u ZE N ESAS Application Note
RA2E2 Group

Examples of 10-Link Solutions

Introduction

This application note describes a sample program that implements 10-Link communication with the RA2E2.
IO-Link is a communication technology for sensors and actuators that complies with IEC61131-9. For 10-Link
communication, the |O-Link stack manufactured by TMG is used.

Target Device
RA2E2, RH4Z2501(10-Link Line Driver)

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

In this example, RA2E2 IO-Link Inductive Sensor Solution Board (hereafter referred to as Inductive Sensor
Board) is I0-Link Device and commercially available IO-Link USB Master is 10-Link Master. Communication
between the host PC and 10-Link Master uses the 10-Link GUI tool provided by the USB master
manufacturer. The IO-Link GUI tool is application software that runs on a Windows PC.

The Inductive Sensor Board can detect the approach of metal with the sensing coil mounted on the tip of the
board. When metal proximity is detected, the LED on the Inductive Sensor Board lights up.

In addition, the Inductive Sensor Board notifies the USB Master of metal detection status through 10-Link
communication. The detection status can be checked with the |O-Link GUI tool on the host PC. You can also
change the mode of the Inductive Sensor Board from the I0-Link GUI tool.

10-Link
GUI Tool

| ——
Serial I— USB Cable (Virtual COM)

10-Link USB Master

A
|O-Link M12 Cable
A
RA2E2 10-Link
Inductive A |0-Link Line Driver
Sensor Board RH422501 1«
Reference Coil
] OWI digital
Filter oWl communication and
LED calibration interface
l Pulse
H/L
NCV2252S | RA2E2
Comparator N2T1G >
A
Pulse
Filter Sensing Coil
Figure 1. 10-Link Inductive Sensor System using RA2E2
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2. Confirmed Operation Environment

The confirmed operation environment is shown in Table 1.

The configuration of the device is described in 3 Hardware Configuration.

Table 1. Development Environment

Item Description

Sensor Board TS-10-RA2E2-02 (RA2E2 10-Link Inductive Sensor Solution Board)
MCU R7FA2E2A72DNK (RA2E2 24pin)

|O-Link Line Driver RH422501

Comparator NCV2252SN2T1G

IDE Renesas e? studio 2023-04 (23.4.0)

Tool Chain GCC ARM Embedded 10.3.1.20210824

FSP v4.4.0

Library IO-Link stack manufactured by TMG

Emulator User interface cable for E2 emulator (20-10 pins)

[RTEOT00020KCAC1000J]

IO-Link Master

Pepperl+Fuchs 10-Link-Master02-USB
Device Type Manager!

IO-Link Tool

I0-Link Offline Parameterization Tool V1.00.006 / 2022-07-10

Host PC for IO-Link Tool

Windows10 Professional

Note': If the master is not searched, reinstall the device type manager.

3. Hardware Configuration

Hardware consists of 10-Link Master and |O-Link Device. |10-Link Master consists of Pepperl + Fuchs |0-
Link-Master02-USB, and IO-Link Device consists of RA2E2 I0-Link Inductive Sensor Board.

M12 Cable (I0-Link)

10-Link USB Master

RA2E2 I0-Link Inductive Sensor Board

USB Cable a
Windows 10

10-Link GUI Tool

Figure 2. Hardware Configuration
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3.1 10-Link USB Master
The application note uses Pepperl+Fuchs 10-Link-Master02-USB as the 10-Link USB Master.

{
I

z |ZPEPP
? G I
E IParlNu 304074 e e |

¥k |

asn

e

RN |

Figure 3. 10-Link USB Master

3.2 RA2E2 I10-Link Inductive Sensor Board
RAZ2E2 10-Link Inductive Sensor Board is used as I0O-Link Device.

Reference Coill LED Sensing Caoll

Figure 4. RA2E2 IO-Link Inductive Sensor Board

- Comparator
<:> <:> <:> 1 (NCV2252SN2T1G)
Referénce coil Sensin‘g coil
COIL X2
IOLINK I0-LINK PHY RAZE2
Connector (RH4Z2501)

Figure 5. RA2E2 IO-Link Inductive Sensor Board Hardware Configuration
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3.3 RA2E2 MCU Peripherals

Table 2 lists the main peripherals of the RA2E2 MCU used in this application project and their usage. These
are shown in Figure 6.

Table 2. Peripheral modules

Module How to use
AGTW1 Generates a timer interrupt with a period of 100 ms.

An interrupt activates GPT5/6/8 at the same time and performs sensing processing.
GPT5 An interrupt for sampling is generated 2500 ns after the sensing process starts.
GPT6 When the sensing process starts, a sawtooth wave for sensing coil excitation is generated.
GPT8 When the sensing process starts, a sawtooth wave for reference coil excitation is generated.
DTC It is started by interrupt of GPT5 and used to acquire the external comparator result.

Memory Bus Arm Cortex-M23

System

| MPU | | MPU |

PORMLYVD

2 KB data flash
| WWIC |

| Sysbem timer |

Reset

Muode confrol

Ponwer control

Clocks

(HIL) QCO

| Test and DBG Interface |

| CAC |

o |
|

| KINT

Register write
pratection

Communication intarfaces

SCI=1

130 =1

Event link Diata processing

Analogs

CRC

ELE | Boe

ADCA2 | |

TSN

Security

AES + TRNG

Figure 6. RA2E2 MCU Functional Overview

3.4 External Module

3.4.1

Comparator

The board includes a comparator NCV2252SN2T1G.
Used to compare the filtered output of the sensing coil with the filtered output of the reference coil to
determine the presence of metal on the sensing coil.
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4. Sample Application Overview

The IO-Link device used in this sample application is equipped with a smart sensor profile and receives
information about its operating mode through a teaching process. The 10-Link device performs sensing
processing periodically (once every 100 ms) and sends sensing information (process data) to the 10-Link
master via 10-Link communication.

The sensing process starts three GPT timers simultaneously. Two GPT timers pulse the reference and
sensing coils. A third GPT timer times out at the measurement points to compare outputs from filters

(2500 ns) and the DTC gets the comparator result. Lights up an LED based on the result of the comparator
in the timeout-triggered interrupt processing.

For more information on the smart sensor profile, please refer to the documentation related to the 10-Link
smart sensor profile, which can be downloaded from https://io-link.com/en/.

This is an overview of the software components that make up the sample application.

Application
IO-Link Inductive Sensing
main 10 START EXCIT COIL_SENS
Link OR
Main
Starterkit MEASMING LED
Sample
Application
FSP
AGT GPT DTC
IO-Link Stack Library
I/O Ports Flash
Figure 7. Software Components
RO1AN6952EJ0100 Rev.1.00 Page 7 of 44
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4.1 Software Components

4.1.1 Application
10-Link main — This module is responsible for |O-Link initialization and main-loop.
IOLinkMain — This module is responsible for making periodic 10-Link stack calls and getting status.

StarterkitSampleApplication — This module is responsible for handling process data and events in the
TMG IO-Link stack.

Inductive Sensing
START - This module is responsible for initializing system variables and starting periodic timers.

COILSENSOR - This module is responsible for handling the onboard coils. The coil is pulse-driven for
measurement. The LED on the board lights up when metal is detected on the sensing coil.

EXCIT — This module contains initialization of timers, comparators and DTCs. It also includes a periodic
measurement trigger mechanism.

MEASMNG - This module is responsible for managing the measurements and initiating the next excitation of
the measurement cycle.

LED — This module is responsible for LED control. It provides the functions of turning on, blinking, turning off,
and reversing.

4.1.2 10-Link Stack Library
This library module is responsible for handling 1O-Link.

41.3 FSP

It serves to connect the MCU hardware components of the system with the application part. The main
content of this layer are the MCU's peripheral function drivers, which use the e? studio IDE's smart
configurator to generate configuration and related files.

4.2 Sensing Mechanism

4.2.1 Operating Principle

The principle of operation is based on the oscillation of an LC circuit. A reference coil is used for metal
detection on the sensing coil. No metal is placed on the reference coil. The measurement principle starts with
exciting the LC circuits (reference coil LC circuit and sensing coil LC circuit).

The circuit is excited with pulses generated by the RA2E2 MCU with the help of transistor driver circuits.

After the coils are excited they start vibrating. The vibration is then filtered to produce only the vibration
envelope. At the end of the process, an on-board comparator can be used to compare these two envelopes
and based on the signal level comparison result, it can be determined whether metal has been detected on
the sensing coil.

ol

Figure 8. Operating Principle
Describes the pulse generation mechanism using timers.

Two timer outputs are used to generate excitation pulses, one for the reference coil and one for the sensing
coil. Set the measurement point to compare the filter output with another timer with no output for the
measurement point.

RO1AN6952EJ0100 Rev.1.00 Page 8 of 44
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The pulse generation timer should be configured with a sawtooth one-shot pulse and the measurement point
timer configured as one-shot mode. Sawtooth one-shot pulse mode is not configurable on Smart
Configurator for FSP, temporarily select the periodic mode and override it in the user application code with
the sawtooth one-shot pulse mode. Figure 9 shows the pulse generation mechanism.

The pulse generation timer is configured in sawtooth one-shot pulse mode, with the counts to start and end
pulse generation set by the compare capture register GTCCRn. The period of the timer is set to maximum
(OXFFFF). This is because these timers stop with an interrupt generated by the measurement point timer. All
the above timers are started at the same time. After the pulse is generated, the following actions are
performed when the measurement point timer times out:

e The DTC is triggered at which point the comparator result is copied by into a variable by the hardware.
¢ An interrupt occurs that triggers the measurement point timer interrupt and stops the pulse generation
timer.

The procedure for determining the presence of metal parts on the coil using the comparator results is shown

below:

¢ Measurement of one coil is started.

¢ When the measurement point timer for that coil times out, a callback function is called to process the
measurement data based on the comparator results.

e Control the corresponding display LED according to the actual result.

This measurement cycle is triggered periodically at 100 ms by the AGTW1 timer.
The detection threshold can be set with "Delay between pulses".

Measurement point timer
S
[0
=
E /
=
[=]
Q
[+4]
£
|_
Time
i
1
1
1
1
| i |
E E E Measurement pulse timer
| | |
g > :
Reference Measqremem !
pulse width pulsg width |
1 1 1
i i i
.% > !
i Delay between ' 1
i pulses i
) .
i Measurement point i
Figure 9. Pulse Generation Mechanism
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4.3 Overview of the Overall Processing Flow
The processing flow of the sample application is described.

—»  Software

=¥ Data Flow

[l:[l Subroutine

|:| Software Process

D Peripheral Function

Ej Buffer Memory

Flow

Legend

Start Process

hal_entry

Sensing Processing

AGTW1 100ms cycle

START_vlnit

1 iol_main )

A 4

v

Initialization

v

iolink_ma

in

STACK_Run

10-Link stack
processing

v

SampleApplication

Process data

v

\4

\4
| GPT6 I

Pulse Pulse

V¥ REF SENS

OF oOF
|

]
DTC I
y
( user_gpt5_ca|lback) ‘

MEASMNG_vMain

Handler

S—
Comparator
/ output

'

LED_main

v

return

generation
S—
v PDIn
AL_SetinputReq oWl
write in < >

RH422501

| Comparator |

10-Link
communication
processing

Figure 10. Processing Flow of the Sample Application
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The outline of each process is described.

1. Start Process
Starts the AGTW timer and 10-Link processing.
A. Start AGTW
Start the AGTW timer with 100 ms period setting.

B. Start I0-Link processing
Call iol main().

2. Sensing Processing
C. AGTW timer handler
AGTW timer starts at 100 ms cycle.
REF coil pulse timer (GPT8), SENS coil pulse timer (GPT6), and sampling point timer (GTP5) are
started at the same time.

D. Coil pulse drive
GPT8 (for REF coil) and GPT6 (for SENS coil) generate a sawtooth wave to drive the coil in pulses.

E. Sampling Process
2500ns from the start of GPT5 times out and the DTC is activated.
The DTC obtains the comparator results of the REF and SENS coils.
Additionally the user handler user gpt5 callback () is invoked.

F. user_gpt5_callback
Generates process data for 10-Link transmission from the comparator output and performs LED
processing.

3. 10-Link communication processing
A. Run STACK Run (iolink main)
Execute the API STACK Run provided by the 10-Link stack.

B. Process data write processing
Execute the AL _SetInputReqg API provided by the I0-Link stack. Pass the process data pointer as
an argument.

RO1AN6952EJ0100 Rev.1.00 Page 11 of 44
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4.4 Switching State and LED Operation Image

When the sensing coil detects metal, the switching state turns ON. The LED also lights in conjunction with
the switching state. When Config.Logic = Low, the LED lighting logic is inverted for the switching state.

If you set Config.LED = Blinking, it will switch from LED lighting to blinking operation.

Following is a working image.

Distance
between metal 4
and sensing coil

Metal detection

[

Config. Config.
LED Logic O

Light p——— )
’ o [

High m—

High

pinking ———— | JOBOOOE

»

Time

Figure 11. Image of LED Operation

Table 3. Switching State and LED Operation

Metal Switching statem°te! LED operating"®te
St Lot Detection/Non-
9- detection
High Non-detection OFF OFF
Detection ON ONpPote2
Low Non-detection OFF ONpote2
Detection ON OFF

Note: 1. Switching state and LED are always OFF when Config.Mode = Deactivated.

2. When Config.LED = Blinking, the LED will blink.

RO1ANG6952EJ0100 Rev.1.00
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4.5 10-Link Communication
IO-Link communication specifications are described.

4.5.1 Bit Rate
The bit rate is COM3 (230.4 kbps).

4.5.2 SIO Mode
SI1O mode is not supported in this sample application.

4.5.3 Process Data (PDIn)

The measurement information is sent to the IO-Link master as process data. The contents of the process
data are described in Table 4.

Table 4. Process Data (PDIn)

Process Data (PDIn) Data length : 1[byte]
PDIn[n] Bit Stored data Details
PDIn[5] 1-6 - (Not used)
0 Switching Signal Stores Switching Signal status

4.5.4 Parameters
The list of parameters to be sent and received with the master by 10-Link is described in Table 5.

Table 5. List of Setting Parameters

Name Number of Bits | Value range R/W | Unit Overview

(Type) (initial value)

Switching Signal Channel1

Config Mode 8 0,1 RW | - Switching state judgment mode
(1) setting

(unsigned char) )
0 : Deactivated

Disabled, switching state is

always OFF
1 : Single point
Config Logic 8 0,1 RW | - LED lighting logical setting
(unsigned char) (0) 0: High active
1: Low active
Config LED 8 0,1 R/W | - LED lighting state
(unsigned char) (0) 0: Light, 1: Blinking
RO1AN6952EJ0100 Rev.1.00 Page 13 of 44
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4.6 Terminals to be Used
The list of pins used in this sample application is described in Table 6.

Table 6. List of Terminals Used

Terminal name 110 Usage
P015 Output Control of LED1 on the Inductive Sensor Board
P101(GTIOC8A) Output Reference Coil circuit Live pulse signal
P102 Input External comparator result input
P111(GTIOC6A) Output Sensing Coil circuit Live pulse signal
P400(IRQO) Input IO-LINK wakeup signal
P401(GTIOC9B) I/10 RH422501 register access OWI signal
P914(RXD9) Output C/Q transceiver control UART receive signal
P205(TXD9) Input C/Q transceiver control UART transmission signal
P103 Input C/Q transceiver control UART transmit enable signal
RA2E2 IO-Link Inductive Sensor Board
RA2E2 P400 |«
P401 |e—> IO.-Link Line 10-Link
Driver P g
Po14 "| RH4Z2501
P205 |[*
AGTW1 P103 |
:\\‘ GPT6 Sensing Coil
| cTioca [ P11 g
i 4 GPTs
| D
i ¢ Comparator
i bTC = P102 [ NCV2252SN2 Reference Coil
: T1G —
4| GPT8
GTioca [ P101 >
POI5 T— > LED1

Figure 12. Peripheral Features and Terminals to be Used
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4.7 Program Structure

4.7.1 File Structure

The TMG 10-Link stack and related files are located in the Library folder. The 10-Link stack manuals are
located in the Manuals folder. The file structure in the 10-Link folder is described in Table 7.

Table 7. File Structure

Folder name, File name Description
ROOT

—I10O-Link |O-Link folder

| —Application Application folder

| main.c Application main

| StarterkitSampleApplication.c Application program

| StarterkitSampleApplication.h Application header

| |  Starterkit_Config.h Starterkit_Config.h

| |

| ——BSP BSP folder for application parts not related to 10-Link
| BSPStack.h User-implemented Hardware Abstraction definitions
| IOLD_Config.h system specific Defines

| | Systeminit.h Hardware settings definitions

||

| F—IODD I0DD file storage folder for 10-Link devices

| | TMG-logo.png TMG Logo Image File

| | TMG-RA2E2-Starterkit-20230313- IODD1.1 File

IODD1.1.xml

|| TMG-RA2E2-Starterkit-con-pic.png M12 connector 4Pin image file

| |  TMG-RA2E2-Starterkit-icon.png Board icon image file

| | TMG-RA2E2-Starterkit-pic.png Board Image File

| |

| F—Library IO-Link stack library, parameter set storage folder

| BSPInterface.h Defines for the BSP

| DeviceAccess.h Device Access protection

|| DeviceStack.h IO-Link Device Stack

| DStorage.h DataStorage for the DeviceStack

| DTypes.h Datatype Definitions

| EventDispatcher.h functions for EventDispatching

|| liblO_Link_Starterkit RA2E2_lib.a IO-Link Library for the starterkit solution

| ParameterManager.h Interface to the application framework

| Profile_common.h common Declarations for Profiles

||

|  F—Manuals TMG 10-Link Device Stack Manual folder

| Dokumentation.chm Dokumentation.chm

| TMG 10-Link Device Stack Users IO-Link Device Stack User’s manual

Manual.pdf Stack Revision 1.1.147

| TMG 10-Link StackExtensions Users IO-Link Device Stack Extensions User’'s manual
Manual.pdf Stack Revision 1.1.218

| |  TMG StackExtensions Sample.pdf User Manual Sample Application for TMG 10-Link

Device Stack and Stack Extensions

| | TMG_IO- TMG_IO-Link_DeviceApplication_ReleaseNotes
Link_DeviceApplication ReleaseNotes.txt

| TMG_IO- TMG_IO-Link_DeviceStackExtensions_ReleaseNotes
Link_DeviceStackExtensions_ReleaseNotes.txt

| TMG_IO- TMG_IO-Link_DeviceStack _ReleaseNotes
Link_DeviceStack ReleaseNotes.ixt

RO1AN6952EJ0100 Rev.1.00
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Folder name, File name

Description

L—StackExtensionsApp

IO-Link related part storage folder of application

BSPExtensions.h

definitions for Stack Extensions Board Support
Package

IOLinkMain.c IO-Link Application
IOLinkMain.h definitions for main program
MemoryManager.h definitions for Stack Extensions Memory Manager

ParameterSet.h

Definitions for Stack Extensions

ProductionSettings.h

definitions for Stack Extensions Production Settings

Source folder

hal_entry.c

hal_entry program

[72]
=
o

SystemConfig.h

SystemConfig header

|
—COIL_SENSORS Coil sensor folder
| COILSENSORS.c Coil sensor operation function
| COILSENSORS.h Coil sensor header
|
F—EXCIT Coil pulse folder
| EXCIT.c Coil pulse generation function
| EXCIT.h Coil pulse header
|
FLED LED folder
| LED.c LED operation function
| LED.h LED header
|
F—MEASMNG Measurement folder
| MEASMNG.c Measurement function
| MEASMNG.h Measurement header
|
L—START Start folder
START.c Start function
START.h Start header

4.7.2 Function List

Only the functions introduced in section 4.3, Overview of the Overall Processing Flow will be described in
detail. For other functions, please refer to the source code of the included sample application project.

4.7.2.1 hal_entry.c

[Function name] hal_entry

Overview program start

Header None

Declaration void hal_entry(void)

Description It is configured by adding application-specific processing to hal_entry() provided by
TMG. After initializing the peripheral functions used by the application and the 10-
Link stack library, and so forth, it shifts to periodic processing.

Argument None

Return value  None

RO1AN6952EJ0100 Rev.1.00
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Remarks

4.7.2.2 START.c

None

[Function name] START _vInit

Overview
Header
Declaration

Description

Argument
Return value

Remarks

4.7.2.3 EXCIT.c

Start sensing process
START.h
void START _vinit()

After executing MEASMNG, EXCIT, COILSENSOR, and LED initialization
processing, execute AGT timer start processing.

None
None

None

[Function name] user_gpt5_callback

Overview
Header
Declaration

Description

Argument
Return value

Remarks

GPT5 timer handler
EXCIT.h
void user_gpt5_callback(timer_callback_args t *p_args)

Handler for measurement points. Triggered by a GPT5 timer timeout set to 2500 ns,
it generates Switching Data from the comparator result obtained by the DTC and
hands over the result to the LED processing.

p_args argument pointer
None

None

4.7.2.4 MEASMNG.c
[Function name] MEASMNG_vMainHandler

Overview
Header
Declaration

Description

Argument
Return value

Remarks

4.7.2.5 LED.c

metal detection process
MEASMNG.h
void MEASMNG_vMainHandler()

After stopping GPT6/8, judge metal detection from the comparator result obtained by
DTC.

None
None

None

[Function name] LED_main

Overview

LED control
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Header
Declaration

Description

Argument
Return value

Remarks

4.7.2.6 main.c

[Function name] iol_main

LED.h
void LED_Control(bool switching)

Performs LED display processing. Receives the Switching state of the comparator
result as an argument. Turns the LED on/off according to the Switching state. Set
Switching and LED to OFF when Config.Mode is Deactivated. Invert the LED if
Config.Logic is Low active(1).

Switching true : ON false : OFF
None

None

Overview iol_main function

Header None

Declaration int iol_main(void)

Description After executing the initialization processing of the 10-Link stack library, it shifts to

periodic processing.

Argument None

Return value  None

Remarks None

IOLinkMain.c

Overview
Header
Declaration
Description
Argument

Return value

Remarks

[Function name] iolink_main

IO-Link main processing

IOLinkMain.h

TUnsigned8 iolink_main(void)

Call the STACK_Run function. Periodically calls the O-Link Stack to get the status.
None

State of the 10-Link stack

STACK_STATUS_SIO :

[O-Link connection is SIO mode

STACK_STATUS_STARTUP :

Master is detected and device is in startup state
STACK_STATUS_PREOPERATE :

Device is in pre-operating state

STACK_STATUS_OPERATE :

Device is in working state

STACK_STATUS_DISCONNECTED :

Disconnected state, device waits for next wake-up in 10-Link mode

None

RO1AN6952EJ0100 Rev.1.00
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5. Sample Project Execution Method

This chapter describes the steps from importing a sample project to executing the program.
5.1 Importing Sample Projects

1. Start e? studio.

2. Enter a new workspace name in the Workspace dialog box. Then click Launch.

& & studio Launcher *

Select a directory as workspace

& studio uses the workspace directory to store its preferences and development artifacts.

(LI GeET | C:\Users\Renesashe?_studio\workspace] w I Browse...

[] Use this as the default and do not ask again

Figure 13. Start Using a New Workspace

3. Click on Import existing projects.

&) workspace - €' studio - [m] x

File Edit Source Refactor Mavigate Search Project Renesasiews Run Window Help

RENESAS Welcome to e2 studio

Create a new e studio C/C++ project Get an overview of the features
%Impn eSO € STUAI0 PrOJECts TTOM The filesystem Go through tutorials
or archive

Try out the samples
Download and import sample projects from Renesas ¥ &
website

Find out what is new
Review the IDE's most fiercely contested preferences

Quickly getting familiar with the tool

Open a file from the filesystem

[ Atways show Welcome at start up

Smart Browser Notific...n Startup: (33%) [ 151

Figure 14. Welcome to e?studio

4. Click Select archive file, then click Browse to open the location of the sample project zip file.

RO1AN6952EJ0100 Rev.1.00 Page 19 of 44
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5. Select the zip file of the sample project and click Finish.

&) import O et
Import Projects - q:_
Select a directory to search for existing Eclipse projects. .-_’ ;";.
| |
| () Select root directory: Browse...
(®) Select archive file: Cih\Users\Renesas\Downloads\|O_Link_Starte ~ Browse...
‘ Projects:
| I0_Link_Starterkit RAZET (10_Link_Starterkit_RAZE1/) Select All
Deselect All
Refresh
Options

Search for nested projects

Copy projects into workspace
[] Clase newly imported projects upon completion
[ Hide projects that already exist in the workspace

Working sets
[ ]Add project to working sets Mew...
Select...
| ?\ Einicsh Cancel
Figure 15. Importing Sample Projects
R0O1AN6952EJ0100 Rev.1.00 Page 20 of 44
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5.2 Build the Project
1. After the sample project is imported, double-click configuration.xml to open the configurator.

ﬁ workspace - € studio

File Edit 5Source Refactor Mavigate Search Project Renesas Views Run  Window Help

| B~ R~inipp~ Q-

5§75 Project Explorer > =g
BES Y 8
v = 10_Link_Starterkit_RAZE2 [Debug]
[m} Includes
= 10-Link
2 src
[= script

| 1o configurationseml !
X ink_Starterkit RAZE2 Debug.laur

|%] 10_Link_Starterkit_RAZE2 Release.lau
=| ra_cfg.bxt

(7) Developer Assistance

Figure 16. Start the Configurator

2. Click Generate Project Content. The Smart Configurator will generate the necessary files and add them
to the project.

@ workspace - |0_Link_Starterkit RAZE2/configurationxml - & studio

File Edit Source Refactor Mavigate Search Project Renesas Views Run  Window Help

I Project Explorer 3 = B ||45F [10_Link_Starterkit_RA2E2] FSP Configuration X = 5
A S Y 8 g
=% 7§ stacks Configuration o
~ TS 10 _Link_Starterkit RAZE2 Generate Project Content
[ Includes
2 10-Link & | New Stack >
Threads HAL/Common Stacks
2 src =
= script
5 v % HAL/Common

¢ configurationxml P - : .
0_Link_Starterkit RAZE2 Debug.laut @ g ioport /O Port (r_ & aipeataian s i

10_Link_Starterkit RAZE2 Release.lau % g timer5 Timer, Gen (eport P
ra_cfg.et ke g_timer2 Timer, Gen @ @
e g_timerb Timer, Gen
e g_timer1 Timer, Lo

e g_transfer( Transfer
ke g_flash{ Flash {r_flag

B

O NTENE

Developer Assistance

Objects

< >

Summary | BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

Figure 17. Generate Project Content
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3. Build the project by right-clicking on the project in the Project Explorer and selecting “Build Project”.

a workspace - 10_Link_Starterkit_ RAZE2/configurationaxml - € studio
File Edit Source Refactor MNavigate Search Project Renesas Views Run  Window Help
H &~ viR niwiter Qo
k5 Project Explorer | = B ||4F [10_Link_Starterkit_RAZEZ] FSP Configuration =
== .
5 7 F | stacks Configuration o
§ 15 10_Link Starterkit RA2E2 Generate Project Cont
> [ Includes
» 2 10-Link @ [ews Thread -@ MNew Stack > =% Extend Stack >
Threads = HAL/Common Stacks
> B ra #] Rernove | [ #.] Rernove
> 2 ra_gen
s E8 src v =i HAL/Common
&8 g_ioport 1/O Port (r. 47 g_ioport YO Port & g_timers Timer,
» [= Debug LS i (r_ioport) General PWM (r_gpt)
s = ra_cfg 45 g_timer5 Timer, Gen
s = script &% g_timer Timer, Gen @ ®
{é} configuration.xml '4* g_timerﬁ'ﬁmer, Gen
¥ 10_Link_Starterkit_ RAZE2 Debug.laur e S e
¥] 10_Link_Starterkit_RAZE2 Release lau @ g transferd Transfer
2 ra_cfgixt a4 g_flash( Flash (r_flag
» (7) Developer Assistance
£ >

Figure 18. Build the Project

4. When the build finishes successfully, the following output is generated.

!:: Problems | Bl Console |E Properties|@ Smart Browser||3;!' Smart Manual‘ = g
X| LGS BRE-&KS #2039~

COT Build Console [I0_Link_Starterkit_RAZEZ]

arm-none-eabi-size --format=berkeley “I0 Link Starterkit RA2E2.elf"

text data bss dec hex filename
28724 48 2376 31148 79ac IO Link_Starterkit RA2E2.elf

17:51:99 Build Finished. @ errors, @ warnings. (took 3s.665ms) A4

Figure 19. Output on Successful Build

5.3 Setting up a Debug Connection
1. Connect the USB master and the Inductive Sensor Board with an M12 cable.

Figure 20. USB master and Inductive Sensor Board Connection
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Note: Connecting the Inductive Sensor Board while the USB master is connected to power may damage the
Inductive Sensor Board. Connect while the USB master is not connected to the power.
Please follow the steps below to connect.
A. USB master and Inductive Sensor Board connection.
B. Connection of USB master and PC.

2. Connect the user interface cable (20-10 pin) [RTEOT00020KCAC1000J] to the E2 emulator Lite and the
Inductive Sensor Board.

Figure 21. User Interface Cable (20-10 pin)

Connect the 10-pin connector on the Inductive Sensor Board side by aligning the concave and convex
positions.

<
S—

Pin 1

A J

Figure 22. Connection Direction of 10-pin Connector
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Figure 23. User Interface Cable Connection
3. Connect the PC and E2 emulator Lite with a USB cable. The ACT LED of the E2 emulator Lite blinks.

Figure 24. E2 emulator Lite PC Connection
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4. Connect the PC and the USB master with a USB cable. Power is supplied to the USB master and the
PWR LED lights orange.

Figure 25. USB Master PC Connection
The VCC and RESET LEDs of the E2 emulator Lite light up.

F

|
|

el n

Figure 26. Lighting of VCC/RESET LED
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5.4 Writing Sample Projects to MCU
1. Click the Debug icon.

! Includes
2 10-Link
2 ra

2 ra_gen
B sre

= Debug
= ra_cfg
(= script

=| ra_cfg.txt

"f-‘ﬂ:_% configuration.xml
|%| 10_Link_Starterkit_RA2E2 Debug.laur
10_Link_Starterket_RAZE2 Release.lau

File Edit 5Source Refactor
| B~ R~
5 Project Explorer <
=

v 1% 10_Link_Starterkit RAZE2

L]
(%) Developer Assistance

Mavigate

]t Q-

Search  Project

ﬁ workspace - 10_Link_Starterkit_RA2E2/configurationxml - € studio

Renesas Views Run

Window Help

= B | & [I0_Link_Starterkit_RA2E2] FSP Configuration 3¢

7 i

Stacks Configuration

Threads

£

v it HAL/Common

47 g ioport 1YO Port (r_
& g_timer5 Timer, Gen
& g_timerd Timer, Gen
a4 g_timerd Tirmer, Gen
a4 g_timer1 Timer, Lo

4 g_transfer( Transfer
&+ g_flash0 Flash (r_flas

>

o

Generate Project Cont]

&| Mew Stack >

HAL/Common Stacks

4% g_ioport /0 Port
(r_ioport)

@

=53 g_timer3 Timer,
General PWM (r_gpt)

®

Figure 27. Launch in ‘Debug’ Mode
2. If the following dialog appears, select I0_Link_Starterkit_RA2E2_Debug and click OK.

ﬁ Select Configu...

Select a configuration to launch:

d >

c | 10_Link_Starterkit_RAZE2 Release

@

OK

Cancel

Figure 28. Select a Configuration to Launch

RO1ANG6952EJ0100 Rev.1.00

Sep.28.23

RENESAS

Page 26 of 44




RA2E2 Group Examples of |IO-Link Solutions

3. You may receive a firewall warning for 'e2- server-gdb.exe'. Check the Private networks, such as my
home or work network' checkbox and click Allow access.

9 Windows Security Alert

Windows Defender Firewall has blocked some features of this

SEE

Windows Defender Firewall has blocked some features of E2 Server GDB on all public and private
networks,

@ Mame: 2 Server GDB

Publisher: Renesas Electronics Europe Ltd

Path: C:¥users¥renesas¥ . edipse

¥com,renesas.platform_1267172996%debugcomp¥ra¥e?-

mmrime Adb e

Allow E2 Server GDB to communicate on these networks:
EP[iuate networks, such as my home or work network

[ ]Public netwarks, such as thase in airports and coffee shops (not recommended
because these networks often have lithe or no security)

What are the risks of allowing an app through a firewall?

I Gﬁllnw BCCESS I Cancel

Figure 29. Firewall Warning
4. A dialog may appear prompting you to switch to the debug perspective. Click Switch to switch views.

ﬁ Confirm Perspective Switch >

This kind of launch is configured to open the Debug perspective when it suspends.

This Debug perspective supports application debugging by providing views for
displaying the debug stack, variables and breakpoints.

Switch to this perspective?

[ ]Remember my decision

Figure 30. Confirm Perspective Switch
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5. The application flash image data is written to the MCU and the screen changes.

a workspace - |0_Link_Starterkit_RA2E2/ra/fsp/src/bsp/cmsis/Device/RENESAS/Source/startup.c - € studio

Eile Edit Source Refactor Navigate Search Project RenesasViews Run  Window Help

|- |~ldu[pliEz2 | R - Q- w-DE RS Q
%5 Debug = o] i & = O || 10_Link Starterkit RA2E2] FSP Configuration [€] startup.c S 0 ||x=V X % B
~ @ 10 _Link_Starterkit_RAZE2 Debug [Renes B 52 20883474 { -~

~ 12 10_Link_Starterkit_RA2E2.elf [1] [core 63 /* Initialize system using BSP. */

Wi . 54 BBBA347S SystemInit(); Mame  Type
~ f# Thread #1 1 (single core) [core: C:S = A
= Reset Handler() at startup.c:6: 66 /* Call user application. */
s arm-none-eabi-gdb (7.8.2) 67 @BBa347C main();

o

» Renesas GDB server (Host)

woca
o]
(=)
(=)
o

6 3488 = while (1)

7a

1 /* Infinite Loop. */

2 }

73 i

76 @ * Default exception handler.[]

78 - wvoid Default_Handler (wvoid)

79 @eaa3452 1

3@ @® /** A error has occurred. The user will ne
84 eeea34se6 BSP_CFG_HANDLE_UNRECOVERABLE_ERROR(®);
85 @eea3488 }

86

Figure 31. Writing to MCU Completed
5.5 Start the Program
1. In the state shown in Figure 31, click the F8 or Resume icon to start running the program.
2. Stop once at the beginning of the main() function. Click F8 or Resume icon again.

3. The program is now running and Running is displayed in e? studio 's status bar.

| B Consale 3 | 1 Registers|[? Problems G Debugger Console| @ Smart Browser| [J Memory
| B
10_Link_Starterkit RA2E2 Debug [Renesas GDB Hardware Debugging] [pid: 17]
Finished target connection
GDB: 61962
Target connection status - QK
Target connection status - OK
Startine download
> || <
--------------- @ ———==—====—==-c |$| smm————————o—oo
Writable Smart Insert 5:1:90
Figure 32. Start the Program
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6. Use and Functioning of PACTware DC

This chapter describes preparations for using Pepperl + Fuchs PACTware and functional explanations. Set
up the hardware referring to section, 3 Hardware Configuration.

Note:

6.1

Please refer to the following materials as necessary.

10-Link Offline Parameterization Installation/User Instructions

Enable .NET Framework

Enable .NET Framework before installing PACTware.

1.

Click Programs in the Control Panel.

Control Panel

T » Control Panel »

Adjust your computer’s settings

@

System and Security

Review your computer's status

Save backup copies of your files with File History
Backup and Restore (Windows 7)

58

View by: Category ~

User Accounts
) Change account type

Appearance and Personalization

| \ ¥ Network and Internet E
: View network status and tasks 4 . Clock and Region
| , [/ Hardware and Sound &) Change date, time, or number formats
- * View devices and printers o
= A Ease of Access
Let Windows suggest settings
Optimize visual display
[" Uninstall a program
Figure 33. Control Panel — Program
2. Click Turn Windows features on or off.
& Programs - [ X
<« A m » Control Panel » Programs » ~ 0 Search Control Panel 2

Control Panel Home

System and Security

Metwerk and Internet

Hardware and Sound
* Programs

User Accounts

Appearance and
| Personalization

| Clock and Region

Ease of Access

8]

Programs and kg3

Uninstall a program | & Turn Windows features on or off

Run pregrams made for previous versions of Windows | How

Default Programs
Change default settings for media or devices

View installed updates
to install a program

Figure 34.

Turn Windows Features On

or Off
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3. Check the .NET Framework 3.5 and .NET Framework 4.8 check boxes and click OK.

Windows Features — O x
Turn Windows features on or off (7]

To turn a feature on, select its check box. To turn a feature off, clear its
check box. A filled box means that only part of the feature is turned on.

.MET Framework 3.5 (includes .MET 2.0 and 3.0) Al

MET Frarmmework 4.8 Advanced Services
Active Directory Lightweight Directory Services

Containers

Data Center Bridging

Device Lockdown

Guarded Host

Hyper-V

Internet Explorer 11

Internet Information Services

&3]

[

Internet Information Services Hostable Web Core

Cancel

&
Ad0orRO0O0og

b

|| enary Camnnnents

Figure 35. NET Framework

Note: System Requirements:
+ .Net 3.5 SP1 and .Net 4.0 (usually supported in Windows 10)

4. Select Let Windows Update download the files for you.

Windows Features

Windows needs files from Windows Update to finish installing some features.

—) Let Windows Update download the files for you

— Don't download files. No changes will be made to your PC
Mo changes will be made to your PC.

Cancel

Figure 36. Windows Features
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5. Click Close when you are done making changes.

[ Windows Features

Windows completed the requested changes.

|
Close

Figure 37. Windows Features - Change Completed

6.2 Install I0-Link Parameterization Tool
1. Download and unzip the 10-Link Offline Parameterization Tool V1.00.006.

2. RunIO-Link ParamTool Setup.exe.

3. Click Yes to “Do you want to allow this app from an unknown publisher to make changes to your
device?"

4. Click OK when Select Language appears.

Select Language X

English o

Figure 38. Select Language

5. Click the | have read and accepted the license agreement. link to review the content. Check the
checkbox and click Install.

10-Link Offline Parameterization Tool Installer — *

Compenents that will be installed
[=]=] E PACTware 6.0 (with DC)

10-Link USB Master OTM 2.0
100D Interpreter OTM V3.x

EPEPPEAL+FUCHS

Windows 10 Version 21H2 (x64) Install [ Close i

Figure 39. Components that will be Installed
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6. Click OK after successful installation.

|0-Link Offline Parameterization Tool Installer X

o |10-Link Offline Parameterization Tool installed swccessfully

Figure 40. Installed Successfully

6.3 10DD setup

1. First, unzip the sample project zip file.

g Extract Compressed (Zipped) Folders

Select a Destination and Extract Files

Files will be extracted to this folder:

Browse...

Show extracted files when complete

Cancel

Figure 41. Unzip the Sample Project zip File

2. Launch the IODD DTM Configurator.

A
oV

[ODDOTM
Configurator

Figure 42. 10DD DTM Configrator
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3. Click Add 10DD.

@ 10DD DTM Configurator - m] X
[ Select all Installed I0DDs
= Vendor Device File Release AR T
Yeudor |ifowes D 1D version date #dd 100D collection (Folder) ..
Add I0DD collection (Zip) ..
Add I0DDs from I0DDfinder ..
Delete
Refresh
Settines...
About...
< > Close
Figure 43. 10DD DTM Configurator
4. Select the IODD file and click Open.
|
@ Open x |
e v =« |Q_Link_Starterkit_RAZE2 » 10-Link » QDD w [J] 2 Search 10DD
Organize « MNew folder ==~ [N 9 |
B This PC ) Mame Date modified Type Size
_J 3D Objects |2 TMG-RA2EZ-Starterkit-20230313-10DD1.1 I3_-"I 3/2023 %07 AM XML Document |
[ Desktop
|‘:§] Documents
‘ Downloads
J‘a Muszic
[&| Pictures
E Videos
e Windows10(C) o« >
File name: | TMG-RAZE2-Starterkit-20230313-10001.1 V‘ 100D files (*xml) w
Figure 44. Select IODD File
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If the following is displayed, confirm that the FDT frame application is not running and click OK.

|IODD DTM Configurator X

| Please close any running FOT frame application.

Figure 45. Close FDT Frame Application
5. Confirm that the IODD has been added; and click Close.

@ 10DD DTM Configurator — m] x
[ Select all Installed I0DDs
|
£ Vendor Device File Release 10-Link CRC () [ BIEID I
Vendor Device D D i EEE; 10DD file -
yersion date Levision stamn.| Add 100D collection (Folder) ..
[ | TMG TE GmbH | RAZE2 Starterkit 35 266272 Vil | 20230313 11 TMG-RAZE2 Starterkit-2023031310D07 Tl | @ #dd 100D collection (Zip)

Add IDDDs from 0D Dfinder

Delete

Refresh

Settings...

About.

Close I

Figure 46. Installed IODDs
6. Click OK when the following message is displayed.

IODD DTM Configurator

o the device catalogue becomes updated.

Please ensure that at next startup of the FOT frame application

Figure 47. Information
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6.4 PACTware DC Operation
Explains how to operate PACTware DC.

1. Launch PACTware DC 6.0.

DC &

7R/

PAGTware DE 6.0

Figure 48. PACTware DC 6.0

2. Click Yes when you see the following message.

PACTware

Mew dtms are installed or removed from your system. Do you
wiant to rebuild the device catalog now?

Yes Mo

Figure 49. rebuild the device catalog

3. Click Search new device.

PACTware DC =, 7y Device Y Favorites {g} Settings 2 37

1. Start Start PACTware DC ...

Search new device ... &

/

PACTware DCv

Figure 50. Screen when PACTware DC is Started for the First Time
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4. You will see the USB master. Click I0-Link USB Master 2.0.

£y Device Yy Favorites {g} Settings ? X

Select available connection

2. Select Communication Sort by vendor ‘ Sort by interface

10-Link

L]

10-Link USB Master 2.0

4

PACTware DCv

Figure 51. 10-Link USB Master 2.0

5. Communication with the I0-Link master is performed and the screen is switched. Click Yes when the
Read from device (Upload)? dialog appears.

P/ are DC %, #y Device Yy Favorites {3} Settings
1. Start Set device parameter
2. Select Communication Save as favorite Clone parameters
3. Connection Parameter Vendor  TMG TE GmbH
T WS Product RA2E2 Starterkit Product id RAZE2-01
. Search
N TS0 >0 20 @@ R0 0 o
(& Select DTM N!enu Name Value Default value
i Identification -] General Settings
6. Device -arametey Application Reset Application Reset
i Observation
d d . Disenosic =] Switching Signal Channel
Read from device - -
fi i Process data - Config : Mode |] : Single paint V| 1: Single point
... Process data structure it |U' Tieh oot | s .
Write to device  Euside Config : Logic : High active | 0 High active
—_— . Info - Config : LED [0 Light <] 0: Light
Parameter i Conmection info

RAZE? Starterkit [ODD1.1 - Read from device (Upload)?

Choose “Yes™ to read from device (Upload].
Choose "No” to read comparison values from device,

s f Mo ]

Figure 52. Read from device (Upload)?
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6.5 PACTware DC Functional Description
We will explain the functions required to use the Inductive Sensor Board.

6.5.1 Identification

The Identification menu allows the user to read and verify identification information stored on the device,
such as:

1. Device information
2. Application specific information
3. Revision information

Menu Name Value Default value
- Identification . Vendor Name [TMG TE GmbH | TMG TE GmbH
- Featter Vendor Text |wwwtm tecom | 3 tmagt
Observatinn Endor | ex IMme WWW . TMgIE.com
- Disenosie Product Name [RAZE2 Starterkit | RAZE2 Starterkit
- Process data Product Text [I0-Link Starterkit with RAJE2 Froces| 10-Link Starterkitwith RA2 .
- Process data structure
Product 1D |F{F'.2E2—IJ1 | RAZE2-01
- Eventz
. Tnfo Serial Number |123456?89 |
- Gonnection infa Hardware Revision |1.U |
Firmware Revision | 1.0 |
Application-specific Tag |*** | -
Function Tag |*** | ==
Location Tag |*** | =

Figure 53. Identification

6.5.2 Parameter

The Parameter menu displays the setting status of the device parameters and allows the user to check the
status of the device. It can also write new settings to the device.

hlenu MName Walue Default value
- Identification -] General Settings
. F'.ar.ameter P Bs i iElasal I Application Reset I
- Obeervation
. Diagnosiz =] Bwitching Signal Channel
- Proceszs data Config : Mode |1 ¢ Single paint v| 1: Single point
- Process data structure s |EI “Hieh active | 0 Hich acii
. Events ey : e
- Tnia - Config : LED [0 Light v 0: Light
- Cohnection info

Figure 54. Parameter
6.5.2.1 Reset Parameters to Default Values

By clicking the Application Reset button in Figure 54, the device settings can be returned to their default
values.

1. Click Application Reset.

2. Click OK when you see the following message.
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RAZE2 Starterkit I0DD1.1 - Cemmunication information x

The parameter of the technology-specific application are set

! to default values. Identification parameter remain unchanged.
An upload to the data storage of the master will be executed,
if activated in the port configuration of the master.

Figure 55. Confirmation Message

3. Application Reset is executed and the following message is displayed. Confirm and click OK.

RAZE2 Starterkit 10DD1.1 - Communication information >

Further values in the device may have changed. If necessary
please upload the device data again.

Figure 56. Communication Information

Note: At this point the reset default values have not been loaded into PACTware DC. It is necessary to read
from the device data by the following operation.

4. Click the Read from device (Upload) button.

e o o0 @2k aa sk e

et ame. - Value Default value
. Hentification ﬁfal" frT]m IEICE s

4| (Upload

Paramete_r " Bpplication Reset fpplication Reset
- Observation

.. Diaenoziz (=] Bwitching Signal Channel

- Process data Config : Mode |] : Bingle point W | 1: Single point
.. Proceszz data structure i |] Lo astive |D .

. : : w0 i

 Events anfig : Legic : High active
.. Info - Config : LED |l : Blinking V| 0: Light

.. Gohhection info

Figure 57. Read from Device (Upload)

5. Reading from the device is performed and the display content is updated to the default value.

EEn 00 2% 88 kW H

Menu Name Value Default value
- Identification -] General Settings

gabramette_r ‘.. Application Reset Application Reset

-. Observation

. Disgnosis [-] Switching Signal Channel

. Process data Config : Mode |1 : Single paint v| 1: Single point

- Processz data structure ’ - - . .
Events i~ Config : Logic |D . High active v| 0 : High active

- Tnfo - Config: LED [0 Lieht | 0: Light

- Connection info

Figure 58. Default Value
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6.5.2.2 Config.Mode Setting

1: Single point is set as the initial value.
Basically, there is no need to change the settings. To deactivate the switching function, change to
0:Deactivated.

1. Select 1:Single point or 0:Deactivated in the Config:Mode list.
2. Click the Write to device(Download) button to set to the device.

EEn e a2 enmn e

Menu MName Walue Default value
Wi T
. Tdentification oG Write to device
e
o o i Application Reset fpplication Feset
. Obzervation
.. Diaenosis # (=] Bwitching Signal Channel

- Process data rd Config : Mode > |I1 : Single point
- Process data structure P T e acte | 0 Hich acti
. Events i Canlig-lenic |0 Hie ~| 0: High active
- Tnfo . Config : LED [0 Light +| 0 Light

. Gonnection info

Figure 59. Config.Mode Setting
6.5.2.3 Config.Logic setting

Sets the LED lighting logic. 0:High active is set as the initial value. Setting to 1:Low active inverts the LED
lighting logic.

Please refer to section, 4.4 Switching State and LED Operation for Config.Logic.

1. Select 0: High active or 1: Low active in the Config.Logic list.
2. Click the Write to device(Download) button to set to the device.

EEo e eEa2 28 E e

Menu Name Value Default value
- Identification (=] Gig Write to device
i A bevudinad) fpplication Reset
. Observation A
. Diagrogis # [-] Switching Signal Channel
- Process data L Config : Mode 0: Deactivated | 1 Single point
.. Process data structure . : =L " "
 Euaits rd Config : Logic pLow actpve ~J 0 : High active
o - Config : LED |0: Light | 0: Light
.. Connection info

Figure 60. Config.Logic Setting

6.5.2.4 Config LED setting

Sets the lighting/blinking state of the LED. 0:Light is set as the initial value. When 1:Blinking is set, the LED
will be in blinking mode.

Please refer to section, 4.4 Switching State and LED Operation for Config.LED.
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1. Select 0:Light or 1:Blinking in the Config.LED list.
2. Click the Write to device(Download) button to set to the device.

B0 o0 eEas 2wk s

Menu Mame Value Default value

- Identification [;_]G Write to device

- Obzervation

Application Reset

# [-] Switching Signal Channel
E onfig ; Mode |':| ¢ Deactivated V| 1: Single point

- Diagnozis

- Process data

. Processz data structure P T Low active 0- Hih acti

. : wlio- \
. Events : onfig . Logic : High active
.. Tnfo # ' Config: LED L1: Elinking) 0 : Light

- CGonnection info

Figure 61. Config.LED Setting

6.5.3 Process Data
The Process data menu shows PD Input information.

PD Input
¢ Switching Signal
Switching state (Low or High)

1. Click the Enable or disable cyclic read from device for process data button labeled P to enable cyclic
data acquisition from the device.

2. PD Input: Switching Signal is displayed as Low when metal is not detected and High when metal is
detected.

o0 2w aFfee e

Mer Process data values
= aentification Enable or disable cyclic read
u ol >0 '\.‘r'\. “ o
- Parameter Input (to PLC) from device for process data l
- Obzervation Mame Value
o Disgnoziz '3 PO Input : Switching Signal I Lo I

-3 Process data

- Proceszs data structure
- Ewvents

.. Info

- Connection info

Figure 62. Process Data

7. Example of Use
This chapter explains how to use the sample application.

The switching state during operation is communicated via his 10-Link communication from the |O-Link device
to his 10-Link master, the PC. Open section, 6.5.3 Process Data in the 10-Link GUI Tool and check the
changes in the values in subsequent operations.

7.1 Behavior with Default Settings

Here is an example of how it works with the default settings.
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Settings field Set Value Overview

Config.Mode Single point Operation valid

Config.Logic High active LED ON when metal is detected
Config.LED Light LED lights

1. Reset according to section, 6.5.2.1 Reset Parameters to Default Values.

2. The LED is off when there is no metal close to the sensing coil.

“TS-10-RAZE2-02°
',\ S

7029 (B

LED

Sensing Caoil

detected.

Figure 63. Metal - When Not Detected

3. Bring the metal close to 5 mm above the Sensing Coil. The LED lights up when metal proximity is

Figure 64. Metal - When Detected

7.2 Behavior on Setting Changes
Here is an example of operation when the setting is changed. Use the following settings.

Settings field Set Value Overview

Config.Mode Single point Operation valid

Config.Logic Low active LED OFF when metal is not detected

Config.LED Blinking LED flashes
RO1AN6952EJ0100 Rev.1.00 Page 41 of 44
Sep.28.23 RENESAS




RA2E2 Group Examples of |IO-Link Solutions

1. Change the settings according to section, 6.5.2.3 Config.Logic setting and section, 6.5.2.4 Config LED
setting.

2. The LED is blinking when there is no metal close to the sensing coil.

LED Sensing Coil

Figure 65. Metal - When Not Detected

3. Bring the metal close to 5 mm above the Sensing Coil. The LED turns off when metal proximity is
detected.

Figure 66. Metal - When Detected
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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.
2. Processing at power-on

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

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

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

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

become possible.
5. Clock signals

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

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

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

10.

11.

12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall 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.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

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

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

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
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.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

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.

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

(Rev.5.0-1 October 2020)

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/.

© 2023 Renesas Electronics Corporation. All rights reserved.
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