RE N ESAS Application Note

RX23E-A Group

Example of IO-Link device (temperature sensor)

Summary

This application note describes a sample program that uses the Renesas Solution Starter Kit for RX23E-A
(RSSKRX23E-A) and the IA Sensor Network Connector Board to achieve |0-Link communication with the
RX23E-A. For I0-Link communication, the 10-Link stack made by TMG is used.
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Target Device
RX23E-A, ZI0L2401 (I0-Link PHY)

When applying this application note to other microcontrollers, please modify it to suit the specifications of the
microcontroller and evaluate it thoroughly.
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1. Overview

This application note is based on the application note "RX23E-A group temperature measurement example
using thermocouples" (R0O1AN4747) and explains how to realize 10-Link communication using the 10-Link
stack made by TMG.

In this example, the RSSKRX23E-A board and IA Sensor Network Connector Board are used as 10-Link
devices, and the IO-Link Master Development Kit (RZ / N1S-10-LINK-M board) made by Renesas
Electronics is used as the IO-Link master. Communication with the 10-Link master uses "IO-Link Device Tool
V5.1 — PE" made by TMG. "IO-Link Device Tool V5.1-PE" is application software that runs on a Windows
PC.

VREF IA Sensor Network
Therm )coup\le A/D Thermoel Connector Board
i value ectromoti
CQ PG? < DSADO | () ve force [ P1°C! >
O 6 Thermoe ! ZI0L2401
lectromo Temperat]
tive force Te{Efeera ure
!
[
M AD Thermoe|
value lectromo
RTD PGA psaDt (> ! R
> < Tempera
I~ ture Software
|
Rrer
_IH
RX23E-A
R
ren RSSKRX23E-A Board
10-Link
\ 4
10-Link Master Development Kit
EtherNet l
10-Link
Device Tool
L ]
Figure 1-1 System configuration in this application note
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2. Related Documents

RX23E-A Group User's Manual: Hardware RO1UH0801

RSSKRX23E-A User's Manual: Board R20UT4542
Application Note RX23E-A group temperature measurement example using thermocouples RO1AN4747
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3. Environment for Operation Confirmation

The environment for operation confirmation is given in Table 3-1. An image of a device with this configuration
is shown in Table 3-1. An image of a device with this configuration is shown in Figure 3-1.

Table 3-1 Environment for Operation Confirmation

ltem Description
CPU board RSSKRX23E-A board (RTKOESXB10C00001BJ)
It connects to the IA Sensor Network Connector Board and operates as an
IO-Link device.
MCU RX23E-A (R5F523E6ADFL)

Power voltage (VCC, AVCCO) : 5V

Operating frequency (ICLK) : 32MHz

Peripheral operating frequency (PCLKB) : 32MHz
DSAD operating frequency (for) : 4MHz

DSAD modulator clock frequency (fwop) : 0.5MHz

RTD (on board)

Vishay PTS060301B100RP100

Thermocouple

Labfacility Ltd XE-3505-001

IDE Renesas e? studio 2020-07
Renesas Smart Configurator 20.7.0.v20200629-0858
Tool Chain Renesas CC-RX V3.02.00
Library IO-Link stack made by TMG
Emulator E1 Emulator

I0-Link communication
board

IA Sensor Network Connector Board (RTKOEF0085B00001BJ)
It connects to the RSSKRX23E-A board and operates as an 10-Link device.

|O-Link Line Driver

Z10L2401

IO-Link Master

RZ/N1S-10-LINK-M board

IO-Link Tool

IO-Link Device Tool V5.1 - PE made by TMG

Host PC for IO-Link tools

Windows10 Professional

RO1AN5676EJ0100 Rev.1.00
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RZ/N1S I0-LINK-M Board

Ethernet to PC

; Iu/
M12 Cable
(10-Link)
T, (;)Eif.: i
RSSKRX23E-A + IA Sensor Network Connector Board
Figure 3-1 Overall system view
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IA Sensor Network Connector Board RSSKRX23E-A

Figure 3-2 RSSKRX23E-A+IA Sensor Network Connector Board
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4. Sample application overview

The 10-Link device used in this sample application is equipped with a smart sensor profile and receives
information about switching modes and thresholds through the teaching process. The 10-Link device
periodically (once every 100 [ms]) measures the temperature and determines the threshold, and transmits
the information over 10-Link. The information to be transmitted (process data) consists of temperature data
and switching status (threshold judgment result).

For more information on smart sensor profiles, refer to the documents related to 10-Link smart sensor
profiles that can be downloaded from https://io-link.com/en/.
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4.1

Overview of overall processing flow

Figure 4-1 shows the process flow of this sample application.
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Figure 4-1

the process flow of this sample application
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The following provides an overview of each process.

1.

Initialization

Enable synchronous start of DSADO and DSAD1.
Start of the A/D conversion of DSADO and DSAD1.
Initialize the Flash module of FIT.

Read data from the data flash and store it in a variable.

2. iolink_main
The main loop of the I0-Link sample application. The following is an overview of each process.
A) The execution of the Run function of the IO-Link stack (STACK_Run)
Execute the STACK_Run function of the API provided by the 10-Link stack. This function should be
run periodically.
B) Temperature calculation (R_TEMP_Get)
When the A/D conversion of DSADO and DSAD1 is completed, the temperature is calculated from
the A/D value and the processes of C) and D) are performed. If the A/D conversion is not
completed, it returns to A).
C) Process data generation, teaching process (App_Temperature)
Generate process data from the measured temperature.
If the Teaching command is being executed, the parameters are checked, and if it is out of the valid
range, the Teaching command fails. If it is within the valid range, the Teaching command is
successful and the SP1 or SP2 settings are updated according to the command.
The switching status is judged from the operation mode and the measured temperature. When the
Teaching command is being executed (Teach_Result is other than IDLE or SUCCESS), the
switching status is not determined and the switching state is regarded as OFF.
When ConfigLogic (logical setting of switching state) is set to Inverted, the bits of the switching
state are inverted.
Execute AL_SetIinputReq of the API provided by the 10-Link stack. As an argument, pass a pointer
to the process data created in the previous steps.
For more details on this process, see Figure 4-2 to Figure 4-5.
D) LED on/off (R_LED_Control)
Since the switching state can be obtained as a return value in the process of C), pass this to the
argument of R_LED Control. LED1 turns on when the switching state is ON, and ED1 turns off
when the switching state is OFF.
3. System Command Processing (App_Cmd)
It is executed from the 10-Link stack when a system command is received on the 10-Link. Only accepts
when the Teaching command is not running (IDLE state). Only two commands are supported, the SP1
Teaching command (65) and the SP2 Teaching command (66). When these are received, it is assumed
that the Teaching command of SP1 or SP2 is being executed.
RO1AN5676EJ0100 Rev.1.00 Page 12 of 56
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4.2 Flowchart of App_Temperature function
Figure 4-2 to Figure 4-5 show the flowchart of the App_Temperature function.
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Figure 4-2 App_Temperature Flowchart (1/4)
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Figure 4-3 App_Temperature Flowchart (2/4)
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The outline of each process is described.

1.

Preprocess
Set the initial value (false: OFF) to the return value ret (switching state).

Multiply the measured temperature (float) passed as an argument by 100, cast to int16_t, and convert to
fixed-point format in 0.01 [°C] units.

Create process data.
ProcessData.PDIn[16]: Store the upper 8 bits of temperature data.
ProcessData.PDIn[17]: Store the lower 8 bits of temperature data.

ProcessData.PDIn[18]: The least significant bit is in the switching state. The initial value is 0.

SP1 Teaching Process™ote

When the execution status of TeachingCommand is "SP1 TeachingCommand", the following processing
is performed.

Since SP1=SP2 must be satisfied, if the measured temperature <SP2, the result of the Teaching
process (ParSetStatic.V_TeachResult) is regarded as SP1 failure.

Otherwise, the result of the Teaching process is assumed to be SP1 success, and the measured
temperature (int16_t) is copied to SP1 (ParSet.V_SetPointValues.SP1) and the TeachingCommand
execution state is left idle.

SP2 Teaching Process™ote

When the execution status of TeachingCommand is "SP2 TeachingCommand", the following processing
is performed.

Since SP1=SP2 must be satisfied, if SP1< the measured temperature, the result of the Teaching
process (ParSetStatic.V_TeachResult) is regarded as SP2 failure.

Otherwise, the result of the Teaching process is assumed to be SP2 success, and the measured
temperature (int16_t) is copied to SP2 (ParSet.V_SetPointValues.SP1) and the TeachingCommand
execution state is left idle.

Two point mode switching state judgment process

If TeachingCommand is not running (idle or successful) and the operating mode
(ParSet.V_SetPointConfig.Mode) is Two point mode, the following processing is performed.

Acquire the previous judgment result of Two point mode (initial value is less than SP2).
If SP1 < measured temperature, the judgment result is considered to exceed SP1.

If SP2 > measured temperature, the judgment result is less than SP2.

Otherwise, the judgment result will be the previous judgment result.

If the judgment result exceeds SP1, the switching state is set to ON and ProcessData.PDIn [18] is set to
1.

If the judgment result is less than SP2, the switching state is set to OFF and ProcessData.PDIn [18] is
setto 0.

Update the previous judgment result in Two point mode to the current judgment result.
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5.  Window mode switching state judgment process

If TeachingCommand is not running (idle or successful) and the operating mode
(ParSet.V_SetPointConfig.Mode) is Two point mode, the following processing is performed.

Set the previous judgment result in Two point mode to less than the initial value of SP2.

When SP1=measured temperature T [°C]=SP2, the switching state is set to ON and
ProcessData.PDIn [18] is set to 1.

Otherwise, the switching state is turned off and ProcessData.PDIn [18] is set to 0.

6. Process data update process (switching state bit inversion)

If the switching state logic setting (ParSet.V_SetPointConfig.Logic) is 1 (Inverted), the following
processing is performed.

Invert the least significant bit of ProcessData.PDIn [18].

7. Process data transmission start process

Pass the pointer of the process data (ProcessData.PDIn) created so far to the AL_SetinputReq function
provided by the IO-Link stack, and start the transmission of process data to the |O-Link master.

*Note:

Before changing ParSet.V_SetPointValues, execute the PM_LocalStart function provided by the 10-Link
stack and make sure the return value is True. After the change, you must execute the PM_LocalEnd
function. If the return value of the PM_LocalStart function is false, exit the App_Temperature function without
changing the execution status of ParSetStatic.V_TeachResult, Parset.V_SetPointValues, and
TeachingCommand, and retry the Teaching process in the next post-temperature measurement process.
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4.3 Flowchart of App_Cmd function
Figure 4-6 shows the flowchart of the App_Cmd function.

( App_Cmd > Argument : uint8_t cmd (System command)

Set the return value (result) to
normal end

No

TeachingCommand
not running?

Command

SP1 TeachingCommand (65)

result SP1 running

Make the Teaching process Set the return value (result) to

abnormal termination

Set the execution status of
TeachingCommand to SP1
running

SP2 TeachingCommand (66)

Make the Teaching process
result SP2 running

Set the execution status of
Teaching Command to SP2
execution

( return (result) >

Figure 4-6 App_Cmd Flowchart
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The outline of each process is described.

If TeachingCommand is being executed (other than IDLE), no processing is performed and an abnormal
termination is returned.

If TeachingCommand is not being executed (IDLE), the following processing is performed.

In the case of TeachingCommand (65) of SP1, the result of Teaching processing is "SP1 is running", and the
execution status of TeachingCommand is also "SP2 is running".

In the case of TeachingCommand (66) of SP2, the result of Teaching processing is "SP2 is running", and the
execution status of TeachingCommand is also "SP2 is running".

Since the App_Temperature function monitors the execution status of TeachingCommand and executes
Teaching processing as needed, the Teaching processing is executed by the App_Temperature function
after receiving the system command on 10-Link and executing the App_Cmd function.
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4.4 Operating mode and switching state

The operation mode and switching state of this sample application are described. This sample application
operates in two modes, Windows mode and Two point mode. The LED is turned on / off according to the
switching status so that the switching status can be confirmed by the LED in addition to the process data.
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4.4.1 Window mode

This is the operation mode in which the switching state is ON if the temperature [°C] is within the specified
range (between SP1 and SP2). The specific judgment is as follows. Flgure 4-7 shows an operation image.

Param1(SP1)=measured temperature T [°C]=Param2 (SP2): switching ON

Param1(SP1)<Measured temperature T [°C] or Param2 (SP2)> Measured temperature T [°C]: Switching OFF

TI°Cl

Y TR SR Oy AR O ——
SP2  |-----p--

Y =

Switching state

B el ettt sl

e - Bt (LR TR
-0

ON

OFF

ON
OFF

Flgure 4-7 Operation image diagram (Window mode)
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4.4.2 Two point mode

This is an operation mode in which the switching state is turned on when the temperature [°C] exceeds the
specified value (SP1), and the switching state is turned off when the temperature [°C] falls below the
specified value (SP2). The specific judgment is as follows. Figure 4-8 shows an operation image.

(
Param1 (SP1) <Measured temperature T [°C]: Switching state ON
)

Param2 (SP2)> Measured temperature T [°C]: Switching state OFF

TI°Cl
Y 3 R — AN Pomsnooooee-
SP2 |-/ boceicil) No- oo
Switching state E
ON ' '
OFF I —
LED ! i
ON ' '
OFF ;
Figure 4-8 Operation image diagram (Two point mode)
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4.5 10-Link communication specifications
Describes the 10-Link communication specifications.

451 Bitrate

The bit rate is COM2 (38.4 [kbps]).

452 SIO mode

SIO mode is not supported.

4.5.3 Process data (Input)
The format of the process data (Input: data transmitted from the |O-Link device to the 10-Link master) is

shown in Table 4-1.

Table 4-1 Process data (Input) format

Process data (Input) format

Data length: 3 [bytes] (24 [bits])

Subindex Name Bit Bit number Data
offset
1 Switch Point 1 0 1 Switching state
2 Temperature 8 16 temperature

(0.01 [°C] unit)

RO1AN5676EJ0100 Rev.1.00
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An example of process data (Input) is shown in Table 4-2.

Table 4-2 An example of process data (Input)

PDIn[16] : 16 octet

Subindex 2
Value 0 0 0 0 1 0 0 1
Example Upper 8 bits of temperature data (0x09)

PDIn[17] : 17 octet
Subindex 2
Value 0 0 1 1 0 1 0 0
Example Lower 8 bits of temperature data (0x43)

Upper + lower = 0x0934 (2356) — 23.56 [°C]

PDIn[18] : 18 octet
Subindex 1
Value 0 0 0 0 0 0 0 1
Example Reserved Reserved Reserved Reserved Reserved Reserved Reserved SV\;it;:hing

state

RO1AN5676EJ0100 Rev.1.00
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4.5.4 Parameters
The Parameter list that send and receive with master using IO-Link is shown in Table 4-3 and Table 4-4.

Table 4-3 Parameter list (1/2)

Index Name Bit offset Range R/W | Unit Overview
(Subindex) | (Type) (Bit number) | (initial
value)
Switching Signal Channel1
60 Param 16 -4000 RW | 0.01°C Switching Point1 (SP1) setting™
(1) SP1 (16) to 4 SP1=SP2 must be satisfied.
(Integer) 15000
(2500) ™4
60 Param 0 -4000 RW | 0.01°C Switching Point1 (SP2) setting™
(2) SP2 (16) to "4 SP1=SP2 must be satisfied.
(Integer) 15000
(2000) ™
61 Config 24 0,1 RW | - Switching state logic setting
1) Logic 8) 0) 0: High active
(Ulnteger) Transmit 1 if ON
1: Low active
Transmit O if ON
61 Config 16 0,2,3 RwW - Switching state judgment mode
) Mode 8) 3) setting
(Ulnteger) 0: Deactivated

Disabled, switching state is
always OFF

2: Window mode*?

3: Two point mode*?

*1. For SP1 and SP2, refer to 4.4 Operating mode and switching state.

* 2. For Window mode, refer to 4.4.1 Window mode.

* 3. For Two point mode, refer to 4.4.2 Two point mode.

* 4. In Device Tool, set in the range of -40.00 to 150.00. The initial value is displayed as SP1 = 25.00, SP2
= 20.00, refer to 5.7.5 Parameter tab.
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Table 4-4 Parameter list (2/2)

Index Name bit offset Range R/W | Unit Overview
(Subindex) | (Type) (Bit (initial
number) value)
Teach-In Single Value
2 Standard - 65 WO |- Set the current measurement
Command temperature to SP1.
) () ()
(Ulnteger)
2 Standard - 66 WO |- Set the current measurement
) Command ) ) temperature to SP2.
(Ulnteger)
59 Teach-In 0 0,1, 2, RO - Result of previous Teach-In
Result : State 3,4,5, command
(1) ! (4)
(Ulnteger) 0) 0: Idle
1: SP1 Success
2: SP2 Success
3: SP12 Success
4: Wait
5: Busy
7: Error
Device Locks
12 Device Access 2 0,1 RwW | - Enable / Disable setting of
3) Locks Local (1) ) sensor parameterization
Parametarization function
Lock 0: Invalid
(Boolean) 1: Valid

RO1AN5676EJ0100 Rev.1.00

Jan.15.21

RENESAS

Page 27 of 56




RX23E-A Group Application Note

4.6 Peripheral Functions and Pins Used

The Peripheral Functions Used in the examples are listed in Table 4-5, and the Pins Used are listed in Table
4-6.

Table 4-5 Peripheral Functions Used

Peripheral function Use

AFE,DSADO,DSAD1 Thermocouple, RTD drive, thermocouple A/D conversion (DSADOQ), RTD A/D
conversion (DSAD1)

IRQ1 ZI0L2401 DC/DC Ready status detection

IRQ4 IO-Link Wake Up detection

SCI6 SPI communication (register setting) and UART communication (IO-Link) with
ZI0L2401

P17 Z10L2401 reset control (reset release by L output)

PB1 Z10L2401 SPI communication enable / disable control (valid by L output)

PC5 ZI0L2401 UART communication enable / disable control (valid by H output)

PH2 LED1 control

Table 4-6 Pins Used

Pin name Input/Output Use
AIN11 Input Thermocouple + side input terminal
AIN10 Input Thermocouple - side input terminal
AIN9 Output RTD excitation current output terminal
AIN7 Input RTD + side input terminal
AING Input RTD - side input terminal
AIN5/REF1P Input RTD measurement DSAD + side reference voltage
AIN4/REF1N Input RTD measurement DSAD - side reference voltage
P17 Output Z10L2401 reset control terminal (reset release by L output)
P31/IRQ1 Input ZI0L2401 DC/DC Ready signal input terminal
PB0/IRQ4 Input IO-Link WakeUp detection signal input terminal
PB1 Output Z10L2401 SPI communication enable / disable control terminal
(valid by L output)
PC5/SCK6 Output Z10L2401 UART communication enable / disable control
terminal (valid by H output)
CLK output terminal during SPI communication
PC6/RXD6/SMISO6 Input UART® receiving terminal
Data receiving terminal during SPI communication
PC7/TXD6/SMOSI6 Output UART®6 transmission terminal
Data transmission terminal during SPI communication
PH2 Output LED1 control
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4.7 Program Configuration
4.7.1 File Configuration

The 10-Link stack made by TMG and related files are located in the Library folder. The I0Link stack manuals
are located in the Manuals folder inside the Library folder, so refer to them as needed. Table 4-7 shows the
file structure in the src2 folder and the StackExtentionsApp folder.

Table 4-7 File Configuration

Folder name, file name Description
src2
| main.c Main processing
| r_led api.c LED control processing program
| r_led_api.h LED control processing API definition
| r_rtd_api.c Resistance temperature detector measurement calculation
program, temperature vs. resistance value table
| r_rtd_api.h Resistance temperature detector measurement calculation
API definition
| r_sensor_common_api.c Table search, linear interpolation processing program
| r_sensor_common_api.h Table search, linear interpolation processing API definition
| r_temperature_measurement_api.c Temperature measurement processing program
| r_temperature_measurement_api.h Temperature measurement processing API definition
| r_thermocouple_api.c Thermocouple measurement calculation program,
temperature vs. thermoelectromotive force table
| r_thermocouple_api.h Thermocouple measurement calculation API definition
|
Lsmc_gen Smart Configurator generation
I-Config_CMTO
-Config_ DMACO
Config_ DMAC3
-Config_DSADO
Config_ DSAD1
FConfig_IOL_MTUO
Config PORT
I-Config_SCI1
-Config_SCI6
Config_SCI61
F-general
Fr_bsp
Fr_config
Fr_flash_rx
Lr_pincfg
10-Link
LStackExtentionsApp
-BSPExtensions.h BSP extension header
FOLinkMain.c IO-Link application program
FOLinkMain.h I0-Link application definition
FMemoryManager.h Memory manager header
HParameterSet.h Definition of stack extension
LProductionSettings.h Production setting header
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4.7.2 Functions

The functions added and changed from the base "Temperature Measurement Example Using a
Thermocouple" application note (RO1AN4747EJ0110) are described.

4.7.2.1 main.c

[Function name] main

Overview main function
Header None
Declaration void main (void)
Description Start the operation of DSADO and DSAD1 and initialize the 10-Link stack and 10-
Link related parameters. After that, the 10-Link application process (iolink_main
function) is called periodically.
Argument None
Return value  None
Remarks None
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4.7.2.2 r_temperature_measurementc
[Function name] R_TEMP_Start

Overview Start temperature measurement
Header r_temperature_measurement.h
Declaration void R_TEMP_Start (void)

Description Allows DSADO and DSAD1 unit-to-unit synchronous start, sets the trigger to a
software trigger, and then starts DSADO and DSAD1 operation.

Argument None
Return value  None

Remarks None

[Function name] R_TEMP_Stop

Overview Stop temperature measurement

Header r_temperature_measurement.h

Declaration void R_TEMP_Stop (void)

Description Stops the operation of DSADO and DSAD1.
Argument None

Return value  None

Remarks None

[Function name] R_TEMP_Get

Overview Get the temperature
Header r_temperature_measurement.h
Declaration bool R_TEMP_Get (float *p_temperature)

Description If the A/ D conversion between DSADO and DSAD1 is completed (if the temperature
measurement is completed), the measured temperature is stored in the address
passed as an argument.

Argument *p_temperature :
Temperature [°C] storage area pointer
Return value  Measurement status
false:
During measurement
true:
Measurement completed

Remarks None
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4.7.2.3 r_led_api.c

[Function name] R_LED_Control

Overview Control LED1
Header r_led_api.h
Declaration void R_LED_Control (bool state)

Description The LED turns on / off according to the switching status.

Argument Switching state
false: OFF
true: ON
Return value  None
Remarks None
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4.7.2.4 |0OLinkMain.c

[Function name] iolink_main

Overview IO-Link application main processing
Header IOLinkMain.h
Declaration uint8_t iolink_main (void)

Description Executes periodic processing of the IO-Link stack (calls the STACK_Run function) to
acquire the temperature. If the temperature measurement is completed, process
data will be transmitted via 10-Link.

Argument None
Return value  10-Link stack status
STACK_STATUS_SIO :
IO-Link connection in SIO mode
STACK_STATUS_STARTUP :
Master detected, device in startup state
STACK_STATUS_PREOPERATE :
Device is in pre-operation state
STACK_STATUS_OPERATE :
Device is in operating state
STACK_STATUS_DISCONNECTED :
Disconnected, device waits for next wakeup in 10-Link mode

Remarks None
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[Function name] App_Cmd

Overview IO-Link system command processing
Header IOLinkMain.h

Declaration uint16_t App_Cmd (uint8_t command)
Description Performs system command processing.
Argument System command

Return value  System command processing result
RESULT_OK:
Successful completion
RESULT_ERR_FUNCTION_TEMP_NA:
Invalid command

Remarks None
[Function name] App_Temperature

Overview IO-Link temperature sensor application processing
Header None
Declaration static bool App_Temperature (float rawValue)
Description Performs the following four processes.
1. Create process data
2. Teaching process (threshold setting process)
3. Threshold judgment processing + process data update
4. Start transmitting process data
Argument Measured temperature [°C]
Return value  Threshold judgment result
false:
Out of valid range (OFF)
true:
Within the effective range (ON)
Remarks This function is an internal function called from the iolink_main function.

The return value is false while the Teaching process is being executed.
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5. Operation check procedure

The procedure for checking the operation is described on the assumption that 10-Link Device Tool V5.1 — PE
made by TMG is installed on the Windows PC. See Figure 3-1 for the connection of each device.

5.1 IP address setting of PC
The IP address of the RZ / N1S-IOLINK-M board is 192.168.0.225, so set the PC to such as 192.168.0.12.

Internet Protocol Version 4 (TCP/IPwd) Properties >

General

‘fou can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network administrator
for the appropriate IP settings.

() Cbtain an IF address automatically
(®) Use the following IP address:

IP address: | 192.168. 0 . 12 |
Subnet mask: | 255 .255.255. 0 |
Default gateway: | |

Obtain DMS server address automatically

(®) Use the following DMS server addresses:

Preferred DMNS server: | . . . |

Alternate DMS server; | . . . |

[ ] validate settings upon exit Advanced. ..

Cancel

Figure 5-1 IP address setting of PC
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5.2 Launch I0-Link Device Tool V5.1 - PE
Topology displays the topology of the 10-Link device from the PC.

Device Catalog shows all installed devices.

A Lk Do Tk W1 - Y - o
Fils  Opricsi Vs el Laggail = o Specabe

Topology

%
¢f

Device
Catalog

[

Figuire 5-2 10-Link Device Tool V5.1 — PE
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5.3 Update IO-Link Device Catalog
1. Select "Options" from the menu bar, and then select "Import IODD (IO Device Description)".

2. Enter the path or select the folder that contains the 10DD file. The I0DD file of this sample application

is located in the "IODD" folder in the included sample project file. IODD files are auto-detected, as
shown in Figure 5-3.

Import 10DD a

Path C#¥Users/mumm—— D ovinloads¥rx23ea_thermocouple¥rx23ea_ther mocouple¥I0-Link¥I0DD v| E _

Fiter  Vendor® | || .| DevicelD [ | Revision [ include subdirectories
I0DD

Subdirectory Vendor ID Device ID

TMG-Renesas-RX23e-A-Sample-01-20201210-0DD1.1 xml

(0x041000

Figure 5-3 10-Link Device Tool V5.1 — PE (Loading 10DD file)

3. Select "Import".
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5.4 Update IO-Link Master Catalog

1. Select "Options" on the menu bar and then select "Import IOLM (IO-Link Master Description)".

2. Enter the path or select the folder that contains the IOLM zip file. The IOLM file of this sample

application is located in the "IOLM" folder in the included sample project file. The IOLM file is auto-
detected, as shown in Figure 5-4.

Import IOLM - 10 Master Description n
Path C¥Users Y I ¥ Doy loads¥rx 23ea_ther mocouple¥rx23ea_ther mocouple¥10-Link¥IOLM v| IZ' TMG WEB
Filter Vendor 1D I:l El Device ID [: Fieldbus |:| [] include subdirectories
IOLM Subdirectory Vendor ID Device ID

TMG-RZN-01-ETH-20201107-I0LM1.5 x014F

0x000075

Figure 5-4 10-Link Device Tool V5.1 — PE (Loading IOLM file)

Note:

For Path, specify the folder containing the unzipped IOLM zip file. If you specify the unzipped folder, the
IOLM file will not be searched.

3. Select "Import".
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5.5 Check for Catalog updates
When the Catalog of the update is successful, the TMG TE GmbH vendor and RSSK RX23E-A board will

display as the "RX23e-A Starter kit" in the 10-Link Devices section of the Catalog. RZ/ N1S 10-Link Master
is displayed under the Master as a PROFINET device.

@ 10-Link Device Tool V5.1 - PE - m] x
File Options View Help Logged in as Specialist

Filter

7 TMG TE GmbH
[T EtherNst/TP
- PROFINET
s TMG-PC-Sim-PROFINET
—amw TMG-RZN-01
! o) Use
-0 I-Link
-7 Renesas Electronics Europe GmbH
-0 TMG TE GmbH
-7 Sample Devices
-7 Starterkit
=0 RX23e-A Starterkit
-l RX23e-A Starterkit (I

Figure 5-5 10-Link Device Tool V5.1 — PE (Check for Catalog updates)
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5.6 Setup of IO-Link communication
Click the "Search Master" button at the top right of the window. As shown in Figure 5-6, RZ /

. . . . " . -
N1SIOlink will be displayed in the "Master Discovery" window.
@ 10-Link Device Tool V5.1 - PE - ] ®
File Options View Help Logged in as Specialist -
Master Discovery
HS L
1
I0-Link Master Wendor MName
PROFINET TG TE GmbH
E-T] Master
| -] Balluff
I - TMG TE GmbH
: ] EtherNet/TP
-0 PROFIMET
s TMG-PC-Sim-PROFINET
15 TMG-RZN-01
-7 USE
-0 10-Link
(-] Renesas Electronics Europe GmbH
-] TMG TE GmbH

7 Sample Devices
107 Starterkit

=-[7) RiKle-A Starterkit

@ Filfie-A Starterkit (IC

10-Link Device Tool V5.1 — PE (Search for IO-Link master)

Figure 5-6
Double-click the device name displayed in the “Master Discovery” window.

2.
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3. Click the "Go Online" button to activate the connection between the master and the device.

®

Forr

Taol Gommunication Iterface

Fieldbus DD
Name of Station

IP Address

Toal Gommunication Tupe

Gonnection Reference

additional 10

|GS DML-'2.32-TMG-RZN1-I0- Link-Gateway-2018

1113xml

|rzn Is—aw

192.168.0.225 E

MAG Address

00:25:64:94:58:80

[Tma_UoP

\
\
\
|

1921680225

00:25:64:94:58:00

Unique [dentifier

@ 10-Link Device Tool V5.1 - PE - O *
File Options View Help Logged in as Specialist -
(192.162.0.225) TMG-RZN-01 Topology Search Master
)5 PROFINET
. =
e isisit N-01 [E=N R =) sz (192.168.0.226) TMG-RZH-01
- e +"
Gomman  Port TEPE
Wendor
T] Technologi Vendor [TMG TE GmbH
Management Grupp
AL, 10-Link Vendor ID 00 14F
RENESAS
Product
Product name |TMG*RZN*DW Catalog Filter
Description TMG RZ/N1S I0-Link & Port master -0 Master
-0 Balluft
-0 TMG TE GmbH
7] EtherNet/IP
=07 PROFINET
0LM [TMG-REN-01-ETH-20201 T07-0LM 1T Sl | s TMG-PO-Sim-PROFINET
TOLM Revision '
Fiti Revision 1187118 IOLM Device ID 0000075
7] Renesas Electronics Europe GmbH
Main Communication Interface =) TME TE GribH
Figldbus Vendor ID T<014F Fisldbus Device ID <0075 L1 Sample Devices

(=7 Starterkit
-] R¥23e-4 Starterkit
L@ RH28e-A Starterkit (IOL11

< >

=

Figure 5-7

IO-Link Device Tool V5.1 — PE (Set to Online state)

When the connection between the master and the device is activated, the "Go Online" button is
replaced with a red circle button and the "Check Devices" button is enabled.
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4. Click the "Check Devices" button to detect connected devices.

@ (192.168.0.225) TMG-RZN-01 =N =R
= i ) e *. ] '+ [ ]
Common  Port Gonfig
Port Mode “Wendor Device o 1
I0-Link
14 ] I0-Link
24 ] 10-Link
34 ] 10-Link
44 ] 10-Link
b4 ] 10-Link
G 4 ] 10-Link
74 & I0-Link
Port Config Details
VendorTD [ | DeviesId [ | ProdustD [ ] 0-Link Made
10D | |
Device PD Length Inputs l:l Outputs l:l

Figure 5-8 10-Link Device Tool V5.1 — PE (Checking IO-Link device)

"Check Devices" window is displayed, IO-Link RX23e-A Starterkit, which is connected to a port of the
Master will be displayed.

Check Devices

Port IL Engineering Rev 10-Link Master Rev
n RX23e-A Starterkit 11

n

N[ ealw|[n] =
=

Takeover devices into engineering
Figure 5-9 10-Link Device Tool V5.1 — PE (IO-Link device detection)
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5. Click the "Takeover devices to engineering" button. When the connection between the master and the
device is successful, the display of the devices that are connected to the port of the 10-Link Master is
updated.

@ 10-Link Device Tool V5.1 - PE
File Options \View Help Logged in as Specialist -
(192.168.0.225) TMG-RZN-01

& (192.168.0.225) TMG-RZN-01 =5
: e (1,95 ", » D

Common  Port Gonfig

Ports

Fort Mode Wendor Device

0
10-Link  |TMG TE GmbH Starterkit Nl

I0-Link

I0-Link
I0-Lirk
I0-Lirk
I0-Lirk
I0-Lirk

% 66660609

el B U L
PO PR P PR R R e

I0-Lirk

Part Contig Detailz

Vendor 1D 0x014F | Device ID 0x041000 | Product 1D RX23e-A-01 I0-Link Mode

oD |TMG—Renesas—R}{233—H—SampIe—D1—2020lDSD—IODDI.lme |

Device PD Leneth Inputs Outputs

Figure 5-10 10-Link Device Tool V5.1 — PE (Successful connection between 10-Link master and device)
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6. Double-click "RX23e-A Starterkit" to access the sensor description page.

e RX23e-A Starterkit @ TMG-RZN-01 (192.168.0.225)[0, 4] =
: E—% + 4+ f; block write mode - EI-@

Gomman  Process Data Identification  Observation Parameter Diagrosis  Scope  Generic  10DD

Overview
. Vendar [TMG TE GmbH |
@ I0-Link Vendar Text [TMG TE GrrbH | F’J Technologle e
Yendor ID Mx014F URL |http:;";"www.tmgtecom | [

Device FX23e-A Starterkit |

Description ID-Link Starterkit with RX23%e-8 Processor
Device ID 10-Link Revision L ] 50 mode
Bitrate MinCycleTime

1D Device Description
jielnle} TMG-Renesas—Rx23e-A-Sample-01-20201210-1200 1.1 xml R izion R ] Date 2020-12-10
Connection
o M12 connector with cable 15 m

Description

b narme function color ~

| Lplus EN

2 MG WH

3 Lmiriuz EU

! oa BK % M12-4

Figure 5-11 I0-Link Device Tool V5.1 — PE (RX23e-A Starterkit Common tab)
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5.7 I0SK RX23E-A board sensor demo for |10-Link device tools

Learn how to operate an 10-Link device (temperature sensor) using the RSSKRX23E-A board from the 10-
Link Device Tools GUI. The button in Figure 5-12 is located in the upper left corner of the IODD window.

—_— = .
|| — + + fg direct write mode -

=
== ': System operating status
+ , .

: Download variable changes to your device
+ . . . .

: Upload variable information from device
+.

: Enable dynamic variable updates

direct write mode : direct write mode -> Automatically download modified variables to device

block write mode -> Manually download the modified variables to device

Figure 5-12 10-Link Device Tool V5.1 — PE (Device operation toolbar)
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5.7.1 Common tab

As shown in Figure 5-11, the Common tab displays the general description information about the device as
follows.

Vendor name: TMG TE GmbH
Vendor text: TMG TE GmbH

Vendor ID: 0x014F

URL: www.tmgte.com

Device name: RX23e-A Starterkit
Device Description: 10-Link Starterkit with RX23e-A Processor
Device ID: 0x00041000

IO-Link revision: 1.1

SIO mode support: No
Communication baud rate: COM2
Minimum sensor cycle time: 5000 [us]
I0-Link device photo

Connection description

Pin array of M12 connector
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5.7.2 Process Data tab
The Process Data tab displays Process data inputs and Process data outputs.

1.  Process data inputs

® Sensor measure value
Measured temperature [0.01°C]

® Switch Point 1
Switching state (true or false)

2. Process data outputs

Not supported.

@ RXz3e-A Starterkit @ TMG-RZN-01 (192.168.0.225){0, 4] ==

- g_% + 4+ f; block write mode -

Common Process Data  Identification  Obszervation  Parameter  Diagnoziz Scope  Generic 100D

MHame Walue Unit

Sensor measure value 2
Switch Point 1 falze
[-1 Process data outputs

Process data Output 1 ]

Figure 5-13 10-Link Device Tool V5.1 — PE (Process Data tab)
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5.7.3 Identification tab

The Identification tab, the user can to read the identification information such as the following that are stored
on the device.

1. Device information
2. Application-specific information

3. Revision information

@' RX23e-A Starterkit @ TMG-RZN-01 (192.168.0.225)[0, 4] -
: g—% + ¢ *; block write mode - EI-@

Common  Process Data  Identification  Obgzervation Parameter Disenosis Scope  Generic  10DD
R Walue State  Unit
ro | TMG TE GmbH i

ro v tmgte com i

Product Name ro |FX23e-A Starterkit i
Product ID ro |FX23e-A-01 i
Product Text ro  |[Io-Link Starterkit with FX23e-A Processor i
Serial Number ro e
Hardware Revizion ro e
Firmware Revizion ro e
Function Tag re o EEE i
Location Tag re | EEE i
Application-specific Tag (T i

Figure 5-14 10-Link Device Tool V5.1 — PE (Identification tab)
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5.7.4 Observation tab

The Observation tab displays the measurements taken by the device. The user can see the temperature

information measured by the device.
@ RX23c-A Starterkit @ TMG-RZN-01 (192.166.0.225)[0, 4] =N =R ="
L= £ ; o
- == | ¥ 4+ 1‘5 block write mode
Common  Process Data  Identification ©Observation  Parameter Diagnosiz  Scope Generic  10DD
R Walue State  Unit
e

Marme
ro

easure value

Figure 5-15 10-Link Device Tool V5.1 — PE (Observation tab)
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5.7.5 Parameter tab

The Parameter tab displays the device's parameter settings and allows the user to read the settings from the
device. You can also write new settings to the device. See Table 4-3 and Table 4-4 for the meanings and
functions of the parameters. For the device parameter setting method, refer to 5.7.7 Device Parameter
Change (Teach-In / Read) ".

@ RX23e-A Starterkit @ TMG-RZN-01 (192.168.0.225)[0, 4] [r=e [ S|
= E_-—f + 4+ f; block write mode -
Common  Process Data  Identification  Obgervation Parameter  Diagnosiz Scope  Generic  I0DD
MHame R Value State  Unit
[-1 Switchine Signal Channel 1
55C1 ParamEP1 re | 2600 i ..
55C1 Param5P2 re 2000 i .
551 Config Logic re | High active - Not Inverted @ i
55C1 Config Mode rw | Tiwo point - i
55C1 Config Hysteresis rw | Standard - i
[-1 Teach-In Single Value
Swetem Command wo | Teach SP1
Swetem Command wo | Teach SP2
Teachln - ResultiState ro |Hdle i
Figure 5-16 10-Link Device Tool V5.1 — PE (Parameter tab)
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5.7.6 Scope tab
The Scope tab allows you to visualize process data.

o S

‘B Z2 ¥ 4+ 45 block wiite mode v||:|

Gommaon  Process Data  Hentification Observation Parameter Diagnosis Sc0Pe  Generic  10DD

swe | [foms ] < > (il [aioos |

Figure 5-17 10-Link Device Tool V5.1 — PE (Scope tab)

The user can set the Scope configuration by right-clicking in the Scope area. The following window will
appear where you can edit the settings.

Scope Configuration

Vigible jin] Matme Digital Walue Min Walus Max Dizplay Min Dizplay Max Calar
1 Senzor measure value O ] 5535 ] 33 black

™ I Switch Point 1 ™ ] 1 33 Gifi red
[ o] Procesz data Output 1 O ] 4 204967E+09 1] 100 Ereen

Time Resolution ms Grid Width Pixel [ cancel || tkeover || ok |

Figure 5-18 10-Link Device Tool V5.1 — PE (Scope tab, Set Scale/Parameter)
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5.7.7 Device Parameter Change (Teach-In / Read)

When the user opens the Parameter tab, the device-specific parameters are set to the default values in the
Value column. These values are recorded in the IODD file. See Figure 5-16 for more information.

When setting SetPoint (SP1, SP2, etc.) on a device, make sure that "Device Access Locks" is set to false. If
true, parameter setting on the device will fail. The SetPoint parameter can be set using the "Teach Values"
parameter or the "Standard Command".

The 10-Link device tool allows the user to select the write mode and set the parameters.

5.7.7.1 Parameter setting in Teach Values (block write mode)

In this mode, you set the parameters on the device by changing the parameters and then clicking the "Write
all changed values to device" button.

1. Change the write mode to "block write mode".
To set the SetPoint, click the Value field of the parameter “SSC1 Param SP1” or “SSC1 Param SP2”.

3. Enter a number and press “Enter”. The yellow shading of "Status" indicates that the parameter has not
yet been set on the device.

4. Every time you change a parameter, you need to click the "Write all changed values to device" button,
as shown in Figure 5-19.

5. The green shading of “Status” indicates that the parameter has been set on the device and
synchronization has occurred between the master and the device (refer to Figure 5-20).

@ RX23e-A Starterkit @ TMG-RZN-01 (192.168:0.225)[0, 4] =N =n==

: ::_% + 1+ f; lblockwrite mode B]{}

Common  Process Data  Identification Observation Parameter Diagnosiz  Scope  Generic  I0DD

Mame R Walue State  Unit

[ -1 Switchine Signal Channel 1
S5C1 ParamSP1 ® "G
SSC1 ParamSP2 d TG
535G 1 Config Logic rw | High active - Mot Inverted - d
553G 1 Confie Mode rw | Two point -~ d
553G 1 Config Hysteresis rw | Standard - d

[-1 Teach-In Single Value
Swetem Command wo | Teach SP1 d
Swstem Command wo | Teach SP2
Teachln - ResultiState ro |Hdle d

Figure 5-19 IO-Link Device Tool V5.1 — PE (Parameter setting in block write mode)
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5.7.7.2 Parameter setting in Teach Values (direct write mode)

In this mode, parameter changes are automatically set on the device.

1. Change the write mode to "direct write mode".
2. To set the SetPoint, click the Value field of the parameter “SSC1 Param SP1” or “SSC1 Param SP2".
3. Enter a number and press “Enter”.
4. The “Status” turns yellow and then green, indicating that the parameters have been set on the device
and synchronization has taken place between the master and the device.
e RX23e-A Starterkit @ TMG-RZN-01 (192.168.0.225)[0, 4] EI@
-—

=% 4 ‘l‘;[ direct write mode ] <% l

Common  Process Data Identification Observation Parameter Diagnosiz  Scope  Generic  I0DD

Name RAY  Value State  Unit
[- 1 Switching Sienal Charnel 1
S3C1 Param 5P rw ® ]
535G Param5P2 rw {2000 d ]
551 Config Logic rw  |High active - Not Inverted - d
55C1 Confie Mode rw | Two point - d
55C1 Config Hysteresis mw | Standard - d
[-1 Teach-In Single Walue
Swetem Command wo || Teach SP1 d
Swetem Command wo || Teach SP2
Teachlh - Result State ro e d
Figure 5-20 10-Link Device Tool V5.1 — PE (Parameter setting in direct write mode)
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5.7.7.3 Parameter settings in the Standard Command

Use the Standard Command to set the SetPoint.
1. Set the temperature of the device to be measured to the temperature you want to set as SetPoint.
2. Click the “Teach SP1” or “Teach SP2” button in the Value field of the Parameter tab.

The measured temperature is automatically set to "SSC1 Param SP1" or "SSC1 Param SP2", and the
Teach-In result is also "SP1 Success" or "SP2 Success".

€ RX23e-A Starterkit @ TMG-RZN-01 (192.168.0.225)[0, 4] =i
= _:—% + 4+ f; black write made - -@

Common  Process Data  Identification Observation Parameter  Diagnosiz Scope  Generic  I0DD

Hame R Walue State  Unit
[-1 Switching Sienal Channel 1
SSC1 Parami3P1 ] d ..
55C1 ParamisP2 re | 2000 d ..
550G 1 Config Logic rw | High active - Mot Inverted - d
553G 1 Config Mode Press Teach SP1 re | Two point - d
553G 1 Config Hysteresis rw | Standard - d
[~ 1 Teach-In Sinele Value \
Swstem Command w I Teach SP1 d
Syztem Command Successful Teach-in wo || Teach SP2
Teachlh - Result State T SP1 Success d
Figure 5-21 10-Link Device Tool V5.1 — PE (Parameter settings in the Standard Command)
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5.7.7.4 Parameter reading

The user can read the current parameters written to the device by clicking the "Upload the variable
information from device" button. Please refer to Figure 5-12 for button "Upload the variable information from

the device."

5.7.8 Restore to factory settings
Restores the device settings to factory settings.

1. Go to the “Diagnosis” tab.
2. Click the “Restore Factory Setting” button.

& RX23e-A Starterkit @ TMG-RZN-01 (192.168.0.225)[0, 4] [ [ES]
: g_% + 4+ f; block write mode -
Common Process Data  Idemtification  Observation  Parameter  Disenosis Scope Generic 100D
MName RAY  Walue State  Unit
System Command wo Restore Factory Settings l
Device Status ro 2
Detailed Device Status [1] ra e
Detailed Device Status [2] ra e
Detailed Device Status [3] ra e
Detailed Device Status [4] ra e
Error Courrt ro 3
Operating Hours ro {000 i h

Figure 5-22 10-Link Device Tool V5.1 — PE (Restore to factory settings)

5.7.9 Generic tab

Use this tab to work with IO-Link devices without IODD files. The data is displayed as RAW data and the
address is set via the index and subindex. The message box on the IO-Link port displays the results of

manually processed read / write requests.

5.7.10 1ODD tab
IODD information is displayed on this tab.

R0O1AN5676EJ0100 Rev.1.00

Page 55 of 56



RX23E-A Group

Application Note

Revision History

Rev.

Date

Description

Page

Summary

1.00

Jan. 15, 2021

First edition

RO1AN5676EJ0100 Rev.1.00

Jan.15.21

RENESAS

Page 56 of 56




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

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

A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

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

level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an I/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.
4. Handling of unused pins

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

become possible.
5. Clock signals

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

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V.
(Max.) and 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 Vix (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 LSl 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.



Notice

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

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

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

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

5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for

each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

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

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

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

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for

Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by

Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc.

Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products

outside of such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific

characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability

product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you
are responsible for evaluating the safety of the final products or systems manufactured by you.

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

11. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

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

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

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

(Note1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1  October 2020)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

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

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.
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