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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/G1P and design and develop application systems and programs for these devices.
The target products are as follows.

e 24-pin: R5F11Z7AXNA (X = A, D)
e 32-pin: R5F11ZBAXFP (x = A, D)

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

The RL78/G1P manual is separated into two parts: this manual and the software edition
(common to the RL78 Family).

RL78/G1P RL78 Family
User’s Manual User’s Manual
Hardware Software
e Pin functions e CPU functions
¢ Internal block functions o Instruction set
e Interrupts e Explanation of each instruction

e Other on-chip peripheral functions
o 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.

¢ To know details of the RL78/G1P Microcontroller instructions:

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

(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 e XXXX OF XxXxxB

Decimal XXX

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/G1P User's Manual: Hardware This manual
RL78 Family User's Manual: Software R0O1US0015E

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 R20UTO0508E

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

version of each document when designing.



Other Documents

Document Name Document No.
Renesas Microcontrollers RL78 Family RO1CPOO03E
Semiconductor Package Mount Manual R50ZZ0003E
Semiconductor Reliability Handbook R51770001E

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 atrademark of Renesas Electronics Corporation.

SuperFlash is aregistered 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/G1P RO1UHO0895EJ0100
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CHAPTER 1 OUTLINE

1.1 Features

O Minimum instruction execution time can be changed from high speed (0.03125 us: @ 32 MHz operation with high-
speed on-chip oscillator) to low-speed (1 us: @ 1 MHz operation with high-speed on-chip oscillator)

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

ROM: 16 KB, RAM: 1.5 KB, Data flash: 2 KB

High-speed on-chip oscillator

e Select from 32 MHz (TYP.), 24 MHz (TYP.), 16 MHz (TYP.), 12 MHz (TYP.), 8 MHz (TYP.), 6 MHz (TYP.), 4 MHz
(TYP.), 3 MHz (TYP.), 2 MHz (TYP.), and 1 MHz (TYP.)

On-chip single-power supply flash memory (with prohibition of block erase/writing function)

O O

Self-programming

On-chip debug function

On-chip power-on-reset (POR) circuit and voltage detector (LVD)

On-chip watchdog timer (operable with the dedicated low-speed on-chip oscillator)
On-chip clock output/buzzer output controller

On-chip BCD adjustment

I/O ports: 26 or 28 (N-ch open drain: 2)

Timer

e 16-bit timer TAU: 4 channels

e Watchdog timer: 1 channel

O O0OO0OO0OO0OO0OO0OO0O0

O Serial interface
e CSI: 1 channel
e UART: 1 channel
e I2C 1 channel (2 slave addresses)

8/12-bit resolution A/D converter (Vob = 2.7 to 3.6 V): 6 or 8 channels

Standby function: HALT, STOP, SNOOZE mode

On-chip 10-bit D/A converter

DMA controller: 2 channels

O On-chip event link controller (ELC)

O Power supply voltage: Vo= 2.7 t0 3.6 V

O Operating ambient temperature: Ta=-40 to +85°C (A: Consumer applications, D: Industrial applications)

O O OO

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

ROLUHO895EJ0100 Rev.1.00 R NS 1
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RL78/G1P CHAPTER 1 OUTLINE

O ROM, RAM capacities
Flash ROM Data Flash RAM Note 24-pin 32-pin

16 KB 2 KB 1.5KB R5F11Z7AANA, RSF11Z7ADNA R5F11ZBAAFP, R5F11ZBADFP

Note The flash libraries use the on-chip RAM area from FFE20H to FFEFFH and the parts of the RAM area referred to
as self RAM (RAM for use in self-programming), which are listed in the table below, for self-programming or
rewriting of the data flash memory.

See below for the RAM areas used by the flash library.

RAM FSL TypeO1 FDL Type04 EEL Pack01, EEL Pack02
Self RAM size Self RAM size
896 bytes Nt 136 bytes
R5F11Z7AANA 1.5KB FF900H to FFC7FH FF900H to FF987H Not available
R5F11Z7ADNA
R5F11ZBAAFP
R5F11ZBADFP

Note Functions supported in FSL TypeO1 are only basic functions. Other functions are not supported.
Basic functions: FSL_Init, FSL_Open, FSL_Close, FSL_PrepareFunctions, FSL_BlankCheck, FSL_Erase,
FSL_IVerify, FSL_Write, and FSL_StatusCheck

ROLUHO895EJ0100 Rev.1.00 R NS 2
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1.2 List of Part Numbers

Figure 1-1. Part Number, Memory Size, and Package

PartNo. RSF11ZXAXxXx#x0
I— Packaging specification
#00, #20: Tray (HWQFN)
#40: Embossed Tape (HWQFN)
#10, #30: Tray (LQFP)
#50: Embossed Tape (LQFP)
Package type:
NA: HWQFN, 4 x 4 mm, 0.50 mm pitch
FP: LQFP, 7 x 7 mm, 0.80 mm pitch
Fields of application:
A: Consumer applications, Ta = -40 to +85°C
D: Industrial applications, Ta = -40 to +85°C
ROM capacity:
A: 16 KB
Pin count:
7: 24-pin
B: 32-pin
RL78/G1P group
Memory type:
F: Flash memory
Renesas MCU
Renesas semiconductor product
Pin Count Package Data Flash Fields of Packaging Part Number
Application Specification
24 pins 24-pin plastic HWQFN 2 KB A Tray R5F11Z7AANA#00,
(4 x 4 mm, 0.5 mm pitch) R5F11Z7AANA#20
Embossed Tape R5F11Z7AANA#40
D Tray R5F11Z7ADNA#00,
R5F11Z7ADNA#20
Embossed Tape R5F11Z7ADNA#40
32 pins 32-pin plastic LQFP A Tray R5F11ZBAAFP#10,
(7 x 7 mm, 0.8 mm pitch) R5F11ZBAAFP#30
Embossed Tape R5F11ZBAAFP#50
D Tray R5F11ZBADFP#10,
R5F11ZBADFP#30
Embossed Tape R5F11ZBADFP#50
RO1UHO0895EJ0100 Rev.1.00 ‘leNESAS 3
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RL78/G1P CHAPTER 1 OUTLINE

1.3 Pin Configuration (Top View)

1.3.1 24-pin products

e 24-pin plastic HWQFN (4 x 4 mm, 0.5 mm pitch)

exposed die pad

5 0O P12/TI03/TO03/INTP4/PCLBUZ0

5 O P13/TI00/TO00

~ 0O P15/PCLBUZ1
Ao [0 P16/TIOL/TO01/INTP5

N

B l~——0 P27/ANI7
= ~—=0 Plo/ANIL6

P21/ANI1/AVrerm O=—> «—=CO P30/INTP2/TxD0/TOOLTXD/SO00

N =
o ©

P20/ANIO/AVrerp O=—" : : 11 [=—0O P31/INTP1/RxD0/TOOLRXD/SIO0
P22/ANI2/ANOO O 21 : 1 10 [=—=O P32/INTP3/SCKO00
P23/ANI3/ANO1 O 22 : 9 [=—0O P33/T102/TO02/SSI00
P40/TOOLO O 23, ! gf+——0 P61/SDAAO/SDAAL
RESET O——= 24. 7 |=—O P60/SCLAO/SCLA1
123456
INDEX MARK
TELEE
EOoOam
Z XAy
NN
XN
S
«
-
o

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

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Itis recommended to connect an exposed die pad to Vss.
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1.3.2 32-pin products

e 32-pin plastic LQFP (7 x 7 mm, 0.8 mm pitch)

o
N
o}
[an]
-
(@]
o
3 o)
o o
[ =
z z
28 =3
006 No
EE @k
[ -]
©S D2
EE Qb
Od AN M<T WO © M~
N A A A
[ W I I o S o Y B n B 0 Y
2423222120191817
P27/ANI7 O=—{25 16 [=——=O P30/INTP2/TxDO/TOOLTXD/SO00
P26/ANI6 O=—={26 15}«—=0O P31/INTP1/RxDO/TOOLRXD/SIO0
P25/ANI5S O=—>+{27 141«—0O P32/INTP3/SCK00
P21/ANI1/AVrerm O=—={28 13 [«~—=O P33/TI02/TO02/SSI00
P20/ANIO/AVrerp O=—29 12[«—O p34
P22/ANI2/ANOO O 30 1lle—=0O p35

10}«——=0 P61/SDAAO/SDAAL
~——=0O P60/SCLAO/SCLAL

P23/ANI3/ANO1 O
P24/ANI4 O=—

w w
N P
O
©

12345678
SEE¥29 88
QnkEOgIm
OWZ X N oy
Flesyy
g BY
i a3

N

o

o

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

Remark For pin identification, see 1.4 Pin Identification.

RO1UHO895EJ0100 Rev.1.00 R NS 5
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1.4 Pin Identification

ANIO to ANI7, ANI16: Analog input RxDO: Receive data
ANOO, ANO1: Analog output SCKOO0: Serial clock input/output
AVREFM: Analog reference voltage SCLAO, SCLA1L: Serial clock input/output
minus SDAAOQ, SDAAL: Serial data input/output
AVREFP: Analog reference voltage SI00: Serial data input
plus SO00: Serial data output
EXCLK: External clock input SSI00: Serial interface chip select input
(main system clock) TI0O to TIO3: Timer input
INTPO to INTP5: External Interrupt Input TOO0O0 to TOO0S3: Timer output
P10 to P17: Port 1 TOOLO: Data input/output for tool
P20 to P27: Port 2 TOOLRXD, TOOLTxD: Data input/output for external device
P30 to P35: Port 3 TxDO: Transmit data
P40: Port 4 Vob: Power supply
P60, P61: Port 6 Vss: Ground
P121, P122: Port 12 X1, X2: Crystal oscillator (main system clock)
P137: Port 13
PCLBUZ0, PCLBUZ1: Programmable clock
output/buzzer output
REGC: Regulator capacitance
RESET: Reset
RO1UHO0895EJ0100 Rev.1.00 RENESAS 6
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1.5 Block Diagram

1.5.1 24-pin products

TIMER ARRAY
UNIT (4ch)
P10, P12, P13,
TIOO/TO00/P13 cho < PORT 1 P15 P16
TIOLTO01/P16 ~—} = chl - PORT 2 Egg to P23,
TI02/TO02/P33 ch2 <~ porta K4 >PaotoP33
TIO3/TO03/P12 ~—|~] ch3
<:> PORT 4 -« P40
WINDOW < Porte  KZ>peo, P61
WATCHDOG
TIMER
K—>| PORT12 K2 JP121, P122
LOW-SPEED
ON-CHIP K PORT 13 ~—— P137
OSCILLATOR
SERIAL ARRAY m:gjigg to
UNITO (2eh) ::CODE FLASH MEMORY ANITIP27,
RXDO/P31 RL78 CPU CORE [ | b converTER ANI16/P10
TXDO/P30 UARTO < — AVrere/P20
DATA FLASH MEMORY javiiigics
|:: > REFM,
SCKO00/P32 @
500030 csio0
POWER ON RESET/
5S100/P33 @ VOLTAGE POR/LVD
DETECTOR CONTROL
SDAAO/SDAA1/P61 -~  SERIAL @
SCLAO/SCLA1/PB0 ~——~| ::\'CTAEO%FSEF RAM
(> RESET CONTROL
< >| ON-CHIP DEBUG TOOLO/P40
‘ SYSTEM RESET
Voo Vss TOOLRXD/P31
' CONTROL X1/P121
TOOLTXD/P30
HIGRSPEED] [ X2/EXCLKIP122
BUZZER OUTPUT ON-cHIP
OSCILLATOR
) I PCLBUZO/P12,
PCLBUZ1/P15
CLOCK OUTPUT VOLTAGE
CONTROL
REGULATOR REGC
DIRECT MEMORY
<:>ACCESS CONTROL INTPO/P137,
INTP1/P31,
(| INTERRUPT INTP2/P30,
EVENT LINK CONTROL INTP3/P32,
K~ CONTROLLER INTP4/P12,
INTP5/P16
- BCD
ADJUSTMENT
K| DIACONVERTER [ 2 ﬁ“ggﬁgg'
RO1UH0895EJ0100 Rev.1.00 ‘leN ESNS 7
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1.5.2 32-pin products

TIMER ARRAY
UNIT (4ch)
TI00/TO00/P13 cho - PORT 1 (8" P10 10 P17
TIOL/TO01/P16 ~—t~| chl - PORT 2 K8 >P20to P27
TI02/TO02/P33 ~—~| ch2
(> pPortz K6 >P30toP3s
TI03/TO03/P12 ~—~] ch3
- PORT 4 -~ P40
WINDOW - PORT 6
WATCHDOG K2 >p6o0, P61
TIMER
} <> Portiz Kz Pi21,P122
LOW-SPEED
ON-CHIP
OSCILLATOR < PORT 13 ~—— P137
SERIAL ARRAY -n m:gg;g to
UNITO (2eh) ——cODE FLASH MEMORY
RL78 CPU CORE
RxDO/P31 UARTO — (> AID CONVERTER
TXDO/P30 < —
|~ |DATA FLASH MEMORY ﬁ\\/’:::ﬁﬁ
SCKO00/P32 =1~ @
SI00/P31 100
SO00/P30 POWER ONRESET| L o o
§sSI00/P33 @ VOLTAGE CONTROL
DETECTOR
SDAAO/SDAA1/P61 =—~  SERIAL @
SCLAO/SCLAL/P60 ~——| ::“C&%Fflré\ff RAM
RESET CONTROL
ON-CHIP DEBUG TOOLO/P40
‘ SYSTEM RESET
Voo  Vss TOOLRXD/P3L,
TOOLTXD/P30 CONTROL X1/P121
FIGH-SPEED X2/EXCLK/P122
BUZZER OUTPUT ON-CHIP
OSCILLATOR
K I PCLBUZO/P12,
PCLBUZL/P15
CLOCK OUTPUT oias
CONTROL
REGULATOR REGC
DIRECT MEMORY
K laccess conTroll INTPO;P137,
INTPL/P31,
INTERRUPT INTP2/P30,
- EVENT LINK CONTROL INTP3/P32,
CONTROLLER INTP4/P12.
INTPS/P16
- BCD
ADJUSTMENT ANOOIPZ2,
DIA CONVERTER NOPaa
RO1UHO0895EJ0100 Rev.1.00 leNESAS 8
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1.6 Outline of Functions

(1/2)

Item

24-pin 32-pin

R5F11Z7AANA, RSF11Z7ADNA R5F11ZBAAFP, R5F11ZBADFP

Code flash memory 16 KB
Data flash memory 2 KB
RAM 1.5 KBNet®
Memory space 1MB

Main system
clock

High-speed
system clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
1to 20 MHz: Voo = 2.7t0 3.6 V

High-speed on-
chip oscillator
clock (fin)

High-speed operation: 32 MHz (Vop = 2.7 t0 3.6 V)

Low-speed on-chip oscillator clock

15 kHz (TYP.): Voo = 2.7 t0 3.6 V

General-purpose registers

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

Minimum instruction execution time

0.03125 us (High-speed on-chip oscillator: fiv = 32 MHz operation)

0.05 us (High-speed system clock: fux = 20 MHz operation)

Instruction set

o Data transfer (8/16 bits)

o Adder and subtractor/logical operation (8/16 bits)

o Multiplication (8 bits x 8 bits)

* Rotate, barrel shift, and bit manipulation (set, reset, test, and boolean operation), etc.

I/O port Total 20 28
CMOS I/0 15 23
CMOS input 3 3
N-ch O.D I/0 2 2
(6 V tolerance)

Timer 16-bit timer 4 channels (TAU)
Watchdog timer 1 channel
Timer output 4

PWM outputs: 3
Clock output/buzzer output 2

e 2.44 kHz, 4.88 kHz, 9.77 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fuan = 20 MHz operation)

8/12-bit resolution A/D converter

6 channels 8 channels

10-bit D/A converter

2 channels

Serial interface

e CSI: 1 channel/lUART: 1 channel

1°C bus

1 channel (2 slave addresses)

DMA controller

2 channels

Event link controller (ELC)

Event input: 10, Event trigger output: 3

Vectored Internal

12

interrupt sources

External

6

Note This is about 0.5 KB when the self-programming function and data flash function are used.

CHAPTER 3.

For details, see

RO1UH0895EJ0100 Rev.1.00
Nov 29, 2019
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(2/12)
Item 24-pin 32-pin
R5F11Z7AANA, R5F11Z7ADNA R5F11ZBAAFP, R5F11ZBADFP
Reset e Reset by RESET pin

Internal reset by watchdog timer

Internal reset by power-on-reset

Internal reset by voltage detector

Internal reset by illegal instruction execution™°®®
Internal reset by RAM parity error

Internal reset by illegal-memory access

Power-on-reset circuit

Power-on-reset: 1.51+0.03V
Power-down-reset: 1.50 +0.03 V

Voltage detector

2.75Vto 3.13 V (4 stages)

On-chip debug function

Provided

Power supply voltage

Vob=2.7t03.6 V

Operating ambient temperature

Ta=-40to +85°C

Note The illegal instruction is generated when instruction code FFH is executed.

Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip debug

emulator.

RO1UH0895EJ0100 Rev.1.00
Nov 29, 2019
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CHAPTER 2 PIN FUNCTIONS

2.1 Pin Function List
Pin I/O buffer power supplies are unique for all products. The relationship between these power supplies and the pins
is shown below.

The input and output, buffer, and pull-up resistor settings for each port are also valid for the alternate function.

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

Power Supply Corresponding Pins
Vop All pins
RO1UHO0895EJ0100 Rev.1.00 RENESAS 11
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2.1.1 24-pin products

Function Name 110 Function After Reset | Alternate Function
P10 1/0 Port 1. Input port ANI16
P12 5-bit 1/0 port. TIO3/TO03/INTP4/P
Input/output can be specified in 1-bit units. CLBUZ0
Use of an on-chip pull-up resistor can be specified by a software
P13 setting at input port. Tioo/To00
P15 PCLBUZ1
P16 TI01/TO0L/INTP5
P20 1/O Port 2. Analog input | ANIO/AVRrerp
p21 5-bit I/0O port.5 port ANI1/AVRern
Input/output can be specified in 1-bit units.
P22 ANI2/ANOO
P23 ANI3/ANO1
P27 ANI7
P30 1/0 Port 3. Input port INTP2/TxDO0/
4-bit 1/0 port. TOOLTxD/SO00
P31 Input/output can. be specified‘. 3 INTP1/RXDO/
Use of an on-chip pull-up resistor can be specified by a software TOOLRXD/SI00
setting at input port.
P32 INTP3/SCKO00
P33 TI02/TO02/SSI00
P40 1/0 Port 4. Input port TOOLO
1-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.
P60 110 Port 6. Input port SCLAO/SCLA1
P61 2-bit VO port. SDAAO/SDAAL
Output of P60 and P61 can be set to N-ch open-drain output (6 V
tolerance).
Input/output can be specified in 1-bit units.
P121 Input Port 12. Input port X1
P122 2-bit input port. X2/EXCLK
P137 Input Port 13. Input port INTPO

1-bit input only port.

RO1UHO0895EJ0100 Rev.1.00

Nov 29, 2019
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2.1.2 32-pin products

Function Name 110 Function After Reset | Alternate Function
P10 1/0 Port 1. Input port -
P11 8-bit 1/0 port. _
Input/output can be specified in 1-bit units.
P12 Use of an on-chip pull-up resistor can be specified by a software TIO3/TOO3/INTP4/
setting at input port. PCLBUZ0
P13 TI00/TO00
P14 -
P15 PCLBUZ1
P16 TI01/TO0L/INTP5
P17 -
P20 110 Port 2. Analog input | ANIO/AVRrerp
P21 8-bit I/0 port. port ANIL/AVrery
Input/output can be specified in 1-bit units.
P22 ANI2/ANOO
P23 ANI3/ANO1
P24 ANI4
P25 ANI5
P26 ANIB
p27 ANI7
P30 I/O Port 3. Input port INTP2/TxDO0/
6-bit 1/0 port. TOOLTxD/S000
P31 Input/output can be specified in 1-bit units. INTP1/RXDO/
Use of an on-chip pull-up resistor can be specified by a software TOOLRXD/SI00
setting at input port.
P32 INTP3/SCKO00
P33 TI02/TO02/SSI00
P34 -
P35 -
P40 I/O Port 4. Input port TOOLO
1-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.
P60 1/0 Port 6. Input port SCLAO/SCLA1
P61 2-bit I/O port. SDAAO/SDAAL
Output of P60 and P61 can be set to N-ch open-drain output (6 V
tolerance).
Input/output can be specified in 1-bit units.
P121 Input Port 12. Input port X1
p122 2-bit input port. X2/EXCLK
P137 Input Port 13. Input port INTPO

1-bit input only port.

RO1UHO0895EJ0100 Rev.1.00
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2.2 Functions Other Than Port Pins

2.2.1 With functions for each product

Function Name

32-pin

24-pin

ANIO

Function Name

32-pin

24-pin

ANI1

TOO03

ANI2

TxDO

ANI3

< |2 | < | <

X1

ANI4

ANI5

ANI6

ANI7

Py 2 = = =

ANI16

TOOLRXD

ANOO

TOOLTxD

ANO1

TOOLO

< |||

P PN - = = - = - - =

AVREFM

AVRerp

INTPO

INTP1

INTP2

INTP3

INTP4

INTP5

PCLBUZO

PCLBUZ1

REGC

RESET

RxDO

SCKO00

SCLAO

SCLA1

SDAAO

SDAA1

SI00

SO00

SSI00

TI0O0

TIO1

TI02

TIO3

TOO00

TOO1

TO02

P R = = = I I I - (- [ I - - = [ = I I - = (= I I I I [ = .

P P A - - - I - I I - I - R [ N R ) ) P N R R ) P ) A ) ) .
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2.2.2 Function descriptions

(1/2)

Function Name 110 Function
ANIO Input A/D converter analog input

ANI1

ANI2

ANI3

ANI4

ANI5

ANI6

ANI7

ANI16

ANOO Output D/A converter output

ANO1

AVReFM Input Negative reference voltage input of the A/D converter
AVRerP Input Positive reference voltage input of the A/D converter
INTPO Input External interrupt input

INTP1

INTP2

INTP3

INTP4

INTPS

PCLBUZO Output Clock output/buzzer output

PCLBUZ1

REGC - Connecting regulator output stabilization capacitance for internal operation.

Connect to Vss via a capacitor (0.47 to 1 uF).

RESET Input External reset input

RxDO Input Serial data input to UARTO

SCKO00 110 Clock I/O for CSI00

SCLAO 110 Clock 1/0 for 12C

SCLA1

SDAAOQ 1’0 Serial data 1/O for I>)C

SDAA1

SI00 Input Serial data input to CSI00

S0O00 Output Serial data output from CSI00

SSI00 Input Chip select input to CSI00

TIO0 Input External count clock input to 16-bit timer 00

TIO1 External count clock input to 16-bit timer 01

TI02 External count clock input to 16-bit timer 02

TIO3 External count clock input to 16-bit timer 03

TOO00 Output 16-bit timer 00 output

TOO1 16-bit timer 01 output

TO02 16-bit timer 02 output

TOO03 16-bit timer 03 output

TxDO Serial data output from UARTO
RO1UHO0895EJ0100 Rev.1.00 RENESAS 15
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(2/2)
Function Name 110 Function
X1 - Resonator connection for main system clock
X2 -
EXCLK Input External clock input for main system clock
Vob - Positive power supply for all pins
Vss - Ground potential for all pins
TOOLRXD Input UART reception pin for the external device connection used during flash memory programming
TOOLTXD Output UART transmission pin for the external device connection used during flash memory programming
TOOLO 110 Data I/O for flash Memory programmer/debugger

Caution The relationship between the voltage on P40/TOOLO and the operating mode after release from the

reset state is as follows.

Table 2-2. Relationship between the Voltage on P40/TOOLO and Operating Mode
After Release from the Reset State

P40/TOOLO Operating Mode
Voo Normal operating mode
oV Flash memory programming mode

For details, see 23.5 Programming Method.

Remark Use bypass capacitors (about 0.1 pyF) as noise and latch up countermeasures with relatively thick wires at
the shortest distance to Vpp to Vss lines.

RO1UHO0895EJ0100 Rev.1.00
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2.3 Description of Pin Functions

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

2.3.1 P10 to P17 (port 1)

P10 to P17 function as an I/O port. These pins also function as timer I/O, external interrupt request input, and
clock/buzzer output.

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 1 (PU1).

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

(1) Port mode
P10 to P17 function as an I/O port. P10 to P17 can be set to input or output port in 1-bit units using port mode
register 1 (PM1).

(2) Control mode
P10 to P17 function as timer 1/O, external interrupt request input, and clock/buzzer output.

(a) TIOO, TI01, TIO3
These are the pins for inputting an external count clock/capture trigger to 16-bit timers 00, 01, and 03.

(b) TOO00, TOO1, TOO3
These are the timer output pins of 16-bit timers 00, 01, and 03.

(c) INTP4, INTP5
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

(d) PCLBUZO, PCLBUZ1
These are the clock/buzzer output pins.

(e) ANI16 (24-pin products only)
This is an analog input pin (ANI16) of A/D converter. See 9.10 (5) Analog input (ANIn) pins.

2.3.2 P20 to P27 (port 2)

P20 to P27 function as an I/O port. These pins also function as A/D converter analog input and reference voltage input,
and D/A converter output.

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

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

register 2 (PM2).

(2) Control mode
P20 to P27 function as A/D converter analog input, reference voltage input and D/A converter output.

ROLUHO895EJ0100 Rev.1.00 R NS 17
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(@) ANIO to ANI7
These are the analog input pins (ANIO to ANI7) of A/D converter. See 9.10 (5) Analog input (ANIn) pins.

(b) AVrerp
This is a pin that inputs the A/D converter reference potential (+ side).

(c) AVrerm
This is a pin that inputs the A/D converter reference potential (-side).

(d) ANOO, ANO1
These are the D/A converter output pins.

2.3.3 P30 to P35 (port 3)

P30 to P35 function as an I/O port. These pins also function as external interrupt request input, serial interface data 1/0O,
cock 1/O, chip select input, programming UART 1/O, and timer 1/O.

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 3 (PU3).

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

(1) Port mode
P30 to P35 function as an I/O port. P30 and P31 can be set to input or output port in 1-bit units using port mode
register 3 (PM3).

(2) Control mode
P30 to P35 unction as external interrupt request input, serial interface data 1/O, clock 1I/O, chip select input,
programming UART 1/O, and timer 1/O.

(&) INTPL, INTP2, INTP3
These are the external interrupt request input pins for which the valid edge (rising edge, falling edge, or both
rising and falling edges) can be specified.

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

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

(d) Ssloo
This is a serial data input pin of serial interface CSI00.

(e) SO00
This is a serial data output pin of serial interface CSIO00.

(f) SCKO0O0
This is a serial clock 1/0O pin of serial interface CSI00.

(g) SSloo
This is a chip select input pin of serial interface CSI00.

ROLUHO895EJ0100 Rev.1.00 R NS 18
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(h) TI02
This is a pin for inputting an external count clock/capture trigger to 16-bit timer 02.

(i) TOO02
This is a timer output pin from 16-bit timer 02.

(i) TOOLTxD
This is the UART serial data output pin for the external device connection used during flash memory
programming.

(k) TOOLRxD
This is the UART serial data input pin for the external device connection used during flash memory programming.

2.3.4 P40 (port 4)

P40 functions as an 1/O port. This pin also functions as data I/O for a flash memory programmer/debugger, serial
interface data 1/0.

Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 4 (PU4).

Be sure to connect an external pull-up resistor to P40 when on-chip debugging is enabled (by using an option byte).

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

(1) Port mode
P40 functions as an I/O port. P40 can be set to input or output port in 1-bit units using port mode register 4 (PM4).

(2) Control mode
P40 functions as data I/O for a flash memory programmer/debugger.

(&) TOOLO
This is a data I/O pin for a flash memory programmer/debugger.
Be sure to pull up this pin externally when on-chip debugging is enabled (pulling it down is prohibited).

Caution For the relationship between the voltage on P40/TOOLO and the operating mode after release
from the reset state, see Table 2-2.

ROLUHO895EJ0100 Rev.1.00 R NS 19
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2.3.5 P60, P61 (port 6)
P60 and P61 function as an I/O port. These pins also function as serial interface data 1/0 and clock 1/0.
Output of P60 and P61 is N-ch open-drain output (6 V tolerance).

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

(1) Port mode
P60 and P61 function as an I/O port. P60 and P61 can be set to input port or output port in 1-bit units using port
mode register 6 (PM6).

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

(a) SCLAO, SCLA1
These are the serial clock I/O pins of serial interface IICAO and [ICAL.

(b) SDAAO, SDAA1
These are the serial data 1/0O pins of serial interface IICAO and IICA1.

2.3.6 P121, P122 (port 12)
P121 and P122 function as an input port. These pins also function as connecting resonator for main system clock and
external clock input for main system clock.

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

(1) Port mode
P121 and P122 function as an input port.

(2) Control mode
P121 and P122 function as connecting resonator for main system clock and external clock input for main system
clock.

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

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

ROLUHO895EJ0100 Rev.1.00 R NS 20
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2.3.7 P137 (port 13)
P137 functions as an input port. P137 pin also functions as external interrupt request input.

(1) Port mode
P137 functions as an input port.

(2) Control mode
P137 functions as external interrupt request input.

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

2.3.8 Vobp, Vss

(1) Voo
Vob is the positive power supply pin.

(2) Vss
Vss is the ground potential pin. .

Remark Use bypass capacitors (about 0.1 4F) as noise and latch up countermeasures with relatively thick
wires at the shortest distance to Vop to Vss line.

2.3.9 RESET
This is the active-low system reset input pin.
When the external reset pin is not used, connect this pin directly or via a resistor to Vob.
When the external reset pin is used, design the circuit based on Vob.

2.3.10 REGC

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

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

X "f REGC
1
1
1
1
1
1
1

Caution Keep the wiring length as short as possible for the broken-line part in the above figure.
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2.4 Connection of Unused Pins

Table 2-3 shows the connection of unused pins.

Table 2-3. Connection of Unused Pins

Pin Name

1/0O Circuit Type

110

Recommended Connection of Unused Pins

P10/ANI16MNo®

11-U

pllNote 2

P12/T103/TO03/INTP4/
PCLBUZO

P13/TI00/TO00

P14Note 2

P15/PCLBUZ1

P16/TI0L/TOO0L/INTPS

P17Nole 2

8-R

P20/ANIO/AVREFP

P21/ANI1/AVREFM

11-T

P22/ANI2/ANOO

P23/ANI3/ANO1

44

P24/ANI4No 2

P25/ANI5Note 2

P26/ANIGN 2

P27/ANI7

11-G

P30/INTP2/TxDO
/TOOLTXD/SO00

P31/INTP1/RxDO0/
TOOLRXD/SI00

P32/INTP3/SCK00

P33/T102/TO02/SSI00

p34N0te 2

P35Nole 2

P40/TOOLO

110

Input:
Output:

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

P60/SCLAO/SCLAL

P61/SDAAO/SDAAL

13-R

110

Input:
Output:

Independently connect to Voo or leave open.
Leave open.

Input:
Output:

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

P121/X1

P122/X2/EXCLK

37-C

Input

Independently connect to Voo or Vss via a resistor.

P137/INTPO

Input

Independently connect to Voo or Vss via a resistor.

RESET

Input

Connect directly or via a resistor to Voo.

REGC

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

Notes 1. 24-pin products only for ANI16

2. 32-pin products only
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FUNCTIONS

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

Type 2

Type 8-R

< N

T N-ch
Series resistor string voltage 7];7

Vss

input enable

pp—

VDD

pullup

enable {>O I P-ch

VDD
IN -
da ————+— % [[rpan
IN/OUT
Schmitt-triggered input with hysteresis characteristics output l<«—N-ch
disable
Vss
o@
Type 11-G Type 11-T
VDD
data 4":‘:}3—' P-ch
VDD
——O IN/OUT
data
4‘:D—| P-ch output N-ch
disable
——O IN/JOUT
Vss
output N-ch
disable
v Comparator P-ch
Sss I
1 S :
Comparator h

T N-ch
Series resistor string voltage 7];7

Vss

input enable

AVrerp, AVREFM

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

Type 11-U

Comparator

Series resistor string voltage 7];;

Vb
pull-up |
enable Do |

Voo
data :D—| P-ch
output N-ch
disable
Vss
@i
input enable

O IN/OUT

Type 13-R

e o fnen
|tt— [\| -
output disable ¢

—OIN/OUT

Vss
o@

Vss
Type 37-C

input
enable
amp &
enable «{ }» ya
< * <
? ?
o pa
D
<—C@_‘ O X1
input
enable

Type 44

P-ch

dam 4":Do—|

output
disable

Comparator

VREF
(Threshold voltage)

- b.ﬁ
P-ch

———O INOUT

Analog output voltage ————@
N-ch ¢

-

Caution A through current may flow if the pin is at an intermediate potential because the input buffer is still
turned on when the type 13-R circuit is in output mode.
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CHAPTER 3 CPU ARCHITECTURE

3.1 Memory Space

Products in the RL78/G1P can access a 1 MB address space. Figure 3-1 shows the memory map.

RO1UHO0895EJ0100 Rev.1.00 R NS 25
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Figure 3-1. Memory Map

FFFFFH 03FFFH
Special function registers (SFR)
256 bytes
FFFOOH
FFEFFH | General-purpose registers
FEEEOH 32 bytes
FFEDFH RAMNO(QSI, 2,4
FF900H 1L5KB
FF8FFH
ot Reserved =
F4000H
F3FFFH Mirror
F2000H 8 KB
F1FFFH Reserved
F1800H
F17FFH Data flash memory
F1000H 2KB
FOFFFH
Reserved
FO800H = Program area >
FO7FFH
Extended special function registers
(2nd SFR)
Data memory 2KB
space FO00OH
EFFFFH
-~ Reserved st
000CEH
000CDH On-chip debug security
ID setting area°® 3
000C4H 10 bytes
000C3H Option byte area°te?
000COH 4 bytes
000BFH
CALLT table area
64 bytes
00080H
0007FH
04000H Vector table area
03FFFH 128 bytes
Program + Code flash memory -
memory 16 KB T
space OOOOOHT 00000H

Notes 1. Do not allocate the stack area, data buffers for use by the flash library, arguments of library functions,
branch destinations in the processing of vectored interrupts, or destinations or sources for DTC transfer to
the area from FFE20H to FFEDFH when performing self-programming or rewriting of the data flash memory.

2. Instructions can be executed from the RAM area excluding the general-purpose register area.

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

4. The flash libraries use the parts of the RAM area referred to as self RAM in self-programming or rewriting of
the data flash memory. For the sizes of the RAM areas used by the flash libraries, see “ROM, RAM
capacities” in 1.1 Features.

Caution While RAM parity error resets are enabled (RPERDIS = 0), be sure to initialize RAM areas where data
access is to proceed and the RAM area + 10 bytes when instructions are fetched from RAM areas,
respectively.

Reset signal generation sets RAM parity error resets to enabled (RPERDIS = 0). For details, see 20.5
RAM parity error detection function.
RO1UHO0895EJ0100 Rev.1.00 ’-zENESAS 26
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Remark The flash memory is divided into blocks (one block = 1 KB). For the address values and block numbers, see
Table 3-1 Correspondence Between Address Values and Block Numbers in Flash Memory.

O3FFFH Block OFH
03CO0H
02BFFH
007FFH
Block 01H
00400H
003FFH
Block O0H 1 KB
00000H
ROLUHO895EJ0100 Rev.1.00 RENESAS 27
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Correspondence between the address values and block numbers in the flash memory are shown below.

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

Address Value Block Number
00000H to 003FFH O0H
00400H to 007FFH 01H
00800H to 00BFFH 02H
00COOH to 00FFFH 03H
01000H to 013FFH 04H
01400H to 017FFH 0O5H
01800H to 01BFFH 06H
01COOH to O1FFFH 07H
02000H to 023FFH 08H
02400H to 027FFH 09H
02800H to 02BFFH OAH
02COO0H to 02FFFH OBH
03000H to 033FFH OCH
03400H to 037FFH ODH
03800H to 03BFFH OEH
03COO0H to 03FFFH OFH
RO1UHO0895EJ0100 Rev.1.00 RENESAS 28
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3.1.1 Internal program memory space
The internal program memory space stores the program and table data.
The RL78/G1P products incorporate internal ROM (flash memory), as shown below.

Table 3-2. Internal ROM Capacity

Part Number Internal ROM

Structure Capacity

RL78/G1P Flash memory 16384 x 8 bits (00000H to 03FFFH)

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

(1) Vector table area
The 128-byte area 00000H to 0007FH is reserved as a vector table area. The program start addresses for branch
upon reset or generation of each interrupt request are stored in the vector table area. Furthermore, the interrupt jump
address is a 64 K address of 00000H to OFFFFH, because the vector code is assumed to be 2 bytes.
Of the 16-hit address, the lower 8 bits are stored at even addresses and the higher 8 bits are stored at odd addresses.

ROLUHO895EJ0100 Rev.1.00 R NS 29
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@)

®)

(4)

Table 3-3. Vector Table

Vector Table Address Interrupt Source
00000H RESET, POR, LVD, WDT, TRAP, IAW, RPE
00004H INTWDTI
00006H INTLVI
00008H INTPO
0000AH INTP1
0000CH INTP2
0000EH INTP3
00010H INTP4
00012H INTPS
00014H INTAD
00016H INTIICAO
00018H INTFL
0001AH INTDMAO
0001CH INTDMA1
0001EH INTSTO/INTCSIO0
00020H INTSRO
00022H INTSREO

INTTMO1H
00028H INTTMO3H
0002AH INTIICAL
0002CH INTTMOO
0002EH INTTMO1
00030H INTTMO2
00032H INTTMO3

CALLT instruction table area

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

Option byte area

A 4-byte area of 000COH to 000C3H can be used as an option byte area. For details, see CHAPTER 22 OPTION

BYTE.

On-chip debug security ID setting area

A 10-byte area of 000C4H to 000CDH can be used as an on-chip debug security ID setting area. For details, see
CHAPTER 24 ON-CHIP DEBUG FUNCTION.

RO1UH0895EJ0100 Rev.1.00
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3.1.2 Mirror area

The RL78/G1P mirrors the code flash area of 02000H to 03FFFH, F2000H to F3FFFH.
By reading data from F2000H to F3FFFH, an instruction that does not have the ES register as an operand can be used,

and thus the contents of the code flash can be read with the shorter code. However, the code flash area is not mirrored to
the SFR, extended SFR, RAM, and use prohibited areas.

See 3.1 Memory Space for the mirror area of each product.

The mirror area can only be read and no instruction can be fetched from this area.
The following show examples.

Example RL78/G1P (Flash memory: 16 KB, RAM: 1.5 KB)

FFFFFH

FFFOOH
FFEFFH

FFEEOH
FFEDFH

FF900H
FF8FFH

F4000H
F3FFFH

F2000H
F1FFFH
F1800H
F17FFH
FOEOOH
FODFFH
FO800H
FO7FFH

FO00OH
EFFFFH

04000H
03FFFH

02000H
01FFFH

00000H

Special-function registers (SFR)
256 bytes

General-purpose registers
32 bytes

RAM
1.5KB

Reserved

Mirror
(same data as 02000H to 03FFFH)

Reserved

Data flash memory

Reserved

Extended special function registers
(2nd SFR)
2 KB

Reserved

Code flash memory

Code flash memory

The PMC register is described below.

For example, 03789H is
mirrored to F3789H. Data can
therefore be read by

MOV A, 13789H, instead of
MOV ES, #00H and

MOV A, ES:13789H.

Mirror

RO1UH0895EJ0100 Rev.1.00
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Processor mode control register (PMC)

This register sets the flash memory space for mirroring to area from F2000H to F3FFFH.

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

Figure 3-2. Format of Processor Mode Control Register (PMC)

Address: FFFFEH After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 <0>
PMC | 0 | 0 | 0 | 0 | 0 | 0 | 0 | MAA |
MAA Selection of flash memory space for mirroring to area from F2000H to F3FFFH
0 02000H to 03FFFH is mirrored to F2000H to F3FFFH
1 Setting prohibited

Cautions 1. Be sure to clear bit 0 (MAA) of this register to 0 (default value).

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

RO1UHO0895EJ0100 Rev.1.00 R nS
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3.1.3 Internal data memory space
The RL78/G1P products incorporate the following RAMs.

Table 3-4. Internal RAM Capacity

Part Number Internal RAM

RL78/G1P 1536 x 8 bits (FF900H to FFEFFH)

The internal RAM can be used as a data area and a program area where instructions are fetched (it is prohibited to use
the general-purpose register area for fetching instructions). Four general-purpose register banks consisting of eight 8-bit
registers per bank are assigned to the 32-byte area of FFEEOH to FFEFFH of the internal RAM area.

The internal RAM is used as stack memory.

Cautions 1. It is prohibited to use the general-purpose register (FFEEOH to FFEFFH) space for fetching
instructions or as a stack area.

2. When self-programming is performed or the data flash memory is rewritten, the stack used for
each library and the RAM address used for the data buffer and DMA transfer should not be set to
the RAM area of the following products. For details, refer to RL78 Family Flash Self-Programming
Library Type 01 User’s Manual and RL78 Family Data Flash Library Type 04 User’s Manual.

RL78/G1P: FFE20H to FFEFFH

3. The flash libraries use the parts of the RAM area referred to as self RAM in self-programming or
rewriting of the data flash memory. For the sizes of the RAM areas used by the flash libraries, see
“ROM, RAM capacities” in 1.1 Features.

3.1.4 Special function register (SFR) area
On-chip peripheral hardware special function registers (SFRs) are allocated in the area FFFOOH to FFFFFH (see Table
3-5in 3.2.4 Special function registers (SFRs)).

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

3.1.5 Extended special function register (2nd SFR: 2nd Special Function Register) area

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

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

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

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

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the
RL78/G1P, based on operability and other considerations. In particular, special addressing methods designed for the
functions of the special function registers (SFR) and general-purpose registers are available for use. Figures 3-3 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 i
FEF20H | _ Special function registers (SFR) _| SFRaddressing
FFF1FH 256 bytes ?
FFFOOH )
FFEFFH | General-purpose registers o ) Short direct
FFEEOH 32 bytes | Register addressing addressing
FFEDFH — i
FFE20H | __ . RAM ]
FFEL1FH 1.5 KB
FF900H
FF8FFH

= Reserved =
F4000H
F3FFFH Mirror
F2000H 8 KB
FIFFFH Reserved
F1800H
F17FFH Data flash memory
FOEOOH 2 KB
FODFFH

Reserved
FO800H
FO7FFH Direct addressing
Extended special function registers . o .
(2nd SFR) Register indirect addressing
2 KB )
FOOOOH Based addressing
EFFFFH
Based indexed addressing

et Reserved et
04000H
03FFFH

= Code flash memory pt

16 KB
00000H
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3.2 Processor Registers

The RL78/G1P 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).

@)

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 00000H and 00001H 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 vectored interrupt request is acknowledged or PUSH
PSW instruction execution and are restored upon execution of the RETB, RETI and POP PSW instructions. Reset
signal generation sets the PSW register to 06H.
Figure 3-5. Format of Program Status Word
7 0
PSW | IE Z |RBS1| AC |RBSO| ISP1 | ISPO | CY
(@) Interrupt enable flag (IE)
This flag controls the interrupt request acknowledge operations of the CPU.
When 0, the IE flag is set to the interrupt disabled (DI) state, and all maskable interrupt requests are disabled.
When 1, the IE flag is set to the interrupt enabled (El) state and maskable interrupt request acknowledgment is
controlled with an in-service priority flag (ISP1, 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) Register bank select flags (RBS0, RBS1)
These are 2-bit flags to select one of the four register banks.
In these flags, the 2-bit information that indicates the register bank selected by SEL RBn instruction execution is
stored.
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(d) Auxiliary carry flag (AC)
If the operation result has a carry from bit 3 or a borrow at bit 3, this flag is set (1). Itis reset (0) in all other cases.

(e) In-service priority flags (ISP1, ISPO)
This flag manages the priority of acknowledgeable maskable vectored interrupts. Vectored interrupt requests
specified lower than the value of ISPO and ISP1 flags by the priority specification flag registers (PRnOL, PRnOH,
PRn1L) (see 15.3.3) cannot be acknowledged. Actual vectored interrupt request acknowledgment is controlled
by the interrupt enable flag (IE).

Remark n=0,1

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

(3) Stack pointer (SP)
This is a 16-bit register to hold the start address of the memory stack area. Only the internal RAM area can be set as
the stack area.

Figure 3-6. Format of Stack Pointer

15 0

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

In stack addressing through a stack pointer, the SP is decremented ahead of write (save) to the stack memory and is
incremented after read (restore) from the stack memory.

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

3. When self-programming is performed or the data flash memory is rewritten, the stack used for
each library and the RAM address used for the data buffer and DMA transfer should not be set to
the RAM area of the following products. For details, refer to RL78 Family Flash Self-
Programming Library Type 01 User’s Manual and RL78 Family Data Flash Library Type 04 User’s
Manual.

RL78/G1P: FFE20H to FFEFFH

4. The flash libraries use the parts of the RAM area referred to as self RAM in self-programming or
rewriting of the data flash memory. For the sizes of the RAM areas used by the flash libraries,
see “ROM, RAM capacities” in 1.1 Features.
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3.2.2 General-purpose registers

General-purpose registers are mapped at particular addresses (FFEEOH to FFEFFH) of the data memory. The general-
purpose registers consists of 4 banks, each bank consisting of eight 8-bit registers (X, A, C, B, E, D, L, and H).

Each register can be used as an 8-bit register, and two 8-bit registers can also be used in a pair as a 16-bit register (AX,
BC, DE, and HL).

Register banks to be used for instruction execution are set by the CPU control instruction (SEL RBn). Because of the 4-
register bank configuration, an efficient program can be created by switching between a register for normal processing and
a register for interrupt processing for each bank.

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

Figure 3-7. Configuration of General-Purpose Registers

(&) Function name

16-bit processing 8-bit processing
FFEFFH
H
Register bank 0 HL
L
FFEF8H
D
Register bank 1 DE
E
FFEFOH
B
Register bank 2 BC
c
FFEE8SH
A
Register bank 3 AX
X
FFEEOH
15 0 7 0
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3.2.3 ES and CS registers

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

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

ES

Cs

Figure 3-8. Configuration of ES and CS Registers

7 6 5 4 3 2 1 0
0 0 0 0 ES3 ES2 ES1 ESO
7 6 5 4 3 2 1 0
0 0 0 0 CS3 | CP2 | CP1 | CPO

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

Isaddrl16 — F| 0000H - FFFFH

ES:!saddrie — ‘OH - FH‘ ‘ 0000H - FFFFH‘

Special function register
(SFR) 256 bytes

ol

Extended special function register

(2nd SFR) 2 Kbytes

FFFFFH

Isaddrl6 =
ES:!saddrl6

FOO00H

EFFFFH

Y 00000H

Code flash memory

Data memory space
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3.2.4 Special function registers (SFRs)

Unlike a general-purpose register, each SFR has a special function.

SFRs are allocated to the FFFOOH to FFFFFH area.

SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation instructions.
The manipulable bit units, 1, 8, and 16, depend on the SFR type.

Each manipulation bit unit can be specified as follows.

e 1-bit manipulation
Describe as follows for the 1-bit manipulation instruction operand (sfr.bit).
When the bit name is defined: <Bit name>
When the bit name is not defined: <Register name>, <Bit number> or <Address>, <Bit number>
e 8-bit manipulation
Describe the symbol defined by the assembler for the 8-bit manipulation instruction operand (sfr). This manipulation
can also be specified with an address.
e 16-bit manipulation
Describe the symbol defined by the assembler for the 16-bit manipulation instruction operand (sfrp). When
specifying an address, describe an even address.

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

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.
e 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, 8, or 16). “~” 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 3-5. Special Function Register (SFR) List (1/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit 16-bit
FFFO1H | Port register 1 P1 RIW x/ v - O0H
FFFO2H | Port register 2 P2 RIW J J - 0OH
FFFO3H | Port register 3 P3 RIW J J - OOH
FFF04H | Port register 4 P4 R/W \/ N _ 00H
FFFO6H | Port register 6 P6 RIW J J - O0H
FFFOCH | Port register 12 P12 RIW \/ \/ - Undefined
FFFODH | Port register 13 P13 RIW \ d - Undefined
FFF10H | Serial data register 00 TXDO/ | SDROO | R/W - v v 0000H
SI000
FFF11H - - -
FFF12H | Serial data register 01 RXDO/ | SDRO1 | R/W - S v 0000H
SI001
FFF13H - - -
FFF18H | Timer data register 00 TDROO R/W - - v 0000H
FFF19H
FFF1AH | Timer data register 01 TDRO1L | TDRO1 | R/W - v 00H
FFF1BH TDRO1H - v 00H
FFF1EH | 12-bit A/D conversion result register ADCR R - - v 0000H
FFF1FH 8-bit A/D conversion result register ADCRH R - S - 00H
FFF21H | Port mode register 1 PM1 RIW J J - FFH
FFF22H | Port mode register 2 PM2 RIW J J - FFH
FFF23H | Port mode register 3 PM3 RIW J J - FFH
FFF24H | Port mode register 4 PM4 R/IW R \ - FFH
FFF26H | Port mode register 6 PM6 RIW J J - FFH
FFF30H | A/D converter mode register 0 ADMO R/W \/ J - 00H
FFF31H | Analog input channel specification register | ADS R/W \ N - OOH
FFF32H | A/D converter mode register 1 ADM1 RIW \ S - 00H
FFF38H | External interrupt rising edge enable EGPO RIW \ \/ - O0H
register 0
FFF39H | External interrupt falling edge enable EGNO RIW \ S - 00H
register 0
FFF50H | IICA shift register 0 IICAO R/W - J - OOH
FFF51H | IICA status register O 1ICS0O R S - 00H
FFF52H | IICA flag register O IICFO R/W \/ - O00H
FFF54H | IICA shift register 1 IICAL RIW - V - OOH
FFF55H IICA status register 1 IICS1 R \/ - OOH
FFF56H IICA flag register 1 IICF1 R/W \ - 0OH
FFF58H | D/A conversion value setting register 0 DACSO0 R/W - - v 0000H
FFF59H
FFF5AH | D/A conversion value setting register 1 DACS1 R/W - - v 0000H
FFF5BH
FFF5CH | D/A converter mode register DAM RIW \ \/ - O0H
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Table 3-5. Special Function Register (SFR) (2/3)

Address Special Function Register (SFR) Name Symbol R/W | Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FFF64H | Timer data register 02 TDRO2 RIW - - v 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3L | TDRO3 | R/W - \ v O0H
FFF67H TDRO3H - J 00H
FFFAOH | Clock operation mode control register CcMC R/W - v - O00H
FFFA1H | Clock operation status control register CscC R/W v - COH
FFFA2H | Oscillation stabilization time counter status | OSTC R \ - O00H
register
FFFA3H | Oscillation stabilization time select register | OSTS R/W - v - 07H
FFFA4H | System clock control register CKC RIW v v - 00H
FFFASH | Clock output select register 0 CKS0 RIW v v - O0H
FFFA6H | Clock output select register 1 CKs1 RIW v v - OOH
FFFA8H | Reset control flag register RESF R - v - Undefinedo©
FFFA9H | Voltage detection register LVIM RIW v v - QQHNete 2
FFFAAH | Voltage detection level register LVIS RIW v v - OOH/01H/81H
Note 3
FFFABH | Watchdog timer enable register WDTE R/IW - v - 1AH/9AHNote 4
FFFACH | CRC input register CRCIN R/W - v - O0OH
FFFBOH | DMA SFR address register 0 DSAO R/W - v - O00H
FFFB1H | DMA SFR address register 1 DSAl R/W - v - O00H
FFFB2H | DMA RAM address register OL DRAOL | DRAO R/W - v N 00H
FFFB3H | DMA RAM address register OH DRAOH R/W - v O00H
FFFB4H | DMA RAM address register 1L DRAIL | DRA1 | RW - 3 \/ 00H
FFFB5H | DMA RAM address register 1H DRA1H R/W - v O00H
FFFB6H | DMA byte count register OL DBCOL | DBCO | R/W - v N 00H
FFFB7H | DMA byte count register OH DBCOH R/W - v 00H
FFFB8H | DMA byte count register 1L DBCIL |DBC1 | R/W - v N 00H
FFFB9H | DMA byte count register 1H DBC1H R/W - v 00H
FFFBAH | DMA mode control register 0 DMCO RIW v v - O0H
FFFBBH | DMA mode control register 1 DMC1 R/W v v - 0OH
FFFBCH | DMA operation control register 0 DRCO RIW v v - O0H
FFFBDH | DMA operation control register 1 DRC1 RIW v v - 00H
Notes 1. The reset value of the RESF register varies depending on the reset source.

2. The reset value of the LVIM register varies depending on the reset source.

3. The reset value of the LVIS register varies depending on the reset source and the setting of the option byte.

4. The reset value of the WDTE register is determined by the setting of the option byte.
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Table 3-5. Special Function Register (SFR) List (3/3)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset
1-bit 8-bit 16-bit
FFFEOH | Interrupt request flag register OL IFOL IFO RIW S \ v 00H
FFFELH | Interrupt request flag register OH IFOH RIW \/ \ 00H
FFFE2H | Interrupt request flag register 1L IF1L RIW S \ - 00H
FFFE4H | Interrupt mask flag register OL MKOL | MKO RIW \ \ v FFH
FFFE5H | Interrupt mask flag register OH MKOH RIW \/ \ FFH
FFFE6H | Interrupt mask flag register 1L MK1L RIW S \ - FFH
FFFESH | Priority specification flag register 00L PROOL |PROO | R/W d S N FFH
FFFE9H | Priority specification flag register 00H PROOH RIW \ S FFH
FFFEAH | Priority specification flag register 01L PRO1L RIW \/ < - FFH
FFFECH | Priority specification flag register 10L PR10L |PR10 | R/W S \ N FFH
FFFEDH | Priority specification flag register 10H PR10H RIW \/ \ FFH
FFFEEH | Priority specification flag register 11L PR11L RIW \/ \ - FFH
FFFFEH | Processor mode control register PMC RIW S \ - 00H

Remark For extended SFRs (2nd SFRs), see Table 3-6 Extended Special Function Register (2nd SFR) List.
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3.2.5 Extended special function registers (2nd SFRs: 2nd Special Function Registers)

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

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

an instruction that accesses the SFR area.

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

instructions. The manipulable bit units, 1, 8, and 16, depend on the SFR type.
Each manipulation bit unit can be specified as follows.

1-bit manipulation
Describe as follows for the 1-bit manipulation instruction operand (!addr16.bit)

When the bit name is defined: <Bit name>

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

8-bit manipulation

Describe the symbol defined by the assembler for the 8-bit manipulation instruction operand (‘addrl6). This
manipulation can also be specified with an address.

16-bit manipulation

Describe the symbol defined by the assembler for the 16-bit manipulation instruction operand ('addrl6). When
specifying an address, describe an even address.

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

Symbol

Symbol indicating the address of an extended SFR. It is a reserved word in the assembler, and is defined as an sfr
variable using the #pragma sfr directive in the compiler. When using the assembler, debugger, and simulator,
symbols can be written as an instruction operand.

R/W

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

R/W: Read/write enable

R: Read only

W:  Write only

Manipulable bit units

“\" indicates the manipulable bit unit (1, 8, or 16). “~” indicates a bit unit for which manipulation is not possible.

After reset

Indicates each register status upon reset signal generation.

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

Remark For SFRs in the SFR area, see 3.2.4 Special function registers (SFRs).
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Table 3-6. Extended Special Function Register (2nd SFR) List (1/4)

Address Extended Special Function Register Symbol R/W Manipulable Bit Range After Reset
(2nd SFR) Name 1-bit 8-bit 16-bit

FOO10H | A/D converter mode register 2 ADM2 RIW N \ - 00H

FO0011H Conversion result comparison upper limit | ADUL R/W - S - FFH
setting register

FO0012H Conversion result comparison lower limit | ADLL R/W - S - 00H
setting register

FO013H | A/D test register ADTES R/W - \ - O0H

FO031H | Pull-up resistor option register 1 PU1 RIW v \ - 00H

FO033H | Pull-up resistor option register 3 PU3 RIW N \ - 00H

FO0034H Pull-up resistor option register 4 PU4 R/W N \ - 01H

FO061H | Port mode control register 1 PMC1 RIW N S - FFH

FOO70H | Noise filter enable register 0 NFENO RIW \ \ - O0H

FOO71H | Noise filter enable register 1 NFEN1 RIW N \ - 00H

FO073H | Input switch control register ISC RIW \/ \ - O0H

FO0074H Timer input select register 0 TISO R/W - \ - 00H

FOO76H A/D port configuration register ADPC R/W - S - 00H

FO078H Invalid memory access detection control | IAWCTL R/W - S - 00H
register

FOO7AH | Peripheral enable register 1 PER1 R/W \ - 00H

FO090H Data flash control register DFLCTL R/W - 00H

FOOAOH | High-speed on-chip oscillator trimming HIOTRM R/W - - Undefined
register Note

FOOA8H | High-speed on-chip oscillator frequency | HOCODIV R/W - \ - Undefined
select register

FOOFOH Peripheral enable register 0 PERO R/W S - 00H

FOOF5H RAM parity error control register RPECTL R/W S - 00H

FOOFEH | BCD adjust result register BCDADJ - v - Undefined

FO100H | Serial status register 00 SSROOL | SSR00 - J v 0000H

FO101H - - -

FO102H Serial status register 01 SSRO1L | SSR0O1 R - \ v 0000H

FO103H - - -

FO0108H Serial flag clear trigger register 00 SIROOL | SIR00 R/W - \ v 0000H

FO109H - - -

FO10AH | Serial flag clear trigger register 01 SIROIL | SIRO1 | R/W - \ v 0000H

FO010BH - - -

Note The value after a reset is adjusted at shipment.
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Table 3-6. Extended Special Function Register (2nd SFR) List (2/4)

Address Extended Special Function Register Symbol R/W Manipulable Bit Range | After Reset
(2nd SFR) Name 1-bit 8-bit 16-bit

FO110H | Serial mode register 00 SMR00 RIW - - v 0020H
FO111H
FO112H Serial mode register 01 SMRO1 R/W - - v 0020H
FO113H
FO118H Serial communication operation setting SCRO00 R/W - - v 0087H
FO119H register 00
FO11AH | Serial communication operation setting SCRO1 R/W - - v 0087H
FO11BH register 01
FO120H | Serial channel enable status register 0 SEOL | SEO R v \ v 0000H
FO121H - - -
FO122H | Serial channel start register 0 SSOL | SSO RIW v \ v 0000H
FO0123H - - -
FO124H | Serial channel stop register 0 STOL STO RIW v \/ v 0000H
FO125H - - -
FO126H | Serial clock select register 0 SPSOL | SPSO | RIW - J v 0000H
FO127H - - -
FO0128H Serial output register O SO0 R/W - - v 0303H
FO129H
FO12AH | Serial output enable register 0 SOEOL | SOE0 | RMW v N v 0000H
FO012BH - - -
FO134H | Serial output level register 0 SOLOL | SOLO RIW - \ v 0000H
FO135H - - -
F0138H | Serial standby control register 0 SSCOL | SSCO0 | RW - \ v 0000H
FO139H - - -
FO180H Timer counter register 00 TCROO R - - v FFFFH
FO181H
FO0182H Timer counter register 01 TCRO1 R - - v FFFFH
F0183H
F0184H Timer counter register 02 TCRO02 R - - v FFFFH
FO0185H
F0186H Timer counter register 03 TCRO03 R - - v FFFFH
FO187H
FO190H Timer mode register 00 TMROO R/W - - v 0000H
FO191H
FO0192H Timer mode register 01 TMRO1 R/W - - v 0000H
FO193H
F0194H | Timer mode register 02 TMRO2 RIW - - v 0000H
FO195H
FO196H Timer mode register 03 TMRO3 R/W - - v 0000H
FO197H
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Table 3-6. Extended Special Function Register (2nd SFR) List (3/4)

Address Extended Special Function Register Symbol RIW Manipulable Bit Range | After Reset
(2nd SFR) Name 1-bit 8-bit 16-bit
FOLAOH | Timer status register 00 TSROOL | TSRO0 R - v N 0000H
FO1A1H - - -
FO1A2H | Timer status register 01 TSROIL | TSRO1 R - v «/ 0000H
FO1A3H - - -
FO1A4H | Timer status register 02 TSRO2L | TSR02 R - v «/ 0000H
FO1A5H - - -
FO1A6H Timer status register 03 TSRO3L | TSR03 R - v \ 0000H
FO1A7H - - -
FO1BOH | Timer channel enable status register 0 TEOL | TEO R v v \ 0000H
FO1B1H - - -
FO1B2H | Timer channel start register 0 TSOL | TSO RIW v v v 0000H
FO1B3H - - -
FO1B4H | Timer channel stop register 0 TTOL TTO RIW v v N 0000H
FO1B5H - - -
FO1B6H Timer clock select register 0 TPSO R/W - - \/ 0000H
FO1B7H
FO1B8H | Timer output register O TOOL |TOO RIW - v «/ 0000H
FO1B9H - - -
FO1BAH | Timer output enable register 0 TOEOL |TOEO | RW v v \ 0000H
FO1BBH - - -
FO1BCH | Timer output level register 0 TOLOL |TOLO RIW - v v 0000H
FO1BDH - - -
FO1BEH | Timer output mode register 0 TOMOL | TOMO | R/W - v \ 0000H
FO1BFH - - -
FO230H | IICA control register 00 IICCTLOO RIW v v - 00H
F0231H | IICA control register 01 IICCTLO1 RIW \ \ - O0H
F0232H IICA low-level width setting register 0 IICWLO R/W - v - FFH
FO0233H IICA high-level width setting register O IICWHO R/W - v - FFH
F0234H Slave address register 0 SVAO R/W - v - 00H
F0238H | IICA control register 10 IICCTL10 RIW v v - 00H
F0239H | IICA control register 11 lICCTL11 RIW \ \ - O0H
FO23AH IICA low-level width setting register 1 lICWL1 R/W - v - FFH
F023BH IICA high-level width setting register 1 IICWH1 R/W - v - FFH
FO023CH Slave address register 1 SVAl R/W - v - 00H
FO2FOH | Flash memory CRC control register CRCOCTL RIW v v - O0H
FO2F2H Flash memory CRC operation result PGCRCL R/W - - N 0000H
register
FO2FAH | CRC data register CRCD RIW - - \ 0000H
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Table 3-6. Extended Special Function Register (2nd SFR) List (4/4)

Address Extended Special Function Register Symbol RIW Manipulable Bit Range After Reset
(2nd SFR) Name 1-bit 8-bit 16-bit
FO300H | Event output destination select register 00 | ELSELR0O RIW \/ \ - O0H
FO301H | Event output destination select register 01 | ELSELRO1 RIW \/ S - 00H
FO302H | Event output destination select register 02 | ELSELR02 RIW S \ - 00H
FO303H | Event output destination select register 03 | ELSELR03 RIW \ \ - O0H
FO304H | Event output destination select register 04 | ELSELR04 RIW \/ \ - 00H
FO305H | Event output destination select register 05 | ELSELR05 RIW \/ \ - O0H
FO306H | Event output destination select register 06 | ELSELR06 RIW \/ S - 00H
FO307H | Event output destination select register 07 | ELSELRO7 RIW \/ S - 00H
FO308H | Event output destination select register 08 | ELSELR08 RIW \ \ - O0H
FO309H | Event output destination select register 09 | ELSELR09 RIW S \ - 00H

Remark For SFRs in the SFR area, see Table 3-5 Special Function Register (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

D
E / DISPLACE 8/16 bits

3.3.2 Immediate addressing

[Function]
Immediate addressing stores immediate data of the instruction word in the program counter, and specifies the
program address to be used as the branch destination.
For immediate addressing, CALL !'addr20 or BR !'addr20 is used to specify 20-bit addresses and CALL 'addr16 or
BR !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 !'addr20

PC Instruction code

OP code

Low Addr.

High Addr.

Seg Addr.

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

PC pcs | Peu | PcL Instruction code
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 OOBFH) 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

OPcode

High Addr.

,—>

00000000]10 0
L Low Addr.
Table addess
Memory
0000
PC PCs PCH PCL

3.3.4 Register indirect addressing

[Function]

Register indirect 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 PCs PCH PCL
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3.4 Addressing for Processing Data Addresses

3.4.1 Implied addressing

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

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

Figure 3-15. 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

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

ES:laddrl6 | Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register)

Figure 3-17. Example of laddr16

MOV laddrl6, A

<1>

Instruction code

OP-code Target memory

Low Addr.
<1

High Addr.

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

Memory

Figure 3-18. Example of ES:!addr16

ES: laddrl6

<1> <2>

Instruction code

OP-code Target memory
Specifies the 4
) Low Addr. address in memory

High Addr. X0000H— §
: Specifies a
64 KB area

ES >

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

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

FFFFFH

FOOOOH

FFFFFH
A

Area from
X0000H to
XFFFFH

v
00000H
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3.4.4 Short direct addressing

[Function]

Short direct addressing directly specifies the target addresses using 8-bit data in the instruction word. This type of
addressing is applied only to the space from FFE20H to FFF1FH.

[Operand format]

Identifier Description

SADDR Label, or FFE20H to FFF1FH immediate data

SADDRP Label, or FFE20H to FFF1FH immediate data (even address only)

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)

Figure 3-20. Outline of SFR Addressing

Instruction code

FFFFFH
OP code —,_> SFR
SER 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]
FFFFFH
[DE], [HL]
<1> <1>
Target memory
Instruction code _ <1> g pecifies the Y
OP-code rp(HL/DE) address in memory
FOOOOH

® Either pair of registers <1> specifies the target

location as an address in the 64 KB area from

FOOOOH to FFFFFH.

Memory
Figure 3-22. Example of ES:[DE], ES:[HL]
ES: [DE], ES: [HL]
<1> <2> <1> <2> FFFFFH
A
Target memor Area from
Instruction code <2> gpecifies the = 9 y XO0000H to
<2> address in memory XFFFFH
OP-code rp(HL/DE) >
XO0000H +
<1> Specifies a
<1> ES 64 KB area
v
e The ES register <1> specifies a 64 KB area within the 00000H

overall 1 MB 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 FOOOOH to FFFFFH is specifiable)

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

- word[BC] (only the space from FOOO0OH to FFFFFH is specifiable)

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

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

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

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

Instruction code

<1> <>

Target memory

Offset 7
<2> hyte

Specifiesa ™ 4
<1> gtack area
SP >

e 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

FOOOOH

RO1UHO0895EJ0100 Rev.1.00

Nov 29, 2019 RENESAS

55



RL78/G1P

CHAPTER 3 CPU ARCHITECTURE

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

[HL + byte],  [DE + byte]
<1> <2> <1> <2> FEFFFH
Instruction code
OP-code Target memory Target
\ <2> offset array
<2> pbyte > of data
<1> Address of r'y
an array Other data in
rp(HL/DE) »> the array FO000H
® Either pair of registers <1> specifies the address
where the target array of data starts in the 64 KB
area from FOOOOH to FFFFFH.
e “byte” <2> specifies an offset within the array to
the target location in memory. M
emory
Figure 3-25. Example of word[B], word[C]
word [B], word [C]
<1> <2> <1> <2> FFFFFH
. T Array of
Instruction code arget memory word-sized
<2> <2> Offset —F dat
OP-code —>| 1(BIC) aa
Address of a word $
Low Addr. <1> within an array
High Adr. F0000H
o “word” <1> specifies the address where the target
array of word-sized data starts in the 64 KB area
from FOOOOH to FFFFFH.
e Either register <2> specifies an offset within the
array to the target location in memory. Memory
Figure 3-26. Example of word[BC]
word  [BC] FFFFFH
<l> <2>
Instruction code <2> Target memory Array of
<2> word-sized
R Offset 4 dat
OP-code >l  rp(BC) ata
Address of aword |
L 1 Low Addr. ] <1> ithin an array
HighAddr.  |— FO000H

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

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

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

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

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

Instruction code
<2>
OP-code <3> Target memory
bt Offset 4
<3> byt <2> Address of -
an array Other data in
rp(HL/DE) > the array
X0000H ’
A e
<1> i Specifies a
<1>§ 64 KB area
ES : >
* The ES register <1> specifies a 64-Kbyte area within the
overall 1 MB space as the four higher-order bits, X, of

the address range. Memory
* Either pair of registers <2> specifies the address

where the target array of data starts in the 64-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>

i <3>
Instruction code <3> Target memory
OP-code /L Offset
r(B/C)
<2>
_<2>WN Address of a word within an array :‘
High Addr.

XO0000H .

<1> 3 Specifies a
. <1> 64 KB 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 off set within the array to the target location
in memory.

Memory

XFFFFH

Target
array
of data

X0000H

XFFFFH

Array of
word-sized
data

X0000H
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Figure 3-29. Example of ES:word[BC]

ES: word [BC]

<l> <2> <3>

Instruction code <3>

Target memory

<3 y
orcode . E U - Offset ¥

<2> 'y
_<2>%T Address of a word within an array |

High Addr. X0000H

Y -
<1> P <1> Specifies a
ES 64 KB area

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.

® "word" <2> specifies the address where the target array of
word-sized data starts in the 64 KB area specified in the
ES register <1>.

® A pair of registers <3> specifies an offset within the array to
the target location in memory.

Memory

XFFFFH

Array of
word-sized
data

X0000H
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3.4.8 Based indexed addressing

[Function]

Based indexed addressing uses the contents of a register pair specified with the instruction word as the base
address, and the content of the B register or C register similarly specified with the instruction word as offset address.

The sum of these values is used to specify the target address.

[Operand format]

Identifier Description
- [HL+B], [HL+C] (only the space from FOOOOH to FFFFFH is specifiable)
- ES:[HL+B], ES:[HL+C] (higher 4-bit addresses are specified by the ES register)
Figure 3-30. Example of [HL+B], [HL+C]
[HL +B], [HL+C]
<1> <2> <1> <2> F,":FFFH
. Target
Instruction code Target memory array
/\_,, <2> Offset ¥ of data
OP-code r(B/C)
<1> Address of 1 Other data in
an array | the array v
rp(HL) ' FOO00H
® A pair of registers <1> specifies the address where the target
array of data starts in the 64 KB 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
= array
Instruction code r(B/C) Offset of data
. <2> <o> ?h(id;?rsasy()f LY Other data in
OP-code > rp(HL) the array Y 0000
<3> bhyte X0000H +
T Specifies a
<1> <1>§ 64 KB area
ES - >
» The ES register <1> specifies a 64 KB area within the overall
1 MB space as the four higher-order bits, X, of the address range. Memory

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

* Either register <3> specifies an offset within the array to the
target location in memory.
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3.4.9 Stack addressing

[Function]
The stack area is indirectly addressed with the stack pointer (SP) 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.

[Description format]

Identifier Description

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

RET

BRK

RETB
(Interrupt request generated)

RETI

The data saved/restored by each stack operation is shown in Figures 3-32 to 3-37.

Figure 3-32. Example of PUSH rp

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

<1> sp P SP+2
Instruction code SP+1 (SP+1) Stack
/\/ SP (SP) area
OP-code <2> ASF’/\/
; 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>
Instruction code <1> SP SP-1 00H Stack
SP-2 [, Pci9-PC16 area
OP-code SP-3
X PC15-PC8
sp |8>SP+4 PC7-PCO
<2>
FOOOOH
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.
e OOH, the values of PC bits 19 to 16, 15 to 8, and 7 to O are stored
in addresses SP — 1, SP — 2, SP — 3, and SP — 4, respectively <2>.
e The value of the SP <3> is decreased by 4.

RO1UHO0895EJ0100 Rev.1.00

Nov 29, 2019 RENESAS

61



RL78/G1P

CHAPTER 3 CPU ARCHITECTURE

Figure 3-35. Example of RET

RET A
<1> o SP+4
Instruction code <1> SP+3 (SP+3)
-\, SP+2 (SP+2) Stack
OP-code SP+1 (SP+1) area
<3>
sp > sp /4 (SP)
///%/v/ '
<2> FOOOOH
PC
* Stack addressing is specified <1>.
e The contents of addresses SP, SP + 1, and SP + 2 are stored
in PC bits 7 to 0, 15 to 8, and 19 to 16, respectively <2>. Memory
e The value of SP <3> is increased by four.
Figure 3-36. Example of Interrupt, BRK
PSW </\
A
SP >
Instruction code SP-1 h PSW Stack
<> sp-2 |, PC19-PC16 area
OP-code sp-3 [, _Pci5Pcs
or SP <3>SpP-4 PC7-PCO
A
Interrupt
<2> FOO00OH
PC
e Stack addressing is specified <1>. In response to a BRK
instruction or acceptance of an interrupt, the value of the Memory

program counter (PC) changes to indicate the address of
the next instruction.

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

® The value of the SP <3> is decreased by 4.
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Figure 3-37. Example of RETI, RETB

RETI, RETB
<1> PSW |-
Sp SP+4 (
Instruction code <1> SP+3 (SP+3)
SP+2 (SP+2)
OP-code SP+1 (SP+1)
N@
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>,
e The value of SP <3> is increased by four.

Stack
area

FOOOOH
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CHAPTER 4 PORT FUNCTIONS

4.1 Port Functions

The RL78/G1P microcontrollers are provided with digital /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
Ports include the following hardware.

Table 4-1. Port Configuration

Item Configuration

Control registers Port mode registers (PM1 to PM4, PM6)

Port registers (P1 to P4, P6, P12, P13)

Pull-up resistor option registers ( PU1, PU3, PU4)
Port mode control register 1 (PMC1)

A/D port configuration register (ADPC)

Port e 24-pin products:

Total: 20 (CMOS 1/0O: 15, CMOS input: 3, N-ch open drain I/O: 2)
e 32-pin products:

Total: 28 (CMOS 1/0: 23, CMOS input: 3, N-ch open drain I/O: 2)

Pull-up resistor e 24-pin products: Total:10
e 32-pin products: Total:15

Caution Most of the following descriptions in this chapter use the 32-pin products as an example.
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4.2.1 Portl

Port 1 is an I/0O port with an output latch. Port 1 can be set to the input mode or output mode in 1-bit units using port

mode register 1 (PM1). When the P10 to P17 pins are used as an input port, use of an on-chip pull-up resistor can be

specified in 1-bit units by pull-up resistor option register 1 (PU1).
This port can also be used for timer I/O, external interrupt request input, and clock/buzzer output.
Reset signal generation sets port 1 to input mode.

Notes 1.

Remark

Table 4-2. Settings of Registers When Using Port 1

Port 1/0 PM1x Alternate Function Setting Remark
P10 Input 1 x CMOS input
Output 0 X CMOS output
P11 Input 1 X CMOS input
Output 0 X CMOS output
P12 Input 1 x CMOS input
Output 0 PCLBUZO0 output = QNte® CMOS output
TOO03 output = QNote 3
P13 Input 1 X CMOS input
Output 0 TOO00 output = QNete3 CMOS output
P14 Input 1 x CMOS input
Output 0 X CMOS output
P15 Input 1 x CMOS input
Output 0 PCLBUZ1 output = QN°te2 CMOS output
P16 Input 1 x CMOS input
Output 0 TOO01 output = QNote 3 CMOS output
P17 Input 1 X CMOS input
Output 0 X CMOS output

To use P12/TI03/TO03/INTP4/PCLBUZO as a general-purpose port, set bit 7 (PCLOEO) of clock output
select register 0 (CKSO) to “0”, which is the same as their default status setting.
To use P15/PCLBUZ1 as a general-purpose port, set bit 7 (PCLOE1L) of clock output select register 1

(CKS1) to “0”, which is the same as their default status setting.
To use P12/TI03/TO03/INTP4/PCLBUZO0, P13/TI00/TOQ0, or P16/TI01/TO01/INTP5 as a general-purpose
port, set bits 0, 1, and 3 (TO00, TO01, TOO03) of timer output register 0 (TOO) and bits 0, 1, and 3 (TOEQO,
TOEO1, TOEO3) of timer output enable register 0 (TOEO) to “0”, which is the same as their default status

setting.

x: don't care
PM1x: Port mode register 1
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For example, figures 4-1 to 4-4 show block diagrams of port 1.

Figure 4-1. Block Diagrams of P10 (24-pin products)

© P10/ANI16

Vop
N\
WRpru
l PU1L
) PU10
P-ch
WRemc
PMC1
& PMC10
RD
[92]
© o | 8
E N _
8 | )
£
WRPpoRrT
P1
A Output latch
~ (P10)
WRewMm
PM1
& PM10
~_
A/D converter
P1: Port register 1

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

PMC1: Port mode control register 1

WRxx: Write signal
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RL78/G1P
Figure 4-2. Block Diagram of P10, P11, P14, and P17 (32-pin products)
Voo
™  WReu
l PU1
PU10, PU11,
~ PU14, PU17 b—l P-ch
RD
2 " o<]—o@7
2 | S
g Fan | %
g n
WRpoRT
P1
A Output latch
~ (P10, P11, P14, P17) © P10, P11, P14, P17
WRpm
PM1
A PM10, PM11,
~ PM14, PM17
™~
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 4-3. Block Diagram of P12, P13, and P16

Voo
M\ WRpu
l PU1
o PU12, PU13, PU16 ) | b.ch
-C
Alternate
function
RD
| el
o> 3
2 | &
(:; WRpoRT
£ P1
i
= A Output latch
< (P12, P13, P16) ——O) P12/TI03/TO03/INTP4/
PCLBUZO,
WRewm P13/TI00/TO00,
PM1 P16/TI01/TOOL/INTP5
oD PM12, PM13,PM16
Alternate
function
N
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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Figure 4-4. Block Diagrams of P15
Voo
M\ WRpu

l PU1

S PU15

RD

& < 3
g ~ b
% WRPpoRT
c P1
Q
= A Output latch

= (pp15) ——O P15/PCLBUZ1

WRpm
PM1
S PM15
Alternate
function
N
P1: Port register 1
PU1: Pull-up resistor option register 1
PM1:  Port mode register 1
RD: Read signal
WRxx: Write signal
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4.2.2 Port 2
Port 2 is an 1/O port with an output latch. Port 2 can be set to the input mode or output mode in 1-bit units using port

mode register 2 (PM2).
This port can also be used for A/D converter analog input, (+ side and — side) reference voltage input, and D/A

converter output.
To use P20/ANIO, P21/ANI1, P22/ANI2/ANOO, P23/ANI3/ANOL, P24/ANI4 to P27/ANI7 as digital input pins or digital

output pins, use these pins as following order.

P27 - P26 — P25 —» P21 —» P20 — P22 — P23 —» P24

To use P20 and P21 as A/D converter analog input and (+ side and — side) reference voltage input when P20/ANIO,
P21/ANI1, P22/ANI2/ANOO, P23/ANI3/ANO1, P24/ANI4 to P27/ANI7 is used as analog I/O pins, use these pins starting
from the next pin of P20 or P21.

In other case, use these pins as following order.

P24 —» P23 —» P22 —» P20 —» P21 — P25 — P26 — P27

Table 4-3. Settings of Registers When Using Port 2

Name 110 PM2n ADPC Alternate Function Setting Remark
P2n Input 1 1 - To use P2n as a port, use these
Output 0 1 pins from a higher bit.

Remarks 1. PM2x: Port mode register 2
ADPC: A/D port configuration register
2.n=0to7

Table 4-4. Setting Functions of P20/ANIO, P21/ANI1, P24/ANI4 to P27/ANI7 Pins

ADPC Register PM2 Register ADS Register P20/ANIO, P21/ANI1,
P24/ANI4 to P27/ANI7 Pins
Digital I/0 selection Input mode - Digital input
Output mode - Digital output
Analog input selection Input mode Selects ANI. Analog input (to be converted)
Does not select ANI. Analog input (not to be converted)
Output mode Selects ANI. Setting prohibited

Does not select ANI.

P20/ANIO, P21/ANI1, P24/ANI4 toP27/ANI7 are set in the analog input mode when the reset signal is generated.
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Table 4-5. Setting Functions of P22/ANI2/ANOO, P23/ANI3/ANO1 Pins

ADPC Register PM2 Register DAM Register ADS Register P22/ANI2/ANOO,
P23/ANI3/ANOL1 Pins
Digital I/0 selection Input mode - - Digital input
Output mode - - Digital output
Analog input selection | Input mode Enables D/A Selects ANI. Setting prohibited
conversion operation | paeg not select ANI. Analog output
Stops D/A conversion Selects ANI. Analog input (to be converted)
operation Does not select ANI. Analog input (not to be
converted)
Output mode Enables D/A Selects ANI. Setting prohibited

conversion operation Does not select ANI

Stops D/A conversion Selects ANI.
operation

Does not select ANI.

P22/ANI2/ANOO and P23/ANI3/ANOL1 are set in the analog input mode when the reset signal is generated.
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For example, figures 4-5 and 4-6 show block diagrams of port 2 for 32-pin products.

Figure 4-5. Block Diagram of P20, P21, P24 to P27

R
WRAabrc
ADPC 0: Analog input
ADPCO, ADPC1, 1: Digital I/O
~ ADPC4 to ADPC7
RD
g o
| o
14 B
%) | @
=] [%2]
o
® WRpoRT
c
& P2
= Output latch P20/ANIO/AVrerp,
~ (P20, P21, P24 to P27) ) © P21/ANIL/AVrerM,
i— P24/ANI4 to P27/ANI7
WRem
PM2
PM20, PM21,
~ PM24 to PM27
A/D converter
S

ADPC: A/D port configuration register
P2: Port register 2

PM2:  Port mode register 2

RD: Read signal

WRxx: Write signal

Figure 4-6. Block Diagram of P22 and P23

WRAabpPc

ADPC 0: Analog input
1: Digital IO
& ADPC2, ADPC3
RD
5 O<} A -
| 3
(0]
| o]
(%] n
3
o)
= WRpoRrT
c P2
1]
£ Output latch | © P22IANIZIANOD,
~ (P22, P23) P23/ANI3/ANO1
WRem
PM2
PM22, PM23 ):
A/D converter
-~y D/A converter
P2: Port register 2

PM2:  Port mode register 2
RD: Read signal
WRxx: Write signal
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4.2.3 Port 3

Port 3 is an I/0 port with an output latch. Port 3 can be set to the input mode or output mode in 1-bit units using port
mode register 3 (PM3). When the P30 to P35 pins are used as an input port, use of an on-chip pull-up resistor can be

specified in 1-bit units by pull-up resistor option register 3 (PU3).
This port can also be used for external interrupt request input, serial interface data I/O, clock I/O, programming UART
transmission/reception, timer 1/0, and chip select input.

Reset signal generation sets P30 to P35 to input mode.

Table 4-6. Settings of Registers When Using Port 3

Name /10 PM3x Alternate Function Setting Remark

P30 Input 1 X

Output 0 SO00/TxDO0 output = 1Notel
P31 Input 1 X

Output 0 x
P32 Input 1 x

Output 0 SCKOO output = 1Note
P33 Input 1 X

Output 0 TOO02 output = QN2
P34, P35 Input 1 X

Output 0 X

Notes 1. To use P30/INTP2/TxDO/TOOLTxD/SO00, P32/INTP3/SCKO00 as a general-purpose port, set bit 0 (SE00)
of serial channel enable status register 0 (SEO), bit 0 (SO00) of serial output register 0 (SO0) and bit 0
(SOEOQO) of serial output enable register 0 (SOED) to the default status.
2. To use P33/TI02/TO02 as a general-purpose port, set bit 2 (TO02) of timer output register 0 (TOO0) and bit
2 (TOEO02) of timer output enable register 0 (TOEO) to “0”, which is the same as their default status setting.

Remark x: don’t care

PM3x: Port mode register 3
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For example, figures 4-7 to 4-11 show block diagrams of port 3 for 32-pin products.

Figure 4-7. Block Diagram of P30

M\ WRpu
l PU3
© PU30 ) | b-ch
-Cl
Alternate
function
RD
5 O< | O<:] |
pary o
O Q
[
g [0}
2 WRPpoRT
g P3
]
IS A Output latch N\
~ (P30) © P30/INTP2/TXDO/
__J TOOLTxD/SO00
WRpm
PM3
S PM30
Alternate
function
N
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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Figure 4-8. Block Diagram of P31
Voo
M\A WRpru
l PU3
S PU31
Alternate
function
RD
g o~ 5
=2 WRpoRT
g P3
]
= & O”tfpusfl';"mh N © P3L/INTPL/RXDO/
TOOLRXD/SIO0
WRewm
PM3
S PM31
%
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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Figure 4-9. Block Diagram of P32

Vob
M\A WRpru
l PU3
O PU32 ) | b.ch
-C
Alternate
function
RD
| 5 o<]—o@]——
rany o
\w (6]
| ©
[%] n
>
= WRpoRrT
g P3
e
< A Output latch N\
= (P32) ) } © P32/INTP3/SCK00
WRem
PM3
S PM32
Alternate
function
N
P3: Port register 3
PU3: Pull-up resistor option register 3
PM3:  Port mode register 3
RD: Read signal
WRxx: Write signal
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Figure 4-10. Block Diagram of P33

Vob
M\A WRpu
l PU3
> PU33
P-ch
Alternate
function
RD
0 N o
E 7]
< WRpoRT
c P3
L
£ A Output latch
~ (P33) ——O P33/T102/TO02/
SSI00
WRem
PM3
S PM33
Alternate
function
N
P3: Port register 3

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

RD: Read signal

WRxx: Write signal
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M WReu

Figure 4-11. Block Diagram of P34 and P35

PU3

PU34, PU35

RD

Internal bus
D

WRpoRT

P3

Selector

®

Output latch
(P34, P35)

/

P-ch

© P34, P35

PM3

(¢

PM34, PM35

P3: Port register 3

PU3: Pull-up resistor option register 3

PM3:  Port mode register 3

RD: Read signal
WRxx: Write signal
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4.2.4 Port4
Port 4 is an 1/0 port with an output latch. Port 4 can be set to the input mode or output mode using port mode register

4 (PM4). When the P40 pin is used as an input port, use of an on-chip pull-up resistor can be specified in 1-bit units by

pull-up resistor option register 4 (PU4).
This port can also be used for data I/O for a flash memory programmer/debugger.

Reset signal generation sets port 4 to input mode.

Table 4-7. Settings of Registers When Using Port 4

Name 110 PM4x Alternate Function Setting Remark
P40 Input 1 x
Output 0 x

Caution When a tool is connected, the P40 pin cannot be used as a port pin.

Remark x: don't care
PM4x: Port mode register 4

Figure 4-12 shows a block diagram of port 4.

Figure 4-12. Block Diagram of P40

M\ Vbbb
WRpu
J PU4
S PU40 ) | b.ch
Alternate
function
RD
%2} D I 8
= N I 3
g
é WRpoRrT
£ P4
N Output latch =
= P40 g
(P49 8 © P40/TOOLO
WReM %
PM4
S PM40
Alternate
function
S
P4: Port register 4
PU4: Pull-up resistor option register 4
PM4:  Port mode register 4
RD: Read signal
WRxx: Write signal
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4.25 Port 6

Port 6 is an I/0 port with an output latch. Port 6 can be set to the input mode or output mode in 1-bit units using port

mode register 6 (PM6).
The output of the P60 and P61 pins is N-ch open-drain output (6 V tolerance).
This port can also be used for serial interface data I/O and clock I/O.

Reset signal generation sets port 6 to input mode.

Table 4-8. Settings of Registers When Using Port 6

Name 1/0 PM6x Alternate Function Setting Remark
P60 Input 1 SCLAO output = QNote
Output 0
P61 Input 1 SDAAQ output = QNote
Output 0

Note Stop the operation of serial interface IICA when using P60/SCLAO/SCLAL and P61/SDAAO/SDAAL as general-

purpose ports.

Remark x:

don’t care
PM6x: Port mode register 6

Figure 4-13 shows a block diagram of port 6

RD

Figure 4-13.

Alternate

Block Diagram of P60 and P61

function

WRpoRT

<L

Selector

P6
Output latch

Internal bus

(P60, P61)

PM6

PM60, PM61

P6:

PM6:

RD:

WRxx:

Alternate

function

Port register 6
Port mode register 6
Read signal

Write signal

—©O P60/SCLAO/SCLAL,
P61/SDAAO/SDAAL
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4.2.6 Port 12

P121 and P122 are 2-bit input only ports.
This port can also be used for connecting resonator for main system clock and external clock input for main system

clock.
Reset signal generation sets port 12 to input mode.

Table 4-9. Settings of Registers When Using Port 12

Name 1/0 Alternate Function Setting Remark

P121 Input OSCSEL bit of CMC register = 0
or EXCLK bit=1

P122 Input OSCSEL bit of CMC register = 0

Caution The function setting on P121 and P122 is available only once after the reset release. The port once
set for connection to an X1 oscillator, external clock input cannot be used as an input port unless the

reset is performed.
Figure 4-14 shows a block diagram of port 12.

Figure 4-14. Block Diagram of P121 and P122

(M
Clock generator /T
cMC
OSCSEL
RD
& | (1
| \ © P122/X2/EXCLK
2
ks
5 cMC
- EXCLK, OSCSEL ;{ ﬂ&
RD
& | (7
| NG O P121X1
N/
CMC: Clock operation mode control register
RD: Read signal
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4.2.7 Port 13
P137 is a 1-bit input-only port.
P137 is fixed to an input ports.
This port can also be used for external interrupt request input.

Table 4-10. Settings of Registers When Using Port 13

Name 110 Alternate Function Setting

Remark

P137 Input X

Remark x:don't care

Figure 4-15 shows a block diagram of port 13.

Figure 4-15. Block Diagram of P137

Y
8
% 17 |—© P137/INTPO
o
ol
IS
Alternate
function
AV
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4.3 Registers Controlling Port Function

Port functions are controlled by the following registers.

e Port mode registers (PMxx)
e Port registers (Pxx)

e Pull-up resistor option registers (PUxXx)

e Port mode control register 1 (PMC1)

e A/D port configuration register (ADPC)

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

each product, see Table 4-11. Be sure to set bits that are not mounted to their initial values.

Table 4-11. PMxx, Pxx, PUxx, PMC1 Registers and Bits Mounted on Each Product (1/2)

Bit Name 32 24
Port PMXx Pxx PUxX pvcy | Pin | Pin
Register Register Register | Register°t
Port 1 0 PM10 P10 PU10 PMC10Note |+ y
1 PM11 P11 PU11 - \ -
2 PM12 P12 PU12 - J y
3 PM13 P13 PU13 - J 3
4 PM14 P14 PU14 - v -
5 PM15 P15 PU15 - J y
6 PM16 P16 PU16 - R v
7 PM17 P17 PU17 - J -
Port 2 0 PM20 P20 - - J v
1 PM21 P21 - - J y
2 PM22 P22 - - J y
3 PM23 P23 - - R v
4 PM24 P24 - - J -
5 PM25 P25 — - \ -
6 PM26 P26 - - J -
7 PM27 P27 - - \ v
Port 3 0 PM30 P30 PU30 - J 3
1 PM31 P31 PU31 - J y
2 PM32 P32 PU32 - R \/
3 PM33 P33 PU33 - J y
4 PM34 P34 PU34 - \ -
5 PM35 P35 PU35 - J -
6 — — — — — —
7 — — — — — —
Note 24-pin products only.
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Table 4-11. PMxx, Pxx, PUxx, PMC1 Registers and Bits Mounted on Each Product (2/2)

Bit Name 32 24
Port PMxx Pxx PUxX pmc1 | Pin | Pin
Register Register Register Register
Port 4 0 PM40 P40 PU40 - J v
1 _ _ — — — —
2 — — - - - -
3 — — - — - —
4 _ _ _ _ _ _
5 — — - — - -
6 _ _ — — — —
7 — — - — - -
Port 6 0 PM60 P60 - - v v
1 PM61 P61 - - J V
2 — — - - - -
3 _ _ — — — —
4 — — - — - -
5 _ _ — — — —
6 — — - - - -
7 — — - - - -
Port 12 0 - - - - - -
1 - P121 - - J 3
2 - P122 - - J \/
3 — — — — - —
4 — — - - - -
5 _ _ _ _ _ _
6 — — - — - —
7 _ _ — — — —
Port 13 0 - - - - - -
1 _ _ — — — —
2 — — - - - -
3 — — - — - —
4 _ _ _ _ _ _
5 — — - — - -
6 _ _ — — — —
7 - P137 - - J 3
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4.3.1 Port mode registers (PMxx)

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

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

Reset signal generation sets these registers to FFH.

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

Symbol

PM1 |P|\/|17N°te

PM2

PM3

PM4

PM6

Figure 4-16. Format of Port Mode Register

7 6 5 4 3 2 1 0 Address  After reset R/W
PM16 [ PM15 |PM14N°‘e PM13 ’ PM12 |PM11N°‘e PM10 | FFF21H FFH R/W
| PM27 ‘PMZGN“‘e PM25Nete | pp24Note | pM23 ‘ PM22 | PM21 ‘ PM20 | FFF22H FFH R/W
| 1 1 ‘PM35N°te PM34Note | PM33 ‘ PM32 | PM31 ‘ PM30 | FFF23H FFH R/W
| 1 1 ‘ 1 | 1 ‘ 1 ‘ 1 | 1 ‘ PM40 | FFF24H FFH R/W
| 1 1 ‘ 1 | 1 ‘ 1 ‘ 1 | PM61 ‘ PM60 | FFF26H FFH R/W
PMmn Pmn pin I/O mode selection
(m=1t04,6;n=0t07)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Note These are not provided in 24-pin products.

Caution Be sure to set bits 6 and 7 of the PM3 register, bits 1 to 7 of the PM4 register, and bits 2 to 7 of the
PM®6 register to “1”.
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4.3.2 Port registers (Pxx)

These registers set the output latch value of a port.

If the data is read in the input mode, the pin level is read. If it is read in the output mode, the output latch value is
readote,

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

Reset signal generation clears these registers to O0OH.

Note If P20 to P27 are set up as analog inputs of the A/D converter, when a port is read while in the input mode, 0 is
always returned, not the pin level.

Figure 4-17. Format of Port Register

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W
P1 | p17Notes P16 [ P15 ’ p14Note3 P13 [ P12 ’ p1iNete3 | p10 | FFFO1IH  OOH (output latch) R/W
P2 | p27 | p2gNote3 | ppghote3 ‘ p24Note3 P23 ‘ P22 ‘ P21 ‘ P20 | FFFO2H  OOH (output latch) R/W
P3 | 0 | 0 ‘ p35hote 3 ‘ p34Note3 P33 ‘ P32 ‘ P31 ‘ P30 | FFFO3H  OOH (output latch) R/W
P4 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ P40 | FFFO4H  OOH (output latch) R/W
P6 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ P61 ‘ P60 | FFFO6H  OOH (output latch) R/W
P12 | 0 | 0 ‘ 0 ‘ 0 | 0 ‘ P122 ‘ P121 ‘ 0 | FFFOCH Undefined R/whote 1
P13 | P137 | 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 | FFFODH Note 2 R/whote 1
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

Notes 1. P121, P122, and P137 are read-only.
2. P137: Undefined
3. These are not provided in 24-pin products.

Remark m=1t04,6,12,13;n=0to 7
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4.3.3 Pull-up resistor option registers (PUxx)
These registers specify whether the on-chip pull-up resistors are to be used or not. On-chip pull-up resistors can be
used in 1-bit units only for the bits set to input mode (PMmn = 1) for the pins to which the use of an on-chip pull-up resistor
has been specified in these registers. On-chip pull-up resistors cannot be connected to bits set to output mode and bits
used as alternate-function output pins and analog setting (PMC = 1), regardless of the settings of these registers.
These registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to OOH (Only PU4 is set to 01H).

Symbol 7

Figure 4-18. Format of Pull-up Resistor Option Register

6 5 4 3 2 1 0 Address

PU1 | pU17Net

PU10 | FO031H

PU16 ‘ PU15 ‘PU14Nme PU13 ‘ PU12 ‘PUZI.lN‘"e

After reset

O00H

O0H

01H

R/W
R/W

R/W

R/W

PU3 | 0 0 ‘ PU35Nete | py3ghete | pyU33 ‘ PU32 ‘ PU31 ‘ PU30 | FO033H
PU4 | 0 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ PU40 | F0034H
PUmn Pmn pin on-chip pull-up resistor selection
(m=0,1,4,n=0t07)
0 On-chip pull-up resistor not connected
1 On-chip pull-up resistor connected

Note These are not provided in 24-pin products.
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4.3.4 Port mode control register 1 (PMC1) (24-pin products only)
This register sets the digital I/O/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 4-19. Format of Port Mode Control Register

Symbol 7 6 5 4 3 2 1 0 Address  After reset R/W
PMCll 1 | 1 ‘ 1 ‘ 1 | 1 ‘ 1 ‘ 1 ‘PMClOlFOOGlH FFH R/W
PMC10 P10 pin digital I/O/analog input selection
0 Digital I/O (alternate function other than analog input)
1 Analog input
Cautions1. Setthe channel used for A/D conversion to the input mode by using port mode register 1 (PM1).
2. Do not set the pin set by the PMC register as digital /O by the analog input channel
specification register (ADS).
3. Be sure to set bits that are not mounted to their initial values.
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4.3.5 A/D port configuration register (ADPC)

This register switches the ANI0/P20to ANI7/P27 pins to digital I/O of port or analog input of A/D converter.

The ADPC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 4-20. Format of A/D Port Configuration Register (ADPC)

Address: FOO76H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADPC ADPC7 ADPCgNete ADPC5Note ADPC4Note ADPC3 ADPC2 ADPC1 ADPCO
ADPCn Analog input (A)/digital I/O (D) selection of P2n/ANIn
0 Analog input (A) (default)
1 Digital I/0 (D)

Note These are not provided in 24-pin products.

Cautions 1. Set the port to analog input by ADPC register to the input mode by using port mode register 2

(PM2).

2. Do not set the pin set by the ADPC register as digital /O by the analog input channel

specification register (ADS).

3. When using AVrerr and AVrerm, Set ANIO and ANI1 to analog input and set the port mode register

to the input mode.
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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 Settings of Port Related Register When Using Alternate Function
To use the alternate function of a port pin, set the port mode register, and output latch as shown in Table 4-12.
Caution If the output function of an alternate function is assigned to a pin that is also used as an output pin,
the output of the unused alternate function must be set to its initial state. See 4.6.2 for details about

the applicable units and how to handle such pins.

Table 4-12. Settings of Port Related Register When Using Alternate Function (1/2)

Pin Name Alternate Function PMxx Pxx
Name 110
P12 TIO3 Input 1 X
TOO03 Output 0 0
INTP4 Input 1 X
PCLBUZO Output 0 0
P13 TIOO0 Input 1 X
TOO00 Output 0 0
P15 PCLBUZ1 Output 0 0
P16 TIO1 Input 1 X
TOO1 Output 0 0
INTPS Input 1 X
p2Qnhote ANIQNote Input 1 X
AVrerphote Input 1 X
p21Note AN|1Note Input 1 x
AVRermNote Input 1 X
p22Note AN|2Note Input 1 x
ANOO Output 1 X
p23hote AN|3Note Input 1 x
ANO1 Output 1 X
P24 to P27N°t | ANI4 to ANI7No® Input 1 X
Remarks 1. x: don't care

PMxx: Port mode register
Pxx: Port output latch

2. The relationship between pins and their alternate functions shown in this table indicates the relationship
when a 32-pin product is used. In other products, alternate functions might be assigned to different pins,
but even in this case, the PMxx and Pxx set in the same way.

(Note is described on next page.)
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Table 4-12. Settings of Port Related Register When Using Alternate Function (2/2)

Pin Name Alternate Function PMxx Pxx
Name 110

P30 INTP2 Input 1 x
TxDO Output 0 1

TOOLTxD Output 0 1

SO00 Output 0 1

P31 INTP1 Input 1 X
RxDO Input 1 X

TOOLRXD Input 1 X

SI100 Input 1 X

P32 INTP3 Input 1 X
SCKO00 Input 1 X

Output 0 1

P33 TI02 Input 1 X
TO02 Output 0 0

SSI00 Input 1 X

P40 TOOLO 1/0 X X
P60 SCLAO 110 0 1
SCLA1 110 0 1

P61 SDAAO I/O 0 1
SDAAl 110 0 1

P137 INTPO Input - X

Remarks 1. x: don't care

PMxx: Port mode register
Pxx: Port output latch

The relationship between pins and their alternate functions shown in this table indicates the relationship
when a 32-pin product is used. In other products, alternate functions might be assigned to different pins,
but even in this case, the PMxx and Pxx set in the same way.

Note The functions of the ANIO/P20 to ANI7/P27 pins can be selected by using the A/D port configuration register
(ADPC), analog input channel specification register (ADS), and port mode register 2 (PM2).

Table 4-13. Setting Functions of ANIO/P20, ANI1/P21, and ANI4/P24 to ANI7/P27 Pins

ADPC Register

PM2 Register

ADS Register

ANIO/P20, ANI1/P21,
ANI4/P24 to ANI7/P27 Pins

Digital 1/0 selection

Input mode

X

Digital input

Output mode

X

Digital output

Analog input selection

Input mode

Selects ANI.

Analog input (to be converted)

Does not select ANI.

Analog input (not to be converted)

Output mode

Selects ANI.

Setting prohibited

Does not select ANI.

Remark x:

don’t care
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Table 4-14. Setting Functions of P22/ANI2/ANOO and P23/ANI3/ANO1 Pins

ADPC Register

PM2 Register

DAM Register

ADS Register

P22/ANI2/ANOO,
P23/ANI3/ANO1 Pins

Digital I/O selection

Input mode

Digital input

Output mode

Digital output

Analog input
selection

Input mode

Enables D/A
conversion operation

Selects ANI.

Setting prohibited

Does not select ANI.

Analog output

Stops D/A conversion
operation

Selects ANI.

Analog input (to be converted)

Does not select ANI.

Analog input (not to be converted)

Output mode

Enables D/A
conversion operation

Selects ANI.

Setting prohibited

Does not select ANI.

Stops D/A conversion
operation

Selects ANI.

Does not select ANI.

The functions of the ANI16/P10 pin of 24-pin product can be selected by using the port mode control register 1

(PMC1), analog input channel specification register (ADS), and port mode register 1 (PM1).
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4.6 Cautions When Using Port Function

4.6.1 Cautions on 1-bit manipulation instruction for port register n (Pn)

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

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

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

Explanation: The targets of writing to and reading from the Pn register of a port whose PMnm bit is 1 are the output
latch and pin status, respectively.
A 1-bit manipulation instruction is executed in the following order in the RL78/G1P.

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

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

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

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

Figure 4-21. Bit Manipulation Instruction (P10)

1-bit manipulation
P10 @ instruction P10 @

Low-level output _(setl P1.0)
P is executed for P10

bit.
P11 to P17 @ :> P11to P17 @

Pin status: High level Pin status: High level

High-level output

Port 1 output latch Port 1 output latch

[ofofofoofo]a]o] [2fefafeafafa]a]

1-bit manipulation instruction for P10 bit

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

<2> Set the P10 bit to 1.

<3> Write the results of <2> to the output latch of port register 1 (P1)
in 8-bit units.
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4.6.2 Cautions on specifying the pin settings

If the output function of an alternate function is assigned to a pin that is also used as an output pin, the output of the
unused alternate function must be set to its initial state so as to prevent conflicting outputs. For details about the alternate
output function, see 4.5 Settings of Port Related Register When Using Alternate Function.

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

The following indicates the specific targets and the method of processing.

Table 4-15. Handling of Unused Alternate Functions

Affected Unit Output or I/O Pins Handling of Unused Alternate Functions
of Unused
Alternate
Functions
Timer array units TOON Make sure that bit n (TOOnN) of timer output register 0 (TOO0) and bit n (TOEON) of timer
output enable register 0 (TOEOQ) are set to their initial value (0).
Clock/buzzer PCLBUZn Make sure that bit 7 (PCLOERN) of clock output select register n (CKSn) is set to its
output circuit initial value (0).
Serial array units SCKO00, S000, Make sure that bit 0 (SE00) of serial channel enable status register 0 (SEO), bit 0
TxDO (SO00) of serial output register 0 (SO0), and bit 0 (SOEQO0) of serial output enable

register 0 (SOEOQ) are set to their initial value (1 for SO00 and 0 for others).

IICA SCLAN, SDAAN Disable the IICA operation by setting bit 7 (IICEn) of the ICCTLnNO register to 0.

Example: P12/TI03/TOO03/INTP4/PCLBUZO pin

(1) When the pin is used as PCLBUZO0 output

P12: Specify the output mode by setting PM12 of port mode register 1 to O.
TI03, INTP4: These are input pins, so this note does not apply.
TOO03: This is an output pin, so set TO01 and TOEOL1 of timer array unit O to 0.

(2) When the pin is used as TOO03 output

P12: Specify the output mode by setting PM12 of port mode register 1 to 0.
PCLBUZO: This is an output pin, so set PCLOEQO of clock/buzzer output to 0, respectively.
TIO03: This is an input pin, so this note does not apply.

Like TxDO when using the P30/INTP2/TxD0/TOOLTxD/SOO00 pin as the SO00 output pin, changing the operation mode
does not enable alternate functions assigned to pins on the same serial channel, and this note does not apply to such pins.
(If the CSI function is specified (MD002 = MD001 = 0), the pin does not function as a UART pin, and therefore TxDO
output is invalid.)

Disabling the unused functions, including blocks that are only used for input or do not have /O, is recommended to
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> X1 oscillator
This circuit oscillates a clock of fx = 1 to 20 MHz by connecting a resonator to X1 and X2.
Oscillation can be stopped by executing the STOP instruction or setting of the MSTOP bit (bit 7 of the clock
operation status control register (CSC)).

<2> High-speed on-chip oscillator
The frequency at which to oscillate can be selected from among fiH = 32, 24, 16, 12, 8, 6, 4, 3, 2, or 1 MHz
(typ.) by using the option byte (000C2H). After a reset release, the CPU always starts operating with this
high-speed on-chip oscillator clock. Oscillation can be stopped by executing the STOP instruction or setting
the HIOSTOP bit (bit 0 of the CSC register).

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

As the main system clock, a high-speed system clock (X1 clock or external main system clock) or high-speed on-
chip oscillator clock can be selected by setting of the MCMO bit (bit 4 of the system clock control register (CKC)).
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 5-9 Format of High-speed On-
chip Oscillator Frequency Select Register (HOCODIV).

The frequencies that can be specified for the high-speed on-chip oscillator by using the option byte and the
highspeed on-chip oscillator frequency select register (HOCODIV) are shown below.

Power Supply Voltage Oscillation Frequency (MHz)
1 2 3 4 6 8 12 16 24 32
27V<Vop<3.6V \ v x/ \ y x/ S y % \

Note that the usable frequency range of the main system clock differs depending on the setting of the power supply
voltage (Vop). The operating voltage of the flash memory must be set by using the CMODEO and CMODEZ1 bits of
the option byte (000C2H) (see CHAPTER 22 OPTION BYTE).

(2) Low-speed on-chip oscillator clock (Low-speed On-chip oscillator)
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

This clock operates when bit 4 (WDTON) of the option byte (OO0COH) is set to 1.
However, when WDTON = 1and bit 0 (WDSTBYON) of the option byte (O00COH) is 0, oscillation of the low-
speed on-chip oscillator stops if the HALT or STOP instruction is executed.

Remark fx: X1 clock oscillation frequency
fin:  High-speed on-chip oscillator clock frequency
fex:  External main system 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

Item Configuration

Control registers Clock operation mode control register (CMC)

System clock control register (CKC)

Clock operation status control register (CSC)

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

Peripheral enable registers 0, 1 (PERO, PER1)

High-speed on-chip oscillator frequency select register (HOCODIV)
High-speed on-chip oscillator trimming register (HIOTRM)

Oscillators X1 oscillator
High-speed on-chip oscillator
Low-speed on-chip oscillator
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Remark fx: X1 clock oscillation frequency
fiH: High-speed on-chip oscillator clock frequency
fex:  External main system clock frequency
fux:  High-speed system clock frequency
fmain:  Main system clock frequency
fcik:  CPU/peripheral hardware clock frequency
fi: Low-speed on-chip oscillator clock frequency

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

o Clock operation mode control register (CMC)

e System clock control register (CKC)

e Clock operation status control register (CSC)

e Oscillation stabilization time counter status register (OSTC)

o Oscillation stabilization time select register (OSTS)

e Peripheral enable registers 0, 1 (PERO, PER1)

e High-speed on-chip oscillator frequency select register (HOCODIV)
o High-speed on-chip oscillator trimming register (HIOTRM)

Caution Which registers and bits are included depends on the product. Be sure to set registers and bits that
are not mounted in a product to their initial values.

5.3.1 Clock operation mode control register (CMC)

This register is used to set the operation mode of the X1/P121 and X2/EXCLK/P122 pins, and to select a gain of the
oscillator.

The CMC register can be written only once by an 8-bit memory manipulation instruction after reset release. This
register can be read by an 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.
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Figure 5-2. Format of Clock Operation Mode Control Register (CMC)

Address: FFFAOH  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
CMC EXCLK OSCSEL 0 0 0 0 ’ 0 ’ AMPH
EXCLK OSCSEL | High-speed system clock X1/P121 pin X2/EXCLK/P122 pin
pin operation mode
0 0 Input port mode Input port
0 1 X1 oscillation mode Crystal/ceramic resonator connection
1 0 Input port mode Input port
1 1 External clock input mode | Input port External clock input
AMPH Control of X1 clock oscillation frequency
0 1 MHz < fx <10 MHz
1 10 MHz < fx < 20 MHz

Cautions 1. The CMC register can be written only once after reset release, by an 8-bit memory
manipulation instruction. When using the CMC register with its initial value (O0H), be
sure to set the register to O0OH after a reset ends in order to prevent malfunction due
to a program loop. Such a malfunction becomes unrecoverable when a value other
than OOH is mistakenly written..

2. After reset release, set the CMC register before X1 oscillation is started as set by the
clock operation status control register (CSC).

3. Specify the settings for the AMPH bit while fi is selected as fcik after a reset ends
(before fcik is switched to fmx).

4. Although the maximum system clock frequency is 32 MHz, the maximum frequency
of the X1 oscillator is 20 MHz.

Remark fx: X1 clock frequency
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5.3.2 System clock control register (CKC)
This register is used to select a CPU/peripheral hardware clock and a main system clock.
The CKC register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to 00H.

Figure 5-3. Format of System Clock Control Register (CKC)

Address: FFFA4H  After reset: 00H  R/wMNote

Symbol 7 6 <5> <4> 3 2
CKC 0 0 MCS MCMO 0 [ 0 [

MCS Status of Main system clock (fwain)
0 High-speed on-chip oscillator clock (fi)
1 High-speed system clock (fmx)

MCMO Main system clock (fmain) operation control
0 Selects the high-speed on-chip oscillator clock (fit) as the main system clock (fvain)
1 Selects the high-speed system clock (fux) as the main system clock (fwain)

Note Bit5 is read-only.
Caution Be sureto set bits 0to 3, 6, and 7to “0”.
Remark fiH: High-speed on-chip oscillator clock frequency

fmx: High-speed system clock frequency
fmain:  Main system clock frequency

RO1UHO0895EJ0100 Rev.1.00 R NS
Nov 29, 2019 RENES

101



RL78/G1P CHAPTER 5 CLOCK GENERATOR

5.3.3 Clock operation status control register (CSC)

This register is used to control the operations of the high-speed system clock and high-speed on-chip oscillator clock
(except the low-speed on-chip oscillator clock).

The CSC register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation sets this register to COH.

Figure 5-4. Format of Clock Operation Status Control Register (CSC)

Address: FFFA1H  Afterreset: COH R/W

Symbol <7> 6 5 4 3 2 1 <0>
CsC MSTOP 0 0 0 0 0 0 HIOSTOP
MSTOP High-speed system clock operation control
X1 oscillation mode External clock input mode Input port mode

0 X1 oscillator operating External clock from EXCLK Input port
pin is valid

1 X1 oscillator stopped External clock from EXCLK
pin is invalid

HIOSTOP High-speed on-chip oscillator clock operation control
0 High-speed on-chip oscillator operating
1 High-speed on-chip oscillator stopped

Cautions 1. After reset release, set the clock operation mode control register (CMC) before
setting the CSC register.

2. Set the oscillation stabilization time select register (OSTS) before setting the MSTOP
bit to O after releasing reset. Note that if the OSTS register is being used with its
default settings, the OSTS register is not required to be set here.

3. To start X1 oscillation as set by the MSTOP bit, check the oscillation stabilization
time of the X1 clock by using the oscillation stabilization time counter status register
(OSTC).

4. Do not stop the clock selected for the CPU peripheral hardware clock (fcik) with the
OSC register.

5. The preconditions for stopping oscillation of the various clocks (and for disabling
the external clock inputs) and the flag settings to be made to stop oscillation of each
clock or disable input of the given clock are listed in Table 5-2.

Before stopping the oscillation of a clock, check that the precondition for stopping
clock oscillation is satisfied.

Table 5-2. Preconditions for Stopping Clock Oscillation and Flag Settings

Clock Precondition for Stopping Clock Oscillation Flag Settings of
(or Disabling External Clock Input) CSC Register

X1 clock CPU and peripheral hardware clocks operate with a clock MSTOP =1
External main system other than the high-speed system clock.
clock (MCs = 0)
High-speed on-chip CPU and peripheral hardware clocks operate with a clock HIOSTOP =1
oscillator clock other than the high-speed on-chip oscillator clock.

(MCS =1)
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5.3.4 Oscillation stabilization time counter status register (OSTC)
This is the register that indicates the count status of the X1 clock oscillation stabilization time counter.
The X1 clock oscillation stabilization time can be checked in the following case,

¢ |f the X1 clock starts oscillation while the high-speed on-chip oscillator clock is being used as the CPU clock.
¢ |f the STOP mode is entered and then released while the high-speed on-chip oscillator clock is being used as the
CPU clock with the X1 clock oscillating.

The OSTC register can be read by a 1-bit or 8-bit memory manipulation instruction.

When reset signal is generated, the STOP instruction and MSTOP (bit 7 of clock operation status control register
(CSCQ)) = 1 clear the OSTC register to O0H.

Remark The oscillation stabilization time counter starts counting in the following cases.
e When oscillation of the X1 clock starts (EXCLK =0 — MSTOP = 0)
e When the STOP mode is released
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Figure 5-5. Format of Oscillation Stabilization Time Counter Status Register (OSTC)

Address: FFFA2H  Afterreset: OOH R

Symbol 7 6 5 4 3 2 1 0

OSTC MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST
8 9 10 11 13 15 17 18

MOST | MOST | MOST | MOST | MOST | MOST | MOST | MOST Oscillation stabilization time status

8 9 10 11 13 15 17 18 fx = 10 MHz | fx = 20 MHz
0 0 0 0 0 0 0 0 28/fx max. | 25.6 us max. | 12.8 us max.
1 0 0 0 0 0 0 0 28/fx min. | 25.6 us min. | 12.8 us min.
1 1 0 0 0 0 0 0 2%/fx min. | 51.2 us min. | 25.6 us min.
1 1 1 0 0 0 0 0 2% min. | 102 us min. | 51.2 s min.
1 1 1 1 0 0 0 0 2%Yfx min. | 204 gs min. | 102 xs min.
1 1 1 1 1 0 0 0 28/fx min. | 819 xs min. | 409 us min.
1 1 1 1 1 1 0 0 2%/fx min. | 3.27 ms min. | 1.63 ms min.
1 1 1 1 1 1 1 0 2Y/fx min. | 13.1 ms min. | 6.55 ms min.
1 1 1 1 1 1 1 1 218/fx min. | 26.2 ms min. | 13.1 ms min.

Cautions 1. After the above time has elapsed, the bits are set to 1 in order from the MOST8 bit
and remain 1.
2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by the oscillation stabilization time select register (OSTS).
In the following cases, set the oscillation stabilization time of the OSTS register to
the value greater than the count value which is to be checked by the OSTC register.

o If the X1 clock starts oscillation while the high-speed on-chip oscillator clock is
being used as the CPU clock.

o If the STOP mode is entered and then released while the high-speed on-chip
oscillator clock is being used as the CPU clock with the X1 clock oscillating.
(Note, therefore, that only the status up to the oscillation stabilization time set by
the OSTS register is set to the OSTC register after the STOP mode is released.)

3. The X1 clock oscillation stabilization wait time does not include the time until clock
oscillation starts (“a” below).

STOP mode release

X1 pinvoltage l
waveform

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

This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.

When the X1 clock is selected as the CPU clock, the operation automatically waits for the time set using the OSTS
register after the STOP mode is released.

When the CPU clock is switched from the high-speed on-chip oscillator clock to the X1 clock, or when STOP mode is
entered while the high-speed on-chip oscillator is used as the CPU clock and the X1 clock is also oscillating, and then
STOP mode is released. The oscillation stabilization time can be checked up to the time set using the OSTC register.

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

Reset signal generation sets the OSTS register to 07H.
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Figure 5-6. Format of Oscillation Stabilization Time Select Register (OSTS)

Address: FFFA3H  After reset: 07TH R/W

Symbol 7 6 5 4 3 2 1 0
OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTSO0
OSTS2 OSTS1 OSTSO Oscillation stabilization time selection
fx = 10 MHz fx =20 MHz
0 0 0 25/fx 25.6 us 12.8 us
0 0 1 29%fx 51.2 us 25.6 us
0 1 0 219/fx 102 us 51.2 us
0 1 1 21 /fx 204 us 102 us
1 0 0 2%3ffx 819 us 409 us
1 0 1 215/fx 3.27ms 1.63 ms
1 1 0 2V7/fx 13.1ms 6.55 ms
1 1 1 218/fx 26.2 ms 13.1 ms

Cautions 1. Change the setting of the OSTS register before setting the MSTOP bit of the clock
operation status control register (CSC) to 0.
2. The oscillation stabilization time counter counts up to the oscillation stabilization
time set by the OSTS register.
In the following cases, set the oscillation stabilization time of the OSTS register to
the value greater than the count value which is to be checked by the OSTC register
after the oscillation starts.

o If the X1 clock starts oscillation while the high-speed on-chip oscillator clock is
being used as the CPU clock.

e If the STOP mode is entered and then released while the high-speed on-chip
oscillator clock is being used as the CPU clock with the X1 clock oscillating. (Note,
therefore, that only the status up to the oscillation stabilization time set by the
OSTS register is set to the OSTC register after the STOP mode is released.)

3. The X1 clock oscillation stabilization wait time does not include the time until clock
oscillation starts (“a” below).

STOP mode release

X1 pinvoltage l
waveform

Remark fx: X1 clock oscillation frequency
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5.3.6 Peripheral enable registers 0, 1 (PERO, PER1)
These registers are used to enable or disable supply of the clock signal to peripheral hardware. Clock supply to a
hardware that is not in use is stopped in order to reduce 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.
o Serial interface IICAl
¢ A/D converter
¢ D/A converter
¢ Serial interface IICAO
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 these registers to O0H.

Figure 5-7. Format of Peripheral Enable Register 0 (PERO) (1/2)

Address: FOOFOH  After reset: 0OH R/W

Symbol 7 <6> <5> <4> 3 <2> 1 <0>
PERO 0 IICALEN ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
IICALEN Control of serial interface IICA1 input clock supply
0 Stops input clock supply.

e SFR used by the serial interface IICA1 cannot be written.
e The serial interface IICA1 is in the reset status.

1 Enables input clock supply.
e SFR used by the serial interface IICA1 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.
o SFR used by the A/D converter can be read and written.

IICAOEN Control of serial interface IICAOQ input clock supply

0 Stops input clock supply.
e SFR used by the serial interface IICAO cannot be written.
* The serial interface IICAO is in the reset status.

1 Enables input clock supply.
e SFR used by the serial interface IICAQ can be read and written.

Caution Be sure to clear bits 1, 3 and 7 to “0".
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Figure 5-7. Format of Peripheral Enable Register 0 (PERO) (2/2)

Address: FOOFOH  After reset: OOH R/W

Symbol 7 <6> <5> <4> 3 <2>
PERO 0 IICA1EN ADCEN IICAOEN 0 SAUOEN
SAUOEN Control of serial array unit O input clock supply
0 Stops input clock supply.
o SFR used by the serial array unit O cannot be written.
e The serial array unit O is in the reset status.
1 Enables input clock supply.
e SFR used by the serial array unit O can be read and written.
TAUOEN Control of timer array unit O input clock supply
0 Stops input clock supply.
e SFR used by timer array unit O cannot be written.
e Timer array unit O is in the reset status.
1 Enables input clock supply.
e SFR used by timer array unit O can be read and written.

Caution Be sureto clear bits 1, 3 and 7 to “0".

Figure 5-8. Format of Peripheral Enable Register 1 (PER1)

Address: FOO7AH  After reset: OOH R/W

Symbol <7> 6 5 4 3 1
PER1 DACEN 0 0 0 0 0
DACEN Control of D/A converter input clock supply
0 Stops input clock supply.
o SFR used by the D/A converter cannot be written.
e The D/A converter is in the reset status.
1 Enables input clock supply.
e SFR used by the D/A converter can be read and written.

Caution Be sureto clear bits 0to 6to “0".
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5.3.7 High-speed on-chip oscillator frequency select register (HOCODIV)
The frequency of the high-speed on-chip oscillator which is set by an option byte (000C2H) can be changed by using

high-speed on-chip oscillator frequency select register (HOCODIV). However, the selectable frequency depends on the
FRQSEL3 bit of the option byte (000C2H).

The HOCODIV register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to the value set by FRQSEL?2 to FRQSELO of the option byte (000C2H).

Figure 5-9. Format of High-speed On-chip Oscillator Frequency Select Register (HOCODIV)

Address: FOOA8H  After reset: the 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 HOCODIV2 | HOCODIV1 | HOCODIVO
HOCOD HOCOD HOCOD High-Speed On-Chip Oscillator Clock Frequency
Iv2 V1 Vo FRQSEL3 Bit is 0 FRQSEL3 Bit is 1
0 0 0 24 MHz 32 MHz
0 0 1 12 MHz 16 MHz
0 1 0 6 MHz 8 MHz
0 1 1 3 MHz 4 MHz
1 0 0 Setting prohibited 2 MHz
1 0 1 Setting prohibited 1 MHz
Other than above Setting prohibited

Cautions 1. Set the HOCODIV register within the operable voltage range of the flash operation
mode set in the option byte (O00C2H) before and after the frequency change.

Option Byte (000C2H) |
Operatin Operating Voltage
Value Flash Operation Mode P 9 P 9 9
Frequency Range Range
CMODE1 CMODEO
1 0 LS (low-speed main) mode 1to 8 MHz 27t03.6V
1 1 HS (high-speed main) mode 1to 32 MHz 27036V

2. Set the HOCODIV register with the high-speed on-chip oscillator clock (fiH)
selected as the CPU/peripheral hardware clock (fcik).
3. After the frequency is changed with the HOCODIV register, the frequency is
switched after the following transition time has elapsed.
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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5.3.8 High-speed on-chip oscillator trimming register (HIOTRM)

This register is used to adjust the accuracy of the high-speed on-chip oscillator.

With self-measurement of the high-speed on-chip oscillator frequency via a timer using high-accuracy external clock
input (timer array unit), and so on, the accuracy can be adjusted.

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

Caution The frequency will vary if the temperature and Vob pin voltage change after accuracy adjustment.
When the temperature and Voo voltage change, accuracy adjustment must be executed regularly or

before the frequency accuracy is required.

Figure 5-10. Format of High-Speed On-Chip Oscillator Trimming Register (HIOTRM)

Address: FOOAOH  After reset: Note R/W

Symbol 7 6 5 4 3 2 1 0
HIOTRM 0 0 HIOTRM5 | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 | HIOTRMO
HIOTRM5 | HIOTRM4 | HIOTRM3 | HIOTRM2 | HIOTRM1 | HIOTRMO High-speed on-chip
oscillator
0 0 0 0 0 0 Minimum speed
0 0 0 0 0 1 A
0 0 0 0 1 0
0 0 0 0 1 1
0 0 0 1 0 0
o
o
o
1 1 1 1 1 0 v
1 1 1 1 1 1 Maximum speed

Note The value after reset is adjusted at shipment.

Remarks 1. The HIOTRM register can be used to adjust the high-speed on-chip oscillator clock to an accuracy
within about 0.05%.
2. For the usage example of the HIOTRM register, see the application note for RL78 MCU Series High-
speed On-chip Oscillator (HOCO) Clock Frequency Correction (RO1AN0464).
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5.4 System Clock Oscillator

5.4.1 X1 oscillator

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

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

To use the X1 oscillator, set bits 7 and 6 (EXCLK, OSCSEL) of the clock operation mode control register (CMC) as
follows.

e Crystal or ceramic oscillation: EXCLK, OSCSEL =0, 1

o External clock input: EXCLK, OSCSEL=1,1

When the X1 oscillator is not used, set the input port mode (EXCLK, OSCSEL =0, 0).

When the pins are not used as input port pins, either, see Table 2-3 Connection of Unused Pins.

Figure 5-11 shows an example of the external circuit of the X1 oscillator.

Figure 5-11. Example of External Circuit of X1 Oscillator

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

| Vss
E-—l I? X1
1 e

Crystal resonator
or
ceramic resonator

External clock ——— | EXCLK

Caution When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the Figure 5-11

to avoid an adverse effect from wiring capacitance.

e Keep the wiring length as short as possible.

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

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

e Do not fetch signals from the oscillator.
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Figure 5-12 shows examples of incorrect resonator connection.

Figure 5-12. Examples of Incorrect Resonator Connection (1/2)

(@) Too long wiring (b) Crossed signal line
PORT |——
Vss X1 X2 Vss X1 X2
NG
NG
T o
) )
((
7 s
(c) The X1 and X2 signal line wires cross. (d) A power supply/GND pattern exists

under the X1 and X2 wires.

Vss X1 X2

Vss X1 X2

Note

Power supply/GND pattern

Note Do not place a power supply/GND pattern under the wiring section (section indicated by a broken line in the
figure) of the X1 and X2 pins and the resonators in a multi-layer board or double-sided board.
Do not configure a layout that will cause capacitance elements and affect the oscillation characteristics.
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Figure 5-12. Examples of Incorrect Resonator Connection (2/2)

(e) Wiring near high alternating current

Vs

X2

A -

A

(9) Signals are fetched

Vs:

X2

=
T

High current

H% -
'\

F._>
) N

(f) Current flowing through ground line of oscillator

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

Pmn

X2

7 s

T T

Vo

7-7-i High current
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5.4.2 High-speed on-chip oscillator

The high-speed on-chip oscillator is incorporated in the RL78/G1P. The frequency can be selected from among 32, 24,
16, 12, 8, 6, 4, 3, 2, or 1 MHz by using the option byte (000C2H). Oscillation can be controlled by bit 0 (HIOSTOP) of the
clock operation status control register (CSC). The high-speed on-chip oscillator automatically starts oscillating after reset

release.

5.4.3 Low-speed on-chip oscillator

The low-speed on-chip oscillator is incorporated in the RL78/G1P.

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

This clock operates when bit 4 (WDTON) of the option byte (000COH) is set to 1.

If the watchdog timer operates in HALT, STOP or SNOOZE mode at WDSTBYON = 0, oscillation of the low-speed on-
chip oscillator is stopped. While the watchdog timer operates, the low-speed on-chip oscillator clock does not stop even if

the program freezes.
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5.5 Clock Generator Operation

The clock generator generates the following clocks and controls the operation modes of the CPU, such as standby
mode (see Figure 5-1).

e Main system clock fwain
e High-speed system clock fux
X1 clock fx
External main system clock fex
¢ High-speed on-chip oscillator clock fiH
e Low-speed on-chip oscillator clock fiL
e 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/G1P.
When the power supply voltage is turned on, the clock generator operation is shown in Figure 5-13.
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Figure 5-13. Clock Generator Operation When Power Supply Voltage Is Turned On

10 ys or
more

<—>

Lower limit of the operating voltage range

Power supply voltage (Vbb)

]
VPOR :
[}
|
oV ' <1>
Power-on-reset
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1 ]
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| _Reset processing Switched by software
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! h oscillator clock j system clock
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High-speed on-chip oscillator clock (fiH) i
|
—>i i
Note 1 '

}

[}
High-speed system clock (fvx) E
(when X1 oscillation selected)

19 R
4 1%
Ly ——

! X1 clock oscillation
}  stabilization time N2

<1> When the power is turned on, an internal reset signal is generated by the power-on-reset (POR) circuit.
Note that the reset state is maintained after a reset by the voltage detection circuit or an external reset until the
voltage reaches the range of operating voltage described in 27.4 AC Characteristics (the above figure is an
example when the external reset is in use).

<2> When the power supply voltage exceeds 1.51 V (TYP.), 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 a
reset processing have been performed after reset release.

<4> Set the start of oscillation of the X1 clock via software (see 5.6.2 Example of setting X1 oscillation clock).

<5> When switching the CPU clock to the X1 clock, wait for the clock oscillation to stabilize, and then set switching via
software (see 5.6.2 Example of setting X1 oscillation clock).

Notes 1. The internal reset processing time includes the oscillation accuracy stabilization time of the high-speed on-
chip oscillator clock.
2. When releasing a reset, confirm the oscillation stabilization time for the X1 clock using the oscillation
stabilization time counter status register (OSTC).
3. For the reset processing time, see CHAPTER 18 POWER-ON-RESET CIRCUIT.

Caution It is not necessary to wait for the oscillation stabilization time when an external clock input from the
EXCLK pin is used.
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5.6 Controlling Clock

5.6.1 Example of setting high-speed on-chip oscillator

After a reset release, the CPU/peripheral hardware clock (fck) always starts operating with the high-speed on-chip
oscillator clock. The frequency of the high-speed on-chip oscillator can be selected from 32, 24, 16, 12, 8,6, 4, 3,2,and 1
MHz by using FRQSELO to FRQSELS3 of the option byte (000C2H).

[Option byte setting]
Address: 000C2H

Option 7 6 5 4 3 2 1 0
byte CMODE1 | CMODEO FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO
(000C2H) 0/1 0/1 1 0 0/1 0/1 0/1 0/1
CMODE1 | CMODEO Setting of flash operation mode
1 0 LS (low speed main) mode Voo =2.7V1t03.6 V@ 1 MHz to 8 MHz
1 1 HS (high speed main) mode Voo =2.7V103.6 V@ 1 MHz to 32 MHz

Other than above Setting prohibited

FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO Frequency of the high-speed on-chip oscillator
1 0 0 0 32 MHz
0 0 0 0 24 MHz
1 0 0 1 16 MHz
0 0 0 1 12 MHz
1 0 1 0 8 MHz
0 0 1 0 6 MHz
1 0 1 1 4 MHz
0 0 1 1 3 MHz
1 1 0 0 2 MHz
1 1 0 1 1 MHz
Other than above Setting prohibited

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

7 6 5 4 3 2 1 0
HOCODIV 0 0 0 0 0 HOCODIV2 | HOCODIV1 | HOCODIVO
HOCODIV2 | HOCODIV1 | HOCODIVO Selection of high-speed on-chip oscillator clock frequency
FRQSEL3 Bitis 0 FRQSEL3 Bitis 1
0 0 0 24 MHz 32 MHz
0 0 1 12 MHz 16 MHz
0 1 0 6 MHz 8 MHz
0 1 1 3 MHz 4 MHz
1 0 0 Setting prohibited 2 MHz
1 0 1 Setting prohibited 1 MHz

Other than above Setting prohibited
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5.6.2 Example of setting X1 oscillation clock

After a reset release, the CPU/peripheral hardware clock (fcik) always starts operating with the high-speed on-chip
oscillator clock. To subsequently change the clock to the X1 oscillation clock, set the oscillator and start oscillation by
using the oscillation stabilization time select register (OSTS) and clock operation mode control register (CMC) and clock
operation status control register (CSC) and wait for oscillation to stabilize by using the oscillation stabilization time counter
status register (OSTC). After the oscillation stabilizes, set the X1 oscillation clock to fcik by using the system clock control

register (CKC).

[Register settings] Set the register in the order of <1> to <5> below.

<1> Set (1) the OSCSEL bit of the CMC register, except for the cases where fx > 10 MHz, in such cases set (1) the

AMPH bit, to operate the X1 oscillator.

7 6 5 4 3 2 1 0
EXCLK | OSCSEL AMPHNete
cMC
0 1 0 0 0 0 0 0/1

<2> Using the OSTS register, select the oscillation stabilization time of the X1 oscillator at releasing of the STOP mode.

Note Set AMPH bit to 0 when X1 clock is 10 MHz or below.

Example: Setting values when a wait of at least 102 us is set based on a 10 MHz resonator.

7 6 5 4 3 2 1 0
OSTS2 0OSTS1 OSTSO

OSTS

0 0 0 0 0 0 1 0

<3> Clear (0) the MSTOP bit of the CSC register to start oscillating the X1 oscillator.
7 6 5 4 3 2 1 0
MSTOP HIOSTOP

CsC

0 1 0 0 0 0 0 0

<4> Use the OSTC register to wait for oscillation of the X1 oscillator to stabilize.

Example: Wait until the bits reach the following values when a wait of at least 102 us is set based on a 10 MHz

resonator.
7 6 5 4 3 2 1 0
MOSTS8 MOST9 MOST10 MOST11 MOST13 MOST15 MOST17 MOST18
osTe 1 1 1 0 0 0 0 0

<5> Use the MCMO bit of the CKC register to specify the X1 oscillation clock as the CPU/peripheral hardware clock.

7 6 5 4 3 2 1 0
MCS MCMO
CKC
0 0 0 1 0 0 0 0
RO1UH0895EJ0100 Rev.1.00 :{ENESAS
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5.6.3 CPU clock status transition diagram
Figure 5-14 shows the CPU clock status transition diagram of this product.

Figure 5-14. CPU Clock Status Transition Diagram

Power ON High-speed on-chip oscillator: Woken up
X1 oscillation/EXCLK input: Stops (input port mode)

VDD = Lower limit of the operating voltage range
(release from the reset state triggered by the LVD circuit or an external reset)

(A)

Reset release

High-speed on-chip oscillator: Operating
X1 oscillation/EXCLK input: Stops (input port mode)

® Y
High-speed on-chip oscillator: Operating CPU: Operating

X1 oscillation/EXCLK input: Selectable by CPU with high-speed
on-chip oscillator

High-speed on-chip oscillator: Selectable by CPU % (C) /

(F)

CPU: High-speed
on-chip oscillator
— STOP

High-speed on-chip oscillator: Stops
X1 oscillation/EXCLK input: Stops

X1 oscillation/EXCLK input: Operating

CPU: High-speed
on-chip oscillator
— SNOOZE

CPU: Operating
with X1 oscillation or
EXCLK input

High-speed on-chip oscillator:
Operating
X1 oscillation/EXCLK input: Stops

CPU: High-speed
on-chip oscillator
— HALT

(E) J/

CPU: X1
oscillation/EXCLK
input — HALT

High-speed on-chip oscillator: Operating

CPU: X1 X1 oscillation/EXCLK input: Oscillatable

oscillation/EXCLK
input - STOP

High-speed on-chip oscillator: Stops
High-speed on-chip oscillator: Oscillatable X1 oscillation/EXCLK input: Stops
X1 oscillation/EXCLK input: Operating
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Table 5-3 shows transition of the CPU clock and examples of setting the SFR registers.

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

(1) CPU operating with high-speed on-chip oscillator clock (B) after reset release (A)

Status Transition

SFR Register Setting

(A) — (B)

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

(2) CPU operating with high-speed system clock (C) after reset release (A)

(The CPU operates with the high-speed on-chip oscillator clock immediately after a reset release (B).)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC Register Note 1 OSTS CSC |OSTC Register] CKC
Register | Register Register

Status Transition EXCLK |OSCSEL|{ AMPH MSTOP MCMO
(A) > (B) > (C) 0 1 0 Note 2 0 Must be 1
(X1 clock: 1 MHz < fx < 10 MHz) checked
(A) > (B) » (C) 0 1 1 Note 2 0 Must be 1
(X1 clock: 10 MHz < fx £ 20 MHz) checked
(A) = (B) = (C) 1 1 X Note 2 0 Must not be 1
(external main clock) checked

Notes 1. The clock operation mode control register (CMC) can be written only once by an 8-bit memory
manipulation instruction after reset release.

2. Set the oscillation stabilization time as follows.

e Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

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

Remarks 1. x: don't care

2. (A) to (H) in Table 5-3 correspond to (A) to (H) in Figure 5-14.
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Table 5-3. CPU Clock Transition and SFR Register Setting Examples (2/3)

(3) CPU clock changing from high-speed on-chip oscillator clock (B) to high-speed system clock (C)

(Setting sequence of SFR registers) >
Setting Flag of SFR Register CMC Register™ote? OSTS csc OSTC Register CKC
Register | Register Register

Status Transition EXCLK | OSCSEL| AMPH MSTOP MCMO
(B) > (C) 0 1 0 Note 2 0 Must be checked 1
(X1 clock: 1 MHz < fX <10 MHz)
(B) —» (C) 0 1 1 Note 2 0 Must be checked 1
(X1 clock: 10 MHz < fX < 20 MHz)
(B) —» (C) 1 1 X Note 2 0 Must not be checked 1
(external main clock)

Unnecessary if these registers Unnecessary if the CPU is operating with
are already set the high-speed system clock

Notes 1. The clock operation mode control register (CMC) can be changed only once after reset release. This
setting is not necessary if it has already been set.
2. Set the oscillation stabilization time as follows.
e Desired the oscillation stabilization time counter status register (OSTC) oscillation stabilization time <
Oscillation stabilization time set by the oscillation stabilization time select register (OSTS)

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

Remarks 1. x:don't care
2. (A) to (H) in Table 5-3 correspond to (A) to (H) in Figure 5-14.

(4) CPU clock changing from high-speed system clock (C) to high-speed on-chip oscillator clock (B)

(Setting sequence of SFR registers)

v

Setting Flag of SFR Register CSC Register Oscillation accuracy CKC Register
Status Transition HIOSTOP stabilization time MCMO
(C) > (B) 0 18 us to 65 ps 0

Unnecessary if the CPU is operating with the
high-speed on-chip oscillator clock

Remarks 1. (A)to (H) in Table 5-3 correspond to (A) to (H) in Figure 5-14
2. The oscillation accuracy stabilization time changes according to the temperature conditions and the
STOP mode period.
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Table 5-3. CPU Clock Transition and SFR Register Setting Examples (3/3)

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

e HALT mode (E) set while CPU is operating with high-speed system clock (C)

Status Transition

Setting

(B) - (D)
)~ ()

Executing HALT instruction

(6) e STOP mode (F) set while CPU is operating with high-speed on-chip oscillator clock (B)

e STOP mode (G) set while CPU is operating with high-speed system clock (C)

(Setting sequence)

v

Status Transition

Setting

(B)—>(F)

(C) - (G) In X1 oscillation

External main
system clock

Stopping peripheral
functions that cannot
operate in STOP mode

Sets the OSTS
register

Executing STOP
instruction

(7) CPU changing from STOP mode (F) to SNOOZE mode (H)

For details about the setting for switching from the STOP mode to the SNOOZE mode, see 9.8 SNOOZE Mode

Function, 11.5.7 SNOOZE mode function (CSI00) and 11.7.3 SNOOZE mode function.

Remark (A) to (H) in Table 5-3 correspond to (A) to (H) in Figure 5-14.
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5.6.4 Condition before changing CPU clock and processing after changing CPU clock
Condition before changing the CPU clock and processing after changing the CPU clock are shown below.

Table 5-4. Changing CPU Clock

CPU Clock

Before Change

After Change

Condition Before Change

Processing After Change

High-speed on-
chip oscillator
clock

X1 clock

Stabilization of X1 oscillation
¢ OSCSEL =1, EXCLK =0, MSTOP =0
o After elapse of oscillation stabilization time

External main
system clock

Enabling input of external clock from the
EXCLK pin
¢ OSCSEL =1, EXCLK =1, MSTOP =0

Operating current can be reduced by
stopping high-speed on-chip oscillator
(HIOSTOP = 1) after checking that the CPU
clock has been switched to the clock after
transition.

X1 clock

High-speed on-
chip oscillator
clock

Enabling oscillation of high-speed on-chip
oscillator

¢ HIOSTOP =0

o After elapse of oscillation stabilization time

X1 oscillation can be stopped (MSTOP = 1)
after checking that the CPU clock has been
switched to the clock after transition.

External main
system clock

Transition not possible

External main
system clock

High-speed on-
chip oscillator
clock

Oscillation of high-speed on-chip oscillator
¢ HIOSTOP =0
o After elapse of oscillation stabilization time

External main system clock input can be
disabled (MSTOP = 1) after checking that
the CPU clock has been switched to the
clock after transition.

X1 clock

Transition not possible
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5.6.5 Time required for switchover of CPU clock and system clock
By setting bit 4 (MCMO) of the system clock control register (CKC), the main system clock can be switched (between

the high-speed on-chip oscillator clock and the high-speed system clock).

The actual switchover operation is not performed immediately after rewriting to the CKC register; operation continues
on the pre-switchover clock for several clocks (see Table 5-5 and Table 5-6).

Whether the main system clock is operating on the high-speed system clock or high-speed on-chip oscillator clock can
be ascertained using bit 5 (MCS) of the CKC register.

When the CPU clock is switched, the peripheral hardware clock is also switched.

Table 5-5. Maximum Time Required for System Clock Switchover

Clock A

Switching Directions

Clock B

Remark

fin

<+“—>

fumx

See Table 5-6

Table 5-6. Maximum Number of Clocks Required for fi <> fmx

Set Value Before Switchover Set Value After Switchover
MCMO MCMO
0 1
(fmain = fin) (fmain = fmx)

0 fmx>fin 2 clock
(fmain = fin) fux<fin 2finffux clock

1 fmx>fin 2fwx/fin clock
(fwain = fux) fux<fin 2 clock

Remarks 1. The number of clocks listed in Table 5-6 is the number of CPU clocks before switchover.
2. Calculate the number of clocks in Table 5-6 by removing the decimal portion.

Example When switching the main system clock from the high-speed system clock to the high-speed on-
chip oscillator clock (@ oscillation with fin = 8 MHz, fux = 10 MHz)
2fux/fn = 2 (10/8) = 2.5 — 3 clocks

5.6.6 Preconditions for stopping clock oscillation

The preconditions for stopping oscillation of the various clocks (and for disabling the external clock inputs) and the flag
settings to be made to stop oscillation of each clock or disable input of the given clock are listed in Table 5-7.

Before stopping the oscillation of a clock, check that the precondition for stopping clock oscillation is satisfied.

Table 5-7. Preconditions for Stopping Clock Oscillation and Flag Settings

Clock Precondition for Stopping Clock Oscillation Flag Settings of
(or Disabling External Clock Input) CSC Register
High-speed on-chip MCS =1 HIOSTOP =1
oscillator clock (The CPU is operating on a clock other than the high-speed on-chip
oscillator clock.)
X1 clock MCS =0 MSTOP =1

(The CPU is operating on a clock other than the high-speed system clock.)

External main system clock
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5.7 Resonator and Oscillator Constants
A list of the resonators for which the operation has most recently been verified and their oscillation constants (for
reference) is provided on the page for the corresponding product at the Renesas Web site (http://www.renesas.com).

Cautions 1. The constants for these oscillator circuits are reference values based on specific environments
set up for evaluation by the manufacturers. For actual applications, request evaluation by the
manufacturer of the oscillator circuit mounted on a board. Furthermore, if you are switching from
a different product to this microcontroller, and whenever you change the board, again request
evaluation by the manufacturer of the oscillator circuit mounted on the new board.

2. The oscillation voltage and oscillation frequency only indicate the oscillator characteristic. Use
the RL78 microcontroller so that the internal operation conditions are within the specifications of
the DC and AC characteristics.

Figure 5-15. Example of External Circuit

(a) X1 oscillation

Vss X1 X2
Rd
I
C1E 02]-

T
i
a
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CHAPTER 6 TIMER ARRAY UNIT

The number of units or channels of the timer array unit differs, depending on the product.

Units Channels 24, 32-pin

Unit 0 Channel 0 J
Channel 1 J
Channel 2 J
Channel 3 J

Caution Most of the following descriptions in this chapter use the 32-pin products as an example.
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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 to create a high-accuracy timer.

TIMER ARRAY UNIT

-

channel 0

\ 16-bit timers

channel 1

e

channel 2

channel 3

-

J

For details about each function, see the table below.

Independent Channel Operation Function

Simultaneous Channel Operation Function

o Interval timer (— see 6.8.1)

e Square wave output (— see 6.8.1)

o External event counter (— see 6.8.2)

¢ Input pulse interval measurement (— see 6.8.3)

o Measurement of high-/low-level width of input signal
(— see 6.8.4)

o Delay counter (— see 6.8.5)

e One-shot pulse output (— see 6.9.1)
e PWM output (— see 6.9.2)
e Multiple PWM output (— see 6.9.3)

It is possible to use the 16-bit timer of channels 1 and 3 of the unit 0 as two 8-bit timers (higher and lower). The
functions that can use channels 1 and 3 as 8-bit timers are as follows:
¢ Interval timer (upper or lower 8-bit timer)/square wave output (lower 8-bit timer only)
o External event counter (lower 8-bit timer only)
¢ Delay counter (lower 8-bit timer only)
127
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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 (INTTMmn) at fixed intervals.

Operation clock— Compare Operatloa_ Interrupt signal |-| |-|

Channel n (INTTMmn)

(2) Square wave output
A toggle operation is performed each time INTTMmn interrupt is generated and a square wave with a duty factor of
50% is output from a timer output pin (TOmn).

Operation clock Timer output _|—|_|—|_
C (TOmn)

hannel n

(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 (TImn) has reached a specific value.

& Timer |nputC Interrupt signal
— T (Timn) pare op (INTTMmn) N |
Edge detection Channel n

(4) Input pulse interval measurement
Counting is started by the valid edge of a pulse signal input to a timer input pin (TImn). 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.

— TimerinputC ' M m
C

e Timn '
( ) hannel n m xxH]

Edge detection
Start Capture

(5) Measurement of high-/low-level width of input signal
Counting is started by a single edge of the signal input to the timer input pin (TImn), 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.

——— Timer |nput: | Capture operation I _T L

Edge detection Channel n [00H] [xxH]
Start Capture
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(6) Delay counter
Counting is started at the valid edge of the signal input to the timer input pin (TImn), and an interrupt is generated
after any delay period.

— Timerinput@ Compare operation Interrupt signal |'|
— —  (TImn) c -

: (INTTMmn)

Edge detection hannel n

Start
Remark 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)

6.1.2 Simultaneous channel operation function
By using the combination of a master channel (a reference timer mainly controlling the cycle) and slave channels
(timers operating according to the master channel), channels can be used for the following purposes.

(1) One-shot pulse output
Two channels are used as a set to generate a one-shot pulse with a specified output timing and a specified pulse
width.

— Y (TImn)
Edge detection

&~ Timer |nput@_>( m Interrupt signal (INTTMmn)

Channel n (master)

Output Pulse width

( - timing
|Compare operatlonl

Timer output

k Channel p (slave) (TOmp) ' Set Reset
'(Master) (Slave)

Start

(Master)

(2) PWM (Pulse Width Modulation) output
Two channels are used as a set to generate a pulse with a specified period and a specified duty factor.

Operation clock Compare operation

Channel n (master)

( |Compare operationl © Timer output

Interrupt signal (INTTMmn)

KChanneI p (slave) (TOmp) : Duty :
Period
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(3) Multiple PWM (Pulse Width Modulation) output
By extending the PWM function and using one master channel and two or more slave channels, up to three types
of PWM signals that have a specific period and a specified duty factor can be generated.

Operation clock Compare operation Interrupt signal (INTTMmn)
Channel n (master)
Compare operation
I Timer output e !
Channel p (slave) (TOmp) :Duty :
" Period
[ ]
' Compare operation '
Channel g (slave)

L)
Caution For details about the rules of simultaneous channel operation function, see 6.4.1 Basic rules of
simultaneous channel operation function.

Timer output
(TOmq) . Duty ,
Period

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3),
p. g: Slave channel number (n <p <q<3)

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 channel in a configuration consisting of two 8-
bit timer channels. This function can only be used for channels 1 and 3.

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 (channels 1 and 3 only).
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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 count register mn (TCRmn)

Register

Timer data register mn (TDRmn)

Timer input

TIOO to TIO3

Timer output

TOO0O0 to TOO03, output controller

Control registers

<Registers of unit setting block>

» Peripheral enable register 0 (PERO)

* Timer clock select register m (TPSm)

« Timer channel enable status register m (TEm)
» Timer channel start register m (TSm)

e Timer channel stop register m (TTm)

e Timer input select register 0 (TIS0O)

o Timer output enable register m (TOEm)
o Timer output register m (TOm)

o Timer output level register m (TOLm)

o Timer output mode register m (TOMm)

<Registers of each channel>

e Timer mode register mn (TMRmn)

o Timer status register mn (TSRmn)

« Noise filter enable register 1 (NFEN1)
o Port mode register (PMxx) Nete

o Port register (Pxx) No©

Note The port mode registers (PMxx) and port registers (Pxx) to be set differ depending on the product. For details,

see 4.5 Settings of Port Related Register When Using Alternate Function.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)

Figure 6-1 to Figure 6-5 show the block diagrams of the timer array unit.
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Timer input select
register 0 (TIS0)

TISO2TIS01|TIS0Q

L]

il ——

TI01 © |

Remark

Selector

Figure 6-1. Entire Configuration of Timer Array Unit O

Timer clock select register 0 (TPSO0)

PRS031|{PRS030|PRS021{PRS020,PRS013|PRS012|PRS011| PRS010|PRS003|PRS002|PRS001| PRS00
[ I [ [ [ | | I [ | | I
2 4 4
- Prescaler

fork

T T
few/22, feik/22,
foik/28, fok/210, foux/24,fok/28,

fok/20 to fowk/2®

—»© TOO00
[ INTTMOO

(Timer interrupt)

I »-© TOO01
—» INTTMO1

feLk/212 foux/24,
Peripheral enable Selector Selector
register 0 | TAUOEN .
(PERO)
- Selector Selector -
]
Slave/master controller
[
TI00 ZAN
Channel 0
.——»K
[ h -
— Channel 1 Slave/master controller
[ 3
TI02
Channel 2
| ——
TIO3@A Channel 3

— INTTMO1H

—»© TO02

™ INTTMO2

—»© TO03
™ INTTMO3

NIVANEYANY AN/

fi. Low-speed on-chip oscillator clock frequency

— INTTMO3H
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Figure 6-2. Internal Block Diagram of Channel O of Timer Array Unit O
QO 5 fex frek Timer \
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Figure 6-4. Internal Block Diagram of Channel 2 of Timer Array Unit O
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6.2.1 Timer count register mn (TCRmn)
The TCRmn register is a 16-bit read-only register and is used to count clocks.
The value of this counter is incremented or decremented in synchronization with the rising edge of a count clock.

CHAPTER 6 TIMER ARRAY UNIT

Whether the counter is incremented or decremented depends on the operation mode that is selected by the MDmn3 to

MDmnO bits of timer mode register mn (TMRmn) (see 6.3.3 Timer mode register mn (TMRmn)).
Figure 6-6. Format of Timer Count Register mn (TCRmn)

Address: FO180H, FO181H (TCRO0O0) to FO186H, FO187H (TCRO03)  After reset: FFFFH R

FO181H (TCROO) FO180H (TCROO)

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

N N N D D N

Remark m: Unit number (m = 0), n: Channel nhumber (n = 0 to 3)

The count value is set to FFFFH in the following cases.

e When the reset signal is generated

¢ When the TAUMEN bit of peripheral enable register 0 (PERDO) is cleared

e When counting of the slave channel has been completed in the PWM output mode

e When counting of the slave channel 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
¢ 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

Caution The count value is not captured to timer data register mn (TDRmn) even when the TCRmn

register is read.

The TCRmn register read value differs as follows according to operation mode changes and the operating status.

Table 6-2. Timer Count Register mn (TCRmn) Read Value in Various Operation Modes

Operation Mode Count Mode Timer Count Register mn (TCRmn) Read ValueN°t
Value if the Value if the Operation | Value if the operation Value when waiting
operation mode was restarted after mode was changed for a start trigger
was changed count operation after count operation after one count
after releasing paused (TTmn = 1) paused (TTmn = 1)
reset
Interval timer mode Count down FFFFH Value if stop Undefined -
Capture mode Count up 0000H Value if stop Undefined -
Event counter mode | Count down FFFFH Value if stop Undefined -
One-count mode Count down FFFFH Value if stop Undefined FFFFH
Capture & one-count | Count up 0000H Value if stop Undefined Capture value of
mode TDRmn register + 1

Note This indicates the value read from the TCRmn register when channel n has stopped operating as a timer (TEmn =
0) and has been enabled to operate as a counter (TSmn = 1). The read value is held in the TCRmn register until

the count operation starts.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)

RO1UHO0895EJ0100 Rev.1.00

Nov 29, 2019

RENESAS

135




RL78/G1P CHAPTER 6 TIMER ARRAY UNIT

6.2.2 Timer data register mn (TDRmn)

This is a 16-bit register from which a capture function and a compare function can be selected.

The capture or compare function can be switched by selecting an operation mode by using the MDmMn3 to MDmnO bits
of timer mode register mn (TMRmn).

The value of the TDRmn register can be changed at any time.

This register can be read or written in 16-bit units.

In addition, for the TDRm1 and TDRm3 registers, while in the 8-bit timer mode (when the SPLITm1 and SPLITm3 bits
of timer mode registers m1 and m3 (TMRm1, TMRm3) are 1), it is possible to read and write the data in 8-bit units, with
TDRm1H and TDRm3H used as the higher 8 bits, and TDRm1L and TDRm3L used as the lower 8 bits.

Reset signal generation clears this register to 0000H.

Figure 6-7. Format of Timer Data Register mn (TDRmn) (n =0, 2)

Address: FFF18H, FFF19H (TDRO0O0), FFF64H, FFF65H (TDRO2)  After reset: 0000H R/W

FFF19H (TDROO) FFF18H (TDROO)

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

S N N N O A D R R

Figure 6-8. Format of Timer Data Register mn (TDRmn) (n =1, 3)

Address: FFF1AH, FFF1BH (TDRO1), FFF66H, FFF67H (TDRO3)  After reset: 0000H R/W

FFF1BH (TDRO1H) FFF1AH (TDRO1L)

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

S N N N A O D R R

(i) When timer data register mn (TDRmn) is used as compare register
Counting down is started from the value set to the TDRmn register. When the count value reaches 0000H, an
interrupt signal (INTTMmn) is generated. The TDRmn register holds its value until it is rewritten.

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

(ii) When timer data register mn (TDRmn) is used as capture register
The count value of timer count register mn (TCRmn) is captured to the TDRmn register when the capture
trigger is input.
A valid edge of the TImn pin can be selected as the capture trigger. This selection is made by timer mode
register mn (TMRmn).

Remark m: Unit number (m = 0), n: Channel nhumber (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)

o Timer clock select register m (TPSm)

e Timer mode register mn (TMRmn)

o Timer status register mn (TSRmn)

e Timer channel enable status register m (TEm)
e Timer channel start register m (TSm)

e Timer channel stop register m (TTm)

e Timer input select register 0 (TIS0)

e Timer output enable register m (TOEm)
o Timer output register m (TOm)

o Timer output level register m (TOLm)

e Timer output mode register m (TOMm)
¢ Input switch control register (ISC)

¢ Noise filter enable register 1 (NFEN1)
e Port mode register (PMxx)

e Port register (Pxx)

Caution Which registers and bits are included depends on the product. Be sure to set bits that are not
mounted to their initial values.

Remark m: Unit number (m = 0), n: Channel nhumber (n = 0 to 3)
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CHAPTER 6 TIMER ARRAY UNIT

6.3.1 Peripheral enable register 0 (PERO)
The PERO register is used to enable or disable supply of the clock signal to peripheral hardware. Clock supply to a
hardware that is not in use is stopped in order to reduce power consumption and noise.

When the timer array unit O is to be used, be sure to set bit 0 (TAUOEN) of this register to 1.
The PERO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-9. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol 7

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

PERO 0

IICA1EN ADCEN IICAOEN 0 SAUOEN 0 TAUOEN

TAUOEN

Control of timer array 0 unit input clock

0

Stops supply of input clock.
e SFR used by the timer array unit O cannot be written.
o The timer array unit O is in the reset status.

Supplies input clock.
e SFR used by the timer array unit O can be read/written.

Cautions 1.

When setting the timer array unit, be sure to set the following registers first while the
TAUmMEN bit is set to 1. If TAUMEN = 0, writing to a control register of timer array unit is
ignored, and all read values are default values (except for the timer input select register
0 (TIS0), input switch control register (ISC), noise filter enable register 1 (NFENL1), port
mode registers 1, 3 (PM1, PM3), and port registers 1, 3 ( P1, P3)).

e Timer status register mn (TSRmn)

e Timer channel enable status register m (TEm)

e Timer channel start register m (TSm)

e Timer channel stop register m (TTm)

e Timer output enable register m (TOEm)

e Timer output register m (TOm)

e Timer output level register m (TOLm)

e Timer output mode register m (TOMm)

Be sure to clear bits 1, 3, and 7 to “0”.

RO1UH0895EJ0100 Rev.1.00 ’leNESAS 138

Nov 29, 2019



RL78/G1P CHAPTER 6 TIMER ARRAY UNIT

6.3.2 Timer clock select register m (TPSm)

The TPSm register is a 16-bit register that is used to select two types or four types of operation clocks (CKm0, CKm1 ,
CKm2, CKm3) that are commonly supplied to each channel from external prescaler. CKm1 is selected by using bits 7 to 4
of the TPSm register, and CKmO is selected by using bits 3 to 0. In addition, for channel 1 and 3, CKm2 is selected by
using bits 9 and 8 of the TPSm register, and CKm3 is selected by using bits 13 and 12.

Rewriting of the TPSm register during timer operation is possible only in the following cases.

If the PRSmO00 to PRSmO03 bits can be rewritten (n = 0 to 3):

All channels for which CKmO is selected as the operation clock (CKSmn1, CKSmnO = 0, 0) are stopped (TEmn = 0).
If the PRSm10 to PRSm13 bits can be rewritten (n = 0 to 3):

All channels for which CKm1 is selected as the operation clock (CKSmn1, CKSmn0 =0, 1) are stopped (TEmn = 0).
If the PRSm20 and PRSm21 bits can be rewritten (n = 1, 3):

All channels for which CKm2 is selected as the operation clock (CKSmn1, CKSmnO0 = 1, 0) are stopped (TEmn = 0).
If the PRSm30 and PRSm31 bits can be rewritten (n = 1, 3):

All channels for which CKm3 is selected as the operation clock (CKSmn1, CKSmnO0 = 1, 1) are stopped (TEmn = 0).

The TPSm register can be set by a 16-bit memory manipulation instruction.
Reset signal generation clears this register to 0000H.
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Figure 6-10. Format of Timer Clock Select register m (TPSm) (1/2)

Address: FO1B6H, FO1B7H (TPS0)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSmM 0 0 PRS | PRS 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
m31 | m30 m21 | m20 | m13 | m12 | m11l | m10 | mO3 | m02 | mO1 | mOO
PRS | PRS | PRS | PRS Selection of operation clock (CKmk)\°*® (k = 0, 1)
mk3 | mk2 | mkl | mko fek=2 MHz | feik=5 MHz |fewk = 10 MHz | feik = 20 MHz | fewk = 32 MHz
0 0 0 0 ferk 2 MHz 5 MHz 10 MHz 20 MHz 32 MHz
0 0 0 1 fek/2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz
0 0 1 0 feL/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 8 MHz
0 0 1 1 fek/23 250 kHz 625 kHz 1.25 MHz 2.5 MHz 4 MHz
0 1 0 0 |fox/2* 125 kHz 312.5 kHz 625 kHz 1.25 MHz 2 MHz
0 1 0 1 for/2° 62.5 kHz 156.2 kHz 312.5 kHz 625 kHz 1 MHz
0 1 1 0 | fok/28 31.25 kHz 78.1 kHz 156.2 kHz 312.5 kHz 500 kHz
0 1 1 1 fok/2” 15.62 kHz 39.1 kHz 78.1 kHz 156.2 kHz 250 kHz
1 0 0 0 fouk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 125 kHz
1 0 0 1 fer/2° 3.91 kHz 9.76 kHz 19.5 kHz 39.1 kHz 62.5 kHz
1 0 1 0 fork/220 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz 31.25 kHz
1 0 1 1 | fo/2M 976 Hz 2.44 kHz 4.88 kHz 9.76 kHz 15.63 kHz
1 1 0 0 fok/212 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz
1 1 0 1 fok/213 244 Hz 610 Hz 1.22 kHz 2.44 kHz 3.91 kHz
1 1 1 0 fok/214 122 Hz 305 Hz 610 Hz 1.22 kHz 1.95 kHz
1 1 1 1 fok/21® 61 Hz 153 Hz 305 Hz 610 Hz 976 Hz

Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value),
stop timer array unit (TTm = OOFFH).
The timer array unit must also be stopped if the operating clock (fMCK) or the valid edge of the signal input

from the TImn pin is selected.

Cautions 1. Be sure to clear bits 15, 14, 11, 10 to “0”.
2. If fcek (undivided) is selected as the operation clock (CKmk) and TDRnm is set to 0000H (n = 0,
m = 0 to 3), interrupt requests output from timer array units are not detected.
Remarks 1. fcik: CPU/peripheral hardware clock frequency
2. Waveform of the clock to be selected in the TPSm register which becomes high level for one period
of fcik from its rising edge (m = 1 to 15). For details, see 6.5.1 Count clock (frcik).
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Figure 6-10. Format of Timer Clock Select register m (TPSm) (2/2)

Address: FO1B6H, FO1B7H (TPS0)  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TPSmM 0 0 PRS | PRS 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
m31 | m30 m21 | m20 | m13 | m12 | m11l | m10 | mO3 | m02 | mO1 | mOO
PRS | PRS Selection of operation clock (CKm2)Nete
m21 | m20 fek=2 MHz | fek=5 MHz |fck =10 MHz | fek = 20 MHz | fek = 32 MHz
0 0 fork/2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz
0 1 foLk/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 8 MHz
1 0 fok/24 125 kHz 312.5 kHz 625 MHz 1.25 MHz 2 MHz
1 1 foLk/28 31.25 kHzZ 78.1 kHz 156.2 kHz 312.5 kHz 500 kHzZ
PRS | PRS Selection of operation clock (CKm3)Nete
m31 | m30 fek=2 MHz | fek=5 MHz |fck= 10 MHz | fek = 20 MHz | fek = 32 MHz
0 0 foLk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 125 kHz
0 1 foLk/210 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz 31.25 kHz
1 0 | fok/2®? 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz
1 1 foLk/214 122 HZ 305 Hz 610 Hz 1.22 kHz 1.95 kHZ
Note When changing the clock selected for fcik (by changing the system clock control register (CKC) value),

stop timer array unit (TTm = OOFFH).
The timer array unit must also be stopped if the operating clock (fuck) specified by using the CKSmn0, and
CKSmn1 bits or the valid edge of the signal input from the TImn pin is selected as the count clock (frcik).

Caution Be sure to clear bits 15, 14, 11, and 10to “0".

By using channels 1 and 3 in the 8-bit timer mode and specifying CKm2 or CKm3 as the operation clock, the
interval times shown in Table 6-3 can be achieved by using the interval timer function.

Table 6-3. Interval Times Available for Operation Clock CKSm2 or CKSm3

Clock Interval TimeN°*® (feik = 32 MHz)

100 us

1ms 10 ms

10 us

CKm2 fewk/2

fowk/2?
fork/2
forw/28
fork/28 -
fewk/2%0 -

fok/21? -

fow/214 - -

< |2 <2 | =

CKm3

2|2 | 2|

2 | 2| 2| <
|

Note The margin is within 5 %.

Remarks 1. fcik: CPU/peripheral hardware clock frequency
2. For details of a signal of fcLk/2i selected with the TPSm register, see 6.5.1 Count clock (frcik).
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6.3.3 Timer mode register mn (TMRmn)

The TMRmn register sets an operation mode of channel n. This register is used to select the operation clock (fmck),
select the count clock, select the master/slave, select the 16 or 8-bit timer (only for channels 1 and 3), specify the start
trigger and capture trigger, select the valid edge of the timer input, and specify the operation mode (interval, capture, event
counter, one-count, or capture and one-count).

Rewriting the TMRmn register is prohibited when the register is in operation (when TEmn = 1). However, bits 7 and 6
(CIsmn1, CISmn0) can be rewritten even while the register is operating with some functions (when TEmn = 1) (for details,
see 6.8 Independent Channel Operation Function of Timer Array Unit and 6.9 Simultaneous Channel Operation
Function of Timer Array Unit.

The TMRmn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Caution The bits mounted depend on the channels in the bit 11 of TMRmn register.
TMRmM2, TMRmM4, TMRm6: MASTERmn bit (n = 2)
TMRm1, TMRm3: SPLITmn bit (n =1, 3)
TMRmMO, TMRmM5, TMRmM7: Fixed to O
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Figure 6-11. Format of Timer Mode Register mn (TMRmn) (1/4)

Address: FO190H, FO191H (TMRO0O0) to FO196H, FO197H (TMRO03)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS |MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=2) mnl | mnO mn [ERmn | mn2 | mnl | mn0 | mnl | mnO mn3 | mn2 [ mnl | mnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS |SPUT| STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=1,3) mnl | mnO mn mn mn2 | mnl | mnO | mnl | mnO mn3 | mn2 | mnl | mnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS | QNte | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=0) mnl | mnO mn mn2 | mnl | mnO0 | mnl | mn0O mn3 | mn2 | mnl | mnO
CKS | CKS Selection of operation clock (fuck) of channel n
mnl | mnO
0 0 Operation clock CKmO set by timer clock select register m (TPSm)
0 1 Operation clock CKm2 set by timer clock select register m (TPSm)
1 0 Operation clock CKm1 set by timer clock select register m (TPSm)
1 1 Operation clock CKm3 set by timer clock select register m (TPSm)

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 CCSmn bit.
The operation clocks CKm2 and CKm3 can only be selected for channels 1 and 3.

CCS Selection of count clock (frcik) of channel n

0 Operation clock (fuck) specified by the CKSmn0 and CKSmn1 bits

1 | Valid edge of input signal input from the TImn pin
In channel 1, Valid edge of input signal selected by TISO

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

Note Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Cautions 1. Be sure to clear bits 13, 5, and 4to “0".
2. Thetimer array unit must be stopped (TTm = O00FFH) if the clock selected for fcik is changed
(by changing the value of the system clock control register (CKC)), even if the operating clock
specified by using the CKSmn0 and CKSmn1 bits (fmck) or the valid edge of the signal input
from the TImn pin is selected as the count clock (frcik).

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6-11. Format of Timer Mode Register mn (TMRmn) (2/4)

Address: FO190H, FO191H (TMRO0O0) to FO196H, FO197H (TMRO03)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS |MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=2) mnl | mnO mn |ERmn| mn2 | mnl | mnO | mnl | mnO mn3 | mn2 | mnl | mnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS | SPLIT | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=1,3) mnl | mnO mn mn | mn2 | mnl | mnO | mnl | mnO mn3 | mn2 [ mnl | mnO
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS |0Vt | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=0) mnl | mnO mn mn2 | mnl | mnO0 | mnl | mn0O mn3 | mn2 | mnl | mnO

(Bit 11 of TMRmn (n = 2))

MAS Selection between using channel n independently or
TER simultaneously with another channel(as a slave or master)
mn

0 Operates in independent channel operation function or as slave channel in simultaneous channel operation
function.

1 Operates as master channel in simultaneous channel operation function.

Only channel 2 can be set as a master channel (MASTERmMnN = 1).

Channel 0 is fixed to 0 (channel 0 always operates as master regardless of the bit setting, because it is the highest
channel).
Clear the MASTERmMN bit to O for a channel that is used with the independent channel operation function.

(Bit 11 of TMRmn (n =1, 3))

SPLI Selection of 8 or 16-bit timer operation for channels 1 and 3
Tmn

0 Operates as 16-bit timer.
(Operates in independent channel operation function or as slave channel in simultaneous channel operation
function.)

1 Operates as 8-bit timer.

STS | STS | STS Setting of start trigger or capture trigger of channel n
mn2 | mnl | mnO

Only software trigger start is valid (other trigger sources are unselected).

Valid edge of the TImn pin input is used as both the start trigger and capture trigger.

= |O |O |Oo

0 0
0 1
1 0 Both the edges of the TImn pin input are used as a start trigger and a capture trigger.
0 0

Interrupt signal of the master channel is used (when the channel is used as a slave channel
with the simultaneous channel operation function).

Other than above | Setting prohibited

Note Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Address: FO190H, FO191H (TMRO0O) to FO196H, FO197H (TMRO3)

Symbol
TMRmMn
(n=2)

Symbol
TMRmn
(n=1,3)

Symbol

TMRmMn
(n=0)

Note

Figure 6-11. Format of Timer Mode Register mn (TMRmn) (3/4)

After reset: 0000H R/W

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS |MAST | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
mnl | mnO mn |ERmn| mn2 | mnl | mnO | mnl | mnO mn3 | mn2 | mnl | mnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS | SPLIT | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
mnl | mnO mn mn mn2 | mnl | mn0 | mnl | mnO mn3 | mn2 [ mnl | mnO

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CKS | CKS 0 CCS | QNte | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
mnl | mnO mn mn2 | mnl | mn0 | mnl | mnO mn3 | mn2 [ mnl | mnO
CIS | CIs Selection of TImn pin input valid edge
mnl | mnO

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 STSmn2 to STSmnO bits is other than 010B, set the CISmn1l
to CISmnO bits to 10B.

MD | MD | MD Operation mode of channel n Corresponding function Count operation of
mn3 | mn2 | mnl TCR
0 0 0 Interval timer mode Interval timer/Square wave Counting down
output/PWM output (master)
0 1 0 Capture mode Input pulse interval Counting up
measurement
0 1 1 Event counter mode External event counter Counting down
1 0 0 One-count mode Delay counter/One-shot pulse Counting down
output/PWM output (slave)
1 1 0 Capture & one-count mode Measurement of high-/low-level | Counting up
width of input signal
Other than above | Setting prohibited

The operation of each mode varies depending on MDmnO bit (see next table).

Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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Figure 6-11. Format of Timer Mode Register mn (TMRmn) (4/4)

Address: FO190H, FO191H (TMRO0O) to FO196H, FO197H (TMRO3)

After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS |MAST| STS | STS | STS | CIS | CIS 0 0 MD MD MD MD
— mnl | mnO mn |ERmn| mn2 | mnl | mnO | mnl | mnO mn3 | mn2 | mnl | mnO
(n=2)
Symbol 15 14 13 12 11 10 9 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS |SPLT | STS | STS | STS | CIS | CIS 0 0 MD MD MD MD
— mnl | mnO mn mn | mn2 | mnl | mnO | mnl | mnO mn3 | mn2 | mnl | mnO
(n=1,3)
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMRmn CKS | CKS 0 CCS |ONetel | STS | STS | STS | CIS | CIS 0 0 MD | MD | MD | MD
(n=0) mnl | mnO mn mn2 | mnl | mnO0 | mnl | mn0O mn3 | mn2 | mnl | mnO
Operation mode MD Setting of starting counting and interrupt
(Value set by the MDmn3 to MDmn1 bits mn0
(see table shown in the previous page))
e Interval timer mode 0 | Timer interrupt is not generated when counting is started
0,0,0) (timer output does not change, either).
e Capture mode 1 | Timer interrupt is generated when counting is started
0,1,0) (timer output also changes).
e Event counter mode 0 | Timer interrupt is not generated when counting is started
0,1,1) (timer output does not change, either).
e One-count mode™°t©2 0 | Start trigger is invalid during counting operation.
(4,0,0) At that time, interrupt is not generated.
1 | Start trigger is valid during counting operation°® 3,
At that time, interrupt is not generated.
e Capture & one-count mode 0 | Timer interrupt is not generated when counting is started
1,1,0 (timer output does not change, either).
Start trigger is invalid during counting operation.
At that time interrupt is not generated.
Other than above Setting prohibited
Notes 1. Bit 11 is a read-only bit and fixed to 0. Writing to this bit is ignored.
2. In one-count mode, interrupt output (INTTMmn) when starting a count operation and TOmn output are
not controlled.
3. If the start trigger (TSmn = 1) is issued during operation, the counter is initialized, and recounting is
started (does not occur the interrupt request).
Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.3.4 Timer status register mn (TSRmn)

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

The TSRmn register is valid only in the capture mode (MDmn3 to MDmn1 = 010B) and capture & one-count mode
(MDmn3 to MDmnl = 110B). See Table 6-4 for the operation of the OVF bit in each operation mode and set/clear
conditions.

The TSRmn register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TSRmn register can be set with an 8-bit memory manipulation instruction with TSRmnL.

Reset signal generation clears this register to 0000H.

Figure 6-12. Format of Timer Status Register mn (TSRmn)

Address: FO1AOH, FO1A1H (TSRO0O0) to FO1A6H, FO1A7H (TSR03)  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSRmn | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ OVF |
OVF Counter overflow status of channel n

0 Overflow does not occur.

1 Overflow occurs.

When OVF = 1, this flag is cleared (OVF = 0) when the next value is captured without overflow.

Remark m: Unit number (m = 0), n: Channel number (h = 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
o 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 m (TEm)

The TEm register is used to enable or stop the timer operation of each channel.

Each bit of the TEm register corresponds to each bit of the timer channel start register m (TSm) and the timer channel
stop register m (TTm). When a bit of the TSm register is set to 1, the corresponding bit of this register is set to 1. When a
bit of the TTm register is set to 1, the corresponding bit of this register is cleared to O.

The TEm register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the TEm register can be set with a 1-bit or 8-bit memory manipulation instruction with TEmL.

Reset signal generation clears this register to 0000H.

Figure 6-13. Format of Timer Channel Enable Status register m (TEm)

Address: FO1BOH, FO1B1H (TEO)  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TEm 0 0 0 0 |TEHm| O |TEHm| O 0 0 0 0 TEm | TEm | TEm | TEm
3 1 3 2 1 0

TEH | Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 3 is in the 8-bit
03 timer mode

0 Operation is stopped.

1 Operation is enabled.

TEH | Indication of whether operation of the higher 8-bit timer is enabled or stopped when channel 1 is in the 8-bit
01 timer mode

0 Operation is stopped.

1 Operation is enabled.

TEmn Indication of operation enable/stop status of channel n

0 Operation is stopped.

1 Operation is enabled.

This bit displays whether operation of the lower 8-bit timer for TEm1 and TEm3 is enabled or stopped when channel
1 or 3 is in the 8-bit timer mode.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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6.3.6 Timer channel start register m (TSm)

The TSm register is a trigger register that is used to initialize timer count register mn (TCRmn) and start the counting
operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is set to 1.

The TSmn, TSHm1, TSHmM3 bits are immediately cleared when operation is enabled (TEmn, TEHm1, TEHm3 = 1),
because they are trigger bits.

The TSm register can be set by a 16-bit memory manipulation instruction.
The lower 8 bits of the TSm register can be set with a 1-bit or 8-bit memory manipulation instruction with TSmL.
Reset signal generation clears this register to 0000H.

Figure 6-14. Format of Timer Channel Start register m (TSm)

Address: FO1B2H, FO1B3H (TS0) After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TSm 0 0 0 0 |TSHm| O |[TSHm| O 0 0 0 0 TSm | TSm | TSm | TSm
3 1 3 2 1 0

TSH | Trigger to enable operation (start operation) of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
m3

0 No trigger operation

1 The TEHm3 bit is set to 1 and the count operation becomes enabled.
The TCRm3 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).

TSH | Trigger to enable operation (start operation) of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
ml

0 No trigger operation

1 The TEHmL1 bit is set to 1 and the count operation becomes enabled.
The TCRm1 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).

TSm Operation enable (start) trigger of channel n

0 No trigger operation

1 The TEmn bit is set to 1 and the count operation becomes enabled.
The TCRmn 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).

This bit is the trigger to enable operation (start operation) of the lower 8-bit timer for TSm1 and TSm3 when
channel 1 or 3 is in the 8-bit timer mode.

Cautions 1. Be sure to clear bits 15to 12, 10, 8 to 4 to “0”
2. When switching from a function that does not use TImn pin input to one that does, the
following wait period is required from when timer mode register mn (TMRmn) is set until the
TSmn (TSHmM1, TSHmM3) bit is set to 1.
When the TImn pin noise filter is enabled (TNFENnm = 1): Four cycles of the operation clock
(fmck)

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

Remarks 1. When the TSm register is read, 0 is always read.
2. m: Unit number (m = 0, n: Channel number (n =0 to 3)
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6.3.7 Timer channel stop register m (TTm)

The TTm register is a trigger register that is used to stop the counting operation of each channel.

When a bit of this register is set to 1, the corresponding bit of timer channel enable status register m (TEm) is cleared
to 0. The TTmn, TTHmM1, TTHmM3 bits are immediately cleared when operation is stopped (TEmn, TTHm1, TTHm3 = 0),

because they are trigger bits.
The TTm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TTm register can be set with a 1-bit or 8-bit memory manipulation instruction with TTmL.

Reset signal generation clears this register to 0000H.

Figure 6-15. Format of Timer Channel Stop register m (TTm)

Address: FO1B4H, FO1B5H (TTO)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 3 2 1 0
TTm 0 0 0 0 |[TTHm| O |TTHm| O 0 TTm | TTm | TTm | TTm
3 1 3 2 1 0
TTH Trigger to stop operation of the higher 8-bit timer when channel 3 is in the 8-bit timer mode
m3
0 No trigger operation
1 TEHmM3 bit is cleared to 0 and the count operation is stopped.
TTH Trigger to stop operation of the higher 8-bit timer when channel 1 is in the 8-bit timer mode
ml
0 No trigger operation
1 TEHmM1 bit is cleared to 0 and the count operation is stopped.
TTm Operation stop trigger of channel n
n
0 TEmn bit is cleared to 0 and the count operation is stopped.
1 TEmn bit clear to 0, to be count operation stop enable status.
This bit is the trigger to stop operation of the lower 8-bit timer for TTm1 and TTm3 when channel 1 or 3 is in
the 8-bit timer mode.
Caution Be sureto clear bits 15to 12, 10,8to 4to “0".

Remarks 1. When the TTm register is read, 0 is always read.
2. m: Unit number (m = 0),n: Channel number (n =0 to 3)
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6.3.8 Timer input select register 0 (TISO)
The TISO register is used to select the channel 1 of unit O timer input.
The TISO register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 6-16. Format of Timer Input Select register 0 (TISO)

Address: FOO74H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
TISO 0 0 0 0 0 [ TIS02 ’ TISO1 TIS00
TIS02 TISO1 TISO00 Selection of timer input used with channel 1

0 0 0 Input signal of timer input pin (TI101)

0 0 1

0 1 0

0 1 1

1 0 0 Low-speed on-chip oscillator clock (fiL)

Other than above Setting prohibited

Caution High-level width, low-level width of timer input is selected, will require more than 1/fuck +10 ns.
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6.3.9 Timer output enable register m (TOEm)

The TOEm 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 TOmn bit of timer
output register m (TOm) 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 (TOmn).

The TOEm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOEm register can be set with a 1-bit or 8-bit memory manipulation instruction with TOEmL.

Reset signal generation clears this register to 0000H.

Figure 6-17. Format of Timer Output Enable register m (TOEm)

Address: FO1BAH, FO1BBH (TOEO) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOEm 0 0 0 0 0 0 0 0 0 0 0 0 TOE | TOE | TOE | TOE
m3 m2 ml mO

TOE Timer output enable/disable of channel n

0 Disable output of timer.
Without reflecting on TOmn bit timer operation, to fixed the output.
Writing to the TOmn bit is enabled and the level set in the TOmn bit is output from the TOmn pin.

1 Enable output of timer.
Reflected in the TOmn bit timer operation, to generate the output waveform.
Writing to the TOmn bit is disabled (writing is ignored).

Caution Be sureto clear bits 15to 4to “0".

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.3.10 Timer output register m (TOm)

The TOm 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 (TOmn) of each channel.

The TOmn bit oh this register can be rewritten by software only when timer output is disabled (TOEmn = 0). When
timer output is enabled (TOEmn = 1), rewriting this register by software is ignored, and the value is changed only by the
timer operation.

To use the P13/TI00/TO00, P16/TI0L/TO01/INTP5, P33/T102/TO02/SSI00, or P12/TI03/TO03/INTP4/PCLBUZO pin as
a port function pin, set the corresponding TOmn bit to “0".

The TOm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOm register can be set with an 8-bit memory manipulation instruction with TOmL.

Reset signal generation clears this register to 0000H.

Figure 6-18. Format of Timer Output register m (TOm)

Address: FO1B8H, FO1B9H (TOO0) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TOm 0 0 0 0 0 0 0 0 0 0 0 0 |TOm | TOm | TOm | TOm

TOm Timer output of channel n

0 Timer output value is “0”".

1 Timer output value is “1".

Caution Be sureto clear bits 15to 4to “0".

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)

ROLUHO895EJ0100 Rev.1.00 R NS 153
Nov 29, 2019 _ENES



RL78/G1P CHAPTER 6 TIMER ARRAY UNIT

6.3.11 Timer output level register m (TOLm)

The TOLm 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 (TOEmn = 1) in the Slave channel output mode (TOMmn = 1). In the master
channel output mode (TOMmn = 0), this register setting is invalid.

The TOLm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOLm register can be set with an 8-bit memory manipulation instruction with TOLmL.

Reset signal generation clears this register to 0000H.

Figure 6-19. Format of Timer Output Level register m (TOLm)

Address: FO1BCH, FO1BDH (TOLO) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOLm 0 0 0 0 0 0 0 0 0 0 0 0 TOL | TOL | TOL 0
m3 m2 ml

TOL 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 15to 4, and 0to “0".

Remarks 1. If the value of this register is rewritten during timer operation, the timer output logic is inverted when
the timer output signal changes next, instead of immediately after the register value is rewritten.
2. m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.3.12 Timer output mode register m (TOMm)
The TOMm register is used to control the timer output mode of each channel.
When a channel is used for the independent channel operation function, set the corresponding bit of the channel to be

used to 0.
When a channel is used for the simultaneous channel operation function (PWM output, one-shot pulse output, or
multiple PWM output), set the corresponding bit of the master channel to 0 and the corresponding bit of the slave channel

to 1.

The setting of each channel n by this register is reflected at the timing when the timer output signal is set or reset while
the timer output is enabled (TOEmn = 1).

The TOMm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the TOMm register can be set with an 8-bit memory manipulation instruction with TOMmL.

Reset signal generation clears this register to 0000H.

Figure 6-20. Format of Timer Output Mode register m (TOMm)

Address: FO1BEH, FO1BFH (TOMO) After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TOMmM 0 0 0 0 0 0 0 0 0 0 0 0 TOM | TOM | TOM 0
m3 m2 ml

TOM Control of timer output mode of channel n

0 Master channel output mode (to produce toggle output by timer interrupt request signal (INTTMmn))

1 Slave channel output mode (output is set by the timer interrupt request signal (INTTMmn) of the master
channel, and reset by the timer interrupt request signal (INTTMOp) of the slave channel)

Caution Be sure to clear bits 15to 4, and 0to “0”.

Remark m: Unit number (m = 0)
n: Channel number
n=0to 3 (n =0, 2 for master channel)
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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6.3.13 Noise filter enable register 1 (NFEN1)
The NFENL register is used to set whether the noise filter can be used for the timer input signal to each channel.
Enable the noise filter by setting the corresponding bits to 1 on the pins in need of noise removal.

When the noise filter is ON, match detection and synchronization of the 2 clocks is performed with the CPU/peripheral
hardware clock (fuck). When the noise filter is OFF, only synchronization is performed with the CPU/peripheral hardware

clock (fmck)Note,

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

Reset signal generation clears this register to 00H.

Note For details, see 6.5.1 (2) When valid edge of input signal via the TImn pin is selected (CCSmn = 1) and
6.5.2 Start timing of counter.

Figure 6-21. Format of Noise Filter Enable Register 1 (NFEN1)

Address: FOO71H  After reset: 00H R/IW

Symbol 7

6

4 3 2

NFEN1 0

0

0 TNFENO3 TNFENO2 TNFENO1

TNFENO3

Enable/disable using noise filter of TIO3 pin input signal

0

Noise filter OFF

1

Noise filter ON

TNFENO2

Enable/disable using noise filter of TIO2 pin input signal

0

Noise filter OFF

1

Noise filter ON

TNFENO1

Enable/disable using noise filter of TIO1 pin input signal

0

Noise filter OFF

1

Noise filter ON

TNFENOO

Enable/disable using noise filter of TIOO pin input signal

0

Noise filter OFF

1

Noise filter ON
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6.3.14 Port mode registers 1, 3 ( PM1, PM3)
These registers set input/output of ports 1 and 3 in 1-bit units.

When using the ports (such as P13/TO00/TI00, and P33/TO02/T102/SSI00) to be shared with the timer output pin for
timer output, set the port mode register (PMxx) bit and port register (Pxx) bit corresponding to each port to 0.

Example: When using P33/TO02/T102/SSI00 for timer output
Set the PM33 bit of port mode register 3 to “0”.
Set the P33 bit of port register 3 to “0".

When using the ports (such as P13/TO00/TI00, P33/TO02/T102/SSI00) to be shared with the timer input pin for

timer input, set the port mode register (PMxx) bit corresponding to each port to 1. At this time, the port register
(Pxx) bit may be 0 or 1.

Example: When using P33/TO02/TI102/SSI00 for timer input
Set the PM33 bit of port mode register 3 to “1”.
Set the P33 bit of port register 3 to “0” or “1".

The PM1 and PMS registers can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets these registers to FFH.

Figure 6-22. Format of Port Mode Registers 1, 3 (PM1, PM3) (32-pin products)

Address: FFF21H  After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

PM1 PM17 PM16 PM15 PM14 PM13 PM12 PM11 PM10

Address: FFF23H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 1 PM35 PM34 PM33 PM32 PM31 PM30
PMmn Pmn pin /0 mode selection (m=1, 3; n=0to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)
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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, etc.) can be set as a master channel.

Any channel, except channel 0, can be set as a slave channel.

The slave channel must be lower than the master channel.

Example: If channel 2 is set as a master channel, channel 3 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 channel 0 is set as a master channel, channels 1 to 3 can be set as the slave channels 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 CKSmn0, CKSmnl1 bits (bit 15, 14 of timer mode register mn (TMRmn)) 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 INTTMmn (interrupt), start software trigger, and count clock to the lower channels.
A slave channel can use INTTMmn (interrupt), a start software trigger, or the count clock of the master channel as
a source clock, but cannot transmit its own INTTMmn (interrupt), start software trigger, or count clock to channels
with lower channel numbers.

A master channel cannot use INTTMmn (interrupt), a start software trigger, or the count clock from the other higher
master channel as a source clock.

(10) To simultaneously start channels that operate in combination, the channel start trigger bit (TSmn) of the channels

in combination must be set at the same time.

(11) During the counting operation, a TSmn bit of a master channel or TSmn bits of all channels which are operating

simultaneously can be set. It cannot be applied to TSmn bits of slave channels alone.

(12) To stop the channels in combination simultaneously, the channel stop trigger bit (TTmn) of the channels in

combination must be set at the same time.

(13) CKm2/CKm3 cannot be selected while channels are operating simultaneously, because the operating clocks of

master channels and slave channels have to be synchronized.

(14) Timer mode register m0 (TMRmO) has no master bit (it is fixed as “0"). However, as channel 0 is the highest

channel, it can be used as a master channel during simultaneous operation.

The rules of the simultaneous channel operation function are applied in a channel group (a master channel and slave

channels forming one simultaneous channel operation function).
If two or more channel groups that do not operate in combination are specified, the basic rules of the simultaneous
channel operation function in 6.4.1 Basic rules of simultaneous channel operation function do not apply to the

channel groups.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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Example 1
/- TAUO \
CKO00 /
] Channel 0: Master
CKo1 : Channel 1: Independent channel
! operation function
i Channel 2: Slave
Channel 3: Independent channel
k operation function
Example 2
TAUO \
CKO00
: Channel 0: Master
i Channel 1: Slave
CKO1 | i
: Channel 2: Master |
: Channel 3: Slave :

Channel group (simultaneous channel
operation function)

* A channel that operates independent
channel operation function may be between
a master and a slave of channel group.
Furthermore, the operating clock may be

set separately.

Channel group 1 (simultaneous channel
operation function)

Channel group 2 (simultaneous channel
operation function)

* The operating clock of channel group 1
may be different from that of channel group
2.
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6.4.2 Basic rules of 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 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)

@)

®

9)

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

When using 8-bit timers, set the SPLITmn bit of timer mode register mn (TMRmn) to 1.

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

At the start of operation, the higher 8 bits output INTTMm1H/INTTMm3H (an interrupt) (which is the same
operation performed when MDmnO is set to 1).

The operation clock of the higher 8 bits is selected according to the CKSmnl and CKSmnO bits of the lower-bit
TMRmn register.

For the higher 8 bits, the TSHM1/TSHmM3 bit is manipulated to start channel operation and the TTHM1/TTHmM3 bit
is manipulated to stop channel operation. The channel status can be checked using the TEHM1/TEHmM3 bit.

The lower 8 bits operate according to the TMRmn register settings. The following three functions support
operation of the lower 8 bits:

o Interval timer function/square wave output function

e External event counter function

e Delay count function

For the lower 8 bits, the TSm1/TSm3 bit is manipulated to start channel operation and the TTm1/TTm3 bit is
manipulated to stop channel operation. The channel status can be checked using the TEm1/TEm3 bit.

During 16-bit operation, manipulating the TSHm1, TSHm3, TTHm1, and TTHm3 bits is invalid. The TSm1, TSm3,
TTm1, and TTm3 bits are manipulated to operate channels 1 and 3. The TEHmM3 and TEHmL1 bits are not changed.

(10) For the 8-bit timer function, the simultaneous operation functions (one-shot pulse, PWM, and multiple PWM)

cannot be used.

Remark m: Unit number (m = 0), n: Channel number (n =1, 3)
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6.5 Operation of Counter

6.5.1 Count clock (frcLk)
The count clock (frcik) of the timer array unit can be selected between following by CCSmn bit of timer mode register
mn (TMRmn).

e Operation clock (fuck) specified by the CKSmn0 and CKSmn1 bits
¢ Valid edge of input signal input from the TImn 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 CKSmn0 and CKSmn1 bits is selected (CCSmn = 0)
The count clock (frck) is between fcik to fok /215 by setting of timer clock select register m (TPSm). When a
divided fcwk is selected, however, the clock selected in TPSmn register, but a signal which becomes high level for
one period of fcik from its rising edge. When a fcik is selected, fixed to high level
Counting of timer count register mn (TCRmn) delayed by one period of fcik from rising edge of the count clock,
because of synchronization with fck. But, this is described as “counting at rising edge of the count clock”, as a
matter of convenience.

Figure 6-23. Timing of fctk and Count Clock (frck) (When CCSmn = 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 |
= CKmn) A A A A
feu/16 [ ]
. A A
-
Remarks 1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
2. fck: CPU/peripheral hardware clock
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(2) When valid edge of input signal via the TImn pin is selected (CCSmn = 1)
The count clock (frcik) becomes the signal that detects valid edge of input signal via the TImn pin and
synchronizes next rising fuck. The count clock (frck) is delayed for 1 to 2 period of fuck from the input signal via
the TImn pin (when a noise filter is used, the delay becomes 3 to 4 clock).
Counting of timer count register mn (TCRmn) delayed by one period of fcik from rising edge of the count clock,
because of synchronization with fcik. But, this is described as “counting at valid edge of input signal via the TImn
pin”, as a matter of convenience.

Figure 6-24. Timing of fctk and Count Clock (frck) (When CCSmn = 1, Noise Filter Unused)

fuck | [] [ [ és,ﬂ %,IT [T

TSmn (write) |_L
)

<1>

TEmn

(
e

Sampling wave |

Edge detection ( <3> Edge detection

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

<1> Setting TSmn bit to 1 enables the timer to be started and to become wait state for valid edge of input
signal via the TImn pin.

<2> The rise of input signal via the TImn pin is sampled by fuck.

<3> The edge is detected by the rising of the sampled signal and the detection signal (count clock) is output.

Remarks1. A : Rising edge of the count clock
A : Synchronization, increment/decrement of counter
2. fck: CPU/peripheral hardware clock
fmck: Operation clock of channel n
3. The waveform of the input signal via TImn 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 6-23.
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6.5.2 Start timing of counter

Timer count register mn (TCRmn) becomes enabled to operation by setting of TSmn bit of timer channel start register

m (TSm).

Operations from count operation enabled state to timer count Register mn (TCRmn) count start is shown in Table 6-5.

Table 6-5. Operations from Count Operation Enabled State to Timer count Register mn (TCRmn) Count Start

Timer Operation Mode

Operation When TSmn = 1 Is Set

o Interval timer mode

No operation is carried out from start trigger detection (TSmn=1) until count clock
generation.

The first count clock loads the value of the TDRmn register to the TCRmn
register and the subsequent count clock performs count down operation (see
6.5.3 (1) Operation of interval timer mode).

e Event counter mode

Writing 1 to the TSmn bit loads the value of the TDRmn register to the TCRmn
register.

If detect edge of TImn input. The subsequent count clock performs count down
operation (see 6.5.3 (2) Operation of event counter mode).

e Capture mode

No operation is carried out from start trigger detection (TSmn = 1) until count
clock generation.

The first count clock loads 0000H to the TCRmn register and the subsequent
count clock performs count up operation (see 6.5.3 (3) Operation of capture
mode (input pulse interval measurement)).

e One-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the
timer is stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads the value of the TDRmn register to the TCRmn
register and the subsequent count clock performs count down operation (see
6.5.3 (4) Operation of one-count mode).

e Capture & one-count mode

The waiting-for-start-trigger state is entered by writing 1 to the TSmn bit while the
timer is stopped (TEmn = 0).

No operation is carried out from start trigger detection until count clock
generation.

The first count clock loads 0000H to the TCRmn register and the subsequent
count clock performs count up operation (see 6.5.3 (5) Operation of capture &
one-count mode (high-level interval measurement)).
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6.5.3 Operation of counter
Here, the counter operation in each mode is explained.

(1) Operation of interval timer mode

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit. Timer count register mn (TCRmn) holds the
initial value until count clock generation.

<2> A start trigger is generated at the first count clock after operation is enabled.

<3> When the MDmnO bit is set to 1, INTTMmn is generated by the start trigger.

<4> By the first count clock after the operation enable, the value of timer data register mn (TDRmn) is loaded to
the TCRmn register and counting starts in the interval timer mode.

<5> When the TCRmn register counts down and its count value is 0000H, INTTMmn is generated and the value of
timer data register mn (TDRmn) is loaded to the TCRmn register and counting keeps on.

Figure 6-25. Operation Timing (In Interval Timer Mode)

fmek <
(frewk) /r |_ ) I—I
TSmn (write) ,\
<1>
TEmn , <>
Start trigger
detection signal /
Inltlal "jEEEsEEEEEEE
TCRMN -~ vale m m-1 0001 000(“ m
TDRmMn <3> ) <4> m ) ())
\l ............ <5> g
INTTMmn I

When MDmnO = 1 setting

Caution In the first cycle operation of count clock after writing the TSmn bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start by
setting MDmnO = 1.

Remark fmck, the start trigger detection signal, and INTTMmn become active between one clock in
synchronization with fcix.
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(2) Operation of event counter mode

<1> Timer count register mn (TCRmn) holds its initial value while operation is stopped (TEmn = 0).

<2> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<3> As soon as 1 has been written to the TSmn bit and 1 has been set to the TEmn bit, the value of timer data
register mn (TDRmn) is loaded to the TCRmn register to start counting.

<4> After that, the TCRmn register value is counted down according to the count clock of the valid edge of the
TImn input.

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

e | [ M&I—I L/&I_I [T

TSmn (write)
<1> Z \

TEmn
_ k2>
TImn input | l >%| gg _| I
Edge detection _ | Edge detection
Count clock
Start trigger / <4>
detection signal
<1> )<3>
Initial -1 _
TCRmn value ~ m m \ m-2
<3>
TDRmn / m

Remark The above figure shows the timing when the noise filter is not in use. By making the noise filter on-state,
the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of
TImn input. The error per one period occurs be the asynchronous between the period of the TImn input
and that of the count clock (fmck).
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(3) Operation of capture mode (input pulse interval measurement)

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<2> Timer count register mn (TCRmn) holds the initial value until count clock generation.

<3> A start trigger is generated at the first count clock after operation is enabled. And the value of 0000H is loaded
to the TCRmn register and counting starts in the capture mode. (When the MDmnO bit is set to 1, INTTMmn is
generated by the start trigger.)

<4> On detection of the valid edge of the TImn input, the value of the TCRmn register is captured to timer data
register mn (TDRmn) and INTTMmn is generated. However, this capture value is nomeaning. The TCRmn
register keeps on counting from 0O0O00H.

<5> On next detection of the valid edge of the TImn input, the value of the TCRmn register is captured to timer
data register mn (TDRmn) and INTTMmn is generated.

Figure 6-27. Operation Timing (In Capture Mode: Input Pulse Interval Measurement)

(o M&I’%} M I

TSOn (write) | |

<1> )7 /
TEOn | j Note ]
. <3> ((
TIOn input | I >> \Sé I
L Edge detection | Edge detection .
Rising edge l l < < |
0 VY
Start trigger |_ <4> ) <5>
detection signal
<2> / 2<3>

/
TCRON  Initial vaﬁue 0000 X 00010 0000 X Sé x m-1 X m ()X 0000
TDRON ' OOOlNoIe‘ ! | X m

NI

INTTMON ST [ ] [ ]

When MDmnO =1

Note If a clock has been input to TImn (the trigger exists) when capturing starts, counting starts when a trigger is
detected, even if no edge is detected. Therefore, the first captured value (<4>) does not determine a pulse
interval (in the above figure, 0001 just indicates two clock cycles but does not determine the pulse interval)
and so the user can ignore it.

Caution In the first cycle operation of count clock after writing the TSmn bit, an error at a maximum of one
clock is generated since count start delays until count clock has been generated. When the
information on count start timing is necessary, an interrupt can be generated at count start by
setting MDmnO = 1.

Remark The above figure shows the timing when the noise filter is not in use. By making the noise filter on-state,
the edge detection becomes 2 fmck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of
TImn input. The error per one period occurs be the asynchronous between the period of the TImn input
and that of the count clock (fuck).
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(4) Operation of one-count mode

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit.

<2> Timer count register mn (TCRmn) holds the initial value until start trigger generation.
<3> Rising edge of the TImn input is detected.

<4> On start trigger detection, the value of timer data register mn (TDRmn) is loaded to the TCRmn register and

count starts.

<5> When the TCRmn register counts down and its count value is 0000H, INTTMmn is generated and the value of

the TCRmn register becomes FFFFH and counting stops.

fmek

(frewk)

TSmn (write)

TEmn

TImn input

Rising edge

Start trigger
detection signal

TCRmMn

INTTMmn

=

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

[ 1] [

s

1z

((

, <3>

Edge dete

.y

)
(

<4>

/)

<2>

<5>

Initial value

)
mXSZXlXOXFFFF

Start trigger input wait status

Remark The above figure shows the timing when the noise filter is not in use. By making the noise filter on-state,
the edge detection becomes 2 fuck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of
TImn input. The error per one period occurs be the asynchronous between the period of the TImn input
and that of the count clock (fmck).
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(5) Operation of capture & one-count mode (high-level width measurement)

<1> Operation is enabled (TEmn = 1) by writing 1 to the TSmn bit of timer channel start register m (TSm).

<2> Timer count register mn (TCRmn) holds the initial value until start trigger generation.

<3> Rising edge of the TImn input is detected.

<4> On start trigger detection, the value of 0000H is loaded to the TCRmn register and count starts.

<5> On detection of the falling edge of the TImn input, the value of the TCRmn register is captured to timer data
register mn (TDRmn) and INTTMmn is generated.

Figure 6-29. Operation Timing (In Capture & One-count Mode : High-level Width Measurement)

oINS IRy Sy Ny (Y By
(frewk)
TSmn (write) |_|
<1> |
TEmn |
((
TImn input <3> | l >> |
Edge detecti .
Rising edge ge defection | << Edgede@
/ =
Falling edge <4>> << <5> | '\
V
Start trigger |— 2 \
detection signal

<2> 2
) ‘
TCRmN Initial value 0000 S; m-1 X m ()X m+l

TDRmMn 0000 X m

INTTMmn [_l

Remark The above figure shows the timing when the noise filter is not in use. By making the noise filter on-state,
the edge detection becomes 2 fmck cycles (it sums up to 3 to 4 cycles) later than the normal cycle of

TImn input. The error per one period occurs be the asynchronous between the period of the TImn input
and that of the count clock (fmck).
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6.6 Channel Output (TOmn pin) Control

6.6.1 TOmn pin output circuit configuration

Figure 6-30. Output Circuit Configuration

<5>
TOmn register
Interrupt signal of the master channel
INTTMmn =
e ra} s ) e
9 —
Interrupt signal of the slave channel § — TOmn pin
(INTTMmp) ,_:>— Reset/toggle
<1>
<2>
<3> <4>
TOLmnN
TOMmn Internal bus
TOEmn TOmn write signal

The following describes the TOmn pin output circuit.

<1>

<2>

<3>

<4>

<5>

When TOMmn = 0 (master channel output mode), the set value of timer output level register m (TOLm) is
ignored and only INTTMOp (slave channel timer interrupt) is transmitted to timer output register m (TOm).
When TOMmn = 1 (slave channel output mode), both INTTMmn (master channel timer interrupt) and
INTTMOp (slave channel timer interrupt) are transmitted to the TOm register.

At this time, the TOLm register becomes valid and the signals are controlled as follows:

When TOLmn = 0: Positive logic output (INTTMmn — set, INTTMmp — reset)
When TOLmn = 1: Negative logic output (INTTMmn — reset, INTTMmp — set)

When INTTMmn and INTTMOp are simultaneously generated, (0% output of PWM), INTTMOp (reset signal)
takes priority, and INTTMmn (set signal) is masked.

While timer output is enabled (TOEmn = 1), INTTMmn (master channel timer interrupt) and INTTMOp (slave
channel timer interrupt) are transmitted to the TOm register. Writing to the TOm register (TOmn write signal)
becomes invalid.

When TOEmn = 1, the TOmn pin output never changes with signals other than interrupt signals.

To initialize the TOmn pin output level, it is necessary to set timer operation is stopped (TOEmn = 0) and to
write a value to the TOm register.

While timer output is disabled (TOEmn = 0), writing to the TOmn bit to the target channel (TOmn write signal)
becomes valid. When timer output is disabled (TOEmn = 0), neither INTTMmn (master channel timer
interrupt) nor INTTMOp (slave channel timer interrupt) is transmitted to the TOm register.

The TOm register can always be read, and the TOmn pin output level can be checked.

Remark m: Unit number (m = 0)

n: Channel number

n=0to 3 (n =0, 2 for master channel)
p: Slave channel number
n=0:p=1,2,3

n=2:p=3
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6.6.2 TOmn pin output setting
The following figure shows the procedure and status transition of the TOmn output pin from initial setting to timer
operation start.

Figure 6-31. Status Transition from Timer Output Setting to Operation Start

TCRmn Undefined value (FFFFH after reset) | I\

(Counter)

Timer alternate-function pin = == == === == == == = = =

Timer output signal —l
TOmn |

TOEmn \ |

!

'
(\Nrite operation enabled period to TOmnX Write operation disabled period to TOmn )
f T n
' ' !
A K A A A
<1>Set TOMmn <2> Set TOmn <3>Set TOEmn <4> Set the port to <5> Timer operation start
Set TOLmn output mode

[

<1> The operation mode of timer output is set.

e TOMmn bit (0: Master channel output mode, 1: Slave channel output mode)
e TOLmn 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 m (TOm).

<3> The timer output operation is enabled by writing 1 to the TOEmn bit (writing to the TOm register is disabled).
<4> The port I/O setting is set to output (see 6.3.14 Port mode registers 1, 3 (PM1, PM3)).

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

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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6.6.3 Cautions on channel output operation

(1) Changing values set in the registers TOm, TOEm, and TOLm during timer operation

Since the timer operations (operations of timer count register mn (TCRmn) and timer data register mn (TDRmn))
are independent of the TOmn output circuit and changing the values set in timer output register m (TOm), timer
output enable register m (TOEm), and timer output level register m (TOLm) does not affect the timer operation, the
values can be changed during timer operation. To output an expected waveform from the TOmn pin by timer
operation, however, set the TOm, TOEm, TOLm, and TOMm registers to the values stated in the register setting
example of each operation shown by 6.7 and 6.8.

When the values set to the TOEm, and TOMm registers (but not the TOm register) are changed close to the
occurrence of the timer interrupt (INTTMmn) of each channel, the waveform output to the TOmn pin might differ,
depending on whether the values are changed immediately before or immediately after the timer interrupt
(INTTMmn) occurs.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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(2) Default level of TOmn pin and output level after timer operation start

The change in the output level of the TOmn pin when timer output register m (TOm) is written while timer output is
disabled (TOEmn = 0), the initial level is changed, and then timer output is enabled (TOEmn = 1) before port output
is enabled, is shown below.

(@) When operation starts with master channel output mode (TOMmn = 0) setting
The setting of timer output level register m (TOLm) is invalid when master channel output mode (TOMmn = 0).
When the timer operation starts after setting the default level, the toggle signal is generated and the output
level of the TOmn pin is reversed.

Figure 6-32. TOmn Pin Output Status at Toggle Output (TOMmn = 0)

TOEmMN

. Default ‘ _ R
([ HZ |stas TOmnN bit=0
(Default status : Low)

> TOLmn bit=0
(Active high)

-—— TOmn bit=1
(Default status : High) 7

TOmnN
(Output) TOmn bit=0 A
(Default status : Low)

> TOLmn bit=1
TOmn bit=1 (Active low)
(Default status : High) J

Port output is enabled

A A A A A Bold : Active level
Toggle Toggle Toggle Toggle Toggle

Remarks 1. Toggle: Reverse TOmn pin output status
2. m: Unit number (m = 0), n: Channel number (n =0 to 3)
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(b) When operation starts with slave channel output mode (TOMmp = 1) setting (PWM output))
When slave channel output mode (TOMmp = 1), the active level is determined by timer output level register m
(TOLm) setting.

Figure 6-33. TOmp Pin Output Status at PWM Output (TOMmp = 1)

TOEmp I

Active Active Active
[ Hi-Z Difi“'t TOmp bit =0 )
status (Default status : Low) )
TOLmp bit=0
) (Active high)
TOmp bit=1
(Default status : High) )
TOmp <
(output) TOmp bit=0 3
— (Default status : Low)
>TOme bit=1
(Active low)
TOmp bit=1
L (Default status : High) J
Port output is enabled
A A
A Reset A Reset A
Set Set Set
Remarks 1. Set: The output signal of the TOmp pin changes from inactive level to active level.
Reset: The output signal of the TOmp pin changes from active level to inactive level.
2. m: Unit number (m = 0), p: Channel number (p = 1 to 3)
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(3) Operation of TOmn pin in slave channel output mode (TOMmn = 1)

(@) When timer output level register m (TOLm) setting has been changed during timer operation
When the TOLm register setting has been changed during timer operation, the setting becomes valid at the
generation timing of the TOmn pin change condition. Rewriting the TOLm register does not change the output
level of the TOmn pin.
The operation when TOMmn is set to 1 and the value of the TOLm register is changed while the timer is
operating (TEmn = 1) is shown below.

Figure 6-34. Operation when TOLm Register Has Been Changed Contents during Timer Operation

TOLM |
Active Active Active Active
TOmnN |
(output) ____|
A A A A
A Reset A Reset Reset A Reset
Set Set Set Set

Remarks 1. Set:  The output signal of the TOmn pin changes from inactive level to active level.
Reset: The output signal of the TOmn pin changes from active level to inactive level.
2. m: Unit number (m = 0), n: Channel number (n =0 to 3)

(b) Set/reset timing
To realize 0%/100% output at PWM output, the TOmn pin/TOmn bit set timing at master channel timer interrupt
(INTTMmn) generation is delayed by 1 count clock by the slave channel.
If the set condition and reset condition are generated at the same time, a higher priority is given to the latter.
Figure 6-35 shows the set/reset operating statuses where the master/slave channels are set as follows.

Master channel: TOEmn =1, TOMmn =0, TOLmn =20
Slave channel: TOEmp =1, TOMmp =1, TOLmp =0

ROLUHO895EJ0100 Rev.1.00 R NS 174
Nov 29, 2019 _ENES



RL78/G1P

CHAPTER 6 TIMER ARRAY UNIT
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Figure 6-35. Set/Reset Timing Operating Statuses
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Reset has priority.

frou S ] )
INTTMmn |
Internal reset
signal _ﬂ )
TOmn pin/ _|‘/ |A)
TOmn  1oggle Toggle
Internal set
signal
1 clock delay \ \
INTTMmp
Internal reset / /
signal
TOmp pin/ x ) e~
TOmp
Set Reset Set
(2) Operation timing when 0 % duty
frewe SN 1
INTTMmn [
Internal reset
signal _r
TOmN pin/ ]() )
TOmn
Toggle Toggle
Internal set
signal —
1 clock delay \
TCRmp loooo 0001...\ ...................................... loooo 0001 \
INTTMmp } ,
Internal reset / |— / Set
signal
TOmp pin/ ~ Reset &/Sa Reset <‘/
TOmp

Reset has priority.

Remarks 1. Internal reset signal: TOmn pin reset/toggle signal
TOmn pin set signal

Internal set signal:

n: Channel number

n=0to 3 (n =0, 2 for master channel)
p: Slave channel number
n<p<3

. m: Unit number (m = 0)
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6.6.4 Collective manipulation of TOmn bit

In timer output register m (TOm), the setting bits for all the channels are located in one register in the same way as
timer channel start register m (TSm). Therefore, the TOmn bit of all the channels can be manipulated collectively.

Only the desired bits can also be manipulated by enabling writing only to the TOmn bits (TOEmn = 0) that correspond
to the relevant bits of the channel used to perform output (TOmn).

Figure 6-36. Example of TOOn Bit Collective Manipulation

Before writing

TOO 0 0 0 0 0 0 0 0 |[TOO07 | TOO06 | TOO5 | TOO4 | TOO3 | TOO2 | TOO1 | TOOO

TOEO 0 0 0 0 0 0 0 0 | TOEO7 | TOEOG| TOEOS | TOEO4 | TOEO3 | TOEO2 | TOEO1 | TOEQO
0 0 1 0 1 1 1 1

Data to be written

lofJoJolofofJoJoJofs[sfoJofofolfua]s]
After writing @ é % é % % % %
TOO 0 0 0 0 0 0 0 0 TOO07 | TOO6 | TOO05 | TO04 | TOO3 | TO02 | TOO1 | TOOO

1 1 1 0 0 0 1 0

Writing is done only to the TOmn bit with TOEmn = 0, and writing to the TOmn bit with TOEmn = 1 is ignored.
TOmn (channel output) to which TOEmn = 1 is set is not affected by the write operation. Even if the write operation is
done to the TOmn bit, it is ignored and the output change by timer operation is normally done.

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

Two or more TOON output can
be changed simultaneously

'
'
'
'
'
'
'
LN
d

TOO03 S
L Output does not change
TO02 ' when value does not
s change
TOO1 | |
TO00 ’I“\'

\

Writing to the TOON bit is
ignored when TOEON

A A =1
Before writing ~ Writing to the TOON bit

Caution While timer output is enabled (TOEmn = 1), even if the output by timer interrupt of each timer
(INTTMmn) contends with writing to the TOmn bit, output is normally done to the TOmn pin.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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6.6.5 Timer interrupt and TOmn pin output at operation start
In the interval timer mode or capture mode, the MDmnO bit in timer mode register mn (TMRmn) sets whether or not to

generate a timer interrupt at count start.
When MDmnO is set to 1, the count operation start timing can be known by the timer interrupt (INTTMmn) generation.
In the other modes, neither timer interrupt at count operation start nor TOmn output is controlled.
Figure 6-38 shows operation examples when the interval timer mode (TOEmn = 1, TOMmn = 0) is set.

Figure 6-38. Operation examples of timer interrupt at count operation start and TOmn output

(&) When MDmnO is setto 1

TCRmn \l\l\

TEmn |
INTTMmn T M M

TOmn 7 | I

Count operation start

(b) When MDmnO is setto 0

TCRmn
TEmn i
INTTMmn ﬂ I
TOmn ; a| j |

A
Count operation start

When MDmnO is set to 1, a timer interrupt (INTTMmn) is output at count operation start, and TOmn performs a toggle

operation.
When MDmMnO is set to 0, a timer interrupt (INTTMmn) is not output at count operation start, and TOmn does not

change either. After counting one cycle, INTTMmn is output and TOmn performs a toggle operation.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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6.7 Timer Input (TImn) Control
6.7.1 TImn 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

CCSmn

Interrupt signal from master channel — *

fmck =

frcLk

Count clock
selection

|

Timer
controller

Noise Edge
. ] .
filter detection

TImn pin ———

Trigger
selection

f

TNFENmMn CISmn1, STSmn2 to
CISmn0 STSmnO

6.7.2 Noise filter

When the noise filter is disabled, the input signal is only synchronized with the operating clock (fuck) for channel n. When
the noise filter is enabled, after synchronization with the operating clock (fuck) for channel n, whether the signal keeps the
same value for two clock cycles is detected. The following shows differences in waveforms output from the noise filter
between when the noise filter is enabled and disabled.

Figure 6-40. Sampling Waveforms through TImn Input Pin with Noise Filter Enabled and Disabled

SO 1 1

Noise filter disabled (m\ Cm\

Noise filter enabled

Operating clock (fmck)

Caution The input waveforms to the TImn pin are shown to explain the operation when the noise filter is
enabled or disabled. When actually inputting waveforms, input them according to the TImn input
high-level and low-level widths listed in 27.4 AC Characteristics.
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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 (CCSmn), 9 (STSmn1l), and 8 (STSmnO) in the timer mode register mn (TMRmn) are 0 and then
one of them is set to 1, wait for at least two cycles of the operating clock (fMCK), and then set the operation
enable trigger bit in the timer channel start register (TSm).

(2) Noise filter is enabled
When bits 12 (CCSmn), 9 (STSmn1), and 8 (STSmnO0) in the timer mode register mn (TMRmn) are all 0 and then
one of them is set to 1, wait for at least four cycles of the operating clock (fMCK), and then set the operation
enable trigger bit in the timer channel start register (TSm).
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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 INTTMmn (timer interrupt) at fixed intervals.
The interrupt generation period can be calculated by the following expression.

| Generation period of INTTMmn (timer interrupt) = Period of count clock x (Set value of TDRmn + 1) |

Operation as square wave output

TOmn performs a toggle operation as soon as INTTMmn has been generated, and outputs a square wave with a
duty factor of 50%.

The period and frequency for outputting a square wave from TOmn can be calculated by the following expressions.

| ¢ Period of square wave output from TOmn = Period of count clock x (Set value of TDRmn + 1) x 2 |

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

Timer count register mn (TCRmn) operates as a down counter in the interval timer mode.

The TCRmn register loads the value of timer data register mn (TDRmn) at the first count clock after the channel
start trigger bit (TSmn, TSHmM1, TSHmM3) of timer channel start register m (TSm) is set to 1. If the MDmnO bit of
timer mode register mn (TMRmn) is 0 at this time, INTTMmn is not output and TOmn is not toggled. If the MDmMnO
bit of the TMRmn register is 1, INTTMmn is output and TOmn is toggled.

After that, the TCRmn register count down in synchronization with the count clock.

When TCRmn = 0000H, INTTMmn is output and TOmn is toggled at the next count clock. At the same time, the
TCRmn register loads the value of the TDRmn register again. After that, the same operation is repeated.

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

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6-41. Block Diagram of Operation as Interval Timer/Square Wave Output

CKm1
Operation clock™°*®

CKm0——m

Clock selection

—

Timer counter
register mn (TCRmn)

5

TSmn

Trigger selection

register mn(TDRmn)

Timer

data

Output
controller

© TOmn pin

Interrupt
controller

——= Interrupt signal

(INTTMmn)

Note When channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Figure 6-42. Example of Basic Timing of Operation as Interval Timer/Square Wave Output (MDmnO = 1)

TSmn

TEmn

TCRmMnN

TDRmnN

TOmMnN

INTTMmn

0000H

a+l

a+l

a+l

b+1

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0 to 3)
Bit n of timer channel start register m (TSm)

2. TSmn:
TEmn:
TCRmnN:
TDRmn:
TOmMN:

Bit n of timer channel enable status register m (TEm)

Timer count register mn (TCRmn)

Timer data register mn (TDRmn)
TOmMnN pin output signal

b+1

b+1
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Figure 6-43. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/2)

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMN  |cksmn1/CKSmno| ccsmn | Mrs Nt |STSmN2|STSMN1|STSmNO| CISmn1 | CISmn0 MDmn3 | MDmn2 [ MDmn1 | MDmnO
1/0 1/0 0 0 0/1 0 0 0 0 0 0 0 0 0 0 1/0

L1 [ [ [ [ \_'_|

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.
1: Generates INTTMmn and inverts timer
output when counting is started.

| Selection of TImn pin input edge
00B: Sets 00B because these are not used.

| Start trigger selection
000B: Selects only software start.

| Setting of MASTERmN bit (channel 2)
0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)
0: 16-bit timer mode
1: 8-bit timer mode

| Count clock selection
0: Selects operation clock (fwck).

Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)

Bit n
TOm TOmn 0: Outputs 0 from TOmn.
1/0 1: Outputs 1 from TOmn.

(c) Timer output enable register m (TOEm)

Bit n
TOEmM |TOEmn 0: Stops the TOmn output operation by counting operation.
1/0 1: Enables the TOmn output operation by counting operation.
Note TMRm2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO: Fixed to O

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6-43. Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (2/2)

(d) Timer output level register m (TOLm)

TOLm

Bit n

TOLmn
0

0: Cleared to 0 when TOMmn = 0 (master channel output mode)

(e) Timer output mode register m (TOMm)

TOMm

Bit n

TOMmn
0

0: Sets master channel output mode.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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Figure 6-44. Operation Procedure of Interval Timer/Square Wave Output Function (1/2)

Software Operation

Hardware Status

A\ 4

TAU Input clock supply for timer array unit 0 is stopped.
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmMEN bit of peripheral enable register 0
(PERO) to 1. » Input clock supply for timer array unit O is supplied.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO0 to CKm3.
Channel | Sets timer mode register mn (TMRmn) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting Sets interval (period) value to timer data register mn
(TDRmn).
To use the TOmn output The TOmn pin goes into Hi-Z output state.
Clears the TOMmn bit of timer output mode register m
(TOMm) to O (master channel output mode).
Clears the TOLmn bit to 0.
Sets the TOmn bit and determines default level of the
TOmn output. The TOmn default setting level is output when the port mode
register is in the output mode and the port register is 0.
Sets the TOEmn bit to 1 and enables operation of TOmn:®TOmn does not change because channel stops operating.
Clears the port register and port mode register to 0.—— The TOmn pin outputs the TOmn set level.
Operation | (Sets the TOEmn bit to 1 only if using TOmn output and
start resuming operation.).
Sets the TSmn (TSHmM1, TSHM3) bitto 1.——————————®»TEmn (TEHmM1, TEHM3) = 1, and count operation starts.
The TSmn (TSHmM1, TSHmM3) bit automatically returns Value of the TDRmn register is loaded to timer count
to 0 because it is a trigger bit. register mn (TCRmn) at the count clock input. INTTMmn is
generated and TOmn performs toggle operation if the
MDmnO bit of the TMRmn register is 1.
During Set values of the TMRmn register, TOMmn, and TOLmn | Counter (TCRmn) counts down. When count value reaches
operation | bits cannot be changed. 0000H, the value of the TDRmn register is loaded to the
Set value of the TDRmn register can be changed. TCRmn register again and the count operation is continued.
The TCRmn register can always be read. By detecting TCRmn = 0000H, INTTMmn is generated and
The TSRmn register is not used. TOmn performs toggle operation.
Set values of the TOm and TOEm registers can be After that, the above operation is repeated.
changed.
Operation | The TTmn (TTHmM1, TTHmM3) bitis setto 1. —————————®TEmn (TEHm1, TEHM3), and count operation stops.
stop The TTmn (TTHmM1, TTHM3) bit automatically returns The TCRmn register holds count value and stops.

to 0 because it is a trigger bit.

The TOmn output is not initialized but holds current status.

The TOEmN hit is cleared to 0 and value is set to the TOmn bit.—q» The TOmn pin outputs the TOmn bit set level.

(Remark is listed on the next page.)
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Figure 6-44. Operation Procedure of Interval Timer/Square Wave Output Function (2/2)

Software Operation

Hardware Status

TAU

stop

To hold the TOmn pin output level
Clears the TOmn bit to O after the value to
be held is set to the port register.
When holding the TOmn pin output level is not necessary
Setting not required.

— ® The TOmn pin output level is held by port function.

The TAUMEN bit of the PERO register is cleared to 0. —P Input clock supply for timer array unit 0 is stopped.

All circuits are initialized and SFR of each channel is also
initialized.

(The TOmn bit is cleared to 0 and the TOmn pin is set to
port mode.)

Remark m: Unit number (m = 0), 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 TImn pin. When a specified count value is reached, the event counter generates an
interrupt. The specified number of counts can be calculated by the following expression.

| Specified number of counts = Set value of TDRmn + 1 |

Timer count register mn (TCRmn) operates as a down counter in the event counter mode.

The TCRmn register loads the value of timer data register mn (TDRmn) by setting any channel start trigger bit (TSmn)
of timer channel start register m (TSm) to 1.

The TCRmn register counts down each time the valid input edge of the TImn pin has been detected. When TCRmn =
0000H, the TCRmn register loads the value of the TDRmn register again, and outputs INTTMmn.

After that, the above operation is repeated.

An irregular waveform that depends on external events is output from the TOmn pin. Stop the output by setting the
TOEmN bit of timer output enable register m (TOEm) to 0.

The TDRmn register can be rewritten at any time. The new value of the TDRmn register becomes valid during the next
count period.

Figure 6-45. Block Diagram of Operation as External Event Counter

TNFENmMn 5
8
p Noise NFEN1 Edge © -
TImn pin ©@— 1 . — N
P filter register detection 2 Tl;ner cou?E:equ
§ —=| register mn ( mn)
8 /T
c
5]
% Timer data Interrupt O Interrupt signal
TSmn 17} register mn (TDRmn) controller

5 (INTTMmn)
(=)
2
=

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6-46. Example of Basic Timing of Operation as External Event Counter

TSmn

TEmn

LT N | | ]y I 6

L3 3
TCRmnN 2 1 12 1 2 1 2 1
0000H 0 / 0 > I—|0 >
TDRmn 0003H X 0002H
INTTMmn
4 events 4 events 3 events

Remarks 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)

2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
Timn: TImn pin input signal

TCRmn:  Timer count register mn (TCRmn)
TDRmn:  Timer data register mn (TDRmn)
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Figure 6-47. Example of Set Contents of Registers in External Event Counter Mode (1/2)

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMN  |cksmn1/cKSmno| ccsmn | MisN°t® [STSmn2(STSMN1|{STSMNO| CISmn1|CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 1/0 0 1 0/1 0 0 0 1/0 1/0 0 0 0 1 1 0
L1 [ I [

Operation mode of channel n
011B: Event count mode

Setting of operation when counting is started
0: Neither generates INTTMmn nor inverts
timer output when counting is started.

| Selection of TImn 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 MASTERmn bit (channel 2)

0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode

1: 8-bit timer mode

| Count clock selection
1: Selects the TImn pin input valid edge.

Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.
01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)
Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)

Bit n
TOEmM |TOEmn 0: Stops the TOmn output operation by counting operation.
0
Note TMRm2: MASTERmMnN bit
TMRm1, TMRm3: SPLITmn bit
TMRmO: Fixed to O

Remark m: Unit number (m = 0), 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 m (TOLm)

TOLm

Bit n

TOLmn
0

0: Cleared to 0 when TOMmn = 0 (master channel output mode).

(e) Timer output mode register m (TOMm)

TOMmM

Bit n

TOMmn
0

0: Sets master channel output mode.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)

RO1UHO0895EJ0100 Rev.1.00

Nov 29, 2019

RENESAS

189



Operation is resumed.
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Figure 6-48. Operation Procedure When External Event Counter Function Is Used
Software Operation Hardware Status
TAU Input clock supply for timer array unit 0 is stopped.
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUmEN bit of peripheral enable register O
(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO0 to CKm3.

» Input clock supply for timer array unit 0 is supplied. Each

channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to 0 (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
Sets number of counts to timer data register mn
(TDRmn).
Clears the TOEmn bit of timer output enable register m
(TOEm) to 0.
Operation | Sets the TSmn bit to 1. TEmn = 1, and count operation starts.
start The TSmn bit automatically returns to 0 because it is a Value of the TDRmn register is loaded to timer count
trigger bit. register mn (TCRmn) and detection of the TImn pin
input edge is awaited.
During Set value of the TDRmn register can be changed. Counter (TCRmn) counts down each time input edge of
operation | The TCRmn register can always be read. the TImn pin has been detected. When count value
The TSRmn register is not used. reaches 0000H, the value of the TDRmn register is loaded
Set values of the TMRmn register, TOMmn, TOLmn, to the TCRmn register again, and the count operation is
TOmn, and TOEmn bits cannot be changed. continued. By detecting TCRmn = 0000H, the INTTMmn
output is generated.
After that, the above operation is repeated.
Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because it is a The TCRmn register holds count value and stops.
trigger bit.
TAU The TAUmMEN bit of the PERO register is cleared to 0. —®Input clock supply for timer array unit O is stopped.
stop All circuits are initialized and SFR of each channel is

also initialized.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.8.3 Operation as input pulse interval measurement
The count value can be captured at the TImn valid edge and the interval of the pulse input to TImn can be measured. In
addition, the count value can be captured by using software operation (TSmn = 1) as a capture trigger while the TEmn bit

is set to 1.

The pulse interval can be calculated by the following expression.

TImn input pulse interval = Period of count clock x ((10000H x TSRmn: OVF) + (Capture value of TDRmn + 1)) |

Caution The TImn pin input is sampled using the operating clock selected with the CKSmn bit of timer
mode register mn (TMRmn), so an error of up to one operating clock cycle occurs.

Timer count register mn (TCRmn) operates as an up counter in the capture mode.

When the channel start trigger bit (TSmn) of timer channel start register m (TSm) is set to 1, the TCRmn register counts

up from 0000H in synchronization with the count clock.

When the TImn pin input valid edge is detected, the count value of the TCRmn register is transferred (captured) to
timer data register mn (TDRmn) and, at the same time, the TCRmn register is cleared to 0000H, and the INTTMmn is
output. If the counter overflows at this time, the OVF bit of timer status register mn (TSRmn) 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 TDRmn register, the OVF bit of the TSRmn 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 TSRmn 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 STSmn2 to STSMnO bits of the TMRmn register to 001B to use the valid edges of TImn as a start trigger and a
capture trigger.

Figure 6-49. Block Diagram of Operation as Input Pulse Interval Measurement

c
2
CKmi—| 3
Operation clock™"'® Q Timer counter
4 .
CKm0 ——— 3 —»| register mn (TCRmn)
TNFENmMn O
Ed S \l
in© Noise | _| NFEN1 ge 2
Timn pin filter register detection I Timer data Interrupt
Q i — Interrupt signal
2} register mn (TDRmn) controller ptsig
TSmn g,’ (INTTMmn)
2
=
Note When channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.
Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6-50. Example of

TSmn

TEmn

TImn

TCRmMnN

TDRmnN

INTTMmn

OVF

Basic Timing of Operation as Input Pulse Interval Measurement (MDmMnO = 0)

|

FFFFH
b c d

a

0000H
Iy 'y
0000H X a b C d
|

Remarks 1. m: Unit number (m = 0)n: Channel number (n =0 to 3)

2. TSmn:
TEmn:
Timn:
TCRmnN:
TDRmn:
OVF:

Bit n of timer channel start register m (TSm)

Bit n of timer channel enable status register m (TEm)
TImn pin input signal

Timer count register mn (TCRmn)

Timer data register mn (TDRmn)

Bit O of timer status register mn (TSRmn)
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Figure 6-51. Example of Set Contents of Registers to Measure Input Pulse Interval

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMnN  [cksmni|cksmno| ccsmn | MisNO® |STSmN2|STSmn1|STSmNO| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
1/0 0 0 0 0 0 0 1 1/0 | 1/0 0 0 0 1 0 1/0

L | I [ I [ I_|_I

Operation mode of channel n
010B: Capture mode

Setting of operation when counting is started
0: Does not generate INTTMmn when
counting is started.
1: Generates INTTMmn when counting is
started.

|__Selection of TImn 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 TImn pin input valid edge.

[ Setting of MASTERmMN bit (channel 2)
0: Independent channel operation
Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode.

L__Count clock selection
0: Selects operation clock (fwck).

L___Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)
Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)
Bit n

TOEmM |ToEmn 0: Stops TOmn output operation by counting operation.
0

(d) Timer output level register m (TOLm)
Bit n

TOLmM |ToLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)

Bit n
TOMmM  |ToMmn 0: Sets master channel output mode.
0

Note TMRm2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO: Fixed to O

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6-52. Operation Procedure When Input Pulse Interval Measurement Function Is Used
Software Operation Hardware Status
TAU Input clock supply for timer array unit 0 is stopped.
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmEN bit of peripheral enable register O
(PERO) to 1. Input clock supply for timer array unit 0 is supplied. Each
channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO0 to CKm3.
Channel | Sets timer mode register mn (TMRmn) (determines Channel stops operating.
default operation mode of channel). (Clock is supplied and some power is consumed.)
setting Sets the corresponding bit of the noise filter enable
register 1 (NFEN1) to 0 (off) or 1 (on).
—»| Operation | Sets TSmn bit to 1- TEmn = 1, and count operation starts.
start The TSmn bit automatically returns to 0 because it is a Timer count register mn (TCRmn) is cleared to 0000H
trigger bit. at the count clock input.
Sets the corresponding bit of the noise filter enable When the MDmnO bit of the TMRmn register is 1,
register 1 (NFEN1) to 0 (off) or 1 (on). INTTMmn is generated.
During Set values of only the CISmn1 and CISmnO bits of the Counter (TCRmn) counts up from 0000H. When the TImn
operation | TMRmn register can be changed. pin input valid edge is detected, the count value is
The TDRmn register can always be read. transferred (captured) to timer data register mn (TDRmn).
The TCRmn register can always be read. At the same time, the TCRmn register is cleared to
The TSRmn register can always be read. 0000H, and the INTTMmn signal is generated.
Set values of the TOMmn, TOLmn, TOmn, and TOEmn If an overflow occurs at this time, the OVF bit of timer
bits cannot be changed. status register mn (TSRmn) is set; if an overflow does not
occur, the OVF bit is cleared.
After that, the above operation is repeated.
Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to 0 because it is a The TCRmn register holds count value and stops.
B trigger bit. The OVF bit of the TSRmn register is also held.
TAU The TAUMEN bit of the PERO register is cleared to 0.—®Input clock supply for timer array unit 0 is stopped.
stop All circuits are initialized and SFR of each channel is
also initialized.
Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.8.4 Operation as input signal high-/low-level width measurement

By starting counting at one edge of the TImn pin input and capturing the number of counts at another edge, the signal
width (high-level width/low-level width) of TImn can be measured. The signal width of TImn can be calculated by the
following expression.

| Signal width of TImn input = Period of count clock x ((10000H x TSRmn: OVF) + (Capture value of TDRmn + 1)) |

Caution The TImn pin input is sampled using the operating clock selected with the CKSmn bit of timer
mode register mn (TMRmn), so an error equivalent to one operation clock occurs.

Timer count register mn (TCRmn) operates as an up counter in the capture & one-count mode.

When the channel start trigger bit (TSmn) of timer channel start register m (TSm) is set to 1, the TEmn bit is set to 1
and the TImn pin start edge detection wait status is set.

When the TImn pin input start edge (rising edge of the TImn 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 TImn pin input when the high-level width is to be measured) is detected later, the count value is transferred to
timer data register mn (TDRmn) and, at the same time, INTTMmn is output. If the counter overflows at this time, the OVF
bit of timer status register mn (TSRmn) is set to 1. If the counter does not overflow, the OVF bit is cleared. The TCRmn
register stops at the value “value transferred to the TDRmn register + 1”7, and the TImn 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 TDRmn register, the OVF bit of the TSRmn 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 TSRmn 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 TImn pin is to be measured can be selected by using the CISmnl
and CISmnO bits of the TMRmn register.

Because this function is used to measure the signal width of the TImn pin input, the TSmn bit cannot be set to 1 while
the TEmn bit is 1.

CISmn1, CISmnO of TMRmn register = 10B: Low-level width is measured.
CISmn1, CISmn0 of TMRmn register = 11B: High-level width is measured.

ROLUHO895EJ0100 Rev.1.00 R NS 195
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Figure 6-53. Block Diagram of Operation as Input Signal High-/Low-Level Width Measurement

c

il

2

, Kmi——— &

Operation clockM°t * Timer counter
X
CKmo 8 —| register mn (TCRmn)
@)
TNFENmnN = \l

8

g
. Noise NFEN1 Edge ° Timer data Interrupt .

TImn pin@Q—={ "} = ; —= S~ @ register mn (TDRmMn ller [ Interrupt signal

filter register detection 5 g ( ) controller (INTTMmn)

2

=

Note For channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Figure 6-54. Example of Basic Timing of Operation as Input Signal High-/Low-Level Width Measurement

TSmn

TEmn

TImn ] |

FFFFH

b
TCRmnN s000H \') C —

TDRmMnN 0000H a b c

~ |

INTTMmn |

OVF

Remarks 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)
2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
TImn: TImn pin input signal
TCRmn:  Timer count register mn (TCRmn)
TDRmn:  Timer data register mn (TDRmn)
OVF: Bit O of timer status register mn (TSRmn)
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Figure 6-55. Example of Set Contents of Registers to Measure Input Signal High-/Low-Level Width

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMnN  |cksmni{cksmno ccsmn | MisN°t® [STSmn2(STSMN1|{STSMNO| CISmn1 | CISmn0 MDmn3 | MDmn2 | MDmn1 | MDmnO
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 INTTMmn when
counting is started.

L Selection of TImn pin input edge
10B: Both edges (to measure low-level width)
11B: Both edges (to measure high-level width)

| Start trigger selection
010B: Selects the TImn pin input valid edge.

L__Setting of MASTERmN bit (channel 2)

0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)

1: 16-bit timer mode.

L__Count clock selection
0: Selects operation clock (fvck).

| Operation clock (fwck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)
Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)
Bit n

TOEmM |ToOEmn 0: Stops the TOmn output operation by counting operation.
0

(d) Timer output level register m (TOLm)
Bit n

TOLM |ToLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)

Bit n
TOMmM  |TOoMmn 0: Sets master channel output mode.
0
Note TMRm2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO: Fixed to O

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6-56. Operation Procedure When Input Signal High-/Low-Level Width Measurement Function Is Used

Software Operation

Hardware Status

TAU Input clock supply for timer array unit O is stopped.
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmEN bit of peripheral enable register O
(PERO) to 1: Input clock supply for timer array unit O is supplied. Each
channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO0 to CKm3.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to 0 (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
Clears the TOEmn bit to 0 and stops operation of TOmn.
Operation | Sets the TSmn bit to 1. » TEmn = 1, and the TImn pin start edge detection wait
start The TSmn bit automatically returns to O because itis a | status is set.
trigger bit.
Detects the TImn pin input count start valid edge. —® Clears timer count register mn (TCRmn) to 0000H and
starts counting up.
During Set value of the TDRmn register can be changed. When the TImn pin start edge is detected, the counter
operation | The TCRmn register can always be read. (TCRmn) counts up from 0000H. If a capture edge of the
The TSRmn register is not used. TImn pin is detected, the count value is transferred to
Set values of the TMRmn register, TOMmn, TOLmn, timer data register mn (TDRmn) and INTTMmn is
TOmn, and TOEmn bits cannot be changed. generated.
If an overflow occurs at this time, the OVF bit of timer
status register mn (TSRmn) is set; if an overflow does not
occur, the OVF bit is cleared. The TCRmn register stops
the count operation until the next TImn pin start edge is
detected.
Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to O because it is a The TCRmn register holds count value and stops.
trigger bit. The OVF bit of the TSRmn register is also held.
TAU The TAUMEN bit of the PERO register is cleared to 0-—® Input clock supply for timer array unit 0 is stopped.
stop All circuits are initialized and SFR of each channel is

also initialized.

Remark m: Unit number (m = 0), n: Channel number (n =0 to 3)
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6.8.5 Operation as delay counter

It is possible to start counting down when the valid edge of the TImn pin input is detected (an external event), and then
generate INTTMmn (a timer interrupt) after any specified interval.

It can also generate INTTMmn (timer interrupt) at any interval by making a software set TSmn = 1 and the count down
start during the period of TEmn = 1.

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

Generation period of INTTMmn (timer interrupt) = Period of count clock x (Set value of TDRmn + 1) |

Timer count register mn (TCRmn) operates as a down counter in the one-count mode.

When the channel start trigger bit (TSmn, TSHm1, TSHm3) of timer channel start register m (TSm) is set to 1, the
TEmn, TEHmM1, TEHmS3 bits are set to 1 and the TImn pin input valid edge detection wait status is set.

Timer count register mn (TCRmn) starts operating upon TImn pin input valid edge detection and loads the value of
timer data register mn (TDRmn). The TCRmn register counts down from the value of the TDRmn register it has loaded, in
synchronization with the count clock. When TCRmn = 0000H, it outputs INTTMmn and stops counting until the next TImn
pin input valid edge is detected.

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

Figure 6-57. Block Diagram of Operation as Delay Counter

o
ie]
CKmI 3
Operation clock™*® 3 Timer counter
CKmo—— é _.| register mn (TCRmn)

O
5
TNFENmn  TSmn B

§ Timer data Interrupt Interrupt signal

. _ Noise | | NFENL || [ Edge 5 register mn (TDRmn) controller (INTTMmn)

mn pin © filter register detection 3
=

Note For using channels 1 and 3, the clock can be selected from CKm0, CKm1, CKm2 and CKm3.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)

ROLUHO895EJ0100 Rev.1.00 R NS 199
Nov 29, 2019 _ENES



RL78/G1P CHAPTER 6 TIMER ARRAY UNIT

Figure 6-58. Example of Basic Timing of Operation as Delay Counter

TSmn _ﬂ

TEmn |
Timn
FFFFH |
TCRmn
OOOOH/ }
TDRmn a X b
INTTMmn -l -l
a+l b+l

Remarks 1. m: Unit number (m = 0), n: Channel number (n =0 to 3)

2. TSmn: Bit n of timer channel start register m (TSm)
TEmn: Bit n of timer channel enable status register m (TEm)
Timn: TImn pin input signal

TCRmn:  Timer count register mn (TCRmn)
TDRmn:  Timer data register mn (TDRmn)

RO1UHO0895EJ0100 Rev.1.00 R NS
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Figure 6-59. Example of Set Contents of Registers to Delay Counter (1/2)

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmMnN  |cksmni{cksmno ccsmn | MisNOte |STSmN2|STSmN1|STSmNO| CISmn1 | CISmnO MDmn3 | MDmn2 | MDmn1 [ MDmnO
1/0 | 1/0 0 0 0/1 0 0 1 1/0 1/0 0 0 1 0 0 1/0

L | | [ L1 L[|

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 TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

|___Start trigger selection
001B: Selects the TImn pin input valid edge.

L—Setting of MASTERmMN bit (channel 2)

0: Independent channel operation function.
Setting of SPLITmn bit (channels 1, 3)

0: 16-bit timer mode.

1: 8-bit timer mode.

L__Count clock selection
0: Selects operation clock (fvck).

L Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel n.

10B: Selects CKm1 as operation clock of channel n.

01B: Selects CKm2 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).
11B: Selects CKm3 as operation clock of channels 1, 3 (This can only be selected channels 1 and 3).

(b) Timer output register m (TOm)
Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)

Bit n
TOEmM |TOEmn 0: Stops the TOmn output operation by counting operation.
0
Note TMRm2: MASTERmMN bit
TMRm1, TMRm3: SPLITmn bit
TMRmMO: Fixedto O

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6-59. Example of Set Contents of Registers to Delay Counter (2/2)

(d) Timer output level register m (TOLm)

TOLm

Bit n

TOLmn
0

0: Cleared to 0 when TOMmn = 0 (master channel output mode).

(e) Timer output mode register m (TOMm)

TOMm

Bit n

TOMmn
0

0: Sets master channel output mode.

Remark m: Unit number (m = 0), n: Channel number (n = 0 to 3)
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Figure 6-60. Operation Procedure When Delay Counter Function Is Used
Software Operation Hardware Status
TAU Input clock supply for timer array unit O is stopped.
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUmEN bit of peripheral enable register O
(PERO) to 1: Input clock supply for timer array unit O is supplied. Each
channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKmO0 to CKm3.
Channel | Sets the corresponding bit of the noise filter enable Channel stops operating.
default register 1 (NFEN1) to 0 (off) or 1 (on). (Clock is supplied and some power is consumed.)
setting Sets timer mode register mn (TMRmn) (determines
operation mode of channel).
INTTMmn output delay is set to timer data register mn
(TDRmn).
Clears the TOEmn bit to 0 and stops operation of TOmn.
— Operation | Sets the TSmn bit to 1. » TEmn = 1, and the start trigger detection (the valid edge
start The TSmn bit automatically returns to O because itis a | of the TImn pin input is detected or the TSmn bit is set to
trigger bit. 1) wait status is set.
The counter starts counting down by the next start trigger | Value of the TDRmn register is loaded to the timer count
detection. register mn (TCRmn).
¢ Detects the TImn pin input valid edge.
e Sets the TSmn bit to 1 by the software. ———»
During Set value of the TDRmn register can be changed. The counter (TCRmn) counts down. When TCRmn
operation | The TCRmn register can always be read. counts down to 0000H, INTTMmn is output, and counting
The TSRmn register is not used. stops until the next start trigger detection (the valid edge
of the TImn pin input is detected or the TSmn bit is set to
1).
Operation | The TTmn bit is set to 1. TEmn = 0, and count operation stops.
stop The TTmn bit automatically returns to O because it is a The TCRmn register holds count value and stops.
trigger bit.
| TAU The TAUMEN bit of the PERO register is cleared to 0. —® Input clock supply for timer array unit 0 is stopped.
stop All circuits are initialized and SFR of each channel is
also initialized.
Remark m: Unit number (m = 0), 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 function

By using two channels as a set, a one-shot pulse having any delay pulse width can be generated from the signal input
to the TImn pin.

The delay time and pulse width can be calculated by the following expressions.

Delay time = {Set value of TDRmn (master) + 2} x Count clock period
Pulse width = {Set value of TDRmp (slave)} x Count clock period

The master channel operates in the one-count mode and counts the delays. Timer count register mn (TCRmn) of the
master channel starts operating upon start trigger detection and loads the value of timer data register mn (TDRmn).

The TCRmn register counts down from the value of the TDRmn register it has loaded, in synchronization with the count
clock. When TCRmn = 0000H, it outputs INTTMmn and stops counting until the next start trigger is detected.

The slave channel operates in the one-count mode and counts the pulse width. The TCRmp register of the slave
channel starts operation using INTTMmn of the master channel as a start trigger, and loads the value of the TDRmp
register. The TCRmp register counts down from the value of The TDRmp register it has loaded, in synchronization with
the count value. When count value = 0000H, it outputs INTTMmp and stops counting until the next start trigger (INTTMmn
of the master channel) is detected. The output level of TOmp becomes active one count clock after generation of
INTTMmn from the master channel, and inactive when TCRmp = 0000H.

Instead of using the TImn pin input, a one-shot pulse can also be output using the software operation (TSmn = 1) as a
start trigger.

Caution The timing of loading of timer data register mn (TDRmn) of the master channel is different from that of
the TDRmp register of the slave channel. If the TDRmn and TDRmp registers are rewritten during
operation, therefore, an illegal waveform is output. Rewrite the TDRmn register after INTTMmn is
generated and the TDRmp register after INTTMmp is generated.

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=23)
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Figure 6-61. Block Diagram of Operation as One-Shot Pulse Output Function

Master channel
(one-count mode)

c
o
) CKm1 o
Operation clock & Timer counter
CKmO é —=| register mn (TCRmn)
O PN
TNFENmN S
[S]
1 TSmn % . Timer data Interrupt | Interrupt signal
in© Noise | .| NFEN1 Edge 2 register mn (TDRmn) controller INTTMmn
Timn pin filter register detection % ( )
2
Slave channel
(one-count mode)
S
) CKm1 8
Operation clock 3 Timer counter Output .
x ; © TOmp pin
CKmO S —~| register mp (TCRmp) controller
O
c
RS
9 y
% Timer data Interrupt .
0 register mp (TDRmp) controller Interrupt signal
5 (INTTMmp)
(=)
=z
£
Remark m: Unit number (m = 0), n: Master channel number (n = 0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2: p=3)
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Master
channel

Figure 6-62. Example of Basic Timing of Operation as One-Shot Pulse Output Function

TSmn J-l

TEmn _|
TImn
FFFFH |
TCRmMnN
0000H } }
TDRmn a
TOmnN
INTTMmn ;| -l
TSmp J
TEmp _|
FFFFH [
TCRmp ‘\
Slave 0000H
channel } } }
TDRmp b
TOmp
INTTMmp -l
a+2 b T at2 b

Remarks 1. m: Unit number (m = 0), n: Master channel number (n =0, 2)

p: Slave channel number (n=0:p=1,2,3,n=2:p=23)

. TSmn, TSmp:  Bit n, p of timer channel start register m (TSm)

TEmn, TEmp:  Bit n, p of timer channel enable status register m (TEm)
Timn, TImp: TImn and TImp pins input signal

TCRmn, TCRmp:Timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp:Timer data registers mn, mp (TDRmn, TDRmp)

TOmn, TOmp: TOmn and TOmp pins output signal
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Figure 6-63. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Master Channel)

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MAS
TMRmMN  |cksmn1|cKSmno| CCSmn TERmN STSmn2|STSMn1{STSmnO| CISmn1|CISmn0 MDmn3 | MDmn2 [ MDmn1 | MDmnO

1/0 0 0 0 1 0 0 1 1/0 | 1/0 0 0 1 0 0 0

L | | [ I |_|_|

Operation mode of channel n
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TImn pin input edge
00B: Detects falling edge.
01B: Detects rising edge.
10B: Detects both edges.
11B: Setting prohibited

| Start trigger selection
001B: Selects the TImn pin input valid edge.

L__Setting of the MASTERmMN bit (channel 2)
1: Master channel.

L__Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channels n.
10B: Selects CKm1 as operation clock of channels n.

(b) Timer output register m (TOm)
Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)
Bit n

TOEmM |TOEmn 0: Stops the TOmn output operation by counting operation.
0

(d) Timer output level register m (TOLm)
Bit n

TOLM |ToLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)
Bit n

TOMmM  |TOoMmn 0: Sets master channel output mode.
0

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)
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Figure 6-64. Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Slave Channel)

(@) Timer mode register mp (TMRmp)

TMRmp

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[CKSmp1|CKSmpO| CCsmp myghote STSmp2|STSMp1|STSmpO|CISmpl|CISmpO MDmp3 [ MDmp2 | MDmp1 [ MDmpO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0

L

]

I [ L] L1

Operation mode of channel p
100B: One-count mode

Start trigger during operation
0: Trigger input is invalid.

L__Selection of TImp pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
100B: Selects INTTMmn of master channel.

L—Setting of MASTERmMN bit (channels 2, 4, 6)
0: Independent channel operation function.

Setting of SPLITmn bit (channels 1, 3)
1: 16-bit timer mode.

L__Count clock selection

0: Selects operation clock (fvck).

L__Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel p.
10B: Selects CKm1 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register m (TOm)

TOm

Bit p

TOmp

1/0

0: Outputs 0 from TOmp.
1: Outputs 1 from TOmp.

(c) Timer output enable register m (TOEm)

TOEm

Bit p

TOEmp

1/0

0: Stops the TOmp output operation by counting operation.
1: Enables the TOmp output operation by counting operation.

(d) Timer output level register m (TOLm)

TOLmM

Bit p

TOLmp

1/0

0: Positive logic output (active-high)
1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)

TOMm

Bit p

TOMmp

1

1: Sets the slave channel output mode.

Note TMRm2, TMRm4, TMRm6: MASTERmMnN bit
TMRm1, TMRm3:
TMRmM5, TMRmM7:

SPLITmp bit
Fixed to O

Remark m: Unit number (m = 0), n: Master channel number (n = 0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2: p=3)
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Figure 6-65. Operation Procedure of One-Shot Pulse Output Function (1/2)
Software Operation Hardware Status
TAU Input clock supply for timer array unit 0 is stopped.
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUMEN bit of peripheral enable registers 0

(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.

Input clock supply for timer array unit 0 is supplied. Each
channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel
default
setting

Sets the corresponding bit of the noise filter enable
register 1 (NFEN1) to 1.

Sets timer mode register mn, mp (TMRmn, TMRmp) of
two channels to be used (determines operation mode of
channels).

An output delay is set to timer data register mn (TDRmn)
of the master channel, and a pulse width is set to the
TDRmp register of the slave channel.

Sets slave channel.
The TOMmp bit of timer output mode register m
(TOMm) is set to 1 (slave channel output mode).
Sets the TOLmp bit.
Sets the TOmp bit and determines default level of the

Channel stops operating.
(Clock is supplied and some power is consumed.)

The TOmp pin goes into Hi-Z output state.

TOmp output.

» The TOmp default setting level is output when the port
mode register is in output mode and the port register is 0.

The TOmp pin outputs the TOmp set level.

Sets the TOEmp bit to 1 and enables operation of TOmE:l> TOmp does not change because channel stops operating.

Clears the port register and port mode register to 0.

(Remark is listed on the next page.)
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Operation is resumed.

RL78/G1P CHAPTER 6 TIMER ARRAY UNIT
Figure 6-65. Operation Procedure of One-Shot Pulse Output Function (2/2)
Software Operation Hardware Status
| Operation | Sets the TOEmp bit (slave) to 1 (only when operation is
start resumed).
The TSmn (master) and TSmp (slave) bits of timer
channel start register m (TSm) are set to 1 at the same
time. The TEmn and TEmp bits are set to 1 and the master
The TSmn and TSmp bits automatically return to 0 channel enters the start trigger detection (the valid edge of
because they are trigger bits. the TImn pin input is detected or the TSmn bit of the
master channel is set to 1) wait status.
Counter stops operating.
Count operation of the master channel is started by start | Master channel starts counting.
trigger detection of the master channel.
o Detects the TImn pin input valid edge.
o Sets the TSmn bit of the master channel to 1 by
software
During Set values of only the CISmn1 and CISmnO bits of the Master channel loads the value of the TDRmn register to
operation | TMRmn register can be changed. timer count register mn (TCRmn) when the TImn pin valid
Set values of the TMRmp, TDRmn, TDRmp registers, input edge is detected, and the counter starts counting
TOMmn, TOMmp, TOLmn, and TOLmp bits cannot be down. When the count value reaches TCRmn = 0000H,
changed. the INTTMmn output is generated, and the counter stops
The TCRmn and TCRmp registers can always be read. until the next valid edge is input to the TImn pin.
The TSRmn and TSRmp registers are not used. The slave channel, triggered by INTTMmn of the master
Set values of the TOm and TOEm registers by slave channel, loads the value of the TDRmp register to the
channel can be changed. TCRmp register, and the counter starts counting down.
The output level of TOmp becomes active one count clock
after generation of INTTMmn from the master channel. It
becomes inactive when TCRmp = 0000H, and the
counting operation is stopped.
After that, the above operation is repeated.
Operation | The TTmn (master) and TTmp (slave) bits are set to 1 at
~ | stop the same time. TEmn, TEmp = 0, and count operation stops.
The TTmn and TTmp bits automatically return to O The TCRmn and TCRmp registers hold count value and
because they are trigger bits. stop.
The TOmp output is not initialized but holds current
status
The TOEmp bit of slave channel is cleared to 0 and
value is set to the TOmp bit. » The TOmp pin outputs the TOmp set level.
TAU To hold the TOmp pin output level
stop Clears the TOmp bit to O after the value to

be held is set to the port register. —————————)

When holding the TOmp pin output level is not
necessary
Setting not required.

The TAUMEN bit of the PERO register is cleared to 0—H»

pThe TOmp pin output level is held by port function.

> Input clock supply for timer array unit O is stopped.

All circuits are initialized and SFR of each channel is
also initialized.

(The TOmp bit is cleared to 0 and the TOmp pin is set to

port mode.)

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)

p: Slave channel number (n=0:p=1,2,3,n=2:p=23)
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6.9.2 Operation as PWM function
Two channels can be used as a set to generate a pulse of any period and duty factor.
The period and duty factor of the output pulse can be calculated by the following expressions.

Pulse period = {Set value of TDRmn (master) + 1} x Count clock period

Duty factor [%] = {Set value of TDRmp (slave)}/{Set value of TDRmn (master) + 1} x 100
0% output:  Set value of TDRmp (slave) = 0000H

100% output: Set value of TDRmp (slave) > {Set value of TDRmn (master) + 1}

Remark The duty factor exceeds 100% if the set value of TDRmp (slave) > (set value of TDRmn (master) + 1), it
summarizes to 100% output.

The master channel operates in the interval timer mode. If the channel start trigger bit (TSmn) of timer channel start
register m (TSm) is set to 1, an interrupt (INTTMmn) is output, the value set to timer data register mn (TDRmn) is loaded
to timer count register mn (TCRmn), and the counter counts down in synchronization with the count clock. When the
counter reaches 0000H, INTTMmn is output, the value of the TDRmn register is loaded again to the TCRmn register, and
the counter counts down. This operation is repeated until the channel stop trigger bit (TTmn) of timer channel stop
register m (TTm) is set to 1.

If two channels are used to output a PWM waveform, the period until the master channel counts down to 0000H is the
PWM output (TOmp) cycle.

The slave channel operates in one-count mode. By using INTTMmn from the master channel as a start trigger, the
TCRmp register loads the value of the TDRmp register and the counter counts down to 0000H. When the counter
reaches 0000H, it outputs INTTMmp and waits until the next start trigger (INTTMmn from the master channel) is generated.

If two channels are used to output a PWM waveform, the period until the slave channel counts down to 0000H is the
PWM output (TOmp) duty.

PWM output (TOmp) goes to the active level one clock after the master channel generates INTTMmn and goes to the
inactive level when the TCRmp register of the slave channel becomes 0000H.

Caution To rewrite both timer data register mn (TDRmn) of the master channel and the TDRmp register of the
slave channel, a write access is necessary two times. The timing at which the values of the TDRmn
and TDRmp registers are loaded to the TCRmn and TCRmp registers is upon occurrence of
INTTMmn of the master channel. Thus, when rewriting is performed split before and after
occurrence of INTTMmn of the master channel, the TOmp pin cannot output the expected waveform.
To rewrite both the TDRmn register of the master and the TDRmp register of the slave, therefore, be
sure to rewrite both the registers immediately after INTTMmn is generated from the master channel.

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2: p=3)
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Figure 6-66. Block Diagram of Operation as PWM Function

Master channel

(interval timer mode) =
_ CKm1 8
Operation clock 2 Timer counter
CKmoO § —=| register mn (TCRmn)
[S)
g
TS % Timer data Interrupt | Interrupt signal
mn 5 register mn (TDRmn
g g9 ( ) controller (INTTMmn)
g
Slave channel
(one-count mode)
S
o ] ock CKm1 3
peration cloc a Timer counter o
) utput .
CKmO g —| register mp (TCRmp) controller © TOmp pin
O
8
§ Timer data Interrupt | Interrupt signal
5 register mp (TDRm
% g p( p) controller (INTTMmp)
=
Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=23)
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Figure 6-67. Example of Basic Timing of Operation as PWM Function

TSmn f

TEmn

FFFFH

Master
channel TCRmn 0000H \ \\

TDRmn a X b

TOmMnN

INTTMmn -l ]

TSmp

L S

o— I

TEmp

FFFFH |

TCRmp
Slave 0000H

channel

IN—|
\_
Ne—

TDRmp c X d

TOmp

INTTMmp |

atl a+l b+1

] o | "d |

Remark 1. m: Unit number (m = 0), n: Master channel number (n = 0, 2)

p: Slave channel number (n=0:p=1,2,3,n=2:p=23)

2. TSmn, TSmp: Bit n, p of timer channel start register m (TSm)
TEmn, TEmp: Bit n, p of timer channel enable status register m (TEm)
TCRmn, TCRmp: Timer count registers mn, mp (TCRmn, TCRmp)
TDRmn, TDRmp: Timer data registers mn, mp (TDRmn, TDRmp)
TOmn, TOmp: TOmn and TOmp pins output signal
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Figure 6-68. Example of Set Contents of Registers When PWM Function (Master Channel) Is Used

(@) Timer mode register mn (TMRmn)

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

TMRmMN  |cksmn1/CKSmno| cesmn| oo |STSMN2|STSmn1{STSmNO| CISmn| CISmnO MDmn3 | MDmn2 | MDmn1 | MDmnO

1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMmn when counting is
started.

L__Selection of TImn pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
000B: Selects only software start.

L__Setting of the MASTERmMN bit (channel 2)
1: Master channel.

L__Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.

(b) Timer output register m (TOm)
Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)
Bit n

TOEmM |TOEmn 0: Stops the TOmn output operation by counting operation.
0

(d) Timer output level register m (TOLm)
Bit n

TOLM |ToLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)
Bit n

TOMmM  |ToMmn 0: Sets master channel output mode.
0

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)
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Figure 6-69. Example of Set Contents of Registers When PWM Function (Slave Channel) Is Used

(@) Timer mode register mp (TMRmp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmp [CKSmp1{CKSmpO CCsmp myghote STSmp2|STSMp1|STSmpO|CISmpl|CISmpO MDmp3 | MDmp2 [ MDmp1 | MDmpO
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

] T T [ I

Operation mode of channel p
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

L__Selection of TImp pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
100B: Selects INTTMmn of master channel.

L__Setting of MASTERmMp bit (channel 2)
0: Slave channel.

Setting of SPLITmp bit (channels 1, 3)
0: 16-bit timer mode.

L__Count clock selection
0: Selects operation clock (fvck).

| Operation clock (fwck) selection

00B: Selects CKmO as operation clock of channel p.

10B: Selects CKm1 as operation clock of channel p.
* Make the same setting as master channel.

(b) Timer output register m (TOm)

Bit p
TOm TOmp 0: Outputs 0 from TOmp.
1/0 1: Qutputs 1 from TOmp.

(c) Timer output enable register m (TOEm)

Bit p
TOEmM |ToEmp 0: Stops the TOmp output operation by counting operation.
1/0 1: Enables the TOmp output operation by counting operation.

(d) Timer output level register m (TOLm)

Bit p
TOLm |ToLmp 0: Positive logic output (active-high)
1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)
Bit p

TOMmM  |ToMmp 1: Sets the slave channel output mode.
1

Note TMRm5, TMRm7:Fixed to O
TMRm1, TMRm3:SPLITmp bit

Remark m: Unit number (m = 0), n: Master channel number (n = 0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2: p=3)
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Figure 6-70. Operation Procedure When PWM Function Is Used (1/2)
Software Operation Hardware Status
TAU Input clock supply for timer array unit 0 is stopped.
default (Clock supply is stopped and writing to each register is
setting disabled.)

Sets the TAUmEN bit of peripheral enable register O

(PERO) to 1.

Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.

Input clock supply for timer array unit 0 is supplied. Each
channel stops operating.
(Clock supply is started and writing to each register is
enabled.)

Channel | Sets timer mode registers mn, mp (TMRmn, TMRmp) of | Channel stops operating.
default two channels to be used (determines operation mode of | (Clock is supplied and some power is consumed.)
setting channels).
An interval (period) value is set to timer data register mn
(TDRmn) of the master channel, and a duty factor is set
to the TDRmp register of the slave channel.
Sets slave channel. The TOmp pin goes into Hi-Z output state.
The TOMmp bit of timer output mode register m
(TOMm) is set to 1 (slave channel output mode).
Sets the TOLmp bit.
Sets the TOmp bit and determines default level of the
TOmp output. The TOmp default setting level is output when the port
mode register is in output mode and the port register is 0.
Sets the TOEmp bit to 1 and enables operation of TOmp:® TOmp does not change because channel stops operating.
Clears the port register and port mode register to 0.4'[' The TOmp pin outputs the TOmp set level.
(Remark is listed on the next page.)
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Operation is resumed.
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UNIT

Figure 6-70. Operation Procedure When PWM Function Is Used (2/2)

Software Operation Hardware Status
Operation | Sets the TOEmp bit (slave) to 1 (only when operation is
start resumed).
The TSmn (master) and TSmp (slave) bits of timer
channel start register m (TSm) are set to 1 at the same TEmn=1, TEmp=1
time. » When the master channel starts counting, INTTMmn is
The TSmn and TSmp bits automatically return to 0 generated. Triggered by this interrupt, the slave
because they are trigger bits. channel also starts counting.
During Set values of the TMRmn and TMRmp registers, The counter of the master channel loads the TDRmn
operation | TOMmn, TOMmp, TOLmn, and TOLmp bits cannot be register value to timer count register mn (TCRmn), and
changed. counts down. When the count value reaches TCRmn =
Set values of the TDRmn and TDRmp registers can be 0000H, INTTMmn output is generated. At the same time,
changed after INTTMmn of the master channel is the value of the TDRmn register is loaded to the TCRmn
generated. register, and the counter starts counting down again.
The TCRmn and TCRmp registers can always be read. At the slave channel, the value of the TDRmp register is
The TSRmn and TSRmp registers are not used. loaded to the TCRmp register, triggered by INTTMmn of
the master channel, and the counter starts counting down.
The output level of TOmp becomes active one count clock
after generation of the INTTMmn output from the master
channel. It becomes inactive when TCRmp = 0000H, and
the counting operation is stopped.
After that, the above operation is repeated.
Operation | The TTmn (master) and TTmp (slave) bits are set to 1 at
stop the same time. TEmn, TEmp = 0, and count operation stops.
The TTmn and TTmp bits automatically return to O The TCRmn and TCRmp registers hold count value and
because they are trigger bits. stop.
The TOmp output is not initialized but holds current
status.
The TOEmp bit of slave channel is cleared to 0 and value
is set to the TOmp bit. P The TOmp pin outputs the TOmp set level.
TAU To hold the TOmp pin output level
stop Clears the TOmp bit to 0 after the value to ——®The TOmp pin output level is held by port function.
be held is set to the port register.
When holding the TOmp pin output level is not
necessary
_Setting notrequired.
The TAUMEN bit of the PERQO register is cleared to 0. —® Input clock supply for timer array unit 0 is stopped.
All circuits are initialized and SFR of each channel is
also initialized.
(The TOmp bit is cleared to 0 and the TOmp pin is set
to port mode.)

Remark m: Unit number (m = 0), n: Master channel number (n = 0, 2)
p: Slave channel number (n=0:p=1,2,3,n=2:p=3)
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6.9.3 Operation as multiple PWM output function

By extending the PWM function and using multiple slave channels, many PWM waveforms with different duty values
can be output.

For example, when using two slave channels, the period and duty factor of an output pulse can be calculated by the
following expressions.

Pulse period = {Set value of TDRmn (master) + 1} x Count clock period
Duty factor 1 [%] = {Set value of TDRmp (slave 1)}/{Set value of TDRmn (master) + 1} x 100
Duty factor 2 [%] = {Set value of TDRm(q (slave 2)}/{Set value of TDRmn (master) + 1} x 100

Remark Although the duty factor exceeds 100% if the set value of TDRmp (slave 1) > {set value of TDRmn
(master) + 1} or if the {set value of TDRmq (slave 2)} > {set value of TDRmn (master) + 1}, it is
summarized into 100% output.

Timer count register mn (TCRmn) of the master channel operates in the interval timer mode and counts the periods.

The TCRmp register of the slave channel 1 operates in one-count mode, counts the duty factor, and outputs a PWM
waveform from the TOmp pin. The TCRmp register loads the value of timer data register mp (TDRmp), using INTTMmn of
the master channel as a start trigger, and starts counting down. When TCRmp = 0000H, TCRmp outputs INTTMmp and
stops counting until the next start trigger (INTTMmn of the master channel) has been input. The output level of TOmp
becomes active one count clock after generation of INTTMmn from the master channel, and inactive when TCRmp =
0O0O0O0H.

In the same way as the TCRmp register of the slave channel 1, the TCRmq register of the slave channel 2 operates in
one-count mode, counts the duty factor, and outputs a PWM waveform from the TOmq pin. The TCRmgq register loads the
value of the TDRmq register, using INTTMmn of the master channel as a start trigger, and starts counting down. When
TCRmq = 0000H, the TCRmq register outputs INTTMmq and stops counting until the next start trigger (INTTMmn of the
master channel) has been input. The output level of TOmqg becomes active one count clock after generation of INTTMmn
from the master channel, and inactive when TCRmq = 0000H.

When channel 0 is used as the master channel as above, up to seven types of PWM signals can be output at the same
time.

Caution To rewrite both timer data register mn (TDRmn) of the master channel and the TDRmp register of the
slave channel 1, write access is necessary at least twice. Since the values of the TDRmn and TDRmp
registers are loaded to the TCRmn and TCRmp registers after INTTMmn is generated from the master
channel, if rewriting is performed separately before and after generation of INTTMmn from the master
channel, the TOmp pin cannot output the expected waveform. To rewrite both the TDRmn register of
the master and the TDRmp register of the slave, be sure to rewrite both the registers immediately
after INTTMmn is generated from the master channel (This applies also to the TDRmq register of the
slave channel 2).

Remark m: Unit number (m = 0), n: Master channel number (n = 0, 2)
p: Slave channel number 1, g: Slave channel number 2
n<p<q<3(Where p and q are integers greater than n)
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Figure 6-71. Block Diagram of Operation as Multiple PWM Output Function (output two types of PWMs)

Master channel
(interval timer mode)

c
k)
. CKm1 3
Operation clock ] Timer counter
CKmO é —| register mn (TCRmn)
O
o
S
8 ,
3 Timer data Interrupt Int + sianal
TSmn 5 register mn (TDRmn) controller nierrupt signa
S (INTTMmn)
=
Slave channel 1
(one-count mode)
c
S
. CKm1 3
Operation clock ] Timer counter Output _
4 .
CKmoO S —»| register mp (TCRmp) controller © TOmp pin
O
=
=
o
% i Timer dara Interrupt Interrupt signal
5 register mp (TDRmp) controller upt sig
k=3 (INTTMmp)
=
Slave channel 2
(one-count mode)
c
S
) CKm1 3
Operation clock F Timer counter output _
CKmO é —| register mq (TCRmq) controller ©TOmq pin
O
o
S
o
3 _ Timer data Interrupt Int ¢ sional
5 register mg (TDRmq) controller [ !nterrupt signa
2 (INTTMma)
=

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)
p: Slave channel number 1, g: Slave channel number 2
n<p<q<3(Where p and g are integers greater than n)
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Figure 6-72. Example of Basic Timing of Operation as Multiple PWM Output Function
(Output two types of PWMs)

Master
channe

Slave
channel 1

Slave
channel 2

TSmn

TEmn

TCRmn

TDRmMn

TOmn

INTTMmn

TSmp

TEmp

TCRmp

TDRmp

TOmp

INTTMmp

TSmq

TEmq

TCRmq

TDRmq
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(Remarks are listed on the next page.)
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Remarks 1. m: Unit number (m = 0), n: Master channel number (n = 0, 2)

p: Slave channel number 1, g: Slave channel number 2

n<p<q<3(Where p and g are integers greater than n)

TSmn, TSmp, TSmq: Bit n, p, q of timer channel start register m (TSm)

TEmn, TEmp, TEmq;: Bit n, p, g of timer channel enable status register m (TEm)
TCRmn, TCRmp, TCRmq: Timer count registers mn, mp, mg (TCRmn, TCRmp, TCRmQ)
TDRmn, TDRmp, TDRmq: Timer data registers mn, mp, mg (TDRmn, TDRmp, TDRmQ)

TOmn, TOmp, TOMQ: TOmn, TOmp, and TOmq pins output signal
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Figure 6-73. Example of Set Contents of Registers
When Multiple PWM Output Function (Master Channel) Is Used

(@) Timer mode register mn (TMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

MASTER
TMRmMN  |cksmn1|cKSmno| CCSmn R STSMn2(STSMNn1{STSmnO|CISmn1 [CISmn0 MDmn3 | MDmn2 | MDmn1 [ MDmnO
1/0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1

Operation mode of channel n
000B: Interval timer

Setting of operation when counting is started
1: Generates INTTMmn when counting is
started.

| __Selection of TImn pin input edge
00B: Sets 00B because these are not used.

L__Start trigger selection
000B: Selects only software start.

L__Setting of MASTERmN bit (channel 2)
1: Master channel.

L__Count clock selection
0: Selects operation clock (fvck).

L__Operation clock (fuck) selection
00B: Selects CKmO as operation clock of channel n.
10B: Selects CKm1 as operation clock of channel n.

(b) Timer output register m (TOm)
Bit n

TOm TOmn 0: Outputs 0 from TOmn.
0

(c) Timer output enable register m (TOEm)
Bit n

TOEmM |TOEmn 0: Stops the TOmn output operation by counting operation.
0

(d) Timer output level register m (TOLm)
Bit n

TOLmM |ToLmn 0: Cleared to 0 when TOMmn = 0 (master channel output mode).
0

(e) Timer output mode register m (TOMm)
Bit n

TOMmM  |ToMmn 0: Sets master channel output mode.
0

Note MRmM2: MASTERmMn =1
TMRmO: Fixedto 0

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)
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Figure 6-74. Example of Set Contents of Registers
When Multiple PWM Output Function (Slave Channel) Is Used (output two types of PWMSs)

(@) Timer mode register mp, mg (TMRmp, TMRmq)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

TMRmp (CKSmp1{CKSmpO| CCSmp myghote STSmp2|STSmp1|STSmpO|CISmpl|CISmpO MDmp3 | MDmp2 [ MDmp1 | MDmpO
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

TMRmMQ |cksmq1|cKkSmqo) ccsmq | MisN'® |STSm@2|STSma1|STSmao| CISmal | CISmqo MDmg3 | MDmq2 | MDmq1 | MDmq0
1/0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1

L | | [ L] L

Operation mode of channel p, q
100B: One-count mode

Start trigger during operation
1: Trigger input is valid.

|__Selection of TImp and TImq pins input edge
00B: Sets 00B because these are not used.

| Start trigger selection
100B: Selects INTTMmn of master channel.

| Setting of MASTERmMp, MASTERmMQ bits (channels 2, 4, 6)
0: Independent channel operation function.

Setting of SPLITmp, SPLITmq bits (channels 1, 3)
1: 16-bit timer mode.

| Count clock selection
0: Selects operation clock (fvck).

| Operation clock (fuck) selection

00B: Selects CKmO as operation clock of channel p, g.

10B: Selects CKm1 as operation clock of channel p, q.
* Make the same setting as master channel.

(b) Timer output register m (TOm)

Bitg Bitp
TOm TOmg | TOmp 0: Outputs 0 from TOmp or TOM(q.
1/0 1/0 1: Outputs 1 from TOmp or TOmMQq.

(c) Timer output enable register m (TOEm)

Bitg Bitp
TOEm |TOEmgq| TOEmp 0: Stops the TOmp or TOmq output operation by counting operation.
1/0 1/0 1: Enables the TOmp or TOmq output operation by counting operation.

(d) Timer output level register m (TOLm)

Bitg Bitp
TOLmM | TOLmg| TOLmp 0: Positive logic output (active-high)
1/0 | 1/0 1: Negative logic output (active-low)

(e) Timer output mode register m (TOMm)

Bitg Bitp
TOMmM  |ToMmg| TOMmp| 1: Sets the slave channel output mode.
1 1

Note TMRm2, TMRm4, TMRm6: MASTERmp, MASTERmq bit
TMRm1, TMRm3: SPLITmp, SPLITOq bit
TMRmM5, TMRmM7: Fixed to 0

Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)
p: Slave channel number 1, g: Slave channel number 2
n<p<q<3(Where p and g are integers greater than n)
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Figure 6-75. Operation Procedure When Multiple PWM Output Function Is Used (1/2)

Software Operation

Hardware Status

TAU Input clock supply for timer array unit 0 is stopped.
default (Clock supply is stopped and writing to each register is
setting disabled.)
Sets the TAUMEN bit of peripheral enable register 0
(PERO) to 1. Input clock supply for timer array unit O is supplied. Each
channel stops operating.
(Clock supply is started and writing to each register is
enabled.)
Sets timer clock select register m (TPSm).
Determines clock frequencies of CKm0 and CKm1.
Channel | Sets timer mode registers mn, mp, Oq (TMRmn, TMRmp, | Channel stops operating.
default TMRmq) of each channel to be used (determines (Clock is supplied and some power is consumed.)
setting operation mode of channels).

An interval (period) value is set to timer data register mn
(TDRmn) of the master channel, and a duty factor is set
to the TDRmp and TDRm(q registers of the slave
channels.

Sets slave channels.
The TOMmp and TOMmg bits of timer output mode
register m (TOMm) are set to 1 (slave channel output
mode).
Sets the TOLmp and TOLmq bits.
Sets the TOmp and TOmq bits and determines default
level of the TOmp and TOmq outputs.———®

Sets the TOEmp and TOEmq bits to 1 and enables

The TOmp and TOmgq pins go into Hi-Z output state.

> The TOmp and TOmq default setting levels are output
when the port mode register is in output mode and the port
register is 0.

operation of TOmp and TOmgq.

Clears the port register and port mode register to 0. —H

TOmp and TOmq do not change because channels stop
operating.
>The TOmp and TOmgq pins output the TOmp and TOmq
set levels.

(Remark is listed on the next page.)
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Operation is resumed.
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Figure 6-75. Operation Procedure When Multiple PWM Output Function Is Used (2/2)
Software Operation Hardware Status
Operation | (Sets the TOEmp and TOEmq (slave) bits to 1 only when
start resuming operation.)
The TSmn bit (master), and TSmp and TSmq (slave) bits
of timer channel start register m (TSm) are set to 1 at the
same time. TEmn =1, TEmp, TEmq =1
The TSmn, TSmp, and TSmq bits automatically return When the master channel starts counting, INTTMmn is
to 0 because they are trigger bits. generated. Triggered by this interrupt, the slave
channel also starts counting.
During Set values of the TMRmn, TMRmp, TMRmq registers, The counter of the master channel loads the TDRmn
operation | TOMmn, TOMmp, TOMmqg, TOLmn, TOLmp, and TOLmq | register value to timer count register mn (TCRmn) and
bits cannot be changed. counts down. When the count value reaches TCRmn =
Set values of the TDRmn, TDRmp, and TDRmq registers | 0000H, INTTMmn output is generated. At the same time,
can be changed after INTTMmn of the master channel is | the value of the TDRmn register is loaded to the TCRmn
generated. register, and the counter starts counting down again.
The TCRmn, TCRmp, and TCRm(q registers can always | At the slave channel 1, the values of the TDRmp register
be read. are transferred to the TCRmp register, triggered by
The TSRmn, TSRmp, and TSROq registers are not used. | INTTMmn of the master channel, and the counter starts
counting down. The output levels of TOmp become active
one count clock after generation of the INTTMmn output
from the master channel. It becomes inactive when
TCRmp = 0000H, and the counting operation is stopped.
At the slave channel 2, the values of the TDRmq register
are transferred to TCRmq register, triggered by INTTMmn
of the master channel, and the counter starts counting
down. The output levels of TOmq become active one
count clock after generation of the INTTMmn output from
the master channel. It becomes inactive when TCRmq =
0000H, and the counting operation is stopped.
After that, the above operation is repeated.
Operation | The TTmn bit (master), TTmp, and TTmq (slave) bits are
stop setto 1 at the same time. TEmn, TEmp, TEmq = 0, and count operation stops.
The TTmn, TTmp, and Tqu b,its automatically return The TCRmn, TCRmp, and TCRmq registers hold count
to 0 because they are trigger bits. value and stop.
The TOmp and TOmq output are not initialized but hold
current status.
The TOEmp and TOEmq bits of slave channels are
cleared to 0 and value is set to the TOmp and TOmq bits.-®The TOmp and TOmgq pins output the TOmp and TOmq
set levels.
TAU To hold the TOmp and TOmq pin output levels
stop Clears the TOmp and TOmgq bits to 0 after
the value to be held is set to the port register. —————The TOmp and TOm(q pin output levels are held by port
When holding the TOmp and TOmq pin output levels are | function.
not necessary
Setting not required
The TAUMEN bit of the PERO register is cleared to 0.—®Input clock supply for timer array unit 0 is stopped.
All circuits are initialized and SFR of each channel is
also initialized.
(The TOmp and TOmgq bits are cleared to 0 and the
TOmp and TOmq pins are set to port mode.)
Remark m: Unit number (m = 0), n: Master channel number (n =0, 2)
p: Slave channel number 1, g: Slave channel number 2
n<p<qg<3(Where pand g are a consecutive integer greater than n)
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6.10 Cautions When Using Timer Array Unit

6.10.1 Cautions when using timer output
Depends on products, a pin is assigned as a timer output and other alternate functions. In this case, outputs of the

other alternate functions must be set in initial status.

e Using TOO03 output assigned to the P12
So that the alternated PCLBUZO output becomes 0, not only set the port mode register (the PM12 bit) and the port
register (the P12 bit) to 0, but also use the bit 7 of the clock output select register 0 (CKSO0) with the same setting as

the initial status.
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CHAPTER 7 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

7.1 Functions of Clock Output/Buzzer Output Controller

The clock output controller is intended for carrier output during remote controlled transmission and 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.

Two output pins, PCLBUZ0 and PCLBUZ1, are available.

The PCLBUZn pin outputs a clock selected by clock output select register n (CKSn).

Figure 7-1 shows the block diagram of clock output/buzzer output controller.

Remark n=0,1

ROLUHO895EJ0100 Rev.1.00 R NS 227
Nov 29, 2019 _ENES



RL78/G1P

CHAPTER 7 CLOCK OUTPUT/BUZZER OUTPUT CONTROLLER

Internal bus

S

@ Clock output select register 1 (CKS1)

>0

PM15

) > ©

PM12

PCLOEl] O 0 0 0 CCS12 | CCS11 | CCSs10
fman ——— Prescaler
PCLOE1
5 fman/21t to fuain/21 ¢
g Clock/buzzer
(S}
£ controller ’
fmain to fuan/2* n
Output latch
(P15)
fmain/2t to fwan/212
S
8 Clock/buzzer
fman to fwan/24 A controller
PCLOEO | output latch
(P12)
PCLOEOQ 0 0 0 0 CCS02 | CCS01 | CCsO00

Clock output select register 0 (CKS0)

Internal bus

Figure 7-1. Block Diagram of Clock Output/Buzzer Output Controller

PCLBUZ1N"*/P15

PCLBUZON*®/TI03/TO03/INTP4/P12

Note For output frequencies available from PCLBUZ0 and PCLBUZ1, see 27.4 AC Characteristics.
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7.2 Configuration of Clock Output/Buzzer Output Controller

The clock output/buzzer output controller includes the following hardware.

Table 7-1. Configuration of Clock Output/Buzzer Output Controller

Item

Configuration

Control registers

Clock output select registers n (CKSn)
Port mode register 1 (PM1)
Port register 1 (P1)

7.3 Registers Controlling Clock Output/Buzzer Output Controller

7.3.1 Clock output select registers n (CKSn)
These registers set output enable/disable for clock output or for the buzzer frequency output pin (PCLBUZn), and set

the output clock.

Select the clock to be output from the PCLBUZn pin by using the CKSn register.
The CKSn register are set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears these registers to O0OH.
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Figure 7-2. Format of Clock Output Select Register n (CKSn)

Address: FFFA5H (CKS0), FFFAG6H (CKS1) Afterreset: OOH R/W
Symbol <7> 6 5 4 3 2 1 0
CKSn PCLOEnN 0 0 0 0 CCSn2 CCsn1 CCSn0
PCLOEN PCLBUZn pin output enable/disable specification
0 Output disable (default)
1 Output enable
CCsn2 | CCsnl | CCSsnO PCLBUZn pin output clock selection
fuan = fuan = fuan = fuan =
5 MHz 10 MHz 20 MHz 32 MHz
0 0 0 fmain 5 MHz Setting Setting Setting
prohibited"°® |prohibited™°® |prohibitedN°t
0 0 1 fmain/2 2.5 MHz 5 MHz Setting Setting
prohibited"°*®  |prohibited"°t
0 1 0 fuain/22 1.25 MHz 2.5 MHz 5 MHz 8 MHzN°te
0 1 1 fuan/2® | 625 kHz 1.25 MHz 2.5 MHz 4 MHz
1 0 0 fuan/24 | 312.5 kHz 625 kHz 1.25 MHz 2 MHz
1 0 1 fuan/21t | 2.44 kHz 4.88 kHz 9.76 kHz 15.63 kHz
1 1 0 fuan/212 | 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz
1 1 1 fuain/223 | 610 Hz 1.22 kHz 2.44 kHz 3.91 kHz

Note Use the output clock within a range of 8 MHz. See 27.4 AC Characteristics for details.

Cautions 1. Change the output clock after disabling clock output (PCLOEnN = 0).
2. To shift to STOP mode when the main system clock is selected (CSELn = 0), set PCLOEn =0
before executing the STOP instruction.

Remarks 1. n=0, 1
2. fuain: Main system clock frequency
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7.3.2 Registers controlling port functions of pins to be used for clock or buzzer output

Using a port pin for clock or buzzer output requires setting of the registers that control the port functions multiplexed on
the target pin (port mode register (PMxx), port register (Pxx)). For details, see 4.3.1 Port mode registers (PMxx) and 4.3.2
Port registers (Pxx).

Specifically, using a port pin with a multiplexed clock or buzzer output function (e.g. P12/TI03/TO03/INTP4/PCLBUZO,
P15/PCLBUZ1) for clock or buzzer output, requires setting the corresponding bits in the port mode register (PMxx) and
port register (Pxx) to 0.

Example: When P12/TI03/TO03/INTP4/PCLBUZO is to be used for clock or buzzer output
Set the PM12 bit of port mode register 1 to 0.
Set the P12 bit of port register 1 to 0.
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7.4 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).
The PCLBUZL1 pin outputs a clock/buzzer selected by the clock output select register 1 (CKS1).

7.4.1 Operation as output pin
The PCLBUZn pin is output as the following procedure.

<1> Set 0 in the bit of the port mode register (PMxx) and port register (Pxx) which correspond to the port which has a
pin used as the PCLBUZO pin.

<2> Select the output frequency with bits 0 to 3 (CCSn0 to CCSn2) of the clock output select register (CKSn) of the
PCLBUZn pin (output in disabled status).

<3> Set bit 7 (PCLOERN) of the CKSn register to 1 to enable clock/buzzer output.

Remarks 1. The controller used for outputting the clock starts or stops outputting the clock one clock after enabling or
disabling clock output (PCLOER bit) is switched. At this time, pulses with a narrow width are not output.
Figure 7-3 shows enabling or stopping output using the PCLOER bit and the timing of outputting the clock.
2.n=0,1

Figure 7-3. Timing of Outputting Clock from PCLBUZn Pin

Narrow pulses are not recognized

7.5 Cautions of Clock Output/Buzzer Output Controller

When the main system clock is selected for the PCLBUZn output (CSEL = 0), if STOP mode is entered within 1.5 clock

cycles output from the PCLBUZn pin after the output is disabled (PCLOEn = 0), the PCLBUZn output width becomes
shorter.
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CHAPTER 8 WATCHDOG TIMER

8.1 Functions of Watchdog Timer

The counting operation of the watchdog timer is set by the option byte (00O0COH).

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.

¢ If the watchdog timer counter overflows

¢ If a 1-bit manipulation instruction is executed on the watchdog timer enable register (WDTE)
¢ If data other than “ACH" is written to the WDTE register

o If data is written to the WDTE register during a window close period

When a reset occurs due to the watchdog timer, bit 4 (WDTRF) of the reset control flag register (RESF) is set to 1. For
details of the RESF register, see CHAPTER 17 RESET FUNCTION.
When 75% of the overflow time + 1/2/fi is reached, an interval interrupt can be generated.
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8.2 Configuration of Watchdog Timer
The watchdog timer includes the following hardware.

Table 8-1. Configuration of Watchdog Timer

Item Configuration

Counter Internal counter (17 bits)

Control register Watchdog timer enable register (WDTE)

How the counter operation is controlled, overflow time, window open period, and interval interrupt are set by the option
byte.

Table 8-2. Setting of Option Bytes and Watchdog Timer

Setting of Watchdog Timer Option Byte (000COH)
Watchdog timer interval interrupt Bit 7 (WDTINT)
Window open period Bits 6 and 5 (WINDOW1, WINDOWO)
Controlling counter operation of watchdog timer Bit 4 (WDTON)
Overflow time of watchdog timer Bits 3 to 1 (WDCS2 to WDCS0)
Controlling counter operation of watchdog timer Bit 0 (WDSTBYON)
(in HALT/STOP mode)

Remark For the option byte, see CHAPTER 22 OPTION BYTE.

Figure 8-1. Block Diagram of Watchdog Timer

WDTINT of option Interval time controller
byte (000COH) (Count value overflow time x 3/4 + 1/2 fi)

Interval time interrupt

WDCS2 to WDCSO of
option byte (000COH)

Clock 17.pit | W2 to ful2® Selector Overflow signal
G input counter |——— Reset
controller output [— Internal reset signal
controller
Count clear
sigzal Window size
WINDOW1 and decision signal
WINDOWO of option—=|  Window size check
byte (000COH)
WDTON of option Watchdog timer enable Write detector to
byte (000OCOH) register (WDTE) WDTE except ACH
2 Internal bus 2
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8.3 Register Controlling Watchdog Timer

The watchdog timer is controlled by the watchdog timer enable register (WDTE).

8.3.1 Watchdog timer enable register (WDTE)
Writing “ACH” to the WDTE register clears the watchdog timer counter and starts counting again.

This register can be set by an 8-bit memory manipulation instruction.
Reset signal generation sets this register to 9AH or 1AHN°te,

Figure 8-2. Format of Watchdog Timer Enable Register (WDTE)

Address: FFFABH  After reset: 9AH/1IAHN®  R/W

Symbol 7 6 5 4 3 2 1 0

WDTE |

Note The WDTE register reset value differs depending on the WDTON bit setting value of the option byte
(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 9AH/1AH (this differs from the written value (ACH)).
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8.4 Operation

of Watchdog Timer

8.4.1 Controlling operation of watchdog timer

1. Whenthe

watchdog timer is used, its operation is specified by the option byte (000COH).

e Enable counting operation of the watchdog timer by setting bit 4 (WDTON) of the option byte (000COH) to 1 (the

counter starts operating after a reset release) (for details, see CHAPTER 22).
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 8.4.2
and CHAPTER 22).

e Setaw

indow open period by using bits 6 and 5 (WINDOW1 and WINDOWO) of the option byte (000COH) (for

details, see 8.4.3 and CHAPTER 22).

After a reset release, the watchdog timer starts counting.

3. By writing

“ACH?” to the watchdog timer enable register (WDTE) after the watchdog timer starts counting and before

the overflow time set by the option byte, the watchdog timer is cleared and starts counting again.

4. After that,

write the WDTE register the second time or later after a reset release during the window open period. If

the WDTE register is written during a window close period, an internal reset signal is generated.

5. If the overflow time expires without “ACH” written to the WDTE register, an internal reset signal is generated.

An internal reset signal is generated in the following cases.

o If a 1-bit manipulation instruction is executed on the WDTE register
¢ If data other than “ACH” is written to the WDTE register

Cautions 1.

When data is written to the watchdog timer enable register (WDTE) for the first time after reset
release, the watchdog timer is cleared in any timing regardless of the window open time, as long
as the register is written before the overflow time, and the watchdog timer starts counting again.

. After “ACH" is written to the WDTE register, an error of up to 2 clocks (fi.) may occur before the

watchdog timer is cleared.
The watchdog timer can be cleared immediately before the count value overflows.
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Cautions 4. The operation of the watchdog timer in the HALT and STOP and SNOOZE modes differs as
follows depending on the set value of bit 0 (WDSTBYON) of the option byte (000COH).

WDSTBYON =0 WDSTBYON =1

In HALT mode Watchdog timer operation stops. Watchdog timer operation continues.

In STOP mode

In SNOOZE mode

If WDSTBYON = 0, the watchdog timer resumes counting after the HALT or STOP mode is
released. At this time, the counter is cleared to 0 and counting starts.

When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts
operating after the oscillation stabilization time has elapsed.

Therefore, if the period between the STOP mode release and the watchdog timer overflow is short,
an overflow occurs during the oscillation stabilization time, causing a reset.

Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the
STOP mode release by an interval interrupt.

8.4.2 Setting overflow time of watchdog timer

Set the overflow time of the watchdog timer by using bits 3 to 1 (WDCS2 to WDCSO0) of the option byte (000COH).

If an overflow occurs, an internal reset signal is generated. The present count is cleared and the watchdog timer starts
counting again by writing “ACH” to the watchdog timer enable register (WDTE) during the window open period before the
overflow time.

The following overflow times can be set.

Table 8-3. Setting of Overflow Time of Watchdog Timer

WDCS2 WDCS1 WDCSO0 Overflow Time of Watchdog Timer
(fiL = 17.25 kHz (MAX.))
0 0 0 25/fiL (3.71 ms)
0 0 1 27[fi (7.42 ms)
0 1 0 28/fiL (14.84 ms)
0 1 1 2% (29.68 ms)
1 0 0 21fiL (118.72 ms)
Other than above Setting prohibited

Remark fi.: Low-speed on-chip oscillator clock frequency
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8.4.3 Setting window open period of watchdog timer
Set the window open period of the watchdog timer by using bits 6 and 5 (WINDOW1, WINDOWO) of the option byte

(O00COH). The outline of the window is as follows.

o If “ACH" is written to the watchdog timer enable register (WDTE) during the window open period, the watchdog timer

is cleared and starts counting again.
e Even if “ACH” is written to the WDTE register during the window close period, an abnormality is detected and an

internal reset signal is generated.

Example: If the window open period is 50%

Counting Overflow
starts time
’i Window close period (50%) 4{' Window open period (50%) 4‘
Internal reset signal is generated Counting starts again when

if "ACH" is written to WDTE. "ACH" is written to WDTE.

Caution When data is written to the WDTE register for the first time after reset release, the watchdog timer is
cleared in any timing regardless of the window open time, as long as the register is written before the
overflow time, and the watchdog timer starts counting again.

RO1UHO0895EJ0100 Rev.1.00 ‘leNESAS 238

Nov 29, 2019



RL78/G1P

CHAPTER 8 WATCHDOG TIMER

The window open period can be set is as follows.

Table 8-4. Setting Window Open Period of Watchdog Timer

WINDOW1 WINDOWO Window Open Period of Watchdog Timer
0 0 Setting prohibited
0 1 50%
1 0 75%
1 1 100%

Caution When bit 0 (WDSTBYON) of the option byte (00O0COH) = 0, the window open period is 100% regardless
of the values of the WINDOW1 and WINDOWO bits.

Remark If the overflow time is set to 2%fiL, the window close time and open time are as follows.

Setting of Window Open Period
50% 75% 100%
Window close time 0to 20.08 ms 0to 10.04 ms None
Window open time 20.08 to 29.68 ms 10.04 to 29.68 ms 010 29.68 ms

<When window open period is 50%>

e Overflow time:

2%/fi (MAX.) = 29/17.25 kHz = 29.68 ms

e Window close time:

0 to 29/fiL (MIN.) x (1 — 0.5) = 0 to 29/12.75 kHz x 0.5 = 0 to 20.08 ms

e Window open time:

29/fiL (MIN.) x (1 — 0.5) to 2%/fi. (MAX.) = 2%/12.75 kHz x 0.5 to 29/17.25 kHz = 20.08 t0 29.68 ms
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8.4.4 Setting watchdog timer interval interrupt
Depending on the setting of bit 7 (WDTINT) of an option byte (OO0COH), an interval interrupt (INTWDTI) can be
generated when 75% of the overflow time + 1/2fv is reached.

Table 8-5. Setting of Watchdog Timer Interval Interrupt

WDTINT Use of Watchdog Timer Interval Interrupt
0 Interval interrupt is used.
1 Interval interrupt is generated when 75% of the overflow time + 1/2fi is reached.

Caution When operating with the X1 oscillation clock after releasing the STOP mode, the CPU starts
operating after the oscillation stabilization time has elapsed.
Therefore, if the period between the STOP mode release and the watchdog timer overflow is short, an
overflow occurs during the oscillation stabilization time, causing a reset.
Consequently, set the overflow time in consideration of the oscillation stabilization time when
operating with the X1 oscillation clock and when the watchdog timer is to be cleared after the STOP
mode release by an interval interrupt.

Remark The watchdog timer continues counting even after INTWDTI is generated (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.
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The number of analog input channels of the A/D converter differs, depending on the product.

24-pin 32-pin
Analog input channels Total 6 ch 8ch
High accuracy channel 5ch 8ch
(ANIO to ANI3, ANI7) (ANIO to ANI7)
Standard channel 1ch Och
(ANI16)

Remark Most of the following descriptions in this chapter use the 32-pin products as an example.

9.1 Function of A/D Converter

The A/D converter converts analog input signals into digital values, and is configured to control analog inputs, including
up to 8 channels of A/D converter analog inputs (ANIO to ANI7, ANI16).

12-bit or 8-bit resolution can be selected by the ADTYP bit of the A/D converter mode register 2 (ADM2).

The A/D converter has the following function.

e 12-bit or 8-bit resolution A/D conversion
12-bit or 8-bit resolution A/D conversion is carried out repeatedly for one analog input channel selected from ANIO to
ANI7 and ANI16. Each time an A/D conversion operation ends, an interrupt request (INTAD) is generated (when in

the select mode).

Caution The valid resolution also depends on the selection of the positive and negative reference voltage

sources for the A/D converter.

For details, see 27.6.1 A/D converter characteristics.

Remark When using the converter with a resolution of 10 bits, select the 12-bit resolution mode (ADTYP = 0).

Use the higher 10 bits of the conversion result. Do not use the lower 2 bits.

RO1UH0895EJ0100 Rev.1.00
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Various A/D conversion modes can be specified by using the mode combinations below.

Trigger Mode

Software trigger

Conversion is started by software.

Hardware trigger no-wait mode

Conversion is started by detecting a hardware trigger.

Hardware trigger wait mode

The power is turned on by detecting a hardware trigger while the
system is off and in the conversion standby state, and conversion is
then started automatically after the stabilization wait time passes.
When using the SNOOZE mode function, specify the hardware
trigger wait mode.

Channel selection Select mode A/D conversion is performed on the analog input of one selected
mode channel.
Scan mode A/D conversion is performed on the analog input of four channels in

order. Four consecutive channels can be selected from ANIO to
ANI7 as analog input channels.

Conversion One-shot conversion mode A/D conversion is performed on the selected channel once.

operation Sequential conversion mode A/D conversion is sequentially performed on the selected channels

mode until it is stopped by software.

Operation Mode

Number of Sampling Clock

Normal 1

Normal 2

11 fap Set a value to the number of sampling clocks, at which the sampling capacitor is
23 fap fully charged, depending on the output impedance of the analog input source.
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9.2 Configuration of A/D Converter

The A/D converter includes the following hardware.

(1) ANIO to ANI7 and ANI16 pins
These are the analog input pins of the 9 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 output from the voltage tap of the comparison voltage generator with the
sampled voltage value.
If the analog input voltage is found to be greater than the reference voltage (1/2 AVrer) 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 AVrerF), the MSB bit of the SAR is reset.
After that, bit 10 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 11, to which the result has been already set.
Bit 11 = 0: (1/4 AVReF)
Bit 11 = 1: (3/4 AVReF)
The voltage tap of the comparison voltage generator and the analog input voltage are compared and bit 10 of the
SAR register is manipulated according to the result of the comparison.
Analog input voltage > Voltage tap of comparison voltage generator: Bit 10 = 1
Analog input voltage < Voltage tap of comparison voltage generator: Bit 10 =0
Comparison is continued like this to bit O of the SAR register.
When performing A/D conversion at a resolution of 8 bits, the comparison continues until bit 4 of the SAR register.
Remark AVrer: The + side reference voltage of the A/D converter.
(This can be selected from AVrerp, the internal reference voltage (1.45 V), and Vob.)
(4) Comparison voltage generator
The comparison voltage generator generates the comparison voltage input from an analog input pin.
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®)

(6)

()

(8)

)

Successive approximation register (SAR)

The SAR register is a register that sets voltage tap data whose values from the comparison voltage generator match
the voltage values of the analog input pins, 1 bit at a time starting from the most significant bit (MSB).

If data is set in the SAR register all the way to the least significant bit (LSB) (end of A/D conversion), the contents of
the SAR register (conversion results) are held in the A/D conversion result register (ADCR). When all the specified
A/D conversion operations have ended, an A/D conversion end interrupt request signal (INTAD) is generated.

12-bit A/D conversion result register (ADCR)

The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCR register holds the A/D conversion result in its lower 12 bits (the higher 4 bits
are fixed to 0).

8-bit A/D conversion result register (ADCRH)
The A/D conversion result is loaded from the successive approximation register to this register each time A/D
conversion is completed, and the ADCRH register stores the higher 8 bits of the A/D conversion resullt.

Controller

This circuit controls the conversion time of an input analog signal that is to be converted into a digital signal, as well
as starting and stopping of the conversion operation. When A/D conversion has been completed, this controller
generates INTAD through the A/D conversion result upper limit/lower limit comparator.

AVRerpP pin

This pin inputs an external reference voltage (AVRrerp).

If using AVrerp as the + side reference voltage of the A/D converter, set the ADREFP1 and ADREFPO bits of A/D
converter mode register 2 (ADM2) to 1.

The analog signals input to ANIO to ANI7 are converted to digital signals based on the voltage applied between
AVrerp and the — side reference voltage (AVRrRerm/Vss).

In addition to AVrerp, it is possible to select Vopo, or the internal reference voltage (1.45 V) as the + side reference
voltage of the A/D converter.

(10) AVrerm pin

This pin inputs an external reference voltage (AVrerm). If using AVrerm as the — side reference voltage of the A/D
converter, set the ADREFM bit of the ADM2 register to 1.
In addition to AVRrerw, it is possible to select Vss as the — side reference voltage of the A/D converter.
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9.3 Registers Controlling A/D Converter
The A/D converter is controlled by the following registers.

o Peripheral enable register 0 (PERO)

e A/D converter mode register 0 (ADMO)

e A/D converter mode register 1 (ADM1)

e A/D converter mode register 2 (ADM2)

e 12-bit A/D conversion result register (ADCR)

e 8-bit A/D conversion result register (ADCRH)

¢ Analog input channel specification register (ADS)

e Conversion result comparison upper limit setting register (ADUL)
e Conversion result comparison lower limit setting register (ADLL)
o A/D test register (ADTES)

e A/D port configuration register (ADPC)

e Port mode control register 1 (PMC1)Note

e Port mode registers 1, 2 (PM1Note, pM2)

Note 24-pin products only

ROLUHO895EJ0100 Rev.1.00 R NS 246
Nov 29, 2019 _ENES



RL78/G1P CHAPTER 9 A/D CONVERTER

9.3.1 Peripheral enable register 0 (PERO)

The PERO register is used to enable or disable supply of the clock signal to peripheral hardware. Clock supply to a
hardware that is not in use is stopped in order to reduce power consumption and noise.

When the A/D converter is to be 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 9-2. Format of Peripheral Enable Register 0 (PERO)

Address: FOOFOH  After reset: 00H R/W

Symbol 7 <6> <5> <4> 3 <2> 1 <0>
PERO 0 IICA1EN ADCEN IICACEN 0 SAUOEN 0 TAUOEN
ADCEN Control of A/D converter input clock supply
0 Stops input clock supply.

e SFR used by the A/D converter cannot be written.
e The A/D converter is in the reset status.

1 Enables input clock supply.
e SFR used by the A/D converter can be read/written.

Cautions 1. When setting the A/D converter, be sure to set the following registers first while the ADCEN
bit is set to 1. If ADCEN =0, the values of the A/D converter control registers are cleared to
their initial values and writing to them is ignored (except for port mode registers 0, 2, 12 and
14 (PMO, PM2, PM12, PM14), port mode control registers 0, 12, and 14 (PMCO, PMC12, PMC14),
and A/D port configuration register (ADPC)).

e A/D converter mode register 0 (ADMO)
e A/D converter mode register 1 (ADM1)
e A/D converter mode register 2 (ADM2)
e 12-bit A/D conversion result register (ADCR)
¢ 8-bit A/D conversion result register (ADCRH)
¢ Analog input channel specification register (ADS)
e Conversion result comparison upper limit setting register (ADUL)
e Conversion result comparison lower limit setting register (ADLL)
o A/D test register (ADTES)
2. Be sureto clear bits 1, 3, and 7 to “0”.

Note 24-pin products only
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9.3.2 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 9-3. 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>
ADM1 ADCS ADMD FR2Note FR1Nete® FRQNete | 0 | LvQNete ADCE
ADCS A/D conversion operation control
0 Stops conversion operation

[When read]

Conversion stopped/standby status

1 Enables conversion operation
[When read]
While in the software trigger mode: Conversion operation status

While in the hardware trigger wait mode: A/D power supply stabilization wait status +
conversion operation status

ADMD Specification of the A/D conversion channel selection mode
0 Select mode
1 Scan mode
ADCE AJD voltage comparator operation control Not© 2
0 Stops A/D voltage comparator operation
1 Enables A/D voltage comparator operation

Notes 1. For details of the FR2 to FRO, LVO bits, and A/D conversion, see Table 9-3 A/D Conversion Time
Selection.

2. While in the software trigger mode or hardware trigger no-wait mode, the operation of the A/D voltage
comparator is controlled by the ADCS and ADCE bits, and it takes stabilization wait status from the start
of operation for the operation to stabilize. Therefore, when the ADCS bit is set to 1 after stabilization wait
status 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 was set to 1 before the stabilization time elapsed,
ignore the first conversion data.

[Stabilization wait status]
If a high-accuracy channel is selected as the analog input channel: 0.5 us
If a test mode setting (ADTES1 bit of ADTES register = 1) is selected: 0.5 us

If a standard channel is selected as the analog input channel: 2 us
If a temperature sensor output/internal reference voltage output are selected as the analog input channel:
(ADISS bit of ADS register = 1): 2 us

Cautions 1. Change the ADMD, FR2 to FRO, and LVO bits while in the conversion stopped status (ADCS = 0,
ADCE = 0).
2. Setting ADCS =1, ADCE =0 is prohibited.
3. Do not change the ADCE and ADCS bits from 0 to 1 at the same time by using an 8-bit
manipulation instruction. Be sure to set these bits in the order described in 9.7 A/D Converter
Setup Flowchart.
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Table 9-1. 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

Table 9-2. Setting and Clearing Conditions for ADCS Bit

A/D Conversion Mode Set Conditions Clear Conditions
Software Select mode Sequential conversion | When 1is When 0 is written to ADCS
trigger mode written to ADCE
One-shot conversion | @nd ADCS e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
A/D conversion ends.
Scan mode Sequential conversion When 0 is written to ADCS
mode
One-shot conversion e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
conversion ends on the specified four
channels.
Hardware Select mode Sequential conversion When 0 is written to ADCS
trigger no-wait mode
mode One-shot conversion When 0 is written to ADCS
mode
Scan mode Sequential conversion When 0 is written to ADCS
mode
One-shot conversion When 0 is written to ADCS
mode
Hardware Select mode Sequential conversion | When 1is When 0 is written to ADCS
trigger wait mode written to ADCE
mode One-shot conversion and ahardware | , \yhen 0 is written to ADCS
trigger is input
mode 99 P e The bit is automatically cleared to 0 when
A/D conversion ends.
Scan mode Sequential conversion When 0 is written to ADCS
mode
One-shot conversion e When 0 is written to ADCS
mode e The bit is automatically cleared to 0 when
conversion ends on the specified four
channels.
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Figure 9-4. Timing Chart When A/D Voltage Comparator Is Used
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Notes 1. While in the software trigger mode or hardware trigger no-wait mode, the time from the rising of the ADCE

2.

bit to the falling of the ADCS bit must be following time or longer to stabilize the internal circuit.

[Stabilization wait status]

If a high-accuracy channel is selected as the analog input channel: 0.5 us

If a test mode setting (ADTES1 bit of ADTES register = 1) is selected: 0.5 us

If a standard channel is selected as the analog input channel: 2 us

If a temperature sensor output/internal reference voltage output are selected as the analog input channel:
(ADISS bit of ADS register = 1): 2 us

For the second and subsequent conversion in sequential conversion mode and for conversion of the

channel specified by scan 1, 2, and 3 in scan mode, the A/D power supply stabilization wait time do not

occur after a hardware trigger is detected.

Cautions 1.

If using the hardware trigger wait mode, setting the ADCS bit to 1 is prohibited (but the bit is
automatically switched to 1 when the hardware trigger signal is detected). However, it is possible
to clear the ADCS bit to 0 to specify the A/D conversion standby status.

While in the one-shot conversion mode of the hardware trigger no-wait mode, the ADCS flag is
not automatically cleared to 0 when A/D conversion ends. Instead, 1 is retained.

Only rewrite the value of the ADCE bit when ADCS = 0 (while in the conversion
stopped/conversion standby status).

To complete A/D conversion, specify at least the following time as the hardware trigger interval:
Hardware trigger no wait mode: 2 fcLk clock + conversion start time + A/D conversion time
Hardware trigger wait mode: 2 fcik clock + Conversion start time + A/D power supply stabilization
wait time + A/D conversion time

Remark fck: CPU/peripheral hardware clock frequency

RO1UHO0895EJ0100 Rev.1.00 ’leNESAS 250

Nov 29, 2019



RL78/G1P CHAPTER 9 A/D CONVERTER

Table 9-3. A/D Conversion Time Selection (1/4)
(1) A/D conversion times for 12-bit A/D conversion when there is no power supply stabilization wait time
(for software trigger mode and hardware trigger no-wait mode)

A/D Converter Mode Mode | Conversion | Number of | Conversion Selected Conversion Times
Register 0 (ADMO) Clock (fab) Cog\llggskion Time Voo = 2.710 3.6 V
FR2 | FR1 | FRO | LVO (Number of fok=1 fok=4 fok=8 | feck=16 | fok=32
Sampling MHz MHz MHz MHz MHz
Clock)
0 0 0 0 |Normal 1 |fcik/32 54 fap 1728/fcLk Setting Setting Setting Setting 54 yshoe
(number of prohibited prohibited | prohibited | prohibited
0 0 1 fo/16 sampling 864/fcLk 54 pshote (27 pshote
ol 1o foun/8 clock: 432/fcix 548M° |27 4s° 135 ssoe
0 1 1 fek/6 11 bo) 324/fcik 40.5 psNote 120.25 pshote 10.125 pshoe
1 0 0 fewk/5 270/fcx 33.75 usNote |16.875 usN0®|8.4375 usNote
1 0 1 fok/4 216/fcx 54 yshote 27 pshote 13.5 ps'ote 1675 ushote
1 1 0 fok/2 108/fcix 27 pshoe 13.5 ushote 16,75 ushote |3.375 ushote
101 |1 feux/1 54/fcix 54 usNoe 135 psNoe (6,75 psNo  [3.375 st | Setting
prohibited
0 0 0 1 |Normal 2 |fck/32 66 fap 2112/fcik Setting Setting Setting Setting 66 1
(number of prohibited prohibited | prohibited | prohibited
0 0 1 feLk/16 sampling 1056/fcLk 66 us 33 us
o| 1o foun/8 SI:??ED) 528/fck 66 s |33 s 165 1
0 1 1 feLk/6 396/fcik 49.5 psNote | 24.75 us 12.375 us
1 0 0 feLk/5 330/fcik 41.25 psNote | 20.625 us | 1031255
1 0 1 foek/4 264/fcx 66 us'ore 33 ushote 16.5 us 8.25 us
1 1 0 fewk/2 132/fcLk 33 usNoe 16.5 usNote | 8.25 us 4.125 us
1 1 1 fek/1 66/fcLk 66 psNote 16.5 usNote |8.25 ushote | 4,125 us Setting
prohibited

Note When using ANI16, setting this value is prohibited.

Cautions 1. The A/D conversion time must also be within the relevant range of conversion times (tconv)
described in 27.6.1 A/D converter characteristics.
2. Rewrite the FR2 to FRO and LVO bits to other than the same data while conversion is stopped (ADCS =
0, ADCE = 0).
3. The above conversion time does not include clock frequency errors. Select conversion time, taking
clock frequency errors into consideration.
4. In software trigger mode and hardware trigger no-wait mode, make settings that affect the
conversion time such that the following conditions are satisfied.
e fap must be in the range from 1 to 16 MHz.
e When the setting of the ADISS bit of the ADS register is 1, selecting the temperature sensor or
internal reference voltage output, the following condition applies.
Setting LVO to 0 is prohibited.
Only setting LVO to 1 is permitted.

Remark fcik: CPU/peripheral hardware clock frequency
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Table 9-3. A/D Conversion Time Selection (2/4)
(2) A/ID conversion times for 12-hit A/D conversion when there is power supply stabilization wait time
(for hardware trigger wait mode (except for the second and subsequent conversions
in sequential conversion mode and conversion of the channels specified for scan 1, 2, and 3 in scan modeN°te 1))

A/D Converter Mode | Mode |Conversion| Number of | Number of | A/D Power | Selected A/D Power Supply Stabilization Wait Times
Register 0 (ADMO) Clock (fap) | A/D Power | Conversion Supply + Conversion Times
Supply Clock Stabilization AVop = 2.7103.6 V
Stabilization| (Number of |Wait Time +
FR2|FR1|FRO|LVO Wait Clock| Sampling | Conversion | fex=1 | fox=4 | fox =8 | fork = 16 | fork = 32
Clock) Time MHz MHz MHz MHz MHz
0 0 0 0 |Normal |fck/32 4 foik 54 fap 1732/fck | Setting Setting Setting Setting 54125 18
1 (number of prohibited | prohibited | prohibited | prohibited | Note 2
o]0 |1 fok/16 sampling 868/fck 54.25 us | 271258
clock: Note 2 Note 2
0| 1 0 feLk/8 11 fao) 436/fcLx 545us |27.25us |13.625 s
Note 2 Note 2 Note 2
0 1 1 fek/6 328/fck 41 pshoe2 (20.5 us 10.25 15
Note 2 Note 2
1 0 0 fek/5 274/fck 3425 us |17125.5 |8.5625 8
Note 2 Note 2 Note 2
1 0 1 foik/4 220/fcik 55 pusNote2 | 27,5 us 13.75 us | 6.875 us
Note 2 Note 2 Note 2
0 fork/2 112/fcik 28 pshote? | 14 yshote2 |7 ghotez 135 ghote2
1 fok/1 2 fok 56/fck 56 usNote? | 14 pyghote? | 7 yghote2 |35 ygNote 2| Setting
prohibited
0 0 0 1 |Normal |fck/32 58 feik 66 fap 2170/fck | Setting Setting Setting Setting 6781258
2 (number of prohibited | prohibited | prohibited | prohibited
0 1 fe/16 sampling 1114/fcix 69.625 15 | 3481255
clock:
0 1 0 fek/8 23 fa0) 586/fck Z§é225 us 366255 |183125.5
0 1 1 fek/6 454/fcik 56.75 us |28.375us |141875.5
Note 2
1 0 0 fouk/5 388/fcLk 48.5 us 24.25 us 121258
Note 2
1 0 1 fok/4 322/fcik 80.5 us 40.25 us |20.125.5 |100625.5
Note 2 Note 2
1 1 0 fok/2 190/fcik 47.5 us 23.75 us |11.875us |5.93755
Note 2 Note 2
1 1 1 ferk/1 29 fek 95/fcik 95 pusNote2 (2375 us  |11.87548 |5.9375.4s |Setting
Note 2 Note 2 prohibited
Notes 1. For the second and subsequent conversion in sequential conversion mode and for conversion of the channel
specified by scan 1, 2, and 3 in scan mode, the A/D power supply stabilization wait time do not occur after a
hardware trigger is detected (see Table 9-3 (1/4)).
2. When using ANI16, setting this value is prohibited.

Cautions 1. The A/D conversion time must also be within the relevant range of conversion times (tconv)
described in 27.6.1 A/D converter characteristics.
Note that the conversion time (tconv) does not include the A/D power supply stabilization wait time.

clock frequency errors into consideration.

conditions are satisfied.
e fap must be in the range from 1 to 16 MHz.
e When the setting of the ADISS bit of the ADS register is 1, selecting the temperature sensor or
internal reference voltage output, the following condition applies.
Setting LVO to 0 is prohibited.
Only setting LVO to 1 is permitted.

Remark fck: CPU/peripheral hardware clock frequency

Rewrite the FR2 to FRO and LVO bits to other than the same data while conversion is stopped (ADCS =
0, ADCE =0).
The above conversion time does not include clock frequency errors. Select conversion time, taking

In hardware trigger wait mode, make settings that affect the conversion time such that the following
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Table 9-3. A/D Conversion Time Selection (3/4)

(3) A/D conversion times for 8-bit A/D conversion when there is no power supply stabilization wait time

(for software trigger mode and hardware trigger no-wait mode)

A/D Converter Mode Mode | Conversion| Number of | Conversion Selected Conversion Times
Register 0 (ADMO) Clock (fap) Cog\llg‘r:skion Time Vob=2.7103.6V
FR2 | FR1 | FRO | LVO (Number of fok=1 fok=4 fok=8 | fok=16 | fek=32
Sampling MHz MHz MHz MHz MHz
Clock)
0 0 0 0 |Normal 1 |fcik/32 41 fap 1312/fcik Setting Setting Setting Setting 41 pshete
(number of prohibited | prohibited | prohibited | prohibited
feLk/16 iﬁ)TE_“ng 656/fcLk 41 pshote | 20.5 pshoe
0 fouk/8 11 fan) 328/fcix 41 ushe 205 us | 10.25 us
Note Note
0 1 1 fok/6 246/fcLx 30.75 s | 15.375 us | 7.6875 us
Note Note Note
1 0 0 fowk/5 205/fcLk 25.625 us | 12.8125 s | 6.40625 15
Note Note Note
1 0 1 fowk/d 164/fck 41 ystee | 205 s [10.25 s |5.125 us
Note Note Note
1 1 0 fowk/2 82/fcix 205us |10.25us |5.125 us |2.5625 us
Note Note Note Note
1 1 1 fowk/1 41/ferk 41 ystee 11025 s |5.125 us | 2.5625 us | Setting
Note Note Note prohlblted
0 0 0 1 |[Normal 2 | fcik/32 53 fap 1696/fcLk Setting Setting Setting Setting 53 us
(number of prohibited | prohibited | prohibited | prohibited
1 fek/16 iﬁ)rglf_lmg 848/fcLk 53 us 26.5 us
0 fowk/8 23 fan) 424ffcix 53 ushe (265 us | 13.25 us
1 fox/6 318/fcik 39.75 us |19.875 us |9.9375 us
Note
1 0 0 fewk/5 265/fcLk 33.125 us | 16.5625 s | 8.28125 15
Note
1 0 1 fowk/4 212/ferk 53 s\ | 265 us  |13.25 us | 6.625 us
Note
1 1 0 fowk/2 106/fcix 26.5 us 13.25 us |6.625 us |3.3125 us
Note Note
1 1 1 fork/1 53/fcLk 53 ushte [13.25 us | 6.625 s | 3.3125 us | Setting
Note Note prohibited
Note  When using ANI16, setting this value is prohibited.
Cautions 1. The A/D conversion time must also be within the relevant range of conversion times (tconv)

described in 27.6.1 A/D converter characteristics.
Rewrite the FR2 to FRO and LVO bits to other than the same data while conversion is stopped (ADCS =
0, ADCE =0).
The above conversion time does not include clock frequency errors. Select conversion time, taking
clock frequency errors into consideration.
In software trigger mode and hardware trigger no-wait mode, make settings that affect the
conversion time such that the following conditions are satisfied.
e fap must be in the range from 1 to 16 MHz.
e When the setting of the ADISS bit of the ADS register is 1, selecting the temperature sensor or
internal reference voltage output, the following condition applies.
Setting LVO to 0 is prohibited.
Only setting LVO to 1 is permitted.

Remark fcik: CPU/peripheral hardware clock frequency
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Table 9-3. A/D Conversion Time Selection (4/4)

(4) A/ID conversion times for 8-bit A/D conversion when there is power supply stabilization wait time

(for hardware trigger wait mode (except for the second and subsequent conversions

in sequential conversion mode and conversion of the channels specified for scan 1, 2, and 3 in scan modeN°t 1))

A/D Converter Mode| Mode |Conversion| Number of | Number of | A/D Power | Selected A/D Power Supply Stabilization Wait Times
Register 0 (ADMO) Clock (fap) | A/D Power | Conversion Supply + Conversion Times
Supply Clock Stabilization Vo =271036V
Stabilization| (Number of |Wait Time + o= 210 %
FR2|FR1|FRO|LVO Wait Clock | Sampling | Conversion | fok=1 | fox=4 | fok =8 | fok =16 | fok = 32
Clock) Time MHz MHz MHz MHz MHz
0 0 0 0 [Normal |fcik/32 4 foik 41 fap 1316/fcik Setting Setting Setting Setting 41.125 15
1 (number of prohibited | prohibited | prohibited | prohibited | Not¢ 2
o|o |1 foLk/16 sampling  [gg0/fc 41.25 us | 20625 15
clock: Note 2 Note 2
11 fap)
0|1 0 ferk/8 332/fcik 415 us |20.75 us |10.375 15
Note 2 Note 2 Note 2
0|1 1 feLk/6 250/fcik 31255 |15.625 15 | 7.8125 15
Note 2 Note 2 Note 2
1]1]0/|O0 fewx/5 209/feLk 26.125 ys | 13.0625 5 | 65312515
Note 2 Note 2 Note 2
1101 fewx/4 168/fcx 42 us 21 us 105 us |5.25 us
Note 2 Note 2 Note 2 Note 2
1|10 fewk/2 86/fcLk 215 us |10.75 us |5.375 us | 2.6875 s
Note 2 Note 2 Note 2 Note 2
1|1 1 few/1 2 fewk 43/fek 43 us 10.75 us | 5.375 us | 2.6875 us | Setting
Note 2 Note 2 Note 2 Note 2 prOthIted
0 0 0 1 |Normal |fck/32 58 feik 53 fap 1754/fcik Setting Setting Setting Setting 54.8125 5
2 (number of prohibited | prohibited | prohibited | prohibited
0 feuk/16 i;"gﬁ“”g 906/feLk 56.625 s | 28312516
foun/8 23 fan) 482/fcx 60.25 us |30.125 1s | 15062518
Note 2
0 1 1 feLk/6 376/fcik a7 us 235 us |11.75 us
Note 2
1 0 0 fek/5 323/fcik 40.375 15 | 20187515 | 10093755
Note 2
1101 fewx/4 270/feLk 67.5 us |33.75 us | 16.875 us | 8.4375 15
Note 2 Note 2
1 1 0 fek/2 164/fcx 41 us 205 us [10.25 us |5.125 us
Note 2 Note 2
1 1 1 fewk/1 29 ferk 82/fcLk 82 us 20.5 us |10.25 us |5.125 us | Setting
Note 2 Note 2 Note 2 pl’OthIted

Notes 1. For the second and subsequent conversion in sequential conversion mode and for conversion of the channel

specified by scan 1, 2, and 3 in scan mode, the conversion start time and stabilization wait time for A/D power
supply do not occur after a hardware trigger is detected (see Table 9-3 (3/4)).
2. When using ANI16, setting this value is prohibited.

Cautions 1. The A/D conversion time must also be within the relevant range of conversion times (tconv)

described in 27.6.1 A/D converter characteristics.

Note that the conversion time (tconv) does not include the A/D power supply stabilization wait time.
2. Rewrite the FR2 to FRO and LVO bits to other than the same data while conversion is stopped (ADCS =

0, ADCE = 0).

3. The above conversion time does not include clock frequency errors. Select conversion time, taking
clock frequency errors into consideration.

(Cautions 4 and Remark are listed on the next page.)
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Cautions 4. In hardware trigger wait mode, make settings that affect the conversion time such that the following

conditions are satisfied.

e fap must be in the range from 1 to 16 MHz.
e When the setting of the ADISS bit of the ADS register is 1, selecting the temperature sensor or

internal reference voltage output, the following condition applies.

Setting LVO to 0 is prohibited.
Only setting LVO to 1 is permitted.

Remark fcik: CPU/peripheral hardware clock frequency
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Figure 9-5. A/D Converter Sampling and A/D Conversion Timing (Example for Software Trigger Mode)
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9.3.3 A/D converter mode register 1 (ADM1)

This register is used to specify the A/D conversion trigger, conversion mode, and hardware trigger signal.

The ADML1 register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 9-6. Format of A/D Converter Mode Register 1 (ADM1)

Address: FFF32H  After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADM1 ADTMD1 ADTMDO ADSCM 0 0 | 0 | ADTRS1 ADTRSO
ADTMD1 ADTMDO Selection of the A/D conversion trigger mode
0 X Software trigger mode
1 0 Hardware trigger no-wait mode
1 1 Hardware trigger wait mode
ADSCM Specification of the A/D conversion mode
0 Sequential conversion mode
1 One-shot conversion mode
ADTRS1 ADTRSO Selection of the hardware trigger signal
0 0 End of timer channel 01 count or capture interrupt signal (INTTMO01)
0 1 Event signal selected by ELC
Other than above Setting prohibited
Cautions 1. Only rewrite the value of the ADM1 register while conversion is stopped (ADCS =0, ADCE = 0).

2.

To complete A/D conversion, specify at least the following time as the hardware trigger interval:
Hardware trigger no wait mode: 2 fcik clock + conversion start time + A/D conversion time

Hardware trigger wait mode:
wait time + A/D conversion time

Remarks 1. x: don't care

2. fewk: CPU/peripheral hardware clock frequency

2 fcik clock + conversion start time + A/D power supply stabilization
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9.3.4 A/D converter mode register 2 (ADM2)

This register is used to select the + side or - side reference voltage of the A/D converter, check the upper limit and
lower limit A/D conversion result values, select the resolution, and specify whether to use the SNOOZE mode.

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 9-7. Format of A/D Converter Mode Register 2 (ADM2) (1/2)

Address: FOO10H  After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> 1 <0>
ADM2 ADREFP1 ADREFPO ADREFM 0 ADRCK AWC 0 ADTYP
ADREFP1 ADREFPO Selection of the + side reference voltage source of the A/D converter
0 0 Supplied from Voo
0 1 Supplied from P20/AVrerr/ANIO
1 0 Supplied from the internal reference voltage (1.45 V)Nt
1 1 Setting prohibited

e When ADREFP1 or ADREFPO bit is rewritten, this must be configured in accordance with the following procedures.
(1) Set ADCE =0
(2) Change the values of ADREFP1 and ADREFPO
(3) Reference voltage stabilization wait time (A)
(4) Set ADCE =1
(5) Reference voltage stabilization wait time (B)

The stabilization wait time indicated by (3) is required when the value of the ADREFP1 and ADREFPO bits is
changed.

When ADREFP1 and ADREFPO are changed to 1 and 0: A =10 us

When ADREFP1 and ADREFPO are changedto0andOorOand 1: A=1us

The stabilization wait time indicated by (5) is required when the value of the ADCE bit is changed to 1.

If a high-accuracy channel is selected as the analog input channel: 0.5 us

If a test mode setting (ADTESL1 bit of ADTES register = 1) is selected: 0.5 us

If a standard channel is selected as the analog input channel: 2 us
If a temperature sensor output/internal reference voltage output are selected as the analog input channel: (ADISS bit
of ADS register = 1): 2 us

After (5) stabilization time, start the A/D conversion.

o When ADREFP1 and ADREFPO are set to 1 and 0, respectively, A/D conversion cannot be performed on the
temperature sensor output and internal reference voltage output.
Be sure to perform A/D conversion while ADISS = 0.

Note This setting can be used only in HS (high-speed main) mode. For detail, refer to Figure 22-3 Format of User
Option Byte (000C2H).

Cautions 1. Only rewrite the value of the ADM2 register while conversion is stopped (ADCS =0, ADCE = 0).
2. Do not set the ADREFP1 bit to 1 when shifting to STOP mode. Also, if the ADREFP1 bit is set to
1, the A/D converter reference voltage current (labrer) indicated in 27.3.2 Supply current
characteristics will be added to the current consumption when shifting to HALT mode while the
CPU is operating on the main system clock.
3. When using AVrerr and AVrerm, specify ANIO and ANI1 as the analog input channels and specify
input mode by using the port mode register.
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Figure 9-7. Format of A/D Converter Mode Register 2 (ADM2) (2/2)

Address: FOO10H  After reset: 00H R/W

Symbol 7 6 5 4 <3> <2> 1 <0>
ADM2 | ADREFP1 ADREFPO ADREFM 0 ADRCK AWC 0 ADTYP
ADREFM Selection of the — side reference voltage source of the A/D converter
0 Supplied from Vss
1 Supplied from P21/AVrerm/ANIL
ADRCK Checking the upper limit and lower limit conversion result values
0 The interrupt signal (INTAD) is output when the ADLL register < the ADCR register < the ADUL register
(Area 1).
1 The interrupt signal (INTAD) is output when the ADCR register < the ADLL register (Area 2) or the ADUL
register < the ADCR register (Area 3).
Figure 9-8 shows the generation range of the interrupt signal (INTAD) for Area 1 to Area 3.

AWC Specification of the SNOOZE mode
0 Do not use the SNOOZE mode function.
1 Use the SNOOZE mode function.

When there is a hardware trigger signal in the STOP mode, the STOP mode is exited, and A/D conversion is performed
without operating the CPU (the SNOOZE mode).

e The SNOOZE mode function can only be specified when the high-speed on-chip oscillator clock is selected for the
CPU/peripheral hardware clock (fcwk). If any other clock is selected, specifying this mode is prohibited.

e Using the SNOOZE mode function in the software trigger mode or hardware trigger no-wait mode is prohibited.

¢ Using the SNOOZE mode function in the sequential conversion mode is prohibited.

e When using the SNOOZE mode function, specify a hardware trigger interval of at least “shift time to SNOOZE
modeN°'® + conversion start time + A/D power supply stabilization wait time + A/D conversion time +2 fcik clock”

e Even when using the SNOOZE function, set AWC bit to 0 in normal operation mode and change it to 1 just before
shifting to STOP mode.
Also, be sure to change the AWC bit to 0 after returning from STOP mode to normal operation mode.
If the AWC bit is left set to 1, A/D conversion will not start normally in spite of the subsequent SNOOZE or normal
operation mode.

ADTYP Selection of the A/D conversion resolution
0 12-bit resolution
1 8-bit resolution

Note Refer to “Transition time from STOP mode to SNOOZE mode” in 16.3.3 SNOOZE mode

Caution Only rewrite the value of the ADM2 register while conversion operation is stopped (ADCS = 0, ADCE
=0).
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Figure 9-8. ADRCK Bit Interrupt Signal Generation Range

ADCR register value
(A/D conversion result)

1111111111B
AREA 3 INTAD is generated
(ADUL < ADCR) when ADRCK = 1.
.......................................................... ADUL register setting
AREA 1 INTAD is generated
(ADLL = ADCR < ADUL) when ADRCK = 0.
........................................................... ADLL register setting
AREA 2 INTAD is generated
(ADCR < ADLL) when ADRCK = 1.
00000000008

Remark If INTAD does not occur, the A/D conversion result is not stored in the ADCR or ADCRH register.
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9.3.5 12-bit A/D conversion result register (ADCR)

The higher 4 bits are fixed to 0. Each time A/D conversion ends, each time A/D conversion ends, the value of ADSAR
[11:0] is stored in the A/D conversion result register (note that whether to store this value is determined by the setting of
the ADRCK bit of the ADM2 register and by the settings of the ADUL and ADLL registers). The higher 4 bits of the
conversion result are stored in FFF1FH and the lower 8 bits are stored in the lower 4 bits of FFF1EHNote,

The ADCR register can be read by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 0000H.

Note If the A/D conversion result is outside the range specified by using the A/D conversion comparison function
(the value specified by the ADRCK bit of the ADM2 register and ADUL/ADLL registers; see Figure 9-8), the
result is not stored.

Figure 9-9. Format of 12-bit A/D Conversion Result Register (ADCR)

Address: FFF1EH, FFF1FH After reset: 0000H R

FFF1FH FFF1EH
A A

Symbol .

ADCR 0 0 0 0 0 0

Cautions 1. When 8-bit resolution A/D conversion is selected (when the ADTYP bit of A/D converter mode
register 2 (ADM2) is 1) and the ADCR register is read, 0 is read from the lower two bits (bits 7 and
6 of the ADCR register).
2. When the ADCR register is accessed in 16-bit units, the higher 10 bits of the conversion result
are read in order starting at bit 15.
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9.3.6 8-bit A/D conversion result register (ADCRH)

This register is an 8-bit register that indicate [11:4] bits of ADCR register. The higher 8 bits of 12-bit resolution are
storedNote,

The ADCRH register can be read by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Note If the A/D conversion result is outside the range specified by using the A/D conversion comparison function

(the value specified by the ADRCK bit of the ADM2 register and ADUL/ADLL registers; see Figure 9-8), the
result is not stored.

Figure 9-10. Format of 8-bit A/D Conversion Result Register (ADCRH)

Address: FFF1FHN°*®  After reset: OOH R

FFF1FH FFF1EH
Symbol . A A

ADCRH 0 0 0 0

Y
ADCRH
Note The ADCRH data (the lower 4 bits of FFF1FH + the higher 4 bits of FFF1EH) is to be read as a FFF1FH address.

Cautions 1. When writing to the A/D converter mode register 0 (ADMO), analog input channel specification
register (ADS), and A/D port configuration register (ADPC), the contents of the ADCRH register
may become undefined. Read the conversion result following conversion completion before
writing to the ADMO, ADS, and ADPC registers. Using timing other than the above may cause an
incorrect conversion result to be read.

2. If INTAD does not occur, the A/D conversion result is not stored in the ADCRH register.
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9.3.7 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 9-11. Format of Analog Input Channel Specification Register (ADS) (1/2)

Address: FFF31H  After reset: 00H R/W
Symbol 7 6 5 4 3

2 1 0

ADS ADISS 0 0

ADS2 ADS1 ADSO

O Select mode (ADMD = 0)

ADISS ADS4 ADS2 ADS1 ADSO Analog input Input source
channel
0 0 0 0 0 ANIO P20/ANIO/AVrere pin
0 0 0 0 1 ANI1 P21/ANI1/AVrerm pin
0 0 0 1 0 ANI2 P22/ANI2 pin
0 0 0 1 1 ANI3 P23/ANI3 pin
0 0 1 0 0 ANI4 P24/ANI4 pinNote 1
0 0 1 0 1 ANI5 P25/ANI5 pinNote
0 0 1 1 0 ANI6 P26/ANI6 pinNote
0 0 1 1 1 ANI7 P27/ANI7 pin
0 1 0 0 0 ANI16 P10/ANI16 pinNote2
1 0 0 0 0 - Temperature sensor output voltage Nt 3
1 0 0 0 1 - Internal reference voltage output (1.45 V)Nt 3
Other than above Setting prohibited
Notes 1. ANI4to ANI6: 32-pin products only

2. ANI16: 24-pin products only

3. This setting can be used only in HS (high-speed main) mode. For detail, refer to Figure 22-3

Format of User Option Byte (OO0C2H).
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Figure 9-11. Format of Analog Input Channel Specification Register (ADS) (2/2)

Address: FFF31H  After reset: 00H R/W

Symbol

7 6 5 4 3 2 1 0

ADS

ADISS 0

o

ADS4 0 ADS2 ADS1 ADSO

O Scan mode (ADMD = 1)

ADISS ADS4 ADS2 ADS1 ADSO Analog input channel
Scan 0 Scan 1 Scan 2 Scan 3
0 0 0 0 0 ANIO ANI1 ANI2 ANI3
0 0 0 0 1 ANILNete | AN|2Note | AN|3Note | AN4Nete
0 0 0 1 0 ANI2Note | ANI3Note | ANJgNote | AN|5Note
0 0 0 1 1 ANI3Nete | ANIgNete | ANSNete | ANENOte
0 0 1 0 0 ANIgNote | ANISNote | ANjgNote | AN|7Note
Other than above Setting prohibited

Note 32-pin products only

Cautions 1. Be sureto clear bits 3,5, and 6to “0".

2 Set a channel to be set the analog input by ADPC and PMC1 registers in the input mode by using
port mode register 1 (PM1).

3. Do not set the pin that is set by the A/D port configuration register (ADPC) as digital /O by the
ADS register.

4. Rewrite the value of the ADISS bit while conversion is stopped (ADCS = 0, ADCE = 0).

5. If using AVRerp as the + side reference voltage of the A/D converter, do not select ANIO as an A/D
conversion channel.

6. If using AVRerm as the — side reference voltage of the A/D converter, do not select ANI1 as an A/D
conversion channel.

7. If ADISS is set to 1, the internal reference voltage (1.45 V) cannot be used for the + side reference
voltage. After the ADISS bit is set to 1, the initial conversion result cannot be used. For the
setting flow, see 9.7.4 Setup when temperature sensor output voltage/internal reference voltage
is selected.

8. Do not set the ADISS bit to 1 when shifting to STOP mode. When the ADISS bit is set to 1, the A/D
converter reference voltage current (laprer) indicated in 27.3.2 Supply current characteristics will
be added to the current consumption when shifting to HALT mode while the CPU is operating on
the main system clock.

9. Ignore the conversion result if the corresponding ANI pin does not exist in the product used.
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9.3.8 Conversion result comparison upper limit setting register (ADUL)

This register is used to specify the setting for checking the upper limit of the A/D conversion results.

The A/D conversion results and ADUL register value are compared, and interrupt signal (INTAD) generation is
controlled in the range specified for the ADRCK bit of A/D converter mode register 2 (ADM2) (shown in Figure 9-8).

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

Reset signal generation sets this register to FFH.

Cautions 1. When 12-bit resolution A/D conversion is selected, the higher eight bits of the 12-bit A/D
conversion result register (ADCR) are compared with the ADUL and ADLL registers.
2. Only write new values to the ADUL and ADLL registers while conversion is stopped (ADCS = 0,
ADCE = 0).
3. The setting of the ADUL and ADLL registers must be greater than that of the ADLL register.

Figure 9-12. Format of Conversion Result Comparison Upper Limit Setting Register (ADUL)

Address: FOO11H After reset: FFH R/W
Symbol 7 6 5 4 3 2 1 0

ADUL ADUL7 ADUL6 ADULS ADULA ADUL3 ADUL2 ADUL1 ADULO

9.3.9 Conversion result comparison lower limit setting register (ADLL)

This register is used to specify the setting for checking the lower limit of the A/D conversion results.

The A/D conversion results and ADLL register value are compared, and interrupt signal (INTAD) generation is
controlled in the range specified for the ADRCK bit of A/D converter mode register 2 (ADM2) (shown in Figure 9-8).

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

Reset signal generation clears this register to O0H.

Figure 9-13. Format of Conversion Result Comparison Lower Limit Setting Register (ADLL)

Address: FOO12H After reset: 00H R/W
Symbol 7 6 5 4 3 2 1 0

ADLL ADLL7 ADLL6 ADLL5 ADLL4 ADLL3 ADLL2 ADLL1 ADLLO

Cautions 1. When 12-bit resolution A/D conversion is selected, the higher eight bits of the 12-bit A/D
conversion result register (ADCR) are compared with the ADUL and ADLL registers.
2. Only write new values to the ADUL and ADLL registers while conversion is stopped (ADCS = 0,
ADCE = 0).
3. The setting of the ADUL and ADLL registers must be greater than that of the ADLL register.
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9.3.10 A/D test register (ADTES)

This register is used to select the + side reference voltage or — side reference voltage of the A/D converter, or the
analog input channel (ANIxx), the temperature sensor output voltage, or the internal reference voltage (1.45 V) as the A/D
conversion target for the A/D test function.

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

Reset signal generation clears this register to 00H.

Figure 9-14. Format of A/D Test Register (ADTES)

Address: FOO13H After reset: 00H R/W

Symbol 7 6 5 4 3 2 1 0
ADTES 0 0 0 0 0 0 ADTES1 ADTESO
ADTES1 ADTESO A/D conversion target
0 0 ANIxx/temperature sensor output voltageN°*/internal reference voltage output (1.45 V)Nt

(This is specified using the analog input channel specification register (ADS).)

1 0 The - side reference voltage (selected by the ADREFM bit of the ADM2 register)

1 1 The + side reference voltage (selected by the ADREFP1 or ADREFPO bit of the ADM2
register)

Other than above Setting prohibited

Note The temperature sensor output voltage and internal reference voltage (1.45 V) can be selected only in
the HS (high-speed main) mode.
For detail, refer to Figure 22-3 Format of User Option Byte (000C2H).

Caution For the A/D test function, see 20.10 A/D test function.
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9.3.11 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 (PMxx), port mode control registers 1 (PMC1), and A/D port configuration register (ADPC)). For details,
see 4.3.1 Port mode registers (PMxx), 4.3.4 Port mode control register 1 (PMC1) (24-pin products only), and 4.3.5
A/D port configuration register (ADPC).

When using the ANIO to ANI7 pins for analog input of the A/D converter, set the port mode register (PMxx) bit
corresponding to each port to 1 and select analog input through the A/D port configuration register (ADPC).

When using the ANI16 pin for analog input of the A/D converter, set the port mode register (PMxx) bit and port mode
control register 1 (PMC1) bit corresponding to each port to 1.
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9.4 A/D Converter Conversion Operations

The A/D converter conversion operations are described below.

<1>

<2>

<3>

<4>

<5>

<6>
<7>

<8>

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 11 of the successive approximation register (SAR) is set. The series resistor string voltage tap is set to (1/2)
AVREer by the tap selector.

The voltage difference between the series resistor string voltage tap and sampled voltage is compared by the
voltage comparator. If the analog input is greater than (1/2) AVrer, the MSB bit of the SAR register remains set
to 1. If the analog input is smaller than (1/2) AVrer, the MSB bit is reset to 0.

Next, bit 10 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 11, as described below.

e Bit11 =1:(3/4) AVRer

e Bit11 = 0: (1/4) AVRer

The voltage tap and sampled voltage are compared and bit 10 of the SAR register is manipulated as follows.

e Sampled voltage > Voltage tap: Bit10=1

e Sampled voltage < Voltage tap: Bit 10 =0

Comparison is continued in this way up to bit 0 of the SAR register.

Upon completion of the comparison of 12 bits, an effective digital result value remains in the SAR register, and
the result value is transferred to the A/D conversion result register (ADCR, ADCRH) and then latchedNete 1,

At the same time, the A/D conversion end interrupt request (INTAD) can also be generatedNote !,

Repeat steps <1>to <7>, until the ADCS bit is cleared to ON°te 2,

To stop the A/D converter, clear the ADCS bit to O.

Notes 1. If the A/D conversion result is outside the A/D conversion result range specified by the ADRCK bit and the

ADUL and ADLL registers (see Figure 9-8), the A/D conversion result interrupt request signal is not
generated and no A/D conversion results are stored in the ADCR and ADCRH registers.

2. While in the sequential conversion mode, the ADCS flag is not automatically cleared to 0. This flag is not
automatically cleared to O while in the one-shot conversion mode of the hardware trigger no-wait mode,
either. Instead, 1 is retained.

Remarks 1. Two types of the A/D conversion result registers are available.

¢ ADCR register (16 bits): Store 12-bit A/D conversion value
¢ ADCRH register (8 bits): Store 8-bit A/D conversion value
2. AVrer: The + side reference voltage of the A/D converter. This can be selected from AVrerp, the
internal reference voltage (1.45 V), and Vob.
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Figure 9-15. Conversion Operation of A/D Converter (Software Trigger Mode)

ADCS <« 1 or ADS rewrite

Conversion time
Sampling time
A/D converter . .
operation SAR clear |Sampling A/D conversion
Conversion
SAR Undefine I‘esult
Conversion
ADCR ><
result
INTAD

In one-shot conversion mode, the ADCS bit is automatically cleared to 0 after completion of A/D conversion.

In sequential conversion mode, A/D conversion operations proceed continuously until the software clears bit 7 (ADCS)
of the A/D converter mode register 0 (ADMO) to 0.

Writing to the analog input channel specification register (ADS) during A/D conversion interrupts the current conversion
after which A/D conversion of the analog input specified by the ADS register proceeds. Data from the A/D conversion that
was in progress are discarded.

Reset signal generation clears the A/D conversion result register (ADCR, ADCRH) to 0000H or 00H.
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9.5 Input Voltage and Conversion Results

The relationship between the analog input voltage input to the analog input pins (ANIO to ANI7, ANI16) and the
theoretical A/D conversion result (stored in the 12-bit A/D conversion result register (ADCR)) is shown by the following

expression.
VAN
ADCR = INT ( x 4096 + 0.5)
AVREF
or
(ADCR - 0.5) x AVREF AVREF

<Va < (ADCR + 0.5) x
6 4096

where, INT(): Function which returns integer part of value in parentheses
VAIN: Analog input voltage
AVRrer:  AVRer pin voltage
ADCR: A/D conversion result register (ADCR) value

Figure 9-16 shows the relationship between the analog input voltage and the A/D conversion result.

Figure 9-16. Relationship Between Analog Input Voltage and A/D Conversion Result

SAR ADCR

4095 ————f————t————t == OFFFH
094 ——r—1 T T T [~ OFFEH
4093 ———————— -y OFFDH

A/D conversion result
B S S T S S S O SO SN S S S VSN
2ttt 0002H
11—t 0001H
o——tt L L | 0000H

1 1 3 2 5 3 8187 4094 8189 4095 8191 1

8192 4096 8192 4096 8192 4096 8192 4096 8192 4096 8192

Input voltage/AVRrer

Remark AVrer: The + side reference voltage of the A/D converter. This can be selected from AVrerp, the internal
reference voltage (1.45 V), and Vop.
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9.6 A/D Converter Operation Modes

The operation of each A/D converter mode is described below. In addition, the procedure for specifying each mode is
described in 9.7 A/D Converter Setup Flowchart.

9.6.1 Software trigger mode (select mode, sequential conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait timeN°¢, the ADCS bit of the ADMO register is set to 1 to
perform 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 (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated. After A/D conversion ends, the next
A/D conversion immediately starts.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

Even if a hardware trigger is input during conversion operation, A/D conversion does not start.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start.

Note If a high-accuracy channel is selected as the analog input channel: Stabilization wait time = 0.5 us

If a standard channel is selected as the analog input channel: Stabilization wait time = 2 us

Figure 9-17. Example of Software Trigger Mode (Select Mode, Sequential Conversion Mode) Operation Timing

<1> ADCE is set to 1. ADCE is cleared to 0. <8>
ADCE <2> ADCS is set to 1 while in the <4> ADCS is overwritten <6> A hardware trigger is ADCS is cleared to__,_
e Er' conversion standby status. with 1 during A/D generated 0 during A/D W
ot ¢ ‘ conversion operation. # (and ignored). conversion operation. ¢ is not

acknowledged.

ADCS 2cknowledged: ADS is rewritten during e

<5>

A/D conversion operation
+ (from ANIO to ANI1).

ADS ANIO ANI1
<3> A/D conversion <3 Conversionis o3 <3> <3> Conversionlis
ends and the next interrupted interrupted
AD conversion starts. / and restarts. pted.
conversion Stop [ conversion Data 1 Data 2 Data 3 Data 4 Data 5 Data 6 Data 7 Data 8 Conversion | Stop
status status | *"* (ANIO) (ANI0) (ANI0) (ANIO) (ANIO) (ANI1) (ANI1) (ANI1) standby status
ADCR, Data 1 Data 2 Data 4 Data 6 Data 7
ADCRH (ANIO) (ANIO) (ANI0) (ANI1) (ANI1)
INTAD
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9.6.2 Software trigger mode (select mode, one-shot conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait timeN°®, the ADCS bit of the ADMO register is set to 1 to
perform 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 (ADCR, ADCRH),
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 A/D conversion
standby status.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start. In addition, A/D
conversion does not start even if a hardware trigger is input while in the A/D conversion standby status.

Note If a high-accuracy channel is selected as the analog input channel: Stabilization wait time = 0.5 us

If a standard channel is selected as the analog input channel: Stabilization wait time = 2 us

Figure 9-18. Example of Software Trigger Mode (Select Mode, One-Shot Conversion Mode) Operation Timing

<1> ADCE is set to 1. ADCE is cleared to 0. <8>
ADCE i ADCS is ADCS is overwritten
o <2>ff,’vﬁe'?nsf,fe‘° <4>auomatically <2>  <5>wiith 1 during D <4> <2> <4> <2> <7> ADCS is |
e trigger : cleared to 0 conversion cleared to 0
is not ¢ (s:?anr:/c?gsgtnatus i after ¢ i operation. l ¢ ¢ L L during A/D The trigger
acknowledged. - i conversion is not
ADCS P ends. <6> ADS is rewritten during operation. acknowledged.
AID operation i I
(from ANIO to ANI1).
ADS ANIO ( ( ANIL (
AD Conversion is
<3>conversion interrupted and \ <3> <3> Conversion is|
ends. ¥ restarts, /interrupted.
AID StOP [conversio Data 1 Conversion | Data 2 Data 3 Conversion Data 4 Data 5 Conversion | Data 6 Conversion Stop
conversion status | sandby (ANIO) standby (ANIO) (ANI0) standby (ANI0) (ANI1) standby (ANI1) standby status
status
ADCR, Data 1 Data 3 Data 5
ADCRH (ANIO) (ANIO) (ANI1)
INTAD ]
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9.6.3 Software trigger mode (scan mode, sequential conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait time N°'¢, the ADCS bit of the ADMO register is set to 1 to
perform A/D conversion on the four analog input channels specified by scan 0 to scan 3, which are specified by
the analog input channel specification register (ADS). A/D conversion is performed on the analog input channels
in order, starting with that specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated. After A/D conversion of the four channels ends, the A/D
conversion of the channel following the specified channel automatically starts (until all four channels are finished).
When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

Even if a hardware trigger is input during conversion operation, A/D conversion does not start.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start.

Note If a high-accuracy channel is selected as the analog input channel: Stabilization wait time = 0.5 us

If a standard channel is selected as the analog input channel: Stabilization wait time = 2 us

Figure 9-19. Example of Software Trigger Mode (Scan Mode, Sequential Conversion Mode) Operation Timing

<1>ADCE issetto 1. ADCE is cleared to 0. <8>
ADCE heTe]  <2>ADCS s set to L while in the <4> /:[\Ddgr?ni;s/f\)lvsrxr:\tlzr:s‘ilg;h A hardware trigger is <6> AE)%S dijrﬂga;ig<7> |
e trigger : i ;
is not L conversion standby status. ¢ operation. generated (and ignored). i conversion operation. i ;I;hneot[rlgger
acknowledged. acknowledged.
CS = -—
<5> ADS is rewritten during
{ AJD conversion operation.
ADS ANIO to ANI3 ANI4 to ANI7
A/D conversion ends and <3> Conversion is <3> Conversion is <3> Conversion is
AD the next conversion starts. < interrupted and restarts. < interrupted and restarts. interrupted.
. Stop  |conversion] Datal | Data2 Data 3 Data4 | Data5 |Data6| Data7 | Data8 | Data9 | Data10 | Data 1l [patai12| Data13 | Data1l4 | Data15 | Data16 | Datal17 |Data 18| Conversion Stop
conversion status | standoy | (ANIO) [ (ANIL) (ANI2) (ANI3) | (ANIO) |(ANI1)| (ANIO) | (ANI1) | (ANI2) | (ANI3) | (ANIO) [(ANI2) | (ANI4) (ANI5) | (ANIB) | (ANI7) (ANI4) | (ANI5)| standby status.
status
ADCR, Datal | Daa2 | pata3 | Data4 Datas Data7 | Data8 | Data9 |Data10 Data 11 Data13 | Datal4 | Data15 | Data16 Data 17
ADCRH (ANIO) (ANI1) (ANI2) (ANI3) (ANIO) (ANIO) | (ANI1) (ANI2) | (ANI3) (ANIO) (ANI4) (ANI5) (ANI6) (ANI7) (ANI4)
weo [t nntnmtrrent rnftfnnqe
The interrupt is generated four times. The interrupt is generated four times.  The interrupt is generated four times.
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9.6.4 Software trigger mode (scan mode, one-shot conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait timeN°®, the ADCS bit of the ADMO register is set to 1 to
perform A/D conversion on the four analog input channels specified by scan 0 to scan 3, which are specified by
the analog input channel specification register (ADS). A/D conversion is performed on the analog input channels
in order, starting with that specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated.

After A/D conversion of the four channels ends, the ADCS bit is automatically cleared to 0, and the system enters
the A/D conversion standby status.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start. In addition, A/D
conversion does not start even if a hardware trigger is input while in the A/D conversion standby status.

Note If a high-accuracy channel is selected as the analog input channel: Stabilization wait time = 0.5 us

If a standard channel is selected as the analog input channel: Stabilization wait time = 2 us

Figure 9-20. Example of Software Trigger Mode (Scan Mode, One-Shot Conversion Mode) Operation Timing

<1> ADCE is set to 1. ADCE is cleared to 0. <8>
ADCE <2> ADCS is set to 1 while <4>ADCSis o <5> ADCS is overwritten <4> <> ADCS is cleared <7>
The trigger in the conversion automatically with 1 during A/D to 0 during A/ID I
is not| ¢ standby status. cleared to i ¢ conversion operation. conversion operation. L The trigger
0 after is not
conversion acknowledged.
ADCS [_enas -
<6> ADS is rewritten during
¥ AID conversion operation.
ADS ANIO to ANI3 \ \ ANI4 to ANI7
<3>A/D conversion Conversion is <3> Conversion is Conversion is
ends. /interrupted and restarts. /interrupted and restarts. /interrupted.
convergi)l:r’] SO | comersor] Datal| Data2 | Data3 | Datad4 | Conversion | Data5 | Data6 | Data7 | Data8 | Data 9 | Data 10| Conversion | Data1l Pata17 Datal3 | Datal4 | Datal5 | Datal6 |comeso] Stop
status status | s | (ANIO) | (ANIZ) | (ANI2) | (ANI3) standby | (ANIO) | (ANIL) | (ANIO) | (ANIL) | (ANI2) | (ANI3) | standby | (ANIO) [(ANIL)| (ANI4) | (ANIS) | (ANIB) | (ANI7) | status
ADCR, Datal | Data2 | Data3 Data 4 Data 5 Data7 | Data8 | Data9 Data 10 Data 11 Datal3 | Datal14 Data 15
ADCRH (ANI0) (ANI1) (ANI2) (ANI3) (ANIO) (ANIO) | (ANI1) | (ANI2) (ANI3) (ANIO) (ANI4) (ANI5) (ANIB)
INTAD |_| u uﬂ —l .
- —
The interrupt is generated four times. The interrupt is generated four times
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9.6.5 Hardware trigger no-wait mode (select mode, sequential conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait timeN°®, the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

If a hardware trigger is input while ADCS = 1, A/D conversion is performed on 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 (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated. After A/D conversion ends, the next
A/D conversion immediately starts.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not stop in this status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCS = 0, inputting a hardware trigger is ignored and A/D conversion does not start.

Note If a high-accuracy channel is selected as the analog input channel: Stabilization wait time = 0.5 us

If a standard channel is selected as the analog input channel: Stabilization wait time = 2 us

Figure 9-21. Example of Hardware Trigger No-Wait Mode (Select Mode, Sequential Conversion Mode)

Operation Timing

<1> ADCE is setto 1. ADCE is cleared to 0. <9>
ADCE <2>ADCSissettol. o
l <3> A hardware trigger is <5> A hardware trigger is The trigger is not
generated. generated during A/D acknogvgled od
Hardware —| conversion operation. Jcknowledged.
trigger — |
rigger ADCS is overwritten ADCS is cleared
The trigger is not | standby with 1 during AID <7> t0 0 during A/D <8>
acknowledged. status conversion operation. conversion operation.
ADCS <B> ADS is rewritten during
_ ] ¢ A/D conversion operation
(from ANIO to ANI1).
ADS ANIO ANI1
<4>A/D conversion ends o Conversion is
and the next conversion  Conversion is Conversion is interrupted and (Conversion
starts. <4> / interrupted  <4> / interrupted  <4> restarts.  <4> s interrupted.
AID and restarts. and restarts.
conversion Stop Conversion Data 1 Data 2 Data 3 Data 4 Data 5 Data 6 Data 7 Data 8 Data 9 [conversion Stop
S status standby (ANIO) (ANIO) (ANIO) (ANIO) (ANIO) (ANI1) (ANI1) (ANI1) (ANI1) | standby status

status

ADCR, Data 1 Data 2 Data 4 Data 6 Data 8
ADCRH (ANIO) (ANIO) (ANIO) (ANI1) (ANI1)

INTAD B [
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9.6.6 Hardware trigger no-wait mode (select mode, one-shot conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait timeN°®, the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

If a hardware trigger is input while ADCS = 1, A/D conversion is performed on 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 (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated.

After A/D conversion ends, the ADCS bit remains set to 1, and the system enters the A/D conversion standby
status.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not stop in this status.

<10> When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.

When ADCS = 0, inputting a hardware trigger is ignored and A/D conversion does not start.

Note If a high-accuracy channel is selected as the analog input channel: Stabilization wait time = 0.5 us

If a standard channel is selected as the analog input channel: Stabilization wait time = 2 us

Figure 9-22. Example of Hardware Trigger No-Wait Mode (Select Mode, One-Shot Conversion Mode)
Operation Timing
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9.6.7 Hardware trigger no-wait mode (scan mode, sequential conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

<9>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

After the software counts up to the stabilization wait timeN°®, the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

If a hardware trigger is input while ADCS = 1, A/D conversion is performed on the four analog input channels
specified by scan 0 to scan 3, which are specified by the analog input channel specification register (ADS). A/D
conversion is performed on the analog input channels in order, starting with that specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated. After A/D conversion of the four channels ends, the A/D
conversion of the channel following the specified channel automatically starts.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not stop in this status.

When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCE = 0, specifying 1 for ADCS is ignored and A/D conversion does not start.

Note If a high-accuracy channel is selected as the analog input channel: Stabilization wait time = 0.5 us

If a standard channel is selected as the analog input channel: Stabilization wait time = 2 us

Figure 9-23. Example of Hardware Trigger No-Wait Mode (Scan Mode, Sequential Conversion Mode)

Operation Timing
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The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times.
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9.6.8 Hardware trigger no-wait mode (scan mode, one-shot conversion mode)

<1> In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

<2> After the software counts up to the stabilization wait timeN°'¢, the ADCS bit of the ADMO register is set to 1 to
place the system in the hardware trigger standby status (and conversion does not start at this stage). Note that,
while in this status, A/D conversion does not start even if ADCS is set to 1.

<3> If a hardware trigger is input while ADCS = 1, A/D conversion is performed on the four analog input channels
specified by scan 0 to scan 3, which are specified by the analog input channel specification register (ADS). A/D
conversion is performed on the analog input channels in order, starting with that specified by scan 0.

<4> A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated.

<5> After A/D conversion of the four channels ends, the ADCS bit remains set to 1, and the system enters the A/D
conversion standby status.

<6> If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

<7> When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

<8> When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

<9> When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, and the
system enters the A/D conversion standby status. However, the A/D converter does not stop in this status.

<10> When ADCE is cleared to 0 while in the A/D conversion standby status, the A/D converter enters the stop status.
When ADCS = 0, inputting a hardware trigger is ignored and A/D conversion does not start.

Note If a high-accuracy channel is selected as the analog input channel: Stabilization wait time = 0.5 us
If a standard channel is selected as the analog input channel: Stabilization wait time = 2 us

Figure 9-24. Example of Hardware Trigger No-Wait Mode (Scan Mode, One-Shot Conversion Mode)
Operation Timing
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The interrupt is generated four times. The interrupt is generated four times. The interrupt is generated four times.
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9.6.9 Hardware trigger wait mode (select mode, sequential conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
hardware trigger standby status.

If a hardware trigger is input while in the hardware trigger standby status, A/D conversion is performed on the
analog input specified by the analog input channel specification register (ADS). The ADCS bit of the ADMO
register is automatically set to 1 according to the hardware trigger input.

When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
and the A/D conversion end interrupt request signal (INTAD) is generated. After A/D conversion ends, the next
A/D conversion immediately starts. (At this time, no hardware trigger is necessary.)

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, the system
enters the hardware trigger standby status, and the A/D converter enters the stop status. When ADCE = O,
inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 9-25. Example of Hardware Trigger Wait Mode (Select Mode, Sequential Conversion Mode)
Operation Timing
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9.6.10 Hardware trigger wait mode (select mode, one-shot conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
hardware trigger standby status.

If a hardware trigger is input while in the hardware trigger standby status, A/D conversion is performed on the
analog input specified by the analog input channel specification register (ADS). The ADCS bit of the ADMO
register is automatically set to 1 according to the hardware trigger input.

When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH),
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 A/D converter enters the stop
status.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts. The partially converted data is initialized.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, the system
enters the hardware trigger standby status, and the A/D converter enters the stop status. When ADCE = 0,
inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 9-26. Example of Hardware Trigger Wait Mode (Select Mode, One-Shot Conversion Mode)
Operation Timing
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9.6.11 Hardware trigger wait mode (scan mode, sequential conversion mode)

<1> In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

<2> If a hardware trigger is input while in the hardware trigger standby status, A/D conversion is performed on the
four analog input channels specified by scan 0 to scan 3, which are specified by the analog input channel
specification register (ADS). The ADCS bit of the ADMO register is automatically set to 1 according to the
hardware trigger input. A/D conversion is performed on the analog input channels in order, starting with that
specified by scan 0.

<3> AJ/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, and the A/D conversion end
interrupt request signal (INTAD) is generated. After A/D conversion of the four channels ends, the A/D
conversion of the channel following the specified channel automatically starts.

<4> |If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

<5> When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

<6> When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

<7> When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, the system
enters the hardware trigger standby status, and the A/D converter enters the stop status. When ADCE = O,
inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 9-27. Example of Hardware Trigger Wait Mode (Scan Mode, Sequential Conversion Mode)
Operation Timing
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9.6.12 Hardware trigger wait mode (scan mode, one-shot conversion mode)

<1>

<2>

<3>

<4>

<5>

<6>

<7>

<8>

In the stop status, the ADCE bit of A/D converter mode register 0 (ADMO) is set to 1, and the system enters the
A/D conversion standby status.

If a hardware trigger is input while in the hardware trigger standby status, A/D conversion is performed on the
four analog input channels specified by scan 0 to scan 3, which are specified by the analog input channel
specification register (ADS). The ADCS bit of the ADMO register is automatically set to 1 according to the
hardware trigger input. A/D conversion is performed on the analog input channels in order, starting with that
specified by scan 0.

A/D conversion is sequentially performed on the four analog input channels, the conversion results are stored in
the A/D conversion result register (ADCR, ADCRH) each time conversion ends, 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 A/D converter enters the stop
status.

If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D
conversion is interrupted, and A/D conversion is performed on the first channel respecified by the ADS register.
The partially converted data is discarded.

When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and
conversion restarts at the first channel. The partially converted data is discarded.

When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, the system
enters the hardware trigger standby status, and the A/D converter enters the stop status. When ADCE = 0,
inputting a hardware trigger is ignored and A/D conversion does not start.

Figure 9-28. Example of Hardware Trigger Wait Mode (Scan Mode, One-Shot Conversion Mode) Operation Timing
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9.7 A/D Converter Setup Flowchart

The A/D converter setup flowchart in each operation mode is described below.
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9.7.1 Setting up software trigger mode

Figure 9-29. Setting up Software Trigger Mode

< Start of setup >

‘ PERO register setting ‘

The ADCEN bit of the PERO register is set (1), and supplying the clock starts.

‘ The ports are set to analog input.
ADPC and PMC1 register settings ANIO to ANI7 pins: Set using the ADPC register
ANI16 pin: Set using the PMC1 register

PM register setting The ports are set to the input mode.

o ADMO register
FR2 to FRO, and LVO bits: These are used to specify the A/D conversion time.
ADMD bit:  Select mode/scan mode

ADML1 register
ADTMD1 and ADTMDO bits: These are used to specify the software trigger mode.
ADSCM bit: Sequential conversion mode/one-shot conversion mode

o ADM2 register

o ADMO register setting ADREFP1, ADREFPO, and ADREFM bits: These are used to select the reference
o ADML1 register setting o voltage source. _
« ADM2 register setting ADRCK bit: This is used to select the range for the A/D conversion result comparison
) . value generated by the interrupt signal from AREA1, AREA3, and
o ADUL/ADLL register setting AREA2.
* ADS register setting ADTYP bit: 8-bit/12-bit resolution
(The order of the settings is )
irrelevant.) o ADUL/ADLL register
These are used to specify the upper limit and lower limit A/D conversion result
comparison values.
o ADS register
ADS4, ADS2 to ADSO bits: These are used to select the analog input channels.
Reference voltage stabilization The reference voltage stabilization wait time count A is required when the value of the
wait time count A ADREFP1 and ADREFPO bits is changed.
If change the ADREFP1 and ADREFPO =1, O: A=10us
If change the ADREFP1 and ADREFPO=0,00r0,1: A=1us

ADCE bit setting The ADCE bit of the ADMO register is set (1), and the system enters the A/D conversion

| standby status.

Reference voltage stabilization If a high-accuracy channel is selected as the analog input channel: B=0.5 s
wait time count B If a standard channel is selected as the analog input channel: B=2 us
‘ ADCS hit setting ‘ After counting up to the reference voltage stabilization wait time count B ends, the

| ADCS bit of the ADMO register is set (1), and A/D conversion starts.

‘ Start of A/D conversion ‘

The A/D conversion operations are performed.

‘ End of A/D conversion ‘ The A/D conversion end interrupt (INTAD) is generated.N°t®

Storage of conversion results in ) ] ]
the ADCR and ADCRH registers The conversion results are stored in the ADCR and ADCRH registers.

Note Depending on the settings of the ADRCK bit and ADUL/ADLL register, there is a possibility of no interrupt signal
being generated. In this case, the results are not stored in the ADCR and ADCRH registers.
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9.7.2 Setting up hardware trigger no-wait mode

Figure 9-30. Setting up Hardware Trigger No-Wait Mode

< Start of setup >

‘ PERQO register setting ‘ The ADCEN bit of the PERO register is set (1), and supplying the clock starts.

The ports are set to analog input.
‘ADPC and PMC1 register settings‘ ANIO to ANI7 pins: Set using the ADPC register
ANI16 pin: Set using the PMCL1 register

‘ PM register setting ‘ The ports are set to the input mode.

o ADMO register
FR2 to FRO, and LVO bits: These are used to specify the A/D conversion time.
ADMD bit:  Select mode/scan mode

ADM1 register

ADTMD1 and ADTMDO bits: These are used to specify the hardware trigger no-wait
mode.

ADSCM bit: Sequential conversion mode/one-shot conversion mode

ADM2 register

* ADMO register setting ADREFP1, ADREFPO, and ADREFM bits: These are used to select the reference

o ADM1 register setting voltage source.
o ADM2 register setting ADRCK bit: This is used to select the range for the A/D conversion result comparison
o ADUL/ADLL register setting value generated by the interrupt signal from AREA1, AREA3, and AREA2.

« ADS register setting ADTYP bit: 8-bit/12-bit resolution

(The order of the settings is
irrelevant.)

ADUL/ADLL register

These are used to specify the upper limit and lower limit A/D conversion result
comparison values.

ADS register

ADS4, ADS2 to ADSO bits: These are used to select the analog input channels.

Reference voltage stabilization The reference voltage stabilization wait time count A is required when the value of the
ADREFP1 and ADREFPO bits is changed.

If change the ADREFP1 and ADREFPO =1, O: A=10pus

If change the ADREFP1 and ADREFP0O=0,00r0,1: A=1us

wait time count A

ADCE bit setting The ADCE bit of the ADMO register is set (1), and the system enters the A/D conversion
| standby status.
Reference voltage stabilization If a high-accuracy channel is selected as the analog input channel: B=0.5 us
wait time count B If a standard channel is selected as the analog input channel: B=2 us

ADCS bit setting

After counting up to the reference voltage stabilization wait time count B ends, the ADCS
bit of the ADMO register is set (1), and the system enters the hardware trigger standby

Hardware trigger standby status

Start of A/D conversion by
generating a hardware trigger

The A/D conversion operations are performed.

End of A/D conversion The A/D conversion end interrupt (INTAD) is generated.Vo®

Storage of conversion results in
the ADCR and ADCRH registers The conversion results are stored in the ADCR and ADCRH registers.

Note Depending on the settings of the ADRCK bit and ADUL/ADLL register, there is a possibility of no interrupt signal
being generated. In this case, the results are not stored in the ADCR and ADCRH registers.
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9.7.3 Setting up hardware trigger wait mode

Figure 9-31. Setting up Hardware Trigger Wait Mode

( Start of setup >

‘ PERO register setting ‘ The ADCEN bit of the PERO register is set (1), and supplying the clock starts.

‘ The ports are set to analog input.
‘ADPC and PMC1 register settings‘ ANIO to ANI7 pins: Set using the ADPC register
‘ ANI16 pin: Set using the PMC1 register

‘ PM register setting ‘ The ports are set to the input mode.

o ADMO register
FR2 to FRO, and LVO bits: These are used to specify the A/D conversion time.
ADMD bit:  Select mode/scan mode

o ADMLI register
ADTMD1 and ADTMDO bits: These are used to specify the hardware trigger wait mode.
ADSCM bit: Sequential conversion mode/one-shot conversion mode
ADTRS1 and ADTRSO bits: These are used to select the hardware trigger signal.

o ADMO register setting
* ADML1 register setting
o ADM2 register setting

o ADM2 register
ADREFP1, ADREFPO, and ADREFM bits: These are used to select the reference
voltage source.

* ADUL/ADLL register setting ADRCK bit: This is used to select the range for the A/D conversion result comparison
o ADS register setting value generated by the interrupt signal from AREA1, AREA3, and AREA2.
(The order of the settings is ADTYP bit: 8-bit/12-bit resolution
irrelevant.)

o ADUL/ADLL register
These are used to specify the upper limit and lower limit A/D conversion result comparison
values.

e ADS register
ADS4, ADS2 to ADSO bits: These are used to select the analog input channels.

The reference voltage stabilization wait time count A is required when the value of the
ADREFP1 and ADREFPO bits is changed.

If change the ADREFP1 and ADREFPO =1, 0: A=10us

If change the ADREFP1 and ADREFP0O=0,00r0,1: A=1us

Reference voltage stabilization
wait time count A

‘ ADCE bit setting ‘ The ADCE bit of the ADMO register is set (1), and the system enters the A/D conversion
standby status.

‘ Hardware trigger generation ‘

Stabilization wait time for The system automatically counts up to the stabilization wait time of A/D conversion.
A/D power supply

‘ Start of A/D conversion ‘ After counting up to the reference voltage stabilization wait time ends, A/D conversion starts

The A/D conversion operations are performed.

‘ End of A/D conversion ‘ The A/D conversion end interrupt (INTAD) is generated.N°

Storage of conversion results in

. The conversion results are stored in the ADCR and ADCRH registers.
the ADCR and ADCRH registers

Note Depending on the settings of the ADRCK bit and ADUL/ADLL register, there is a possibility of no interrupt signal
being generated. In this case, the results are not stored in the ADCR and ADCRH registers.
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9.7.4 Setup when temperature sensor output voltage/internal reference voltage is selected (example for software
trigger mode and one-shot conversion mode)

Figure 9-32. Setup when temperature sensor output voltage/internal reference voltage is selected

C Start of setup )

PERO register setting

« ADMO register setting

« ADML1 register setting

« ADM2 register setting

* ADUL/ADLL register setting
« ADS register setting

Reference voltage stabilization
wait time count A

ADCE bit setting

Reference voltage stabilization
wait time count B

ADCS bit setting

Start of A/D conversion

First A/D conversion time
N

End of A/D conversion

ADCS bit setting

Start of A/D conversion

End of A/D conversion

Second A/D conversion time
N

Storage of conversion results in
the ADCR and ADCRH
registers

The ADCEN bit of the PERO register is set (1), and supplying the clock
starts.

ADMO register
FR2 to FRO, and LVO bits: These are used to specify the A/D conversion time.
ADMD bit: This is used to specify the select mode.

ADML1 register
ADTMD1 and ADTMDO bits: These are used to specify the software trigger mode.
ADSCM bit: One-shot conversion mode

ADM2 register
ADREFP1, ADREFPO, and ADREFM bits: These are used to select the reference
voltage source.
ADRCK bit: This is used to select the range for the A/D conversion result comparison
value generated by the interrupt signal from AREA1, AREA3, and
AREA2.
ADTYP bit: 8-bit/12-bit resolution

ADUL/ADLL register

These are used to specify the upper limit and lower limit A/D conversion result

comparison values.

ADS register

ADISS, ADS4, and ADS2 to ADSO bits: These are used to select temperature sensor
output voltage or internal reference voltage.

The reference voltage stabilization wait time count A is required when the value of
the ADREFP1 and ADREFPO bits is changed.

If change the ADREFP1 and ADREFPO=0,00r0, 1: A=1ps

If change the ADREFP1 and ADREFPO = 1, 0: Setting prohibited

The ADCE bit of the ADMO register is set (1), and the system enters the

A/D conversion standby status.

If a temperature sensor output voltage or internal reference output
(ADISS bit of ADS register = 1) is selected as the analog input channel: B = 2 ps

After counting up to the reference voltage stabilization wait time count B ends, the
ADCS bit of the ADMO register is set (1), and A/D conversion starts

The A/D conversion end interrupt (INTAD) will be generated.
After ADISS is set (1), the initial conversion result cannot be used.

The ADCS bit of the ADMO register is set (1), and A/D conversion starts.

The A/D conversion end interrupt (INTAD) is generated. "

The conversion results are stored in the ADCR and ADCRH registers.

Note Depending on the settings of the ADRCK bit and ADUL/ADLL register, there is a possibility of no interrupt signal
being generated. In this case, the results are not stored in the ADCR and ADCRH registers.

Caution This setting can be used only in HS (high-speed main) mode. For detail, refer to Figure 22-3 Format

of User Option Byte (000C2H).
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9.7.5 Setting up test mode

< Start of setup >

PERQO register setting

o ADMO register setting

o ADML1 register setting

o ADM2 register setting

o ADUL/ADLL register setting

o ADS register setting

o ADTES register setting
(The order of the settings is
irrelevant.)

Reference voltage stabilization
wait time count A

ADCE bit setting

Reference voltage stabilization
wait time count B

‘ ADCS bit setting ‘

‘ Start of A/D conversion ‘

‘ End of A/D conversion ‘

Storage of conversion results in
the ADCR and ADCRH registers

Figure 9-33. Setting up Test Mode

The ADCEN bit of the PERO register is set (1), and supplying the clock starts.

e ADMO register
FR2 to FRO, and LVO bits: These are used to specify the A/D conversion time.
ADMD bit: This is used to specify the select mode.

o ADMLI register
ADTMD1 and ADTMDO bits: These are used to specify the software trigger mode.
ADSCM bit: This is used to specify the one-shot conversion mode.

o ADM2 register
ADREFP1, ADREFPO, and ADREFM bits:  These are used to select for the reference
voltage source.
ADRCK bit: This is used to set the range for the A/D conversion result comparison
value generated by the interrupt signal to AREA2.
ADTYP bit: This is used to specify 12-bit resolution.

o ADUL/ADLL register
These set ADUL to FFH and ADLL to O0H (initial values).

e ADS register
ADS4, ADS2 to ADSO bits: These are used to set to ANIO.

e ADTES register
ADTES1, ADTESO bits: - side reference voltage/+ side reference voltage

The reference voltage stabilization wait time count A is required when the value of the
ADREFP1 and ADREFPO bits is changed.

If change the ADREFP1 and ADREFPO =1, 0: A=10us

If change the ADREFP1 and ADREFP0=0,00r0,1: A=1yus

The ADCE bit of the ADMO register is set (1), and the system enters the A/D conversion

standby status.

If a test mode is selected (ADTESL1 bit of ADTES register = 1) as the analog input
channel: B=0.5us

After counting up to the reference voltage stabilization wait time count B ends, the ADCS
bit of the ADMO register is set (1), and A/D conversion starts.

The A/D conversion operations are performed.

The A/D conversion end interrupt (INTAD) is generated.Not

The conversion results are stored in the ADCR and ADCRH registers.

Note Depending on the settings of the ADRCK bit and ADUL/ADLL register, there is a possibility of no interrupt signal

being generated. In this case, the results are not stored in the ADCR and ADCRH registers.

Caution For the procedure for testing the A/D converter, see 20.10 A/D test function.
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9.8 SNOOZE Mode Function

In the SNOOZE mode, A/D conversion is triggered by inputting a hardware trigger in the STOP mode. Normally, A/D
conversion is stopped while in the STOP mode, but, by using the SNOOZE mode, A/D conversion can be performed
without operating the CPU by inputting a hardware trigger. This is effective for reducing the operation current.

If the A/D conversion result range is specified using the ADUL and ADLL registers, A/D conversion results can be
judged at a certain interval of time in SNOOZE mode. Using this function enables power supply voltage monitoring and

input key judgment based on A/D inputs.
In the SNOOZE mode, only the following two conversion modes can be used:
o Hardware trigger wait mode (select mode, one-shot conversion mode)
o Hardware trigger wait mode (scan mode, one-shot conversion mode)

Caution The SNOOZE mode can only be specified when the high-speed on-chip oscillator clock is selected for fcik.

Figure 9-34. Block Diagram When Using SNOOZE Mode Function

Hardvyare trigger Clock request signal
ELC input (internal signal)
A/D converter Clock generator
A/D conversion end
i‘nterrupt request High-speed
signal™® (INTAD) on-chip oscillator clock

When using the SNOOZE mode function, the initial setting of each register is specified before switching to the STOP
mode. (For details about these settings, see 9.7.3 Setting up hardware trigger wait modeN°®2) Just before move to
STOP mode, bit 2 (AWC) of A/D converter mode register 2 (ADM2) is set to 1. After the initial settings are specified, bit 0
(ADCE) of A/D converter mode register 0 (ADMO) is set to 1.

If a hardware trigger is input after switching to the STOP mode, the high-speed on-chip oscillator clock is supplied to
the A/D converter. After supplying this clock, the system automatically counts up to the A/D power supply stabilization
wait time, and then A/D conversion starts.

The SNOOZE mode operation after A/D conversion ends differs depending on whether an interrupt signal is

generatedNote 1,

Notes 1. Depending on the setting of the A/D conversion result comparison function (ADRCK bit, ADUL/ADLL
register), there is a possibility of no interrupt signal being generated.
2. Be sure to set the ADM1 register to E1H.

Remark The hardware trigger is event signal (any of INTPO to INTP5) selected by ELC.
Specify the hardware trigger by using the A/D converter mode register 1 (ADM1).
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(1) If an interrupt is generated after A/D conversion ends
If the A/D conversion result value is inside the range of values specified by the A/D conversion result comparison
function (which is set up by using the ADRCK bit and ADUL/ADLL register), the A/D conversion end interrupt request
signal (INTAD) is generated.

¢ While in the select mode
When A/D conversion ends and an A/D conversion end interrupt request signal (INTAD) is generated, the A/D
converter returns to normal operation mode from SNOOZE mode. At this time, be sure to clear bit 2 (AWC = 0:
SNOOZE mode release) of the A/D converter mode register 2 (ADM2). If the AWC bit is left set to 1, A/D
conversion will not start normally in the subsequent SNOOZE or normal operation mode.

¢ While in the scan mode
If even one A/D conversion end interrupt request signal (INTAD) is generated during A/D conversion of the four
channels, the clock request signal remains at the high level, and the A/D converter switches from the SNOOZE
mode to the normal operation mode. At this time, be sure to clear bit 2 (AWC = 0: SNOOZE mode release) of A/D
converter mode register 2 (ADM2) to 0. If the AWC bit is left set to 1, A/D conversion will not start normally in the
subsequent SNOOZE or normal operation mode.

Figure 9-35. Operation Example When Interrupt Is Generated After A/D Conversion Ends (While in Scan Mode)

The clock request signal
remains at the high level.

Hardware
trigger input

Clock requestsignal [ e et AWC is cleared to 0.
(internal signal)

ADCS

Conversion Channel 1 X Channel 2 X Channel 3 X Channel 4
channels

Interrupt signal |—| : - : |_|
(INTAD) o

~
An interrupt is generated

when conversion on one
of the channels ends.
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(2) If no interrupt is generated after A/D conversion ends
If the A/D conversion result value is outside the range of values specified by the A/D conversion result comparison
function (which is set up by using the ADRCK bit and ADUL/ADLL register), the A/D conversion end interrupt request
signal (INTAD) is not generated.

¢ While in the select mode
If the A/D conversion end interrupt request signal (INTAD) is not generated after A/D conversion ends, the clock
request signal (an internal signal) is automatically set to the low level, and supplying the high-speed on-chip
oscillator clock stops. If a hardware trigger is input later, A/D conversion work is again performed in the SNOOZE
mode.

¢ While in the scan mode
If the A/D conversion end interrupt request signal (INTAD) is not generated even once during A/D conversion of the
four channels, the clock request signal (an internal signal) is automatically set to the low level after A/D conversion
of the four channels ends, and supplying the high-speed on-chip oscillator clock stops. If a hardware trigger is input
later, A/D conversion work is again performed in the SNOOZE mode.

Figure 9-36. Operation Example When No Interrupt Is Generated After A/D Conversion Ends (While in Scan Mode)

Hardware
trigger input

Clock request signal
(internal signal)

The clock request signal

ADCS is set to the low level.

L

Conversion X

Channel 1 Channel 2 X Channel 3 X Channel 4
channels

Interrupt signal
(INTAD)

~

No interrupt is generated when
conversion ends for any channel.
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Normal
operation

STOP
mode

( Start of setup )

| PERO register setting

ADPC and PMCx
register settings

| PMXx register setting |

*ADMO register setting

*ADM1 register setting

*ADM2 register setting

*ADUL/ADLL register setting

*ADS register setting

(The order of the settings is
irrelevant.)

Reference voltage
stabilization wait time A

| AWC =1 |

| ADCE bit setting |

| Enter the STOP mode

SNOOZE
mode

The clock request signal
(an internal signal) is
automatically set to the low
level in the SNOOZE mode.

Normal
operation

e S T

Notes 1.

>

| Hardware trigger generation |

Figure 9-37. Flowchart for Setting up SNOOZE Mode

The ADCEN bit of the PERO register is set (1), and supplying the clock starts.

The ports are set to analog input.
ANIO to ANI7 pins: Set using the ADPC register
ANI16 to ANI19 pins: Set using the PMCx register

The ports are set to the input mode.

*ADMO register
FR2 to FRO, LV1, LVO bits: These are used to specify the A/D conversion time.
ADMD bit: Select mode/scan mode

*ADML1 register
ADTMD1, ADTMDO bits: These are used to specify the hardware trigger wait mode.
ADSCM bit: One-shot conversion mode
ADTRS1, ADTRSO bits: These are used to select the hardware trigger signal.

*ADM2 register
ADREFP1, ADREFPO, ADREFM bits: These are used to select the reference voltage.
ADCRK bit: This is used to select the range for the A/D conversion result comparison
value generated by the interrupt signal from AREA1, AREA3, and AREA2.
ADTYP bit: 8-bit/12-bit resolution

*ADUL/ADLL register
These are used to specify the upper limit and lower limit A/D conversion result
comparison values.

*ADS register
ADS4 to ADSO bits: These are used to select the analog input channels.

The reference voltage stabilization wait time count A indicated by A below may be required if the values
of the ADREFP1 and ADREFPO bits are changed.

If the values of ADREFP1 and ADREFPO are changed to 1 and 0, respectively: A =5 ps

A wait is not required if the values of ADREFP1 and ADREFPO are changed to 0 and 0 or 0 and 1,
respectively.

Immediately before entering the STOP mode, enable the SNOOZE mode by setting the
AWC bit of the ADM2 register to 1.

The AWC bit of the ADM2 register is set (1), and the system enters the A/D conversion
standby status.

After hardware trigger is generated, the system automatically counts up to the
stabilization wait time for A/D power supply and A/D conversion is started in the
SNOOZE mode.

| The A/D conversion operations are performed.

| End of A/D conversion |

Storage of conversion results
in the ADCR and ADCRH

registers

| AWC =0 |

| Normal operation |

The A/D conversion end interrupt (INTAD) is generated."*®*

The conversion results are stored in the ADCR and ADCRH registers.

Release the SNOOZE mode by clearing the AWC bit of the ADM2 register to 0.\ 2

If the A/D conversion end interrupt request signal (INTAD) is not generated by setting ADRCK bit and
ADUL/ADLL register, the result is not stored in the ADCR and ADCRH registers.

The system enters the STOP mode again. If a hardware trigger is input later, A/D conversion operation is
again performed in the SNOOZE mode..
If the AWC bit is left set to 1, A/D conversion will not start normally in spite of the subsequent SNOOZE or
normal operation mode. Be sure to clear the AWC bit to 0.
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9.9 How to Read A/D Converter Characteristics Table
Here, special terms unique to the A/D converter are explained.

(1) Resolution
This is the minimum analog input voltage that can be identified. That is, the percentage of the analog input voltage

per bit of digital output is called 1LSB (Least Significant Bit). The percentage of 1LSB with respect to the full scale is
expressed by %FSR (Full Scale Range).

1LSB is as follows when the resolution is 12 bits.

1LSB = 1/2'2 = 1/4096
~ 0.024%FSR

Accuracy has no relation to resolution, but is determined by overall error.

(2) Overall error
This shows the maximum error value between the actual measured value and the theoretical value.

Zero-scale error, full-scale error, integral linearity error, and differential linearity errors that are combinations of these
express the overall error.

Note that the quantization error is not included in the overall error in the characteristics table.

(3) Quantization error
When analog values are converted to digital values, a £1/2LSB error naturally occurs. In an A/D converter, an analog
input voltage in a range of +1/2LSB is converted to the same digital code, so a quantization error cannot be avoided.
Note that the quantization error is not included in the overall error, zero-scale error, full-scale error, integral linearity
error, and differential linearity error in the characteristics table.

Figure 9-38. Overall Error Figure 9-39. Quantization Error
Lol 1.....1
Ideal line
5 E]
3 L 31
8 Overall =
(o)) ke |
a error é” 1258~ Quantization error
! -~ 1/2LSB
[ 0 N 0...... 0 N
0 AVRer 0 " AVrer
Analog input Analog input

(4) Zero-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (1/2LSB) when the digital output changes from 0......000 to 0......001.
If the actual measurement value is greater than the theoretical value, it shows the difference between the actual

measurement value of the analog input voltage and the theoretical value (3/2LSB) when the digital output changes
fromO...... 001toO...... 010.
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®)

(6)

()

Full-scale error
This shows the difference between the actual measurement value of the analog input voltage and the theoretical
value (Full-scale — 3/2LSB) when the digital output changes from 1......110to 1......111.

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.

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 9-40. Zero-Scale Error

111J4

Ideal line
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Digital output (Lower 3 bits)
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2006AVREF 3006 VR go06 7V RE

Analog input (V)

Figure 9-42. Integral Linearity Error
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Digital output
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error

)T

Analog input

AVRer

(8) Conversion time

Figure 9-41. Full-Scale Error
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Figure 9-43. Differential Linearity Error
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Analog input

This expresses the time from the start of sampling to when the digital output is obtained.
The sampling time is included in the conversion time in the characteristics table.

(9) Sampling time

This is the time the analog switch is turned on for the analog voltage to be sampled by the sample & hold circuit.

. Sampling ___|
time

Conversion time —»

R0O1UH0895EJ0100 Rev.1.00
Nov 29, 2019

RENESAS 294



RL78/G1P CHAPTER 9 A/D CONVERTER

9.10 Cautions for A/D Converter

@)

)

®)

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.

To restart from the standby status, clear bit O (ADIF) of interrupt request flag register 1H (IF1H) to O and start
operation.

Input range of ANIO to ANI7 and ANI16 pins

Observe the rated range of the ANIO to ANI7 and ANI16 pins input voltage. If a voltage of Vop, and AVrerp or higher
and Vss, and AVrerm or lower (even in the range of absolute maximum ratings) is input to an analog input channel,
the converted value of that channel becomes undefined. In addition, the converted values of the other channels may
also be affected.

When internal reference voltage (1.45 V) is selected reference voltage source for the + side of the A/D converter, do
not input internal reference voltage or higher voltage to a pin selected by the ADS register. However, it is no problem
that a pin not selected by the ADS register is input voltage greater than the internal reference voltage.

Caution Internal reference voltage (1.45 V) can be used only in HS (high-speed main) mode. For detail, refer
to Figure 22-3 Format of User Option Byte (000C2H).

Conflicting operations

<1> Conflict between the A/D conversion result register (ADCR, ADCRH) write and the ADCR or ADCRH register
read by instruction upon the end of conversion
The ADCR or ADCRH register read has priority. After the read operation, the new conversion result is written to
the ADCR or ADCRH registers.

<2> Conflict between the ADCR or ADCRH register write and the A/D converter mode register 0 (ADMO0) write, the
analog input channel specification register (ADS), or A/D port configuration register (ADPC) write upon the end
of conversion
The ADMO, ADS, or ADPC registers write has priority. The ADCR or ADCRH register write is not performed,
nor is the conversion end interrupt signal (INTAD) generated.

(4) Noise countermeasures
To maintain the 12-bit resolution, attention must be paid to noise input to the AVrerp, Vob, ANIO to ANI7, and ANI16
pins.
<1> Be sure to separate Voo and Vss from other power supplies and connect a capacitor with low equivalent
resistance and good frequency response characteristics (a capacitance of about 0.01 uF is recommended)
between Vob and Vss.
<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 9-44 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> Separate digital and analog signals so that they do not cross or approach each other.
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Figure 9-44. Analog Input Pin Connection

If there is a possibility that noise equal to or higher than
AVrere and Voo, or equal to or lower than AVrerm and Vss,
may enter, clamp with a diode with a small Vr value (0.3 V or lower).

Reference voltage input O ’ / AVRere 01 Vop

ANIO to ANI7, ANI16

C=10pFto 0.1 uF

I
I

(5) Analog input (ANIn) pins

<1> ANIO to ANI7 pins are also used as P20 to P27 pins.
When A/D conversion is performed with any of the ANIO to ANI7 pins selected, do not change the output value
P20 to P27 while conversion is in progress; otherwise the conversion accuracy may be degraded.

<2> If a pin adjacent to the pin whose value is being A/D converted is used as a digital /0O port pin, the A/D
conversion value might differ from the expected value due to coupling noise. To prevent coupling noise, make
sure that pulses whose voltage suddenly change, such as digital pulses, are not input or output to a pin
adjacent to the pin whose value is being A/D converted.

(6) Inputimpedance 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, we recommend using the converter with analog input sources that
have output impedances no greater than 1 kQ. If a source has a higher output impedance, lengthen the sampling time
or connect a larger capacitor (with a value of about 0.1 pF) to the pin from among ANIO to ANI7 and ANI16 to which
the source is connected (see Figure 9-44). The sampling capacitor may be being charged while the setting of the
ADCS bit is 0 and immediately after sampling is restarted and so is not defined at these times. Accordingly, the state
of conversion is undefined after charging starts in the next round of conversion after the value of the ADCS bit has
been 1 or when conversion is repeated. Thus, to secure full charging regardless of the size of fluctuations in the
analog signal, ensure that the output impedances of the sources of analog inputs are low or secure sufficient time for
the completion of conversion.
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)

(8)

9)

Interrupt request flag (ADIF)

The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is
changed.

Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and ADIF flag for the
pre-change analog input may be set just before the ADS register rewrite. Caution is therefore required since, at this
time, when ADIF flag is read immediately after the ADS register rewrite, ADIF flag is set despite the fact A/D
conversion for the post-change analog input has not ended.

When A/D conversion is stopped and then resumed, clear ADIF flag before the A/D conversion operation is resumed.

Figure 9-45. Timing of A/D Conversion End Interrupt Request Generation

ADS rewrite ADS rewrite ADIF is set but ANIm conversion

(start of ANIn conversion) (start of ANIm conversion)K has not ended.

ANIm ANIm

A/D conversion ANIn ANIn

U R S
)

ADCR >< ANIn ANIn ANIm >< ANIm

ADIF

Conversion results just after A/D conversion start

While in the software trigger mode or hardware trigger no-wait mode, the first A/D conversion value immediately after
A/D conversion starts may not fall within the rating range if the ADCS bit is set to 1 within 1 us after the ADCE bit was
set to 1. Take measures such as polling the A/D conversion end interrupt request (INTAD) and removing the first
conversion result.

A/D conversion result register (ADCR, ADCRH) read operation

When a write operation is performed to A/D converter mode register 0 (ADMO), analog input channel specification
register (ADS), A/D port configuration register (ADPC), and port mode control register (PMC), the contents of the
ADCR and ADCRH registers may become undefined. Read the conversion result following conversion completion
before writing to the ADMO, ADS, ADPC, or PMC register. Using a timing other than the above may cause an
incorrect conversion result to be read.
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(10) Internal equivalent circuit

The equivalent circuit of the analog input block is shown below.

= 1

Figure 9-46. Internal Equivalent Circuit of ANIn Pin

Table 9-4. Resistance and Capacitance Values of Equivalent Circuit (Reference Values)

Voo ANIn Pin R1[kQ] C1[pF] C2[pF]
2.7V <Vop<3.6V ANIO to ANI7 7.4 8 6.3
ANI16 12.3 8 7.4

Remark The resistance and capacitance values shown in Table 9-4 are not guaranteed values.

(11) Starting the A/D converter

Start the A/D converter after the AVrerp and Vop voltages stabilize.
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CHAPTER 10 D/A CONVERTER

The D/A converter is a 10-bit resolution R-2R type unit that converts digital inputs into analog signals. It is used to
control analog outputs for two independent channels.

10.1 Function of D/A Converter

The D/A converter has the following features.

¢ 10-bit resolution x 2 channels
¢ R-2R ladder method
e Output analog voltage
¢ 10-bit resolution: Voo x m10/1024 (m10: Value set to DACSi register)
e Operation mode
¢ Normal mode
¢ Real-time output mode

Remark i=0,1
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10.2 Configuration of D/A Converter

The D/A converter includes the following hardware.

Table 10-1. Configuration of D/A Converter

Item Configuration

Control registers A/D port configuration register (ADPC)

Peripheral enable register 1 (PER1)

D/A converter mode register (DAM)

D/A conversion value setting registers 0, 1 (DACS0, DACS1)
Port mode register 2 (PM2)

Figure 10-1 shows the block diagram of D/A converter.

Figure 10-1. Block Diagram of D/A Converter

Internal bus

D/A conversion value
Write signal of DACSO register Sem?:)gArcegigler 0
DAMDO (DAM) ( — )
ELCREQO
DACEO (DAM) - ——(©) ANOO/P22 pin
Voo pin @
o
@
3
Vss pin @ g
——(©) ANO1/P23 pin
o
@
[0
Q
g
DACE1 (DAMy~———»
Write signal of DACS1 register qar

DAMD1 (DAM)

\

ELCREQ1
D/A conversion value
D/A converter mode setting register 1
register (DAM) (DACS1)

3L 3L
: ;

Remark ELCREQO and ELCREQL are trigger signals (request signals from the ELC) that are used in the real-time
output mode.
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10.3 Configuration of A/D Converter

The D/A converter uses the following registers.

A/D port configuration register (ADPC)

Peripheral enable register 1 (PER1)

D/A converter mode register (DAM)

D/A conversion value setting registers 0, 1 (DACSO0, DACS1)
o Port mode register 2 (PM2)

10.3.1 A/D port configuration register (ADPC)
This register switches the ANIO/P20 to ANI7/P27 pins to either analog input or port digital 1/0.
The ADPC register can be set by an 8-bit memory manipulation instruction.
Reset signal generation clears this register to 00H.

Figure 10-2. Format of A/D Port Configuration Register (ADPC)

Address: FOO76H  After reset: 0OH R/W

Symbol 7 6 5 4 3 2 1 0
ADPC ADPC7Nete | ADPCENete | ADPC5Nte | ADPC4Note ADPC3 ADPC2 ADPC1 ADPCO
ADPCn Analog I/O (A)/digital I/O (D) selection of P2n/ANI2n
0 Analog I/O (A) (default)
1 Digital I/0 (D)

Note 32-pin products only

Cautions 1. Set a channel to be used for D/A conversion in the input mode by using port mode register 2
(PM2).
2. Do not set the pin that is set by the ADPC register as digital /0O to D/A conversion operation
enable by using the D/A converter mode register (DAM).
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10.3.2 Peripheral enable register 1 (PER1)

The PERL register is used to enable or disable supply of the clock signal to peripheral hardware. Clock supply to a
hardware that is not in use is stopped in order to reduce power consumption and noise.

When the D/A converter is to be used, be sure to set bit 7 (DACEN) of this register to 1.

The PERL register can be set by a 1-bit or 8-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 10-3. Format of Peripheral Enable Register 1 (PER1)

Address: FOO7TAH  After reset: 0OH R/W

Symbol <7> 6 5 4 3 2 1 0
PER1 DACEN 0 0 0 0 0 0 0
DACEN Control of D/A converter input clock
0 Stops input clock supply

* SFR used by the D/A converter cannot be written.
e The D/A converter is in the reset status.

Supplies input clock.
e SFR used by the D/A converter can be read/written.

Cautions 1. When setting the D/A converter, be sure to set the DACEN bit to 1 first. If DACEN = 0, writing to a
control register of the D/A converter is ignored, and all read values are default values (except for
port mode register 2 (PM2), and port register 2 (P2)).

2. Besureto clear bits 0Oto 6to “0".
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10.3.3 D/A converter mode register (DAM)
This register controls the operation of the D/A converter.
The DAM register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears this register to O0H.

Figure 10-4. Format of D/A Converter Mode Register (DAM)

Address: FFF5CH  After reset: 00H R/W

Symbol 7 6 <5> <4> 3 2 1 0
DAM - - DACE1 DACEO - ‘ - ‘ DAMD1 DAMDO
DACEiI D/A conversion operation control
0 Stops D/A conversion operation
1 Enables D/A conversion operation
DAMDi D/A converter operation mode selection
0 Normal mode
1 Real-time output mode

Remark i=0,1

10.3.4 D/A conversion value setting register i (DACSI) (i =0, 1)

This register is used to set the analog voltage value to be output to the ANOO and ANOL1 pins when the D/A converter
is used.

The DACSIi register can be read by a 16-bit memory manipulation instruction.

Reset signal generation clears this register to 00H.

Figure 10-5. Format of D/A Conversion Value Setting Register i (DACSI) (i =0, 1)

Address: FFF58H, FFF59H (DACSO0), FFF5AH, FFF5BH (DACS1)  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

DACSI DAC | DAC | DAC | DAC | DAC | DAC | DAC | DAC | DAC | DAC
Si9 Si8 Si7 Si6 Si5 Si4 | Si3 Si2 Sil Sio

Remark The relation between the resolution and analog output voltage (VANOI) of the D/A converter are as follows.
VANOI = Reference voltage for D/A converter x (DACSI)/1024

When the D/A converter is not used, set the DACEi bit to 0 (output disable) and set the DACSi register to 00H to
prevent current from flowing into the R-2R resistor ladder to reduce unnecessary current consumption.
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10.3.5 Port mode register 2 (PM2)
When using ANOO/ANI2/P22 and ANO1/ANI3/P23 pins as analog input ports, set bits PM22 and PM23 to 1.
If bits PM22 and PM23 are set to 0, these pins cannot be used as analog input ports.

The PM2 register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets this register to FFH.

Caution

If a pin is set as an analog input port, not the pin level but 0 is always read.

Figure 10-6. Format of Port Mode Register 2 (PM2)

Address: FFF22H  After reset: FFH  R/W
Symbol 7 5 4 3 2 1 0
PM2 PM27 PM26Note PM25Note PM24Note PM23 PM22 PM21 PM20
PM2n P2n pin I/O mode selection (n =0 to 7)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Note These are not provided in 24-pin products.

The function of the ANOO/ANI2/P22 to ANO1/ANI3/P23 pins can be selected by using the A/D port configuration
register (ADPC), the D/A converter mode register (DAM), the analog input channel specification register (ADS), and the

PM2 register.

Table 10-2. Setting Functions of ANOO/ANI2/P22 to ANO1/ANI3/P23 Pins

ADPC PM2 DAM ADS Functions of ANOO/ANI2/P22 to ANO1/ANI3/P23
Pins
Digital I/0 selection | Input mode - - Digital input
Output mode - - Digital output
Analog I/O selection |Input mode |Enables D/A Selects ANI. | Setting prohibited
conversion operation Does not Analog output
select ANI.
Stops D/A conversion | Selects ANI. | Analog input (to be converted)
operation Does not Analog input (not to be converted)
select ANI.
Output mode | Enables D/A Selects ANI. | Setting prohibited
conversion operation Does not
select ANI.
Stops D/A conversion | Selects ANI.
operation Does not
select ANI.
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10.4 Operations of D/A Converter

10.4.1 Operation in normal mode
D/A conversion is performed using write operation to the DACSi register as the trigger.
The setting method is described below.

<1> Set the DACEN bit of the PER1 register (peripheral enable register 1) to 1 to start the supply of the input
clock to the D/A converter.

<2> Use the ADPC register (port configuration register) to set the ports to analog pins.

<3> Set the DAMDiI bit of the DAM register (D/A converter mode register) to 0 (normal mode).

<4> Set the analog voltage value to be output to the ANOI pin to the DACSi register (D/A conversion value setting
registeri).

Steps <1> and <4> above constitute the initial settings.

<5> Set the DACE:I bit of the DAM register to 1 (D/A conversion enable).
D/A conversion starts, and then, after the settling time elapses, the analog voltage set in step <4> is output to
the ANOQi pin.

<6> To perform subsequent D/A conversions, write to the DACSi register.

The previous D/A conversion result is held until the next D/A conversion is performed.

When the DACE: bit of the DAM register is set to O (D/A conversion operation stop), D/A conversion stops.

If the ports are set to digital pins using the ADPC register, the ANOiI pin goes into a high-impedance state when the
PM2i bit of the PM2 register for the port = 1 (input mode), and the ANQi pin outputs the set value of the PM2 register when
the PM2i bit = 0 (output mode).

Cautions 1. Evenif 1, 0, and then 1 is set to the DACEI bit, there is a wait after 1 is set for the last time.
2. If the DACSI register is rewritten during the settling time, D/A conversion is aborted and
reconversion by using the rewritten values starts.

Remark i=0,1
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10.4.2 Operation in real-time output mode
D/A conversion is performed on each channel using the individual interrupt request signals from the ELC as triggers.
The setting method is described below.

<1> Set the DACEN bit of the PERL1 register (peripheral enable register 1) to 1 to start the supply of the input
clock to the D/A converter.

<2> Use the ADPC register (port configuration register) to set the ports to analog pins.

<3> Set the DAMDiI bit of the DAM register (D/A converter mode register) to 0 (normal mode).

<4> Set the analog voltage value to be output to the ANQOi pin to the DACSi register (D/A conversion value setting
registeri).

<5> Set the DACE: bit of the DAM register to 1 (D/A conversion enable).
D/A conversion starts, and then, after the settling time elapses, the analog voltage set in step <3> is output to
the ANOi pin.

<6> Use the ELSELR register (ELC control register) to set the real-time trigger signal.

<7> Set the DAMDi bit of the DAM register to 1 (real-time output mode).

<8> Start the operation of the ECL request source.

Steps <1> to <8> above constitute the initial settings.

<9> Generation of the real-time output triggers starts D/A conversion and the analog voltage set in step <4> will
be output to the ANQI pin after a settling time has elapsed.
Set the analog voltage value to be output to the ANOI pin, to the DACSi register before performing the next
D/A conversion (real-time output trigger is generated).

Set the analog voltage value to be output to the ANOi pin, to the DACSI register before performing the next D/A
conversion (ELC trigger signal is generated).

When the DACE: bit of the DAM register is set to 0 (D/A conversion operation stop), D/A conversion stops.

If the ports are set to digital pins by using the ADPC register, the ANOI pin goes into a high-impedance state when the
PM2i bit of the PM2 register for the port = 1 (input mode), and the ANOi pin outputs the set value of the

PM2 register when the PM2i bit = 0 (output mode).

Cautions 1. Even if 1, 0, and then 1 is set to the DACEI bit, there is a wait after 1 is set for the last time.
2. Make the interval between each generation of the ELC event request trigger signal longer than
the settling time. If an ELC event request trigger signal is generated during the settling time, D/A
conversion is aborted and reconversion starts.
3. Even if the generation of the ELC event request trigger signal and rewriting of the DACSi register
conflict, the D/A conversion result is output.
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10.5 Cautions for D/A Converter
Observe the following cautions when using the D/A converter.

(1) The digital port I/O function, which is the alternate function of the ANOO and ANO1 pins, does not operate if the
ports are set to analog pins by using the ADPC register (port configuration register). When the P2 register is read
while the ports are set to analog pins by using the ADPC register, 0 is read in the input mode and the set value of
the P2 register is read in the output mode. If the digital output mode is set, no output data is output to pins.

(2) The operation of the D/A converter continues in the HALT and STOP modes. To lower the power consumption,
therefore, clear the DACE:I bit to 0, and execute the HALT or STOP instruction after stopping the operation of the
D/A converter.

Remark i=0,1

(3) To stop the real-time output mode (including when changing to normal mode), one of the following procedures must
be used:

e Wait for at least three clocks after stopping the trigger output source and then set bits DACEi and DAMDi to 0.

o After setting bits DACEi and DAMDI, set the DACEN bit of the PER1 register to 0 (DAC stop).

e When the DACEN bit is set to 0, all the registers in the DAC are cleared, so the settings of the SFRs are
required to start the operation again.

(4) When D/A conversion operation is enabled, do not perform A/D conversions from the analog input pins multiplexed
with the ANOO and ANO1 pins.

(5) In the real-time output mode, set the value of the DACSi register before a timer trigger is generated. Do not change
the set value of the DACSI register while the trigger signal is output.
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Serial array unit 0 has a serial channel that can achieve 3-wire serial (CSI) and UART communication.

CHAPTER 11 SERIAL ARRAY UNIT

Function assignment of each channel supported by the RL78/G1P is as shown below.

When UARTO is used, CSI00 cannot be used.

Unit

Channel

Used as CSI

Used as UART

CSI00 (supporting slave
select input function)

UARTO
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11.1 Functions of Serial Array Unit
Each serial interface supported by the RL78/G1P has the following features.

11.1.1 3-wire serial 1/0 (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]
¢ Data length of 7 or 8 bits
e Phase control of transmit/receive data
e MSBJ/LSB first selectable
o Level setting of transmit/receive data
[Clock control]
e Master/slave selection
¢ Phase control of I/0 clock
e Setting of transfer period by prescaler and internal counter of each channel
e Maximum transfer rate Note
During master communication: Max. fuck/2
During slave communication: Max. fmck/6
[Interrupt function]
e Transfer end interrupt/buffer empty interrupt
[Error detection flag]
e Overrun error

In addition, CSIO0 supports the SNOOZE mode. When SCK input is detected while in the STOP mode, the SNOOZE
mode makes data reception that does not require the CPU possible.

Note Use the clocks within a range satisfying the SCK cycle time (tkcy) characteristics (see CHAPTER 27
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).

[Data transmission/reception]
e Data length of 7, 8, or 9 hits
e Select the MSB/LSB first
¢ Level setting of transmit/receive data and select of reverse
o Parity bit appending and parity check functions
¢ 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

In addition, UARTO supports the SNOOZE mode. When RxD input is detected while in the STOP mode, the SNOOZE
mode makes data reception that does not require the CPU possible.
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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

Item

Configuration

Shift register

9 bits

Buffer register

Lower 9 bits of serial data register mn (SDRmn)N°te

Serial clock I/O

SCKaOO pin (for 3-wire serial I/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), output controller

Slave select input

SSI00 pin (for slave select input function)

Control registers

<Registers of unit setting block>
e Peripheral enable register 0 (PERO)
o Serial clock select register m (SPSm)
o Serial channel enable status register m (SEm)
o Serial channel start register m (SSm)
o Serial channel stop register m (STm)
o Serial output enable register m (SOEm)
e Serial output register m (SOm)
e Serial output level register m (SOLm)
e Serial standby control register m (SSCm)
e Input switch control register (ISC)
» Noise filter enable register 0 (NFENO)

<Registers of each channel>

o Serial data register mn (SDRmn)

¢ Serial mode register mn (SMRmn)

e Serial communication operation setting register mn (SCRmn)
o Serial status register mn (SSRmn)

» Serial flag clear trigger register mn (SIRmn)

o Port mode register 3 (PM3)
e Port register 3 (P3)

Note The lower 8 bits of serial data register mn (SDRmn) can be read or written as the following SFR, depending on

the communication mode.

CSlIp communication ... SIOp (CSlp data register)

o UART(q reception ... RXDq (UART(q receive data register)

e UART(q transmission ... TXDqg (UART(q transmit data register)

Remark m: Unit number (m = 0), n: Channel number (n = 0, 1), p: CSI number (p = 00), q: UART number (q = 0)
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Figure 11-1 shows the block diagram of the serial array unit 0.

Figure 11-1. Block Diagram of Serial Array Unit O

Serial output register 0 (SO0)

Serial channel
enable status
register 0 (SE0)
Serial channel
start register 0
(SS0)

Serial channel
stop register 0
(STO,

Serial output
enable register 0
EO)

|0‘0‘0‘0|0‘0‘0CK000‘0 0‘0‘0|0‘0‘0‘sooo|
Peripheral enable
register 0 (PERO) Serial clock select register 0 (SPS0)
PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
SAUOEN| |013 ‘ 012 | o1 | 010 ‘ 003 | 002 ‘ 001 ‘ 000 |
[ ] [ J [ I [ J
J "\L;
fouk —>| Prescaler

fewk/20 to fewk/215 J tcudz" to fewk/215

| Selector |<7

—»l Selector |

register 0 (OLO)

Noise filter enable
register 0 (NFENO)

Serial standby
control register 0
(SSC0)

Serial output level

Output latch
(P30)

© Serial data output pin
(when CSI00: SO00)
(when UARTO:TxDO)

— Serial transfer end interrupt

(when CSI00: INTCSI00)
(when UARTO: INTSTO)

/ Serial data register 00 (SDR00) \
Channel 0 T
Cko1)  Jckoo | (Clock division setting block)|  (Buffer register block) |
Serial clock I/0 pin @ -
(when CSI00: SCK00) 5 {}
S| fuc bl
o -
K] _ 8
2] S °
g [ fox [ -
2 5 Shift register out
© 3 put
Edge focx @ % controller
circuit detection o
LF 0
Interrupt
Communication controller controller
Output latch Mode selection Serial flag clear trigger
P32) i
(P32) or UARTO register 00 (SIR00)
' - (for transmission) P(%ZT Og/é:T
Synchro] 7
Serial data input pin@— nous elmination g—m| l?dgell Cl
(when CSI00: SI00) circuit_| | disabled evel 59 ear
(when UARTO: RxDO) 1 § §
SNFENOO CKS00|CCS00|STS00MD00L 5 Error
E controller
Slave select input pin @ Serial mode register 00 (SMR00) E
(when CSI00: SSI00) Input switch control register (ISC) Error
I information
. — ‘ [ [ T T T T
TXE | RXE | DAP | CKP | EOC | PTC | PTC | DIR SLC | SLC | DLS | DLS TSF | BFF | PEF | OVF
When UARTO 00 0 | 00 00 | 00 | 001 | 000 | 00 | 001 | 000 | 001 | 00O 00 | 00 | oo 00
Serial communication operation setting register 00 (SCR00) Serial status register 00 (SSR00) /
CKOl’ ‘ CKO00
Channel 1
Communication controller
Pr—— UARTO
ge/level for reception;
-
controller

Serial transfer end interrupt
(when UARTO: INTSRO)

Serial transfer error interrupt
(INTSREO)
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11.2.1 Shift register
This is a 9-bit register that converts parallel data into serial data or vice versa.
In case of the UART communication of nine bits of data, nine bits (bits O to 8) are used.
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 the shift register, use the lower 8/9 bits of serial data register mn (SDRmn).

Shift register | | ‘ ‘ ‘ | ‘ ‘ ‘ |

11.2.2 Lower 8/9 bits of the serial data register mn (SDRmn)

The SDRmn register is the transmit/receive data register (16 bits) of channel n. Bits 8 to 0 (lower 9 bits) or bits 7 to 0
(lower 8 bits) function as a transmit/receive buffer register, and bits 15 to 9 are used as a register that sets the division
ratio of the operation clock (fvck).

When data is received, parallel data converted by the shift register is stored in the lower 8/9 bits. When data is to be
transmitted, set transmit to be transferred to the shift register to the lower 8/9 bits.

The data stored in the lower 8/9 bits of this register is as follows, depending on the setting of bits 0 and 1 (DLSmnO,
DLSmn1) of serial communication operation setting register mn (SCRmn), regardless of the output sequence of the data.

e 7-bit data length (stored in bits 0 to 6 of SDRmn register)

e 8-bit data length (stored in bits 0 to 7 of SDRmn register)

¢ 9-hit data length (stored in bits 0 to 8 of SDRmn register)

The SDRmn register can be read or written in 16-bit units.

The lower 8/9 bits of the SDRmn register can be read or writtenN°®¢ as the following SFR, depending on the
communication mode.

¢ CSIp communication ... SIOp (CSlp data register)

¢ UART( reception ... RXDqg (UART(q receive data register)

¢ UART( transmission ... TXDqg (UART(q transmit data register)

Reset signal generation clears the SDRmn register to 0000H.

Note Writing in 8-bit units is prohibited when the operation is stopped (SEmn = 0).

Remarks 1. After data is received, “0” is stored in bits 0 to 8 in bit portions that exceed the data length.
2. m: Unit number (m = 0), n: Channel number (n =0, 1), p: CSI number (p = 00), gq: UART number (q = 0)
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Figure 11-2. Format of Serial Data Register mn (SDRmn) (mn = 00)

Address: FFF10H, FFF11H (SDRO00), FFF12H, FFF13H (SDRO1)

FFF11H (SDRO0O0) FFF10H (SDR00)

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

L I I I

snteegiser ||| | [ | | | [ ]

Remark For the function of the higher 7 bits of the SDRmn 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.

¢ Peripheral enable register 0 (PERO)

¢ Serial clock select register m (SPSm)

¢ Serial mode register mn (SMRmn)

¢ Serial communication operation setting register mn (SCRmn)
¢ Serial data register mn (SDRmn)

e Serial flag clear trigger register mn (SIRmn)

e Serial status register mn (SSRmn)

¢ Serial channel start register m (SSm)

¢ Serial channel stop register m (STm)

 Serial channel enable status register m (SEm)
e Serial output enable register m (SOEm)

e Serial output level register m (SOLm)

e Serial output register m (SOm)

¢ Serial standby control register m (SSCm)

e Input switch control register (ISC)

» Noise filter enable register 0 (NFENO)

e Port mode register 3 (PM3)

e Port register 3 (P3)

Remark m: Unit number (m = 0), n: Channel number (n =0, 1)
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11.3.1 Peripheral enable register 0 (PERO)

The PERO register is used to enable or disable supply of the clock signal to peripheral hardware. Clock supply to a
hardware that is not in use is stopped in order to reduce power consumption and noise.

When serial array unit O is to be 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 0 IICA1EN ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
SAUmMEN Control of serial array unit m input clock supply
0 Stops supply of input clock.

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

1 Enables input clock supply.
e SFR used by serial array unit m can be read/written.

Cautions 1. When setting serial array unit m, be sure to first set the following registers with the SAUMEN bit
set to 1. If SAUmMEN = 0, writing to a control register of serial array unit m is ignored, and, even if
the register is read, only the default value is read (except for the input switch control register
(ISC), noise filter enable register 0 (NFENO), port mode register 3 (PM3), and port register 3 (P3)).
« Serial clock select register m (SPSm)

* Serial mode register mn (SMRmn)
 Serial communication operation setting register mn (SCRmn)
« Serial data register mn (SDRmn)
* Serial flag clear trigger register mn (SIRmn)
« Serial status register mn (SSRmn)
« Serial channel start register m (SSm)
* Serial channel stop register m (STm)
« Serial channel enable status register m (SEm)
« Serial output enable register m (SOEm)
* Serial output level register m (SOLm)
« Serial output register m (SOm)
« Serial standby control register m (SSCm)
2. Besureto clear bits 7, 3, and 1to “0”.
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11.3.2 Serial clock select register m (SPSm)
The SPSm register is a 16-bit register that is used to select two types of operation clocks (CKm0O, CKm1) that are
commonly supplied to each channel. CKm1 is selected by bits 7 to 4 of the SPSm register, and CKmO is selected by bits

3t0 0.

Rewriting the SPSm register is prohibited when the register is in operation (when SEmn = 1).

The SPSm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SPSm register can be set with an 8-bit memory manipulation instruction with SPSmL.
Reset signal generation clears the SPSm register to 0000H.

Figure 11-4. Format of Serial Clock Select Register m (SPSm)

Address: FO126H, FO127H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
SPSm 0 0 0 0 0 0 0 0 PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS
ml3 | m12 | m11 | m10 | m03 | mO2 | mO1 | mOO
PRS | PRS | PRS | PRS Section of operation clock (CKmkQ)Nete
mk3 | mk2 | mkl | mko fek=2 MHz | fek=5MHz | fok=10 MHz | feik = 20 MHz | feik = 32 MHz
0 0 0 0 ferk 2 MHz 5 MHz 10 MHz 20 MHz 32 MHz
0 0 0 1 fek/2 1 MHz 2.5 MHz 5 MHz 10 MHz 16 MHz
0 0 1 0 feL/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 8 MHz
0 0 1 1 fek/23 250 kHz 625 kHz 1.25 MHz 2.5 MHz 4 MHz
0 1 0 0 fork/24 125 kHz 313 kHz 625 kHz 1.25 MHz 2 MHz
0 1 0 1 for/2® 62.5 kHz 156 kHz 313 kHz 625 kHz 1 MHz
0 1 1 0 fok/2® | 31.3 kHz 78.1 kHz 156 kHz 313 kHz 500 kHz
0 1 1 1 fok/2” 15.6 kHz 39.1 kHz 78.1 kHz 156 kHz 250 kHz
1 0 0 0 fouk/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 125 kHz
1 0 0 1 fer/2° 3.91 kHz 9.77 kHz 19.5 kHz 39.1 kHz 62.5 kHz
1 0 1 0 fek/22° | 1.95 kHz 4.88 kHz 9.77 kHz 19.5 kHz 31.3 kHz
1 0 1 1 fok/2't | 977 Hz 2.44 kHz 4.88 kHz 9.77 kHz 15.6 kHz
1 1 0 0 fek/212 | 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 7.81 kHz
1 1 0 1 fok/2'® | 244 Hz 610 Hz 1.22 kHz 2.44 kHz 3.91 kHz
1 1 1 0 fok/2'* | 122 Hz 305 Hz 610 Hz 1.22 kHz 1.95 kHz
1 1 1 1 fek/2'® | 61 Hz 153 kHz 305 Hz 610 Hz 977 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 m (STm) = 000FH) the operation of the serial array
units (SAUs).

Caution Be sureto clear bits 15to 8to “0”.

Remarks 1. fcik: CPU/peripheral hardware clock frequency
2. m: Unit number (m = 0)

3. k=0,1

RO1UH0895EJ0100
Nov 29, 2019

Rev.1.00 317

RRENESAS



RL78/G1P CHAPTER 11 SERIAL ARRAY UNIT

11.3.3 Serial mode register mn (SMRmn)

The SMRmn register is a register that sets an operation mode of channel n. It is also used to select an operation clock
(fmex), specify whether the serial clock (fsck) may be input or not, set a start trigger, an operation mode (CSI 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 SMRmn register is prohibited when the register is in operation (when SEmn = 1). However, the MDmnO
bit can be rewritten during operation.

The SMRmn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation sets the SMRmn register to 0020H.

Figure 11-5. Format of Serial Mode Register mn (SMRmn) (1/2)

Address: FO110H, FO111H (SMRO00), FO112H, FO113H (SMR01)  After reset: 0020H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmn CKS | CCs 0 0 0 0 0 STS 0 SIS 1 0 0 0 MD | MD
mn | mn mnhete mnO mnl | mnO
Note
CKS Selection of operation clock (fuck) of channel n
mn

0 Operation clock CKmO set by the SPSm register

1 Operation clock CKm1 set by the SPSm register

Operation clock (fuck) is used by the edge detector. In addition, depending on the setting of the CCSmn bit and the
higher 7 bits of the SDRmn register, a transfer clock (frcw) is generated.

CCS Selection of transfer clock (frcik) of channel n

0 Divided operation clock fuck specified by the CKSmn bit

1 Clock input fsck from the SCKp pin (slave transfer in CSI mode)

Transfer clock frcwk is used for the shift register, communication controller, output controller, interrupt controller, and
error controller. When CCSmn = 0, the division ratio of operation clock (fuck) is set by the higher 7 bits of the
SDRmn register.

STS Selection of start trigger source

0 Only software trigger is valid (selected for CSI and UART transmission).

1 Valid edge of the RxDq pin (selected for UART reception)

Transfer is started when the above source is satisfied after 1 is set to the SSm register.

Note The SMRO1 register only.

Caution Be sureto clear bits 13t0 9, 7, and 4 to 2 (or bits 13 to 6, and 4 to 2 for the SMROO register) to “0”. Be
sure to set bit 5to “1”.

Remark m: Unit number (m = 0), n: Channel number (n =0, 1), p: CSI number (p = 00), g: UART number (q = 0)
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Figure 11-5. Format of Serial Mode Register mn (SMRmn) (2/2)

Address: FO110H, FO111H (SMRO00), FO112H, FO113H (SMR01) After reset: 0020H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SMRmn CKS | CCs 0 0 0 0 0 STS 0 SIS 1 0 0 0 MD | MD
mn mn mnhote mn0 mnl | mnO
Note
SIS Controls inversion of level of receive data of channel n in UART mode
mnO

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.

MD Setting of operation mode of channel n
mnl

0 CSI mode

1 UART mode

MD Selection of interrupt source of channel n
mnO

0 Transfer end interrupt

1 Buffer empty interrupt
(Occurs when data is transferred from the SDRmn register to the shift register.)

For successive transmission, the next transmit data is written by setting the MDmnO bit to 1 when SDRmn data has
run out.

Note The SMRO1 register only.

Caution Be sureto clear bits 13t0 9, 7, and 4 to 2 (or bits 13to 6, and 4 to 2 for the SMROO register) to “0”. Be
sureto set bit5to “1”".

Remark m: Unit number (m = 0), n: Channel number (n =0, 1), p: CSI number (p = 00), g: UART number (g = 0)

11.3.4 Serial communication operation setting register mn (SCRmn)

The SCRmn register is a communication operation setting register 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 SCRmn register is prohibited when the register is in operation (when SEmn = 1).

The SCRmn register can be set by a 16-bit memory manipulation instruction.

Reset signal generation sets the SCRmn register to 0087H.
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Figure 11-6. Format of Serial Communication Operation Setting Register mn (SCRmn) (1/2)

Address: FO118H, FO119H (SCRO00), FO11AH, FO11BH (SCR01)  After reset: 0087H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXE | RXE | DAP | CKP 0 EOC | PTC | PTC | DIR 0 |SLCm| SLC 0 1 DLSm| DLS
mn | mn mn mn mn | mnl | mnO | mn niNetel mno nl | mnO
TXE | RXE Setting of operation mode of channel n
mn mn
0 0 Disable communication.
0 1 Reception only
1 0 Transmission only
1 1 Transmission/reception
DAP | CKP Selection of data and clock phase in CSI mode Type
mn mn
o | o SCKp pugipEgEpupEgupiy )
SOp (D7X D6 X D5X D4X D3X D2 X D1X DO
Slp input timing | | | | | | | |
o | 1 SCKp Uy unUe 2
SOp (D7X D6X D5X D4X D3X D2X D1X DO
Slp input timing | O O O O
1| o SCKp pugipupipupipipiy 3
SOp (D7 X D6 X D5 X D4X D3X D2 X D1X DO
Sipinputtimng _ || | | | | | |
1|1 SCKp JuUyuyuUuure 4

SOp (D7AD6X DSX D4} D3A D2X D1X DO

Spinputtming _| | | | | | | |

Be sure to set DAPmn, CKPmn =0, 0 in the UART mode.

EOC Mask control of error interrupt signal (INTSREX (x = 0))
mn
0 Disables generation of error interrupt INTSREX (INTSRx is generated).
1 Enables generation of error interrupt INTSREX (INTSRXx is not generated if an error occurs).

Set EOCmn = 0 in the CSI mode and during UART transmission™°te2,

Notes 1. The SCROO register only.
2. When using CSImn not with EOCmn = 0, error interrupt INTSREn may be generated.

Caution

Be sure to clear bits 3, 6, and 11 to “0” (Also clear bit 5 of the SCRO1 register to 0). Be sure to set bit
2to“1".

Remark m: Unit number (m = 0), n: Channel number (n = 0, 1), p: CSI number (p = 00)
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Figure 11-6. Format of Serial Communication Operation Setting Register mn (SCRmn) (2/2)

Address: FO118H, FO119H (SCR00), FO11AH, FO11BH (SCR01)  After reset: 0087H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCRmn TXE | RXE | DAP | CKP 0 EOC | PTC | PTC | DIR 0 |SLCm| SLC 0 1 |DLSm| DLS
mn | mn | mn | mn mn | mnl | mn0 | mn niNetel mnQ nl | mnO
PTC | PTC Setting of parity bit in UART mode
mnl | mnO Transmission Reception
0 0 Does not output the parity bit. Receives without parity
0 1 | Outputs 0 parityN°te2, No parity judgment
1 0 Outputs even parity. Judged as even parity.
1 1 Qutputs odd parity. Judges as odd parity.

Be sure to set PTCmn1, PTCmnO = 0, 0 in the CSI mode.

DIR Selection of data transfer sequence in CSI and UART modes

0 Inputs/outputs data with MSB first.

1 Inputs/outputs data with LSB first.

SLCm| SLC Setting of stop bit in UART mode
nlNotel mnO

No stop bit

Stop bit length = 2 bits (mn = 00 only)

0 0
0 1 Stop bit length = 1 bit
1 0

1

1 Setting prohibited

When the transfer end interrupt is selected, the interrupt is generated when all stop bits have been completely
transferred.

Set 1 bit (SLCmn1, SLCmnO = 0, 1) during UART reception.

Set no stop bit (SLCmn1, SLCmnO = 0, 0) in the CSI mode.

Set 1 bit (SLCmn1, SLCmnO = 0, 1) or 2 bits (SLCmn1, SLCmnO = 1, 0) during UART transmission.

DLSm| DLS Setting of data length in CSI and UART modes
nlNoteZ mno

0 1 9-bit data length (stored in bits O to 8 of the SDRmn register) (settable in UART mode only)

1 0 7-bit data length (stored in bits O to 6 of the SDRmn register)

1 1 8-bit data length (stored in bits 0 to 7 of the SDRmn register)

Other than above| Setting prohibited

Notes 1. The SCROO register only.
2. 0is always added regardless of the data contents.

Caution Be sure to clear bits 3, 6, and 11 to “0” (Also clear bit 5 of the SCRO1 register to 0). Be sure to set bit
2to"“1".

Remark m: Unit number (m = 0), n: Channel number (n =0, 1), p: CSI number (p = 00)
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11.3.5 Higher 7 bits of the serial data register mn (SDRmn)

The SDRmn register is the transmit/receive data register (16 bits) of channel n.

Bits 8 to O (lower 9 bits) of SDR00, SDRO01 function as a transmit/receive buffer register, and bits 15 to 9 are used as a
register that sets the division ratio of the operation clock (fuck, fsck).

If the CCSmn bit of serial mode register mn (SMRmn) is cleared to 0, the clock set by dividing the operating clock by
the higher 7 bits of the SDRmn register is used as the transfer clock.

If the CCSmn bit of serial mode register mn (SMRmn) is set to 1, set bits 15 to 9 (upper 7 bits) of SDR00 and SDRO01 to
0000000B. The input clock fsck (slave transfer in CSI mode) from the SCKp pin is used as the transfer clock.

The lower 8/9 bits of the SDRmn register function as a transmit/receive buffer register. During reception, the parallel
data converted by the shift register is stored in the lower 9 bits, and during transmission, the data to be transmitted to the
shift register is set to the lower 9 bits.

The SDRmn register can be read or written in 16-bit units.

However, the higher 7 bits can be written or read only when the operation is stopped (SEmn = 0). During operation
(SEmn = 1), a value is written only to the lower 9 bits of the SDRmn register. When the SDRmn register is read during
operation, 0 is always read.

Reset signal generation clears the SDRmn register to 0000H.

Figure 11-7. Format of Serial Data Register mn (SDRmn)

Address: FFF10H, FFF11H (SDRO00), FFF12H, FFF13H (SDRO1) After reset: 0000H R/W
FFF11H (SDRO0O0) FFF10H (SDROO0)
—
Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
soren | | | [ [ ] 1 fof | [ | | [ [ | |
SDRmMnN[15:9] Transfer clock setting by dividing the operating clock (fvck)
0 0 0 0 0 0 0 fmek/2, fsck/2 (in CSI slave)
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 fvck/254
1 1 1 1 1 1 1 fmek/256

Cautions 1. Setting SDRmn[15:9] = (0000000B, 0000001B) is prohibited when UART is used.
2. Do not write eight bits to the lower eight bits if operation is stopped (SEmn = 0). (If these bits are
written to, the higher seven bits are cleared to 0.)

Remarks 1. For the function of the lower 9 bits of the SDRmn register, see 11.2 Configuration of Serial Array Unit.
2. m: Unit number (m = 0), n: Channel number (n =0, 1)
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11.3.6 Serial flag clear trigger register mn (SIRmn)
The SIRmn register is a trigger register that is used to clear each error flag of channel n.

When each bit (FECTmn, PECTmn, OVCTmn) of this register is set to 1, the corresponding bit (FEFmn, PEFmn,
OVFmn) of serial status register mn is cleared to 0. Because the SIRmn register is a trigger register, it is cleared

immediately when the corresponding bit of the SSRmn register is cleared.
The SIRmn register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SIRmn register can be set with an 8-bit memory manipulation instruction with SIRmnL.

Reset signal generation clears the SIRmn register to 0000H.
Figure 11-8. Format of Serial Flag Clear Trigger Register mn (SIRmn)

Address: FO108H, FO109H (SIR00), FO10AH, FO10BH (SIR01)  After reset: 0000H  R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SIRmn 0 0 0 0 0 0 0 0 0 0 0 0 0 |FECT| PEC | OVC
mnN°| Tmn | Tmn
FEC Clear trigger of framing error of channel n
Tmn

0 Not cleared

1 Clears the FEFmn bit of the SSRmn register to 0.

PEC Clear trigger of parity error flag of channel n
Tmn

0 Not cleared

1 Clears the PEFmn bit of the SSRmn register to 0.

oveC Clear trigger of overrun error flag of channel n
Tmn

0 Not cleared

1 Clears the OVFmn bit of the SSRmn register to 0.

Note The SIRO1 register only.
Caution Be sure to clear bits 15 to 3 (or bits 15 to 2 for the SIR00 register) to “0”.

Remarks 1. m: Unit number (m = 0), n: Channel number (n =0, 1)
2. When the SIRmn register is read, 0000H is always read.
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11.3.7 Serial status register mn (SSRmn)

The SSRmn register is a register that indicates the communication status and error occurrence status of channel n.
The errors indicated by this register are a framing error, parity error, and overrun error.

The SSRmn register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the SSRmn register can be set with an 8-bit memory manipulation instruction with SSRmnL.

Reset signal generation clears the SSRmn register to 0000H.

Figure 11-9. Format of Serial Status Register mn (SSRmn) (1/2)

Address: FO100H, FO101H (SSR00), FO102H, FO103H (SSR01)  After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSRmn 0 0 0 0 0 0 0 0 0 TSF | BFF 0 0 |FEFm| PEF | OVF
mn | mn nVe | mn | mn
TSF Communication status indication flag of channel n
mn
0 Communication is stopped or suspended.
1 Communication is in progress.

<Clear conditions>

e The STmn bit of the STm register is set to 1 (communication is stopped) or the SSmn bit of the SSm register is
set to 1 (communication is suspended).

o Communication ends.

<Set condition>

e Communication starts.

BFF Buffer register status indication flag of channel n

0 Valid data is not stored in the SDRmn register.

1 Valid data is stored in the SDRmn register.

<Clear conditions>

» Transferring transmit data from the SDRmn register to the shift register ends during transmission.

* Reading receive data from the SDRmn register ends during reception.

e The STmn bit of the STm register is set to 1 (communication is stopped) or the SSmn bit of the SSm register is
set to 1 (communication is enabled).

<Set conditions>

e Transmit data is written to the SDRmn register while the TXEmn bit of the SCRmn register is set to 1
(transmission or transmission and reception mode in each communication mode).

e Receive data is stored in the SDRmn register while the RXEmn bit of the SCRmn register is set to 1 (reception or
transmission and reception mode in each communication mode).

* A reception error occurs.

Note The SSRO01 register only.

Caution If data is written to the SDRmn register when BFFmn = 1, the transmit/receive data stored in the
register is discarded and an overrun error (OVEmn = 1) is detected.

Remark m: Unit number (m = 0), n: Channel nhumber (n =0, 1)
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Figure 11-9. Format of Serial Status Register mn (SSRmn) (2/2)

Address: FO100H, FO101H (SSRO00), FO102H, FO103H (SSR01) After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSRmn 0 0 0 0 0 0 0 0 0 TSF | BFF 0 0 |FEFm| PEF | OVF
mn | mn nNett | mn | mn
FEFm Framing error detection flag of channel n
nNote
0 No error occurs.
1 | An error occurs (during UART reception).

<Clear condition>
¢ 1 is written to the FECTmn bit of the SIRmn register.

<Set condition>
o A stop bit is not detected when UART reception ends.

PEF Parity/ACK error detection flag of channel n

0 No error occurs.

1 Parity error occurs (during UART reception) or ACK is not detected (during I1>C transmission).

<Clear condition>
e 1 is written to the PECTmn bit of the SIRmn register.
<Set condition>
o The parity of the transmit data and the parity bit do not match when UART reception ends (parity error).

OVF Overrun error detection flag of channel n

0 No error occurs.

1 An error occurs

<Clear condition>
¢ 1 is written to the OVCTmn bit of the SIRmn register.

<Set condition>
» Even though receive data is stored in the SDRmn register, that data is not read and transmit data or the next
receive data is written while the RXEmn bit of the SCRmn 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 The SSRO1 register only.

Caution When the CSl is performing reception operations in the SNOOZE mode (SWCm = 1), the OVFmn flag
will not change.

Remark m: Unit number (m = 0), n: Channel number (n =0, 1)
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11.3.8 Serial channel start register m (SSm)
The SSm register is a trigger register that is used to enable starting communication/count by each channel.
When 1 is written a bit of this register (SSmn), the corresponding bit (SEmn) of serial channel enable status register m
(SEm) is set to 1 (Operation is enabled). Because the SSmn bit is a trigger bit, it is cleared immediately when SEmn = 1.
The SSm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SSm register can be set with an 1-bit or 8-bit memory manipulation instruction with SSmL.
Reset signal generation clears the SSm register to 0000H.

Figure 11-10. Format of Serial Channel Start Register m (SSm)

Address: FO122H, FO123H (SS0)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSO0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ’ 0 ’ 0 ’ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | SS01 ’ SS00 |
SSmn Operation start trigger of channel n

0 No trigger operation

1 Sets the SEmn bit to 1 and enters the communication wait statusN°te,

Note If setthe SSmn =1 to during a communication operation, will wait status to stop the communication.
At this time, holding status value of control register and shift register, SCKmn and SOmn pins, and FEFmn,
PEFmn, OVFmn flags.

Cautions 1. Be sureto clear bits 15to 2to “0”.
2. For the UART reception, set the RXEmn bit of SCRmn register to 1, and then be sure to set SSmn

to 1 after 4 or more fmck clocks have elapsed.

Remarks 1. m: Unit number (m = 0), n: Channel number (n =0, 1)
2. When the SSm register is read, 0000H is always read.
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11.3.9 Serial channel stop register m (STm)

The STm register is a trigger register that is used to enable stopping communication/count by each channel.

When 1 is written a bit of this register (STmn), the corresponding bit (SEmn) of serial channel enable status register m
(SEm) is cleared to 0 (operation is stopped). Because the STmn bit is a trigger bit, it is cleared immediately when SEmn =
0.

The STm register can set written by a 16-bit memory manipulation instruction.

The lower 8 bits of the STm register can be set with a 1-bit or 8-bit memory manipulation instruction with STmL.

Reset signal generation clears the STm register to 0000H.

Figure 11-11. Format of Serial Channel Stop Register m (STm)

Address: FO124H, FO125H (STO)  After reset: 0000H W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
STO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | STO1 ‘ STOO0 |
STm Operation stop trigger of channel n

0 No trigger operation

1 Clears the SEmn bit to 0 and stops the communication operation"°,

Note Holding status value of the control register and shift register, the SCKmn and SOmn pins, and FEFmn, PEFmn,
OVFmn flags.

Caution Be sureto clear bits 15to 2to “0".

Remarks 1. m: Unit number (m = 0), n: Channel number (n =0, 1)
2. When the STm register is read, 0000H is always read.
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11.3.10 Serial channel enable status register m (SEm)

The SEm register indicates whether data transmission/reception operation of each channel is enabled or stopped.

When 1 is written a bit of serial channel start register m (SSm), the corresponding bit of this register is set to 1. When 1
is written a bit of serial channel stop register m (STm), the corresponding bit is cleared to 0.

Channel n that is enabled to operate cannot rewrite by software the value of the CKOmn bit (serial clock output of
channel n) of serial output register m (SOm) to be described below, and a value reflected by a communication operation is
output from the serial clock pin.

Channel n that stops operation can set the value of the CKOmn bit of the SOm register by software and output its value
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 SEm register can be read by a 16-bit memory manipulation instruction.

The lower 8 bits of the SEm register can be set with a 1-bit or 8-bit memory manipulation instruction with SEmL.

Reset signal generation clears the SEm register to 0000H.

Figure 11-12. Format of Serial Channel Enable Status Register m (SEm)

Address: FO120H, FO121H (SEO) After reset: 0000H R

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SEO | 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | 0 ’ 0 ’ 0 ’ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 ‘ 0 | SEO1 ’ SE00 |
SEm Indication of operation enable/stop status of channel n

0 Operation stops

1 Operation is enabled.

Remark m: Unit number (m = 0), n: Channel number (n =0, 1)
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11.3.11 Serial output enable register m (SOEm)
The SOEm register is a register that is used to enable or stop output of the serial communication operation of each

channel.

Channel n that enables serial output cannot rewrite by software the value of the SOmn bit of serial output register m
(SOm) to be described below, and a value reflected by a communication operation is output from the serial data output pin.
For channel n, whose serial output is stopped, the SOmn bit value of the SOm register can be set by software, and that
value can be output from the serial data output pin. In this way, any waveform of the start condition and stop condition can

be created by software.
The SOEm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SOEm register can be set with a 1-bit or 8-bit memory manipulation instruction with SOEmL.

Reset signal generation clears the SOEm register to 0000H.

Figure 11-13. Format of Serial Output Enable Register m (SOEm)

Address: FO12AH, FO12BH  After reset: 0000H R/W
Symbol 15 14 13 12 11 10 9 8 7 6 5 0
SOEO 0 0 0 0 0 0 0 0 0 0 0 SOE
00
SOE Serial output enable/stop of channel n
mn
0 Stops output by serial communication operation.
1 Enables output by serial communication operation.
Caution Be sureto clear bits 15to 1to “0”.

Remark m: Unit number (m = 0), n: Channel nhumber (n = 0)
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11.3.12 Serial output register m (SOm)

The SOm register is a buffer register for serial output of each channel.

The value of the SOmn bit of this register is output from the serial data output pin of channel n.

The value of the CKOmn bit of this register is output from the serial clock output pin of channel n.

The SOmn bit of this register can be rewritten by software only when serial output is disabled (SOEmn = 0). When
serial output is enabled (SOEmn = 1), rewriting by software is ignored, and the value of the register can be changed only
by a serial communication operation.

The CKOmn bit of this register can be rewritten by software only when the channel operation is stopped (SEmn = 0).
While channel operation is enabled (SEmn = 1), rewriting by software is ignored, and the value of the CKOmn bit can be
changed only by a serial communication operation.

To use a pin for the serial interface as a port function pin other than a serial interface function pin, set the
corresponding the CKOmn and SOmn bits to 1.

The SOm register can be set by a 16-bit memory manipulation instruction.

Reset signal generation clears the SOm register to 0303H.

Figure 11-14. Format of Serial Output Register m (SOm)

Address: FO128H, FO129H (SO0)  After reset: 0303H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SO0 0 0 0 0 0 0 1 CKO 0 0 0 0 0 0 1 SO
00 00
CKO Serial clock output of channel n
mn

0 Serial clock output value is “0".

1 Serial clock output value is “1".

SO Serial data output of channel n

0 Serial data output value is “0”".

1 Serial data output value is “1".

Caution Be sureto clear bits 15to 10 and 7 to 2 of the SOO register to “0”
Be sure to set bits 9 and 1 of the SO0 register to “1”.

Remark m: Unit number (m = 0), n: Channel number (n = 0)
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11.3.13 Serial output level register m (SOLm)

The SOLm register is a register that is used to set inversion of the data output level of each channel.

This register can be set only in the UART mode. Be sure to set O for corresponding bit in the CSI mode.

Inverting channel n by using this register is reflected on pin output only when serial output is enabled (SOEmn = 1).
When serial output is disabled (SOEmn = 0), the value of the SOmn bit is output as is.

Rewriting the SOLm register is prohibited when the register is in operation (when SEmn = 1).

The SOLm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SOLm register can be set with an 8-bit memory manipulation instruction with SOLmL.

Reset signal generation clears the SOLm register to 0000H.

Figure 11-15. Format of Serial Output Level Register m (SOLm)

Address: FO134H, FO135H (SOL0O)  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SOLO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SOL
00
SOL Selects inversion of the level of the transmit data of channel n in UART mode
mn
0 Communication data is output as is.
1 Communication data is inverted and output.

Caution Be sureto clear bits 15to 1to “0”.

Remark m: Unit number (m = 0), n: Channel humber (n = 0)

Figure 11-16 shows examples in which the level of transmit data is reversed during UART transmission.
Figure 11-16. Examples of Reverse Transmit Data

(a) Non-reverse Output (SOLmn = 0)

SOLm = 0 output

SOUTONn

Transmit data (inverted)

— —
ST | Transmit data ! | P P1S
(b) Reverse Output (SOLmMn = 1)
SOLm = 1 output — i i
SouTOn /o A U A A U
— : . : . | |
ST | ' P i S

@
. 4

Remark m: Unit number (m = 0), n: Channel number (n =0, 2)
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11.3.14 Serial standby control register m (SSCm)

The SSCO register is used to control the startup of reception (the SNOOZE mode) while in the STOP mode when
receiving CSI00 or UARTO serial data.

The SSCm register can be set by a 16-bit memory manipulation instruction.

The lower 8 bits of the SSCm register can be set with an 8-bit memory manipulation instruction with SSCmL.

Reset signal generation clears the SSCm register to 0000H.

Caution The maximum transfer rate in the SNOOZE mode is as follows.
e When using CSI00: Up to 1 Mbps
e When using UARTO: 4800 bps only

Figure 11-17. Format of Serial Standby Control Register m (SSCm)

Address: FO138H  After reset: 0000H R/W

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SSCm 0 0 0 0 0 0 0 0 0 0 0 0 0 0 SS |swcC
ECm| m
SSECm Selection of whether to enable or disable the generation of

communication error interrupts in the SNOOZE mode

0 Enable the generation of error interrupts (INTSREO)

1 Disable the generation of error interrupts (INTSREO)

e The SSECm bit can be set to 1 or 0 only when both the SWCm and EOCmn bits are set to 1 during UART
reception in the SNOOZE mode. In other cases, clear the SSECm bit to 0.
e Setting SSECm, SWCm = 1, 0 is prohibited.

SWCm Setting of the SNOOZE mode
0 Do not use the SNOOZE mode function.
1 Use the SNOOZE mode function.

o When there is a hardware trigger signal in the STOP mode, the STOP mode is exited, and A/D conversion is
performed without operating the CPU (the SNOOZE mode).

» The SNOOZE mode function can only be specified when the high-speed on-chip oscillator clock is selected for
the CPU/peripheral hardware clock (fcik). If any other clock is selected, specifying this mode is prohibited.

* Even when using SNOOZE mode, be sure to set the SWCm bit to 0 in normal operation mode and change it to 1
just before shifting to STOP mode.
Also, be sure to change the SWCm bit to O after returning from STOP mode to normal operation mode.

Caution Setting SSECm, SWCm =1, 0 is prohibited.

Figure 11-18. Interrupt in UART Reception Operation in SNOOZE Mode

EOCmn Bit SSECm Bit Reception Ended Successfully Reception Ended in an Error
0 0 INTSRXx is generated. INTSRXx is generated.
0 1 INTSRXx is generated. INTSRXx is generated.
1 0 INTSRx is generated. INTSRx is generated.
1 1 INTSRXx is generated. No interrupt is generated.
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11.3.15 Input switch control register (ISC)
The SSIEQO bit of the ISC register is used to control the SSIO0 pin input when CSIO0 communication and slave mode

are applied. While a high level is being input to the SSI00 pin, no transmission/reception operation is performed even if a
serial clock is input, and the SOQ0 pin outputs high impedance.
While a low level is being input to the SSI00 pin, a transmission/reception operation is performed according to each
mode setting if a serial clock is input.
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: 0OH R/W

Symbol 7 6 5 4 3 2 1
ISC SSIE0O 0 0 0 0 0 0
SSIEOO SSI00 input setting in CSI communication and slave mode
0 SSI00 pin input is invalid.
1 SSI00 pin input is valid.

Caution Be sureto clear bits 6to 0to “0".
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11.3.16 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

to each channel.

Disable the noise filter of the pin used for CSlI, 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, CPU/peripheral hardware clock (fcik) is synchronized with 2-clock match detection.

When the noise filter is OFF, only synchronization is performed with the CPU/peripheral hardware clock (fuck).
The NFENO register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation clears the NFENO register to OOH.

Figure 11-20.

Address: FOO70H  After reset: 00H R/IW

Format of Noise Filter Enable Register 0 (NFENO)

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 (RXDO/TOOLRXD/SDAOQ0/SI00/P11)
0 Noise filter OFF
1 Noise filter ON

Set the SNFENOO bit to 1 to use the RxDO pin.
Clear the SNFENOO bit to 0 to use the other than RxDO pin.

Caution Be sureto clear bits 7to 1to “0".
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11.3.17 Port mode register 3 (PM3)

This register sets input/output of port 3 in 1-bit units.

When using the ports (such as P30/INTP2/TxDO/TOOLTxD/SOO0) to be shared with the serial data output pin or serial
clock output pin for serial data output or serial clock output, set the port mode register (PMxx) bit corresponding to each
portto 0. And set the port register (Pxx) bit corresponding to each port to 1.

Example: When using P30/INTP2/TxDO/TOOLTxD/SOO for serial data output
Set the PM30 bit of the port mode register 3 to “0”.
Set the P30 bit of the port register 3 to “1”.

When using the ports (such as P30/INTP2/TxDO/TOOLTXD/SOO) to be shared with the serial data input pin or serial clock
input pin for serial data input or serial clock input, set the port mode register (PMxx) bit corresponding to each portto 1. At
this time, the port register (Pxx) bit may be 0 or 1.

Example: When using P30/INTP2/TxDO/TOOLTxD/SOO for serial data input

Set the PM30 bit of port mode register 3 to “1".
Set the P30 bit of port register 3 to 0 or “1”.

The PM3 register can be set by a 1-bit or 8-bit memory manipulation instruction.
Reset signal generation sets the PM3 register to FFH.
Refer to Table 4-11 to see which PMxx registers are provided for each product.

Figure 11-21. Format of Port Mode Register 3 (PM3)

Address: FFF23H  After reset: FFH R/W

Symbol 7 6 5 4 3 2 1 0
PM3 1 1 PM35Nete PM34Note PM33 PM32 PM31 PM30
PM3n P3n pin I/O mode selection (n = 0 to 5)
0 Output mode (output buffer on)
1 Input mode (output buffer off)

Note These are not provided in 24-pin products.

Caution Be sureto set bits 7and 6to “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 pin for serial interface can be used as port function pins in this mode.
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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.

To stop the operation of serial array unit 0, set bit 2 (SAUOEN) to 0.

Figure 11-22. Peripheral Enable Register 0 (PERO) Setting When Stopping the Operation by Units

(@) Peripheral enable register 0 (PERO) ... Set only the bit of SAUm to be stopped to 0.

7 6 5 4 3 2 1 0
PERO 0 IICALEN ADCEN IICAOEN 0 SAUOEN 0 TAUOEN
X X X 0/1 x

Control of SAUm input clock
0: Stops supply of input clock
1: Supplies input clock

Cautions 1. If SAUmMEN = 0, writing to a control register of serial array unit m is ignored, and, even if the

register is read, only the default value is read.
Note that this does not apply to the following registers.
e Input switch control register (ISC)
¢ Noise filter enable register 0 (NFENO)
e Port mode register 3 (PM3)
e Port register 3 (P3)

2. Besureto clear bits 7,3, and 1to “0".

Remark x: Bits not used with serial array units (depending on the settings of other peripheral functions)
[]: 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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11.4.2 Stopping the operation by channels
The stopping of the operation by channels is set using each of the following registers.

Figure 11-23. Each Register Setting When Stopping the Operation by Channels

(@) Serial channel stop register m (STm) ... This register is a trigger register that is used to enable
stopping communication/count by each channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

STm STml | STmO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 | 0/1

1: Clears the SEmn bit to 0 and stops the communication operation | |

* Because the STmn bit is a trigger bit, it is cleared immediately when SEmn = 0.

(b) Serial Channel Enable Status Register m (SEm) ... This register indicates whether data
transmission/reception operation of each channel is enabled or stopped.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SEm SEm1 | SEmO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1 | 0/1

0: Operation stops | |

* The SEm register is a read-only status register, whose operation is stopped by using the STm register.
With a channel whose operation is stopped, the value of the CKOmn bit of the SOm register can be set by
software.

(c) Serial output enable register m (SOEm) ... This register is a register that is used to enable or stop
output of the serial communication operation of each channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEmO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1

0: Stops output by serial communication operation

* For channel n, whose serial output is stopped, the SOmn bit value of the SOm register can be set by software.

(d) Serial output register m (SOm) ...This register is a buffer register for serial output of each channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOmoO SOmo
0 0 0 0 0 0 0 0/1 0 0 0 0 0 0 0 0/1

1: Serial clock output value is “1” - 1 1: Serial data output value is |

*When using pins corresponding to each channel as port function pins, set the corresponding CKOmn, SOmn bits to “1”.

(e) Input switch control register (ISC) ...This register controls the SSIO0 pin of CSIOO slave channel

(channel 0 of unit 0).
7 6 5 4 3 2 1 0

ISC |ssiEoo
0/1 0 0 0 0 0 0 0

0: Disables input value of SSI0O0 pin. 1

Remarks 1. m: Unit number (m = 0), n: Channel number (n =0, 1)
2. []: 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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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 (SI and SO) lines.
[Data transmission/reception]
¢ Data length of 7 or 8 bits
¢ Phase control of transmit/receive data
¢ MSBJ/LSB first selectable
¢ Level setting of transmit/receive data
[Clock control]
e Master/slave selection
¢ Phase control of I/0 clock
e Setting of transfer period by prescaler and internal counter of each channel
e Maximum transfer rate Note
During master communication: Max. fuck/2
During slave communication: Max. fmck/6
[Interrupt function]
¢ Transfer end interrupt/buffer empty interrupt
[Error detection flag]
e Overrun error

In addition, CSIO0 supports the SNOOZE mode. When SCK input is detected while in the STOP mode, the SNOOZE
mode makes data reception that does not require the CPU possible.

Note Use the clocks within a range satisfying the SCK cycle time (ikcy) characteristics (see CHAPTER 27
ELECTRICAL SPECIFICATIONS).
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The channels supporting 3-wire serial 1/0 (CSI00) are channel 0 of SAUO.

Unit

Channel Used as CSI

CSI00 (supporting slave
select input function)

Used as UART

UARTO

3-wire serial I/O (CSI00) performs the following seven types of communication operations.

e Master transmission

e Master reception

(See 11.5.1))
(See 11.5.2))

¢ Master transmission/reception  (See 11.5.3.)

e Slave transmission

¢ Slave reception

(See 11.5.4))
(See 11.5.5))

¢ Slave transmission/reception (See 11.5.6.)

¢ SNOOZE mode function

(See 11.5.7))
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11.5.1 Master transmission
Master transmission is that the RL78/G1P outputs a transfer clock and transmits data to another device.

3-Wire Serial I/O

CSI00

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 rate Not

Max. fmck/2 [Hz]
Min. fek/(2 x 2% x 128) [Hz] fek: System clock frequency

Data phase Selectable by the DAPmn bit of the SCRmn register

o DAPmn = 0: Data output starts from the start of the operation of the serial clock.

o DAPmn = 1: Data output starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

e CKPmn = 0: Non-reverse
o CKPmn = 1: Reverse

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in
the electrical specifications (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

Remark m: Unit number (m = 0), n: Channel number (n = 0), mn = 00
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(1) Register setting

Figure 11-24. Example of Contents of Registers for Master Transmission of 3-Wire Serial 1/0 (CSI00)

(@) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMnN  |cksmnljccsmn| STSmn SISmnQ MDmn1j|MDmnO
0/1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fwck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

I DLSmn1

SCRmMnN || TXEmn|RXEmn||DAPmn| CKPmn EOCmn|PTCmn1 |PTCmn0Oj| DIRmn SLCmn1{SLCmnO DLSmn0
1 0 0/1 | 0/1 0 0 0 0 o1| 0 0 0 0 1 1 0/1
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 1: Inputs/outputs data with LSB first. 1: 8-bit data length

setting, see 11.3 Registers
Controlling Serial Array Unit.)

(c) Serial dataregister mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn Baud rate setting Transmit data
(Operation clock (fvck) division setting) 0 (Transmit data setting)
SIOp

(d) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOmoO SOmo
0 0 0 0 0 0 0 0/1 0 0 0 0 0 0 0 0/1

__ Communication starts when these bits are 1 if the clock
phase is non-reversed (the CKPmn bit of the SCRmn = 0).
If the clock phase is reversed (CKPmn = 1),
communication starts when these bits are 0.

(e) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEmMO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1

(f) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm ssmil | SSmo

0 0 0 0 0 0 0 0 0 0 0 0 0 0 x | 0/1

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI humber (p = 00), mn = 00
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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(2) Operation procedure

Figure 11-25. Initial Setting Procedure for Master Transmission

(Starting initial setting>

Setting the PERO register

|

Setting the SPSm register

|

Setting the SMRmn register

|

Setting the SCRmn register

|

Setting the SDRmn register

|

Setting the SOm register

|

Setting of the SOEm register

|

Setting port

|

Writing to the SSm 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 (CKOmn) and serial data (SOmn).

Set the SOEmn bit to 1 and enable data
output of the target channel.

Setting a port register and a port mode
register (Enable data output and clock
output of the target channel by)

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Setting of SAU is completed.

Write transmit data to the SIOp register
(bits 7 to 0 of the SDRmn register) and
start communication.
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Figure 11-26. Procedure for Stopping Master Transmission

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 STm register ‘ Write 1 to the STmn bit of the target channel.
| (SEmn = 0: to operation stop status)
(Essential) ‘Changing setting of the SOEM register Set the SOEmn bit to 0 and stop the output of
the target channel.
Selecti Changing seting of the SOm register The levels of the serial clock (CKOmn) and
(Selective) ‘ ong 9 9 serial data (SOmn) on the target channel can
be changed if necessitated by an emergency.
(Selective) ‘ Setting the PERO register ‘ To use the STOP mode, 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)

(Essential)

(Selective) | Changing setting of the SPSm register

(Selective) Changing setting of the SDRmn register

(Selective) | Changing setting of the SMRmn register

(Selective) | changing setting of the SCRmn register

(Selective)

(Selective)

(Selective) | changing setting of the SOEm register

Figure 11-27. Procedure for Resuming Master Transmission

éarting setting for resumption>
Master ready? m

Yes

Port manipulation

Changing setting of the SOEm register

Changing setting of the SOm register

(Essential) Port manipulation
(Essential) | \riting to the SSm 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 (fuck)).

Re-set the register to change serial
mode register mn (SMRmn) setting.

Re-set the register to change serial
communication operation setting register
mn (SCRmn) setting.

Set the SOEmn bit to 0 to stop output
from the target channel.

Set the initial output level of the serial
clock (CKOmn) and serial data (SOmn).

Set the SOEmn 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 SSmn bit of the target channel to 1
(SEmn = 1: to enable operation).

Setting is completed
Sets transmit data to the SIOp register
(bits 7 to 0 of the SDRmn 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 11-28. Timing Chart of Master Transmission (in Single-Transmission Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn
STmn r}_
SEmn L
SDRmn X Transmit data 1 X Transmit data 2 X Transmit data 3
sekp pn ™ MM LU
SOp pin Transmit data 1 Transmit data 2 Transmit data 3

INTCSIp

Data transmission Data transmission Data transmission

TSFmn

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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Figure 11-29. Flowchart of Master Transmission (in Single-Transmission Mode)

éaning Csl communicatioD

SAU default setting

For the initial setting, see Figure 11-25.
(Select Transfer end interrupt)

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 urepy

| Setting transmit data |

| 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
SIOp (=SDRmnN([7:0]) to SIOp. Update transmit data pointer. Writing to SIOp makes SOp and
- SCKp signals out
= (communication starts)

| Wait for transmit completes |

When Transfer end interrupt is generated, it

moves to interrupt processing routine

\\

CT ransfer end interrupD

.. . . Read transmit data, if any, from storage area and
Writing transmit data to Sets communication

SIOp (=SDRmN[7:0]) completion flag write it to SIOp. Update transmit data pointer.

If not, set transmit end flag

aunnod Buissasoud 1dnusiul

Y

Check completion of transmission by

verifying transmit end flag

Transmission completed?

5 Yes
5 | Disable interrupt (MASK) |
£ |
g.
| Write STmn bit to 1 |
CEnd of communicatioD
N
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(4) Processing flow (in continuous transmission mode)

Figure 11-30. Timing Chart of Master Transmission (in Continuous Transmission Mode)
(Type 1: DAPmn =0, CKPmn = 0)

ssmn<1>
STmn <6> ”_
SEmn ___ | L
SDRmn  Kransmit data 1 Transmit data 2 Transmit data 3
SCKp pin oy Uy
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Snif regiter VTS T 0 0 0 8 D T 0 L
INTCSIp
- Data transmission - Data transmission g Data transmission -
MDmnO <4>|
TSFmn —
BFFmn
<2><3> <2> <3> <2> <3> <5>

Note

Note If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is
1 (valid data is stored in serial data register mn (SDRmn)), the transmit data is overwritten.

Caution The MDmnO bit of serial mode register mn (SMRmn) 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 m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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Figure 11-31. Flowchart of Master Transmission (in Continuous Transmission Mode)
4 C Starting setting )
<1> For the initial setting, refer to Figure 11-25
SAU default setting (Select buffer empty interrupt)
o
° l Set data for transmission and the number of data. Clear communication end flag
k= | Setting transmit data | (Storage area, Transmission data pointer, Number of communication data and
‘g | Communication end flag are optionally set on the internal RAM by the software)
c
T . Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
= | Enables interrupt | interrupt enable (EI).
<25 N ] Read transmit data from storage area and write it
Writing transmit data to to SIOp. Update transmit data pointer. "
SIOp (= SDRmn [7:0]) Writing to SIOp makes SOp
|- and SCKp signals out
| (communication starts)
il
_ | Wait for transmit completes |
e <3><5> When transfer end interrupt is generated, it

Interrupt processing routine

T

moves to interrupt processing routine.

(Buffer empty/transfer end interrupt)

If transmit data is left, read them from storage
area then write into SIOp, and update transmit
data pointer and number of transmit data.

If no more transmit data, clear MDmnO bit if it's
set. If not, finish.

Writing transmit data to
SIOp (= SDRmn [7:0])

subvact 1 fommberof | e )| coenon mevapn
transmit data ear mno bitto P ptilag

» '

Check completion of transmission by
verifying transmit end flag

No
Transmission completed?

Yes

Write MDmnO bit to 1 |

Main routine

Yes Communication
continued?

No
| Disable interrupt (MASK) |
I
<6> | Write STmn bit to 1 |
|
C End of communication )

Remark <1> to <6> in the figure correspond to <1> to <6> in Figure 11-30 Timing Chart of Master

Transmission (in Continuous Transmission Mode).
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11.5.2 Master reception

Master reception is that the RL78/G1P outputs a transfer clock and receives data from other device.

3-Wire Serial I/O

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 (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate Nt

Max. fmck/2 [Hz]
Min. fek/(2 x 2% x 128) [Hz] fek: System clock frequency

Data phase Selectable by the DAPmn bit of the SCRmn register

o DAPmn = 0: Data input starts from the start of the operation of the serial clock.

o DAPmn = 1: Data input starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

e CKPmn = 0: Non-reverse
o CKPmn = 1: Reverse

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in
the electrical specifications (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

Remark m: Unit number (m = 0), n: Channel number (n = 0), mn = 00
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(1) Register setting

Figure 11-32. Example of Contents of Registers for Master Reception of 3-Wire Serial 1/0 (CSI00)

(a) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMnN  fcksmnljccsmn| STSmn SISmnQ MDmn1}|MDmnO
0/1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fwck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmMnN || TXEmn|RXEmn||DAPmn| CKPmn EOCmn|PTCmn1 |PTCmn0Oj| DIRmn SLCmn1{SLCmnO DLSmn1]{DLSmn0
0 1 0/1 | 0/1 0 0 0 0 o1| 0 0 0 0 1 1 0/1
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 1: Inputs/outputs data with LSB first. 1: 8-bit data length

setting, see 11.3 Registers
Controlling Serial Array Unit.)

(c) Serial dataregister mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn Baud rate setting Receive data
(Operation clock (fwck) division setting) 0 (Write FFH as dummy data.)
SIOp

(d) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOmO SOmo

0 0 0 0 0 0 0 |01 O 0 0 0 0 0 0 X

L_ Communication starts when these bits are 1 if the clock
phase is non-reversed (the CKPmn bit of the SCRmn = 0).
If the clock phase is reversed (CKPmn = 1),
communication starts when these bits are 0.

(e) Serial output enable register m (SOEm) ...The register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEmMO

(f) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm1 | SSmo

0 0 0 0 0 0 0 0 0 0 0 0 0 0 x | 0/1

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn =00
2. @: Setting is fixed in the CSI master reception mode, 0 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 11-33. Initial Setting Procedure for Master Reception

<Starting initial setting>

‘ Setting the PERO register ‘

‘ Setting the SPSm register ‘

‘ Setting the SMRmn register ‘

‘ Setting the SCRmn register ‘

‘ Setting the SDRmn register ‘

‘ Setting the SOm register ‘

Setting port

‘ Writing to the

SSm 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 (CKOmn).

Enable clock output of the target channel
by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Initial setting is completed.

Set dummy data to the SIOp register (bits
7 to 0 of the SDRmn register) and start
communication.
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Figure 11-34. 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 STm register ‘ Write 1 to the STmn bit of the target channel.
| (SEmn = 0: to operation stop status)
(Essential) ‘Changing setting of the SOEM register Set the SOEmn bit to 0 and stop the output of
the target channel.
i - - - The levels of the serial clock (CKOmn) and
(Selective) Changing setting of the SOm register ;
serial data (SOmn) on the 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 11-35. Procedure for Resuming Master Reception

éarting setting for resumpti(D

Completing master
preparations?

Wait until stop the communication target

(slave) or communication operation

(Essential) completed

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 operation
(Selective) | changing setting of the SPSm register )
clock setting.

Re-set the register to change the
transfer baud rate setting (setting the
transfer clock by dividing the operation
clock (fmck)).

(SeIeCtive) Changing setting of the SDRmn register

(Selective) | Changing setting of the SMRmn register Re-set the register to change serial

mode register mn (SMRmn) setting.

Re-set the register to change serial

(Selective) | Changing setting of the SCRmn register communication operation setting register
mn (SCRmn) setting.

Set the initial output level of the serial

(Se|ective) Changing setting of the SOm register
clock (CKOmn).

If the OVF flag remain set, clear this
(Selective) Clearing error flag using serial flag clear trigger register mn
(SIRmn).

Enable clock output of the target channel
(Essential) Port manipulation by setting a port register and a port mode
register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

(Essential) | \writing to the SSm register

c | Setting is completed

ompleting resumption

< P segtting P > Sets dummy data to the SIOp register (bits
7 to 0 of the SDRmn 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 (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 11-36. Timing Chart of Master Reception (in Single-Reception Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn
STmn r'_
SEmn ____| ] ] ] L
Receive data 1 Receive data 2 Receive data 3 1
SDRmn X Dummy data for reception Dummy data Dummy data X'
AWrite AWrite AWrite R | A
S ——) 1 P L U LU LT ] .
Slp pin Receive data 1 X Receive data 2 Receive data 3
Shift register mn X Regeptjon &'shif{ opsration X X Reée_pf'm§(m;t'$\9@n X X Receptjon & %ﬁgﬁg'_\[at@ﬁ X
INTCSIp
Data reception Data reception Data reception
TSFmn

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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aunnols urey

N

aunnol Buissadsoud 1dnuiaiu)

aunnol urep

SAU default setting

Setting receive data

Enables interrupt

[
Ll

Writing dummy data to
SIOp (=SDRmn[7:0])

Wait for receive completes

Figure 11-37. Flowchart of Master Reception (in Single-Reception Mode)

Gtarting Csl communicatioD

For the initial setting, see Figure 11-33.
(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

(communication starts)

When transfer end interrupt is generated, it moves

P
<

Transfer end interrupt
generated?

Reading receive data to
SIOp (=SDRmMn[7:0])
I

C RFTTI )

All reception completed?

Yes

Disable interrupt (MASK)

I
Write STmn bitto 1

CEnd of communication)

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 11-38. Timing Chart of Master Reception (in Continuous Reception Mode) (Type 1: DAPmn =0, CKPmn = 0)

SSmn<1>

STmn <8>rl_

SEmn ‘ L

- Receive data 3 7
SDRmn X Dummy data X Dummy data )Receive data 1X Dummy data >( Receive data 2 '
<2> AWrite =~ <2> AWrite <2> AWrite
Read ARead Reada
SCKp pin

Slp pin Receive data 1 X Receive data 2 Receive data 3

Shift register mn

INTCSIp

&ptlon & shift operation x

Data reception

Data reception

Data reception

MDmnO
TSFmn

BFFmn

<5> |

<3> <3> <4> <3>

Caution The MDmnO bit can be rewritten even during operation.

<4>

<6><7>

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 11-39 Flowchart of Master Reception

(in Continuous Reception Mode).

2. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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Figure 11-39. Flowchart of Master Reception (in Continuous Reception Mode)

<1>

CStarting Csl communication)

SAU default setting

For the initial setting, refer to Figure 11-33.
(Select buffer empty interrupt)

-
-

Main routine

<2>

Setting storage area of the receive data, number of
communication data

Setting 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)

Enables interrupt

Clear interrupt request flag (XXIF), reset interrupt mask
(XXMK) and set interrupt enable (El)

Writing dummy data to
SIOp (= SDRmn [7:0])

Writing to SIOp makes SCKp
signals out (communication starts)

—

N\

<4>

<7>

Interrupt processing routine

<3><6> : <
1

-
P

Wait for receive completes

When interrupt is generated, it moves to

(Buffer empty/transfer end interrupt)

interrupt processing routine

e

Yes

Reading receive data to SIOp
(= SDRmn [7:0])

Read receive data, if any, then write them to

storage area, and update receive data pointer

Subtract -1 from number of
transmit data

(also subtract -1 from number of transmit data)

A

umber of communicatiol
data?

Writing dummy data to

SIOp (= SDRmn [7:0])

N\

Write MDmnO bit to 1 |

Main routine

<8>

No Number of communication
data=07?

Yes

Yes L )
Communication continued?

No

When number of communication data
becomes 0, receive completes

Disable interrupt (MASK)

Write STmn bit to 1

C End of communication )

Remark <1> to <8> in the figure correspond to <1> to <8> in Figure 11-38 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/G1P outputs a transfer clock and transmits/receives data to/from other

device.

3-Wire Serial I/O

CsSI00

Target channel

Channel 0 of SAUO

Pins used

SCKAO0, S100, SO00

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 (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate Nt

Max. fmek/2 [Hz]
Min. fewk/(2 x 25 x 128) [Hz] feuk: System clock frequency

Data phase Selectable by the DAPmn bit of the SCRmn register

o DAPmn = 0: Data /O starts at the start of the operation of the serial clock.

o DAPmn = 1: Data I/O starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

o CKPmn = 0: Non-reverse
o CKPmn = 1: Reverse

Data direction

MSB or LSB first

Note Use this operation within a range that satisfies the conditions above and the peripheral functions characteristics in
the electrical specifications (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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(1) Register setting

Figure 11-40. Example of Contents of Registers for Master Transmission/Reception of 3-Wire Serial /O (CSI00)

(@) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMnN  |cksmnljccsmn| STSmn SISmnQ MDmn1j|MDmnO
0/1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fwck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmMnN || TXEmn|RXEmn||DAPmn| CKPmn EOCmn|PTCmn1 |PTCmn0Oj| DIRmn SLCmn1{SLCmnO IDLSmnl DLSmNnO
1 1 0/1 | 0/1 0 0 0 0 0/1 0 0 0 0 1 1 0/1
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 1: Inputs/outputs data with LSB first. 1: 8-bit data length

setting, see 11.3 Registers
Controlling Serial Array Unit.)

(c) Serial dataregister mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn

Baud rate setting

(Operation clock (fuex) division setting) 0 Transmit data setting/receive data register

Slop

(d) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOmO SOmo
0 0 0 0 0 0 0 0/1 0 0 0 0 0 0 0 0/1

L_ Communication starts when these bits are 1 if the clock
phase is non-reverse (the CKPmn bit of the SCRmn = 0).
If the clock phase is reversed (CKPmn = 1),
communication starts when these bits are 0.

(e) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEmMO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1

(f) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSmi | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 0/1

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI humber (p = 00), mn = 00
2. @: Setting is fixed in the CSI master transmission/reception 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

<Starting initial setting>

Setting the PERO register

|

Setting the SPSm register

|

Setting the SMRmn register

|

Setting the SCRmn register

|

Setting the SDRmn register

|

Setting the SOm register

|

Changing setting of the SOEm register

|

Setting port

|

Writing to the SSm register

Qompleting initial settinD

Figure 11-41. Initial Setting Procedure for Master Transmission/Reception

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 (CKOmn) and serial data (SOmn).

Set the SOEmn 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 SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Set transmit data to the SIOp register (bits
7 to 0 of the SDRmn register) and start.
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Figure 11-42. Procedure for Stopping Master 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 STm register ‘ Write 1 to the STmn bit of the target channel.
| (SEmn = 0: to operation stop status)
(Essential) ‘Changing setting of the SOEM register Set the SOEmn bit to 0 and stop the output of
the target channel.
i - - - The levels of the serial clock (CKOmn) and
(Selective) Changing setting of the SOm register ;
serial data (SOmn) on the 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 11-43. Procedure for Resuming Master Transmission/Reception

(Essential)

(Selective)

(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Starting setting for resumption>

Completing slave
preparations?

‘ Port manipulation ‘

Changing setting of the SPSm register

Changing setting of the SDRmn register

Changing setting of the SMRmn register

Changing setting of the SCRmn register

Changing setting of the SOEm register

Changing setting of the SOm register

Changing setting of the SOEm register

‘ Port manipulation ‘

‘ Writing to the SSm 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 mn (SMRmn) setting.

Re-set the register to change serial
communication operation setting register
mn (SCRmn) setting.

Set the SOEmn bit to O to stop output
from the target channel.

Set the initial output level of the serial
clock (CKOmn) and serial data (SOmn).

Set the SOEmn 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 SSmn bit of the target channel to 1
(SEmn = 1: to enable operation).

Sets transmit data to the SIOp register (bits
7 to 0 of the SDRmn register) and start
communication.
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(3) Processing flow (in single-transmission/reception mode)

Figure 11-44. Timing Chart of Master Transmission/Reception (in Single-Transmission/Reception Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn
STmn |_'_
SEmn . L
Receive data 1 Receive data 2 Receive data 3
SDRmn X Transmit data 1 Transmit data 2 K__Fx Transmit data 3 X
AWrite AWrite AWrite |
ARead ARead ReadA
SCKp pin
Slp pin Receive data 1 Receive data 2 X Receive data 3
Shift register mn | Y Radonlon ¥ sni{opsiatbe ) (RSfen)on ¥ opsiatny ) XSeron s omseats X]
SOp pin / Transmit data 1 X Transmit data 2 X Transmit data 3
INTCSIp I
Data transmission/reception Data transmission/reception Data transmission/reception
TSFmn

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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Figure 11-45. Flowchart of Master Transmission/Reception (in Single-Transmission/Reception Mode)

-

aunnoJ urey

aunnol Buissasoud 1dnuisiu|

\'d

aunnoJ urepy

Gtarting Csl communicati@

Setting
transmission/reception data

e —

Enables interrupt

Writing transmit data to
SIOp (=SDRmn[7:0])

For the initial setting, see Figure 11-41.
(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
(=SDRmn([7:0])

C_ e D

Transmission/reception
completed?

Disable interrupt (MASK)

Write STmn 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 11-46. Timing Chart of Master Transmission/Reception (in Continuous Transmission/Reception Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn<1>
STmn <8> |_'_
SEmn
‘ Receive data 37 L
SDRmn X Transmit data 1)X Transmit data 2){Receive data 1)(Transmit data 3 X Receive data 2 \
AWrite AWrite AWrite
4ARead 4aRead Reada
SCKp pin ILI‘U‘IJFU‘LI‘LI‘LFLI‘IILHLI“IU‘U‘LHLI‘UU‘LI‘LI‘U‘U‘LI
Slp pin Receive data 1 X Receive data 2 Receive data 3
ft register mn JO(Rsgention & shi{opgraipn X X Regeion & shitopsfation Y )X Recerion ¥ shi{opzration )
SOp pin Transmit data 1 X Transmit data 2 X Transmit data 3
INTCSIp
Data transmission/reception | "Data transmission/reception " Data transmission/reception
MDmnO <55
TSFmn
BFFmn
<2><3> <2> <3> <4><2> <3> <4> <6><7>

Note 2 Note 2
Note 1

Notes 1. If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn
(SSRmnN) is 1 (valid data is stored in serial data register mn (SDRmn)), the transmit data is overwritten.
2. The transmit data can be read by reading the SDRmn register during this period. At this time, the
transfer operation is not affected.

Caution The MDmnO bit of serial mode register mn (SMRmn) 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 11-47 Flowchart of Master
Transmission/Reception (in Continuous Transmission/Reception Mode).
2. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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Figure 11-47.

[

Starting setting

)

<1>

SAU default setting

;l

Main routine

|

Setting
transmission/reception data

Enables interrupt

<2>

Writing dummy data to
SIOp (= SDRmn [7:0])

Flowchart of Master Transmission/Reception (in Continuous Transmission/Reception Mode)

C

For the initial setting, refer to Figure 11-41.
(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.

»]

e

Interrupt processing routine

Lt |

Wait for transmission/
reception completes

<3><6>

L -

Writing to SIOp makes
Sop and SCKp signals out
(communication starts)

When transmission/reception interrupt is

CBuffer empty/transfer end interrupt)

e

Yes

<4>

Reading reception data to
SIOp (= SDRmn [7:0])

<7>

Subtract -1 from number of
transmit data

generated, it moves to interrupt processing
routine

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

[
0 Number of
communication data?
>2
<5

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

>

Writing transmit data to |
SIOp (= SDRmn [7:0])

Clear MDmnO bit to 0

.
[

Write MDmnO bit to 1 |

Main routine

oy
Lt Bl

C

RETI

)

No NUmber of communicatio
data =0?
Yes
S - .
Continuing Communication?
No

Disable interrupt (MASK) |

<8> |

Write STmn bit to 1 |

C

End of communication )

Remark <1> to <8> in the figure correspond to <1> to <8> in Figure 11-46 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/G1P transmits data to 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, 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 (OVFmn) only

Transfer data length 7 or 8 bits

Transfer rate Max. fwck/6 [Hz]Notes 12,

Data phase Selectable by the DAPmn bit of the SCRmn register

o DAPmn = 0: Data output starts from the start of the operation of the serial clock.
« DAPmn = 1: Data output starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPmn bit of the SCRmn register
o CKPmn = 0: Non-reverse
o CKPmn = 1: Reverse

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 fuck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the peripheral functions
characteristics in the electrical specifications (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

Remarks 1. fuck: Operation clock frequency of target channel
fsck: Serial clock frequency
2. m: Unit number (m = 0), n: Channel number (n = 0), mn = 00
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(1) Register setting

Figure 11-48. Example of Contents of Registers for Slave Transmission of 3-Wire Serial /0O (CSI00)

(@) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMnN  |cksmnllccsmn| STSmn SISmnQ) MDmn1}|MDmnO
0/1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fwck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmMN |JTxEmn|RXEmn||DAPmN| CKPmn EOCmn|PTCmn1 [PTCmnO}| DIRmn SLCmn1|SLCmnO DLSmn1]|DLSmn0
1 0 0/1| 01 0 0 0 0 0/1 0 0 0 0 1 1 0/1
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 1: Inputs/outputs data with LSB first. 1: 8-bit data length

setting, see 11.3 Registers
Controlling Serial Array Unit.)

(c) Serial dataregister mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn 0000000

Baud rate setting 0 Transmit data setting

SIop

(d) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOmo SOmo
0 0 0 0 0 0 0 X 0 0 0 0 0 0 0 0/1

(e) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEmMO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1

(f) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSmi | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 0/1

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI humber (p = 00), mn = 00
2. @: Setting is fixed in the CSI slave 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 11-49. Initial Setting Procedure for Slave Transmission

<Starting initial setting>

Setting the PERO register

Setting the SPSm register

Setting the SMRmn register

Setting the SCRmn register

Setting the SDRmn register

Setting the SOm register

Changing setting of the SOEm register

Setting port

Writing to the SSm register

Qompleting 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 15 to 9 to 0000000B for baud rate

setting.

Set the initial output level of the serial
data (SOmn).

Set the SOEmn 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 SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Initial setting is completed.

Set transmit data to the SIOp register (bits
7 to 0 of the SDRmn register) and wait for
a clock from the master.
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Figure 11-50. Procedure for Stopping Slave Transmission

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 STm register ‘ Write 1 to the STmn bit of the target channel.
| (SEmn = 0: to operation stop status)
(Essential) ‘Changing setting of the SOEM register Set the SOEmn bit to 0 and stop the output of
the target channel.
(Selective) Changing setting of the SOm register The levels of the serial clock (CKOmn) and
‘ g 9 g serial data (SOmn) on the 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 11-51. Procedure for Resuming Slave Transmission
<Starting setting for resumptitD
(Essential) Completing master Wait until stop the communication target
preparations? (master)
Disable data output of the target channel
(Selective) Port manipulation by setting a port register and a port
mode register.
A " Re-set the register to change the operation
. Changing setting of the SPSm register
(Selective) ong 9 i clock setting.
Re-set the register to change the transfer
(Selective)  |Changing setting of the SDRmn register baud rate setting (setting the transfer clock
by dividing the operation clock (fuck))-
Re-set the register to change serial
(Selective) Changing setting of the SMRmn register mode register mn (SMRmn) setting.
Re-set the register to change serial
(Selective) | Changing setting of the SCRmn register communication operation setting register
mn (SCRmn) setting.
If the OVF flag remain set, clear this
(Selective) Clearing error flag using serial flag clear trigger register mn
(SIRmN).
) ] ) Set the SOEmn bit to 0 to stop output
(Essential) Changing setting of the SOEm register
from the target channel.
) Set the initial output level of the serial
(Essential) | Changing setting of the SOm register
data (SOmn).
Set the SOEmn bit to 1 and enable
(Essential) Changing seting of the SOEm register output from the target channel.
] ] Enable data output of the target channel
(Essential) Port manipulation by setting a port register and a port mode
register.
(Essential) Writing to the SSm register Set the SSmn bit of the target channel to 1
(SEmn = 1: to enable operation).
] L Sets transmit data to the SIOp register (bits
(Essential) Starting communication ) k
7 to 0 of the SDRmn register) and wait for a
clock from the master.
@mpleting resumption setti@
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-transmission mode)

Figure 11-52. Timing Chart of Slave Transmission (in Single-Transmission Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn
STmn |_'_
SEmn L
SDRmn X Transmit data 1 X Transmit data 2 X Transmit data 3
SCKp pin
SOp pin Transmit data 1 X Transmit data 2 X Transmit data 3
INTCSIp I
Data transmission Data transmission Data transmission
TSFmn 4 —

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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Figure 11-53. Flowchart of Slave Transmission (in Single-Transmission Mode)

CStarting Csl communication)

SAU default setting

-l

|

Setting transmit data

Enables interrupt

Main routine

Interrupt
processing
routine
Y4

Y4

Yes

Main routine

|

>
|

Writing transmit data to
SIOp (= SDRmn [7:0])

-

For the initial setting, refer to Figure 11-49.
(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

Wait for transmit completes

-

start providing the clock

( Transfer end interrupt )

C

RETI )

Transmitting next data?

Continuing transmit?

No

Disable interrupt (MASK)

Write STmn bit to 1 |

C

End of communication )

==
o

When transmit end, interrupt is generated

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 11-54. Timing Chart of Slave Transmission (in Continuous Transmission Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn <1>
STmn <6>[]
|
SEmn |
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
SCKp pin Uy yUUuyyyuuut
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shift register mn O e N OO mEs e 00O EmEsln O X
INTCSIp
- Data transmission - Data transmission T Data transmission ”
MDmnO <4>|
TSFmn —
BFFmn
<2><3> <2> <3> <2> <3> <5>

Note

Note If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is
1 (valid data is stored in serial data register mn (SDRmn)), the transmit data is overwritten.

Caution The MDmnO bit of serial mode register mn (SMRmn) can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started.

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00

ROLUHO0895EJ0100 Rev.1.00 R NS 375
Nov 29, 2019 _ENES



RL78/G1P CHAPTER 11 SERIAL ARRAY UNIT

Figure 11-55. Flowchart of Slave Transmission (in Continuous Transmission Mode)

4 ( Starting setting )

For the initial setting, refer to Figure 11-49.

SAU default setting (Select buffer empty interrupt)

<1>
=I Set storage area and the number of data for transmit data
o . . (Storage area, Transmission data pointer, Number of communication
= Setting transmit data L ’ .
= data and Communication end flag are optionally set on the internal
o RAM by the software)
C . .
ch | Enables interrupt | Clegr interrupt request flag (XXIF), reset interrupt mask (XXMK) and
| set interrupt enable (EI)
Writing transmit data to Read transmlt dgta from buffer and write it to SIOp. Update
<2> SIOp (=SDRmN[7:0]) transmit data pointer
| - Start communication when master start providing
1 the clock
_ | Wait for transmit completes |
e <3><5> i - When buffer empty/transfer end interrupt is
1

generated, it moves to interrupt processing routine

C Buffer empty/transfer end interrupt )

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

| Reading transmit data |

Interrupt processing routine

Writing transmit data to .
SIOp (= SDRmn [7:0]) | Clear MDmnO bit to 0 <4>
<
Subtract -1 from number of It is determined as follows depending on the
transmit data number of communication data.
I +1:  Transmit data completion
( RETI ) 0: During the last data received
o i -1: All data received completion
~ 1
Number of communication
data =-1?
Yes
Write MDmno bit to 1 |
2
= Y
5 es
£
tEB No
| Disable interrupt (MASK) |
I
<6> | Write STmn bit to 1 |
End of communication )
N C
Remark <1> to <6> in the figure correspond to <1> to <6> in Figure 11-54 Timing Chart of Slave
Transmission (in Continuous Transmission Mode).
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11.5.5 Slave reception

Slave reception is that the RL78/G1P receives data 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, SI00
Interrupt INTCSIOO0

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error detection flag Overrun error detection flag (OVFmn) only

Transfer data length 7 or 8 bits

Transfer rate Max. fwck/6 [Hz]Notes 1.2

Data phase Selectable by the DAPmn bit of the SCRmn register

e« DAPmn = 0: Data input starts from the start of the operation of the serial clock.
o DAPmn = 1: Data input starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPmn bit of the SCRmn register
o CKPmn = 0: Non-reverse
o CKPmn = 1: Reverse

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 fuck/6 [Hz].

2. Use this operation within a range that satisfies the conditions above and the peripheral functions

characteristics in the electrical specifications (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

Remarks 1. fuck: Operation clock frequency of target channel
fsck: Serial clock frequency
2. m: Unit number (m = 0), n: Channel number (n = 0), mn = 00
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(1) Register setting

Figure 11-56. Example of Contents of Registers for Slave Reception of 3-Wire Serial I/O (CSI00)

(a) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMnN  |cksmnlfccsmn STSmn SISmnQ MDmn1}|MDmnO
0/1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
I I

Operation clock (fwck) of channel n Interrupt source of channel n

0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt

1: Prescaler output clock CKm1 set by the SPSm register

(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmMnN || TXEmn|RXEmn||DAPmn| CKPmn EOCmn|PTCmn1 |PTCmn0Oj| DIRmn SLCmn1|SLCmnO DLSmn1}{DLSmnO
0 1 0/1 | 0/1 0 0 0 0 0/1 0 0 0 0 1 1 0/1
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 1: Inputs/outputs data with LSB first. 1: 8-bit data length

setting, see 11.3 Registers
Controlling Serial Array Unit.)

(c) Serial dataregister mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn 0000000
Baud rate setting 0 Receive data

SIop

(d) Serial output register m (SOm) ...The Register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOmO SOmo

(e) Serial output enable register m (SOEm) ...The Register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEmMO

(f) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm1 | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 0/1

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn =00
2. @: Setting is fixed in the CSI slave 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 11-57. Initial Setting Procedure for Slave Reception

(Starting initial settings>

Setting the PERO register

Setting the SPSm register

Setting the SMRmn register

Setting the SCRmn register

Setting the SDRmn register

Setting port

Writing to the

SSm 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 15 to 9) to
0000000B.

Enable data input and clock input of the
target channel by setting a port register

and a port mode register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation) and wait
for a clock from the master.

Figure 11-58. Procedure for Stopping Slave Reception

Starting setting to stop

(Selective)

(Essential) ‘ Writing the STm register ‘
|

(Essential) ‘ Changing setting of the SOEm 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 STmn bit of the target channel.

(SEmn = 0: to operation stop status)

Set the SOEmn bit to 0 and stop the output of
the target channel.

Reset the serial array unit by stopping the
clock supply to it.

After the stop setting is completed,
go to the next processing.

RO1UH0895EJ0100 Rev.1.00
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Figure 11-59. Procedure for Resuming Slave Reception

<Starting 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 SPSm register

operation clock setting.

Re-set the register to change serial mode

1 Changing setting of the SMRmn register ) )
(Selective) register mn (SMRmn) setting.

Re-set the register to change serial

(Selective) | Changing setting of the SCRmn register communication operation setting register

mn (SCRmn) setting.

If the OVF flag remain set, clear this

Selective i . . . .
( Ive) Clearing error flag using serial flag clear trigger register mn
(SIRmn).
Enable clock output of the target channel
(Essential) Port manipulation by setting a port register and a port mode

register.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation) and

(Essential) | Writing to the SSm register

Qompleting resumption seﬁi@

Remark If PERO is rewritten while stopping the master transmission and the clock supply is stopped, wait

wait for a clock from the master.

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 11-60. Timing Chart of Slave Reception (in Single-Reception Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn
STmn |_'_
SEmn L
Receive data 3
SDRmn Receive data 1 Receive data 2 X
|
ARead ARead ReadA
SCKp pin
Slp pin Receive data 1 )( Receive data 2 Receive data 3
Shift register mn X Ré@ﬁ%@f@@on X R;@i@@ﬁlo_p\glm_ﬂ\gn X )( Re\@@&@f@e@o@(:
INTCSIp I
Data reception Data reception Data reception
TSFmn —

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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Figure 11-61. Flowchart of Slave Reception (in Single-Reception Mode)

Gtarting Csl communicatioD

SAU default setting For the initial setting, see Figure 11-57.
;;Z, (Select transfer end interrupt only)
5 |
g Ready for reception Clear storage area setting and the number of receive data
g' (Storage area, Reception data pointer, Number of communication data and
Communication end flag are optionally set on the internal RAM by the software)
Enables interrupt Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
interrupt enable (EI).
|
Wait for receive completes
< Start communication when master start providing
> the clock
< When transmit end, interrupt is generated

(Transfer end interrupt)

Reading receive data to
SIOp (=SDRmn[7:0])

C
Reception completed?

Yes

Read receive data then writes to storage area, and counts
up the number of receive data.
Update receive data pointer.

aunno. Buissasoid 1dniisiu)

Check completion of number of receive data

Disable interrupt (MASK)

Write STmn bit to 1

\\ (End of communication)

aunnos urep
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11.5.6 Slave transmission/reception
Slave transmission/reception is that the RL78/G1P transmits/receives 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, SOm0
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 (OVFmn) only

Transfer data length 7 or 8 bits

Transfer rate Max. fwck/6 [Hz]Notes 1.2

Data phase Selectable by the DAPmn bit of the SCRmn register

e DAPmn = 0: Data /O starts from the start of the operation of the serial clock.
o DAPmn = 1: Data I/O starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPmn bit of the SCRmn register
o CKPmn = 0: Non-reverse
o CKPmn = 1: Reverse

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 fuck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the peripheral functions
characteristics in the electrical specifications (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

Remarks 1. fuck: Operation clock frequency of target channel
fck: Serial clock frequency
2. m: Unit number (m = 0), n: Channel number (n = 0), mn = 00
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(1) Register setting

Figure 11-62. Example of Contents of Registers for Slave Transmission/Reception of 3-Wire Serial 1/0 (CSI00)

(@) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMn  |cksmnffccsmn STSmn SISmnQ) MDmn1}|MDmnO
0/1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fwck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmMN || TXEmn|RXEmn||DAPmn| CKPmn EOCmn|PTCmn1 |PTCmn0Oj| DIRmn SLCmn1{SLCmnO DLSmn1]{DLSmnO
1 1 0/1 | 0/1 0 0 0 0 0/1 0 0 0 0 1 1 0/1
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 1: Inputs/outputs data with LSB first. 1: 8-bit data length

setting, see 11.3 Registers
Controlling Serial Array Unit.)

(c) Serial dataregister mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn 0000000
Baud rate setting 0 Transmit data setting/receive data register

SIop

(d) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOmO SOmo
0 0 0 0 0 0 0 X 0 0 0 0 0 0 0 0/1

(e) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEmO
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0/1

(f) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSmi | SSmo
0 0 0 0 0 0 0 0 0 0 0 0 0 0 X 0/1

Caution Be sure to set transmit data to the SIOp register before the clock from the master is started.

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI humber (p = 00), mn = 00
2. [O: Setting is fixed in the CSI slave transmission/reception 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 11-63. 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 SPSm register Set the operation clock.
Setting the SMRmn register Set an operation mode, etc.
Setting the SCRmn register Set a communication format.

Set bits 15 to 9 to 00000008 for baud

Setting the SDRmn register .
rate setting.

Set the initial output level of the serial

Setting the SOm register
data (SOmn).

Set the SOEmn bit to 1 and enable data

Changing setting of the SOEm 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 SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation).

Initial setting is completed.
Gompletlng initial settm@ Set transmit data to the SIOp register

(bits 7 to 0 of the SDRmn register) and
wait for a clock from the master.

Writing to the SSm register
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Figure 11-64. 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 STm register ‘ Write 1 to the STmn bit of the target channel.
| (SEmn = 0: to operation stop status)
(Essential) ‘Changing setting of the SOEM register Set the SOEmn bit to 0 and stop the output of
the target channel.
i - - - The levels of the serial clock (CKOmn) and
(Selective) Changing setting of the SOm register ;
serial data (SOmn) on the 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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Cautions 1.

Figure 11-65. Procedure for Resuming Slave Transmission/Reception

(Essential)

(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

(Starting setting for resumpticD
Completing master u

preparations?

Port manipulation

Changing setting of the SPSm register

Changing setting of the SMRmn register

Changing setting of the SCRmn register

Clearing error flag

Changing setting of the SOEm register

Changing setting of the SOm register

Changing setting of the SOEm register

Port manipulation

Writing to the SSm 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 mn (SMRmn) setting.

Re-set the register to change serial
communication operation setting register
mn (SCRmn) setting.

If the OVF flag remain set, clear this using
serial flag clear trigger register mn
(SIRmn).

Set the SOEmn bhit to O to stop output
from the target channel.

Set the initial output level of the serial
data (SOmn).

Set the SOEmn 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 SSmn bit of the target channel to 1
(SEmn = 1: to enable operation).

Sets transmit data to the SIOp register
(bits 7 to 0 of the SDRmn register) and
wait for a clock from the master.

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 11-66. Timing Chart of Slave Transmission/Reception (in Single-Transmission/Reception Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn
STmn |_'_
SEmn ) [
— Receive data 1 Receive data 2 Receive data 3+
SDRmn X Transmit data 1 Transmit data 2 Transmit data 3 X'
AWrite AWrite AWrite |
ARead ARead Reada
SCKp pin
Slp pin / Receive data 1 X Receive data 2 Receive data 3
Shift ——— —r———— ————— ————— I
register mn )( R%@;ion & shift opgration * x R;@}m&‘s_m,ﬂ‘%eratign X Reception & shift operation
SOp pin Transmit data 1 X Transmit data 2 Transmit data 3
INTCSIp Il
Data transmission/reception Data transmission/reception Data transmission/reception
TSFmn

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn =00
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aunnoJ urey

aunnol Buissasoud 1dnuiaiu)

~

aunnos urep

Figure 11-67. Flowchart of Slave Transmission/Reception (in Single-Transmission/Reception Mode)

-

CStarting Csl communicatioD

SAU default setting

Setting
transmission/reception data

Enables interrupt Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set

interrupt enable (EI).

For the initial setting, see Figure 11-63.
(Select Transfer end interrupt)

Setting storage area and number of data for transmission/reception data

and Communication end flag are optionally set on the internal RAM by the software)

Writing transmit data to Read transmit data from storage area and write it to SIOp.
SIOp (=SDRmN[7:0]) Update transmit data pointer.
- Start communication when master start providing the

clock

Wait for transmission/reception
completes

C—— When transfer end interrupt is generated, it moves to

interrupt processing routine
CTransfer end interrupt)

Reading receive data to Read receive data and write it to storage area. Update
SIOp (=SDRmn[7:0]) receive data pointer.
I
C RETI )

Transmission/reception
completed?

Update the number of communication data and confirm
if next transmission/reception data is available

Transmission/reception
next data?

Disable interrupt (MASK)

!
Write STmn bitto 1

CEnd of communication)

Caution Be sure to set transmit data to the SIOp register before the clock from the master is started.

(Storage area, Transmission/reception data pointer, Number of communication data
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(4) Processing flow (in continuous transmission/reception mode)

Figure 11-68. Timing Chart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn<1>
STmn <8> W
SEmn ‘ L
Receive data 37
SDRmn Transmit data 1)X Transmit data 2 ){ Receive data 1 Transmit data 3 X Receive data 2 !
AWrite AWrite MAWrite
ARead ARead Reada
sorppin | LT LT LT LML LA U L Ly
Slp pin Receive data 1 Receive data 2 Receive data 3
— — — A —— ————— I
Shift register mn O Recepfon & stift operation X (X Rogepjion ¥ shi{ opstatipn Y )({(Regeption & shift operation )
SOp pin Transmit data 1 X Transmit data 2 Transmit data 3
INTCSIp
Data transmission/reception | Data transmission/reception | Data transmission/reception
MDmnO <5>|
TSFmn
BFFmn i
<2><3> <2> Note 2 <3> <4><2> Note 2 <3> <4> <6><7>

Note 1

Notes 1. If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn
(SSRmn) is 1 (valid data is stored in serial data register mn (SDRmn)), the transmit data is overwritten.
2. The transmit data can be read by reading the SDRmn register during this period. At this time, the
transfer operation is not affected.

Caution The MDmnO bit of serial mode register mn (SMRmn) 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 11-69 Flowchart of Slave
Transmission/Reception (in Continuous Transmission/Reception Mode).
2. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00), mn = 00
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Main routine

Interrupt processing routine

Main routine

Figure 11-69. Flowchart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode)

/

N

Y4

C Starting setting )

[
. For the initial setting, refer to Figure 11-63.
<1>
1 SAU default setting (Select buffer empty interrupt)
=! Setting storage area and number of data for transmission/reception
Settin data
L g . (Storage area, Transmission/reception data pointer, Number of
transmission/reception data communication data and Communication end flag are optionally set
| on the internal RAM by the software)
: Clear interrupt request flag (XXIF), reset interrupt mask
Enables interrupt (XXMK) and set interrupt enable (EI)
-
Start communication when master start
<~} L
- — providing the clock
Wait for transmission
comrfletes When buffer empty/transfer end is
<3><6> 1 <) generated, it moves interrupt
. processing routine
C Buffer empty/transfer end interrupt )
L
Yes
<4>
Read receive data to SIO
- . P Other than the first interrupt, read reception data
(= SDRmn [7:0]) . .
<7> then writes to storage area, update receive data
L pointer
Subtract -1 from number of
transmit data
Tt
0 — — If transmit data is remained, read it from storage area
Number of communication and write it to SIOp. Update storage pointer.
data? If transmit completion (number of communication data
Yes | >2 = 1), Change the transmission completion interrupt
<5>
Writing transmit data to .
SIOp (= SDRmn [7:0]) | Clear MDmnO bitto 0
C RETI )
i
No Number of communication
data = 07?
Yes
Write MDmnO bit to 1 |
Yes Communication
continued?
No
| Disable interrupt (MASK) |
<8> | Write STmn bit to 1 |
C End of communication )
Caution 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 11-68 Timing Chart of Slave

Transmission/Reception (in Continuous Transmission/Reception Mode).
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11.5.7 SNOOZE mode function (CSI00)

SNOOZE mode makes CSI operate reception by SCKp pin input detection while the STOP mode. Normally CSI stops
communication in the STOP mode. But, using the SNOOZE mode makes reception CSI operate unless the CPU
operation by detecting SCKp pin input.

When using the CSI in SNOOZE mode, make the following setting before switching to the STOP mode (see Figure 11-
71 and Figure 11-73 Flowchart of SNOOZE Mode Operation).
« When using the SNOOZE mode function, set the SWCm bit of serial standby control register m (SSCm) to 1 just
before switching to the STOP mode. After the initial setting has been completed, set the SSm1 bit of serial channel
start register m (SSm) to 1.

After a transition to the STOP mode, the CSI starts reception operations upon detection of an edge of the SCKp pin.
Cautions 1. The SNOOZE mode can only be specified when the high-speed on-chip oscillator clock is selected
for fcik.

2. The maximum transfer rate when using CSlp in the SNOOZE mode is 1 Mbps.

(1) SNOOZE mode operation (once startup)

Figure 11-70. Timing Chart of SNOOZE Mode Operation (Once Startup) (Type 1: DAPmn = 0, CKPmn = 0)

CPU operation status ~ Normal operation|STOP mode SNOOZE mode | Normal operation
<4>
SS00 <3>[] <11>
STOO <1> <9> |_|
SEO00 | |_
SwWco ‘ <10>
SSECO L
Clock request signal
(internal signal)
Receive data 2
SDRO00 Receive data 1
<B> ARead""®
SCKO0 pin
SI00 pin Receive data 1 Receive data 2
Shift register 00 Recep\n_orl\\&_splﬂ op\ia}non x Reﬂtﬂ&ﬂfﬂ@on k
INTCSI00
Data reception Data reception
TSF00 ]
<2> <5><6> <7>

Note Only read received data while SWCm = 1 and before the next edge of the SCKp pin input is detected.

Caution Before switching to the SNOOZE mode or after reception operation in the SNOOZE mode
finishes, set the STmO bit to 1 (clear the SEmO bit, and stop the operation).
And after completion the receive operation, also clearing SWCm bit to 0 (SNOOZE mode release).

Remarks 1. <1>to <11> in the figure correspond to <1> to <11> in Figure 11-71 Flowchart of SNOOZE Mode
Operation (Once Startup).
2. m=0; p=00
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Figure 11-71. Flowchart of SNOOZE Mode Operation (Once Startup)
SNOOZE mode operation
TSFmn = 0 for all channels? ﬂ
Yes
_% <1> Write STmO bit to 1 Become the operation STOP status (SEmO = 0)
d |
'r% SAU defaul . SMRmO, SCRmO0 : Communication setting
g efault setting SDRMO[15:9]:  Setting 00000008
) |
<2> Setting SSCm register Setting SNOOZE mode
(SWCm =1, SSECm = 0)
l
<3> | Write SSmO bit to 1 I Become the communication wait status (SEm0 = 1)
‘_ Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)
| Enables interrupt | and set interrupt enable (EI).
_ <4> | Entered the STOP mode | feuk supplied to the SAU is stopped.
o (" 1
©) :
o ‘
3 |
2 :
@ > <5> (= == == == == == == == |SCKp edge detected
i (Entered the‘ SNOOZE mode)
2 Supplying a clock to CSlIp
§ <6> (CSilp is receive operation)
m |
3 |
(=} '
Qo '
@ '
\_ <7> 34_ — = == == == == == |Transfer interrupt (INTCSIp) is
/ generated
(CSilp is receive completion)
<8> Reading receive data to The mode switches from SNOOZE to normal operation.
SIOp (=SDRmnN([7:0])
z
=l
3
< <9> Write STmO bit to 1 Become the operation STOP status (SEmO0 = 0)
3
@
=4
5
<10> Write SWCm bit to 1 Reset SNOOZE mode setting
<11> | Write SSmO bit to 1 |

N

End of SNOOZE mode

It becomes communication ready state (SEmO = 1) under
normal operation

Remarks 1. <1> to <11> in the figure correspond to <1> to <11> in Figure 11-70 Timing Chart of SNOOZE
Mode Operation (Once Startup).
2. m=0; p=00
RO1UHO0895EJ0100 Rev.1.00 393

Nov 29, 2019

RENESAS



RL78/G1P

CHAPTER 11 SERIAL ARRAY UNIT

(2) SNOOZE mode operation (continuous startup)

Figure 11-72. Timing Chart of SNOOZE Mode Operation (Continuous Startup) (Type 1: DAPmn = 0, CKPmn = 0)

CPU operation status  Normal operation |STOP mode}| SNOOZE mode | Normal operation |STOP mode SNOOZE mode
<4>
SS00 <3> <4> <3>
ST00 <1> <9>[1
SEO0 |
SwWcCo <10>
SSECO
Clock request signal
(internal signal) Receive data 2
SDRO00 Receive data 1
<B> A Read "I°
SCKO00 pin _
SI00 pin Receive data 1 Receive data 2
Shift register 00 R’e_ce‘p@@mpguonx K R’e?e‘p@@ﬂp"ez:aﬂon x :
INTCSI00
Data reception Data reception
TSF00
<2> <5><6> <7> <2> <5><6>

Note Only read received data while SWCm = 1 and before the next edge of the SCKp pin input is detected.

Cautions 1. Before switching to the SNOOZE mode or after reception operation in the SNOOZE mode finishes,
set the STmO bit to 1 (clear the SEmO bit, and stop the operation).
And after completion the receive operation, also clearing SWCm bit to 0 (SNOOZE release).
2. When SWCm =1, the BFFm1 and OVFm1 flags will not change.

Remarks 1. <1> to <10> in the figure correspond to <1> to <10> in Figure 11-73 Flowchart of SNOOZE Mode

Operation (Continuous Startup).
2. m=0; p=00
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Figure 11-73. Flowchart of SNOOZE Mode Operation (Continuous Startup)

P

o

=

3

=

o

8 <1>

@

=

2

o

=
<2>
<3>

>>) <4>
>>>_ <5>

spow dO1s

%2,
Z
8
N <6>
M
3
s}
aQ
@
K <7>
<8>
P
]
3
=l
8 <9>
®
=4
e
=
<10>

N

( SNOOZE operation )

No
TSFmn = 0 for all channels?

Yes

Write STmO bitto 1

SAU default setting

Setting SSCm register
(SWCm =1, SSECm = 0)

| Write SSmO bitto 1 |

| Enables interrupt processing |

Entered the STOP mode

= = =

= = —

Reading receive data to
SIOp (=SDRmn[7:0])

|

Write STmO bitto 1

|

Clear SWCm bit to 0

|

Become the operation STOP status (SEmO = 0)

SMRmMO, SCRmMO0 : Communication setting
SDRmO[15:9] : Setting 0000000B

Setting SNOOZE mode

Become the communication wait status (SEmO = 1)

Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)
and set interrupt enable (El).

CPU/peripheral hardware clock fcik supplied to the SAU is
stopped.

SCKp edge detected
(Entered the SNOOZE mode)

¥
Supplying a clock to CSlp
(CSlp is receive operation)

Transfer interrupt (INTCSlIp) is
generated
(CSlp is receive completion)

The mode switches from SNOOZE to normal operation.

Reset SNOOZE mode setting

Remarks 1. <1> to <10> in the figure correspond to <1> to <10> in Figure 11-72 Timing Chart of SNOOZE
Mode Operation (Continuous Startup).
2. m=0; p=00
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11.5.8 Calculating transfer clock frequency
The transfer clock frequency for 3-wire serial 1/0 (CSIO0) communication can be calculated by the following
expressions.

(1) Master

‘ (Transfer clock frequency) = {Operation clock (fuck) frequency of target channel} + (SDRmn[15:9] + 1) + 2 [Hz]

(2) Slave

‘ (Transfer clock frequency) = {Frequency of serial clock (SCK) supplied by master}Note [Hz]

Note The permissible maximum transfer clock frequency is fuck/6.

Remark The value of SDRmn[15:9] is the value of bits 15 to 9 of serial data register mn (SDRmn) (0000000B to
1111111B) and therefore is 0 to 127.

The operation clock (fuck) is determined by serial clock select register m (SPSm) and bit 15 (CKSmn) of serial mode
register mn (SMRmn).
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Table 11-2. Selection of Operation Clock for 3-Wire Serial 1/10

SMRmn SPSm Register Operation Clock (fuck) N°te

Register

CKSmn | PRS | PRS | PRS | PRS | PRS | PRS | PRS | PRS feuk = 32 MHz

ml13 | m12 | m11 | m10 | mO3 | mO2 | mO1 | mOO
0 X X X X 0 0 0 0 ferk 32 MHz
X X X X 0 0 0 1 fok/2 16 MHz
X X X X 0 0 1 0 feLr/22 8 MHz
X X X X 0 0 1 1 fok/23 4 MHz
X X X X 0 1 0 0 fek/24 2 MHz
X X X X 0 1 0 1 fok/2° 1 MHz
X X X X 0 1 1 0 foik/28 500 kHz
X X X X 0 1 1 1 fek/2” 250 kHz
X X X X 1 0 0 0 fouk/28 125 kHz
X X X X 1 0 0 1 fer/2° 62.5 kHz
X X X X 1 0 1 0 fok/210 31.25 kHz
X X X X 1 0 1 1 fok/2M 15.63 kHz
X X X X 1 1 0 0 foLk/212 7.81 kHz
X X X X 1 1 0 1 fok/213 3.91 kHz
X X X X 1 1 1 0 fok/214 1.95 kHz
X X X X 1 1 1 1 fok/21® 977 Hz
1 0 0 0 0 X X X X ferk 32 MHz

0 0 0 1 X X X X fek/2 16 MHz
0 0 1 0 X X X X feuk/22 8 MHz
0 0 1 1 X X X X ferw/28 4 MHz
0 1 0 0 X X X X fok/24 2 MHz
0 1 0 1 X X X X fouk/2° 1 MHz
0 1 1 0 X X X X feL/28 500 kHz
0 1 1 1 X X X X fek/2” 250 kHz
1 0 0 0 X X X X fouk/28 125 kHz
1 0 0 1 X X X X fouk/2° 62.5 kHz
1 0 1 0 X X X X foLk/210 31.25 kHz
1 0 1 1 X X X X fok/2M 15.63 kHz
1 1 0 0 X X X X fok/212 7.81 kHz
1 1 0 1 X X X X fork/213 3.91 kHz
1 1 1 0 X X X X fok/214 1.95 kHz
1 1 1 1 X X X X fok/21® 977 Hz

Other than above

Setting prohibited

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 m (STm) = 000FH) the operation of the serial array
unit (SAU).

Remarks 1. X: Don't care

2. m: Unit number (m = 0), n: Channel nhumber (n = 0), mn = 00
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11.5.9 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 1/0 (CSI00) communication is described in

Figure 11-74.

Figure 11-74. Processing Procedure in Case of Overrun Error

Software Manipulation

Hardware Status

Remark

Reads serial data register mn (SDRmn)—3

b The BFFmn bit of the SSRmn 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 mn
(SSRmn).

Error type is identified and the read
value is used to clear error flag.

Writes 1 to serial flag clear trigger ———)
register mn (SIRmn).

1 Error flag is cleared.

Error can be cleared only during
reading, by writing the value read from
the SSRmn register to the SIRmn
register without modification.

Remark m: Unit number (m = 0), n:

Channel number (n = 0), mn = 00
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11.6 Clock Synchronous Serial Communication with Slave Select Input Function

Channel 0 of SAUO correspond to the clock synchronous serial communication with slave select input function.
[Data transmission/reception]
¢ Data length of 7 or 8 bits

e Phase control of transmit/receive data

e MSBJ/LSB first selectable

o Level setting of transmit/receive data

[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 rate Note

During slave communication: Max. fmck/6

[Interrupt function]

¢ Transfer end interrupt/buffer empty interrupt

[Error detection flag]
e Overrun error
[Expansion function]

¢ Slave select function

Note Use this operation within a range that satisfies the conditions above and the AC characteristics in the
electrical specifications (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

Unit

Channel Used as CSI

CSI00 (supporting slave
select input function)

Used as UART

UARTO

Slave select input function performs the following three types of communication operations.

e Slave transmission

¢ Slave reception

(See 11.6.1))
(See 11.6.2))

¢ Slave transmission/reception (See 11.6.3.)
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Multiple slaves can be connected to a master and communication can be performed by using the slave select input
function. The master outputs a slave select signal to the slave (one) that is the other party of communication, and each
slave judges whether it has been selected as the other party of communication and controls the SO pin output. When a
slave is selected, transmit data can be communicated from the SO pin to the master. When a slave is not selected, the
SO pin is set to high-impedance output. Therefore, short circuit of the SO pin with SO output of other slave can be
avoided. Furthermore, when a slave is not selected, no transmission/reception operation is performed even if a serial
clock is input from the master.

Caution Output the slave select signal by port manipulation.

Figure 11-75. Example of Slave Select Input Function Configuration

Master Slave
SCK © :Cl)i SCK
ssI © © ssI
S ﬁi O S
SO O ’—ECIDS SO
©
Port
©
Slave
SAU
4503 SCK
ﬁi ssI
fﬁ SI
T/ SO
Caution Make sure that Vop 2 Vb.
Select the N-ch open-drain output (Vop tolerance) mode for the SO00 pin.
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Figure 11-76. Slave Select Input Function Timing Diagram

DAPMN = 0]  transmit data is set

BFFmn |
TSFmn [
SSEmn _|
e e B B I e B B o i I
(CKPmn = 0)
Simn C XXX XXX X XbitrXbits Xbits X bit4 Xbit3 X bit2 X bitl X bitd
Sampling timing f ¢ ¢ f ? ? ¢ ?

SOmn Hi-Z (x Xbit7 Xbit6 Xbits X bita Xbit3 X bit2 X bit1 X bitd
SSimn | li

While SSImn is at high level, transmission is not performed even if the falling edge of SCKmn (serial clock) arrives,
and neither is receive data sampled in synchronization with the rising edge.

When SSImn goes to low level, data is output (shifted) in synchronization with the falling edge of the serial clock
and a reception operation is performed in synchronization with the rising edge.

DAPmn =1

Transmit data is set

\
BFFmn [
TSFmn
SSEmn _|

= S T T e e T e e s Y
(CKPmn = 0)
Simn C XX XXX X X Xbitr Xbits Xbits Xbita X bita X bit2 X bit1 X bit0
Sampling timing T ? f T T T T T

somn Hi-z X _bit7_Xbit6 X bit5 X bita X bit3 X bit2 X bit1 X bit0
SSimn |

If DAPmn = 1, when transmit data is set while SSImn is at high level, the first data (bit 7) is output to the
data output. However, no shift operation is performed even if the rising edge of SCKmn (serial clock)
arrives, and neither is receive data sampled in synchronization with the falling edge. When SSImn goes
to low level, data is output (shifted) in synchronization with the next rising edge and a reception operation
is performed in synchronization with the falling edge.

Remark m: Unit number (m = 0), n: Channel number (n = 0)
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11.6.1 Slave transmission
Slave transmission is that the RL78/G1P transmits data to another device in the state of a transfer clock being input
from another device.

Slave Select Input CSI00
Function
Target channel Channel 0 of SAUO
Pins used SCK00, SO00, SSI00
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 (OVFmn) only

Transfer data length 7 or 8 bits

Transfer rate Max. fwck/6 [Hz]Notes 12,

Data phase Selectable by the DAPmn bit of the SCRmn register

« DAPmn = 0: Data output starts from the start of the operation of the serial clock.
« DAPmn = 1: Data output starts half a clock before the start of the serial clock operation.

Clock phase Selectable by the CKPmn bit of the SCRmn register
o CKPmn = 0: Non-reverse
o CKPmn = 1: Reverse

Data direction MSB or LSB first
Slave select Input Slave select input function operation selectable
function

Notes 1. Because the external serial clock input to the SCKOO pin is sampled internally and used, the fastest transfer
rate is fuck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the AC characteristics in the
electrical specifications (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

Remarks 1. fuck: Operation clock frequency of target channel
2. m: Unit number (m = 0), n: Channel number (n = 0)
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(1) Register setting
Figure 11-77. Example of Contents of Registers for Slave Transmission of Slave Select Input Function
(CsI00) (1/2)

(a) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMnN  fcksmnljccsmn| STSmn SISmnQ MDmn2[|MDmn1}|MDmn0O
0/1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0/1
I I
Operation clock (fwck) of channel n Interrupt source of channel n
0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt
1: Prescaler output clock CKm1 set by the SPSm register 1: Buffer empty interrupt

(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

IDLSmnl

SCRmMnN || TXEmn|RXEmn||DAPmn| CKPmn EOCmn|PTCmn1 |PTCmn0Oj| DIRmn SLCmn1{SLCmnO DLSmn0
1 0 0/1 | 0/1 0 0 0 0 o1| 0 0 0 0 1 1 0/1
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 1: Inputs/outputs data with LSB first. 1: 8-bit data length

setting, see 11.3 Registers
Controlling Serial Array Unit.)

(c) Serial data register mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn 0000000

Baud rate setting 0 Transmit data setting

SIop

(d) Serial output register m (SOm) ... Sets only the bits of the target channel.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOmM3|CKOm2|CKOm1|CKOmO SOm3 | SOm2 | SOm1 | SOmo
0 0 0 0 X X X X 0 0 0 0 x X X 0/1

(e) Serial output enable register m (SOEm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm3|SOEm2|SOEm1|SOEmMO0
0 0 0 0 0 0 0 0 0 0 0 0 x x X 0/1

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI humber (p = 00)
2. @: Setting is fixed in the CSI slave 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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Figure 11-77. Example of Contents of Registers for Slave Transmission of Slave Select Input Function
(CsI00) (2/2)

(f) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo

0 0 0 0 0 0 0 0 0 0 0 0 X X x | 0/1

(g9) Input switch control register (ISC) ... SSIO0 input setting in CSIO0 slave channel (channel 0 of unit 0).
7 6 5 4 3 2 1 0

ISC  |ssIE00 ISC1 | ISCo
0/1 0 0 0 0 0 0/1 | 0/1
0: Disables the input value of the SSI00 pin — |

1: Enables the input value of the SSI00 pin

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI nhumber (p = 00)
2. []: 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 Slave Transmission

<Starting initial setting>

Setting the PERO register

|

Setting the SPSm register

|

Setting the SMRmn register Set an operation mode, etc.

|

Setting the SCRmn register Set a communication format.

|

) ) Set bits 15 to 9 to 0000000B for baud rate
Setting the SDRmn register
\ setting.

Release the serial array unit from the
reset status and start clock supply.

Set the operation clock.

Set the initial output level of the serial

Setting the SOm register
data (SOmn).

|

Changing setting of the SOEm register

Set the SOEmn 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

Setting port register. When connecting multiple
slaves, set N-ch open-drain before setting

data output.

Set the SSIEQO bit to 1 and enable slave

Writing to the ISC register . .
9 9 select function operation of channel 0.

\ Set the SSmn bit of the target channel to 1
Writing to the SSm register

. L Set transmit data to the SIOp register (bits
Starting communication ] ]
7 to 0 of the SDRmn register) and wait for

(SEmn bit = 1: to enable operation).

a clock from the master.

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Figure 11-79. Procedure for Stopping Slave Transmission

C Starting setting to stop )
If there is any data being transferred, wait for their
_ No completion.
(Selective) TSFmn =07 (If there is an urgent must stop, do not wait.)

Yes

Write 1 to the STmn bit of the target channel

(Essential) Writing the STm register (SEmn = 0: to operation stop status).

Changing setting of the Set the SOEmn bit to 0 and stop the output of the

(Essential) SOEm register target channel.

The levels of the serial data (SOmn) on the target
channel can be changed if necessitated by an
emergency.

(Selective)| ~ Changing setting of the
SOm register

Reset the serial array unit by stopping the clock

(Selective)| Setting the PERO register supply to it.

After the stop setting is completed, go to the next

( Stop setting is completed ) processing.

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00).
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(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

(Essential)

(Essential)

(Essential)

Figure 11-80. Procedure for Resuming Slave Transmission

( Starting setting for resumption )

-l
-«

Yes

Completing master No
preparations?

Port manipulation

Changing setting of the SPSm register

Changing setting of

the SDRmn register

Changing setting of

the SMRmn register

Changing setting of

the SCRmn register

| Clearing

error flag

Changing setting of the SOEm register

Changing setting of the SOm register

Changing setting of the SOEm register

Port manipulation

Writing to the ISC register

Writing to the

SSm register

Starting communication

(Completing resumption setting)

Wait until stop the communication target (master)
or 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
mn (SMRmn) setting.

Re-set the register to change serial communication
operation setting register mn (SCRmn) setting.

If the OVF flag remains set, clear this
using serial flag clear trigger register mn
(SIRmn).

Set the SOEmn bit to 0 to stop output from the
target channel.

Set the initial output level of the serial data
(SOmn).

Set the SOEmn 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.
When connecting multiple slaves, set N-ch open-
drain before setting data output.

Set the SSIEQOQ bit to 1 and enable slave select
function operation of channel 0.

Set the SSmn bit of the target channel to 1
(SEmn = 1: to enable operation).

Sets transmit data to the SIOp register (bits 7 to 0
of the SDRmn register) and wait for a clock from
the master.

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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(3) Processing flow (in single-transmission mode)

Figure 11-81. Timing Chart of Slave Transmission (in Single-Transmission Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn
STmn |_'_
SEmn L
SDRmn X Transmit data 1 X Transmit data 2 X Transmit data 3
SCKp pin
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
Shift ——— —r—r— —_—r - —— L
INTCSIp 1
Data transmission Data transmission Data transmission
TSFmn
SSlp pin

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Main routine

Y4

Interrupt
processing
routine

Y4

Main routine

-

Figure 11-82. Flowchart of Slave Transmission (in Single-Transmission Mode)

CStarting CSl CommunicatioD

For the initial setting, refer to Figure 11-78.

SAU default setting (Select transfer end interrupt)

;l
|

Set storage area and the number of data for transmit data

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)

Enables interrupt Clear interrupt request flag (XXIF), reset interrupt mask (XXMK)

and set interrupt enable (EI).

>
~

Writing transmit data to
SIOp (= SDRmn [7:0])

Read transmit data from storage area and write it to SIOp.
Update transmit data pointer.

- Start communication when master

Wait for transmit completes

start providing the clock

g When transmit end, interrupt is generated

( Transfer end interrupt )

( RETI

) Clear the interrupt request flag (xxIF).

Yes

Yes
I Transmitting next data?
data

Determine if it completes by counting number of communication

Continuing transmit?

=
o

Disable interrupt (MASK)

| Write STmn bit tol |

( End of communication )

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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(4) Processing flow (in continuous transmission mode)

Figure 11-83. Timing Chart of Slave Transmission (in Continuous Transmission Mode)
(Type 1: DAPmn =0, CKPmn = 0)

SSmn<1>
STmn <6>|_|_
SEmn | |
SDRmn Transmit data 1 Transmit data 2 Transmit data 3
sckppin | LI L JTUUuyu
SOp pin Transmit data 1 Transmit data 2 Transmit data 3
INTCSIp
Data transmission Data transmission - Data transmission
MDmnO <4> |
TSFmn ‘
BFFmn |
SSIp pin
<2><3> <2> <3> <2> <3> <5>

Note If transmit data is written to the SDRmn register while the BFFmn bit of serial status register mn (SSRmn) is
1 (valid data is stored in serial data register mn (SDRmn)), the transmit data is overwritten.

Caution The MDmnO bit of serial mode register mn (SMRmn) can be rewritten even during operation.
However, rewrite it before transfer of the last bit is started.

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Figure 11-84. Flowchart of Slave Transmission (in Continuous Transmission Mode)
4 ( Starting setting )
|
For the initial setting, refer to Figure 11-78.
SAU default setting (Select buffer empty interrupt)
<1>
=I Set storage area and the number of data for transmit data
° (Storage area, Transmission data pointer, Number of communication
k= | Setting transmit data | data and Communication end flag are optionally set on the internal
§ RAM by the software)
=
g | Enables interrupt | Clegir interrupt request flag (XXIF), reset interrupt mask (XXMK) and
I set interrupt enable (EI)
<> Writing transmit data to Read transmit data from buffer and write it to SIOp. Update
SIOp (= SDRmn [7:0]) transmit data pointer
;' - Start communication when master start providing
| the clock
_ | Wait for transmit completes |
! When buffer empty/transfer end interrupt is
4 <3><5> | - pty; p

Interrupt processing routine

N

Write MDmnO bit to 1|

Main routine

<6>

-

| Reading transmit data |
|

Writing transmit data to
SIOp (= SDRmn [7:0])

[

generated, it moves to interrupt processing routine

C Buffer empty/transfer end interrupt)

If transmit data is left, read them from storage area

If not, change the interrupt to transmission complete

| Clear MDmMnO bit to 0 <4>

[

Subtract -1 from number of
transmit data
T

( RETI )

No Number of communication
data = -1?

Yes

Yes L .
Communication continued?

No
| Disable interrupt (MASK) |

| Write STmn bitto 1 |

( End of communication )

It is determined as follows depending on the
number of communication data.

+1: Transmit data completion
0: During the last data received
-1: All data received completion

then write into SIOp, and update transmit data pointer.

Remarks 1. <1> to <6> in the figure correspond to <1> to <6> in Figure 11-83 Timing Chart of Slave
Transmission (in Continuous Transmission Mode).
2. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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11.6.2 Slave reception

Slave reception is that the RL78/G1P receives data from another device in the state of a transfer clock being input from

another device.

Slave Select Input
Function

CSI00

Target channel

Channel 0 of SAUO

Pins used

SCKO00, SI00, SSI100

Interrupt

INTCSIO0

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.)

Error detection flag

Overrun error detection flag (OVFmn) only

Transfer data length

7 or 8 bits

Transfer rate

Max. fuck/6 [Hz]Notes 1.2

Data phase Selectable by the DAPmn bit of the SCRmn register

e« DAPmn = 0: Data input starts from the start of the operation of the serial clock.

o DAPmn = 1: Data input starts half a clock before the start of the serial clock operation.
Clock phase Selectable by the CKPmn bit of the SCRmn register

o CKPmn = 0: Non-reverse
o CKPmn = 1: Reverse

Data direction

MSB or LSB first

slave select input
function

Slave select input function operation selectable

Notes 1. Because the external serial clock input to the SCKOO pin is sampled internally and used, the fastest transfer
rate is fuck/6 [Hz].
2. Use this operation within a range that satisfies the conditions above and the peripheral functions

characteristics in the electrical specifications (see CHAPTER 27 ELECTRICAL SPECIFICATIONS).

Remarks 1. fuck: Operation clock frequency of target channel

2. m: Unit number (m = 0), n: Channel number (n = 0)
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(1) Register setting

Figure 11-85. Example of Contents of Registers for Slave Reception of Slave Select Input Function (CSI00) (1/2)

(a) Serial mode register mn (SMRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SMRmMnN  |cksmnlfccsmn STSmn SISmnQ MDmn2||MDmn1}|MDmn0O
0/1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0
I I

Operation clock (fwck) of channel n Interrupt source of channel n

0: Prescaler output clock CKmO set by the SPSm register 0: Transfer end interrupt

1: Prescaler output clock CKm1 set by the SPSm register

(b) Serial communication operation setting register mn (SCRmn)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SCRmMnN || TXEmn|RXEmn||DAPmn| CKPmn EOCmn|PTCmn1 |PTCmn0Oj| DIRmn SLCmn1{SLCmnO DLSmn1]{DLSmn0
0 1 0/1 | 0/1 0 0 0 0 o1| 0 0 0 0 1 1 0/1
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 1: Inputs/outputs data with LSB first. 1: 8-bit data length

setting, see 11.3 Registers
Controlling Serial Array Unit.)

(c) Serial dataregister mn (SDRmn) (lower 8 bits: SIOp)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SDRmn 0000000
Baud rate setting 0 Receive data

SIop

(d) Serial output register m (SOm) ...The Register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOm CKOmM3|CKOm2|CKOm1|CKOmO SOm3 | SOm2 | SOm1 | SOmo
0 0 0 0 X X X X 0 0 0 0 X X X X

(e) Serial output enable register m (SOEm) ...The Register that not used in this mode.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SOEm SOEm3|SOEm2|SOEm1|SOEmMO0
0 0 0 0 0 0 0 0 0 0 0 0 X x X X

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI humber (p = 00)
2. @: Setting is fixed in the CSI slave reception 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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Figure 11-85. Example of Contents of Registers for Slave Reception of Slave Select Input Function (CSI00) (2/2)

(f) Serial channel start register m (SSm) ... Sets only the bits of the target channel to 1.
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

SSm SSm3 | SSm2 | SSm1 | SSmo
0 0 0 0 0 0 0 X X X 0/1

(9) Input switch control register (ISC) ... SSI00 input setting in CSI00 slave channel (channel 0 of unit 0).
7 6 5 4 3 2 1 0

ISC [|ssiEoo ISC1 | ISco
0/1 0 0 0 0 0 0/1 | 0/1

0: Disables the input value of the SSI00 pin _ 1
1: Enables the input value of the SSI00 pin

Remarks 1. m: Unit number (m = 0), n: Channel number (n = 0), p: CSI humber (p = 00)

2. [ : 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 11-86. Initial Setting Procedure for Slave Reception

<Starting initial settings>

Setting the PERO register

Setting the SPSm register

Setting the SMRmn register

Setting the SCRmn register

Setting the SDRmn register

Setting port

Writing to the ISC register

Writing to the SSm register

<Starting communicatioD

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 15 to 9 to 0000000B for baud
rate setting.

Enable data input and clock input of the
target channel by setting a port register
and a port mode register.

Set the SSIEQO bit to 1 and enable slave
select function operation of channel 0.

S et the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation) and wait
for a clock from the master.

Figure 11-87. Procedure for Stopping Slave Reception

( Starting setting to stop )
|

No
(Selective) @

Yes
(Essential) Writing the STm register
. Changing setting of the
(Essential) SOEm register
(Selective)| Setting the PERO register

C 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 STmn bit of the target channel.
(SEmn = 0: to operation stop status)

Set the SOEmn bit to 0 and stop the output of the
target channel.

Reset the serial array unit by stopping the clock
supply to it.

After the stop setting is completed, go to the next
processing.

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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(Essential)

(Essential)

(Selective)

(Selective)

(Selective)

(Selective)

(Essential)

(Essential)

(Essential)

Figure 11-88. Procedure for Resuming Slave Reception

( Starting setting for resumption )

Completing master
preparations?

Yes

Port manipulation

Changing setting of the SPSm register

Changing setting of

the SMRmn register

Changing setting of

the SCRmn register

Clearing

error flag

Port manipulation

Writing to the ISC register

Writing to the

SSm register

Completing resumption
setting

Wait until stop the communication target (master)
or 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 serial mode register
mn (SMRmn) setting.

Re-set the register to change serial communication
operation setting register mn (SCRmn) setting.

If the OVF flag remains set, clear this
using serial flag clear trigger register mn
(SIRmn).

Enable clock output of the target channel by setting
a port register and a port mode register.

Set the SSIE0O bit to 1 and enable slave select
function operation of channel 0.

Set the SSmn bit of the target channel to 1
(SEmn bit = 1: to enable operation). Wait
for a clock from the master.

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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(3) Processing flow (in single-reception mode)

SSmn

Figure 11-89. Timing Chart of Slave Reception (in Single-Reception Mode)
(Type 1: DAPmn =0, CKPmn = 0)

STmn

I
L

SEmn

Receive data 31

SDRmn

Receive data 1

Receive data 2

1

SCKp pin
Slp pin

LUy y

ARead

ARead

uuuyy

ReadA

Receive data 1

X Receive data 2

Receive data 3

Shift register mn

INTCSIp

—_— — AN A/
X_Reception & shift operation X

A\
Reception & shift opgration x

—

M\ \r—\r—r—\
x Reception & shift operation x

TSFmn

SSip pin_|

Data reception

Data reception

Data reception

Remark m: Unit number (m = 0), n: Channel number (n = 0), p: CSI number (p = 00)
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Figure 11-90. Flowchart of Slave Reception (in Single-Reception Mode)

étarting Csl communicatioD

SAU default setting For the initial setting, see Figure 11-86.
§ (Select transfer end interrupt only)
5 |
IS ) i i
g Ready for reception 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)
Enables interrupt Clear interrupt request flag (XXIF), reset interrupt mask (XXMK) and set
interrupt enable (El).
_—
Wait for receive completes
< Start communication when master start providing
> the clock
< When transmit end, interrupt is generated

(Transfer end interrupt)

Reading receive data to
SIOp (=SDRmn[7:0])

( RETI )
Reception completed?

Yes

Read receive data then writes to storage area, and counts
up the number of receive data.
Update receive data pointer.

aunnoJ Buissasoid 1dniisu)

Check completion of number of receive data

Disable interrupt (MASK)

Write STmn bitto 1
|

\ (End of communication)

aunnos urepy

RO1UHO0895EJ0100 Rev.1.00 R NS 218
Nov 29, 2019 _ENES



RL78/G1P CHAPTER 11 SERIAL ARRAY UNIT

11.6.3 Slave transmission/reception
Slave transmission/reception is that the RL78/G1P transmits/receives data to/from another device in the state of a
transfer clock being input from another device.

Slave Select Input CSI00
Function
Targe