RE N ESAS Application Note

RA Family
Using QE and FSP to Develop Capacitive Touch Applications

Introduction

This document demonstrates the necessary steps for creating an application example that integrates
capacitive touch sensing using Renesas RA Microcontrollers.

Target Device
RA family with Capacitive Touch Sensing Unit (CTSU, CTSU2)
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RA Family Using QE and FSP to Develop Capacitive Touch Applications

1. Application Example Overview

This document demonstrates how to implement capacitive touch sensing functions using Renesas RA MCUs
using the following procedures:

e Create a project using the RA Smart Configurator with the RA6M2 MCU board or RA2L1 MCU board
e Create a capacitive touch interface with QE for Capacitive Touch for tuning and monitoring.

2. Related Documents

This application example is intended to give the user a short introduction to creating a working RA capacitive
touch sensing project. A thorough review of all the applicable documentation for the e? studio/RA Smart
Configurator, Flexible Software Package (FSP) drivers/middleware, and QE for Capacitive Touch plug-in
help (contained within the e? studio IDE help index) is strongly suggested to answer any questions or for
more details on usage of any of the tools utilized in this application example.

3. High Level Integration Steps

The following high-level steps give the reader an overview of how to integrate touch detection into this
project. These same steps should apply to any typical user development application.

1. Create a new project with the e? studio project creation wizard.

2. Use the RA Smart Configurator to add the required modules to the created e? studio project.
3. Use the QE for Capacitive Touch e? studio plug-in to create the capacitive touch interface.
4. Use the QE for Capacitive Touch e? studio plug-in to tune the application project.
5

Add the needed FSP module API calls to the user project to enable capacitive touch sensing operations
in the application.

6. Monitor the application project using QE for Capacitive Touch e? studio plug-in to demonstrate capacitive
touch sensing detection.

4. Required Development Tools and Software Components

This project utilizes the following development environment:

Table 1. Development Environment

Development Tool RA6M2 (CTSU) RA2L1 (CTSU2)
Software Components
Board kit RA6M2 MCU Group Evaluation RA2L1-embedded CapTouch
Kit (EK-RABM2) CPU Board
(RTKOEG0022S01001BJ)
Renesas e? studio Integrated 2023-07 or later

Development Environment (IDE)

GCC ARM Embedded Compiler 12.2.1.20230214 or later

Renesas QE for Capacitive 3.3.0 or later
Touch

Flexible Software Package (FSP) | 4.6.0 or later

RO1AN4934EJ0300 Rev.3.00 Page 2 of 44
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RA Family Using QE and FSP to Develop Capacitive Touch Applications

5. Application Example Overview
In the main loop of the application example, the following processing is performed as shown in Figure 1.

A code listing of the completed application example after modifications is provided in section 7,
ge_touch_sample.c Listing After Modifications for review.

A call to the RM_TOUCH_ScanStart()API starts the measurement (scan
process).

y
The RM_TOUCH_ScanStart()API return value is checked to determine if the
rm_touch middleware is ready for processing.

y
If the middleware is ready, a call to the RM_TOUCH_DataGet()API
determines if there is a touch on the target sensor board.

Figure 1. Application Example Overview

6. Capacitance Touch Application Development Procedure

6.1 Project Creation

1. On your PC, start the e? studio IDE using the Windows > Start menu or the icon on your desktop. When
the dialog appears, create the Workspace wherever you like.

2. Start a new project by clicking File > New > Renesas C/C++ Project > Renesas RA from the e? studio
menu.

When the New C/C++ Project dialog box opens, select “Renesas RA CC++ Project”, then click Next.

In the Renesas RA C/C++ Project wizard, go to the Project Name and Location page and enter a
Project Name (any name can be used).

The example here uses Capacitive_Touch_Project_Example. When you have entered your project
name, click Next.

5. Next, in the Device and Tools Selection dialog box, select the following:

Table 2. Device and Toolchain Selection

Item RA6M2 (CTSU) | RA2L1 (CTSU2)

FSP Version 4.6.0

Board EK-RA6M2 RSSK-RA2L1

Device R7FA6M2AF3CFB R7FA2L1AB2DFP

Toolchains GNU ARM Embedded

12.2.1.20230214

Debugger J-Link ARM | J-Link ARM, E2 (ARM) OR EZ2 Lite (ARM)
RO1AN4934EJ0300 Rev.3.00 Page 3 of 44



RA Family Using QE and FSP to Develop Capacitive Touch Applications

a Renesas RA C/C++ Project

Renesas RA C/C++ Project

Device and Tools Selection

Device Selection

FSP Version: | 4.6.0 ~ EoandHesconion
Evaluation kit for RAGM2 MCU Group
Board: EK RACKS “I| Visit https:/fwww.renesas.com/ra/ek-raém to get kit user's
Device: R7FASMZAF3CFB manual, quick start guide, errata, design package, example
eves projects, etc.
Core: 4
Language: @C (OC++
Device Details
TrustZone Ne
Pins 144
Processor Cortex-M4
Toolchains Debugger
GMNU ARM Embedded J-Link ARM ~
ARM Compiler 6,17

12.2.1.20220214 s

@ < Back Finish Cancel

Figure 2. Device and Toolchain (RA6M2)

a Renesas RA C/C++ Project

Renesas RA C/C++ Project

Device and Toels Selection

Device Selection

FSP Version: |4.6.0 Board Description

Board: RSSK-RAZL1 ~
Device: R7FAZL1AB2DFP
Core: m23

Language @®C (O Cs++

Device Details
TrustZone No
Pins 100
Processor Cortex-M23
Toolchains Debugger
GNU ARM Embedded J-Link ARM ~
ARM Compiler 617

12.2.1.20230214 ~

® < Back Finish Cancel

Figure 3. Device and Toolchain (RA2L1)

6. Once complete, click Next.
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Using QE and FSP to Develop Capacitive Touch Applications

Table 3. Build and RTOS Selection
Item

In the Build Artifact and RTOS Selection dialog box, select the following:

RA6M2 (CTSU)

Build Artifact Selection Executable

| RA2L1 (CTSU2)

RTOS Selection No RTOS

8) Renesas RA C/C++ Project

Renesas RA C/C++ Project

Build Artifact and RTOS Selection

Build Artifact Selection

® Executable

* Project builds to an executable file

O static Library

RTOS Selection
No RTOS

* Project builds to a static library file
O Executable Using an RA Static Library
* Project builds to an executable file
+ Project uses an existing RA static library project

< Back

Figure 4. Build and
8. Once complete, click Next.

RTOS Selection

In the next dialog box, Project Template Selection, select “Bare Metal — Minimal”, then click Finish.

8 Renesas RA C/C++ Project

Renesas RA C/C++ Project

Project Template Selection

Project Template Selection

9] (}. Bare Metal - Blinky
W Bare metal FSP project that includes BSP and will blink LEDs if available. This project will initialize clocks, pins, stacks, and
the C runtime environment.
. s
®

Bare Metal - Minimal

5]

[Renesas.RA.4.6.0.pack]

Bare metal FSP project that includes BSR This project will initialize clocks, pins, stacks, and the C runtime environment.

Code Generation Settings
Use Renesas Code Formatter

< Back

Cancel

Figure 5. Project Template Selection

Once complete, the RA Smart Configurator perspective appears in the e? studio default window, ready for
project configuration. This completes the new project creation process.

Using RA Configurator to Add Modules

RO1AN4934EJ0300 Rev.3.00
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RA Family Using QE and FSP to Develop Capacitive Touch Applications

6.2 Using RA Configurator to Add Modules

1. Using the tabs in the lower-middle pane of the e? studio, select the BSP tab to display the Board Support

Package (BSP) configuration.

Summa locks | Pins | Interrupts | Event Links | Stacks | Components

Figure 6. BSP Tab

2. To set the power supply, select the following from the lower-left of the e? studio screen: Properties >
Settings > RA Common > MCU Vcc (mV). For this example, the MCU Vcc (mV) is set to 3300 mV.

LGNl L Problems & Smart Browser

RSSK-RA2L1
Settings Property Value
R7FA2L1AB2DFP
RA2L1
RA2L1 Family
v RA Common
Main stack size (bytes) 0x400
Heap size (hytas) 0
MCU Ve (mV) 3300
Parameter checking Disabled
Assert Failures Return FSP_ERR_ASSERTION
Error Log No Error Log
Clock Registers not Reset Values du Disabled
Main Oscillator Populated Populated
PFS Protect Enabled
C Runtime Initialization Enabled
Early BSP Initialization Disabled
Main Oscillator Clock Source Crystal or Resonator
Subclock Populated Populated

Subclock Drive (Drive capacitance a Standard/Normal mode
Subclock Stabilization Time (ms) 1000

Figure 7. Power Supply Voltage Setting

3. Select the Clocks tab to configure the clocks.

Summary BSF‘ Pins | Interrupts | Event Links | Stacks | Components

Figure 8. Clocks Tab
4. For this example, the following settings are used.

Table 4. Clocks Configuration

Clock RA6M2 (CTSU) RA2L1 (CTSU2)
PLL Src XTAL - (no setting)
Clock Src PLL HOCO

PCLKB PCLKB Div /4 PCLKB Div /2

R01AN4934EJ0300 Rev.3.00
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% [Capacitive_Touch_Project_Example] FSP Configuration %

Clocks Configuration

XTAL 12MHz - = ICLK Div /2 v —]IcIK 120MHz |
PLL Src: XTAL | > PCLKA Div /2 + —>{PCLKA 120MHz \
I
PLL Div /1 v aIPCLKB Div /4 v H PCLKB 60MHz \
I
PLL Mul x20.0 v > PCLKC Div /4 + —|PCLKC 60MHz \
!
|PLL 240MHz H clock sre: pLL v | pciko piv /2 v —{PCLKD 120MHz \
HOCO 20MHz v SDCLKout On + —{SDCLKout 120MHz \
i
LOCO 32768Hz | > BCLK Div /2 v —{BCLK 120MHz |
|
'MOCO 8MHz | BCK/2 ~ —{BCLKout 60MHz \
SUBCLK 32768Hz | > UCLK Div /5 v —{UCLK 48MHz |
s FCLK Div /4 v —{FCLK 60MHz \
CLKOUT Disabled v = CLKOUT Div /1 v —{clkouT oHz |

Figure 9. Clocks Configuration (RA6M2)

% [Xtest] FSP Configuration * ==

. "}
Clocks Conﬁguratlon Generate Project Content

&l Restore Defaults

[XTAL 8MHz | FlewDiv /1 v ICLK 48MHz \
[Loco 327681z \ IF PCLKB Div /2 v H PCLKB 24MHz \
[Moco Mz | If’ Clock Src: HOCO v l» PCLKD Div /1 | PCLKD 48MHiz \
[suBcix 32768Hz |
HOCO 48MHz v

CLKOUT Disabled v cikout piv /1 + I/ CLKOUT 0Hz

Figure 10. Clocks Configuration (RA2L1)

5. Next, select the Pins tab. Assign the pins in order to connect the sensor port of the MCU to the
Capacitive Touch Application Board.

Note: Depending on the selections made in Device Selection > Board when creating the project, the
sensor port may be assigned to the TS pin by default.

Summary | BSP Clu-ck Interrupts | Event Links | Stacks | Components

Figure 11. Pins Tab

RO1AN4934EJ0300 Rev.3.00 Page 7 of 44
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6. Under Pin Selection, expand Peripherals. Open Input:CTSU and select CTSUO.

+ Ports
w « Peripherals
Analog:ACMP
Analog:ADC
¥ Analog:ANALOG

Analog:DAC
Connectivity:CAN
Connectivity:1IC
Connectivity:5CI
Connectivity:SPI

o Input:CTSL

CT5U0

Input:ICU
InputKINT

Figure 12 Select Peripherals (CTSUO0)

7. In Pin Configuration, change the Operation Mode from “Disabled” to “Enabled”.

Pin Configuration

# 1 Cycle Pin Group

Mame Malue Lock
Operation Mode Enabled I
v Input/Cutput
TSCAP ¥ P112 B
TS00 Mone
TS04 Mone
T505 Mone

Link

L

8. Enable the TS pins that you will be using. Since RA2L1 (CTSUZ2) can control the output of non-
measurement pins at once, all TS pins should be enabled. In this application example, the following TS

Figure 13. Operation Mode (CTSUO)

pins are assigned for use in capacitive touch interface, and so forth.

Table 5. TS Pins Used in Application Example
Item RA6M2 (CTSU) RA2L1 (CTSU2)
TS pins used in the application ® TSCAP pin ® TSCAP pin
example ® TS2pin ® TS0 pin
® TS11-CFC pin
Pin Configuration “2 Cycle Pin Group
Name Value Lock Link ~
Operation Mode Enabled
v Input/Output
TSCAP v P205 & [ @ |
TS00 None
TS0 MNone
| Tso2 ¥ p207 & || @ |
1503 None

Figure 14. TS Pin Configurations (RA6M2)

RO1AN4934EJ0300 Rev.3.00
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Pin Configuration

“J Cycle Pin Group

Name Value Lock Link
Operation Mode Enabled
v Input/Output
TSCAP < P112 @ || =
TS00 ¥ P204 g || @
TS02-CFC ¥ P303 @ || @
1504 “ P408 & || @
TS05 “ P409 g || @
TS06 “ P410 @ || @
1507 “ P411 g || @
TS08-CFC ¥ P302 @ || @
TS09-CFC “ P301 & || @
TS10-CFC “ P109 g || @
| TS11-CFC < P110 & | = |
TS12-CFC “ P111 & || @

~

Figure 15. TS Pin Configurations (RA2L1)

9. For RA6M2 (CTSU), we recommend that the touch sensor pins that are NOT being used by the
application be setup so that they are driven to ‘low-level output’ at startup.
To do so, expand the Ports tree node in Pin Selection. Expand the P2 sub-node and select “P206”.
Change the Mode setting of the pin configuration from “Disable” to “Output” mode (Initial Low)”.

Note: Only one port is setup here as a usage example. Set all unused sensor ports in the same
manner.

Pin Selection

i =% Pin Configuration

Type filter text Name Value Link
~ + Ports Symbolic Name
v PO Comment
< P1 Mode Output mode (Initial Low) I
v v p2 Pull up None
P200 IRQ None
P201 Qutput type CMOS
P202 v Input/Output
P203 p206 ¥ GPIO
v P204
» P205
l ~ P206 |
p207
Figure 16. Low Output Drive Setting
RO1AN4934EJ0300 Rev.3.00 Page 9 of 44
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10. Select Pin Selection > Peripherals, then open the Connectivity:SCI tree and select “SCI9.”

Note: Steps 10 and 11 should only be set when using serial communication for monitoring. Otherwise,
skip to Step 12.

+ Ports A~
v« Peripherals
Analog:ACMP
AnalogADC
+ Analog:ANALOG
Analog:DAC
Connectivity:CAN
Connectivity:lIC
v Connectivity:SCl
3Clo
5Ch
5CI2
5CI3
5Cl9
Connectivity:5PI

Figure 17. Select Peripherals (SCI19)

11. Select Pin Configuration > Operation Mode, then change “Disabled” to “Asynchronous UART”. Also
make sure TXD is set to “P203” and RXD is set to “P202”.

Pin Configuration

Name Value Lock Link
Pin Group Selection  Mixed
r Operation Mode Asynchronous UART I
v Input/Output
TXD9 ¥ P203 & =
RXD9 v P202 S H
SCKS None
CTS9 None
SDAS None
SCL9 None

Figure 18. Operation Mode (SCI9)
12. Next, select the Stacks tab.

Summary BSP |Clocks |Pins |Interrupts |Event Links IStacks Ilomponents

Figure 19. Stacks Tab
13. Select New Stack > CapTouch > Touch (rm_touch) to add the CTSU driver and middleware.

&1 New Stack |
Analog

Artificial Intelligence
Audio
Bootloader

CTSU (r ctsu)
Touch (rm_touch) I

CapTouch
Connectivity

R

Figure 20. Add CTSU Driver and Middleware

RO1AN4934EJ0300 Rev.3.00 Page 10 of 44
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14. HAL/Common Stacks appear as shown in the following figure.

HAL/Common Stacks &1 New Stack >
¢ g_ioport I/O Port # Touch (rm_touch)
(r_ioport)
@ @
[ = [
# CTSU (r_ctsu) % Add SCI UART Driver
for monitor of QE
@
[ - |
& Add DTC Driver for & Add DTC Driver for
Transmission Reception
[Recommended but [Recommended but
optional] optional]

Figure 21. HAL/Common Stacks (after CTSU is added)
15. Next, click the CTSU Driver on r_ctsu module to display Properties.

Note: Steps 15 to 18 should only be set when using the Data Transfer Controller (DTC). Use the DTC
to transfer data between memory and registers without going through the CPU. When not using
the DTC, skip to Step 19.

HAL/Common Stacks &1 New Stack >
¥ g_ioport /0 Port # Touch (rm_touch)
(r_ioport)
6] @
T - I
F CTSU (r_etsu) % Add SCI UART Driver
for monitor of QE
@
1 - 1
& Add DTC Driver for # Add DTC Driver for
Transmission Reception
[Recommended but [Recommended but
optional] optional]

Figure 22. CTSU Driver on r_ctsu Module

16. Set the DTC from Properties at the bottom-left of the screen. Select Settings > Common > Support
for using DTC and change the setting from “Disabled” to “Enabled”.

LGS £ Problems @ Smart Browser

CTSU (r_ctsu)
Settings Property Value
APl Info | ¥ Common

Parameter Checking Default (BSP)

| Support for using DTC Enabled |
Interrupt priority level Priority 2
v Module CTSU (r_ctsu)
Scan Start Trigger Software

Figure 23. Support for Using DTC

RO1AN4934EJ0300 Rev.3.00 Page 11 of 44
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17. Click the Add DTC Driver for Transmission module and select the New > Transfer (r_dtc) to add the

DTC driver for transmission.

Stacks Configuration

Threads

= HAL/Common Stacks

v g HAL/Common
# g_ioport /O Port (r_ioport)
& Touch (rm_touch)

&] New Stack >

(¥]

Generate Project Content

A g_ioport /O Port
(r_ioport)

@

¥ Touch (rm_touch)

@

# CTSU (r_ctsu)

@

% Add SCI UART Driver
for monitor of QE

*’ Add DTC Driver for # Add DTC Driver for
Transmission Reception

PR

[Recommer

optional] > % Transfer (r_dtc)

New

Figure 24. Add DTC Driver for Transmission

18. In the same manner, click the Add DTC Driver for Reception module and select the New > Transfer
(r_dtc) to add the DTC driver for reception.

Threads

= HAL/Commeon Stacks

v @ HAL/Common
4 g_ioport I/O Port (r_ioport)
& Touch (rm_touch)

€] New Stack >

& g_ioport I/O Port
(r_ioport)

@

# Touch (rm_touch)

@

# CTSU (r_ctsu)

@

i Add SCI UART Driver
for monitor of QE

ry

@ g_transfer0 Transfer ' Add DTC Driver for

(r_dtc) CTSU WRITE Reception
(Write request interrupt) [Recomme
@ optional] iz

> % Transfer (r_dtc) ‘

Figure 25. Add DTC Driver for Reception

19. Click the TOUCH (rm_touch) module to display Properties.
Note: Steps 19 to 26 should only be set when using serial communication for monitoring. Otherwise, skip

to Step 27.

HAL/Common Stacks

] QEW SEack >

¥ g_ioport I/O Port
(r_ioport)

@

# Touch (rm_touch)

@

# CTSU (r_ctsu)

@

5 Add SCI UART Driver
for monitor of QE

& g_transfer0 Transfer
(r_dtc) CTSU WRITE
(Write request interrupt)

@

@ g_transfer1 Transfer
(r_dtc) CTSU READ
(Measurement data

@ transfer request

Figure 26. TOUCH Driver on rm_touch Module
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20. Atthe bottom left of the screen, select Properties > Settings > Common > Support for QE monitoring
using UART and change “Disabled” to “Enabled”.

g Problems @ Smart Browser

® Properties x

Touch (rm_touch)
Settings Property Value
APl Info | ¥ Common
Parameter Checking Default (BSP)
l Support for QE monitoring using UART Enabled |
Support for QE Tuning using UART Disabled

Figure 27. Support for QE Monitoring using UART

21. Click the Add SCI UART Driver module and select New > UART (r_sci_uart) to add the UART driver.

[*] Bl

Generate Project Content

Stacks Configuration

Threads

= HAL/Common Stacks

v & HAL/Common
# g_ioport I/O Port (r_ioport)
& Touch (rm_touch)

¢1 New Stack >

€ g_ioport 1/O Port
(r_ioport)

@

# Touch (rm_touch)

@

¥ CTSU (r_ctsu)

@

+ Add SCI UART Driver
for monitor of QE

New

> % UART (r_sci_uart)

@ g_transferQ Transfer
(r_dtc) CTSU WRITE
(Write request interrupt)

@

@ g_transfer1 Transfer
(r_dtc) CTSU READ
(Measurement data

@ transfer request

Figure 28. Add UART Driver
22. Click the g_uart_ge UART Driver on r_sci_uart module to display Properties.

HAL/Common Stacks

4| Mew Stack >

5| Remove

#% TOUCH Driver on rm_touch

@

Y

#% CTSU Driver on r_cisu

@

@

-+ g_uart_ge UART Driver on r_sci_uart

-

& q_transferd Transfer
Driver on r_dtc CTSU
'WRITE (Write request

@ interrupt)

S g_transferl Transfer
Driver on r_dtc CTSU
READ (Measurement

(@ data transfer request

@ﬁ Add DTC Driver for
Transmission
[Recommended but
opticnal]

@*j Add DTC Driver for
Reception [Not
recommended]

< >

Figure 29. g_uart_ge UART Driver on r_sci_uart Module

RO1AN4934EJ0300
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23. Set the SCI channel. At the bottom-left of the screen, select Properties > Settings > Module g_uart_qge
UART Driver on r_sci_uart] > General > Channel and change the channel setting from “0” to “9”.

g_uart_qe UART (r_sci_uart)
Settings Property Value
APl Info | ¥ Common
Parameter Checking Default (BSP)
FIFO Support Disable
DTC Support Disable
Flow Control Support Disable
RS-485 Support Disable
v Module g_uart_ge UART (r_sci_uart)
v General
Name @ g_uart_ge
| Channel 9 |
Data Bits (@ 8bits
Parity & None

Figure 30. Channel

24. From Properties set the DTC as well. Select Common > DTC Support and change “Disable” to
“Enable”.

Note: Steps 24 to 26 should only be set when using the Data Transfer Controller (DTC). Use the DTC to
transfer data between memory and registers without going through the CPU. When not using the
DTC, skip to Step 27.

'f_ Problems @ Smart Browser

g_uart_ge UART (r_sci_uart)
Settings Property Value
APl Info | ¥ Commen
Parameter Checking Default (BSP)
FIFO Support Disable
I DTC Support Enable I
Flow Control Support Disable
RS-485 Support Disable
v Module g_uart_ge UART (r_sci_uart)
v General
Name & g_uart_qe
Channel 9
Data Bits & 8bits
Parity & None

Figure 31. DTC Support

25. Click the Add DTC Driver for Transmission module and select New > Transfer (r_dtc) to add the DTC
driver for transmission.

HAL/Common Stacks %] New Stack >
& g_ioport I/O Port ¥ Touch (rm_touch)
(rioport)
@ @
T - T
% cTsu (r_ctsu) @ g_uart_qe UART (r_sci_uart)
@ @
I - I I - I
# g_transfer0 Transfer # g_transfer! Transfer ' Add DTC Driver for % Add DTC Driver for
(r_dtc) CTSU WRITE (r_dtc) CTSU READ Transmission Reception [Not
(Write request interrupt) (Measurement data [Recommended but recommended]
@ @ transfer request optional]
I New > % Transfer (r_dtc) |I

Figure 32. Add DTC Driver for Transmission (SC19)

RO1AN4934EJ0300 Rev.3.00 Page 14 of 44
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26. In the same manner, click the Add DTC Driver for Reception module and select New > Transfer
(r_dtc) to add the DTC driver for reception.

HAL/Common Stacks %] New Stack >
# g_ioport /O Port # Touch (rm_touch)
(r_ioport)
@ @
- T
# 15U (r_ctsu) & g_uart_ge UART (r_sci_uart)
@ ®
I - T I - L
@ g_transfer0 Transfer @ g_transfer1 Transfer % Add DTC Driver for *+ Add DTC Driver for
(r_dtc) CTSU WRITE (r_dtc) CTSU READ Transmission Reception [Not
(Write request interrupt) (Measurement data [Recommended but recommended]
@ @ transfer request optional]
New >+ Transfer (r_dtc)
e —— —

Figure 33. Add DTC Driver for Reception (SC19)
27. Select New Stack >Timers > Timer, Low-Power (r_agt) to add the AGT driver.

Note: Steps 27 to 33 should only be set when using an external trigger as the CTSU measurement start
trigger. Otherwise (for example, when using a software trigger), skip to Step 34.

<] New | e , Jove
Artificial Intelligence >
Audio >
Bootloader >
Connectivity >
DSP >
JART (r_sc
Input >
Monitoring >
Motor >
Networking >
Transfer P
ower ?
I TXI .
ata empty Security >
Sensor >
e Storage >
System >
I Timers I > % Port Output Enable for GPT (r_poeg)
e 5 #® Realtime Clock (r_rtc)
> cearch % Three-Phase PWM (r_gpt_three_phase)
A ~earch - % Timer, General PWM (r_gpt)
I + Timer, Low-Power (r_agt)

Figure 34. Add AGT Driver

28. Click the g_timer0 Timer,Low-Power (r_agt) module to display Properties.

€] New Stack > == Extend Stack > %1 Remove

# g_timer0 Timer,
Low-Power (r_agt)

0]

z

T
¢ g_uart_ge UART (r_sci_uart)

@
T > T
¢ g_transfer2 Transfer ¢ g_transfer3 Transfer
(r_dtc) SCI9 TXI (r_dtc) SCI9 RXI
(Transmit data empty) (Received data full)
@ @

Figure 35. g_timer0 Timer Driver on r_agt Module

RO1AN4934EJ0300 Rev.3.00 Page 15 of 44
Jan.11.24 :{ENESAS



RA Family Using QE and FSP to Develop Capacitive Touch Applications

29. Set the AGT. At the bottom left of the screen, select Properties > Settings > Module g_timer0 Timer
Driver on r_agt > General > Period. Enter “100” as the Period setting and select milliseconds as the

unit.

LI TGe=ol °) Problems @ Smart Browser

g_timer0 Timer, Low-Power (r_agt)

Settings Property Value
APlInfo | ¥ Commeon
Parameter Checking Default (BSP)
Pin Qutput Support Disabled
Pin Input Support Disabled
v Module g_timer0 Timer, Low-Power (r_agt)
v General
Name g_timer0
Channel 0
Mode Periodic
I Period 100 I
Count Source PCLKB

Figure 36. Period / Period Unit

30. Now set the AGT interrupts by selecting Module g_timer0 Timer Driver on r_agt > Interrupts >
Underflow Interrupt Priority and setting the priority to anything other than “Disabled”. In the example,

Priority 2 is selected, which generates an AGTO interrupt every100 ms.

_'l Problems @ Smart Browser

g_timer0 Timer, Low-Power (r_agt)

Settings Property Value
APl Info Pin Output Support Disabled
Pin Input Support Disabled
v Module g_timer0 Timer, Low-Power (r_agt)
v General

Name g_timerQ
Channel 0
Mode Periodic
Period 100
Period Unit Milliseconds
Count Source PCLKB

Output

Input

¥ Interrupts
Callback NULL
Underflow Interrupt Priority Priority 2
v Pins Priority 0 (highest)

AGTIOO0 el

AGTO0

AGTOAD

A~TARA

Figure 37. Underflow Interrupt Priority
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31. Select New Stack > System > Event Link Controller (r_elc) to add the ELC Driver.

ENE S e
Analog >
# g_timer Artificial Intelligence >
Low-Po Audio >
Bootloader >
® P
= Connectivity >
N DSP >
Input >
Monitoring >
— Motor >
- Networking >
Power >
Security >
| Sensor >
- Storage >
I System ll % Clock Generation Circuit (r_cgc)

Timers »| # Event Link Controller (r_elc)

Transfer >
4" Search...

Figure 38. Add ELC Driver
32. Click the CTSU Driver on r_ctsu module to display Properties.

HAL/Common Stacks ] New Stack >

i g_ioport /O Port # Touch (rm_touch)

(r_ioport)

@ @

A
' I

A g_uart_ge UART (r_sci_uart)

¥ CTSU (r_ctsu)

© @

g_transfer0 Transfer
(r_dtc) CTSU WRITE
(Write request interrupt)

g_transfer1 Transfer
(r_dtc) CTSU READ
(Measurement data

g_transfer2 Transfer @ g_transfer3 Transfer

(r_dtc) SCI9 TXI
(Transmit data empty)

(r_dtc) SCI9 RXI
(Received data full)

® @ transfer request @ @

Figure 39. CTSU Driver on r_ctsu Module

33. Set the CTSU measurement start trigger. At the bottom-left of the screen, select Properties > Settings -
> Module CTSU Driver on r_ctsu > Scan Start Trigger and change the trigger from “Software” to
“‘AGTO INT (AGT interrupt)”. This setting makes the CTSU start the measurement with an AGTO

interrupt.
':L' Problems @ Smart Browser
CTSU (r_ctsu)
Settings Property Value
APl Info | ¥ Common
Parameter Checking Default (BSP)
Support for using DTC Enabled
Interrupt priority level Priority 2
v Module CTSU (r ctsu)
| Scan Start Trigger AGTO INT (AGT interrupt) I
v Pins
TSCAP P112
1500 P204
Figure 40. Scan Start Trigger
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34. At this point, all application modules necessary for capacitive touch operations have been added. The
final step is to generate the application code modules necessary for the project by clicking Generate
Project Content icon at the upper-right of the screen.

()]
Generate Project Content

%] New Stack > #| Remove

Figure 41. Generate Project Content

6.3 Creating the Capacitive Touch Interface

1. From the e2 studio IDE, use Renesas Views > Renesas QE > CapTouch Workflow (QE) to open the
main perspective for configuring capacitive touch to the project.

Run  Window Help

CCe++ »
Debug »
Partner OS5 ¥
Pin Configurator »

I Renesas QF I > Sg. CapTouch Gesture Monitor (QE)
Solution Toolkit » b CapTouch Board Monitor (QE)
Tracing » b CapTouch Pad Moniter (QE)

#*  Renesas Software Installer b CapTouch Multi Status Chart (QE)
b CapTouch Parameters (QE)
b CapTouch Status Chart (QE)
CapTouch Tuning Result (QE)
I% CapTouch Warkflow (QE)
%  Measuring Current Consumption (QE)

Figure 42. CapTouch Workflow (QE) Menu

2. Inthe CapTouch Workflow (QE) pane, select the project you want to configure for touch interface by
using the pull-down tab and selecting “Capacitive_Touch_Project Example” as shown below.

T CapTouch Workflow (QF) > §=0
El Preparation Tuning Coding Monitoring
1.Preparation Al B Select a Project
o

Select a Project
Prepare a project that uses the touch interfaces.
Prepare a Configuration

2.Tuning Touch Sensors ¥ | Select the target project.

Start Tuning (Serial)

Qutput Parameter Files

Capacitive_Touch_Project_Example

3.Coding - SeECran e T - -
Implement Program Use the e? studio to create a new project and select the Smart
— Configurator as the coding assistant tool. After creating the
4.Monitoring -

project, use the Smart Configurator to make the settings listed
Start Monitoring (Emulator) below.

Start Monitoring (Serial) e Set up the PCLKB, PCLKL or FCLK clock.

Figure 43. Select a Project
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3. Next, select Prepare a Configuration in the menu on the left-hand side of "CapTouch Workflow (QE)" to
display the items for setting. Select Create a new configuration from the pull-down menu to generate a
new configuration for a touch interface.

\E\ Preparation Tuning Coding Monitoring

1.Preparation e @ To Prepare a Configuration

@ Select a Project
Select or create a touch interface configuration.

2.Tuning Touch Sensors - l l
Start Tuning (Emulator) I Create a new configuration I

Start Tuning (Serial)

Prepare a Configuration

Figure 44. Select a Configuration

4. The Create Configuration of Touch Interfaces dialog box opens, showing the area for positioning the
touch interface (default blank canvas).

@ Create Configuration of Touch Interfaces

Copacitive Touch Project Example Setup Configuration Import / Re-edit

Touch I/F
Capacitance Type
Self Capacitance
Button
Sl (horizontal)
Slider (vertical)

Wheel

Key podt
3D Gesture (Al)

Diagnosis Pin

Setting Remove Touch I/F

Setup Touch VF Setup Resistance Value Clear Assigned TSx
Configuratoins (Methods) %

Figure 45. Create Configuration of Touch Interfaces Dialog Box
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5. Add a button to the touch interface area by selecting Button on the right side of the Create
Configuration of Touch Interfaces dialog box, and then clicking on the blank canvas. Press the ESC
key on your keyboard or select Button again to complete the step. The added button remains red, as
shown in the figure below, indicating that it has not been assigned a touch sensor yet.

a Create Configuration of Touch Interfaces

X
File Name of Touch I/F: [Canaritiva Tanrh Draiact Fvi etup Configuratio Import / Re-edit
Des..on: | |
Touch I/F
Capacitance Type

Celf Canaritans ¥

Button00

Slider (horizontal)
Slider (vertical)
Wheel

Key pad

3D Gesture (Al

Touch pad
Shield Pin
TC Pin
_apacitance Senso
Current Sensor

Diagnosis Pin
Settina Remove Touch I/F
Setup Touch I/F  tup Resistance Val lear Assigned TS»

€ There are some problems with setting.

Figure 46. Add a Button

6. Double click Button00 in the touch interface canvas to display the Setup Touch Interface dialog box.
From the pull-down menu, select the MCU sensor port you want to assign to this button. When a sensor
port that has been enabled by the RA Smart Configurator is correctly assign to the button, the setting
error disappears and the button turns green, indicating that it has been set.

Item RA6M2 (CTSU) RA2L1 (CTSU2)
Touch sensor to be selected TS02 TS11
Button00
—
8 setup Touch Interface X
J Button(self)
Name ||Butt0n00

Touch Sensor  Resistanceo...

TS11 ] 560
Cancel Help

Figure 47. Setup Touch Interface (set button)
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7. Next, on the right side of the Create Configuration of Touch Interfaces dialog box, select Shield Pin
and then click on the canvas to add a shield pin. Press the ESC key on your keyboard or select Shield
Pin again to complete the step. The added shield pin remains red, as shown in the figure below,
indicating it has not been assigned a touch sensor yet.

Note: When creating a project, if “EK-RA6M2” (RA6M2 MC Group Evaluation Kit) is selected in Device
Selection > Board, the Shield Pin is disabled and cannot be selected.

& Create Configuration of Touch Interfaces >

File Name of Touch I/F: [Fanaritive Tnich Broinct Fvil (etup Configuratio Import / Re-edit
Des..on: | |

Touch I/F
Capacitance Type

Self Canaritane ¥
Button
Button00 Shield00 Slider (horizontal)
Slider (vertical)
Wheel
Key pad
3D Gesture (Al)

TS11

Touch pad

TC Pin
-apacitance Senso
Current Sensor

Diagnosis Pin

Settina

Remove Touch I/F
Setup Touch I/F  tup Resistance Val lear Assigned TS»

& There are some problems with setting.

Figure 48. Add Shield Pin

8. Double click “Shield00” in the touch interface canvas to open the Setup Touch Interface dialog box. From
the pull-down menu, select the MCU sensor port to assign to this shield pin. When a sensor port that has
been enabled by the RA Smart Configurator is correctly assign to the pin, the setting error disappears
and the button turns green, indicating that it has been set.

Item RA6M2 (CTSU) RA2L1 (CTSU2)
Touch sensor to be selected - (Cannot be set for EK- TS00
RA6M2)
Button00 Shield00
TS11
a8

Shield Electrode Pin

Name |Shieldo0 |

Touch Sensor  Resistance[o...
v 560 v

Cancel Help

Figure 49. Setup Touch Sensor (Shield Pin)
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9. Click Create in the Create Configuration of Touch Interfaces dialog box to complete the touch
interface settings.

Remove Touch I/F

| Create ]| conce Help

Figure 49. Create Button

10. Select Renesas Views >Renesas QE >CapTouch Tuning Result (QE) from the menu of the e? studio
and open the CapTouch Tuning Result (QE) view to display the configuration of the touch interface in
the Tuning panel.

Tuning  Gesture

Touch I/F Configuration: Capacitive_Touch_Project_Example

Method  Kind Name Touch Sensor Parasitic Capacitance[pF] Sensor Drive Pulse Frequency[MHz] Threshold Scan Time[ms] Overflow
config01 Button(self) Button00 TS11 - - - - None
confia01 Shield Electrode Pin Shield00 TS00 -

Figure 50. Tuning Pane

11. Build the project using the hammer icon in the upper left-hand side of the e? studio screen. The project
should build without any errors or warnings.

& Capacitive_Touch_Project_Exarr

File Edit MNavigate Search Proje

Dt

Figure 51. Build Button

6.4 Modifying Debug Session for Capacitive Touch Tuning

1. The debug configuration needs to be modified slightly so that a special tuning kernel can be downloaded
into the MCU RAM after the debug session starts. Enter the Debug Configuration by clicking the drop-
down list button of the bug icon from the e? Studio Tools button.

File Edit Mavigate Search Project RenesasViews Run W

ERE ST IE 5

75 Project Explorer % (no launch history)
w =% Capacitive Touch_F Debug As 5
P - .
B
;#. nanes I Debug Cenfigurations...
w! Includes
2 ra Organize Favorites...

Figure 52. Debug Configuration Editing Button
2. Select the Startup tab.

Launch Configuration Name: | Capacitive_Touch_Project_Example Debug_Flat

El Main| % Debugger / Source & Common

Initialization Commands
[ |Reset and Delay (seconds): 3

[ ] Halt
I

Figure 53 Startup Tab
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3. Ensure the two check boxes Set breakpoint at: and Resume are checked and appear as follows in the
Runtime Options. You may need to scroll down in the dialog box to see these check boxes.

Runtime Options
[]set program counter at (hex):

Set breakpoint at:

Resume

Run Commands
T

Figure 54. Runtime Option

4. Click Apply to use these modified settings. This completes the project configuration and debug setup for
tuning.

6.5 Tuning the Capacitive Touch Interface Using QE for Capacitive Touch Plug-in
1. Make sure that the emulator is connected correctly to the board and PC.

2. Select Start Tuning (Emulator) in the menu on the left-hand side of "CapTouch Workflow (QE)" to open
the settings of "Tuning Touch Sensors". Click on Start Tuning to start automatic tuning.

[A]l @  preparation Tuning Coding Monitoring
1.Preparation - 2 Note on Use
v
Q) 4

v) Select a Project

~

If you are tuning using emulator connection, you do not need to tune

o
(¥) Prepare a Configuration . .
— P 9 using serial connection.

2.Tuning Touch Sensors -

Start Tuning (Emulator) Start Tuning

St T (E=mE) QE will automatically perform tuning processing for each touch sensor.

Output Parameter Files Connect your target board and PC via an emulator.

3.Coding -

Implement Program To Start Tuning

4.Monitoring ¥ | Follow instructions in the dialog.

Start Monitoring (Emulator)

| Start Tuning
Start Monitoring (Serial)

O Advanced mode

| Display Tuning Result ‘

Perform tuning of each touch sensor automatically using emulator -

Figure 55. Start Tuning

3. At the start of the first debug session, e? studio may display a message regarding a switch to the Debug
perspective. Click the Remember my decision check box and YES to continue the Debug session and
the QE for Capacitive Touch automatic tuning.

& Confirm Perspective Switch X

|@ 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

| swih | o

Figure 56. Confirm Perspective Setting
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4. QE for Capacitive Touch automatic tuning now begins. Please carefully read the Automatic Tuning
Processing dialog windows as they guide you through the tuning process. An example screen is shown
below. Typically, no interaction is required during the initial tuning process steps.

Q Automatic Tuning Processing X

1/6: QE is beginning the tuning process.
During the tuning process, please do not touch the sensors on the target board until
instructed by the QE Tuning Program.

Figure 57. Automatic Tuning Processing Dialog (now preparing)

5. After several automated steps, a dialog box with information similar to what is shown below appears.
This is the touch sensitivity measurement step of the tuning process. As the first interactive step of the
tuning process, press “Button00” (sensor) using normal touch pressure as indicated in the dialog box
(RABM2: TS02, RA2L1: TS11-CFC). When pressing the sensor, the bar graph increases to the right and
the touch counts increase numerically. While continuing to apply pressure to the sensor, press any key
on the PC keyboard to accept the measurement.

Q Automatic Tuning Processing X

5/6: QE will now measure touch sensitivity for (Button00, TS11 @ config01).
In this step please use normal touch pressure on the sensor for once. Press any key on the PC
keyboard to accept the sensitivity measurement.

Button00, TS11 @ config01: 6142

Figure 58. Automatic Tuning Processing Dialog (now measuring)

6. Once sensitivity measurement for the button is complete, a dialog like the following appears allowing
threshold confirmation. This is the detection threshold that is used by the middleware to determine if a
touch event has occurred.

Q Automatic Tuning Processing x

The automatic tuning process is now complete. If overflow or warning/errors are indicated, those sensors
can be retried. If there are continued overflows or warning/errors, please consult the Renesas application
notes for Capacitive Touch for guidance.

Select the target Method  Kind Name Touch Sensor Threshold Overflow Warning / Error
O config.. Button Button00 TS11 267

Retry |Continue the Tuning Process

Figure 59 Automatic Tuning Processing (tuning complete)
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7. Click the Continue the Tuning Process button in the dialog box shown. This exits the tuning process
and disconnects from the Debug session on the target board. This should return you to the default Cap
Touch Workflow (QE) screen in the e? studio IDE.

Select the target Method Kind N
O config... Button B

Retry || Continue the Tuning Process

Figure 60. Continue the Tuning Process Button

8. The only remaining step is the output of the tuned parameter files. Select Output Parameter Files from
the menu on the left-hand side of "CapTouch Workflow (QE)", and click on Output Parameter Files.

Note:  Carry out this step if you are NOT using an external trigger (that is, when you are using a
software trigger) to start the CTSU measurement.

@ @ Preparation Tuning Coding Monitoring

1.Preparation M 9 To Output Parameter Files
() select a Project N

Qutput parameter files from a tuning result.

@ Prepare a Configuration

2.Tuning Touch Sensors - || Output Parameter Files ||
© start Tuning (Emulator) O Specify an output folder
@ Start Tuning (Serial) I OUse an external trigger
Qutput Parameter Files [JUse diagnostic code
3.Coding - Use API compatilibity mode

Implement Program The result of tuning is output as a parameter file and can be read

Y D P S — hv trnich middlaweara

Figure 61. Output Parameter Files

9. When using an external trigger to start the CTSU measurement, Check the Use an external trigger box
and click on Output Parameter Files.

Note: Carry out this step if you are using an external trigger to start the CTSU measurement process.

\E\ @ Preparation Tuning Coding Monitoring
: ~ .
1.Preparation e 9 To Output Parameter Files

() select a Project

— ) Qutput parameter files from a tuning result.
() Prepare a Configuration

2.Tuning Touch Sensors - | Output Parameter Files |

(@ start Tuning (Emulator) M Specify an output folder

(©) Start Tuning (Serial) JUse an external trigger
Output Parameter Files [ Use diagnostic code

3.Coding - Use API compatilibity mode
Implement Program The result of tuning is output as a parameter file and can be read

Figure 62. Parameter File Output Settings
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10. In the Project Explorer window, confirm that qe_touch_config.c, ge_touch_config.h and
ge_touch_define.h files have been added. These contain the tuning information necessary for enabling
touch detection with drivers.

BESY § =0

Fia Project Explorer x

v = Capacitive_Touch Project_Example [Debug]
¥ Binaries
& Includes
v (2 ge_gen

l¢ ge_touch_config.c
[5 ge_touch_config.h

[5 ge_touch_define.h
®Era

£ ra_gen

2 src

= Debug

& QE-Touch

& ra_cfg

= script

[ Capacitive_Touch_Project Example Debug_Flat,jlink
= Capacitive_Touch_Project_Example Debug_Flat.launch
& configuration.xml

2 R7FA2L1AB2DFPpincfg

E ra_cfg.txt

@ Developer Assistance

Figure 63. Parameter Files

11. Build the project using the hammer icon in the upper left-hand side of the e? studio IDE. Confirm that the
build results shown in the Console window do not show any errors.

Note: A build error is generated if monitoring via serial communication is enabled in Flexible Software
Package (FSP) V3.0.0. See https://github.com/renesas/fspl/issues/78 for more details.

6.6 Adding rm_touch middleware API Calls to Application Example

1. Toimplement a program (code) to scan the states of the touch sensors, select Implement Program in
the menu on the left-hand side of "CapTouch Workflow (QE)", and then click on Show Sample.

@ © Preparation © Tuning Coding Monitoring
1.Preparation - @ Coding
W

@ Select a Project

— . Implement a program using the touch interfaces.
() Prepare a Configuration

2.Tuning Touch Sensors - To Show Code

@ Start Tuning (Emulator)

@' Start Tuning (Serial)

Implement a program that periodically scans the status of the touch
sensor in the main() function.

@ Qutput Parameter Files

Implement Program

Implement the code to use capacitive touch.
4.Monitoring - Click on the "Show Sample" button to display the sample code and

Figure 64. Show Sample Code
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2. The Show Sample Code window opens and shows the sample code in text. Click the Output to a File

button to output the sample code. Finally, click OK to close the window.

&) show Sample Code X

Sample code of main() function:

f&i##i##i##i##i##i##i##i##i##i##i##i##i##i##i##i##i##i##i##i##i##i##i#' ~

* FILE : ge_sample_main.c
* DATE : 2022-02-14
* DESCRIPTION : Main Program for RA

*

* NOTE:THIS IS A TYPICAL EXAMPLE.

*

AR AR AR AR AR A A A A A AA AR AR A AR A AARA A AR AR AR AR ARk khh ko hhd ik

#include "qe_touch_config.h"
#define TOUCH_SCAN_INTERVAL_EXAMPLE (20) /* milliseconds */

void ge_touch_main(void);

L4 >

Copy to the Clipboard Qutput to a File how the Application Nof

| OK | Help

Figure 65. Show Sample Code Window

3. You can confirm that the new ge_touch_sample.c file has been created in Project Explorer.

5 Project Explorer x 2% Y 8§ =6
v = Capacitive_Touch Project_Example [Debug]
# Binaries
& Includes
v & ge_gen

l2 ge_touch_config.c
[0 ge_touch_config.h
ln ge touch define.h
I l¢ ge_touch_sample.c I
& ra
£ ra_gen
2 src

Figure 66. qe_touch_sample.c
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4. In Project Explorer, select ra_gen and double click on main.c to open the file. Make sure hal_entry is
selected in the main() function and right-click on Open Declaration. This opens the hal_entry() function

declaration.

&5 Project Explorer x

& CapTouch Main (QE)

i [Capacitive_Touch_Project_Example] FSP Configuratic

v 2 Capacitive_Touch_Project_Exa 1
& Binaries
& Includes
v 2 ge_gen

lg ge_touch_config.c

I ge_touch_config.h
I ge_touch_define.h
lg ge_touch_sample.c
Era
v [Era_gen
18 bsp_clock cfg.h
8 common data.c

00O~ WU WM

5l common_data.h
[ elc_data.c

l¢ hal data.c

[5 hal data.h

l pin_data.c

[g vector_data.c

[ vector_data.h

/* generated main source file - do not edit

#include "hal_data.h”

=int main(void)

{

hal_entry| )B

ELU <

Undo
Revert File

Save

Open Declaration I

Open Type Hierarchy
Open Call Hierarchy

Figure 67. Open Declaration (hal_entry function)

5. Inthe hal_entry() function, add the code to call the qe_touch_main() function and the prototype

declaration as shown in the image below.

7 I void qe_touch_main{void};l

8

1'3 i+ *

13 = wvoid hal_entry(void) {

14 SETONA: add e saan code here
15 I ge_touch_main();

16 ~ ~

17 - #if BSP_TZ_SECURE_BUILD

18 /* Enter non-secure code */
19 R_BSP_NonSecureEnter();

28 #endif

21 }

N

main{) is generated by the RA Configuration editor and

Figure 68.

Function Call (gqe_touch_main function)
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6. In the hal_entry() function, select the qe_touch_main() function, then click on Open Declaration to
open the ge_touch_main () declaration.

Note: Carry out Steps 6 and 7 only if you are using an external trigger to start the CTSU measurement
process. If you are NOT using an external trigger (that is, when you are using a software trigger),
skip to Step 8.

void hal_entry(void)

{ <) Undo Typing
* .
/* TODO: add your owrn Revert File

[llae_touch_main @H
Save

#if BSP_TZ_SECURE_BUILD Open Declaration
/* Enter non-secure c
R_BSP_NonSecureEnter(

#endif Open Call Hierarchy

¥ Quick Outline

Open Type Hierarchy

Figure 69. Open Declaration (qe_touch_main function)

7.  When using an external trigger to start the CTSU measurement process, enable the code after
commenting out the API that controls the AGT driver of the ge_touch_main().

27 = void ge_touch main(void)

23 {

29 fsp_err_t err;

£l

31 /* Initializes the software and sets the links defined in the control structure. */
32 R_ELC Open(g_elc.p_ctrl, g _elc.p cfg);

33 /* Globally enable event linking in the ELC. */
34 R_ELC Enable(g elc.p_ctrl);

35

36 /* Open Touch middleware */

37 err = RM_TOUCH Open(g_ge_touch_instance_config@l.p_ctrl, g_ge_touch_instance_config@l.p_cfg);
38 - if (FSP_SUCCESS !'= err)

39

48 while (true) {}

41 1

42

43 /* Open AGT driver */

uE R_AGT Open(g_timer@.p ctrl, g timer@.p cfg);

45 /* Start AGT. */

46 R_AGT Start(g timer@.p ctrl);

47

48 /* Main loop */

49 = while (true)

58

Figure 70. Code Modifications

8. This completes all the necessary code modifications required for this application example. Build the code
to confirm that there are no errors or warnings.
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6.7 Monitoring Touch Performance Using e?studio Expressions Window and QE for
Capacitive Touch
1. Start a Debug session by clicking the Bug icon in the upper left-hand corner of e? studio.

2. The debugger stops at the hal_entry () function call. This is the first code point in the main() function.

3. Open the declaration of hal_entry () function.

/* generated main source file - do not edit */

1

2 #include "hal_data.h Undo

3 =int main(void) Revert File

4 {

s o

? return 9; Open Declaration

8 ¥ Open Type Hierarchy

Figure 71. Open Declaration (hal_entry function)

4. Open the declaration of the qe_touch_main() function.

=void hal_entry(void)

{ <) Undo Typing
*_TODO: add vour

= Revert Fil
ge_touch_main)E e

Save

-+-4;i-F BSP_TZ_SECURE_BUIL [ (Open Declaration

Open Type Hierarchy

® * This function is ca Open Call Hierarchy

Figure 72. Open Declaration (ge_touch_main function)

5. Scroll down in the ge_touch_main.c file to the RM_TOUCH_DataGet () function in the while (true) loop.
With the argument “button_status” selected, right click and select Add Watch Expression... This
opens the Add Watch Expression dialog box, where you can add the variable “button_status” to the
expressions window.

J Y "\ﬁ‘illlﬂl—‘ 4l Lne
while (& == g_qe_touch_flag) {} Ifﬂ Add Watch Expression... I
g_ge_touch_flag = ©; © Run As

err = RM_TOUCH_DataGet(g_qge_touch_instance_configel.p_ctrl, button_status nul ¥ Debug As

if (FSP_SUCCESS == err) Team
{ Compare With

*3¥ Add Watch Expression X

Expression to watch:

button_status
| oK | Cancel

Figure 73. Add Watch Expression... Menu / Dialog
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6. Right click in the Expressions window to select Enable Real-time Refresh and enable real-time refresh
in the added variable.

Expression Type Value Address
%< button_status  uint64 t 0 Select All
= Add new expre. ey e
# Remove
% Remove All

Number Format
Add Expression Group
Find...

Show Details As

== Add Watch Expression...
Disable
Enable

Edit Watch Expression...
% Add Watchpoint (C/C++)...
# Cast To Type...
“I1_Display As Array,
<% Enable Real-time Refresh I
Real-time Refresh

%' Watch

Figure 74. Enable Real-time Refresh Menu

7. Click the Resume (green arrow) button, located near the middle of the e? studio tool bar, to continue
code execution.

8. Press the sensor on the board (RA6M2: TS02, RA2L1: TS11-CFC) which was configured as “Button00”
in section 6.3, Creating Capacitive Touch Interface. When pressed, the “button_status” value in the
Expressions window becomes ‘1’, confirming the touch with a binary indication.

“=Variables ® Breakpoints & Modules ' Project Expl |EENSHelf=(e1)
Expression Type Value Address
- button_status  uint64_t 0x20000530

= Add new expre.

Figure 75. Touch Status Confirmation in Expressions Window

9. Select Start Monitoring (Emulator) in the menu on the left-hand side of “CapTouch Workflow (QE)”. Click on
Show Views to start CapTouch Board Monitor (QE).

@ © Preparation @ Tuning @ Coding Monitoring
1.Preparation ~ : -
P M ~ To Launch Debug (via Emulator)

() select a Project

©) Prepare a Configuration Launch debugging for your target project and execute the program.

2.Tuning Touch Sensors - To Enable Monitoring
() Start Tuning (Emulator)

-

() start Tuning (Serial} Show monitoring views and enable a manitoring function.

(©) Output Parameter Files

| Show Views |

3.Coding -
(<) Implement Program Execute the user program with embedded touch middleware and
— confirm the sensitivity of the touch interfaces.
| 4.Monitoring ~ Clicking on the "Show Views" button switches to the monitoring
Start Monitoring (Emulator) perspective. By using the views for monitoring, you can check the
| Start Monitoring (Serial) sensitivity of the touch sensor and adjust parameters in real time.

How to monitoring :

Figure 76. Start Monitoring
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10. The CapTouch Board Monitor pane should appear as shown in the image below.

%3 CapTouch Board Monitor (QE) x &R D g==
Enable Monitoring Monitoring: Disabled, Communication Status: ¢ "

Touch I/F: v

Button00

.

Figure 77. CapTouch Board Monitor Window (RA6M2)

% CapTouch Board Monitor (QE) *
Enable Monitoring Monitoring: Disabled, Communication Status: Connecting via OCD emt

Touch I/F: v

Button00 Shield00

[

Figure 78. CapTouch Board Monitor Window (RA2L1)

11. Click the Enable Monitoring button. The dialog text changes from “Monitoring: Disabled” to “Monitoring:
Enabled.”

» CapTouch Board Monitor (QE) * R §-o

IEnabIe Monitoringl Monitoring: Disabletl, Communication Status: Connecting via OCD emulator

Touch I/F: | v

» CapTouch Board Monitor (QE) * & BB 0§=¢

éEnabIe Monitoring§| Monitoring: Enabledl Communication Status: Connecting via OCD emulator

Touch I/F: v

Figure 79. Enable Monitoring Function
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12. Touch “Button00” (RA6M2: TS02, RA2L1: TS11-CFC) on the Capacitive Touch Application board. The
CapTouch Board Monitor shows a touch with a finger image on the button like the following image.

Button0d

Figure 80. Touch Status Confirmation in CapTouch Board Monitor Window

13. To see a graphical representation of the ‘touch counts’ from the board, use the CapTouch Status Chart.

b CapTouch Status Chart (QE)

Touch I/F: v |:| Sync a selection

Select the touch I/F to monitor

Touch Position: l:l Reference Value: l:l Threshold: l:l Difference: l:l

2
2 =

|

~

Figure 81. CapTouch Status Chart Window
14. Using the Touch I/F pull-down menu, select “Button00 @ config01”.

Touch I/F: X [I5ync a selection
|
IEBthtonDD (@ configOl |

Select the

Touch Position: I:I Reference Value: l:l Threshold: l:l Difference: l:l

Figure 82. Select Touch I/F
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15. The graph begins to display running values. Touch “Button00” (RA6M2: TS02, RA2L1: TS11-CFC) on
the board to view the touch counts shown as a step change on the running graph. The green line is the
touch threshold, which the rm_touch middleware uses to determine whether a button is
actuated/touched. The red blocks at the bottom of the graph are a visual indication to the user that the
touch counts have exceeded the threshold and a touch is detected.

Touch I/F: |Button00 @ config0l v [I5ync a selection

I/F Type: Button(self), Channel(s): T511

Count Value: 6122 | Reference Value: 6139 | Threshold: Difference:

Start Data Collection

Figure 83. Confirm Touch Status in CapTouch Status Chart Window
Note: Steps 16 to 19 must be set when displaying and measuring standard deviation.

16. Next, measure the standard deviation. Click on [Start Data Collection] displays the [Data Collection
Settings] dialog box. Select the number of data to be collected from the pull-down menu in this dialog
box. Select [Non Touch + Touch] for [Data collection target] and click on [Start Data Collection].

Touch I/F: |Button00 @ config0l v [ 5ync a selection

I/F Type: Button(self), Channel(s): T511

Count Value: Reference Malue: 6124 | Threshold: Difference:

|| Start Data Collection |

{8} Data Collection Settings *

MNumber of data collected: | 1000 -

Data collection target: (O NenTouch (®) Non Touch + Touch

Start Data Collection Cancel

Figure 84. Start Data Collection Button (touch-off state)
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17. When the green bar reaches the right edge, collection of the touch-off data is completed and a dialog
box is displayed. Click on [OK] to close the dialog box.

Touch IfF: |Button00 @ configOl

[ISync a selection
I/F Type: Button(self), Channel(s): TS11

Count Value:

6132 | Reference Value: Threshold: Difference:

Start Data Collection | [EE—

& QF for Capacitive Touch

*

|' "o \ Next, collect data during Touch. When you are ready to take measurements, click the
" Start data Collection button.

Figure 85. Stop Data Collection Button (touch-off state)
18.

After that, touch the electrodes to collect touch-on data. Click on [Start Data Collection] while touching
the electrodes. Continue to touch the electrodes until the data collection is complete.

Touch I/F: | Button00 @ config01 ~

[15ync a selection
I/F Type: Button(self), Channel(s): TS11

Count Value: 6927 | Reference Value: | 6139 Threshold: | 340| Difference: | 788
Start Data Collection | -

Figure 86. Start Data Collection Button (touch-on state)
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19. When the green bar reaches the right edge to indicate the completion of data collection, the [Standard

Deviation Measurement Result] dialog box appears. This dialog box shows the standard deviations of
noise and the SNRs.

Touch I/F: |Button00 @ configdl v [ISync a selection

I/F Type: Button(self), Channel(s): TS11

Count Value: Reference Value: Threshold: Difference:

Start Data Collection | | —

Q Standard Deviation Measurement Result

Moise Standard Deviation [NT]: Average [NT]: Minimum: Masimum:
Moise Standard Deviation [T]: Average [T]: Signal: E SNR:

SNR is calculated with a probability of 3.00.

Measurement results are saved in the QE-Touch folder.

Figure 87. Displaying the Measured Results

6.8 Monitoring Touch Performance with QE for Capacitive Touch Using Serial
Communication

1. When monitoring is in operation, click the Enable Monitoring button. The dialog text changes from
“Monitoring: Enabled” to “Monitoring: Disabled”.

I Enable Monitoring | Monitoring: Enab\edICommun'\cation Status: Connecting via OCD emulator

Touch I/F: v

Enable Monitoring] Monitoring: Disabled JCommunication Status: Connecting via OCD emulator

Touch I/F: v

Figure 88. Disable Monitoring Function
To finish the debug session, click the Stop icon at the top-right of the e2 studio window.

Disconnect the emulator from the PC and target board. Confirm that the USB cable is correctly
connected to the target board and PC.

Note: Although operations can be carried out with the emulator connected, the emulator is removed in
this step to confirm successful monitoring without the emulator.

4. Reset the board by pressing the RESET switch.

RO1AN4934EJ0300 Rev.3.00 Page 36 of 44
Jan.11.24 :{ENESAS




RA Family Using QE and FSP to Develop Capacitive Touch Applications

5. Open the CapTouch Workflow pane and make sure the following folder/file are selected:
To Select a Project: “Capacitive_Touch_Project Example”
To Prepare a Configuration: “Capacitive_Touch_Project_Example.tifcfg”.

1.Preparation - C Select a Project
(+) Select a Project [

Prepare a project that uses the touch interfaces.

@ Prepare a Configuration

2.Tuning Touch Sensors ~ | Select the target project.
'®)
() Start Tuning (Emulator) I Capacitive_Touch_Project_Example I v |

@- Start Tuning (Serial)

1.Preparation h C To Prepare a Configuration
() select a Project —

Select or create a touch interface configuration.

@ Prepare a Configuration

. I Capacitive_Touch_Project Example tifcfg I ~ ‘
2.Tuning Touch Sensors -
(©) start Tuning (Emulator) | Modity Configuration |

(2N Cark Timina (Carial

Figure 89. Select Project / Configuration

6. Then select [Start Monitoring (Serial)] in the menu on the left-hand side of “CapTouch Workflow (QE)”.
Select [Connect] to enable the serial communication monitoring function.

@ © Preparation [©] Tuning [©] Coding Monitoring

1.Preparation v | Note on Use
v )

) select a Project

P Monitor with either emulator connection or serial connection

() Prepare a Configuration

2.Tuning Touch Sensors - Monitoring

() start Tuning (Emulator)

@ Start Tuning (Serial) You can check a behavior of touch interfaces and make fine adjustments.

) Output Parameter Files

= Odp To Connect UART

3.Coding ~

@ Implement Program Enable a monitoring function via serial communication, if you do not use an
emulator.

4.Monitoring -

: Baud rate
Start Monitoring (Emulator) ‘mzuu |
I Start Monitoring (Serial)

Port
[ 7]

To Enable Monitoring
Show monitoring views and enable a monitoring function.

Show Views

Fxecute the nser nrnaram with emhedded tniich middleware and

Figure 90. Connect Button

7. “Connected to COMn” should appear at the bottom of Console window. Confirm the message to make
sure the connection is successful.

Note: The COM port number for connection varies depending on the PC environment.

B Console * |@ Smart Browser

QE for Capacitive Touch
Connected to \\.\COM18©.

Figure 91. Console Window Output

8. The rest of the process is the same as Step 9 on in Section 6.7 Monitoring Touch Performance Using
e?studio Expressions Window and QE for Capacitive Touch .
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7. ge_touch_sample.c Listing After Modifications
7.1 When Using a Software Trigger to Start the CTSU Measurement Process

/***********************************************************************

FILE : ge sample main.c
DATE : 2020-09-10
DESCRIPTION : Main Program

b S N

NOTE:THIS IS A TYPICAL EXAMPLE.

*

***********************************************************************/

#include "ge touch config.h"
#define TOUCH SCAN INTERVAL EXAMPLE (20) /* milliseconds */

void ge touch main(void);

uint64 t button status;

#if (TOUCH CFG_NUM SLIDERS != 0)

uintlé_t slider position[TOUCH CFG NUM SLIDERS];
#endif

#if (TOUCH CFG_NUM WHEELS != 0)

uintl6 t wheel position[TOUCH CFG NUM WHEELS];
#endif

void ge touch main (void)
{

fsp err t err;

/* Open Touch middleware */
err = RM TOUCH Open (g _ge touch instance config0l.p ctrl,
g_ge touch instance config0l.p cfg);
if (FSP_SUCCESS != err)
{
while (true) {}
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/* Main loop */
while (true)
{

/* for [CONFIGO1l] configuration */
err = RM TOUCH ScanStart (g ge touch instance config0l.p ctrl);
if (FSP_SUCCESS != err)
{
while (true) {}
}
while (0 == g ge touch flag) {}
g _ge_ touch flag = 0;

err = RM TOUCH DataGet (g _ge touch instance config0Ol.p ctrl,
&button status, NULL, NULL);
if (FSP_SUCCESS == err)
{
/* TODO: Add your own code here. */

/* FIXME: Since this is a temporary process, sSo re-create a waiting
process yourself. */
R BSP SoftwareDelay (TOUCH SCAN INTERVAL EXAMPLE,
BSP DELAY UNITS MILLISECONDS) ;
}
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7.2 When Using an External Trigger to Start the CTSU Measurement Process

/***********************************************************************

FILE : ge sample main.c
DATE : 2020-09-10
DESCRIPTION : Main Program

* % X X X %

NOTE:THIS IS A TYPICAL EXAMPLE.

*

*****************************‘k*****************************************/

#include "ge touch config.h"
#define TOUCH SCAN INTERVAL EXAMPLE (20) /* milliseconds */

void ge touch main(void);

uint64 t button status;

#if (TOUCH CFG _NUM SLIDERS 1= 0)

uintlé t slider position[TOUCH CFG NUM SLIDERS];
fendif

#if (TOUCH CFG_NUM WHEELS 1= 0)

uintl6 t wheel position[TOUCH CFG NUM WHEELS];
fendif

void ge touch main (void)
{

fsp err t err;

/* Initializes the software and sets the links defined in the control
structure. */

R ELC Open(g elc.p ctrl, g elc.p cfg);

/* Globally enable event linking in the ELC. */

R ELC Enable(g_elc.p ctrl);

/* Open Touch middleware */
err = RM TOUCH Open (g _ge touch instance config0l.p ctrl,
g _ge_touch instance configO0l.p cfq);
if (FSP_SUCCESS != err)
{
while (true) {}

/* Open AGT driver */

R _AGT Open(g_timerO.p ctrl, g timerO.p cfg);
/* Start AGT. */

R _AGT Start(g _timerO.p ctrl);
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/* Main loop */
while (true)
{

/* for [CONFIGO1l] configuration */
err = RM TOUCH ScanStart (g ge touch instance config0l.p ctrl);
if (FSP_SUCCESS != err)
{
while (true) {}
}
while (0 == g ge touch flag) {}
g _ge_ touch flag = 0;

err = RM TOUCH DataGet (g _ge touch instance config0Ol.p ctrl,
&button status, NULL, NULL);
if (FSP_SUCCESS == err)
{
/* TODO: Add your own code here. */

/* FIXME: Since this is a temporary process, sSo re-create a waiting
process yourself. */
R BSP SoftwareDelay (TOUCH SCAN INTERVAL EXAMPLE,
BSP DELAY UNITS MILLISECONDS) ;
}

}
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Website and Support

RA Product Information renesas.com/ra

RA Product Support Forum renesas.com/ra/forum

RA Flexible Software Package renesas.com/FSP

Renesas Support renesas.com/support

Capacitive Touch Sensing Unit renesas.com/solutions/touch-key

renesas.com/qe-capacitive-touch
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit
Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the

products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1.

Precaution against Electrostatic Discharge (ESD)

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

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

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

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

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

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

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

become possible.
Clock signals

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

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

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

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-

evaluation test for the given product.



Notice

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

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

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

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

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

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

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

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

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