: FFF37H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
KRMO KRMO7 KRMO06 KRMO05 KRMO04 KRMO03 [ KRMO02 [ KRMO1 [ KRMO00O
KRMONn Key interrupt mode control (n =0 to 7)
0 Does not detect key interrupt signal
1 Detects key interrupt signal

Cautions 1. When a key interrupt signal is detected (KRMOn = 1) by selecting the falling edge (KRMD = 0),
pull up the relevant input pins to Voo by an external resistor. The internal pull-up resistor can be
used by setting the relevant bits to 1 in the key interrupt input pins PUO7, PU10 to PU13, PU16,
PU40, and PU125 (pull-up resistor registers 0, 1, 4, 12 (PUO, PU1, PU4, and PU12)).

2. Aninterrupt will be generated if the target bit of the KRMO register is set while a low level (when
KREG = 0)/high level (when KREG = 1) is being input to the key interrupt input pin. To ignore
this interrupt, set the KRMO register after disabling interrupt servicing by using the interrupt
mask flag. Afterward, clear the interrupt request flag and enable interrupt servicing.

3. The bits not used in the key interrupt mode can be used as normal ports.
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14.3.3 Key return flag register (KRF)
This register controls the key return flags (KRFO to KRF7).
The KRF register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 14-4. Format of Key Return Flag Register (KRF)

Address: FFF35H After reset: 00H R/whete

Symbol 7 6 5 4 3 2 1 0
KRF KRF7 KRF6 KRF5 KRF4 KRF3 ’ KRF2 ’ KRF1 KRFO
KRFn Key interrupt flag (n =0to 7)
0 No key interrupt signal has been detected.
1 A key interrupt signal has been detected.

Note Writing to 1 is invalid. To clear KRFn, write “0” to the target bits and write “1” to other bits, with the 8-bit
memory manipulation instruction.

Caution When the key interrupt flag is not used (KRMD = 0), accessing the KRF register is prohibited.

14.3.4 Registers controlling port functions of key interrupt input pins

Using a port pin for key interrupt input requires setting of the registers that control the port functions multiplexed on the
target pin (port mode registers 0, 1, 4 (PMO, PM1, PM4) and port mode control register 0 (PMCO0)).

For details, see 4.3.1 Port mode registers 0, 1, 4 (PMO, PM1, PM4) and 4.3.6 Port mode control registers 0, 1
(PMCO, PMC1).

For an example of settings when using a port for key interrupt input, see 4.5.3 Example of register settings for port
and alternate functions used.

Using a port pin with a multiplexed key interrupt input function (e.g. PO7/ANIO/SI00/RxD0/SDAO00/KR?2) for key interrupt
input requires setting the corresponding bit in the port mode registers 0, 1, 4 (PMO, PM1, PM4) to 1, and the
corresponding bit in the pot mode control registers 0, 1 (PMCO, PMC1) to 0. In this case, the corresponding bit in the port
registers 0, 1, 4 (PO, P1, P4) can be setto 0 or 1.

Example: When PO7/ANIO/SI00/RxD0/SDAO0/KR?2 is to be used for key interrupt input
Clear the PMCO7 bit of port mode control register 0 to “0".
Set the PMO7 bit of port mode register 0 to “1”.
Clear the P07 bit of port register 0 to “0”, or set to “1".
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14.4 Key Interrupt Operation

14.4.1 When not using the key interrupt flag (KRMD = 0)

A key interrupt (INTKR) is generated when the valid edge specified by the setting of the KREG bit is input to a key
interrupt pin (KRO to KR7). The channel to which the valid edge was input can be identified by reading the port register
and checking the port level after the key interrupt (INTKR) is generated.

The INTKR signal changes according to the input level of the key interrupt input pin (KRO to KR7).

Figure 14-5. Operation of INTKR Signal When a Key Interrupt is Input to a Single Channel
(When KRMD = 0 and KREG = 0)

KRO | E |
INTKR : | : |
i Delay i Delay
' time Note ' time
KRIF | |

Note Acknowledgment of vectored interrupt request or bit cleared by software

The operation when a valid edge is input to multiple key interrupt input pins is shown in Figure 14-6 below. The INTKR
signal is set while a low level is being input to one pin (when KREG is set to 0). Therefore, even if a falling edge is input to
another pin in this period, a key interrupt (INTKR) will not be generated again (<1> in the figure).

Figure 14-6. Operation of INTKR Signal When Key Interrupts Are Input to Multiple Channels
(When KRMD = 0 and KREG = 0)

KRO | : |
KR1 : ; ] i
? ? L A
INTKR : ] ; N |
:<—>E :<—>E -
! Delay : ! Delay Delay
i otime ! i otime ! time
KRIF I

Note Acknowledgment of vectored interrupt request or bit cleared by software
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14.4.2 When using the key interrupt flag (KRMD = 1)

A key interrupt (INTKR) is generated when the valid edge specified by the setting of the KREG bit is input to a key
interrupt pin (KRO to KR7). The channels to which the valid edge was input can be identified by reading the key return flag
register (KRF) after the key interrupt (INTKR) is generated.

If the KRMD bit is set to 1, the INTKR signal is cleared by clearing the corresponding bit in the KRF register.

As shown in Figure 14-7, only one interrupt is generated each time a falling edge is input to one channel (when KREG
= 0), regardless of whether the KRFn bit is cleared before or after a rising edge is input.

Figure 14-7. Basic Operation of the INTKR Signal When the Key Interrupt Flag Is Used
(When KRMD = 1 and KREG = 0)

(a) When KRFO is cleared after a rising edge is input to the KRO pin

KRO I i l
KRFO 5 I i |
: i : ?
i | , iCleared by
| | i isoftware
INTKR : : Clear\‘
| Delay | i :
' time E
: Note
KRIF | |
(b) When KRFOQ is cleared before a rising edge is input to the KRO pin
o T 5 |
KRFO | I |
] ] A ]
E i ' Cleared by software
INTKR i i
T ' Clear T T
Dol s s
time ! ! '
: Note
KRIF | |
Note Acknowledgment of vectored interrupt request or bit cleared by software
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The operation when a valid edge is input to multiple key interrupt input pins is shown in Figure 14-8 below. A falling
edge is also input to the KR1 and KR5 pins after a falling edge was input to the KRO pin (when KREG = 0). The KRF1 bit
is set when the KRFO bit is cleared. A key interrupt (INTKR) is therefore generated one clock (fc.k) after the KRFO bit is
cleared (<1> in the figure). Also, after a falling edge has been input to the KR5 pin, the KRF5 bit is set (<2> in the figure)
when the KRF1 bit is cleared. A key interrupt (INTKR) is therefore generated one clock (fcik) after the KRF1 bit is cleared
(<3>in the figure). Itis thus possible to generate a key interrupt (INTKR) when a valid edge is input to multiple channels.

Figure 14-8. Operation of INTKR Signal When Key Interrupts Are Input to Multiple Channels
(When KRMD =1 and KREG = 0)

KRO | |

]
L
KR1 5 | I
1 1
1 ]
H |
KR5 i ! l |
| 1 !
| | !
: [
! P
| 1 U
KRFO | | :
)
'Delay time! i ' 1 Cleared by software
IR
P <2>
KRF1 L

! Cleared by software
L1

\Delay ti
E elay |me| \.:/

KRF5

A
: Cleared by software

e

1

' )

| N<1> 1 /MN\<3> !
INTKR | l

1

i

E

|

Note

KRIF

l I 1 I 1
Note Acknowledgment of vectored interrupt request or bit cleared by software

Remark fcik: CPU/peripheral hardware clock frequency
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CHAPTER 15 STANDBY FUNCTION

15.1 Overview

The standby function reduces the operating current of the system, and the following three modes are available.

(1) HALT mode
HALT instruction execution sets the HALT mode. In the HALT mode, the CPU operation clock is stopped. If the high-
speed on-chip oscillator is operating before the HALT mode is set, oscillation of clock continues. In this mode, the
operating current is not decreased as much as in the STOP mode, but the HALT mode is effective for restarting
operation immediately upon interrupt request generation and carrying out intermittent operations frequently.

(2) STOP mode
STOP instruction execution sets the STOP mode. In the STOP mode, the high-speed on-chip oscillator stop,
stopping the whole system, thereby considerably reducing the CPU operating current.
Because this mode can be cleared by an interrupt request, it enables intermittent operations to be carried out.

In either of these two modes, all the contents of registers, flags and data memory just before the standby mode is set
are held. The I/O port output latches and output buffer statuses are also held.

Cautions 1. The following sequence is recommended for operating current reduction of the A/D converter
when the standby function is used: First clear bit 7 (ADCS) and bit 0 (ADCE) of A/D converter
mode register 0 (ADMO0) to 0 to stop the A/D conversion operation, and then execute the STOP
instruction.

2. It can be selected by the option byte and operation speed mode control register (OSMC) whether
the low-speed on-chip oscillator continues oscillating or stops in the HALT or STOP mode. For
details, see CHAPTER 5 CLOCK GENERATOR and CHAPTER 18 OPTION BYTE.
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15.2 Standby Function Operation
15.2.1 HALT mode

(1) HALT mode
The HALT mode is set by executing the HALT instruction.
The operating statuses in the HALT mode are shown below.

Caution Because the interrupt request signal is used to clear the HALT mode, if the interrupt mask flag is 0
(the interrupt processing is enabled) and the interrupt request flag is 1 (the interrupt request signal is
generated), the HALT mode is not entered even if the HALT instruction is executed in such a

situation.
Table 15-1. Operating Statuses in HALT Mode
HALT Mode Setting When HALT Instruction Is Executed While CPU Is Operating on Main System Clock
e When CPU Is Operating on High-speed On-chip Oscillator Clock (fi+)
System clock Clock supply to the CPU is stopped

High-speed on-chip fi
oscillator clock

H Operation continues (cannot be stopped)

Low-speed on-chip fiL Set by bits 0 (WDSTBYON) and 4 (WDTON) of option byte (000COH), and bit 4 (WUTMMCKO) of
oscillator clock operation speed mode control register (OSMC)

o WUTMMCKO = 1: Oscillates

o WUTMMCKO = 0 and WDTON = 0: Stops

o WUTMMCKO =0, WDTON = 1, and WDSTBYON = 1: Oscillates

o WUTMMCKO =0, WDTON = 1, and WDSTBYON = 0: Stops

CPU Operation stopped

Code flash memory Operation stopped

RAM

Port (latch) Status before HALT mode was set is retained
Timer array unit Operable

RToNole

12-bit interval timer

Watchdog timer Set by bit 0 (WDSTBYON) of option byte (000COH)
¢ WDSTBYON = 0: Operation stopped
¢ WDSTBYON = 1: Operation continues

Clock output/buzzer output Operable

A/D converter

Serial array unit (SAU)

Selectable power-on-reset
function

External interrupt

Key interrupt function

Note RL78/G1M products only.

Remark Operation stopped: Operation is automatically stopped before switching to the HALT mode.
Operation disabled: Operation is stopped before switching to the HALT mode.

fiH: High-speed on-chip oscillator clock
fiL: Low-speed on-chip oscillator clock
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(2) HALT mode release
The HALT mode can be released by the following two sources.

(a) Release by unmasked interrupt request
When an unmasked interrupt request is generated, the HALT mode is released. If interrupt acknowledgment is
enabled, vectored interrupt servicing is carried out. If interrupt acknowledgment is disabled, the next address
instruction is executed.

Figure 15-1. HALT Mode Release by Interrupt Request Generation

Interrupt
HALT request
instruction
Standby
release signalN°te! e
Status of CPU Operating modeg HALT mode Wait "o'e 2 Operating mode
!

High-speed on-chip oscillator clock Oscillation

Notes 1. For details of the standby release signal, see Figure 13-1 Basic Configuration of Interrupt
Function.
2. Wait time inserted until HALT mode release
e When vectored interrupt servicing is carried out: 28 to 29 clocks
e When vectored interrupt servicing is not carried out: 20 to 21 clocks

Remark The broken lines indicate the case when the interrupt request which has released the standby mode is
acknowledged.

(b) HALT mode release by reset signal generation
When the reset signal is generated, HALT mode is released, and then, as in the case with a normal reset

operation, the program is executed after branching to the reset vector address.

Figure 15-2. HALT Mode Release by Reset Signal Generation

- HALT
instruction

((
))

Reset signal

Reset processing

Normal operation Normal operation

(high-speed on-chip Reset (high-speed on-chip
Status of CPU oscillator clock) HALT mode period oscillator clock)
Oscillation
High-speed on-chip Oscillates stopped Oscillates

oscillator clock

Note For the reset processing time, see CHAPTER 16 RESET FUNCTION. For the reset processing time of
the SPOR circuit, see CHAPTER 17 SELECTABLE POWER-ON-RESET CIRCUIT.
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15.2.2 STOP mode

(1) STOP mode setting and operating statuses
The STOP mode is set by executing the STOP instruction.

Caution Because the interrupt request signal is used to clear the STOP mode, if the interrupt mask flag is 0
(the interrupt processing is enabled) and the interrupt request flag is 1 (the interrupt request signal
is generated), the STOP mode is immediately cleared if set when the STOP instruction is executed
in such a situation. Accordingly, once the STOP instruction is executed, the system returns to its

normal operating mode after the elapse of release time from the STOP mode.

The operating statuses in the STOP mode are shown below.

Table 15-2. Operating Statuses in STOP Mode

Item

STOP Mode Setting

When STOP Instruction Is Executed While CPU Is Operating

When CPU Is Operating on High-speed On-chip Oscillator Clock (fin)

System clock

Clock supply to the CPU is stopped

oscillator clock

High-speed on-chip fir Stopped
oscillator clock
Low-speed on-chip fiL Set by bits 0 (WDSTBYON) and 4 (WDTON) of option byte (000COH), and bit 4 (WUTMMCKO) of

operation speed mode control register (OSMC)

e WUTMMCKO = 1: Oscillates

¢ WUTMMCKO = 0 and WDTON = 0: Stops

e WUTMMCKO = 0, WDTON =1, and WDSTBYON = 1: Oscillates
¢ WUTMMCKO = 0, WDTON = 1, and WDSTBYON = 0: Stops

CPU

Code flash memory

Operation stopped

RAM

Operation stopped

Port (latch)

Status before STOP mode was set is retained

Timer array unit

RToNole

12-bit interval timer

Operation disabled

Watchdog timer

Set by bit 0 (WDSTBYON) of option byte (000COH)
¢ WDSTBYON = 0: Operation stopped
¢ WDSTBYON = 1: Operation continues

Clock output/buzzer output

A/D converter

Operation disabled

Serial array unit (SAU)

Operation disabled

Selectable power-on-reset
function

External interrupt

Key interrupt function

Operable

Note RL78/G1M products only.

(Cautions and Remark are listed on the next page.)
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Cautions 1. To use the peripheral hardware for which the clock that stops oscillating in the STOP mode after the
STOP mode is released, restart the peripheral hardware.

2. To stop the low-speed on-chip oscillator clock in the STOP mode, must previously be set an option

byte to stop the watchdog timer operation in the HALT/STOP mode (bit 0 (WDSTBYON) of 000COH =

0).

Remark Operation stopped: Operation is automatically stopped before switching to the STOP mode.
Operation disabled: Operation is stopped before switching to the STOP mode.
fin: High-speed on-chip oscillator clock

fiL: Low-speed on-chip oscillator clock

(2) STOP mode release

The STOP mode can be released by the following two sources.

(&) STOP mode release by unmasked interrupt request

When an unmasked interrupt request is generated, the STOP mode is released. After the oscillation stabilization
time has elapsed, if interrupt acknowledgment is enabled, vectored interrupt servicing is carried out. If interrupt
acknowledgment is disabled, the next address instruction is executed.

Figure 15-3. STOP Mode Release by Interrupt Request Generation

Standby release signal™®©!

Status of CPU

High-speed on-chip
oscillator clock

~ STOP
instruction

Interrupt
request

Normal operation
(high-speed on-chip
oscillator clock)

STOP mode

STOP mode release time™°¢?

Supply of the
clock is stopped|  Wait

Normal operation
(high-speed on-chip
oscillator clock)

Oscillates

Oscillation stopped

Oscillates

NI

Wait for oscillation
accuracy stabilization

Notes 1. For details of the standby release signal, see Figure 13-1 Basic Configuration of Interrupt

Function.

2. STOP mode release time
Supply of the clock is stopped: 27 us (TYP.)
Wait time inserted until STOP mode release
e When vectored interrupt servicing is carried out: 11 clocks

e When vectored interrupt servicing is not carried out: 3 clocks

Remarks 1. The clock supply stop time varies depending on the temperature conditions and STOP mode

period.

2. The broken lines indicate the case when the interrupt request that has released the standby mode

is acknowledged.
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(b) Release by reset signal generation
When the reset signal is generated, STOP mode is released, and then, as in the case with a normal reset

operation, the program is executed after branching to the reset vector address.
Figure 15-4. STOP Mode Release by Interrupt Request Generation

~ STOP
instruction

((

f )
Reset signal Reset processing ot
Normal operation Normal operation
(high-speed on-chip Reset (high-speed on-chip
Status of CPU oscillator clock) STOP mode period oscillator clock)
Oscillation
High-speed on-chip Oscillates Oscillation stopped| stopped Oscillates
oscillator clock \ )

Wait for oscillation
accuracy stabilization

Note For the reset processing time, see CHAPTER 16 RESET FUNCTION.

For the reset processing time of the SPOR circuit, see CHAPTER 17 SELECTABLE POWER-ON-
RESET CIRCUIT.
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CHAPTER 16 RESET FUNCTION

The following five operations are available to generate a reset signal.

(1) External reset input via RESET pin

(2) Internal reset by watchdog timer program loop detection

(3) Internal reset by comparison of supply voltage and detection voltage of selectable power-on-reset (SPOR) circuit
(4) Internal reset by execution of illegal instructionNote 1

(5) Internal reset by the data retention voltageNote 2

External and internal resets start program execution from the address at 0000H and 0001H when the reset signal is

generated.

Notesl. This reset occurs when instruction code FFH is executed.

This reset does not occur during emulation using an in-circuit emulator or an on-chip debugging emulator.
2. Data is not reset while Vob is greater than or equal to the data retention voltage. Data is reset when Voo falls
below the data retention voltage. The maximum voltage at which data is reset is prescribed as the data

retention voltage specification.

Cautions 1. For an external reset, set the PORTSELB bit of the user option byte (000C1H) to 1 so that the

P125 pin operates as RESET, and input a low level for 10 s or more to the RESET pin.

(To perform an external reset upon power application, input a low level to the RESET pin, and
then apply power supply. The RESET pin must be kept low for at least 10 us during the period in
which the supply voltage is within the operating range shown in 23.4 AC Characteristics before
inputting a high level to the RESET pin.)

. During reset input, the high-speed on-chip oscillator clock, and low-speed on-chip oscillator

clock stop oscillating.

. The port pin becomes the following status because each SFR and 2nd SFR are initialized after

reset.

e 40: High-impedance during external reset period or reset period by the data retention power
supply voltage. High level during other types of reset or after receiving a reset (connected
to the internal pull-up resistor).

e P125: Low level during external reset period (low level input to RESET pin). High level during
other types of reset period or after receiving a reset (connected to the internal pull-up
resistor).

e Ports other than P40 and P125: High-impedance during reset period or after receiving a reset.
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16.1 Timing of Reset Operation

This LSI is reset by input of the low level on the RESET pin and released from the reset state by input of the high level
on the RESET pin. After reset processing, execution of the program with the high-speed on-chip oscillator clock as the
operating clock starts.

Figure 16-2. Timing of Reset by RESET Input

Wait for oscillation
accuracy stabilization

'
I '
.

High-speed on-chip
oscillator clock

~—Reset period——»
CPU status Normal operation ———————= (oscillation :
stop) !

| Normal operation
! (high-speed on-chip oscillator clock)

RESET Reset processing for release from the

external reset state: 500 ps (TYP.)Note 1

_7L

:

Internal reset signal

' Delay

Port pin >. .............. HioZ e oo

Notes 1. After power is supplied, an SPOR reset processing time of (MAX. 3.39 ms) is required before reset
processing starts after release of the external reset.
2. Status of port pin P40 is as follows.
e High-impedance during external reset period or reset period by the data retention power supply voltage
e High level after receiving a reset (connected to the internal pull-up resistor)
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Release from the reset state is automatic in the cases of a reset due to the watchdog timer overflow or a reset due to
the execution of an illegal instruction. After reset processing, execution of the program with the high-speed on-chip
oscillator clock as the operating clock starts.

Figure 16-3. Timing of Reset Due to Watchdog Timer Overflow or Execution of Illegal Instruction

Wait for oscillation
accuracy stabilization

High-speed on-chip
oscillator clock

i E
: Reset period ERMMW: Normal operation

CPU status Normal ration ——————®r= illati ] - . .
ormal operatio (oscillation stop) 1500 ms ! (high-speed on-chip oscillator clock)

Execution of lllegal ; ' (TYP)
Instruction/ !

Watchdog timer
overflow

Internal reset signal

E

A Hi_zNole
Port pin >‘ """"""""""""""""""""""""

Note Statuses of port pins P40 and P125 are as follows.

e High level during reset period or after receiving a reset (connected to the internal pull-up resistor).

Remark For the reset timing due to the voltage detection by the selectable power-on-reset (SPOR) circuit, see
CHAPTER 17 SELECTABLE POWER-ON-RESET CIRCUIT.

Figure 16-4. Timing of Reset in STOP Mode by RESET Input

Wait for oscillation
STOP instruction execution accuracy stabilization

High-speed on-chip
oscillator clock

~— Reset period —=

Normal Stop status .
operation i(oscillation stop):

RESET (P125) N\ /

i
Internal reset signal !
i

CPU status

i Normal operation
! (high-speed on-chip oscillator clock)

Reset processing: T.B.D

[

4

Hi-2
Port >—---------------------' --------------------

(except P125)
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16.2 Operation States During Reset Periods

Table 16-1 shows the operation states during reset periods. Table 16-2 shows the state of the hardware after
acceptance of a reset.

Table 16-1. Operation States During Reset Period

Item During Reset Period

System clock Clock supply to the CPU is stopped.

High-speed on-chip fin Operation stopped
oscillator clock

Low-speed on-chip fiL
oscillator clock

CPU Operation stopped
Code flash memory Operation stopped
RAM Operation stopped
Port (latch) High impedanceN°te?
Timer array unit Operation stopped
RTONote 1

12-bit Interval timer

Watchdog timer

Clock output/buzzer output

A/D converter

Serial array unit (SAU)

Selectable power-on-reset function Detection operation possible

External interrupt Operation stopped

Key interrupt function

Notes 1. RL78/G1M products only.
2. Statuses of P40 and P125 pins are as follows
e P40: High-impedance during external reset period or reset period by the data retention power supply voltage.
High level during other types of reset period or after receiving a reset (connected to the internal pull-up
resistor).
e P125: Low level during external reset period (low level input to RESET pin). High level during other types of
reset period or after receiving a reset (connected to the internal pull-up resistor).

Remark fin: High-speed on-chip oscillator clock
fi.: Low-speed on-chip oscillator clock
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Table 16-2. State of Hardware After Acceptance of Reset

Hardware

After Acceptance of ResetN°t

Program counter (PC)

The contents of the reset vector
table (0OO00H, 0001H) are set.

Stack pointer (SP)

Undefined

Program status word (PSW) 06H
RAM Data memory Undefined
General-purpose registers Undefined

Note During reset signal generation or oscillation stabilization time wait, only the PC contents among the hardware
statuses become undefined. All other hardware statuses remain unchanged after reset.

Remark For the state of the special function register (SFR: Special Function Register) after receiving a reset, see
3.1.4 Special function register (SFR) area and 3.1.5 Extended special function register (2nd SFR: 2nd
Special Function Register) area.
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16.3 Register for Confirming Reset Source

16.3.1 Reset control flag register (RESF)
Many internal reset generation sources exist in the RL78 Microcontroller. The reset control flag register (RESF) is used

to store which source has generated the reset request.

The RESF register can be read by an 8-bit memory manipulation instruction.

The external reset, a reset by the data retention lower limit voltage, and reading the RESF register clear TRAP,

WDTRF, and SPORF flags.

Figure 16-5. Format of Reset Control Flag Register (RESF)

Address: FFFA8H  After reset: Notel R
Symbol 7 6 5 4 3 2 1 0
RESF TRAP 0 0 WDTRF 0 0 0 SPORF
TRAP Internal reset request by execution of illegal instruction°t¢ 2
0 Internal reset request is not generated, or the RESF register is cleared.
1 Internal reset request is generated.
WDTRF Internal reset request by watchdog timer (WDT)
0 Internal reset request is not generated, or the RESF register is cleared.
1 Internal reset request is generated.
SPORF Internal reset request by selectable power-on reset (SPOR) circuit
0 Internal reset request is not generated, or the RESF register is cleared.
1 Internal reset request is generated.

Notes 1. The value after reset varies depending on the reset source.
2. This reset occurs when instruction code FFH is executed.
This reset does not occur during emulation using an in-circuit emulator or an on-chip debugging emulator.

Caution Do not read data by a 1-bit memory manipulation instruction.

The status of the RESF register when a reset request is generated is shown in Table 16-3.

Table 16-3. RESF Register Status When Reset Request Is Generated

Reset Source| RESET Input Reset by Reset by Reset by Reset by Data

Flag Execution of WDT SPOR Retention Lower
llegal Limit Voltage
Instruction
TRAP bit Cleared (0) Set (1) Held Held Cleared (0)
WDTRF bit Held Set (1) Held
SPOREF bit Held Held Set (1)
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The RESF register is automatically cleared when it is read by an 8-bit memory manipulation instruction. Figure 16-6
shows the procedure for checking the reset source.

Figure 16-6.

Procedure for Checking Reset Source

( After receiving a reset

)

Read the RESF register

o Read the RESF register (clear the RESF)
Store the value of the RESF register in any RAM

TRAP of RESF
register = 1?

WDTRF of RESF
register = 1?

SPORF of RESF
register = 1?

Internal reset request by
the execution of the illegal
instruction generated

Internal reset request by
the watchdog timer generated

No

External reset generated/
power supply voltage
dropping below the lower
limit for data retention

( Internal reset request by

the SPOR circuit generate

)
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CHAPTER 17 SELECTABLE POWER-ON-RESET CIRCUIT

17.1 Functions of Selectable Power-on-reset Circuit

The selectable power-on-reset (SPOR) circuit has the following functions.

e Generates internal reset signal at power on.

The reset signal is released when the supply voltage exceeds the detection voltage (Vop = Vspor).
e The SPOR circuit compares the supply voltage (Vo) with the detection voltage (Vspor), and generates an internal
reset signal when Vop < Vspror.

e The detection level for the power supply detection voltage (Vsror, Vspbr) can be selected by using the option byte
(O00C1H) as one of 4 levels (for details, see 18.2 Format of User Option Byte).

Bit 0 (SPORF) of the reset control flag register (RESF) is set to 1 if reset occurs. For details of the RESF register, see
CHAPTER 16 RESET FUNCTION.

Caution The values of all flags in the reset control flag register (RESF) are retained until Voo reaches data

retention lower limit voltage.

Remark Vspor: SPOR power supply rise detection voltage
Vsppr: SPOR power supply fall detection voltage
For details, see 23.6.2 SPOR circuit characteristics.
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17.2 Configuration of Selectable Power-on-reset Circuit
The block diagram of the selectable power-on-reset circuit is shown in Figure 17-1.

Figure 17-1. Block Diagram of Selectable Power-on-reset Circuit

VDD
_ VDD
[}
3
5.
82 — "73)—\ Internal reset signal
o2
° 8 +
g
s
t Option byte (000C1H) Reference
SPORS1, SPORS0 voltage source
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17.3 Operation of Selectable Power-on-reset Circuit

Specify the voltage detection level by using the option byte 000C1H.
The internal reset signal is generated at power on.

The internal reset status is retained until the supply voltage (Vop) exceeds the voltage detection level (Vspor). The

internal reset is cleared when the supply voltage (Vop) exceeds the voltage detection level (Vspor).
The internal reset is generated when the supply voltage (Voo) drops lower than the voltage detection level (Vspor).
Figure 17-2 shows the timing of the internal reset signal generated by the selectable power-on-reset circuit.

Figure 17-2. Timing of Internal Reset Signal Generation

Supply voltage (Vop)

1 Wait for oscillation ! Wait for oscillation

1 accuracy stabilizationN°t® ' accuracy stabilizatior™t®
:«———: :<—>: ! H
High-speed on-chip '
oscillator clock (fit)
| SPOR reset H .1 SPOR reset .
! ; . i \Reset period: ; X . [
Operation: ﬁ;ﬁg%sgg%$ Normal operation (high-speed ! (oscillation Eﬁﬁg%’sgg‘?ﬂs Normal operation (high-speed | ' Operation

., N
1 H l
' '
' '

CPU clock

R

Internal reset signal

—_— | S

stops 1 (MAX.) I on-chip oscillator clock) 1 stop) o (MAX) on-chip oscillator clock) I\ !stops

Note The internal reset processing time includes the oscillation accuracy stabilization time of the high-speed on-chip

oscillator clock.

Remark Vspor: SPOR power supply rise detection voltage
Vsppr: SPOR power supply fall detection voltage
Vooor: Data retain power supply voltage
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17.4 Cautions for Selectable Power-on-reset Circuit

In a system where the supply voltage (Vob) fluctuates for a certain period in the vicinity of the SPOR detection voltage
(Vspor, Vspor), the system may be repeatedly reset and released from the reset status. In this case, the time from release
of reset to the start of the operation of the microcontroller can be arbitrarily set by taking the following action.

<Action>
After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a timer and
etc., and then initialize the ports.

Figure 17-3. Example of Software Processing When Supply Voltage Fluctuation is 50 ms or Less in Vicinity of the
Voltage Detection Level

=

Initialization ; See Figure 16-6 Procedure for Checking Reset Source
processing <1>

Selectable power-on-reset

; fewk = High-speed on-chip oscillator clock (20.4 MHz (MAX.))
Source: fuck = (20.4 MHz (MAX.))/2?,
where comparison value = 250: = 50 ms
Timer starts (TSOn = 1).

Setting timer array unit
(to measure 50 ms)

Clearing WDT

Note

50 ms has passed?
(TMIFON = 1?)

Initialization ; Initial setting for port.
processing <2> Setting of division ratio of system clock,
such as setting of timer or A/D converter.

Note If reset is generated again during this period, initialization processing <2> is not started.

Remark n: Channel number (n =0 to 3)
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CHAPTER 18 OPTION BYTE

18.1 Functions of Option Bytes

Addresses 000COH to 000C3H of the flash memory of the RL78/G1M, G1N form an option byte area.

Option bytes consist of user option byte (000COH to 000C2H) and on-chip debug option byte (000C3H).

Upon power application or resetting and starting, an option byte is automatically referenced and a specified function is
set. When using the product, be sure to set the following functions by using the option bytes.

The bits to which no function is allocated must be used with their initial value.

Caution The option bytes should always be set regardless of whether each function is used.
18.1.1 User option byte (000COH to 000C2H)

(1) oooCoH
o Operation of watchdog timer
e Counter operation is enabled or disabled.
e Operation is stopped or enabled in the HALT or STOP mode.
o Time setting of watchdog timer
e Setting of overflow time of watchdog timer
e Setting of interval interrupt time of watchdog timer

(2) 000C1H
o Setting of SPOR detection level (Vspor)
o Controlling of P125/KR1/RESET pin
e P125/KR1 or RESET

(3) 0ooc2H
o Setting of the frequency of the high-speed on-chip oscillator
e Select from 1.25 to 20 MHz.

18.1.2 On-chip debug option byte (O00C3H)

o Control of on-chip debug operation
e On-chip debug operation is disabled or enabled.
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18.2 Format of User Option Byte
The format of user option byte is shown below.

Figure 18-1. Format of User Option Byte (OO0COH)

Address: 000COH

7 6 5 4 3 2 1 0

1 1 1 WDTON WDCS2 WDCS1 WDCSO0 WDSTBYON
WDTON Operation control of watchdog timer counter

0 Counter operation disabled (counting stopped after reset)

1 Counter operation enabled (counting started after reset)
WDCS2 WDCS1 WDCSO0 Overflow time of Interval interrupt time of

watchdog timer watchdog timer
(When fiL = 17.25 kHz (MAX.)) (When fiL = 17.25 kHz (MAX.))

0 0 0 (25 -1)/fi (3.65 ms) 2%/fiL x 0.75 (2.78 ms)

0 0 1 (27 -1)/fi. (7.36 ms) 27/fi x 0.75 (5.56 ms)

0 1 0 (28 -1)/fiL (14.7 ms) 28/fiL x 0.75 (11.1 ms)

0 1 1 (2° -1)ffiL (29.6 ms) 2%fi x 0.75 (22.2 ms)

1 0 0 (2 1)/ (118 ms) 21fiL x 0.75 (89.0 ms)

1 0 1 (2*% -1)/fi (474 ms) 2%/fi. x 0.75 (356 ms)

1 1 0 (21 -1)/fiL (949 ms) 21%/fiL x 0.75 (712 ms)

1 1 1 (2% -1)/fiL (3799 ms) 21%/fiL x 0.75 (2849 ms)

WDSTBYON Operation control of watchdog timer counter (HALT/STOP mode)
0 Counter operation stopped in HALT/STOP mode
1 Counter operation enabled in HALT/STOP mode

Cautions 1. Be sure to write 1 to bits 7 to 5.
2. Setting WDTON =0 and WDSTBYON =1 is prohibited.
3. The watchdog timer always generates an interval interrupt when the specified time is
reached unless this is specifically disabled. If the interval interrupt from the watchdog
timer is not to be used, be sure to disable the interrupt by setting the WDTIMK bit to 1.

Remark fi.: Low-speed on-chip oscillator clock frequency

RO1UHO0904EJ0100 Rev.1.00 ‘-zENESAS 437
May 29, 2020



RL78/G1M, G1N CHAPTER 18 OPTION BYTE

Figure 18-2. Format of User Option Byte (O00C1H)

Address: 000C1H
7 6 5 4 3 2 1 0

1 1 1 PORTSELB SPORS1 SPORSO 1 1

e Setting of SPOR detection voltage

Detection voltage Option byte setting value

Rising edge Falling edge SPORS1 SPORSO
428V 420V 0 0
290V 2.84V 0 1
257V 252V 1 0
2.16 V 211V 1 1

e P125/KR1/RESET pin control

PORTSELB P125/RESET pin control
0 Port function (P125/KR1)
1 RESET input (internal pull-up resistor can be always connected.)

Cautions 1. Be sure to write 1to bits 7to 5, 1, and 0.
2. Set the detection voltage (Vspror) to be within the operating voltage range. The operating voltage
range depends on the setting of the user option byte (000C2H).
The operating voltage ranges are as follows.
For CPU operating frequencies from 1.25 MHz to 20 MHz: Voo =2.7to 5.5V
For CPU operating frequencies from 1.25 MHz to 5 MHz: Voo =2.0to 5.5V

Remarks 1. For details on the SPOR circuit, see CHAPTER 17 SELECTABLE POWER-ON-RESET CIRCUIT.
2. The detection voltage is a typical value. For details, see 23.6.2 SPOR circuit characteristics.

Figure 18-3. Format of User Option Byte (OO0C2H)

Address: 000C2H

7 6 5 4 3 2 1 0
1 1 | FRQSEL2 | FRQSEL1 FRQSELO
FRQSEL2 FRQSEL1 FRQSELO Frequency of the high-speed on-chip oscillator
Operating frequency Operating voltage range
0 0 1 20 MHz 27Vto55V
0 1 0 10 MHz
0 1 1 5 MHz 2.0 Vto 5.5 VNete
1 0 0 2.5 MHz
1 0 1 1.25 MHz
Other than above Setting prohibited

Note Use this product within the voltage range from 2.25 to 5.5 V because the detection voltage (Vspor) of the
selectable power-on-reset (SPOR) circuit should also be considered.

Caution Be sure to write 1 to bits 7 to 3.
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18.3 Format of On-chip Debug Option Byte
The format of on-chip debug option byte is shown below.

Figure 18-4. Format of On-chip Debug Option Byte (000C3H)
Address: 000C3H

7 4 2 1 0
OCDENSET 0 0 0 o | 1 | o |
OCDENSET Control of on-chip debug operation

0 Disables on-chip debug operation.

1 Enables on-chip debugging"°®®

Note Does not erase data of flash memory in case of failures in authenticating on-chip debug security ID.

Caution Bit 7 (OCDENSET) can only be specified a value.
Be sure to set 0000101B to bits 6 to 0.

Remark The value on bits 3 and 1 will be written over when the on-chip debug function is in use and thus it will
become unstable after the setting.

However, be sure to set the default values (0, 1, and 0) to bits 3 to 1 at setting.
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18.4 Setting of Option Byte

The user option byte and on-chip debug option byte can be set using the link option in addition to describing to the

source.

When doing so, the contents set by using the link option take precedence, even if descriptions exist in the source, as

mentioned below.

A software description example of the option byte setting is shown below.

OPT  CSEG OPT_BYTE
DB F7H ;

DB E7H ;
DB FDH
DB 85H ;

Enables watchdog timer operation,

; Overflow time of watchdog timer is 2%fi,
; Stops watchdog timer operation during HALT/STOP mode

Select 2.70 V for Vspor and 2.90 V for Vspor
Use the port function (P125/KR1)

; Select 1.25 MHz as the frequency of the high-speed on-chip oscillator clock

Enables on-chip debug operation

Caution To specify the option byte by using assembly language, use OPT_BYTE as the relocation attribute
name of the CSEG pseudo instruction.
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CHAPTER 19 FLASH MEMORY

The RL78 microcontroller incorporates the flash memory to which a program can be written, erased, and overwritten.

Caution The operating voltage during flash memory programming must be in the range from 45V to 55 V.

FFFFFH
Special function register (SFR)
256 bytes
FFFOOH
FFEFFH .
General-purpose register
FFEF8H 8 bytes
FFEF7H
Reserved
FFEEOH
FFEDFH
RAM
- 512 to 1024 bytes e
Reserved
-~ Mirror area =
F8000H
F7FFFH
Reserved
FO800H
FO7FFH
Special function register (2nd SFR)
2KB
FOO0OH
EFFFFH
Reserved
i Code flash memory J

L

00000H

1to 4 KB

(

|

The methods for programming the flash memory are as follows.

The contents of the code flash memory can be rewritten by serial programming using a flash memory programmer or

an external device (UART communication).

e Serial programming by using a flash memory programmer (see 19.1)
Data can be written to the flash memory on-board or off-board, by using a dedicated flash memory programmer.

e Serial programming by using an external device (UART communication) (see 19.2)

Data can be written to the flash memory on-board, by using UART communication with an external device (a

microcontroller or ASIC).
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19.1 Serial Programming by Using Flash Memory Programmer

The following dedicated flash memory programmer can be used to write data to the internal flash memory of the RL78
microcontroller.

o PG-FP6
e E1, E2, E2 Lite, E20 on-chip debugging emulator

Data can be written to the flash memory on-board or off-board, by using a dedicated flash memory programmer.

(1) On-board programming
The contents of the flash memory can be rewritten after the RL78 microcontroller has been mounted on the target
system. The connectors that connect the dedicated flash memory programmer must be mounted on the target
system.

(2) Off-board programming
Data can be written to the flash memory with a dedicated program adapter (FA series) before the RL78

microcontroller is mounted on the target system.

The dedicated flash memory programmer generates the following signals for the RL78 microcontroller. See each
manual of PG-FP6, or E1, E2, E2 Lite, E20 on-chip debugging emulator for details.

Table 19-1. Wiring Between RL78/G1M, G1N and Dedicated Flash Memory Programmer

Pin Configuration of Dedicated Flash Memory Programmer
Signal Name Pin Name of Pin No. of
E1 E2 E2 Lite. E20 RL78/G1M, G1IN RL78/G1M, GIN
e e, 110 Pin Function
PG-FP6 On-chip Debugging
Emulator
- TOOLO 110 Transmit/receive signal TOOLO/P40 20
SI/RXD - 1/0 Transmit/receive signal
- RESET Output Reset signal RESET 1
/RESET - Output
Vee Voo 110 Voo voltage generation/ Voo 10
power monitoring
GND - Ground Vss 9
FLMD1 EMVoo - Driving power for TOOL pin | Voo 10

Remark Pins that are not indicated in the above table can be left open when using the flash memory programmer
for flash programming.

About a connection RL78 microcontroller and a connector, see the user's manual of each programmer. About a
connection with E1, E2, E2 Lite, E20, see 20.1 Connecting E1, E2, E2 Lite, E20 On-chip Debugging Emulator.
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19.1.1 Programming environment

The environment required for writing a program to the flash memory of the RL78 microcontroller is illustrated below.

Figure 19-1. Environment for Writing Program to Flash Memory

El, E2,
PG-FP6 E2 Lite, E20
RS-232C Voo
v Vss
UsB RESET
Dedicated flash RL78

TOOLO (dedicated single-line UART) microcontroller

memory programmer

Host machine

A host machine that controls the dedicated flash memory programmer is necessary.

To interface between the dedicated flash memory programmer and the RL78 microcontroller, the TOOLO pin is used for
manipulation such as writing and erasing via a dedicated single-line UART.

19.1.2 Communication mode

Communication between the dedicated flash memory programmer and the RL78 microcontroller is established by serial
communication using the TOOLO pin via a dedicated single-line UART of the RL78 microcontroller.

Transfer rate: Fixed to 115.2 kbps

Figure 19-2. Communication with Dedicated Flash Memory Programmer

VppNoted ———— Vo
E1l, E2, Note 1
PG-FP6  E2 Lite, E20 E“L"“‘,{Eflmg Voo
@ GND ———————— Vs
RESETM'e?,
\/ JRESETNete 2 RESET
RL78
Dedicated flash TOOLQNete microcontroller
memory programmer TOOLO
SI/RXDNete 2

Notes 1. When using E1, E2, E2 Lite, E20 on-chip debugging emulator.
2. When using PG-FP6.

3. The name of the signal for connection in the case of the PG-FP6 is Vcc.

RO1UHO0904EJ0100 Rev.1.00 RENESAS 443
May 29, 2020



RL78/G1M, G1IN CHAPTER 19 FLASH MEMORY

19.2 Writing to Flash Memory by Using External Device (That Incorporates UART)

On-board data writing to the internal flash memory is possible by using the RL78 microcontroller and an external device
(a microcontroller or ASIC) connected to a UART.

19.2.1 Programming environment
The environment required for writing a program to the flash memory of the RL78 microcontroller is illustrated below.

Figure 19-3. Environment for Writing Program to Flash Memory

Voo
Vss
RESET
External device TOOLO (dedicated RL78
(such as microcontroller single-line UART) microcontroller

and ASIC)

Processing to write data to or delete data from the RL78 microcontroller by using an external device is performed on-
board. Off-board writing is not possible.

19.2.2 Communication mode
Communication between the external device and the RL78 microcontroller is established by serial communication using
the TOOLO pin via the dedicated UART of the RL78 microcontroller.

Transfer rate: Fixed to 115.2 kbps

Figure 19-4. Communication with External Device

Voo = Vo
GND —  Vss
RESETOUT RESET
External device TXD/RXD TOOLO _ RL78 |
(such as microcontroller microcontroller
and ASIC)

The external device generates the following signals for the RL78 microcontroller.

Table 19-2. Pin Connection

External Device RL78 Microcontroller
Signal Name 110 Pin Function Pin Name

Voo 1/0 Voo voltage generation/power monitoring Voo

GND - Ground Vss

RESETOUT Output Reset signal output RESET
RXD Input Receive signal TOOLO
TXD Output Transmit signal
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19.3 Connection of Pins on Board

To write the flash memory on-board by using the flash memory programmer, connectors that connect the dedicated
flash memory programmer must be provided on the target system. First provide a function that selects the normal
operation mode or flash memory programming mode on the board.

When the flash memory programming mode is set, all the pins not used for programming the flash memory are in the
same status as immediately after reset. Therefore, if the external device does not recognize the state immediately after
reset, the pins must be handled as described below.

Remark Refer to flash programming mode, see 19.4.2 Flash memory programming mode.

19.3.1 P40/TOOLO pin

In the flash memory programming mode, pull up externally with a 1 kQ resister, and connect it to the dedicated flash
memory programmer.

When this pin is used as the port pin, use that by the following method.

When used as an input pin:  Input of low-level is prohibited for tho period after external pin reset release. However,
when this pin is used via pull-down resistors, use the 500 kQ or more resistors.
When used as an output pin: When this pin is used via pull-down resistors, use the 500 kQ or more resistors.

Remarks 1. tvo: How long to keep the TOOLO pin at the low level from when the external and internal resets end for
setting of the flash memory programming mode (see 23.9 Timing of Entry to Flash Memory

Programming Modes)
2. The pins in the SAU are not used for communication between the RL78 microcontroller and dedicated
flash memory programmer, because single-line UART (TOOLO pin) is used.

19.3.2 RESET pin

Signal conflict will occur if the reset signal of the dedicated flash memory programmer and external device are
connected to the RESET pin that is connected to the reset signal generator on the board. To prevent this conflict, isolate
the connection with the reset signal generator.

The flash memory will not be correctly programmed if the reset signal is input from the user system while the flash
memory programming mode is set. Do not input any signal other than the reset signal of the dedicated flash memory
programmer and external device.

Figure 19-5. Signal Conflict (RESET Pin)
RL78
microcontroller

Dedicated flash memory programmer
Signal conflict conne%ion pin

Input pin

Another device

' T Output pin

In the flash memory programming mode, a signal output by another device
will conflict with the signal output by the dedicated flash memory
programmer. Therefore, isolate the signal of another device.
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19.3.3 Port pins

In the flash memory programming mode, all the pins not used for flash memory programming enter the same status as
that immediately after reset. If an external device connected to the ports does not recognize the port status immediately
after reset, the port pin must be connected to either to Voo or Vss via a resistor.

19.3.4 Power supply

To use the supply voltage output of the flash memory programmer, connect the Voo pin to VooN°t of the flash memory
programmer, and the Vss pin to GND of the flash memory programmer.

To use the on-board supply voltage, connect in compliance with the normal operation mode.

Note that the operating voltage during flash memory programming must be in the range from 4.5 V to 5.5 V. If the on-
board supply voltage is less than 4.5 V, satisfy the requirement for operating voltage (4.5 V to 5.5 V) by, for example,
switching to the voltage from a dedicated flash memory programmer, and isolate the on-board supply voltage.

Note The name of the signal for connection in the case of the PG-FP6 is Vcc.
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19.4 Serial Programming Method

19.4.1 Serial programming procedure
The following figure illustrates the procedure to rewrite the contents of the code flash memory by serial programming.

Figure 19-6. Code Flash Memory Manipulation Procedure

( -~ )

Flash memory programming

Controlling TOOLO pin and RESET pin — mode is set

Manipulate code flash memory

No

=

Refer to flash memory programming mode, see 19.4.2.
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19.4.2 Flash memory programming mode
To rewrite the contents of the code flash memory by serial programming, the flash memory programming mode must be
entered.

<When performing serial programming by using the dedicated flash memory programmer>

Connect the RL78 microcontroller to the dedicated flash memory programmer. Communication from the dedicated
flash memory programmer is performed to automatically switch to the flash memory programming mode. The operating
voltage during the flash memory programming mode is 4.5 Vt0 5.5 V.

<When performing serial programming by using an external device (UART communication)>

Set the TOOLO pin to the low level, and then cancel the reset (see Table 19-3). The flash memory programming
mode is then entered by following the procedures <1> to <4> shown in Figure 19-7.

The operating voltage during the flash memory programming mode is 4.5V to 5.5 V.

Table 19-3. Relationship Between TOOLO Pin and Operation Mode After Reset Release

TOOLO Operation Mode
Vob Normal operation mode
oV Flash memory programming mode

Figure 19-7. Entry to Flash Memory Programming Mode

\
A

) R N

\

3

1-byte data for setting mode

TOOLO

|

<1> The low level is input to the TOOLO pin.

<2> The external reset ends (SPOR reset must end before the external reset ends.).
<3> The TOOLDO pin is set to the high level.

<4> Setting of entry to the flash memory programming mode by UART reception.

Remark tsuinit: The segment shows that it is necessary to finish specifying the initial communication settings within 100
ms (68 ms at Ta = —40 to +85°C) from when the resets end.
tsu: How long from when the TOOLO pin is placed at the low level until an external reset ends
tio:  How long to keep the TOOLO pin at the low level from when the external reset ends

For details, see 23.9 Timing of Entry to Flash Memory Programming Modes.

RO1UHO0904EJ0100 Rev.1.00 RENESAS 448
May 29, 2020



RL78/G1M, G1IN CHAPTER 19 FLASH MEMORY

19.4.3 Communication mode
Communication mode of the RL78 microcontroller is as follows.

Table 19-4. Communication Mode

Communication Standard SettingN°te Pin Used
Mode Port SpeedNete2 Frequency | Multiply Rate
1-line mode UART 115200 bps - - TOOLO

Notes 1. Selection items for standard settings on GUI of the flash memory programmer.
2. Because factors other than the baud rate error, such as the signal waveform slew, also affect UART
communication, thoroughly evaluate the slew as well as the baud rate error.

19.4.4 Communication commands

The RL78 microcontroller performs serial programming by using commands described in Table 19-5.

The signals sent from the flash memory programmer or external device to the RL78 microcontroller are called
commands, and the RL78 microcontroller performs processing corresponding to the respective commands.

Table 19-5. Flash Memory Control Commands

Classification Command Name Function
CRC check CRC check Calculate checksums
Write after erase Write after erase Write data after erasing data in the flash memory

19.5 Processing Time of Each Command When Using PG-FP6 (Reference Values)

The processing time of each command (reference values) when using PG-FP6 as the dedicated flash memory
programmer is shown below.

Table 19-6. Processing Time of Each Command When Using PG-FP6 (Reference Values)

Command of PG-FP6 Code Flash
4 KB 8 KB
R5F11W67, R5F11W68,
R5F11Y67 R5F11Y68
Write after erase 15s 20s
CRC check 05s 10s

Remark The command processing times (reference values) shown in the table are typical values under the following
conditions.
Port: TOOLO (single-line UART)
Speed: 115,200 bps
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CHAPTER 20 ON-CHIP DEBUG FUNCTION

20.1 Connecting E1, E2, E2 Lite, E20 On-chip Debugging Emulator

The RL78 microcontroller uses the Vob, RESET, TOOLO, and Vss pins to communicate with the host machine via an E1,
E2, E2 Lite, E20 on-chip debugging emulator. Serial communication is performed by using a single-line UART that uses
the TOOLO pin.

Caution The RL78 microcontroller has an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass production,
because the guaranteed number of rewritable times of the flash memory may be exceeded when this
function is used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not
liable for problems occurring when the on-chip debug function is used.

Figure 20-1. Connection Example of E1, E2, E2 Lite, E20 On-chip Debugging Emulator

E1, E2, E2 Lite, E20

target connector RL78 microcontroller

Note Connecting the dotted line is not necessary during flash programming.

Vobp Vb
Vob g L Vob
Vob
_'
EMVoo |-2
GND 2 Vss
GND 12 7 [ ;
Vop
GND 14
777 1kQ
TOOLO }-2 ¢ TOOLO
Reset_out RESET
Reset_out 47010510 Q
RSTPU L
Reset circuit
1kQ
Reset_in Reset signal
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For the target system which uses the multi-use feature of RESET pin, its connection to an external circuit should be

isolated.

Figure 20-2. Connection Example of E1, E2, E2 Lite, E20 On-chip Debugging Emulator

(When using to the alternative function of RESET pin)

E1, E2, E2 Lite, E20
target connector

Vob

RL78 microcontroller

_V‘)D
8
Vob
Voo Vob
ave [0 T
GND |2 ,777 Vss
GND 12
Vop
GND 14
5 777 1kQ
TOOLO L TOOLO
10
Reset_out 3 ® L2 Alternate Function
Reset_out J 1kQ of RESET pin
4
RSTPU [—X External circuit
Reset_in[ 6 Output pin
RO1UH0904EJ0100 Rev.1.00 RENESANS 451

May 29, 2020



RL78/G1M, G1IN CHAPTER 20 ON-CHIP DEBUG FUNCTION

20.2 On-chip Debug Security ID
The RL78 microcontroller has an on-chip debug operation control bit in the flash memory at 000C3H (see CHAPTER
18 OPTION BYTE) and an on-chip debug security ID setting area at 000C4H to O00CDH, to prevent third parties from

reading memory content.

Table 20-1. On-chip Debug Security ID

Address On-chip Debug Security ID

000C4H to 000CDH | Any ID code of 10 bytes

20.3 Securing of User Resources

To perform communication between the RL78 microcontroller and E1, E2, E2 Lite, E20 on-chip debugging emulator, as
well as each debug function, the securing of memory space must be done beforehand.
If Renesas Electronics assembler or compiler is used, the items can be set by using linker options.

(1) Securement of memory space
The shaded portions in Figure 20-3 are the areas reserved for placing the debug monitor program, so user
programs or data cannot be allocated in these spaces. When using the on-chip debug function, these spaces must
be secured so as not to be used by the user program. Moreover, this area must not be rewritten by the user
program.
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Code flash memory

Use prohibited

Figure 20-3. Memory Spaces Where Debug Monitor Programs Are Allocated

Internal RAM

SFR area

hote & EEEBEﬂ 4 bytes Note 3
000D8H
Debug monitor area | code flash Stack area for debugging | |nternal RAM
000CEH (10ibytes) area (10 bytes)Note 4 area
Security ID area On-chip debug option byte area
000C4H (10 bytes) . (lbyte)
000C3H Mirror area
Debug monitor area
00002H (2 bytes)
00000H Note 2

Notes 1. Address differs depending on products as follows.

[___1: Area used for on-chip debugging

Products Address
R5F11W67, R5F11Y67 OOFFFH
R5F11W68, R5F11Y68 01FFFH

2. In debugging, reset vector is rewritten to address allocated to a monitor program.
3. When real-time RAM monitor (RRM) function and dynamic memory madification (DMM) function are used,
four bytes from FFEDCH to FFEDFH are consumed. Otherwise, this area can be used as the internal RAM.
4. Since this area is allocated immediately before the stack area, the address of this area varies depending on
the stack increase and decrease. That is, 10 extra bytes are consumed for the stack area used.
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CHAPTER 21 BCD CORRECTION CIRCUIT

21.1 BCD Correction Circuit Function

The result of addition/subtraction of the BCD (binary-coded decimal) code and BCD code can be obtained as BCD
code with this circuit.

The decimal correction operation result is obtained by performing addition/subtraction having the A register as the
operand and then adding/subtracting the BCD correction result register (BCDADJ).

21.2 Registers Used by BCD Correction Circuit

The BCD correction circuit uses the following registers.
e BCD correction result register (BCDADJ)

21.2.1 BCD correction result register (BCDADJ)

The BCDADJ register stores correction values for obtaining the add/subtract result as BCD code through add/subtract
instructions using the A register as the operand.

The value read from the BCDADJ register varies depending on the value of the A register when it is read and those of
the CY and AC flags.

The BCDADJ register is read by an 8-bit memory manipulation instruction.

Reset input sets this register to undefined.

Figure 21-1. Format of BCD Correction Result Register (BCDADJ)

Address: FOOFEH  After reset: undefined R

Symbol 7 6 5 4 3 2 1 0
BCDADJ
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21.3 BCD Correction Circuit Operation

The basic operation of the BCD correction circuit is as follows.

(1) Addition: Calculating the result of adding a BCD code value and another BCD code value by using a BCD
code value

<1> The BCD code value to which addition is performed is stored in the A register.

<2> By adding the value of the A register and the second operand (value of one more BCD code to be added) as
are in binary, the binary operation result is stored in the A register and the correction value is stored in the
BCD correction result register (BCDADJ).

<3> Decimal correction is performed by adding in binary the value of the A register (addition result in binary) and
the BCDADJ register (correction value), and the correction result is stored in the A register and CY flag.

Caution The value read from the BCDADJ register varies depending on the value of the A register
when it is read and those of the CY and AC flags. Therefore, execute the instruction <3>
after the instruction <2> instead of executing any other instructions. To perform BCD
correction in the interrupt enabled state, saving and restoring the A register is required
within the interrupt function. PSW (CY flag and AC flag) is restored by the RETI instruction.

An example is shown below.

Examples 1: 99 + 89 = 188

Instruction A Register CY Flag AC Flag BCDADJ

Register
MOV A, #99H ; <1> 99H - - -
ADD A, #89H ; <2> 22H 1 1 66H
ADD A, IBCDADJ ; <3> 88H 1 0 -

Examples 2: 85 + 15 =100

Instruction A Register CY Flag AC Flag BCDADJ

Register
MOV A, #85H ; <1> 85H — — —
ADD A, #15H ; <2> 9AH 0 0 66H
ADD A, IBCDADJ ; <3> 00H 1 1 -

Examples 3: 80 + 80 = 160

Instruction A Register CY Flag AC Flag BCDADJ
Register
MOV A, #80H ; <1> 80H - - -
ADD A, #80OH ; <2> OOH 1 0 60H
ADD A, !BCDADJ ; <3> 60H 1 0 -
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(2) Subtraction: Calculating the result of subtracting a BCD code value from another BCD code value by using

a BCD code value

<1> The BCD code value from which subtraction is performed is stored in the A register.
<2> By subtracting the value of the second operand (value of BCD code to be subtracted) from the A register as is

in binary, the calculation result in binary is stored in the A register, and the correction value is stored in the
BCD correction result register (BCDADJ).
<3> Decimal correction is performed by subtracting the value of the BCDADJ register (correction value) from the A
register (subtraction result in binary) in binary, and the correction result is stored in the A register and CY flag.

Caution The value read from the BCDADJ register varies depending on the value of the A register
when it is read and those of the CY and AC flags. Therefore, execute the instruction <3>

after the instruction <2> instead of executing any other instructions.

To perform BCD

correction in the interrupt enabled state, saving and restoring the A register is required
within the interrupt function. PSW (CY flag and AC flag) is restored by the RETI instruction.

An example is shown below.

Example: 91 — 52 = 39

Instruction A Register CY Flag AC Flag BCDADJ
Register
MOV A, #91H ; <1> 91H — — _
SUB A, #52H ; <2> 3FH 06H
SUB A, !BCDADJ T <3> 39H 0 _
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CHAPTER 22 INSTRUCTION SET

This chapter lists the instructions for the RL78-S1 core of the RL78 microcontroller. For details of each operation and
operation code, see the separate document RL78 Microcontrollers User’s Manual: software (R0O1US0015).

Remark The RL78-S2 core shares all instructions with the RL78-S1 core. Note, however, that the cores take different
numbers of clock cycles to execute some instructions. The instructions which require different numbers of
clock cycles are indicated by shading in the table under 22.2 Operation List.
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22.1 Conventions Used in Operation List

22.1.1 Operand identifiers and specification methods

Operands are described in the “Operand” column of each instruction in accordance with the description method of the
instruction operand identifier (see the assembler specifications for details). When there are two or more description
methods, select one of them. Alphabetic letters in capitals and the symbols, #, !, !!, $, $!, [ ], and ES: are keywords and
are described as they are. Each symbol has the following meaning.

e #: Immediate data specification

o I 16-bit absolute address specification
e II:  20-bit absolute address specification
e $:  8-bit relative address specification

e $!I:  16-bit relative address specification

[ ]
—
—

Indirect address specification
e ES:: Extension address specification

In the case of immediate data, describe an appropriate numeric value or a label. When using a label, be sure to
describe the #, 1, 11, $, $!, [ ], and ES: symbols.

For operand register identifiers, r and rp, either function names (X, A, C, etc.) or absolute names (names in
parentheses in Table 22-1 below, RO, R1, R2, etc.) can be used for description.

Table 22-1. Operand Identifiers and Specification Methods

Identifier Description Method
r X (RO), A (R1), C (R2), B (R3), E (R4), D (R5), L (R6), H (R7)
p AX (RPO0), BC (RP1), DE (RP2), HL (RP3)
sfr Special-function register symbol (SFR symbol) FFFOOH to FFFFFH
sfrp Special-function register symbols (16-bit manipulatable SFR symbol. Even addresses only"°**) FFFOOH to
FFFFFH
saddr FFE20H to FFF1FH Immediate data or labels
saddrp FFE20H to FF1FH Immediate data or labels (even addresses only"°®)
addr20 00000H to FFFFFH Immediate data or labels
addr16 0000H to FFFFH Immediate data or labels (only even addresses for 16-bit data transfer instructions™°t¢)
addrb 0080H to 00BFH Immediate data or labels (even addresses only)
word 16-bit immediate data or label
byte 8-bit immediate data or label
bit 3-bit immediate data or label

Note Bit 0 = 0 when an odd address is specified.

Remark The special function registers can be described to operand sfr as symbols. See Table 3-4 SFR List for the
symbols of the special function registers. The extended special function registers can be described to
operand !addr16 as symbols. See Table 3-5 Extended SFR (2nd SFR) List for the symbols of the extended
special function registers.
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22.1.2 Description of operation column

The operation when the instruction is executed is shown in the “Operation” column using the following symbols.

Table 22-2. Symbols in “Operation” Column

Symbol Function
A A register; 8-bit accumulator
X X register
B B register
C C register
D D register
E E register
H H register
L L register
ES ES register
CS CS register
AX AX register pair; 16-bit accumulator
BC BC register pair
DE DE register pair
HL HL register pair
PC Program counter
SP Stack pointer
PSW Program status word
CY Carry flag
AC Auxiliary carry flag
4 Zero flag
IE Interrupt request enable flag
0 Memory contents indicated by address or register contents in parentheses
X, Xu 16-bit registers: X = higher 8 bits, X. = lower 8 bits
Xs, XH, XL 20-bit registers: Xs = (bits 19 to 16), X = (bits 15 to 8), X = (bits 7 to 0)
A Logical product (AND)
\% Logical sum (OR)
> Exclusive logical sum (exclusive OR)
- Inverted data
addr5 16-bit immediate data (even addresses only in 0080H to 00BFH)
addr16 16-bit immediate data
addr20 20-bit immediate data
jdisp8 Signed 8-bit data (displacement value)
jdisp16 Signed 16-bit data (displacement value)

RO1UHO904EJ0100 Rev.1.00

May 29, 2020

RRENESAS

459



RL78/G1M, G1N CHAPTER 22 INSTRUCTION SET

22.1.3 Description of flag operation column
The change of the flag value when the instruction is executed is shown in the “Flag” column using the following symbols.

Table 22-3. Symbols in “Flag” Column

Symbol Change of Flag Value
(Blank) Unchanged
0 Clearedto 0
Set to 1

Set/cleared according to the result

o ox =

Previously saved value is restored

22.1.4 PREFIX instruction

Instructions with “ES:” have a PREFIX operation code as a prefix to extend the accessible data area to the 1 MB space
(0O0000H to FFFFFH), by adding the ES register value to the 64 KB space from FOOOOH to FFFFFH. When a PREFIX
operation code is attached as a prefix to the target instruction, only one instruction immediately after the PREFIX operation
code is executed as the addresses with the ES register value added.

A interrupt and DMA transfer are not acknowledged between a PREFIX instruction code and the instruction
immediately after.

Table 22-4. Use Example of PREFIX Operation Code

Instruction Opcode
1 2 3 4 5
MOV laddr16, #byte CFH laddr16 #byte -
MOV ES:laddr16, #byte 11H CFH laddr16 #byte
MOV A, [HL] 8BH - - - -
MOV A, ES:[HL] 11H 8BH - - -

Caution Set the ES register value with MOV ES, A, etc., before executing the PREFIX instruction.

R01UH0904EJ0100 Rev.1.00 R NS 460
May 29, 2020 =ENES



RL78/G1M, G1N

CHAPTER 22

INSTRUCTION SET

22.2 Operation List

Table 22-5. Operation List (1/17)

Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC CY
8-bit data | MOV r, #byte 2 1 - r < byte
transfer PSW, #byte 3 3 — | PSW < byte x xx
CS, #byte 3 1 - CS < byte
ES, #byte 2 1 - ES < byte
laddr16, #byte 4 1 - (addr16) < byte
ES:laddr16, #byte 5 2 - (ES, addr16) < byte
saddr, #byte 3 1 - (saddr) < byte
sfr, #byte 3 1 - sfr — byte
[DE+byte], #byte 3 1 - (DE+byte) < byte
ES:[DE+byte] #byte 4 2 - ((ES, DE)+byte) « byte
[HL+byte], #byte 3 1 - (HL+byte) < byte
ES:[HL+byte] #byte 4 2 - ((ES, HL)+byte) «— byte
[SP+byte], #byte 3 1 - (SP+byte) — byte
word[B], #byte 4 1 - (B+word) < byte
ES:word[B], #byte 5 2 - ((ES, B)+word) « byte
word[C], #byte 4 1 - (C+word) « byte
ES:word[C], #byte 5 2 - ((ES, C)+word) < byte
word[BC], #byte 4 1 - (BC+word) « byte
ES:word[BC], #byte 5 2 - ((ES, BC)+word) < byte
Ar Note 3 1 1 - A—r
r,A Note 3 1 1 - r—A
A, PSW 2 1 - A — PSW
PSW, A 2 3 - PSW «— A x  x x
A, CS 2 1 - A—CS
CS, A 2 1 — CS—A
A ES 2 1 - A —ES
ES, A 2 1 — ES — A
A, laddr16 3 1 4 A — (addr16)
A, ES:laddr16 4 2 A — (ES, addr16)
laddr16, A 3 1 — (addr16) — A
ES:laddr16, A 4 2 - (ES, addr16) « A
A, saddr 2 1 - A — (saddr)
saddr, A 2 1 - (saddr) — A
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.

2. Number of CPU clocks (fcLk) when the code flash memory is accessed.

3. Exceptr=A

Remark

These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When

the instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number

given here plus 6 further clock cycles.
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Table 22-5. Operation List (2/17)

Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC cY
8-bit data | MOV A, sfr 2 1 - A — sfr
transfer sfr, A 2 1 - sfr— A
A, [DE] 1 1 4 A — (DE)
[DE], A 1 1 - (DE) « A
A, ES:[DE] 2 2 5 A < (ES, DE)
ES:[DE], A 2 2 - (ES,DE) < A
A, [HL] 1 1 4 A — (HL)
[HL], A 1 1 - (HL) < A
A, ES:[HL] 2 2 5 A « (ES, HL)
ES:[HL], A 2 2 - (ES, HL) < A
A, [DE+byte] 2 1 4 A — (DE + byte)
[DE+byte], A 2 1 - (DE + byte) < A
A, ES:[DE+byte] 3 2 5 A < ((ES, DE) + byte)
ES:[DE+byte], A 3 2 - ((ES, DE) + byte) — A
A, [HL+byte] 2 1 4 A — (HL + byte)
[HL+byte], A 2 1 - (HL + byte) « A
A, ES:[HL+byte] 3 2 5 A — ((ES, HL) + byte)
ES:[HL+byte], A 3 2 - ((ES, HL) + byte) — A
A, [SP+byte] 2 1 - A — (SP + byte)
[SP+byte], A 2 1 - (SP + byte) — A
A, word[B] 3 1 4 A «— (B + word)
word[B], A 3 1 - (B + word) — A
A, ES:word[B] 4 2 5 A — ((ES, B) + word)
ES:word[B], A 4 2 - ((ES, B) + word) « A
A, word[C] 3 1 4 A «— (C + word)
word[C], A 3 1 - (C + word) — A
A, ES:word[C] 4 2 5 A — ((ES, C) + word)
ES:word[C], A 4 2 - ((ES, C) + word) — A
A, word[BC] 3 1 4 A «— (BC + word)
word[BC], A 3 1 - (BC + word) — A
A, ES:word[BC] 4 2 5 A — ((ES, BC) + word)
ES:word[BC], A 4 2 - ((ES, BC) + word) « A

Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or
when no data is accessed.
2. Number of CPU clocks (fcLk) when the code flash memory is accessed.

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the
instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
here plus 6 further clock cycles.

R01UH0904EJ0100 Rev.1.00 R NS 462
May 29, 2020 =ENES



RL78/G1M, G1N CHAPTER 22 INSTRUCTION SET
Table 22-5. Operation List (3/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC CY
8-bit data | MOV A, [HL+B] 2 1 4 A «— (HL +B)
transfer [HL+B], A 2 1 - (HL+B) <A
A, ES:[HL+B] 3 2 5 | A< ((ES, HL) + B)
ES:[HL+B], A 3 2 - | (ES,HL)+B) <A
A, [HL+C] 2 1 4 A — (HL + C)
[HL+C], A 2 1 - (HL+C) <A
A, ES:[HL+C] 3 2 5 | A—((ES, HL)+C)
ES:[HL+C], A 3 2 - | (ES,HL)+C)«—A
X, laddr16 3 1 4 X « (addr16)
X, ES:laddr16 4 2 5 X « (ES, addr16)
X, saddr 2 1 - X « (saddr)
B, laddr16 3 1 4 B « (addr16)
B, ES:laddr16 4 2 5 B « (ES, addr16)
B, saddr 2 1 - B « (saddr)
C, laddr16 3 1 4 C < (addr16)
C, ES:laddr16 4 2 5 C < (ES, addr16)
C, saddr 2 1 - C « (saddr)
ES, saddr 3 1 - ES « (saddr)
XCH Ajr Notws 1=X)| 1 - |Aeor
2 (other
thanr=X
A, laddr16 4 2 - A «—— (addr16)
A, ES:laddr16 5 3 - A ——(ES, addr16)
A, saddr 3 2 - A «—— (saddr)
A, sfr 3 2 - A —— sfr
A, [DE] 2 2 - | A—>(DE)
A, ES:[DE] 3 3 - A —— (ES, DE)
A, [HL] 2 2 - | Ao (HL)
A, ES:[HL] 3 3 - A —— (ES, HL)
A, [DE+byte] 3 2 - | A= (DE + byte)
A, ES:[DE+byte] 4 3 - | A== ((ES, DE) + byte)
A, [HL+byte] 3 2 — | A—> (HL + byte)
A, ES;[HL+byte] 4 3 - A —— ((ES, HL) + byte)
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.
2. Number of CPU clocks (fcLk) when the code flash memory is accessed.
Exceptr=A

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the
instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
here plus 6 further clock cycles.
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Table 22-5. Operation List (4/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC CY
8-bit data | XCH A, [HL+B] 2 2 - | A= (HL+B)
transfer A, ES:[HL+B] 3 3 - | A<—(ES, HL)+B)
A, [HL+C] 2 2 - | A——(HL+C)
A, ES:[HL+C] 3 3 - | A5 ((ES, HL)+C)
ONEB A 1 1 - A< 01H
X 1 1 - X« 01H
B 1 1 — B — 01H
C 1 1 - C—01H
laddr16 3 1 - (addr16) < 01H
ES:laddr16 4 2 - (ES, addr16) « 01H
saddr 2 1 - (saddr) < 01H
CLRB A 1 1 — A «— 00H
X 1 1 - X <« 00H
B 1 1 - B — O0H
C 1 1 - C — 00H
laddr16 3 1 - (addr16) < 00H
ES:laddr16 4 2 - (ES,addr16) < O0H
saddr 2 1 - (saddr) < OOH
MOVS [HL+byte], X 3 1 - (HL+byte) — X x x
ES:[HL+byte], X 4 2 — | (ES, HL+byte) — X x x
16-bit MOVW rp, #word 3 2 - rp < word
data saddrp, #word 4 2 - (saddrp) — word
transfer sfrp, #word 4 2 - sfrp « word
AX,rp Note3 1 2 - AX «rp
rp, AX Nowes 1 2 - rp — AX
AX, laddr16 3 2 5 AX — (addr16)
laddr16, AX 3 2 — (addr16) — AX
AX, ES:laddr16 4 & 6 AX « (ES, addr16)
ES:laddr16, AX 4 8 - (ES, addr16) — AX
AX, saddrp 2 2 - AX — (saddrp)
saddrp, AX 2 2 - (saddrp) < AX
AX, sfrp 2 2 - AX « sfrp
sfrp, AX 2 2 - sfrp « AX
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or
when no data is accessed.
2. Number of CPU clocks (fck) when the code flash memory is accessed.
3. Exceptrp=AX
Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When

the instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number

given here plus 6 further clock cycles.
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RL78/G1M, G1IN CHAPTER 22 INSTRUCTION SET
Table 22-5. Operation List (5/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC CY
16-bit MOVW AX, [DE] 1 2 & AX « (DE)
:’::Sfer [DE], AX 1 2 - | (oE) = AX
AX, ES:[DE] 2 3 6 | AX«— (ES, DE)
ES:[DE], AX 2 3 - | (ES, DE) « AX
AX, [HL] 1 2 5 | AX < (HL)
[HL], AX 1 2 - | (HL) « AX
AX, ES:[HL] 2 3 6 | AX — (ES, HL)
ES:[HL], AX 2 3 - | (ES, HL) « AX
AX, [DE+byte] 2 2 5 | AX — (DE+byte)
[DE+byte], AX 2 2 — | (DE+byte) « AX
AX, ES:[DE+byte] 3 3 6 | AX — ((ES, DE) + byte)
ES:[DE+byte], AX 3 3 - | (ES, DE) + byte) — AX
AX, [HL+byte] 2 2 5 | AX — (HL + byte)
[HL+byte], AX 2 2 — | (HL + byte) — AX
AX, ES:[HL+byte] 3 3 6 | AX < ((ES, HL) + byte)
ES:[HL+byte], AX 3 3 — | (ES, HL) + byte) — AX
AX, [SP+byte] 2 2 — | AX < (SP + byte)
[SP+byte], AX 2 2 — | (SP + byte) « AX
AX, word[B] 3 2 &) AX — (B + word)
word|[B], AX 3 2 — | (B+word) « AX
AX, ES:word[B] 4 & 6 AX — ((ES, B) + word)
ES:word[B], AX 4 8 - ((ES, B) + word) «— AX
AX, word[C] 3 2 5 | AX — (C +word)
word[C], AX 3 2 — | (C + word) « AX
AX, ES:word[C] 4 & 6 AX — ((ES, C) + word)
ES:word[C], AX 4 8 - ((ES, C) + word) — AX
AX, word[BC] 3 2 5 | AX < (BC + word)
word[BC], AX 3 2 — | (BC + word) « AX
AX, ES:word[BC] 4 & 6 AX « ((ES, BC) + word)
ES:word[BC], AX 4 8 - ((ES, BC) + word) «— AX
Notes 1.  Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.

2. Number of CPU clocks (fck) when the code flash memory is accessed.

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the

instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given

here plus 6 further clock cycles.
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RL78/G1M, G1N

CHAPTER 22

INSTRUCTION SET

Table 22-5. Operation List (6/17)

Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC cY
16-bit MOVW BC, laddr16 3 2 ) BC « (addr16)
data BC, ES:laddr16 4 3 6 BC « (ES, addr16)
transfer DE, !laddr16 3 2 ® DE « (addr16)
DE, ES:laddr16 4 8 6 DE  (ES, addr16)
HL, laddr16 3 2 5 HL « (addr16)
HL, ES:laddr16 4 8 6 HL « (ES, addr16)
BC, saddrp 2 2 - BC « (saddrp)
DE, saddrp 2 2 - DE « (saddrp)
HL, saddrp 2 2 - HL « (saddrp)
XCHW AX,rp Now3 1 2 - AX «——rp
ONEW AX 1 2 - AX <« 0001H
BC 1 2 - BC — 0001H
CLRW AX 1 2 - AX < 0000H
BC 1 2 - BC — 0000H
8-bit ADD A, #byte 2 1 - A, CY <« A + byte x ox 0x
operation saddr, #byte 3 2 - (saddr), CY « (saddr)+byte x X %
Ar  Nowes 2 1 - |ACY—A+r x x o ox
r, A 2 1 - r,CY—r+A x X X%
A, laddr16 3 1 4 | A CY < A+ (addr16) X xox
A, ES:laddr16 4 2 5 A, CY «— A + (ES, addr16) x ox 0Xx
A, saddr 2 1 - A, CY « A + (saddr) x x X
A, [HL] 1 1 4 A, CY « A+ (HL) x  x  x
A, ES:[HL] 2 2 5 A,CY — A+ (ES, HL) x ox 0x
A, [HL+byte] 2 1 4 A CY «— A+ (HL+byte) x  x x
A, ES:[HL+byte] 3 2 5 A,CY « A + ((ES, HL)+byte) x ox ox
A, [HL+B] 2 1 4 A, CY « A + (HL+B) x  x x
A, ES:[HL+B] 3 2 5 | ACY « A+((ES, HL)+B) x  x x
A, [HL+C] 2 1 4 A, CY «< A + (HL+C) x ox 0Xx
A, ES:[HL+C] 3 2 5 | ACY —A+((ES, HL)+C) X x X
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.

2. Number of CPU clocks (fcLk) when the code flash memory is accessed.

. Exceptrp=AX
4. Exceptr=A

Remark

These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the

instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given

here plus 6 further clock cycles.
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RL78/G1M, G1N CHAPTER 22 INSTRUCTION SET
Table 22-5. Operation List (7/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC cY
8-bit ADDC A, #byte 2 1 - A, CY « A+byte+CY x o ox 0x
operation saddr, #byte 3 2 - (saddr), CY « (saddr) +byte+CY x x X
A, rv Note 3 2 1 - A, CY —«A+r+CY x ox 0Xx
r, A 2 1 - r,CY —r+A+CY x X %
A, laddr16 3 1 4 A, CY « A + (addr16)+CY x x x
A, ES:laddr16 4 2 5 A, CY « A + (ES, addr16)+CY X ox 0%
A, saddr 2 1 - A, CY « A + (saddr)+CY x ox X
A, [HL] 1 1 4 | A CY A+ (HL)+CY x  x x
A, ES:[HL] 2 2 5 A,CY «— A+ (ES, HL) + CY x ox 0Xx
A, [HL+byte] 2 1 4 | A CY « A+ (HL+byte) + CY x  x x
A, ES:[HL+byte] 3 2 5 | ACY « A+ ((ES, HL)+byte) + CY x  x x
A, [HL+B] 2 1 4 | A CY < A+ (HL+B) +CY x  x x
A, ES:[HL+B] 3 2 5 | ALCY « A+((ES, HL)+B)+CY x  x x
A, [HL+C] 2 1 4 A, CY « A+ (HL+C)+CY x ox 0Xx
A, ES:[HL+C] 3 2 5 | ACY « A+ ((ES, HL)+C)+CY x  x x
SuB A, #byte 2 1 - | A CY—A-—byte x  xx
saddr, #byte 3 2 - (saddr), CY « (saddr) — byte x  x X
Ar Note3 2 1 - |ACY<A-r x o ox o
r, A 2 1 - r,CY—r-A x X x
A, laddr16 3 1 4 A, CY «— A — (addr16) x ox 0Xx
A, ES:laddr16 4 2 5 A, CY « A — (ES, addr16) x  x x
A, saddr 2 1 - A, CY « A —(saddr) x x x
A, [HL] 1 1 4 A, CY « A—-(HL) X ox X
A, ES:[HL] 2 2 5 A,CY — A—(ES, HL) x ox 0Xx
A, [HL+byte] 2 1 4 | A CY < A—(HL+byte) x  x x
A, ES:[HL+byte] 3 2 5 | ACY < A—((ES, HL)+byte) x  x x
A, [HL+B] 2 1 4 A, CY « A— (HL+B) x ox X
A, ES:[HL+B] 3 2 5 | ACY —A—((ES, HL)+B) x  x x
A, [HL+C] 2 1 4 | A CY<A-(HL+C) x  x x
A, ES:[HL+C] 3 2 5 | ACY < A—((ES, HL)+C) x  x x
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.
2. Number of CPU clocks (fcLk) when the code flash memory is accessed.
Exceptr=A

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the
instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
here plus 6 further clock cycles.
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CHAPTER 22

INSTRUCTION SET

Table 22-5. Operation List (8/17)

Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC cY
8-bit SUBC A, #byte 2 1 - A, CY « A—byte - CY x ox X
operation saddr, #byte 3 2 - (saddr), CY « (saddr) — byte — CY x X %
Ar Note 3 2 1 - A CY—A-r-CY x ox X
r, A 2 1 - r,CY —r—-A-CY X ox 0%
A, laddr16 3 1 4 A, CY «— A - (addr16) - CY X X ox
A, ES:laddr16 4 2 5 A, CY « A - (ES, addr16) - CY x ox X
A, saddr 2 1 - A, CY « A — (saddr) - CY x X 0%
A, [HL] 1 1 4 A CY —A-(HL)-CY x  x X
A, ES:[HL] 2 2 5 ACY —«A—(ES,HL)-CY x ox X
A, [HL+byte] 2 1 4 A, CY « A — (HL+byte) - CY x ox X
A, ES:[HL+byte] 3 2 5 A,CY «— A—((ES, HL)+byte) - CY x ox X
A, [HL+B] 2 1 4 A, CY « A— (HL+B)-CY x ox ox
A, ES:[HL+B] 3 2 5 ACY «— A—((ES, HL)+B) - CY x x X
A, [HL+C] 2 1 4 A, CY —« A—-(HL+C)-CY x ox X
A, ES:[HL+C] 3 2 5 A, CY « A—((ES:HL)+C)-CY x ox X
AND A, #byte 2 1 - A — AN byte x
saddr, #byte 3 2 - (saddr) < (saddr) A byte x
Ar Note 3 2 1 - A—ANAT x
r,A 2 1 - ReraA x
A, laddr16 3 1 4 A — A (addr16) x
A, ES:laddr16 4 2 5 A — A A (ES:addr16) x
A, saddr 2 1 - A — A A (saddr) x
A, [HL] 1 1 4 A<—ANn (HL) x
A, ES:[HL] 2 2 5 A — AN (ES:HL) x
A, [HL+byte] 2 1 4 A — A A (HL+byte) x
A, ES:[HL+byte] 3 2 5 A — A A ((ES:HL)+byte) x
A, [HL+B] 2 1 4 A — AN (HL+B) x
A, ES:[HL+B] 3 2 5 A — AN ((ES:HL)+B) x
A, [HL+C] 2 1 4 A —ANA (HL+C) x
A, ES:;[HL+C] 3 2 5 A «— A A ((ES:HL)+C) x
Notes 1.  Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.
2. Number of CPU clocks (fcLk) when the code flash memory is accessed.
Exceptr=A

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the
instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
here plus 6 further clock cycles.

RO1UHO904EJ0100 Rev.1.00

468
May 29, 2020 REN ESNAS



RL78/G1M, G1N CHAPTER 22 INSTRUCTION SET
Table 22-5. Operation List (9/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC CY
8-bit OR A, #byte 2 1 - | A—Av byte x
operation saddr, #byte 3 2 - (saddr) < (saddr)v byte x
Ajr Notes 2 1 - |A<AvT x
r, A 2 1 - r—rvaA x
A, laddr16 3 1 4 A — Av addr16) x
A, ES:laddr16 4 2 5 A — Av (ES:addr16) x
A, saddr 2 1 - A — Av (saddr) x
A, [HL] 1 1 4 A~ Av (H) x
A, ES:[HL] 2 2 5 | A—Av (ES:HL) x
A, [HL+byte] 2 1 4 A — Av (HL+byte) x
A, ES;[HL+byte] 3 2 5 | A« Av ((ES:HL)+byte) x
A, [HL+B] 2 1 4 A — AV (HL+B) x
A, ES:[HL+B] 3 2 5 | A—Av ((ES:HL)+B) x
A, [HL+C] 2 1 4 A «— Av (HL+C) x
A, ES:[HL+C] 3 2 5 | A< Av ((ES:HL)+C) x
XOR A, #byte 2 1 — | A—Avbyte x
saddr, #byte 3 2 - (saddr) < (saddr)vbyte x
Ar Note 3 2 1 - A — Avr x
r, A 2 1 - r—rvA x
A, laddr16 3 1 4 A — Av(addr16) x
A, ES:laddr16 4 2 5 A — Aw(ES:addr16) x
A, saddr 2 1 - A — Aw(saddr) x
A, [HL] 1 1 4 A — Aw(HL) x
A, ES:[HL] 2 2 5 A — Aw(ES:HL) x
A, [HL+byte] 2 1 4 A «— Av(HL+byte) x
A, ES:[HL+byte] 3 2 5 A — Aw((ES:HL)+byte) x
A, [HL+B] 2 1 4 A — Aw(HL+B) x
A, ES:[HL+B] 3 2 5 | A— A%((ES:HL)+B) x
A, [HL+C] 2 1 4 A — Av(HL+C) x
A, ES:[HL+C] 3 2 5 | A« Aw(ES:HL)+C) x
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.
2. Number of CPU clocks (fcLk) when the code flash memory is accessed.
Exceptr=A

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the
instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
here plus 6 further clock cycles.
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RL78/G1M, G1IN CHAPTER 22 INSTRUCTION SET
Table 22-5. Operation List (10/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC CY
8-bit CMP A, #byte 2 1 - | A-byte x  x x
operation laddr16, #byte 4 1 4 (addr16) — byte x  x X
ES:laddr16, #byte 5 2 5 (ES:addr16) — byte x  x x
saddr, #byte 3 1 - (saddr) — byte x X %
Ar Note3 2 1 - A-r x x X
r, A 2 1 - r—A x  x X
A, laddr16 3 1 4 A — (addr16) x ox X%
A, ES:laddr16 4 2 5 A — (ES:addr16) x x X
A, saddr 2 1 - A — (saddr) x  x %
A, [HL] 1 1 4 | A-(HL) x  x X
A, ES:[HL] 2 2 5 A — (ES:HL) x ox 0x
A, [HL+byte] 2 1 4 A — (HL+byte) x  x X
A, ES;[HL+byte] 3 2 5 A — ((ES:HL)+byte) x  x X
A, [HL+B] 2 1 4 A — (HL+B) x o ox 0Xx
A, ES;[HL+B] 3 2 5 A - ((ES:HL)+B) x  x x
A, [HL+C] 2 1 4 A — (HL+C) x  x  x
A, ES:[HL+C] 3 2 5 A — ((ES:HL)+C) X x X
CMPO A 1 1 - A —00H x 0 O
X 1 1 — X —00H x 0 O
B 1 1 - B — 00H x 0 O
C 1 1 - C —00H x 0 O
laddr16 3 1 4 (addr16) — 00H x 0 O
ES:laddr16 4 2 5 (ES:addr16) — 00H x 0 O
saddr 2 1 - (saddr) — OOH x 0 O
CMPS X, [HL+byte] 3 1 4 X — (HL+byte) x  x x
X, ES:[HL+byte] 4 2 5 X — ((ES:HL)+byte) x X %
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.

2. Number of CPU clocks (fcLk) when the code flash memory is accessed.

Exceptr=A

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the

instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given

here plus 6 further clock cycles.
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RL78/G1M, G1N CHAPTER 22 INSTRUCTION SET
Table 22-5. Operation List (11/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC CY
16-bit ADDW AX, #word 3 2 - AX, CY «— AX+word x x X
operation AX, AX 1 2 - | AX, cY — AX+AX x x x
AX, BC 1 2 - AX, CY «— AX+BC x x X
AX, DE 1 2 - AX, CY «— AX+DE x x X
AX, HL 1 2 - AX, CY «— AX+HL x X 0x
AX, laddr16 3 2 5 AX, CY «— AX+(addr16) x x X
AX, ES:laddr16 4 3 6 AX, CY «— AX+(ES:addr16) x x X
AX, saddrp 2 2 - AX, CY «— AX+(saddrp) x x X
AX, [HL+byte] 3 2 5 | AX, CY — AX+(HL+byte) x  x ox
AX, ES: [HL+byte] 4 3 6 | AX, CY «— AX+((ES:HL)+byte) x  x x
SUBW AX, #word 3 2 - AX, CY «— AX — word x x X
AX, BC 1 2 - AX, CY «— AX-BC x x X
AX, DE 1 2 - AX, CY — AX-DE x x X
AX, HL 1 2 - AX, CY «— AX—HL x x X
AX, laddr16 3 2 5 AX, CY «— AX — (addr16) x ox 0x
AX, ES:laddr16 4 & 6 AX, CY «— AX — (ES:addr16) x x X
AX, saddrp 2 2 - AX, CY «— AX — (saddrp) x x X
AX, [HL+byte] 3 2 5 | AX, CY « AX — (HL+byte) x  x  x
AX, ES: [HL+byte] 4 3 6 AX, CY «— AX — ((ES:HL)+byte) x x X
CMPW AX, #word 3 2 - AX — word x x X
AX, BC 1 2 - AX-BC x  x x
AX, DE 1 2 - AX -DE x  x 0%
AX, HL 1 2 - AX —HL x x X
AX, laddr16 3 2 5 AX — (addr16) x x X
AX, ES:laddr16 4 & 6 AX — (ES:addr16) x x X
AX, saddrp 2 2 - AX — (saddrp) x x ox
AX, [HL+byte] 3 2 5 | AX - (HL+byte) x  x  ox
AX, ES: [HL+byte] 4 3 6 | AX = ((ES:HL)+byte) x  x  x
Multiply MULU X 1 2 - AX «— AxX
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or
when no data is accessed.
2. Number of CPU clocks (fck) when the code flash memory is accessed.

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the

here plus 6 further clock cycles.

instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
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RL78/G1M, G1N

CHAPTER 22

INSTRUCTION SET

Table 22-5. Operation List (12/17)

Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 AC CY
Increment/ | INC r 1 1 - r—r+1 x
decrement laddr16 3 2 — | (addr16) «— (addr16)+1 x
ES:laddr16 4 3 - (ES, addr16) — (ES, addr16)+1 x
saddr 2 2 - (saddr) < (saddr)+1 x
[HL+byte] 3 2 - (HL+byte) « (HL+byte)+1 x
ES: [HL+byte] 4 3 - ((ES:HL)+byte) < ((ES:HL)+byte)+1 x
DEC r 1 1 — r—r—1 x
laddr16 3 2 - (addr16) < (addr16) — 1 x
ES:laddr16 4 3 - (ES, addr16) — (ES, addr16) —1 x
saddr 2 2 - (saddr) « (saddr) — 1 x
[HL+byte] 3 2 - (HL+byte) — (HL+byte) —1 x
ES: [HL+byte] 4 3 - ((ES:HL)+byte) « ((ES:HL)+byte) — 1 x
INCW P 1 2 - | rp—rp+1
laddr16 3 4 - (addr16) — (addr16)+1
ES:laddr16 4 5 - (ES, addr16) — (ES, addr16)+1
saddrp 2 4 - (saddrp) < (saddrp)+1
[HL+byte] 3 4 - (HL+byte) « (HL+byte)+1
ES: [HL+byte] 4 5 - ((ES:HL)+byte) < ((ES:HL)+byte)+1
DECW p 1 2 - p—rp-—1
laddr16 3 4 - (addr16) < (addr16) — 1
ES:laddr16 4 5 - (ES, addr16) — (ES, addr16) — 1
saddrp 2 4 - (saddrp) « (saddrp) — 1
[HL+byte] 3 4 - (HL+byte) — (HL+byte) — 1
ES: [HL+byte] 4 5 - ((ES:HL)+byte) « ((ES:HL)+byte) — 1
Shift SHR A, cnt 2 1 - (CY « Ao, Am-1<— Am A7+ 0) xcnt x
SHRW AX, cnt 2 2 - (CY «— AXo, AXm-1+— AXm, AX15« 0) xcnt x
SHL A, cnt 2 1 - (CY « A7, Am < Am-1, Ao — 0) xcnt x
B, cnt 2 1 - (CY « B7, Bm < Bm-1, Bo«— 0) xcnt x
C, cnt 2 1 - (CY « C7, Cm« Cm-1, Co— 0) xcnt x
SHLW AX, cnt 2 2 - (CY « AXis5, AXm < AXm-1, AXo«+ 0) xcnt X
BC, cnt 2 2 - (CY « BC15, BCm « BCm-1, BCo« 0) xcnt x
SAR A, cnt 2 1 - (CY « Ao, Am-1— Am, A7 — A7) xcnt x
SARW AX, cnt 2 2 - (CY «— AXo, AXm-1<— AXm, AX1s— AXi5) xcnt x
Notes 1. Number of CPU clocks (fck) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.
2. Number of CPU clocks (fck) when the code flash memory is accessed.

Remarks 1. These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When
the instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number
given here plus 6 further clock cycles.

2. cntindicates the bit shift count.
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Table 22-5. Operation List (13/17)

Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC cY
Rotate ROR A1 2 1 - (CY, A7 Ao, Am-1 — Am)x1 x
ROL A1 2 1 - (CY, Ao« A7, Am+1 < Am)x1 x
RORC A1 2 1 - (CY « Ao, A7 CY, Am-1— Am)x1 x
ROLC A1 2 1 - (CY « A7, Ao — CY, Am+1 +— Am)x1 x
ROLWC | AX1 2 2 - (CY « AXi5, AXo «— CY, AXm+1 — AXm) x1 x
BC,1 2 2 - (CY <« BCi15, BCo«— CY, BCm+1 < BCm) x1 x
Bit MOV1 CY, A.bit 2 1 - CY « A.bit x
manipulate Abit, CY 2 1 - | Abit—cy
CY, PSW.bit 3 1 - CY « PSW.bit x
PSW.bit, CY 3 4 - PSW.bit — CY X X
CY, saddr.bit 3 1 - CY « (saddr).bit x
saddr.bit, CY 3 2 - (saddr).bit — CY
CY, sfr.bit 3 1 - CY « sfr.bit x
sfr.bit, CY 3 2 - sfr.bit — CY
CY,[HL].bit 2 1 4 CY « (HL).bit x
[HL].bit, CY 2 2 - (HL).bit — CY
CY, ES:[HL].bit 3 2 5 CY « (ES, HL).bit x
ES:[HL].bit, CY 3 3 - (ES, HL).bit — CY
AND1 CY, A.bit 2 1 - CY « CY A A.bit x
CY, PSW.bit 3 1 - CY « CY A PSW.bit x
CY, saddr.bit 3 1 - CY <« CY A (saddr).bit x
CY, sfr.bit 3 1 - CY « CY A sfr.bit x
CY,[HL].bit 2 1 4 CY « CY A (HL).bit x
CY, ES:[HL].bit 3 2 5 CY « CY A (ES, HL).bit x
OR1 CY, A.bit 2 1 - CY « CY v A.bit x
CY, PSW.bit 3 1 - CY « CY v PSW.bit x
CY, saddr.bit 3 1 - CY <« CY v (saddr).bit x
CY, sfr.bit 3 1 - CY « CY v sfr.bit x
CY, [HL].bit 2 1 4 CY « CY Vv (HL).bit x
CY, ES:[HL].bit 3 2 5 CY « CY Vv (ES, HL).bit x

Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or
when no data is accessed.
2. Number of CPU clocks (fcLk) when the code flash memory is accessed.

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the
instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
here plus 6 further clock cycles.
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Table 22-5. Operation List (14/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC CY
Bit XOR1 CY, A.bit 2 1 - CY < CY ~A.bit x
manipulate CY, PSW.bit 3 1 — | oY < cY ~PSW.bit x
CY, saddr.bit 3 1 - CY «— CY w(saddr).bit x
CY, sfr.bit 3 1 - CY « CY wsfr.bit x
CY, [HL].bit 2 1 4 CY < CY ~ (HL).bit x
CY, ES:[HL].bit 3 2 5 CY <« CY «~ (ES, HL).bit x
SET1 A.bit 2 1 — A.bit — 1
PSW.bit 3 4 - PSW.bit — 1 x ox 0x
laddr16.bit 4 2 - (addr16).bit <« 1
ES:laddr16.bit 5 3 - (ES, addr16).bit « 1
saddr.bit 3 2 - (saddr).bit <« 1
sfr.bit 3 2 - sfr.bit « 1
[HL].bit 2 2 - (HL).bit «— 1
ES:[HL].bit 3 3 - (ES, HL).bit — 1
CLR1 A.bit 2 1 — A.bit — 0
PSW.bit 3 4 - PSW.bit — 0 x ox 0Xx
laddr16.bit 4 2 - (addr16).bit < 0
ES:laddr16.bit 5 3 - (ES, addr16).bit < 0
saddr.bit 3 2 - (saddr).bit < 0
sfr.bit 3 2 - sfr.bit — 0
[HL].bit 2 2 - (HL).bit — 0
ES:[HL].bit 3 3 - (ES, HL).bit — 0
SET1 CY 2 1 — CY «1 1
CLR1 CY 2 1 - CY <0 0
NOT1 CcY 2 1 - CY —~CY x
Notes 1. Number of CPU clocks (fcik) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed
2. Number of CPU clocks (fcLk) when the code flash memory is accessed.

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the
instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
here plus 6 further clock cycles.
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Table 22-5. Operation List (15/17)

Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC cY
Call/ CALL rp 2 4 - (SP — 2) « (PC+2)s, (SP — 3) «— (PC+2)H,
return (SP —4) « (PC+2),, PC « CS, rp,
SP—SP-4
$laddr20 3 4 - (SP — 2) « (PC+3)s, (SP — 3) « (PC+3)n,
(SP —4) « (PC+3)., PC — PC+3+jdisp16,
SP—SP-4
laddr16 3 4 - (SP — 2) « (PC+3)s, (SP — 3) « (PC+3)n,
(SP —4) «— (PC+3)., PC < 0000, addr16,
SP—SP-4
lladdr20 4 4 - (SP — 2) « (PC+4)s, (SP — 3) « (PC+4),
(SP —4) — (PC+4)., PC < addr20,
SP—SP-4
CALLT [addr5] 2 6 - (SP —2) — (PC+2)s, (SP - 3) — (PC+2)n,

(SP —4) « (PC+2)., PCs « 0000,

PCH « (0000, addr5+1),

PCL« (0000, addr5),

SP—SP-4

BRK - 2 7 - (SP —1) «— PSW, (SP — 2) « (PC+2)s,
(SP = 3) « (PC+2)n, (SP —4) — (PC+2).,
PCs « 0000,

PChH « (0007FH), PCL« (0007EH),
SP—SP-4,IE<0

RET - 1 7 - PCL« (SP), PCh « (SP+1),

PCs « (SP+2), SP «— SP+4

RETI - 2 8 - PCL <« (SP), PChH «— (SP+1), R R R
PCs «— (SP+2), PSW« (SP+3),
SP — SP+4

RETB - 2 8 - PCL« (SP), PCh« (SP+1), R R R
PCs — (SP+2), PSW « (SP+3),
SP «— SP+4

Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or
when no data is accessed.
2. Number of CPU clocks (fcLk) when the code flash memory is accessed.

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the
instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
here plus 6 further clock cycles.
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Table 22-5. Operation List (16/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC CY
Stack PUSH PSW 2 2 - | (SP=1) < PSW, (SP — 2) — 00H,
manipulate SP  SP-2
rp 1 2 - (SP = 1) < rpH, (SP — 2) « rpy,
SP«—SP-2
POP PSW 2 4 - PSW « (SP+1), SP «— SP + 2 R R R
p 1 2 - rpL «—(SP), rpx «— (SP+1), SP — SP + 2
MOVW SP, #word 4 2 - SP « word
SP, AX 2 2 - SP « AX
AX, SP 2 2 - AX < SP
HL, SP 3 2 - HL «— SP
BC, SP 3 2 - BC — SP
DE, SP 3 2 - DE « SP
ADDW SP, #ibyte 2 2 - | SP«— SP +byte
SUBW SP, #byte 2 2 - SP «— SP —byte
Unconditional | BR AX 2 3 - PC — CS, AX
branch $addr20 2 3 — | PC < PC +2 +]disp8
$laddr20 3 3 - PC «— PC + 3 + jdisp16
laddr16 3 3 - PC — 0000, addr16
lladdr20 4 3 - PC « addr20
Conditional BC $addr20 2 2/4 Note3 - PC — PC + 2 +jdisp8 if CY = 1
branch BNC $addr20 2 |2/anees|  _ | PC . PC+2 +jdisp8if CY = 0
Bz $addr20 2 2/4 Note3 - PC — PC + 2 +jdisp8ifZ=1
BNZ $addr20 2 2/4 Notes - PC —PC+2 +jdisp8ifZ=0
BH $addr20 3 2/4 Note3 - PC — PC + 3 +jdisp8 if (Zv CY)=0
BNH $addr20 3 2/4 Note3 - PC — PC + 3 +jdisp8 if (Zv CY)=1
BT saddr.bit, $addr20 4 3/5 Notes - PC — PC + 4 + jdisp8 if (saddr).bit = 1
sfr.bit, $addr20 4 3/5 Note3 - PC «— PC + 4 + jdisp8 if sfr.bit = 1
A.bit, $addr20 3 3/5 Notes - PC — PC + 3 + jdisp8 if A.bit =1
PSW.bit, $addr20 4 3/5 Note3 - PC «— PC + 4 + jdisp8 if PSW.bit = 1
[HL].bit, $addr20 3 |3/5N3 | 67 | PC« PC + 3 +jdisp8 if (HL).bit = 1
ES:[HL].bit, 4 4/ Noe3 [ 7/8 PC — PC + 4 + jdisp8 if (ES, HL).bit = 1
$addr20
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.

Number of CPU clocks (fcLk) when the code flash memory is accessed.

This indicates the number of clocks “when condition is not met/when condition is met”.

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the

instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given

here plus 6 further clock cycles.
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Table 22-5. Operation List (17/17)
Instruction | Mnemonic Operands Bytes Clocks Operation Flag
Group Note 1 | Note 2 Z AC cY
Conditional | BF saddr.bit, $addr20 4 3/5 Note3 - PC — PC + 4 + jdisp8 if (saddr).bit = 0
branch sfr.bit, $addr20 4 |3/5Nees| | PC— PC +4 + disp8 if sfr.bit = 0
A.bit, $addr20 3 3/5 Note3 - PC «— PC + 3 + jdisp8 if A.bit=0
PSW.bit, $addr20 4 3/5 Notes - PC — PC + 4 + jdisp8 if PSW.bit = 0
[HL].bit, $addr20 3 35 Netes | 6/7 | PC « PC + 3 +jdisp8 if (HL).bit = 0
ES:[HL].bit, 4 4/6 Notes 7/8 PC — PC + 4 +jdisp8 if (ES, HL).bit=0
$addr20
BTCLR saddr.bit, $addr20 4 3/5 Notes - PC « PC + 4 + jdisp8 if (saddr).bit = 1
then reset (saddr).bit
sfr.bit, $addr20 4 3/5 Notes - PC — PC + 4 + jdisp8 if sfr.bit = 1
then reset sfr.bit
A.bit, $addr20 3 3/5 Note3 - PC — PC + 3 + jdisp8 if A.bit =1
then reset A.bit
PSW.bit, $addr20 4 3/5 Note3 - PC — PC + 4 + jdisp8 if PSW.bit = 1 x ox 0%
then reset PSW.bit
[HL].bit, $addr20 3 3/5 Note3 - PC «— PC + 3 + jdisp8 if (HL).bit = 1
then reset (HL).bit
ES:[HL].bit, 4 4/ Notes - PC — PC + 4 + jdisp8 if (ES, HL).bit = 1
$addr20 then reset (ES, HL).bit
Conditional | SKC - 2 1 - Next instruction skip if CY = 1
skip SKNC - 2 1 — | Next instruction skip if CY = 0
SKZ - 2 1 - Next instruction skip if Z =1
SKNZ - 2 1 - Next instruction skip if Z=0
SKH - 2 1 - Next instruction skip if (Zv CY)=0
SKNH - 2 1 - Next instruction skip if (Zv CY)=1
CPU NOP - 1 1 - No Operation
control El - 3 4 - IE — 1 (Enable Interrupt)
DI - 3 4 - IE < O (Disable Interrupt)
HALT - 2 3 - Set HALT Mode
STOP - 2 3 - Set STOP Mode
Notes 1. Number of CPU clocks (fcLk) when the internal RAM area, SFR area, or extended SFR area is accessed, or

when no data is accessed.

Number of CPU clocks (fck) when the code flash memory is accessed.

This indicates the number of clocks “when condition is not met/when condition is met”.

Remark These numbers of clock cycles apply when the program is in the internal ROM (flash memory) area. When the

here plus 6 further clock cycles.

instruction is fetched from the internal RAM area, the number is, at most, the quadruple of the number given
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CHAPTER 23 ELECTRICAL SPECIFICATIONS

Cautions 1. The RL78 microcontrollers have an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass production,
because the guaranteed number of rewritable times of the flash memory may be exceeded when this
function is used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not
liable for problems occurring when the on-chip debug function is used.

2. The pins mounted depend on the product. See 2.1 Port Functions and 2.2 Functions Other than
Port Pins.

3. Use this product within the voltage range from 2.25 to 5.5 V because the detection voltage (Vspror) of
the selectable power-on-reset (SPOR) circuit should also be considered.
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CHAPTER 23 ELECTRICAL SPECIFICATIONS

23.1 Absolute Maximum Ratings

(Ta =25°C)

Parameter Symbols Conditions Ratings Unit
Supply voltageMote! Voo -0.5t0 +6.5 Y,
Input voltage™°t©* Vie —0.3to Vop + 0.3N0te2 Y,
Output voltageN°te? Vo1 —0.3to Voo + 0.3 Y,
Output current, high loH1 Per pin P00 to P05 RL78/G1M -40 mA

RL78/G1N -130 mA

P06, PO7, P10 to P16, P40 -40 mA

Total of all | POO to P05 RL78/G1M -70 mA

pins RL78/GIN -160 mA

P06, P07, RL78/G1M -100 mA

P10t P16, P40 | gy 7g/GIN ~100 mA

Output current, low loL1 Per pin 40 mA

Total of all | POO to P05 RL78/G1M 70 mA

pins RL78/GIN 90 mA

P06, P07, RL78/G1M 100 mA

P10t P16, P40 | gy 78/GIN 170 mA

Operating ambient Ta —40 to +85 °C
temperature

Storage temperature Tstg —65 to +150 °C

Notes 1. Vss is used as the reference potential.

2. Must be 6.5 V or lower.

Caution Product quality may suffer if the absolute maximum rating is exceeded

even momentarily for any

parameter. That is, the absolute maximum ratings are rated values at which the product is on the verge

of suffering physical damage, and therefore the product must be used under conditions that ensure that
the absolute maximum ratings are not exceeded.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.

2. The reference voltage is Vss.

RO1UH0904EJ0100 Rev.1.00

May 29, 2020

RRENESAS

479



RL78/G1M, G1IN CHAPTER 23 ELECTRICAL SPECIFICATIONS

23.2 Oscillator Characteristics

23.2.1 On-chip oscillator characteristics

(TA=-40to +85°C,2.0V=Vop=55V,Vss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator oscillation | fix 1.25 20 MHz
frequency™etes 1.2
High-speed on-chip oscillator oscillation Ta=-40to -20°C -3 +3 %
frequency accuracy Ta = —20 to +85°C ) +2 %
Low-speed on-chip oscillator oscillation | fi. 15 kHz
frequency™ote 3
Low-speed on-chip oscillator clock -15 +15 %
frequency accuracy
Notes 1. High-speed on-chip oscillator frequency is selected by bits O to 2 of option byte (000C2H).
2. This only indicates the oscillator characteristics. See AC Characteristics for instruction execution time.
3. This only indicates the oscillator characteristics.
480
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23.3 DC Characteristics

23.3.1 Pin characteristics of RL78/G1M

(TA=-40to +85°C,2.0V=Vop =55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, loH1 Per pin for —10N*2 | mA
highNote 1 P00 to PO7, P10 to P16, P40

Total of POO to P05 40V <Vopbs55V -50 mA
(When duty < 70%)™“ 2.7V <Vop<4.0V ~10 | mA
20V <sVop<27V —7.5 mA

Total of P06, P07, P10 to P16, P40 40V <Vopb<55V -80 mA
(When duty < 70%)™“ 27V <Vop<4.0V ~16 | mA
20V <sVop<27V -12 mA

Total of all pins (When duty < 70%)N°te 3 -130 mA
Output current, low lou1 Per pin for POO to P07, P10 to P16, P40 2QNote 2 mA
Total of POO to P05 40V <Vops55V 60 mA
(When duty < 70%)""* 2.7V <Voo<4.0V 9 mA
20V <Vop<27V 1.8 mA

Total of P06, P07, P10 to P16, P40 40V <Vops55V 100 mA
(When duty < 70%)""* 2.7V < Vo< 4.0V 15 mA
20V <Vop<27V 3 mA

Total of all pins (When duty < 70%)Nt¢4 160 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Voo pin to an
output pin.
2. Do not exceed the total current value.
3. Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (lox x 0.7)/(n x 0.01)
<Example> Where n = 80% and loH = -10.0 mA
Total output current of pins = (-10.0 x 0.7)/(80 x 0.01) = -8.7 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.
4. Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (loL x 0.7)/(n x 0.01)
<Example> Where n = 80% and lo. = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

Caution P06 and P10 do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port.
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23.3.2 Pin characteristics of RL78/G1N

(TA=-40to +85°C,45V=Vop=55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output current, loH1 Total of all pins (When duty < 70%)\°*¢3 | 45V <Vop<5.5V -160 mA
hl hNolel

9 Total of POO to P05 -140 mA
45V <Vopbs55V
(When duty < 70%)N°te 3

Total of P06, P07, P10 to P16, P40 80 | mA
45V <VopS55V
(When duty < 70%)Note 3

Per pin (COM) for POO to PO5Nete S 45V <Voo<55V —120Mt2 | mA

Per pin (SEG, other) for _10Mte2 | mA
45V <Vop<55V
P06, P07, P10 to P16, P40

Output current, low | low Total of all pins (When duty < 70%)"°4 | 45V <Vop< 55V 160 mA
Total of POO to P05 80 mA
45V <Vops55V
(When duty < 70%)N°te4
Total of P06, P07, P10 to P16, P40 150 mA
45V <sVops55V
(When duty < 70%)Note 4
Per pin (SEG) for 15 mA

P06, PO7, P10 to P15"'e® 45V E V=55V

Per pin (COM, other) for oQNote 2 mA
45V <Vops<h5V
P00 to P05, P16, P40

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Voo pin to an
output pin.
2. Do not exceed the total current value.
3. Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (lon x 0.7)/(n % 0.01)
<Example> Where n = 80% and lox = -10.0 mA
Total output current of pins = (-10.0 x 0.7)/(80 x 0.01) = -8.7 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.
4. Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (loL x 0.7)/(n x 0.01)
<Example> Where n = 80% and lo. = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

RO1UHO0904EJ0100 Rev.1.00 ‘-zENESAS 482
May 29, 2020



RL78/G1M, G1IN CHAPTER 23 ELECTRICAL SPECIFICATIONS

Notes 5.  Specification under conditions where (t1/t2*100%) < 25%.
The output current when the condition changes to a value in the range of (t1/t2*100%) > 25% can be
calculated from the following expression (after replacing (t1/t2*100%) with n%).
e Total output current of pins = (lon x 0.25)/(n x 0.01)
<Example> Where n = 60% and lon = -120.0 mA
Total output current of pins = (-120.0 x 0.25)/(60 x 0.01) = -50 mA

However, the current does not depend on the number of COM signals. A current higher than the absolute

maximum rating must not flow into one pin.

The waveforms for 6 COM signals are shown below.

Output Waveforms for 6 COM Signals
>
t2
COMO :
t1
COM1:
com2: [ T
COM3:
com4:
COM5 :
Notes 6. Specification under conditions where (t1/t2*100%) < 25%.

The output current when the condition changes to a value in the range of (t1/t2*100%) > 25% can be
calculated from the following expression (after replacing (t1/t2*100%) with n%).
e Total output current of pins = (loL x 0.25)/(n x 0.01)
<Example> Where n = 60% and lo. = 15.0 mA
Total output current of pins = (15.0 x 0.25)/(60 x 0.01) = 6.25 mA
However, the current does not depend on the number of COM signals. A current higher than the absolute
maximum rating must not flow into one pin.

Caution P06, P07, P10 to P15 do not output high level in N-ch open-drain mode.
Set P-ch open drain of P00 to P05 to off state (high impedance) during A/D conversion (RL78/G1N).

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port.
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23.3.3 Common items

(TA=-40to +85°C,2.0V=Vop=55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH1 0.8 Vop Vob \%
Input voltage, low Vi 0 0.2 Voo
Output voltage, Vor1 P00 to P05 lon=-10 mA 40V <Vops55V Voo— 1.5 Vop \Y
highete* lon=—3 mA 40V<VooS55V | Voo—0.7 Voo v

lon=-2 mA 27V <Vopbs55V Voo— 0.6 Vop \%

lon=-1.5 mA 20V <Vops55V Voo— 0.5 Voo \%

lon=—-120 mAN°*3 145V <Vop< 5.5V Voo— 1.0 Vop \%

VoHz P06, P07, lon=-10 mA 40V <Vop<s55V Voo— 1.5 Vop \Y%

P10 to P16, low=—3 mA 40VSVoo<55V | Voo—0.7 Voo v

P40 lon= -2 mA 27V <Vopbs55V Voo— 0.6 Vop \%

lon=-1.5 mA 20V <Vops55V Voo— 0.5 Voo \%

Output voltage, VoL1 POO0 to P05, lo.=20 mA 40V <Vops55V 0 15 \Y

lowfere? P16, P40 loL= 1.5 mA 27V <Vop<55V 0 0.4 v

lo.=0.6 mMA 20V<=sVops55V 0 0.4 \%

VoL2 P06, P07, lo.=20 mA 40V <Vops5h5V 0 1.5 \%

P10to P15 loL= 1.5 mA 27V <Vop<55V 0 0.4 v

lo.= 0.6 mA 20V<Vops55V 0 0.4 \%

loL = 15 mANote 4 45V <Vops55V 0 0.6 \%

Input leakage ILiHa P00 to PO7, P10 to P16, P40, P41, P125, P137 Vi=Vop 1 HA
current, high

Input leakage luia P00 to P07, P10 to P16, P40, P41, P125, P137 Vi=Vss -1 HA
current, low

On-chip pull-up Ru Vi = Vss 10 20 100 kQ

resistance
On-chip pull-down Ro Vi = Voo 100 200 kQ

resistanceN°te s

Notes 1.

o~ w N

Caution The maximum value of Vi1 is Vop even in N-ch open-drain mode.

Do not output high level in N-ch open-drain mode.

The value under the condition which satisfies the high-level output current (loHz).
The value under the condition which satisfies the low-level output current (loc1).

P-ch open-drain (RL78/G1N only)
N-ch open-drain
RL78/G1N only.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port.
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23.3.4 Supply current characteristics

(TA=-40to +85°C,2.0V=Vop=55V,Vss=0V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply current™e®® | |pp1 Operating | Basic operation | fit=20 MHz | Voo =3.0V, 5.0V 1.05 mA
mode Normal operation | fis = 20 MHz | Voo =3.0V, 5.0 V 219 | 2.95
fin =5 MHz Voo =3.0V,5.0V 1.13 1.56
Ipp2Nete 2 HALT mode fn=20MHz | Voo =3.0V, 5.0V 390 980 HA
fin=5 MHz Voo =3.0V,5.0V 300 640
Ippahote 3 STOP modeNete4 Voo =3.0V 0.61Nt5 235 HA
12-bit interval timer | ItmkaNotes 6.7 0.31 HA
operating current
Watchdog timer [wprhotes 6.7 0.31 HA
operating current
A/D converter lapchote & When conversion at Vop =5.0V 1.30 1.90 mA
operating current maximum speed Vb = 3.0 V 0.50 mA

Notes 1. Total current flowing into Voo, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, 1/0 port, and on-chip pull-up/pull-down resistors.

2. During HALT instruction execution by flash memory.

w

When watchdog timer and A/D converter are stopped. The values below the MAX. column include the
leakage current.

Condition applies at any temperature.

Value at Voo =3V, Ta = 25°C.

Current flowing into Voo.

N o o s

Excluding the operating current of the low-speed on-chip oscillator (fi.).

Remarks 1. fi.: Low-speed on-chip oscillator clock frequency
2. Temperature condition of the typical value is Ta = 25°C
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23.4 AC Characteristics

(TA=-40to +85°C,2.0V=Vop=55V,Vss=0V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main system clock (fwan) (2.7 V <Vop<5.5V 0.05 0.8 us
instruction execution time) operation 20V <Vob<55V 0.2 08 us
TIOO to TIO3 input high-level | trn, Noise filter is not used 1/fmck+10 ns
width, low-level width tri
TOO0O to TOO03 output fro 40V<=Vop<55V 10 MHz
frequency 27V<Von<4.0V 5 MHz
20V<Vop<27V 2.5 MHz
PCLBUZO0 output frequency | fecL 40V<Vopbs55V 10 MHz
27V=sVop<40V 5 MHz
20V<sVop<27V 2.5 MHz
'RESET low-level width trsL 10 us

Remark fumck: Timer array unit operation clock frequency
(Operation clock to be set by the timer clock select register 0 (TPS0) and the CKSOn1 bit of timer mode register

OnH (TMRONH). n: Channel number (n =0 to 3))

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs Vbbb

10

1.0

clock is selected

0.8

0.2

Cycle time Tcy [ms]

0.1

0.05

0.01

1.0

20 B0 40 50

2.7

Supply voltage Voo [V]

55

6.0

—— When the high-speed on-chip oscillator
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AC Timing Test Points

Vii/Von Vin/Von
Test points
Vi/Vou > P < Vi/Vou

TITO Timing

tric trin

TI00 to TI03

l \k—
1/fro
TOO0O0 to TO03 J / j
RESET Input Timing
trsL
RESET l
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23.5 Serial Interface Characteristics

AC Timing Test Points

Vin/Vor ViH/Vor
Test points
>< Vil/Voo > P < Vi/Vou

23.5.1 Serial array unit

(1) UART mode (dedicated baud rate generator output)

(TA=-40to +85°C,2.0V=Vop 55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate fmek/6 bps
Theoretical value of the 3.3 Mbps

maximum transfer rate
fok = fuek = 20 MHz

UART mode connection diagram

TXDO RX

RL78

. User's device
microcontroller

RXDO X

UART mode bit width (reference)

1/transfer rate

High-/low-bit width
Baud rate error tolerance
<—$ 7777777777 -
TXDO
RXDO

Remark fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register 0 (SPS0) and the CKSOn bit of the serial mode
register OnH (SMROnH). n: Channel number (n =0, 1))
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(2) CSImode (master mode, SCKp...internal clock output)

(TA=-40to +85°C,2.0V=Vop=55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkev tkeva 2 4ffcik 27V<Vop<s55V 200 ns

20V<Vop 55V 800 ns

SCKp high-/low-level width tkHi, tker | 227 V<Vop£5.5V tkev1/2 — 18 ns

20V<Vop <55V tkev1/2 — 50 ns

Slp setup time (to SCKpt)\ete? tsik1 27V<Vop<55V 47 ns

20V=sVops55V 110 ns

Slp hold time (from SCKp1t)Netet tisit 19 ns

Delay time from SCKp| to SOp tkso1 C =30 pFNete3 25 ns
outputhote 2

Notes 1. When DAPOn = 0 and CKPOn = 0, or DAPOn =1 and CKPOn = 1. The Slp setup time becomes “to SCKp|” and
Slp hold time becomes “from SCKp|” when DAPOn = 0 and CKPOn =1, or DAPOn = 1 and CKPOn = 0.
2. When DAPONn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The delay time to SOp output becomes “from
SCKp1” when DAPOn = 0 and CKPOn =1, or DAPOn =1 and CKPOn = 0.
3. Cis the load capacitance of the SCKp and SOp output lines.

Remark p: CSI number (p = 00), n: Channel number (n = 0)

RO1UHO0904EJ0100 Rev.1.00 ’-zENESAS 489
May 29, 2020



RL78/G1M, G1IN CHAPTER 23 ELECTRICAL SPECIFICATIONS

(3) CSImode (slave mode, SCKp...external clock input)

(TA=-40to +85°C,2.0V=Vop=55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

SCKp cycle time tkevz 27V<Vop<55V | fvck > 16 MHz 8/fmck ns

fvek < 16 MHz 6/fmck ns

20V<Vop <55V 6/fvck ns

SCKp high-/low-level width | tkhz, 20VsVopbsbh5V tkey/2 ns

kL2

Slp setup time tsikz 27V<Vops55V 1/fmck+20 ns

(to SCKpp)™* 20V<Vop<55V 1fucx+30 ns

Slp hold time tksi2 20V<Vops55V 1/fmex+31 ns
(from SCKpt)Note

Delay time from SCKp| to | tksoz C =30 pFete3 27V<sVop<55V 2/fmck+50 ns

SOp output™***? 2.0V <Voo<5.5V 2ictl10 | ns

Notes 1. When DAPOn = 0 and CKPOn = 0, or DAPOn = 1 and CKPOn = 1. The Slp setup time becomes “to SCKp|” and
the Slp hold time becomes “from SCKp|” when DAPOn = 0 and CKPOn = 1, or DAPOn = 1 and CKPOn = 0.
2. When DAPOn = 0 and CKPOn =0, or DAPOn =1 and CKPOn = 1. The delay time to SOp output becomes “from
SCKp1” when DAPONn = 0 and CKPOn = 1, or DAPONn = 1 and CKPOn = 0.
3. Cis the load capacitance of the SOp output lines.

Remarks 1. p: CSI number (p = 00), n: Channel number (n = 0)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register 0 (SPS0) and the CKSOn bit of the serial mode
register OnH (SMRONnH). n: Channel number (n = 0))
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CSI mode connection diagram

RL78

microcontroller

SCKO00

SI00

SO00

SCK

SO User's device

Sl

CSI mode serial transfer timing

tkevy, 2

(When DAPOO = 0 and CKPOO = 0, or DAP0OO = 1 and CKP0O =1.)

KLy, 2

tkH1, 2

/
SCKO00 \
\ ~_____
tsiky, 2 tksi1, 2
SI00 Input data
tksot, 2
S000 Output data
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23.6 Analog Characteristics

23.6.1 A/D converter characteristics

(Target ANI pin: ANIO to ANI7)

(TA=-40to +85°C,2.4V=sVops55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorNotes 1.2.3 AINL 10-bit resolution Vop=5V 1.7 3.1 LSB
Voo=3V +2.3 +4.5 LSB
Conversion time tconv 10-bit resolution 27VsVops55V 3.4 18.4 us
Target pin: ANIO to ANI7 | 5 4 v/ < \/pp < 5.5 \Note s 4.6 18.4
Zero-scale errorhotes 1.2.3.4 Ezs 10-bit resolution Vop =5V +0.19 | %FSR
Voo =3V +0.39 %FSR
Full-scale errorNotes 1.2.3.4 Ers 10-bit resolution Vop=5V +0.29 | %FSR
Voo =3V +0.42 %FSR
Integral linearity errorotes 1.2.3 ILE 10-bit resolution Vob =5V +1.8 LSB
Voo =3V +1.7 LSB
Differential linearity errorN°tes .23 | DLE 10-bit resolution Vob =5V 1.4 LSB
Voo =3V +1.5 LSB
Analog input voltage Van Target pin: ANIO to ANI7 0 Vob \

Notes 1. TYP. Value is the average value at Ta = 25°C. MAX. value is the average value +3c at normal distribution.

o~ w N

voltage range of 2.4V <Vop < 2.7 V.

These values are the results of characteristic evaluation and are not checked for shipment.
Excludes quantization error (+1/2 LSB).

This value is indicated as a ratio (%FSR) to the full-scale value.
Set the LVO bit in the A/D converter mode register 0 (ADMO) to 0 when conversion is done in the operating

Cautions 1. Arrange wiring and insert the capacitor so that no noise appears on the power supply/ground line.
2. Do not allow any pulses that rapidly change such as digital signals to be input/output to/from the
pins adjacent to the conversion pin during A/D conversion.
3. Set P-ch open drain of P00 to P05 to off state (high impedance) during A/D conversion (RL78/G1N).
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23.6.2 SPOR circuit characteristics
(Ta=-40to +85°C, Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection supply voltage V/sporo Power supply rise time 4.08 4.28 4.45 \%
Power supply fall time 4.00 4.20 4.37
VsPor1 Power supply rise time 2.76 2.90 3.02 \%
Power supply fall time 2.70 2.84 2.96 \%
V/sporz Power supply rise time 2.44 2.57 2.68 \%
Power supply fall time 2.40 2.52 2.62 \%
V/spors3 Power supply rise time 2.05 2.16 2.25 \%
Power supply fall time 2.00 2.11 2.20 \%
Minimum pulse widthN°te Tspw 300 us

Note Time required for the reset operation by the SPOR when Voo becomes under Vspor.

Caution Set the detection voltage (Vspor) in the operating voltage range.

The operating voltage range

depends on the setting of the user option byte (000C2H). The operating voltage range is as follows:
When the CPU operating frequency is from 1.25 MHz to 20 MHz: Voo = 2.7 to 5.5V
When the CPU operating frequency is from 1.25 MHz to 5 MHz: Voo =2.0to 5.5V

23.6.3 Power supply voltage rising slope characteristics

(TA=-40to0 +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply voltage rising slope Svop 54 V/ms
23.6.4 RAM data retention characteristics
(TA=-40to +85°C, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention power supply voltage | Vbooor 1.9 5.5 \%

Caution Data in RAM are retained until the power supply voltage becomes under the minimum value of the

data retention power supply voltage (Vooor). Note that data in the RESF register might not be cleared

even if the power supply voltage becomes under the minimum value of the data retention power

supply voltage (Vooor).

STOP mode

SPOR reset period
(RAM and RESF data retention)

Normal operation

A

VoD

STOP instruction execution

Rising of Vspor

Falling of Vspor

VDDDR

v
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23.7 Flash Memory Programming Characteristics

(TA=0to +40°C,45V=Vop£55V,Vss=0V)

Parameter

Symbol

Conditions

MIN.

TYP.

MAX.

Unit

Code flash memory
rewritable timesNotes 2.3

CEI'WI'

Retained for 20 years (Ta = 85°C)

1000

Times

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the

rewrite.

2. When using flash memory programmer.
These are the characteristics of the flash memory and the results obtained from reliability testing by

Renesas Electronics Corporation.

23.8 Dedicated Flash Memory Programmer Communication (UART)

(TA=0to +40°C, 45V <Vop £55V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate 115,200 bps
Remark The transfer rate during flash memory programming is fixed to 115,200 bps.
494
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23.9 Timing of Entry to Flash Memory Programming Modes

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the communication | tsuinr SPOR reset must be released before the 100 ms
for the initial setting after the external external reset is released.
reset is released
Time to release the external reset tsu SPOR reset must be released before the 10 us
after the TOOLDO pin is set to the low external reset is released.
level
Time to hold the TOOLO pin at the tHo SPOR reset must be released before the 1 ms
low level after the external reset is external reset is released.
released
<1> <2> <3> <4>
RESET i /. ‘ ‘
' tHD i 1-byte data for setting mode |
-———————————————— i

TOOLO

:

tsuiniT

<1> The low level is input to the TOOLO pin.
<2> The external reset is released (SPOR reset must be released before the external reset is

released.).

<3> The TOOLO pin is set to the high level.

<4> Setting of entry to the flash memory programming mode by UART reception.

Remark tsuinit: Communication for the initial setting must be completed within 100 ms (68 ms at Ta = —40 to +85°C) after

the external reset is released during this period.
tsu:  Time to release the external reset after the TOOLO pin is set to the low level
tio:  Time to hold the TOOLO pin at the low level after the external reset is released
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CHAPTER 24 PACKAGE DRAWINGS

24.1 20-Pin Products

JEITA Package code

RENESAS code MASS(TYP.)[g]

P-TSSOP20-4.40x6.50-0.65 PTSP0020JI-A 0.08
2X
[D]addc[e[a}—F | H J
LN
‘ —1
|
,7,7,7T7,7,7,, e [g] -
O |
et ‘ -
i ‘
| B
1 10
e] J—Lzox b
[©[ooo@[c [e[A]
[—lece]
D
SEATING . — ) o
PLANE , Reference Dimension in Millimeters
Al—A2— A—
Symbol Min. Nom. Max.
A - - 1.20
Al 0.05 - 0.15
i A2 0.80 1.00 1.05
Detail of Lead End
b 0.19 - 0.30
s c 0.09 0.127 0.20
D 6.40 6.50 6.60
, El 4.30 4.40 4.50
T E 6.40 BSC
) e —GaucE PLANE e 0.65 BSC
%— L1 1.00 REF
. 6 L 0.50 0.60 0.75
0.20 - -
L1 0° _ g°
aaa 0.10
NOTES: bbb 0.10
1.DIMENSION 'D' AND 'E1' DOES NOT INCLUDE MOLD FLASH. cce 0.05
2.DIMENSION 'b' DOES NOT INCLUDE TRIM OFFSET. ddd 020
3.DIMENSION 'D' AND 'E1' TO BE DETERMINED AT DATUM PLANE [H]. :
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APPENDIX A REVISION HISTORY

A.1 Major Revisions in This Edition

APPENDIX A REVISION HISTORY

Edition Description Chapter
Rev.1.00 First Edition issued. Throughout
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