RE N ESAS Application Note

RL78/G23
[2S Communication with ELCL and SPI

Introduction

This application note describes how to use the logic and event link controller (ELCL) and Serial Array Unit
(SAU) to achieve I2S communication.

Target Device
RL78/G23

When applying the sample program covered in this application note to another microcomputer, modify the
program according to the specifications for the target microcomputer and conduct an extensive evaluation of
the modified program.
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RL78/G23 I12S communication with ELCL and SPI

1. Specifications

Figure 1-1 shows the I12S communication configuration supported by this application note and Table 1-1
shows the specifications.

Figure 1-1 RL78/G23 and receiver configuration

BCLK BCLK
LRCLK . _ LRCLK
RL78/G23 i Receiver RL78/G23 h Receiver
SDIN SDIN .
_ SDOUT _ SDOUT
When RL78/G23 is the master When RL78/G23 is the slave

Note LRCLK: LR clock (word select)
A signal that distinguishes between L and R channels. Low level is defined as L channel and
High level is defined as R channel.
Matches the sampling frequency.
BCLK: I2S bit clock
SDIN: The signal that the receiver receives the sound data.
SDOUT: The signal that the receiver sends sound data.

Table 1-1 I?S Communication Format

Items Contents
sound data format PCM
Function Can operate on both master and slave.

BCLK frequency: 32fs, 48fs, 64fs (fs: Sampling frequency)

Sampling frequency: 8-96kHz Note 1

Data size: 16, 24, 32bits

Note 1. It can operate with the combinations of data size and sampling frequency shown in the table.
However, at a sampling frequency of 96 kHz, a data size of 24 or 32 bits cannot be supported
because the electrical characteristics cannot be satisfied.

Figure 1-2 shows the configuration of I2S communication (master) using ELCL.

BCLK and LRCLK are generated using Timer Array Unit 0 (TAUO). The BCLK generated in the interval timer
mode of TAUOO is connected to SCKO1 of SAUO1 via ELCL for adjusting the timing. TAUOO is used as an
external event in the event counter mode of TAUO1 and is output from the pin as LRCLK.

RO1AN6420EJ0200 Rev.2.00 Page 5 of 81
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RL78/G23
Figure 1-2 System Configuration of I2S communication (master) using ELCL
—©BCLK
ELCL
L1LO
L1L) © LRCLK
| INTTMOO I | VRN SCKot
L1F0 L2F1 SAU01 —@ S001/SDOUT
A=
SI01/SDIN ©)

Figure 1-3 shows the timing chart (data size 16bits) of I2S communication (master) using ELCL.

(1) TAUOO is set to interval timer mode, TAUO1 to event counter mode, and SAUO1 to continuous

transmission mode (slave).
(2) TAUOO and TAUO1 start operation.
(3) Latch INTTMOO with L1FO of ELCL and set LRCLK Low.
(4) The signal latched in (3) delays one clock cycle of BCLK and generates SCKO1.

(5) SOO01 starts operating in sync with SCKO01.

Figure 1-3 Timing chart of I’S communication (master) using ELCL

BCLK/
TOO00/
Tio1

INTTMO1

TOO1

INTCSIO01
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RL78/G23 I12S communication with ELCL and SPI

Figure 1-4 shows the configuration of I2S communication (slave) using ELCL.

BCLK is connected to SCK01 of SAUO1 by adjusting the timing with ELCL. LRCLK is used by ELCL as a
signal to generate SCKO1 timing.

Figure 1-4 System Configuration of I2S communication (slave) using ELCL

SI01/SDIN  © ——(©) S001/SDOUT
ELCL
SAUO1
L SCKO1
BCLK © L3L1
LRCLK  © 1

TAFT @ T3F1
A C °

Figure 1-5 shows a timing chart (data size 16 bits) of I2S communication (slave) using ELCL.

(1) SAUO1 is set to continuous transmit mode (slave).

(2) Latch the high to low level change of LRCLK with L1F1 of ELCL.

(3) Delay BCLK by 1 clock cycle with the signal latched in (2) to generate SCKO01.
(4) SOO01 starts operating in synchronization with SCKO01.

Figure 1-5 Timing chart of I?S communication (slave) using ELCL

BCLK

LRCLK

L)
16 bits

INTCSI01 : l : | |

Note. The initial values of BCLK and LRCLK depend on the CODEC module.
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I12S communication with ELCL and SPI

2. Conditions for Operation Confirmation Test

The sample code with this application note runs properly under the condition below.

Table 2-1 Operation Confirmation Conditions

Items

Contents

MCU

RL78/G23 (R7F100GLG)

Operating frequencies

e High-speed on-chip oscillator clock: 32MHz
e CPU/peripheral hardware clock: 32MHz

Operating voltage

e 3.3V

e LVDO operations (ViLvbo): Reset mode
Rising edge TYP. 1.90V
Falling edge TYP. 1.86V

Integrated development environment (CS+)

CS+ for CC V8.13.00 from Renesas Electronics Corp.

C compiler (CS+)

CC-RL V1.15 from Renesas Electronics Corp.

Integrated development environment
(e? studio)

e? studio 2025-04 (25.04.0) from Renesas Electronics Corp.

C compiler (e? studio)

CC-RL V1.15 from Renesas Electronics Corp.

Integrated development environment (IAR)

IAR Embedded Workbench for Renesas RL78 v5.20.1 from

C compiler (IAR) IAR Systems
Smart Configurator V.1.13.0
Board support package (r_bsp) V.1.90
Emulator CS+, e? studio: COM port
IAR: E2 Emulator Lite
Board RL78/G23 Fast Prototyping Board

(RTK7RLG230CLG000BJ)

RO1AN6420EJ0200 Rev.2.00
Jul.22.25
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3. Hardware

3.1 Example of Hardware Configuration
Figure 3-1 shows an example of the hardware configuration in this application.

Figure 3-1 Hardware Configuration

[Master]
Vpp
P60/SCLAQ f—————» SCLK Redister
EVop P61/SDAAQ |——»{ SDIN 9
VDD
_>
Sl <
——— .
P73/S001 ——»| SDIN Audio CODEC
RL78/G23
~<—»{ P40/TOOLO
LED1
PC(via USB) —3»| P11/TOOLRXD P53 KKI‘ JW\, |
- P12/TOOLTXD
[Slave]
Vpp
P60/SCLAO [——— SCLK .
EVop P61/SDAAQ |——»{ SDIN 9
Voo P50/EI50 |- LRCIN
RESET
P51/El51 |<@——— BCLK Audio CODEC
P73/SO01 f———»{ SDIN
RL78/G23
<€—P| P40/TOOLO LEDA
PC(via USB) —| P11/TOOLRxD P53 KKK JM |
< P12/TOOLTxD

Note. For I12C communication, refer to 4.1.1 Overview of the sample program.

Caution 1. This simplified circuit diagram was created to show an overview of connections only.
When actually designing your circuit, make sure the design includes sufficient pin processing and
meets electrical characteristic requirements. (Connect each input-only port to Vop or Vss through
a resistor.)

Caution 2. Connect the EVss pin to Vss and the EVpbp pin to Vob.

Caution 3. Vop must be held at not lower than the reset release voltage (Vivoo) that is specified as LVD.

RO1AN6420EJ0200 Rev.2.00 Page 9 of 81
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3.2 Used Pins

Table 3-1 shows a list of used pins and assigned functions.

Table 3-1 List of Pins and Functions

Pin name Input/Output Function

P53 Output LED1 lights (Low Active)
P60/SCLAO Output Serial clock

P61/SDAAQ Output Serial data

P50/EO50 Output (master) LRCLK

P50/EI50 Input (slave)

P51/EO51 Output (master) BCLK

P51/E151 Input (slave)

P73/SO01 Output SDIN

Caution. In this application note, only the used pins are processed. When actually designing your circuit,
make sure the design includes sufficient pin processing and meets electrical characteristic

requirements.

RO1AN6420EJ0200 Rev.2.00
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4. IS communication (master) using ELCL

4.1 Software

4.1.1 Overview of the sample program
This sample code uses RS Audio CODEC 754-1974. It also uses |12C communication for register settings in

the audio CODEC and IS communication for sound data transmission processing.

BCLK uses the Through content of ELCL and the output pin is changed to P51.

The sample code works as follows.

(1) 1ICA for I2C communication starts operation and sets registers in the audio CODEC.

(
(
(
(

5) Stop CSI01 and TAUO.

Figure 4-1 shows the system configuration of the sample code.

Figure 4-1 System configuration of the sample code

2) CSI01 for I2S communication starts operation (waiting for SCK01).
3) TAUO for BCLK and LRCLK starts operation and data transmission starts.
4) After data transmission, turns on LED1.

RL78/G23
ELCL for moving ports p
( Through Contents ) (O)BCLK/P51
] TO00
© LRCLK/P50
TAuoo OO ELCL for I°S
SAUO01
NTTMOO SCKO1 SDIN/P73
0) SDAA0/P61
[ICA
0O) SCLA0/P60

RO1AN6420EJ0200 Rev.2.00
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4.1.2 Folder Configuration

Table 4-1, Table 4-2 shows folder configuration of source file and header files using by sample code except
the files generated by integrated development environment and the files in the bsp environment.

Table 4-1 Folder configuration (1/2)

Folder/File configuration Outline Created by
Smart
configurator

¥r01an6420_elcl_i2s_master<DIR>Note 3 Root folder of this sample code

¥src<DIR> Folder for program source
main.c Sample code source file
main.h Sample code header file
r_codec.cNete 4 Source file for CODEC module settings
r_codec.hNote 4 Header file for CODEC module settings
sound_data.c Source file for sound data
sound_data.h Header file for sound data
¥csi01<DIR> Folder for CSI01 program
csi01.c Source file for CSI01
csi01.h Header file for CSI101
¥iicaO<DI|R>Note 4 Folder for ICAO program
iica0.c Source file for IICAO
iica0.h Header file for ICAQ
¥smc_gen<DIR> Folder created by Smart Configurator N
¥Config_ PORT<DIR> Folder for PORT program N
Config_ PORT.c Source file for PORT N
Config_PORT.h Header file for PORT N
Config PORT _user.c Interrupt source file for PORT Note 1
¥Config_ TAUO_0<DIR> Folder for TAUOO program N
Config_TAUO O.c Source file for TAUOO N
Config_TAUO_0.h Header file for TAUOO N
Config_TAUO_0_user.c Interrupt source file for TAUOO |Note 2
¥Config_ TAUO_1<DIR> Folder for TAUO1 program N
Config_TAUO_1.c Source file for TAUO1 N
Config_TAUO_1.h Header file for TAUO1 N
Config_TAUO_1_user.c Interrupt source file for TAUOO Note 1

Note. <DIR> means directory
Note 1. Not used in this sample code.
Note 2. Added the interrupt handling routine to the file generated by the Smart Configurator.
Note 3. The IAR version of the sample code contains buildinfo.ipcf. For the ipcf file, refer
to "RL78 Smart Configurator User Guide: IAR (R20AN0581)".
Note 4. This file is required to configure the RS Audio CODEC 754-1974 module.

RO1AN6420EJ0200 Rev.2.00 Page 12 of 81
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Table 4-2 Folder configuration (2/2)

Folder/File configuration Outline Created by
Smart
configurator

¥Config_ TAUO_7<DIR>Note 4 Folder for TAUQO7 program N
Config_TAUOQO 7.c Source file for TAUO7 N
Config_TAUOQ_7.h Header file for TAUO7 N
Config_TAUO_7_user.c Interrupt source file for TAUO7 Note 5

¥Config_ELCL<DIR> Folder for Through program N
Config_ELCL.c Source file for ELCL N
Config_ELCL.h Header file for ELCL N
Config_ELCL _user.c Interrupt source file for ELCL N

¥general<DIR> Folder for initialize or common program N

¥r_bsp<DIR> Folder for BSP program N

¥r_config<DIR> Folder for program N

Note. <DIR> means directory

Note 4. This file is required to configure the RS Audio CODEC 754-1974 module.

Note 5. Added the interrupt handling routine to the file generated by the Smart Configurator.

Since 12S communication uses CSlI, it does not follow the original CS| standard and overrun errors occur.

Error detection processing is removed from the code generated by the Smart configurator.

In addition, to enable multiple interrupts in IICA, the code generated by the Smart configurator is modified to

remove unnecessary functions.

4.1.3 Option Byte Settings
Table 4-3 shows the option byte settings.

Table 4-3 Option Byte Settings

Address Setting Value Contents

000COH/040COH 1110 1111B (EFH) Operation of Watchdog timer is stopped
(counting is stopped after reset)

000C1H/040C1H 1111 1110B (FEH) LVDO operating mode: reset mode
Detection voltage: Rising edge 1.90V
Falling edge 1.86V

000C2H/040C2H 1110 1000B (E8H) Flash operating mode: HS mode
High-speed on-chip oscillator clock: 32MHz

000C3H/040C3H 1000 0101B (85H) On-chip debugging is enabled

RO1AN6420EJ0200 Rev.2.00
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4.1.4 Constants

Table 4-4, Table 4-5 shows the constants that are used in this sample code.

Table 4-4 Constants used in the sample code (1/2)

Constant Name Setting Value Contents File

LED1 P5_bit.no3 P53 csi01.c

LED_ON 0 Setting value for turning on the csi01.c
LED

LED_OFF 1 Setting value for turning off the csi01.c
LED

DATA_48K_32B 1 Select the sound data to play. sound_data.h
(1: Enable, 0: Disable)

DATA_44K 24B 0 Select the sound data to play. sound_data.h
(1: Enable, 0: Disable)

DATA_8K _16B 0 Select the sound data to play. sound_data.h
(1: Enable, 0: Disable)

DECODE_PCM_SIZE | 32000 The number of sound data. sound_data.h

(DATA_48K_32B)

22791
(DATA_44K_24B)

20481
(DATA_8K_16B)

The setting value changes
depending on the sound data to
be played.

g_tx_buff] See sample code Sound data sound_data.c

SENSOR_ADD 0x34 Sensor address r_codec.h

WAIT_TIME 100 [ICAO communication wait time r_codec.h

g_cmd_| vol[2] { 0x00, 0x17 } Left line input channel volume r_codec.c
control command

g_cmd_r_vol[2] {0x02, 0x17 } Right line input channel volume r_codec.c
control command

g_cmd_bypass[2] { 0x08, 0x12 } Analog audio path control r_codec.c
command

g_cmd_deempha[2] { Ox0A, 0x00 } Digital audio path control r_codec.c
command

g_cmd_line_adc[2] { 0x0C, 0x42} Power down control command r_codec.c
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Table 4-5 Constants used in the sample code (2/2)
Constant Name Setting Value Contents File
g_cmd_set_rate[2] {0x10, 0x00} Sampling frequency control r_codec.c
(48kHz) command
{ 0x10, 0x20 }
(44kHz)
{0x10, Ox0C}
(8kHz)
g_cmd_set_format[2] {Ox0E, Ox0E} Digital audio interface format r_codec.c
(32bits) command
{Ox10, Ox0A}
(24bits)
{OxOE, 0x02}
(16bits)
g_cmd_activate[2] { 0x12, 0x01 } CODEC module active command | r_codec.c
g_cmd_inactivate[2] { 0x12, 0x00 } CODEC module inactive r_codec.c
command
g_cmd_reset[2] { Ox1E, 0x00 } Register reset command r_codec.c

4.1.5 Variables
Table 4-6 shows the global variables used in this sample code.

Table 4-6 Global variables used in the sample code

Type

Variable name

contents

Functions used in

volatile uint16_t

g_ms_timer

Count value of the wait
process

r_ms_delay,
r_Config_ TAUO_7_interrupt

volatile uint8_t

g_tx_done_flag

Transmission Completion Flag

main
r_csi01_callback_sendend

volatile uint8_t

g_sample_mode

I2C communication status

r_codec_init

r_codec_start

r_codec_stop
r_iica0_callback_master_sende
nd
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4.1.6 Functions

Table 4-7 shows the functions used in the sample code. However, the unchanged functions generated by the

Smart Configurator are excluded.

Table 4-7 Functions

Function name Outline Source file
main Main process main.c
r_csi01_create CSI01 initialize process csi.c
r_csi01_start CSI01 operation start process csi.c
r_csi01_stop CSI01 operation stop process csi.c
r_csi01_send CSI01 start sending process csi.c
r_csi01_callback_sendend CSI01 callback function for end csi.c

of transmission process
r_csi01_interrupt CSI01 interrupt process csi.c
r_iica0_create [ICAQ initialize process lica0.c
r_iica0_stop [ICAOQ operation stop process lica0.c
r_iica0_stopcondition IICAO stop condition process licaO.c
r_iica0_master_send IICAO master send start process | lica0.c
r_iica0_callback_master_sendend [ICAO callback function for end lica0.c

of transmission process
r_iica0_master_handler [ICAQ interrupt handler lica0.c
r_iica0_interrupt [ICAQ interrupt process licaO.c
r_codec_init CODEC module setup process r_codec.c
r_codec_start CODEC module start process r_codec.c
r_codec_stop CODEC module stop process r_codec.c

r_tauQ_start

TAUO start process

r_cg_tau_common.c

R_Config TAUO 0 Create_ Userlnit

TAUO initialization user code
addition process

Config_ TAUO_0Q_user.c

r_ms_delay

Wait process

Config_TAUOQ_7_user.c

r_Config_ TAUO_7_interrupt

TAUO channel 7 interrupt
process

Config_TAUOQ_7_user.c
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4.1.7 Function Specifications
This part describes function specifications of the sample code.

[Function name] main

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

Main process

r_smc_entry.h, main.h, csi01.h, r_codec.h, sound_data.h

void main (void);

This function initializes CS101, sets CODEC module, and performs I2S communication.

None
None
None

[Function name] r_csi01_create

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

CSI01 initialize process
csi01.h, Config_ELCL.h

void r_csi01_create (void);
This function initializes CSIO1.
None

None

None

[Function name] r_csiO1_start

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

CSI01 operation start process
csi01.h, Config_ELCL.h
void r_csi01_start (void);

This function enables the CSI01.

None
None
None

[Function name] r_csi0O1_stop

Outline
Header
Declaration
Description
Arguments
Return value
Remarks

CSI01 operation stop process
csi01.h, Config_ELCL.h

void r_csi01_stop (void);

This function stops the CSIO1.
None

None

None

RO1AN6420EJ0200 Rev.2.00
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[Function name] r_csi01_send

Outline
Header
Declaration
Description

Arguments

Return value

Remarks

CSI01 start sending process

csi01.h, Config_ELCL.h

MD_STATUS r_csi0O1_send (uint8_t *const tx_buf, uint16_t tx_num);

This function sends the number of data specified by the argument tx_num from the
address specified by the argument tx_buf.

This function does not perform error detection.

tx_buf, tx_num

status

None

[Function name] r_csi01_callback_sendend

Outline
Header
Declaration
Description
Arguments

Return value

Remarks

CSI01 callback function for end of transmission process

csi01.h, Config_ELCL.h

static void r_csi01_callback_sendend (void);

This function stops the output of ELCL, sets g_tx_done_flag and turns on LED1.
None

None

None

[Function name] r_csiO1_interrupt

Outline
Header
Declaration
Description
Arguments

Return value

Remarks

CSI01 interrupt process

csi01.h, Config_ELCL.h

#pragma interrupt r_csi01_interrupt (vect=INTCSI01)
This function sets the next transmission data to SI001.
None

None

None

[Function name] r_iica0_create

Outline
Header
Declaration
Description
Arguments

Return value

Remarks

[ICAQ initialize process
iica.h, r_codec.h

void r_csi01_create (void);
This function initializes IICAO.
None

None

None

[Function name] r_iica0_stop

Outline IICAQ operation stop process

Header iica.h, r_codec.h

Declaration void r_iica0_stop (void);

Description This function stops IICAQ operation.

Arguments None

Return value None

Remarks None
RO1AN6420EJ0200 Rev.2.00 Page 18 of 81
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[Function name] r_iica0_stopcondition

Outline [ICAO stop condition process

Header iica.h, r_codec.h

Declaration void r_iica0_stopcondition (void);
Description This function generates stop conditions.
Arguments None

Return value None

Remarks None

[Function name] r_iica0_master_send

Outline [ICAO master send start process

Header iica.h, r_codec.h

Declaration MD_STATUS r_iica0_master_send (uint8_t adr, uint8_t *const tx_buf, uint16_t tx_num,
uint8_t wait);

Description (1) When the I2C bus is released, the start condition is generated.

(2) After the start condition is generated, the slave address is set to transmit mode and
data transmission is started.
(3) Waits for communication completion.

Arguments adr, tx_buf, tx_num, wait
Return value status
Remarks None

[Function name] r_iica0_callback _master_sendend

Outline [ICAO callback function for end of transmission process

Header iica.h, r_codec.h

Declaration static void r_iica0_callback_master_sendend (void);

Description This function generates stop condition and sets I1IC communication status to FINISH.
Arguments None

Return value None

Remarks None

[Function name] r_iica0_master_handler

Outline [ICAQ interrupt handler

Header iica.h, r_codec.h

Declaration static void r_iica0_master_handler (void);

Description This function sends data if it detects an ACK for a slave address.
Arguments None

Return value None

Remarks None

[Function name] r_iicaO_interrupt

Outline [ICAO interrupt process
Header iica.h, r_codec.h
Declaration #pragma interrupt r_iica0_interrupt (vect=INTIICAOQ,enable=true)
Description This function accepts and processes [ICAOQ interrupt requests.
Permits multiple interrupts.
Arguments None
Return value None
Remarks None
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[Function name] r_codec _init

Outline CODEC module setup process

Header sound_data.h, iica0.h, r_codec.h, Config_TAUO_7.h
Declaration void r_codec_init (void);

Description (1) Performs the initial setup process for IICAOQ.

(2) Setup the CODEC module.
(3) Waits for setup completion (100ms).

Arguments None
Return value None
Remarks None

[Function name] r_codec_start

Outline CODEC module start process

Header sound_data.h, iica0.h, r_codec.h, Config_TAUO_7.h
Declaration void r_codec_start (void);

Description This function starts the operation of the CODEC module.
Arguments None

Return value None

Remarks None

[Function name] r_codec_stop

Outline CODEC module stop process

Header sound_data.h, iica0.h, r_codec.h, Config_TAUO_7.h
Declaration void r_codec_stop (void);

Description This function stops the operation of the CODEC module.
Arguments None

Return value None

Remarks None

[Function name] r_tauO_start

Outline TAUQ start process

Header r_cg_macrodriver.h, r_cg_userdefine.h, Config_TAUO_0.h, Config_TAUO_1.h
Config_ TAUO_7.h,r_cg_tau_common.h

Declaration void r_tau0_start (void);

Description This function start counters for TAUOO and TAUO1.

Arguments None

Return value None

Remarks None

[Function name] R_Config_ TAUO_0_Create_Userlnit

Outline TAUO initialization user code addition process
Header r_cg_macrodriver.h, r_cg_userdefine.h, Config_ TAUO_0.h
Declaration void R_Config_TAUO_0_Create_Userlnit (void);
Description This function sets the initial output of TAUOO to 1 and the initial output of TAUO1 to 0.
Arguments None
Return value None
Remarks None
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[Function name] r_ms_delay

Outline Wait process

Header r_cg_macrodriver.h, r_cg_userdefine.h, Config_ TAUO_7.h
Declaration void r_ms_delay (uint16_t msec);

Description This function waits for the time (ms) specified by the argument msec.

This function counts using channel 7.Polls if g_ms_timer is less than msec, completes
wait process if more than msec.

Arguments msec
Return value None
Remarks None

[Function name] r_Config_ TAUO_7_interrupt

Outline TAUO channel 7 interrupt process
Header r_cg_macrodriver.h, r_cg_userdefine.h, Config_ TAUO_7.h
Declaration #pragma interrupt r_Config_ TAUO_7_interrupt (vect=INTTMO07)
Description This function is an interrupt process by INTTMO7 on TAUO channel 7.
Counts up g_ms_timer.
Arguments None
Return value None
Remarks None
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4.1.8 Flow Charts
4.1.8.1 Main Process

Figure 4-2 shows the flowchart of main process.

Figure 4-2 Main process

main()
Enable interrupt SAUO1 Send Start
EI() r_csi01_send(&g_tx_buf[0], DECODE
* _PCM_SIZE)

Initializes +

r_csi01_create() TAU0O, TAUO1 Start
* r_tau0_start()

ELCL Start
R_Config_ ELCL_OUTPUTO_Start(
R_Config_ ELCL_OUTPUT1_Start(
R_Config_ ELCL_OUTPUT3_Start(
R_Config_ ELCL_OUTPUT4_Start(

Y

Module setup

Yes

0 =g_tx_done_flag

—cc

r_codec_init() SAQO1_Stop
* r_csi01_stop()
Module start +
r_codec_start() TAUOO, TAUO1 Stop
* R_Config_TAUO_0_Stop()
R_Config_TAUO_1_Stop()
SAUO01 Start
r_csi01_start() +
Module stop
r_codec_stop()
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4.1.8.2 CSI01 initialize process

Figure 4-3 shows flowchart of CSI01 initialize process.

Figure 4-3 CSI01 initialize process

( r_csi01_create() )

Supply the input clock of CSIO

Y

Stop CSI01

v

Disable INTCSI01 interrupt
CSIMKO1 =1U
CSIIFO1 =0U

Y

Set INTCSIO1 level 2 priority

v

Set SAU operation

v

Set SO01 pin

v
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4.1.8.3 CSI01 operation start process
Figure 4-4 shows flowchart of CSI01 operation start process.

Figure 4-4 CSI01 operation start process

C r_csi01_start() )

CSI01 data line initial value
LOW level

v

Enable CSI01

v

enable INTCSIO1 interrupt
CSIMKO1 = 0U
CSIIFo1 =0U

v

4.1.8.4 CSI01 operation stop process
Figure 4-5 shows flowchart of CSI01 operation stop process.

Figure 4-5 CSI01 operation stop process

( r_csi01_stop() )

disable INTCSIO1 interrupt

CSIMKO1 =1U
disable CSI01

v

clear INTCSIO1 interrupt flag
CSIIFO1 =0U

v
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4.1.8.5 CSI01 send start process

Figure 4-6 shows flowchart of CSI01 start sending process.

Figure 4-6 CSI01 start sending process

( r_csi01_send() )

status = MD_OK

Yes

txX_num<1U

No

Passing arguments status = MD_ARGERROR

v

Set free buffer interrupt

v

disable INTCSIO1 interrupt
CSIMKO1 =1U

Y

Send data settings

Y

Next data
gp_csi01_tx_address++
g_csi01_tx_count--

v

enable INTCSIO01 interrupt
CSIMKO01 = 0U

v <
( return(status) )
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4.1.8.6 CSI01 callback function for end of transmission process

Figure 4-7 shows flowchart of CSI01 callback function for end of transmission process.

Figure 4-7 CSI01 callback function for end of transmission process

( r_csi01_callback_sendend() )

ELCL Stop
R_Config_ELCL_OUTPUTO_Stop(
R_Config_ELCL_OUTPUT1_Stop(
R_Config_ELCL_OUTPUT3_Stop(
R_Config_ELCL_OUTPUT4_Stop(

v

Set the transmission completion flag
g_tx_done_flag=1U

Y

LED1 =LED_ON

Y

~

o
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4.1.8.7 CSI01 interrupt process

Figure 4-8 shows flowchart of CSI01 interrupt process.

Figure 4-8 CSI01 interrupt process

( r_csi01_interrupt() )

No

g_csi01_tx_count> 0U

Send data settings

Send complete callback
r_csi01_callback_sendend()

Y

Next data
gp_csi01_tx_address++
g_csi01_tx_count--

vV <
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4.1.8.8

IICAO initialize process

Figure 4-9 shows flowchart of IICAQ initialize process.

Figure 4-9 lICAO initialize process

C r_iica0_create() )

Supply the input clock of IICAO

Y

Stop IICAO

Y

Disable INTIICAO interrupt
IICAMKO = 1U
IICAIFO = 0U

Y

Set INTIICAO low priority

Y

Set [ICAOQ operation

Y

Set SCLAO, SDAAQ pin

v
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4.1.8.9 IlICAO operation stop process

Figure 4-10 shows flowchart of ICAQ operation stop process.

Figure 4-10 IICAO operation stop process

C r_iica01_stop() )

disable [ICAO

Y

4.1.8.10 IICAO stop condition process

Figure 4-11 shows flowchart of ICAQ stop condition process.

Figure 4-11 IICAO stop condition process

( r_iica0_stopcondition() )

set stop condition flag

v
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4.1.8.11 lICAO0 master send start process

Figure 4-12, Figure 4-13 shows flowchart of ICAO Send start process.

Figure 4-12 IICAO0 master send start process (1/2)

C r_iica0_master_send() )

status = MD_OK

y

disable INTICAO interrupt
IICAMKO1 =1U

Yes

(1U == lICBSY0)

&& (0U == MSTS0)

Send IICAO start condition

v

enable INTIICAQ interrupt
IICAMKO = 0U

No

0U == STDO

enable INTIICAQ interrupt
IICAMKO = 0U

Y

status = MD_ERROR1

status = MD_ERROR2
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Figure 4-13 IICAO0 master send start process (2/2)

MD_OK == status

Passing arguments

v

g_iica0_master_status_flag = 0x00U

v

Send address
y <
( return(status) )

4.1.8.12 lICAO callback function for end of transmission process

Figure 4-14 shows flowchart of ICAQ callback function for end of transmission process.

Figure 4-14 IICAO callback function for end of transmission process

C r_iica0_callback_master_sendend() )

Send IICAO stop condition

Y

g_sample_mode = FINISH

v
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4.1.8.13 lICAO interrupt handler
Figure 4-15, Figure 4-16 shows flowchart of IICAQ interrupt handler.

Figure 4-15 IICAOQ interrupt handler (1/2)

[ Control for sended address ]

r_iica0_master_handler()

((0U == 1ICBSY0) &&
(OU != g_iica0_tx_cnt))

No
1U == ACKDO

g_iica0_master_status_flag |= 0x80U

No [A]

L / Yes

Do not release clock stretch Release the clock stretch

0U <g_iica0_tx_cnt

A4
Send address settings transmission complete callback
function
+ r_iica0_callback_master_sendend()
Next data
gp_csi01_tx_address++
g_csi01_tx_count--
Y \i \ {V \/
Y
( r_iica0_master_handler() )
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Figure 4-16 IICAOQ interrupt handler (2/2)

[ Master send control ]

No
No
I((OU == ACKDO) &&
(OU != g_iica0_tx_cnt))
No

0U <g_iica0_tx_cnt

Send data settings

Y

Next data
gp_csiO1_tx_address++
g_csi01_tx_count--

Y

transmission complete callback
function
r_iica0_callback_master_sendend()
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4.1.8.14 lICAO interrupt process

Figure 4-17 shows flowchart of ICAOQ interrupt process.

Figure 4-17 IICAOQ interrupt process

( r_iica0_interrupt() )

0x80U == (lICS0 & 0x80U)

I°C interrupt handler
r_iica0_master_handler()

y <

C return )

4.1.8.15 CODEC module setup process

Figure 4-18 shows flowchart of CODEC module setup process.

Figure 4-18 CODEC module setup process

( r_codec_initt() )

Initializes
r_iica0_create()

v

g_sample_mode = BUSY

v

module setup

v

Waiting for setting completion
r_ms_delay(WAIT_TIME)

v
=
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4.1.8.16 CODEC module start process
Figure 4-19 shows flowchart of CODEC module start process.

Figure 4-19 CODEC module start process

( r_codec_start() )

Send module start command

v

WAIT
r_ms_delay(WAIT_TIME)

Y

4.1.8.17 CODEC module stop process
Figure 4-20 shows flowchart of CODEC module stop process.

Figure 4-20 CODEC module stop process

( r_codec_stop() )

Send module stop command

Y

WAIT
r_ms_delay(WAIT_TIME)

v
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4.1.8.18 TAUO start process
Figure 4-21 shows flowchart of TAUO start process.

Figure 4-21 TAUO start process

( r_tau0_start() )

TAUOO, TAUO1 output permission

v

TAUOO, TAUO1 start

Y

4.1.8.19 TAUQO initialization user code addition process

Figure 4-22 shows flowchart of TAUQ initialization user code addition process.

Figure 4-22 TAUO initialization user code addition process

G_Config_TAUO_O_Create_Use rInitD

Set the initial output value of the timer

Y
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4.1.8.20 Wait process

Figure 4-23 shows flowchart of Wait process.

Figure 4-23 Wait process

C r_ms_delay() )

g_ms_timer =0

v

TAUO7 Start
R_Config_TAUO_7_Start()

msec <
g_ms_timer

TAUOQ7 Stop
R_Config_TAUOQ_7_Stop()

Y

( return )

4.1.8.21 TAUO channel 7 interrupt process

Figure 4-24 shows flowchart of TAUO channel 7 interrupt process

Figure 4-24 TAUO channel 7 interrupt process

G_Conﬁg_TAU 0_7_interru pt(D

g_ms_timer++

v
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4.2 Application example
In addition to the sample code, this application note contains the following Smart Configurator configuration

files

The following is a description of the file and examples of settings and notes for use.

4.21

1.
2.
3.

r01an6420_elcl_i2s_master.scfg

Setting up the ELCL components
To use the ELCL component, the procedure is shown below.

Start the Smart Configurator.
Click on the "Components" tag, and then click "Add component".
When the "New Component" window shown in Figure 5-1 opens, select “ELCL Flexible Circuit”
component and Click “Finish”.

Figure 4-25 Add “ELCL Flexible Circuit” component

&) New Component O x
Software Component Selection |
Select companent from those available in list
Category |All w
Function | All w
Filter |
Components Short Name Type Versi.. ™
B Delay Counter Code Generator 1.6.0
B Divider Function Code Generator 1.6.0
[4] ELCL AND Graphical Configuratar 1.1.0
[4] ELCL chattering prevention Graphical Configurator 2.0.0
[ ELCL D flip flop Graphical Configurator 1.1.0
[§] ELCL edge detection thinning function Graphical Configurator 2.0.0
[4] ELCL EXOR Graphical Configurator 1.1.0
62, ELCL Flexible Circuit I Graphical Configurator 1.0.0
[#] ELCL manchester decoder Graphical Configuratar 2.00
[£] ELCL multiple parameter monitoring Graphical Configurator 200

<

Show anly latest version

Description

peripheral functions without CPU intervention.

The logic and ewvent link controller (ELCL) links signals output by peripheral functions to other specified
peripheral functions through internal logic cell blocks, allowing direct communications between

Download RL78 Software Integration System modules

Download ELCL modules

Configure general settings...

@ = Back

o

Cancel
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4.2.2 r01an6420_elcl_i2s_master.scfg

This is the Smart Configurator configuration file used in the sample code. It contains all the features
configured in the Smart Configurator. The sample code settings are as follows.

Table 4-8 Parameters of Smart Configurator (1/3)

Tag name Component Contents

Clocks - Operation mod: High-speed main mode 2.4 (V) ~ 5.5 (V)
EVop setting: 1.8V =EVbpo<5.5V
High-speed on-chip oscillator: 32MHz
finp: 32MHz
feik: 32000kHz (High-speed on-chip oscillator)
fsxp: 32.768kHz (Low-speed on-chip oscillator)

System - On-chip debug operation setting: COM port Note 1
Pseudo-RRM/DMM function setting: Used
Start/Stop function setting: Unused
Trace function setting: Used
Security ID setting: Use security ID
Security ID: 0x00000000000000000000
Security ID authentication failure setting: Do not erase flash memory
data

Components | r_bsp Start up select: Enable (use BSP startup)
Control of invalid memory access detection: Disable
RAM guard space (GRAMO-1): Disabled
Guard of control registers of port function (GPORT): Disabled
Guard of registers of interrupt function (GINT): Disabled
Guard of control registers of clock control function, voltage detector,
and RAM parity error detection function (GCSC): Disabled
Data flash access control (DFLEN): Disables
Initialization of peripheral functions by Code Generator/Smart
Configurator: Enable
API functions disable: Enable
Parameter check enable: Enable
Setting for starting the high-speed on-chip oscillator at the times of
release from STOP mode and of transitions to SNOOZE mode: High-
speed
Enable user warm start callback (PRE): Unused
Enable user warm start callback (POST): Unused
Watchdog Timer refresh enable: Unused

Config_LVDO Operation mode setting: Reset mode

Voltage detection setting: Reset generation level (Vivoo): 1.86 (V)
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Table 4-9 Parameters of Smart Configurator (2/3)

Tag name Component

Contents

Components | Config TAUO 0

Components: Interval timer

Operating mode: 16-bit count mode

Resource: TAUO 0

Operation clock: CK0O0

Clock source: feik

Interval value: 0.163us

Generate INTTMOO interrupt at start of counting
Interrupt setting: Unuse

Config_TAUO_1

Components: External Event Counter
Resource: TAUO_1

Operation clock: CK0OO0

Clock source: feik

Input source setting: ELCL

Operation mode setting: 16-bit

External event edge select (T101): Rising edge
Count value: 32

Interrupt setting: Unuse

Config_ TAUO 7

Components: Interval timer
Operating mode: 16-bit count mode
Resource: TAUO 7

Operation clock: CK01

Clock source: fcLk/28

Interval value: 1ms

Interrupt setting: use

Priority: Level 2
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Table 4-10 Parameters of Smart Configurator (3/3)

Config_ ELCL

Components: ELCL Flexible Circuit

(Detail setting: Input)
Output from TAUO channel 0
Output from TAUO channel 1
INTTMOO

(Detail setting: L1L0O, Pass-through)
Input: Output from TAUO channel 0
Output: SAUO ChO receive/TAUO Ch1 input/P14

(Detail setting: L1L1, OR)
Input 0: Output from TAUO channel 1
Input 1: L1F0 output, Negative logic output
Output: P50/PO1/INTELCL/P10

(Detail setting: L1FO0)
Set: INTTMOO
Output: L1L1 input 1, L2F1 input

(Detail setting: L2L0, OR)
Input 0: Output from TAUO channel 0
Input 1: L2F1 output, Negative logic output
Output: SAUO Ch1 fSCK/TAUO Ch0 input/P13

(Detail setting: L2F1)
Input: L1FO output
Clock: Output from TAUO channel 0, Negative logic output
Output: L2L0 input 1

(Detail setting: L3L0, Pass-through)
Input: Output from TAUO channel 0
Output: P51/P60/DTC trigger/P11

(Detail setting: Output)
Output of signal 0: P50/PO1/INTELCL/P10
Output of signal 1: P51/P60/DTC trigger/P11
Output of signal 3: SAUO Ch1 fSCK/TAUO ChO input/P13
Output of signal 4: SAUO ChO receive/TAUO Ch1 input/P14

Config_PORT

Components: Port

Port selection: PORT5

P50: Output (Output ELCL output signal)
P51: Output (Output ELCL output signal)
P53: Out (Output 1)

4.2.2.1 Clocks

Set the clock used in the sample code.
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4.2.2.2 System
Set the on-chip debug of the sample code.

"Control of on-chip debug operation" and "Security ID authentication failure setting" affect "On-chip
debugging is enabled" in "Table 4-3 Option Byte Settings". Note that changing the settings.

4.2.2.3 r_bsp

Set the startup of the sample code.

4.2.2.4 Config_LVDO0
Set the power management of the sample code.
Affects "Setting of LVDO0" in "Table 4-3 Option Byte Settings". Note that changing the settings.
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4.2.2.5 Config_TAUO00
Set up TAUOO in the sample code.

The sample code uses it as an "interval timer" to generate BCLK. Set the values in Table 4-11 for the interval
time in Figure 4-26 according to the sampling frequency and data size. Settings in red are those for which
data is prepared in the sample code.

Table 4-11 Set value of interval time

Data size | Sampling frequency (kHz)

8 11 12 16 22.1 24 32 44 .1 48 96
16bits 1.953 | 1417 |1.302 |0.977 |0.709 | 0.651 0.488 | 0.354 | 0.326 | 0.163
24bits 1.302 | 0.945 | 0.868 | 0.651 0472 | 0434 |0.326 |0.236 |0.217 | —
32bits 0.977 | 0.709 | 0.651 0.488 | 0.354 | 0.326 |0.244 | 0177 |0.163 | —

Figure 4-26 TAUO channel 0 setting (in the case of a sampling frequency of 48 kHz and a data size of
32 bits)

Configure
Clock setting
Operation clock CKOO w
Clock source fCLK ~ | (Clock freguency: 32000 kHz)

Interval timer setting

Interval value {16 bits) 0.163 ps ~ | (Actual value: 0.156)

Generates INTTMOO when counting is started

Interrupt setting
[]End of timer channel 0 count, generate an interrupt (INTTMOO)

Level 3 (low)
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4.2.2.6 Config_TAUO01
Set up TAUO1 in the sample code.

The sample code uses it as an "external event count" and generates LRCLK. Set the value in Table 4-12 for
the count value in Figure 4-27 to match the data size.

Table 4-12 Count value

Data size Count value
16bits 16
24bits 24
32bits 32

Figure 4-27 TAUO channel 1 setting (in case of 32 bits data size)

Configure

Clock setting

Operation clock

Clock source

Input source setting

CKOD
fCLK

R

£ (Clock frequency: 32000 kHz)

OTio1 @ELCL  (Please set ELCL)
Operation mode setting
@ 16 bits Lower 8 bits
External event counter setting
Enable using noise filter of TIO1 pin input signal
External event edge select (TIO1) Rising edge e

Count value

Interrupt setting

32

[]End of timer channel 1 count, generate an interrupt (INTTMO1)

Level 3 (low)
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4.2.2.7 Config_TAUO07
Set TAUO7 in the sample code.

The sample code uses it as a 1 ms interval timer.

4.2.2.8 Config_ELCL
Set up ELCL circuit as Figure 4-28 ELCL setting in the sample code.
The sample code uses Timer Array Unit 0 (TAUO) to generate BCLK(P51) and LRCLK(P50) through ELCL.

TAUOQO used as interval timer mode, output from TAUOO used as ELCL input and connected to L3LO(Pass-
through), then output to terminal P51 as BCLK. Output from TAUOO combine with INTTMOO event adjusted
clock timing through logic cell block: L1F0, L2F1 and L2LO(OR) and connected to SCK01 of SAUO1.

TAUO1 used as external event counter mode and TAUOO output used as TAUO1 external event input. TAUOO
output signal used as TAUO1 event input signal is implemented by connect TAUOO output and TAUO1 input
signal through L1LO(Pass-through).

Output from TAUO1 and INTTMOO event use as ELCL input to generate LRCLK from ELCL output terminal
P50 through logic cell block: L1F0 and L1L1(OR).

Figure 4-28 ELCL setting

Input Logic cell blocks Output
|Output from TAUO channel O { }BL«J { P51/P60/DTC trigger/P11 |
|L1 Lo { SAUD ChO receive/TAUD Chi |

|Output from TAUO channel 1 I

L1L1 I P50/PO1/INTELCL/P10 |

INTTMOO [

L2L0 —| SAUO Ch1 fSCK/TAUD ChO inp|

L1F0
— L2F1

4.2.2.9 Config PORT
Set the port of the sample code.

In the sample code, P50 is used as LRCLK and set as ELCL output. P51 is used as BCLK and set as ELCL
output. P53 is used to control LED1.
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4.2.3 How to change sound data
4.2.3.1 To change the sound data in the sample code

This sample code is prepared with sound data for the following conditions.

Sampling frequency: 48kHz, Data size: 32bits
Sampling frequency: 44.1kHz, Data size: 24bits
Sampling frequency: 8kHz, Data size: 16bits

The sound data to be played can be changed in sound_data.h in the sample code.

The default settings are as follows: sampling frequency: 48 kHz, number of data: 32 bits of sound data.

#define DATA 48K 32B (1)

#define DATA 44K 24B (0)

#define DATA 8K 16B (0)
The sound data can be changed by setting only the sound data to be played back to 1 and all others to 0.
Change TAUOO and TAUO1 according to the set conditions, referring to Table 4-11 and Table 4-12.

The above settings can be used to change the sound data in the sample code.

4.2.3.2 To add new sound data to the sample code
This sample code allows for the addition of new sound data.

(1) Please add new sound data to the following g_tx_buf[] in sound_data.c of the sample code.

#else /* Not DATA 8K 16B DATA */
/* For user setting */
const uint8 t g tx buf[] =
{
/* Add sound data here */
bi

#endif /* DATA 48K 32B */

(2) Set all sound data to be played in sound_data.h in the sample code to 0 as follows.

#define DATA 48K 32B (O0)
#define DATA 44K 24B (0)
#define DATA 8K 16B (0)

RO1AN6420EJ0200 Rev.2.00 Page 46 of 81
Jul.22.25 RENESAS



RL78/G23 I12S communication with ELCL and SPI

(3) Set the constant "DECODE_PCM_SIZE" for the number of data to be sent in the same file.

felse /* For user setting */
#define DECODE_PCM SIZE (0)

#endif

(4) Please set the sampling frequency and the number of data in the following section of r_codec.c in the
sample code.

#else /* For user setting */
uint8 t g cmd set rate[2] =

{ 0x10, 0x00 }; /* Set sampling frequency */
uint8 t g cmd set format[2] =

{ Ox0E, OxOE }; /* Set input bit length */
fendif

Table 4-13 Sampling frequency setting value

Sampling frequency g_cmd_set_rate setting value
96kHz 0x10, Ox1C
48kHz 0x10, 0x00
44 1kHz 0x10, 0x20
32kHz 0x10, 0x18
8kHz 0x10, 0x0C

Table 4-14 Setting value of the number of data

Number of data g_cmd_set_format setting value
16bits O0x0E, 0x02
24bits 0x0E, Ox0A
32bits 0x0E, Ox0E

(5) Change TAUOO and TAUO1 according to the set conditions, referring to Table 4-11 and Table 4-12.

The above settings allow you to add new sound data to the sample code.

4.2.4 When using other CODEC modules

When using a CODEC module other than RS Audio CODEC 754-1974, delete the files necessary for setting
up the RS Audio CODEC 754-1974 module in Table 4-1 and Table 4-2. Also, delete the CODEC module
setup process and CODEC module start process in the main function and add various settings according to
the CODEC module to be used.
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5. I12S communication (slave) using ELCL

5.1 Software
5.1.1 Overview of the sample program

This sample code uses RS Audio CODEC 754-1974. It also uses 12C communication for register settings in

the audio CODEC and IS communication for sound data transmission processing.

1
2) CSI01 for I2S communication starts operation (waiting for SCK01).
4
5

After data transmission, LED1 is turned on.
CSI01 and TAUO stop.

Figure 5-1 shows the system configuration of the sample code.

Figure 5-1 System configuration of the sample code

(1)
(2)
(3) BCLK and LRCLK are input from the audio CODEC and data transfer starts.
(4)
(5)

IICA for I12C communication starts operation and sets registers in the audio CODEC.

RL78/G23

BCLK/P51 (O

ELCL for I°S SAUO01

oo™ S001/P73

LRCLK/P50 ©
0) SDAAO/P61

[ICA

0) SCLAO/P60
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5.1.2 Folder Configuration

Table 5-1 shows folder configuration of source file and header files using by sample code except the files
generated by integrated development environment and the files in the bsp environment.

Table 5-1 Folder configuration

Folder/File configuration

Outline

Created by
Smart
configurator

¥r01an6420_elcl_slave<DIR>Note 3

Root folder of this sample code

¥src<DIR> Folder for program source
main.c Sample code source file
main.h Sample code header file

r_codec.cNote 4

Source file for CODEC module settings

r_codec.hNote 4

Header file for CODEC module settings

sound_data.c

Source file for sound data

sound_data.h

Header file for sound data

¥csi01<DIR> Folder for CSI01 program
csi01.c Source file for CSI01
csi01.h Header file for CSI101
¥iicaO<DIR>Note 4 Folder for ICAO program
iica0.c Source file for IICAO
iica0.h Header file for ICAQ
¥smc_gen<DIR> Folder created by Smart Configurator N
¥Config_ PORT<DIR> Folder for PORT program \
Config_ PORT.c Source file for PORT N
Config_PORT.h Header file for PORT N
Config PORT _user.c Interrupt source file for PORT |Note 1
¥Config_ TAUO_7<DIR>Note 4 Folder for TAUQO7 program N
Config_TAUO 7.c Source file for TAUO7 N
Config_TAUOQ_7.h Header file for TAUO7 N
Config_TAUO_7 user.c Interrupt source file for TAUO7 |Note 2
¥Config ELCL<DIR> Folder for ELCL program N
Config_ELCL.c Source file for ELCL N
Config_ELCL.h Header file for ELCL N
Config_ELCL _user.c Interrupt source file for ELCL N
¥general<DIR> Folder for initialize or common program \
¥r_bsp<DIR> Folder for BSP program N
¥r_config<DIR> Folder for program N

Note. <DIR> means directory
Note 1. Not used in this sample code.

Note 2. Added the interrupt handling routine to the file generated by the Smart Configurator.

Note 3. The IAR version of the sample code contains buildinfo.ipcf. For the ipcf file, refer to "RL78 Smart
Configurator User Guide: IAR (R20AN0581)".
Note 4. This file is required to configure the RS Audio CODEC 754-1974 module.

Since I2S communication uses CSI, it does not follow the original CSl standard and overrun errors occur.

Error detection processing is removed from the code generated by the Smart configurator.
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In addition, to enable multiple interrupts in IICA, the code generated by the Smart configurator is modified to
remove unnecessary functions.

5.1.3 Option Byte Settings
Table 5-2 shows the option byte settings.

Table 5-2 Option Byte Settings

Address Setting Value Contents

000COH/040COH 1110 1111B (EFH) Operation of Watchdog timer is stopped
(counting is stopped after reset)

000C1H/040C1H 1111 1110B (FEH) LVDO operating mode: reset mode

Detection voltage: Rising edge 1.90V
Falling edge 1.86V

000C2H/040C2H 1110 1000B (E8H) Flash operating mode: HS mode
High-speed on-chip oscillator clock: 32MHz
000C3H/040C3H 1000 0101B (85H) On-chip debugging is enabled
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5.1.4 Constants
Table 5-3 shows the constants that are used in this sample code.

Table 5-3 Constants used in the sample code

Constant Name Setting Value Contents File
LED1 P5_bit.no3 P53 csi01.c
LED_ON 0 Setting value for turning on the csi01.c
LED
LED_OFF 1 Setting value for turning off the csi01.c
LED
DATA_48K_32B 1 Select the sound data to play. sound_data.h
(1: Enable, 0: Disable)
DECODE_PCM_SIZE | 32000 The number of sound data. sound_data.h
The setting value changes
depending on the sound data to
be played.
g_tx_buff] See sample code Sound data sound_data.c
SENSOR_ADD 0x34 Sensor address r_codec.h
WAIT_TIME 100 [ICAO communication wait time r_codec.h
g_cmd_| vol[2] { 0x00, 0x17 } Left line input channel volume r_codec.c
control command
g_cmd_r_vol[2] {0x02, 0x17 } Right line input channel volume r_codec.c
control command
g_cmd_bypass|[2] { 0x08, 0x12} Analog audio path control r_codec.c
command
g_cmd_deempha[2] { Ox0A, 0x00 } Digital audio path control r_codec.c
command
g_cmd_line_adc[2] { 0x0C, 0x42 } Power down control command r_codec.c
g_cmd_set_rate[2] {0x10, 0x00} Sampling frequency control r_codec.c
command
g_cmd_set_format[2] {OxOE, Ox0E} Digital audio interface format r_codec.c
command
g_cmd_activate[2] {0x12, 0x01 } Module active command r_codec.c
g_cmd_inactivate[2] {0x12, 0x00 } Module inactive command r_codec.c
g_cmd_reset[2] { Ox1E, 0x00 } Register reset command r_codec.c
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5.1.5 Variables

Table 5-4 shows the global variables used in this sample code.

Table 5-4 Global variables used in the sample code

Type

Variable name

contents

Functions used in

volatile uint16_t

g_ms_timer

Count value of the wait
process

r_ms_delay,
r_Config_ TAUO_7_interrupt

volatile uint8_t

g_tx_done_flag

Transmission Completion Flag

main
r_csi01_callback_sendend

volatile uint8_t

g_sample_mode

I2C communication status

r_codec_init

r_codec_start

r_codec_stop
r_iica0_callback_master_sende
nd
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5.1.6 Functions

Table 5-5 shows the functions used in the sample code. However, the unchanged functions generated by the

Smart Configurator are excluded.

Table 5-5 Functions

Function name Outline Source file
main Main process main.c
r_csi01_create CSI01 initialize process csi.c
r_csi01_start CSI01 operation start process csi.c
r_csi01_stop CSI01 operation stop process csi.c
r_csi01_send CSI01 start sending process csi.c
r_csi01_callback_sendend CSI01 callback function for end csi.c

of transmission process
r_csi01_interrupt CSI01 interrupt process csi.c
r_iica0_create [ICAQ initialize process lica0.c
r_iica0_stop [ICAOQ operation stop process lica0.c
r_iica0_stopcondition IICAO stop condition process licaO.c
r_iica0_master_send [ICAO Send start process licaO.c
r_iica0_callback_master_sendend [ICAO callback function for end lica0.c

of transmission process
r_iica0_master_handler [ICAQ interrupt handler lica0.c
r_iica0_interrupt [ICAQ interrupt process licaO.c
r_codec_init CODEC module setup process r_codec.c
r_codec_start CODEC module start process r_codec.c
r_codec_stop CODEC module stop process r_codec.c

r_ms_delay

Wait process

Config_ TAUQ_7_user.c

r_Config TAUO 7 interrupt

TAUO channel 7 interrupt
process

Config_ TAUQ_7_user.c
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5.1.7 Function Specifications
This part describes function specifications of the sample code.

[Function name] main

Outline Main process

Header r_smc_entry.h, main.h, csi01.h, r_codec.h, sound_data.h

Declaration void main (void);

Description This function initializes ELCL and CSI01, sets CODEC module, and performs I°S
communication.

Arguments None

Return value None

Remarks None

[Function name] r_csi01_create

Outline CSI01 initialize process
Header csi01.h, Config_ELCL.h
Declaration void r_csi01_create (void);
Description This function initializes CSI01.
Arguments None

Return value None

Remarks None

[Function name] r_csiO1_start

Outline CSI01 operation start process
Header csi01.h, Config_ELCL.h
Declaration void r_csi01_start (void);
Description This function enables the CSIO
Arguments None

Return value None

Remarks None

[Function name] r_csi0O1_stop

Outline CSI01 operation stop process
Header csi01.h, Config_ELCL.h

Declaration void r_csi01_stop (void);

Description This function stops the CSI01.
Arguments None

Return value None

Remarks None
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[Function name] r_csi01_send

Outline
Header
Declaration
Description

Arguments

Return value

Remarks

CSI01 start sending process

csi01.h, Config_ELCL.h

MD_STATUS r_csi0O1_send (uint8_t *const tx_buf, uint16_t tx_num);

This function sends the number of data specified by the argument tx_num from the
address specified by the argument tx_buf.

This function does not perform error detection.

tx_buf, tx_num

status

None

[Function name] r_csi01_callback_sendend

Outline
Header
Declaration
Description
Arguments

Return value

Remarks

CSI01 callback function for end of transmission process

csi01.h, Config_ELCL.h

static void r_csi01_callback_sendend (void);

This function stops the output of ELCL, sets g_tx_done_flag and turns on LED1.
None

None

None

[Function name] r_csiO1_interrupt

Outline
Header
Declaration
Description
Arguments

Return value

Remarks

CSI01 interrupt process

csi01.h, Config_ELCL.h

#pragma interrupt r_csi01_interrupt (vect=INTCSI01)
This function sets the next transmission data to SIO01.
None

None

None

[Function name] r_iica0_create

Outline
Header
Declaration
Description
Arguments

Return value

Remarks

IICAQ initialize process
iica.h, r_codec.h

void r_csi01_create (void);
This function initializes IICAO.
None

None

None

[Function name] r_iica0_stop

Outline IICAQ operation stop process

Header iica.h, r_codec.h

Declaration void r_iica0_stop (void);

Description This function stops IICAQ operation.

Arguments None

Return value None

Remarks None
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[Function name] r_iica0_stopcondition

Outline [ICAO stop condition process

Header iica.h, r_codec.h

Declaration void r_iica0_stopcondition (void);
Description This function generates stop conditions.
Arguments None

Return value None

Remarks None

[Function name] r_iica0_master_send

Outline IICAOQ Send start process

Header iica.h, r_codec.h

Declaration void r_iica0_master_send (uint8_t adr, uint8_t *const tx_buf, uint16_t tx_num, uint8_t
wait);

Description (1) When the I2C bus is released, the start condition is generated.

(2) After the start condition is generated, the slave address is set to transmit mode and
data transmission is started.

(3) Waits for communication completion.

Arguments adr, tx_buf, tx_num, wait
Return value status
Remarks None

[Function name] r_iica0_callback _master_sendend

Outline [ICAO callback function for end of transmission process

Header iica.h, r_codec.h

Declaration static void r_iica0_callback_master_sendend (void);

Description This function generates stop condition and sets I1IC communication status to FINISH.
Arguments None

Return value None

Remarks None

[Function name] r_iica0_master_handler

Outline [ICAQ interrupt handler
Header iica.h, r_codec.h
Declaration void r_iica0_master_handler (void);
Description This function sends data if it detects an ACK for a slave address.
Arguments None
Return value None
Remarks None
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[Function name] r_iica0_interrupt

Outline [ICAO interrupt process

Header iica.h, r_codec.h

Declaration #pragma interrupt r_iica0_interrupt (vect=INTIICAOQ,enable=true)

Description This function accepts and processes [ICAOQ interrupt requests.
Permits multiple interrupts.

Arguments None

Return value None

Remarks None

[Function name] r_codec_init

Outline CODEC module setup process

Header sound_data.h, iica0.h, r_codec.h, Config_TAUO_7.h
Declaration void r_codec_init (void);

Description (1) Performs the initial setup process for IICAOQ.

(2) Setup the CODEC module.
(3) Waits for setup completion (100ms).

Arguments None
Return value None
Remarks None

[Function name] r_codec_start

Outline CODEC module start process

Header sound_data.h, iica0.h, r_codec.h, Config_TAUO_7.h
Declaration void r_codec_start (void);

Description This function starts the operation of the CODEC module.
Arguments None

Return value None

Remarks None

[Function name] r_codec_stop

Outline CODEC module stop process
Header sound_data.h, iica0.h, r_codec.h, Config_TAUO_7.h
Declaration void r_codec_stop (void);
Description This function stops the operation of the CODEC module.
Arguments None
Return value None
Remarks None
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[Function name] r_ms_delay

Outline Wait process

Header r_cg_macrodriver.h, r_cg_userdefine.h, Config_ TAUO_7.h
Declaration void r_ms_delay (uint16_t msec);

Description This function waits for the time (ms) specified by the argument msec.

This function counts using channel 7.Polls if g_ms_timer is less than msec, completes
wait process if more than msec.

Arguments msec
Return value None
Remarks None

[Function name] r_Config_ TAUO_7_interrupt

Outline TAUO channel 7 interrupt process
Header r_cg_macrodriver.h, r_cg_userdefine.h, Config_ TAUO_7.h
Declaration #pragma interrupt r_Config_ TAUO_7_interrupt (vect=INTTMO07)
Description This function is an interrupt process by INTTMO07 on TAUO channel 7.
Counts up g_ms_timer.
Arguments None
Return value None
Remarks None
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5.1.8 Flow Charts
5.1.8.1 Main Process

Figure 5-2 shows flowchart of main process

Figure 5-2 Main process

main()
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Enable interrupt
El()

Y

SAUO01 Send Start
r_csi01_send(&g_tx_buf[0], DECODE
_PCM_SIZE)

Initializes
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!

ELCL Start
R_Config_ELCL_OUTPUT3_Start()

Yes

0 =g_tx_done_flag

Y

SAUO1_Stop
r_csi01_stop()

Module setup
r_codec_init()

v

Y

Module stop
r_codec_stop()

Module start
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v

SAUO01 Start
r_csi01_start()
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5.1.8.2 CSIO01 initialize process

Figure 5-3 shows flowchart of CSI01 initialize process.

Figure 5-3 CSI01 initialize process

( r_csi01_create() )

Supply the input clock of CSIO

v

Stop CSI01

Y

Disable INTCSIO1 interrupt
CSIMKO01 =1U
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v
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v
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5.1.8.3 CSI01 operation start process

Figure 5-4 shows flowchart of CSI01 operation start process.

Figure 5-4 CSI01 operation start process

( r_csi01_start() )

CSI01 data line initial value LOW level

Y

Enable CSI01

Y

enable INTCSIO01 interrupt
CSIMKO1 =0U
CSIIFO1 =0U

v

5.1.8.4 CSI01 operation stop process

Figure 5-5 shows flowchart of CSI01 operation stop process.

Figure 5-5 CSI01 operation stop process

( r_csi01_stop() )

disable INTCSIO1 interrupt

CSIMKO1 =1U
disable CSI01

v

clear INTCSIO1 interrupt flag
CSIIF01 =0U

v

RO1AN6420EJ0200 Rev.2.00 Page 61 of 81
Jul.22.25 RENESAS



RL78/G23

I12S communication with ELCL and SPI

5.1.8.5 CSI01 send start process

Figure 5-6 shows flowchart of CSI01 start sending process.

Figure 5-6 CSI01 start sending process

( r_csi01_send() )

status = MD_OK

tx_num<1U

No
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v
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v
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5.1.8.6 CSI01 callback function for end of transmission process

Figure 5-7 shows flowchart of CSI01 callback function for end of transmission process.

Figure 5-7 CSI01 callback function for end of transmission process

( r_csi01_callback_sendend() )
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5.1.8.7 CSI01 interrupt process

Figure 5-8 shows flowchart of CSI01 interrupt process.

Figure 5-8 CSI01 interrupt process

( r_csiO1_interrupt() )
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5.1.8.8

IICAO initialize process

Figure 5-9 shows flowchart of IICAQ initialize process.

Figure 5-9 lICAO initialize process

( r_iica0_create() )
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5.1.8.9 IICAO operation stop process

Figure 5-10 shows flowchart of ICAQ operation stop process.

Figure 5-10 IICAOQ operation stop process

( r_iica01_stop() )

disable IICA01

Y

5.1.8.10 IICAO stop condition process

Figure 5-11 shows flowchart of ICAQ stop condition process.

Figure 5-11 IICAO stop condition process
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5.1.8.11 IICAO Send start process
Figure 5-12, Figure 5-13 shows flowchart of ICAO Send start process.

Figure 5-12 IICAO Send start process (1/2)

C r_iica0_master_send() )
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Figure 5-13 IICAO send start process (2/2)

MD_OK == status

Passing arguments

Y

g_iica0_master_status_flag = 0x00U

Y

Send address
v
C return(status) )

5.1.8.12 IICAO callback function for end of transmission process

Figure 5-14 shows flowchart of ICAQ callback function for end of transmission process.

Figure 5-14 IICAOQ callback function for end of transmission process

C r_iica0_callback_master_sendend() )

Send IICAQ stop condition

v
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Y
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5.1.8.13 lICAO interrupt handler
Figure 5-15, Figure 5-16 shows flowchart of ICAO interrupt handler.

Figure 5-15 IICAOQ interrupt handler (1/2)
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Figure 5-16 IICAOQ interrupt handler (2/2)
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5.1.8.14 lICAO interrupt process

Figure 5-17 shows flowchart of ICAOQ interrupt process.

Figure 5-17 IICAO interrupt process
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5.1.8.15 CODEC module setup process
Figure 5-18 shows flowchart of CODEC module setup process.

Figure 5-18 CODEC module setup process

( r_codec_init() )

Initializes
r_iica0_create()

!

g_sample_mode = BUSY

v

module setup

Y

Waiting for setting completion
r_ms_delay(WAIT_TIME)

Y

5.1.8.16 CODEC module start process
Figure 5-19 shows flowchart of CODEC module start process.

Figure 5-19 CODEC module start process
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5.1.8.17 CODEC module stop process
Figure 5-20 shows flowchart of CODEC module stop process.

Figure 5-20 CODEC module stop process
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5.1.8.18 Wait process

Figure 5-21 shows flowchart of Wait process.

Figure 5-21 Wait process

( r_ms_delay() )

g_ms_timer=0

v

TAUO7 Start
R_Config_ TAUO_7_Start()

msec <
g_ms_timer

TAUOQ7 Stop
R_Config_TAUO_7_Stop()

v

5.1.8.19 TAUO channel 7 interrupt process

Figure 5-22 shows flowchart of TAUO channel 7 interrupt process

Figure 5-22 TAUO channel 7 interrupt process
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5.2 Application example

In addition to the sample code, this application note contains the following Smart Configurator configuration
files.

r01an6420_elcl_i2s_slave.scfg

The following is a description of the file and examples of settings and notes for use.

5.2.1 r01an6420_elcl_i2s_slave.scfg

This is the Smart Configurator configuration file used in the sample code. It contains all the features
configured in the Smart Configurator. The sample code settings are as follows.

Table 5-6 Parameters of Smart Configurator (1/2)

Tag Component Contents
name
Clocks - Operation mod: High-speed main mode 2.4 (V) ~ 5.5 (V)

EVop setting: 1.8V=EVppo<5.5V

High-speed on-chip oscillator: 32MHz

finp: 32MHz

feik: 32000kHz (High-speed on-chip oscillator)
fsxp: 32.768kHz (Low-speed on-chip oscillator)

System - On-chip debug operation setting: COM port Note 1

Pseudo-RRM/DMM function setting: Used

Start/Stop function setting: Unused

Trace function setting: Used

Security ID setting: Use security ID

Security ID: 0x00000000000000000000

Security ID authentication failure setting: Do not erase flash memory

data
Compone | r_bsp Start up select: Enable (use BSP startup)
nts Control of invalid memory access detection: Disable

RAM guard space (GRAMO-1): Disabled

Guard of control registers of port function (GPORT): Disabled
Guard of registers of interrupt function (GINT): Disabled

Guard of control registers of clock control function, voltage detector,
and RAM parity error detection function (GCSC): Disabled

Data flash access control (DFLEN): Disables

Initialization of peripheral functions by Code Generator/Smart
Configurator: Enable

API functions disable: Enable

Parameter check enable: Enable

Setting for starting the high-speed on-chip oscillator at the times of
release from STOP mode and of transitions to SNOOZE mode: High-
speed

Enable user warm start callback (PRE): Unused

Enable user warm start callback (POST): Unused

Watchdog Timer refresh enable: Unused

Config_LVDO Operation mode setting: Reset mode
Voltage detection setting: Reset generation level (Vivpo): 1.86 (V)
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Table 5-7 Parameters of Smart Configurator (2/2)

Tag
name

Component

Contents

Compone
nts

Config_ TAUO 7

Components: Interval timer
Operating mode: 16 bits count mode
Resource: TAUO 7

Operation clock: CK01

Clock source: fcLk/28

Interval value: 1ms

Interrupt setting: use

Priority: Level 2

Config_ELCL

Components: ELCL Flexible Circuit
(Detail setting: Input)

Input pin (P51/E151)

Input pin (P50/EI50)

(Detail setting: L1F1)
Set: Input pin (P51/E150), Negative logic output
Output: L2L1 input

(Detail setting: L2L1, Pass-through)
Input: L1F1 output
Output: L3F1 input

(Detail setting: L3L1 as OR)
Input O: Input pin (P51/E151)
Input 1: L3F1 output, Negative logic output
Output: SAUO Ch1 fSCK/TAUO ChO input/P13

(Detail setting: L3F1)
Input: L2L1 output
Clock: Input pin (Pin51/EI51)
Output: L3L1 input 1

(Detail setting: Output)

Output of signal 3: SAUO Ch1 fSCK/TAUO ChO input/P13

Config_ PORT

Components: Port
Port selection: PORT5
P50: Input

P51: Input

P53: Out (Output 1)

5.2.1.1 Clocks

Set the clock used in the sample code.
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5.2.1.2 System
Set the on-chip debug of the sample code.

"Control of on-chip debug operation" and "Security ID authentication failure setting" affect "On-chip
debugging is enabled" in "Table 5-2 Option Byte Settings". Note that changing the settings.

5.21.3 r_bsp

Set the startup of the sample code.

5.2.1.4 Config_LVDO
Set the power management of the sample code.
Affects "Setting of LVDO0" in "Table 5-2 Option Byte Settings". Note that changing the settings.

5.2.1.5 Config_TAUO07
Set the TAUO7 of the sample code.

In the sample code, it is used as a 1ms interval timer.
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5.2.1.6 Config_ELCL
Set up ELCL circuit as Figure 5-23 in the sample code.

Input pin P51(BLCK) and P50(LRCLK) as ELCL input connect through logic cell block: L1F1, L2L1(Pass-
through), L3F1 and L3L1(OR), then connected to SCKO01 of SAUO1 to implement BCLK timing adjustment.
Input pin P50(LRCLK) is used as a signal to generate the timing of SCKO1.

Figure 5-23 ELCL setting

Input Logic cell blocks Output

Input pin (PS1/EI51) 1

L3L1 —| SAUO Ch1 fSCK/TAUD ChO inp|

Input pin (PS0/EIS0) |——|

L1F1 }LZU

L3F1

5.2.1.7 Config_ PORT
Set the port of the sample code.
In the sample code, P50 and P51 set to input and used as LRCLK and BCLK. P53 is used to control LED1.
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5.2.2 How to change sound data
5.2.2.1 To add new sound data to the sample code

In this sample code, new sound data can be added only to data with sampling frequency: 48 kHz and
number of data: 32 bits.

(1) Please add new sound data to the following g_tx_buff] in sound_data.c of the sample code.
#else /* Not DATA 48K 32B */
/* For user setting */

const uint8 t g tx buf[] =
{
/* Add sound data here */
b

#endif /* DATA 48K 32B */

(2) Set all sound data to be played in sound_data.h in the sample code to 0 as follows.

#define DATA 48K 32B (0)

(3) Set the constant "DECODE_PCM_SIZE" for the number of data to be sent in the same file.

#else /* For user setting */
#define DECODE_PCM SIZE (0)

#endif

The above settings allow you to add new sound data to the sample code.

5.2.3 When using other CODEC modules

When using a CODEC module other than RS Audio CODEC 754-1974, delete the files necessary for setting
up the RS Audio CODEC 754-1974 module in Table 5-1. Also, delete the CODEC module setup process and
CODEC module start process in the main function and add various settings according to the CODEC module
to be used.
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6. Sample Code
Sample code can be downloaded from the Renesas Electronics website.

The following two types of project sample codes are available.
Sample code when RL78/G23 is master: Sample projects under the ¥Master folder

Sample code when RL78/G23 is slave: Sample project under the ¥Slave folder

7. Reference
RL78/G23 User’s Manual: Hardware (RO1UHO896E)
RL78 Family User's Manual: Software (RO1US0015E)
RL78 Smart Configurator User’s Guide: CS+ (R20AN0580E)
RL78 Smart Configurator User’s Guide: e? studio (R20AN0O579E)
RL78 Smart Configurator User’s Guide: IAREW (R20ANO581E)

(The latest version can be downloaded from the Renesas Electronics website.)

Technical Update / Technical News
(The latest version can be downloaded from the Renesas Electronics website.

All trademarks and registered trademarks are the property of their respective owners.
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Revision History
Description
Rev. Date Page Summary
1.00 Jun.24.22 - First edition
2.00 Jul.22.25 - Update to use Smart Configurator “ELCL Flexible Circuit”

component to make application design instead of adding elcl
user code located in ¥elcl<DIR> and using “ELCL Through”
component.

- Deleted all elcl user code related functions, flowcharts.

- Deleted “ELCL Through” component in configuration file.

- Added Config_ELCL configuration created by “ELCL
Flexible Circuit” component

- Updated flowchart for Main process and CSI01 callback
function for end of transmission process

- Add new setting item for Config_ PORT using for ELCL input

8 Update Table 2-1 Operation Confirmation Conditions
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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.
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.
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 /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.
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.
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.
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 Vix (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 ViL (Max.) and Vi (Min.).
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 LSl is not guaranteed.
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.



Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of
your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

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

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

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

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

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas
Electronics disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas
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