REN ESAS Application Note

RL78 Family
Using QE and SIS to Develop Capacitive Touch Applications

Introduction

This document will demonstrate the needed steps to create an application example that integrates capacitive
touch sensing using Renesas RL78 Microcontrollers.

This application note is a guide to the development of capacitive touch applications by using a combination
of e? studio, the e? studio plug-in version of the Smart Configurator, and the plug-in version of QE for
Capacitive Touch.

QE for Capacitive Touch is a development tool for supporting initial settings and sensitivity adjustment of
touch interfaces that are required in the development of embedded systems that use capacitive touch
sSensors.

Operation Confirmation Device
RL78/G23

Target Device

RL78/G22

RL78/G23

RL78/L23

RL78 family with Capacitive Sensing Unit (CTSU)

When applying the sample program covered in this application note to another microcomputer, modify the
program according to the specifications for the target microcomputer and conduct an extensive evaluation of
the modified program.

Note: RL78/G16 does not support the following contents of this application note.
e “9. Changing the Debug Configuration for Capacitive Touch Sensor Tuning”
e “10. Capacitive Touch Sensor Tuning with QE for Capacitive Touch”
e Steps 9 to 13 of “13. Monitoring Touch Performance using e2 studio Expressions Window
and QE for Capacitive Touch” (Explanation of monitoring via emulator.)

RL78/G16 only supports tuning and monitoring via serial (UART).
Therefore, when using RL78/G16, also refer to the application note “RL78 Family Using the
standalone version of QE to Develop Capacitive Touch Applications (R01AN6574)”.
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1. Overview

This application note describes the following procedures for using a device of the RL78 family to embed a
capacitive touch function in a system.

e Creating a project for using the Capacitive Touch Evaluation System for RL78/G23 by using Smart
Configurator.
¢ Creating, tuning, and monitoring touch interfaces by using QE for Capacitive Touch.

2. About Development Tools

This application note introduces the brief procedure required to create a workable application. For questions
regarding tools used in the application example in this document or for more detailed instructions, refer to the
following documents: e? studio / Smart Configurator, Software Integration System (SIS) Driver / Middleware,
help function for Renesas Code Generator and QE for Capacitive Touch (included in e2 studio help).
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3. Operation Confirmation Environment

This chapter describes the operation confirmation environment of the sample code.

3.1 Hardware Settings
Table 3-1 shows the operating confirmation conditions (hardware).

Table 3-1 Operation Confirmation Environment (Hardware)

Item Description
MCU RL78/G23 (R7F100GSN2DFB)
Target board RL78/G23 Capacitive touch evaluation system
(Product model: RTKOEG0030S01001BJ)
Emulator E2 emulator Lite (RTEOTO002LKCEOOOOOR)

Table 3-2 shows the jumper settings on the target board for this application. Power supply for the target
board uses the emulator. Then see the circuit of the target board, and set switches or jumpers as necessary.
Connect the target board to the PC through E2 emulator Lite and a USB cable as shown in Figure 3-1.

Table 3-2 Jumper Settings on the Target Board

Reference | Circuit Group | Jumper Setting Description
JP1 Power supply Pins 1-2 open This jumper setting does not supply USB power to
(Changed from the | board device.
default setting) (Because the power is supplied from the emulator.)
JP2 Closed Supplies board device power to MCU
(Default Setting)
JP3 Pins 1-2 closed Supplies JP1 power to board devices
JP4 (Default Setting)

e? studio QE for Capacitive Touch RL78/G23 CPU Board Touch Application Board

Emulator{Debug/
Power Supply)

Figure 3-1 Connection of Target Board with PC
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3.2 Software Settings
Table 3-3 shows the operation confirmation environment (software).

Table 3-3 Operation Confirmation Environment (Software)

Item Description Version
Integrated Development e? studio Version 2025-07 (25.7.0)
Environment (IDE) (Version 2025-07 (25.7.0) or later)
Compiler CC-RL V1.15.00
(V1.12.00 or later)

Development assistance tool for | e? studio plug-in version of V4.2.0
capacitive touch sensors QE for Capacitive Touch (V4.2.0 or later)
Smart Configurator e? studio plug-in version of V1.14.0

Smart Configurator (V1.5.00 or later)

(Included in e? studio)
Software integration system e Capacitive sensing unit driver | V2.20
(SIS) modules (r_ctsu) (V2.20 or later)

e Touch middleware (rm_touch)

Note: When the free evaluation edition of CC-RL V1.12.00 or a later version is to be used for compilation
during the tuning of touch sensors, set the optimization level of the compiler for building to "Debug
precedence (-onothing)".

Figure 3-2 shows components and modules set by the Smart Configurator.

Selected components:

Component Version Configuration

© Board Support Packages. - v1.91 (r_bsp) 1.9 r_bsp{used)

@ Capacitive Sensing Unit driver. (r_ctsu) 2.20 r_ctsufused)

& Interval Timer 1.8.0 Config_ITLOOMITLOOD: used)
& Ports 1.80 Config_PORT{PORT: used)

& Touch middleware. (rm_touch) 2.20 rm_touch{used)

& UART Communication 1.10.0 Config_UARTAT{UARTA1: used)
@ Voltage Detector 1.6.1 Config_LVDO(LVD(: used)

Cwerview | Board | Clocks | System | Components | Pins | Imterrupt

Figure 3-2 Components and Modules Set by Smart Configurator
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3.3 Operation Confirmation Conditions
Table 3-4 shows the operation confirmation conditions used in the project.

Table 3-4 Operation Confirmation Conditions

Item Description
Operating voltage 5.0V (Operable within the range of 2.7 V10 5.5 V.)
LVDO detection voltage: Reset mode
Rising edge: TYP. 2.67V (2.59V to 2.75V)
Falling edge: TYP. 2.62V (2.54V to 2.70V)
Operating frequency e Main system clock

High-speed on-chip oscillator clock (fin): 32 MHz
CPU/peripheral hardware clock (fcik) : 32 MHz

Subsystem clockNote
Low-speed on-chip oscillator (fiL) : 32.768 kHz
Low-speed peripheral clock frequency (fsxp) : 32.768 kHz

Note: Subsystem clock is used for touch measurement using a hardware timer.
(It is not used for touch measurement using a software timer.)

3.3.1 Option Byte Setting
Table 3-5 shows the option byte settings in this sample application.

Table 3-5 Option Byte Settings (RL78/G23)

Address Setting Value Description
000COH / 040COH 1110 1111B (OxEF) Disables the watchdog timer.
(Counting stopped after reset)
000C1H / 040C1H 1111 1100B (0xFC) LVDO detection voltage: Reset mode
Rising edge: 2.67V (TYP) (2.59V to 2.75V)
Falling edge: 2.62V (TYP) (2.54V to 2.70V)
000C2H / 040C2H 1110 1000B (OxE8) HS (high-speed main) mode,
High-speed on-chip oscillator clock (fit): 32MHz
000C3H / 040C3H 1000 0100B (0x84) Enables on-chip debugging
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To confirm the option byte setting, open the project property after the code is generated,

then select [C/C++ Build] - [Settings] - [Tool Settings] - [Linker] - [Device]. The setting can be confirmed in

“User option byte value” and “On-chip debug control value”.

Q Properties for Capacitive_Touch_Project_Example

|type filter text

Resource

Builders
Build Vanables
Environment

JSON Compilation Datak 183 Tool Settings| Toolchain| Device ,# Build Steps

Logging
Stack Analysis
Tool Chain Editor

C/C++ General

Project Natures

Project References

Renesas QE

Run/Debug Settings

Smart Canfigurator

O X
Settings h g
~

Configuration: |HardwareDebug [ Active ] ~ | | Manage Configurations...

w183 SMS Assembler
4 Source
2 Object
332 User
~ &3 Common
& cru
3 Device
(2 Miscellaneous
~ B Compiler
i Source

Ve
ii-? Language
2 Object
(& Optimization
332 Output Code
iﬁ Miscellaneous
(2 MISRA C Rule Check
3 User
~ &) Assembler
v iﬁ’ﬁ Source
ii-? Language
(2 Object
(& Optimization
(2 Miscellaneous
2 User

v (3 Input
(5 Advanced
3 List
] Optimization

=

=

Build Artifact u_,_up Binary Parsers| €@ Error Parsers

Security ID value (-security_id) ‘ 00000000000000000000

Reserve working memory for RRM/DMM function (-rrm)

Start address area (-mm=<value>) ‘

Secure memory area of OCD monitor (-debug_monitor)

Memory area (-debug_monitor=<start address>-<end address>) ‘BFEDDfBFFFF

Set user option byte (-user_opt_byte)

User option byte value (-user_opt_byte=<value>) ‘EFFCES I

Set enable/disable on-chip debug by link option (-ocdbg)

On-chip debug control value (-ocdbg=<value>) ‘84 I
Set security option byte (-security_opt_byte)

Area to be excluded from RAM area (-self/-ocdtr/-ocdhpi) None

Output warning message if sections are allocated to the specified area (-selfw/-ocdtrw/-ocdhpiw)
[ Exclude self RAM area and SADDR area from RAM area (-stride_self area -avoid_saddr stack)
Exclude trace RAM area from RAM area (-stride_ocdtr_area)

] Exclude hot plug-in RAM area from RAM area (-stride_ocdhpi_area)

[ Check specifications of device (-check device)

O Suppress checking section allocation that crosses (64KB-1) boundary (-check_64k_only)
] Do not check memory allocation of sections (-no_check_section_layout)

Address range of memory type (-cpu)

Figure 3-3 Setting of Option Bytes
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4. Capacitive Touch Application Development Procedure Overview

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

e Create the initial project using the e? studio project creation wizard

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

e Add the needed SIS application code function calls to the user project to enable capacitive touch
sensing operations in the application project

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

5. Application Example Overview
In the main loop of the application example, the following processing is performed:
e The global flag used to determine if the rm_touch middleware is ready to be processed is checked
o Ifthe flag is set (ready to process)
= The global flag is resetto 0

= Acall to the rm_touch middleware processes data from the previous completed
scan, updates needed data, then starts the next touch scan process

= A call to the rm_touch middleware populates a user created global variable with the
binary determination of a touch on the sensor board

A code listing of the completed application example is in “15. gqe_touch_sample.c (Example of Using a
Software Timer)” for review.
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6. From Starting Capacitive Touch Application Development to Adding Modules

6.1 Creating a new Project
This section describes how to create a new project using the e? studio.

1. On the PC start the IDE (e? studio) using the Windows -> Start menu or the e? studio icon on the
desktop. When the dialog appears, create the Workspace at anywhere.

2. Start a new project by clicking File->New->C/C++ Project.

3. Atthe dialog box that opens, select “Renesas RL78” and highlight with a single-click “Renesas CC-
RL C/C++ Executable Project”, then click [Next].

4. Inthe next dialog box, enter a Project name-this can be any name desired. The example here uses
“Capacitive_Touch_Project_Example”. When complete, click [Next].
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5. In the next dialog box, ensure the following is selected:
e Language: C
e Toolchain: Renesas CC-RL
e Toolchain Version: v1.15.00
e Target Board: Custom
e Target Device: R7TF100GSNxFB (Refer to Figure 6-2 for the device selection method.)
e Configurations: Check “Create Hardware Debug Configuration”,

then select “E2 Lite (RL78)” from the pulldown menu.

el O X
New Renesas CC-RL Executable Project —

Select toolchain, device & debug settings

Toolchain Settings

Language: @®C OC++
Toolchain: I Renesas CC-RL " I
Toolchain Version: |v1.15.00 ~
Manage Toolchains...

Device Settings Configurations
Target Board: |Custom "| Create Hardware Debug Configuration

Download additional boards... I E2 Lite (RL78) v I
Target Device: | RTF100GSNyFB | o

[] Create Debug Configuration
Unlock Devi
RL78 Simulator ~
Endian: | Little

Project Type: [ERE [] Create Release Configuration

@ < Back Next > Finish Cancel

Figure 6-1 Toolchain, Device, and Debug Setting
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To select the target device, click [---] next to the “Target Device” field. Select the device from the list shown in
the "Device Selection" window.

e’ m] X

Device Selection

You can filter devices by regular expression

Search Device

Device RAM ROM Pin RTOS Smart Co.. Periphera..

~ RL78 - G23
RL78 - G23 30pin
RL78 - G23 32pin
RL78 - G23 36pin
RL78 - G23 40pin
RL78 - G23 44pin
RL78 - G23 48pin
RL78 - G23 52pin
RL78 - G23 64pin
RL78 - G23 80pin
RL78 - G23 100pin

v RL78 - G23 128pin

RTFI00GSIXFE 24 KB 256KB 128 v X
RTF100GSKXFB 32 KB 384KB 128 v X
RTFI00GSLXFB 48 KB 512KB 128 v X
R7TF100GSNXFB 48 KB 768 KB 128 v x <::

Figure 6-2 Target Device Selection

When performing operation checks using the RSSK of other RL78 products, select the target device as
follows.

e RL78/G22 (Model No. RTKOEG0042S01001BJ): R7F102GGExFB
e RL78/L23 (Model No. RTKOEG0063S01001BJ): R7F100LPLxFB
e RL78/G16 (Model No. RTKOEG0047S01001BJ): R5F121BCxFP

6. After completing your selections, click [Next].

7. When the next dialog box appears, check “Use Smart Configurator”, then click [Finish].

8. When the settings are completed, the Smart Configurator perspective will appear in the e? studio
default window. The new project is now created and ready for configuration.
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6.2 Adding Modules with the Smart Configurator
This section describes how to add source files of the necessary modules using the Smart Configurator.

1. Select the [Clocks] tab at the lower-middle of e? studio and display the clock tree for the RL78 MCU.

¢ Capacitive_Touch_Project_Examplescfg X

Clocks configuration

Gene

Operation mooe High

40V s EVDDO £ 5.5V

speed main mode 400V}~ 3.5V

EH

Cpr——
o9/
et

\o®/

J

N

Overview Board Clocks | System | Components | Pins | Intermupt

Figure 6-3 [Clocks] tab Selection

RO1AN5512EJ0400 Rev.4.00
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2. This application example uses the MCU in the high-speed mode (HS mode) with operation voltage
between 2.7V to 5.5V. Select the appropriate “Operation mode” as shown in the figure below.

Operation mode: High-speed main mode 2.7(V)~5.5(V)

b

EVDD setting: 27V < EVDDO < 55V <:|

Figure 6-4 Operating Mode and EVDD Setting

[Reference information]
When checking operation with other MCU,
whether or not EVDD settings exist depends on the MCU used.

3. The setting of the clock configuration (default setting) that is used for this application note is shown
below.

v High-speed on-chip oscillato
32 v | (MHz)

fIHP
t setting Nomal -

Figure 6-5 Clock Configuration (1)

4. Uncheck “XT1 oscillator” as shown below.

: |

A 1%

[ 031 cnc |<‘ ] Uncheck |

Figure 6-6 Clock Configuration (2)
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5. Move to the [System] tab by selecting it at the bottom of the pane.

Overview | Board | Clocks | Systemn | Components | Pins | Interrupt

Figure 6-7 [System] tab Selection

6. Select "Use emulator” and “E2 Lite” and uncheck “Use security ID”, as shown in the figure below.

4 *Capacitive_Touch_Project_Examplescfg X

System configuration

= On-chip debug setting

On-chip debug operation setting

) Unused (@ Use emulator @ (O COM Port
Emulator setting

OE2 @ E2Lite

Pseudo-RRM/DMM function setting
) Unused (@ Used

Start/Stop function setting
® Unused O Used

Monitoning point function setting

Trace function setting
O Unused ® Used

Security ID setting
I [[] Use security ID I I Uncheck

Security ID authentication failure setting
(O Do not erase flash memory data

(@ Erase flash memory data

Overview Board | Clocks | System | Components | Pins | Interrupt

Figure 6-8 System Configuration
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7. Move to the [Components] tab by selecting it at the bottom of the pane.

Owverview  Board | Clocks | System  Components | Pins | Intermupt

Figure 6-9 [Components] tab Selection

8. Add the SIS modules and components to the project.

Click the “Add component” button (marked with red square in Figure 6-10) and select components to
be added from the list.

r *Capacitive_Touch_Project_Examplescfg

Software component configuration

Components ey s - = Configur
Hh [
type filter text
v = Startup
v = Generic
& r_bsp

Owverview Board Clocks | Systermn | Components | Pins | Interrupt

Figure 6-10 Add Components (1)
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9. The “New Component” dialog box appears with the list of available modules to add to the project.

& New Component O X

Software Component Selection '&3‘

Select component from those available in list

Category All -
Function | All v
Filter

Components : Short Name Type Version *

8 A/D Converter Code Generator 180

{8 Board Support Packages. - v1.91 r_bsp RL78 Software In.. 1.91

H Capacitive Sensing Unit driver. r_ctsu RL78 Software In.. 2.20

B clock Output /Buzrzer Output Controller Code Generator 1.7.0

+ Comparator Code Generator 151

8 D/A Converter Code Generator 150

## Data Transfer Controller Code Generator 160 v

Show only latest version
Description

The analog to digital (A/D) converter is function for converting analog inputs to digital signals.

Download RLTE Software Integration System modules

Download ELCL modules

Configure general settings..

@ < Back Next > Cancel

Figure 6-11 “New Component” Dialog Box

10. If you are using SIS (Software Integration System) modules for the first time, download the modules
using steps (1) to (4) in Figure 6-12 to Figure 6-14 below. If they have already been installed, skip

this step.
I
| Download RL78 Software Integration System modules [< ] (1)
Download ELCL modules
Configure general settings...
Figure 6-12 Download SIS Modules Link
RO1AN5512EJ0400 Rev.4.00 Page 17 of 84
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a Region Setting X

Select your region.

h(]: (2)

it |Brazil
Europe/Middle East/Africa b
b India h

Japan
oh

Mainland China/Hong Kong Region
Singapore/South &Southeast Asia/Oceania bh
erSouth Korea bh

Taiwan Region

Figure 6-13 Select Region

a8 O * ‘
RL78 Software Integration System Modules Download \
-
Select the RL78 Software Integration System modules for download H
Title Document No. Rev. Issue date ~ | Select All

[ RL78775) TOUCHE1- )l Software Integration System .. _ R11ANO4851/0220 Rev220 2025-07-31) <:|., an
RL7877=l) CTSUEL/1- )| Software Integration System Re..  R11ANO4841)0220 Rev.2.20 2025-07-31
[] RL78 Family US159-DA1453xEVZ BLE Control Module Usi.. ROTAN7282EU01.. Rew150 2025-07-07 (3)
[] RL78 Family US159-DA16XXXMEVZ Wi-Fi Control Modul.. ROTAN7321EU01.. Rew131 2025-01-13 v |
Module Folder Path:

5CEt'Us_ers!!--:!_'.Fﬂl_l_psal:¥";ol|l'r1.!enes.;f.pl_arflorrnTl:Iownl_ng_:jiE.L_?S_Mn_dqlgs!(?'aenenc!_\."lnlqu_ules _- Browse...

[ Download < I (4)

Figure 6-14 Download SIS Modules

Note: If the TOUCH module or CTSU module does not appear in the above dialog box for downloading,
download them by using the procedure below.
Download the modules from the Renesas Web site and use the procedures described on the site
to add the files to the folder for storing the downloaded SIS modules.

For the web pages of the individual modules and how to download and display the modules in the
dialog box, refer to the following.

o Web pages for downloading the CTSU module and TOUCH module
RL78 Family CTSU Module Software Integration System
RL78 Family CTSU Module Software Integration System Rev.x.xx - Sample Code

RL78 Family TOUCH Module Software Integration System
RL78 Family TOUCH Module Software Integration System Rev.x.xx - Sample Code

¢ How to download and use the modules
How to Download and Use a SIS Module
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11. Select the components shown in the figure below in the Smart Configurator.

& New Component O > ‘

Software Component Selection $

Select component from those available in list

Category All v

Function  All v

Filter f
Compaonents : Short Name Type Version
8 A/D Converter Code Generator 180
8 Board Support Packages. - v1.91 r_bsp RL78 Software In.. 1.91

| | | & capacitive Sensing Unit driver. r_ctsu RL7B Software In.. 220 |< |

8 Clock Qutput /Buzzer Output Controller Code Generator 1.70

Show only latest version
Description

| Dependency : r_bsp version(s) 1.70
The CTSU module is a CTSU driver for the Capacitive Sensing Unit. The CTSU module is configured
assuming access via the Touch middleware layer, but can also be accessed from the user application.

Download RL78 Software Integration System modules

Download ELCL modules

Configure general settings...

@ =

8 One-Shot Pulse Output Code Generator  1.8.0
|| [I#8 Pors Code Generator 180 | |< |
i PWM Output Code Generator 1.10.0
#8 Real-Time Clock Code Generator 180
## Remote Control Signal Receiver Code Generator 1.1.0
£ SNOOZE Mode Sequencer Graphical Config.. 14.1
## SPI (CSI) Communication Code Generator 1.7.1
B square Wave Output Code Generator 1.7.1
| £ Touch middleware. m_touch RL78 Software In.. 2.20 | |
B8 UART Communication Code Generator 1100
| £ voltage Detector Code Generator  1.6.1 | |
+ Watchdog Timer Code Generator 1.7.0
£ ZMOD4XXX Sensor Middleware r_zmodd RL78 Software In.. 1.21

Figure 6-15 Software Component Settings (1)
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12. Specify the resources for the selected components. The settings for the application example are

shown below.

& New Component O > ‘
Add new configuration for selected component I
Ports
Configuration name: | Config_PORT
Resource: PORT -
Voltage Detector
Configuration name: | Config_LvDO
Resource: VDO ~
w
'9, < Back e Cancel

Figure 6-16 Component Resource Settings (1)

13. Components are added as shown below.

1;4 Capacitive_Touch_Project_Examplescfg

Software component configuration
Components 3 5 =Nz

A e .

|type filter text |

v = Startup
v = Generic
f r_bsp

v = Drivers
w [= Power management and reset function
& Config_LVDO
v [ I/O port
& Config_PORT
v = Middleware
v = Generic
f r_ctsu

f rm_touch

Configur

|type filter text (* = any string, 7 = any character)

Property

v & Configurations
# Parameter check
# Data transfer of INTCTSUWR and INTCTSURD
# DTC setting

RS

Figure 6-17 Software Component Settings (after components added)
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6.2.1 Setting the CTSU Component

Click on the "r_ctsu" module and enable the TSxx pins to be used by this sample application. This
application example will assign the two buttons (TS05 and TS06).

Click the following pins in the Configure pane so they can be used in the project.

e TSCAP Pin
e TSO05 Pin
e TS06 Pin

For the correspondence between the TS pins and touch sensors, refer to the user’s manual of the target
board you are using.

9} *Capacitive_Touch_Project_Examplescfg X

Software component configuration

Components sy |2 B F Configur
] Ti', ™ .'.'.'|JI:‘ filter text (* = any string, 7 = any character)
|type filter text ! Property Value
g (= Startup g # Interrupt level for INTCTSUWR Level 2
v = Generic # Interrupt level for INTCTSURD Level 2
@ rbsp # Interrupt level for INTCTSUFN Level 2
v (= Drivers #
v = Power management and reset funci #
& Config_LVDO #
v = I/O port v I} Resources
@ Config_ PORT v B cTsu
v (& Middleware = _TSCAP Pin /| Used I< ]
w = Generic *% TS00 Pin Used
& rctsu % TS01 Pin Used
@ rm_touch "% T502 Pin Used
" T503 Pin Used
% T504 Pin Used
= T505 Pin | Used
= 1506 Pin | Used 8::
“w T507 Pin Used

Figure 6-18 Enabling the TSCAP Pin and TS Pins to be Used by the Application

RO1AN5512EJ0400 Rev.4.00 Page 21 of 84
Aug.27.25 RENESAS




RL78 Family Using QE and SIS to Develop Capacitive Touch Applications

Note: The TSxx pins that are not being used by the touch application are recommended to be setup
such that they are driven to low-level output. In the case of CTSU2, If the TSxx pin that is not
being used in the touch application is enabled by checking "[1 Used", the TSxx pin is set to
low-level output as non-measurement pin. When actually designing your circuit, make sure the
design includes sufficient pin processing and meets electrical characteristic requirements.

% "Capacitive_Touch_Project_Examplescfg X

Software component configuration

Components 3% B B Configur
i 15 - e filter text (* = any haracter
type filter text Property Value
w = Startup | wiB@crsu
v = Genenic " TSCAP Pin 7| Used
& rbsp " T500 Pin | Used
w (= Drivers *w T501 Pin | Used
» = Power management and reset funcl *w TS02 Pin 4| Usad <:
@ Config_LVDO = 1503 Pin 7| Used
w & 1/0 port e T504 Pin | Used
& Config PORT = T505 An 7| Used
w = Middleware " T506 Pin 4| Used
v = Genenc = T507 Pin J Usad
& r.cisu *= T508 An | Used
& rm_towch " TS509 Pin 4| Used
*= T510 Pin | Used
= T511 Pin 7 Used
" 17512 Pin v Used
" 1513 Pin 7| Used
" T514 An | Used
"= T515Pn | Used
" 17520 Pin ¥| Used
"= T521 Pin 4| Used
“w T522 Pin 7| Used <:
" 17523 Pin v Used
" 7524 Pin | Used
*W 7525 Pin | Used
" T526 Pin 4| Used
" TS27 Pin | Used
e T528 Pn | Used
" 7529 Pin 4| Usad
*w= T530 Pin | Used
" T531 Pin 7| Used
" T532 Pin 4| Used
e T533 Pn | Used
" TS34 Pin 7| Used
" TS35Pin | Used
Figure 6-19 Enabling the TS Pins Not to be Used by the Application
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6.2.2 Setting the Touch Component
Use the default setting as is.

‘zq,, Capacitive_Touch_Project_Examplescfg > = 0
i i %l =
Software component configuration Generate Code Generate Report
Components iy iy [=] [#] Configur @
=k TEJ: = |t',’pe filter text (* = any string, ? = any character) |
|t';pe filter text | Property Value
v [ Startup ~ & Configurations
w = Generic # Parameter check Use systemn default
s r_bsp # Support QF monitor using UART Disable
~ [~ Drivers ## Support QE tuning using UART Disable
UARTO

v = Power management and # UART channel
& Config_LVDO # Type of chattering suppression
v = 1/O port
& Config_PORT
v = Middleware
v = Generic

& r_ctsu
W mm_touch <:

TypeA : Counter of exceed threshold is hold within h

Figure 6-20 Touch Component Setting
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6.2.3 Setting the PORT Component

Configure the port settings. In this section, configure the settings for unused pins.

1. The ports that are not being used by the touch application are recommended to be setup such that
they are driven to low-level output at startup. Click the “Config_PORT” module, then click the
PORTO checkbox.

Note: Only one port is setup here as an example of the usage. When actually designing your circuit,
make sure the design includes sufficient pin processing and meets electrical characteristic
requirements.

Tr *Capacitive_Touch_Project_Example.scfg X

Software component configuration

Components g gy - [+

~A I -

|t';pe filter text |

v | = Startup
v = Generic
& r_bsp
v = Drivers
v = Power management and
& Config_LVD0O
v = 1/O port
& Config_PORT <:
v = Middleware
v = Generic
W r_ctsu
o rm_touch

Configur

Port selection PORTO

PORTO C:l []PORTT

[ 1PORT2 [ 1PORT3
[IPORT4 [1PORTS
[1PORTE [1PORT7
[1PORT8 [1PORT9
[JPORT10 [ JPORT11
[1PORT12 [ IPORT13
[1PORT14 [1PORT15
Port mode setting
(® Read Pmn register values () Read digital output level

Figure 6-21 Component Setting (Port selection tab)
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2. Select the [PORTO0] tab and select “Out” for PO7. The tab should look like the picture below.

L,’_. *Capacitive_Touch_Project_Examplescfg X

Software component configuration

Components e % 5 B Configur
A g s Port selection PORTG<:
[ x
v = Startup
v = Generic
& rbsp T
v = Drivers L Apply to all
v = Power management and reset funci Unused In Out
& Config_LVDO
v = I.u.’O port POD
vie Mu‘drdl:z::::;g_ . @unised O Oou
v (= Generic
& r_ctsu P01
@ m_touch (® Unused O  QOou

P02
@ Unused Oin O Out

P03
(@ Unused O QOou

P4

@uUnused Oin Oou

(® Unused Oin ) Out

(@ Unused Oin Oou

Ceull-

[ puii-

O pull-

[ pull-

CIeull-

[ puill-

[ Pull-

up

up

up

up

PO7
OuUnused Olin @ O0ut

TTL buffer

CITTL buffer

] TTL buffer

(] TTL buffer

¢—

[linput buffer OFF

[ Input buffer OFF

[ Input buffer OFF

[Jinput buffer OFF

[N-ch

CON-ch

[CJN-ch

CIN-ch

%l

Generate C

Input buffer OFF" is effective when the pin is used for a port function or an alternative function, or the pin is not used.
peripherals are not using the alternative input function before selecting “Input buffer OFF".

Output 1

Output 1

Output 1

] output 1

Figure 6-22 PORT Component Setting (PORTO tab)
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6.2.4 Setting the LVD Component
Set up the user option byte for voltage detector 0 (LVDO).

Click on the "Config_LVDO0" module and specify the operating mode and voltage to be detected.
Set the reset generation level (VLVDO) to 2.62 V.

{0k *Capacitive_Touch_Project_Examplescfg X = 0
Software component configuration Gener:‘il Code GenerafReport
Components g3 = [# Configur @
B b i Operation mode setting
| (@ Reset mode

|t';pe filter text

When setting LVDO to reset mode, set the detection voltage of LVD1 higher than the detection voltage of LVDO.

v = Startup
~ (= Generic (O Interrupt mode
f r_bsp If LVDO is set to interrupt mode and the LVDO detection voltage is greater than the LVD1 detection voltage,
« [ Drivers VDO becomes undefined after the LVD1 setting following release from the reset state.
~ =+ Power managementand Level 3 (low)
& Config LVDO |
v (= /0 port Voltage detection setting
@ Config_PORT Reset generation level(VLVDO) 262 v | ) <:
-
V= Mlddlew?re 165 W
v = Generic
& rctsu
& rm_touch

Figure 6-23 Setting the LVD Component (LVDO0)

6.2.5 Setting the BSP Component
Click on the "r_bsp" module and check that “Initialization of peripheral functions by Code
Generator/Smart Configurator” is set to "Enable".

1‘,; *Capacitive_Touch_Project_Examplescfg

. - FEJ
Software component configuration Generste Code Ger
Components PELR L = ¥ Configur
~k TE‘; ' type filter text (* = any string, ? = any character)
|t';pe filter text | Property Value
v = Startup v & Configurations
~ == Generic #F Start up select Enable (use BSP startup)
d; r_bsp <: # Control of illicit memory access detection(|AWEN) Disable
v (= Drivers ## Protected area in the RAM{GRAM1-0) Disabled
v == Power management and reseg ## Protection of the port control registers(GPORT) Disabled
f Config_LVDO # Protection of the interrupt control registers(GINT) Disabled
v = /O port # Protection of the clock, voltage detector, and RAM parity error detection con Disabled
.é Config_PORT # Data flash memory area/extra area access control{DFLEN) Disables
v = Middleware I # Initialization of peripheral functions by Code Generator/Smart Configurator Enable I
v [ Generic # APl functions disable(R_BSP_StartClock, R_BSP_StopClock) Disable
Figure 6-24 Setting r_bsp
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6.3 Generating Code

Click the “Generate Code” icon ! located on the top right of the Smart Configurator to generate the code
for components necessary for the project. This completes the process for adding components to the project.

1‘; *Capacitive_Touch_Project_Examplescfg = 8
. . &l (S
Software component configuration S o [
Components [T | -] [#  Configur @
A Iz " - |t'_-,*pe filter text (* = any string, ? = any character) = |
|t',fpe filter text ‘ Property Value Py
w [ Startup w & Configurations
v = Generic 3 Start up select Enable (use BSP startup)
.r' r_bsp # Control of illicit memory access detection{IAWEN) Disable
v = Drivers # Protected area in the RAM{GRAM1-0) Disabled
~ =% Power management and rese ## Protection of the port control registers(GPORT) Disabled
v Config_LVDO # Protection of the interrupt control registers(GINT) Disabled
~ = 1/O port # Protection of the clock, voltage detector, and RAM parity error detection con Disabled
& Config_PORT # Data flash memory area/extra area access control(DFLEN) Disables

Figure 6-25 “Generating Code” icon Selection

Note: If the settings for on-chip debugging or option bytes have been changed, the following
message may appear. Confirm the changes and click on the [OK] button.

Q Confirm linker option change *
Setting Old value New value
‘User option byte value EF3AEB EFFCE8
< >

Figure 6-26 Confirm Linker Option Change
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7. [Additional function] Setting the serial communication monitor using UART (1/3)

Note: Monitoring touch performance for touch applications can be confirmed by communication via
the OCD (On-Chip Debugging) emulator. However, RL78 family case, monitoring performance
is limited by the OCD function of the RL78 family.

On the other hand, monitoring touch performance can also be achieved via serial
communication. Therefore, if you want to monitor smoothly, please add the monitoring
function via serial communication (This is the recommended setting.).

Chapters 7, 12 and 14 (including this chapter) shown below describe setting the serial communication
monitor using UART.

e “7. [Additional function] Setting the serial communication monitor using UART (1/3)”

e “12. [Additional function] Setting the serial communication monitor using UART (2/3)”

e “14. [Additional function] Setting the serial communication monitor using UART (3/3)”

7.1 Setting the Touch Component (for serial communication monitoring)

In the [Components] tab, select the “rm_touch” module, set “Support QE monitor using UART” to “Enable”
and “UART channel” to “UARTA1” as shown below.

, *Capacitive_Touch_Project_Example.scfg

Software component configuration (
Components By iy — [# Configur
0 TIJ-' W n |t'y*pe filter text (* = any string, ? = any character)
|t',fpe filter text | Property Value
v (= Startup v i Configurations

v = Generic
W rbsp
~ = Dnivers
w =~ Power management and resq
@ Config_LVDO
v = |/O port
« Config_PORT
v = Middleware
wv = Generic
W r_ctsu

W& rm_touch C:

# Parameter check

# Support QE monitor using UART
# Support QE tuning using UART
## UART channel

# Type of chattering suppression

Use system default

Enable

Disable

UARTA1

TypeA : Counter of exceed 1

Figure 7-1 Touch Component Setting (for serial communication monitoring)

Note: The UART channels and ports used by this tool depend on your target board.
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7.2 Setting the UART Communications Component
1. Click the “Add component” button (marked with red square in Figure 7-2).

r *Capacitive_Touch_Project_Examplescfg

Software component configuration

Components LTl o M = Configur

[ E|<:I

type filter text

v (= Starup
v = Generic
& r_bsp

Overview Board | Clocks | System | Components | Pins | Interrupt

Figure 7-2 Add Components (2)

2. Click the “UART Communication” module and click [Next] in the lower part of that open dialog box.

&) New Component O >
Software Component Selection |
Select component from those available in list
Category All ~
Function |All ™
Filter | |
Components - Short Name Type Version "
£ Touch middleware. rm_touch RL78 Software In.. 2.20 /1
ﬂ} UART Communication Code Generator 1.10.0 x I
m'\foltage Detector Code Generator 1.6.1
E}Watchdog Timer Code Generator 1.7.0

v

Show only latest version
Description

The universal asynchronous receiver/transmitter(UART) interface supports serial communication.

Download RL78 Software Integration System modules
Download ELCL modules

Configure general settings...

@ < Back Next = Finish Cancel

Figure 7-3 Software Component Settings (2)
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3. Set “Operation” mode to “Transmission/reception”, “Resource” to “UARTA1”, and click [Finish] in
the lower part of that open dialog box.

Q New Component

Add new configuration for selected component

UART Communication

Configuration name:  |Config_UARTAT1

Operation:

Resource:

Transmission/reception

UARTA1

< Back Next =

Cancel

Figure 7-4 Component Resource Settings (2)

Note: The UART channels and ports used by this tool depend on your target board.
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4. Inthe [Components] tab, select the “Config_UARTA1” module.
Set the “operation clock” to “fSEL/8” and “fSEL clock select fIHP”, select “Continuous transmit by

interrupt”, and the transfer rate setting to “153600” (bps).

¢ "Capacitive_Touch_Project_Examplescfg

Software component configuration
Components PATR o A == iia

I L

type filter text

v = Startup
v = Generic
@ rbsp
~ (= Drivers
w = Power management and reset function
& Config_LVDO
~ = 1O port
& Config_PORT
v = Communications
& Config_UARTA C:
v (= Middleware
~ = Generic
@ rctsu
& rm_touch

UARTA1 clock setting

Operation clock

UARTA1 clock output signal setting

(@) Disable

Data length setting

O 5 bits O7 bits
Transfer direction setting

@ LSB

Parity setting

@ None O 0 parity
Stop bit length setting

@ 1 bit

Transfer data level setting

@ Non-reverse

Transmit mode setting

(O Continuous transmit by polling

Receive error occurs setting

O INTURE interrupt occurs

Transfer rate setting

Transfer rate setting

Interrupt setting

Transmit end interrupt priority (INTUT1)

Reception end interrupt priority (INTUR1)

Callback function setting

Transmission end Reception end

Generate Cc

fSEL/8 C: fSELcIocksele(tﬂHF’@-._‘!._r_t frequency: 4000 kHz

(O Enable

® 8 bits

O Mse

(O Odd parity O Even parity
(O 2 bits

O Reverse

(@ Continuous transmit by interrupt @

@ INTUR interrupt occurs

153600 <: v (bps)

{Current error: 0.16%, the minimum is -4.41%, the maximum is 4.38%

Level 3 (low) o
Level 3 (low) w
Level 3 {low

Reception emor

Figure 7-5 Setting the UART Communications Component (UARTA1)

Note: The UART channels and ports used by this tool depend on your target board.

When using UARTXx instead of UARTAX, refer to Note 2 on the following pages.
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Note1. Depending on the version of the Smart Configurator, an error may occur regarding the
transfer rate setting. If this error occurs, change the program in the red frame below to set
the transfer rate after generating the code.

Config_UARTAL.c%

[ ] [ 1m0 [ 20 [ 30 [ 40 [ 50 ' B0 ' Kl
H3 |void R_Conf ig_UARTA1_Create(void) .
59 (1o
80 UARTAENT = 0U; .
B1 UTHE

s /% disable INTUT! interrupt #/4

H f% clear INTUT1 interrupt flag %/,
1U;  /# disable INTUR! interrupt #/4
o f® clear INTUR! interrupt flag %/
65 UREMK1 = 1U): /% disable INTURE! interrupt %/
13 UREIF1 = 0U; /% clear INTURE! interrupt flag %/
B S# Set INTUT1 low priority #/,

o
3
=
=
=

wowonom
=
=

1] UTPRIT = 1U;
E] UTPROT = 1U; .
70 /% Set INTURT low priority %/
I URPRIT = 1U; .
72 URPROT = 1U; .
73 /% Set INTURE! low priority %/,
74 UREFRIT = 1U;

75 UREPROT = 1U3 4

00 _UARTA ] T TB_UARTA_TRANSFER_LENGTH 8 | _01
78 T00_UARTA_DATA_NORMAL: 4
73| ASIMAI0 = 02 UARTA_BUFFER_EMPTY | _01_UARTA_INTUR_OCCUR; .
80| UTAOCK |= 20 UARTA FSEL_SELECT FIHP: .

[31] UTAICK = _00_UARTA CLKAT OUTPUT DISABLE | _03_UARTAT SELECT FSELE:

L] CTNEW S v (T e Ty

Figure 7-6 Config_UARTA1.c
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Note2. The UART channels and ports used by this tool depend on your target board. For example,
when using UART1, the settings are different as shown in the image below.

Components Ly sl = &
o8 Ie: .
n= hr:e"' text UART1 clock setting
w = Startup Operation clock CKoO e
v = Generic
$ii a e fCLK @ {Clock frequency: 32000 kHz)
~ = Drivers Transf de setti
(£ T |
v = Power management and reset fung| ,_\am Sl S
& Config_LVDO (@) Single transfer mode () Continuous transfer mode
v & Timers Data length setting
& Config_ITLOOO () 7 bits (@ 8 bits
v = |/O port
@ Config PORT Transfer direction setting
v (= Communications @158 Omse
& Config_UART1 : -
v = Middleware Friy g
v (& Generic ® None O 0 parity O Odd parity (O Even parity
& rcisu Stop bit length setting
& rm_touch

1 bit fixed

Transfer data level setting
(® Non-reverse O Reverse

Transfer rate setting

Transfer rate setting 312500 @ (bps) (Current error: 0.29%)

Interrupt setting
Transmit end interrupt priority (INTST1) Level 3 (low) ~

Callback function setting
Transmission end

Figure 7-7 Setting the UART Communications Component (UART1 Transmission)

Components PTR o Pl =N Configur ﬂ

-
L Transmission | Reception

type filter tex
type filter text UART1 clock setting
w = Startup Operation clock CK0O e
~ = Generic
& rbsp Clock source fCLK @ (Clock frequency: 32000 kHz)
v (= Drivers

Data length setti
~ = Power management and reset fun = "

) —
@ Config LVDO (7 bits @ 8bits
v & Timers Transfer direction setting
@ Config_ITLOOO @ LB Omsa
v = /O port
& Config_PORT Parity setting
v (& Communications @ None O 0 parity O Odd parity O Even parity
@ Config_UART1
v & Middleware Stop bit length setting
v = Generic 1 bit fixed
- S Receive data level setting
& m_touch

(@) Non-reverse (O Reverse

Transfer rate setting

Transfer rate setting [312500 @ (bps)

(Current error: 0.39%, the minimurm is -5.07%, the maximum is 5.05%)
Interrupt sening
Reception end interrupt priornty (INTSR1) Level 3 (low) N
Reception error interrupt priority (INTSRE1) Level 3 (low) b4
Callback function setting
Reception end Reception error

Figure 7-8 Setting the UART Communications Component (UART1 Reception)
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5. Move to the [Pins] tab by selecting it at the bottom of the pane.

| LY

Pin Function Pin Number

Overview | Board | Clocks | System | Components | Pins | Interrupt

Figure 7-9 [Pins] tab Selection

6. Assign RxDA1 function to P33 and TxDA1 function to P34.

1‘; *Capacitive_Touch_Project_Examplescfg X

Pin configuration

Hardware

BB %S

Pin Function

Generate Code Gene

2 HlE

|_ype filter text | |type filter text (* = any string, ? = any character) ‘ All
~ #ff Serial Interface UARTA ~ Enabled  Function PIOR Assignment Pin Number Direction
".__ UARTAD | CLKA1 # Mot assigned # Mot assigned None
& UARTAT RxDA1 7 P33/RxDA1 79 |
¥|§ Remote Control Signal Receiver TxDA1 # P34/TxDA1 78 o)
5& Logic and Event Link Controller
Pl e v
< > <
Figure 7-10 Assigning Pins to the UART Channel (UARTA1)
Note: The UART channels and ports used by this tool depend on your target board. For example,
when using UART1, the settings are different as shown in the image below.
& G22_Capacitive_.. X b CapTouch7-270~-... €] G22_Capacitive_... \S] cstart.asm €| ge_touch_sample.c ¢} Config_UART1_us... b CapTc
Pin configuration o
Hardware #1 5 % g5 Pin Function
Type filter text type filter text (* = any str ng, 7 = any character)
W SAUOD " Enabled Function PIOR Assignment Pin Number Direction
W SAUOD ™| RxD1 7 PO1/TS27/TO00/RxD1 ’ 34 |
W SAUO1 1 TxD1 #_P00/TS26/TI00/TxD1 7 35 o
W SAU02
W SAUO3
v SAUT
W SAUT0 ~ <

Figure 7-11 Assigning Pins to the UART Channel (UART1)
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7. Click the "Generate Code” icon ™! located on the top right of the Smart Configurator to generate
the code for components necessary for the project.

1.r-' *Capacitive_Touch_Project_Examplescfg < = 0
. . &l =
Software component configuration O N nerat Repart
Components [T =] [+ Configur @
<4 I W w |t',fpe filter text (* = any string, ? = any character) = |
|t',fpe filter text ‘ Property Value ~
w (= Startup w & Configurations
v = Generic # Start up select Enable (use BSP startup)
.r' r_bsp # Control of illicit memory access detection(IAWEN) Disable
~ = Drivers # Protected area in the RAM{GRAM1-0) Disabled
~ = Power management and rese # Protection of the port control registers(GPORT) Disabled
& Config_LVDO # Protection of the interrupt control registers(GINT) Disabled
v = 1/O port # Protection of the clock, voltage detector, and RAM parity error detection con Disabled
.r' Config_PORT # Data flash memory area/extra area access control(DFLEN) Disables

Figure 7-12 “Generating Code” icon Selection (2)
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8. Creating the Capacitive Touch Interface

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

Q 20250718a_APN_r01an5512 - Capacitive_Touch_Project_Example/Capacitive_Touch_Project_Example.scfg - e? studio
File Edit Navigate Search Project Renesas Views<: Window Help

B R iDid Qi GO >
Srorect Exol w0 = Code Generator > escta %
roject Explorer - Debug ple.scfg
. == 1; Renesas QE <: > CapTouch Gesture Monitor (QE)
li= Capacitive_Touch_Project_Exampl RTOS » CapTouch Board Monitor (QE)
Smart Configurator ? CapTouch Pad Monitor (QE)
Solution Toolkit »

CapTouch Multi Status Chart (QE)

*  Renesas Software Installer CapTouch Parameters (QE)

B vilvaRvgvgvgvgvg

w' SAUDD CapTouch Status Chart (QE) P
B SAUDM CapTouch Tuning Result (QE)
B SAUDZ CapTouch Workflow (QE) <:
W4 SAUO3 % Measuring Current Consumption (QE)
v SAU1 T 1

Figure 8-1 Cap Touch Workflow (QE) Selection

Note: The label on the selection button differs depending on the version of QE.
For versions earlier than QE V3.1.0, select [CapTouch Main (QE)].
For versions QE V3.2.0 or later, select [CapTouch Workflow (QE)].

2. [CapTouch Workflow (QE)] pane, “Select a Project” to configure the touch interface for by using
the pull-down tab and selecting the “Capacitive_Touch_Project_Example” project as shown below.

aoo

{5 Capacitive_Touch Project Example.scig & CapTouch Workflow (QE) X
[il » B8 QE for Capacitive Touch

Preparation Tuning Coding Monitoring

. A
1.Preparation ~ E Select a Project
Select a Project <:

Prepare a Configuration

Prepare a project that uses the touch interfaces.

2. Tuning Touch Sensors -
Select the target project.

Select a Connection Method

Start Tuning (Emulator)

Output Parameter Files Capacitive_Touch_Project Example -

Figure 8-2 Project Selection
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3. Select [Create a new configuration] from the pulldown menu in “Prepare a Configuration” to

generate a new touch interface configuration.

1%

3 CapTouch Waorkflow (QE) X

‘z,:‘,s Capacitive_Touch_Project Example.scfg
@ » B QE for Capacitive Touch
Preparation Tuning Coding Monitoring
q A
1.Preparation h E To Prepare a Configuration

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

Prepare a Configuration <:

2.Tuning Touch Sensors - : ;
Select a Connection Method Create a new configuration -

Start Tuning (Emulator)

Figure 8-3 Create a new configuration

“Create Configuration of Touch Interfaces” window opens, providing an area to layout the touch

interface.

a Create Configuration of Touch Interfaces x
File Name of Touch I/F: Capaclfwve_ToLlch_ProJec?_Elample Setup Configuration Import / Re-edit
Description:

Touch IfF %
Capacitance Type

Self-Capacitance method

Button
Slider (honizontal)
Slider (vertical)

Wheel

Key pad

Shield Pin
TCPin
Capacitance Sensor

Remove Touch I/F

Configurations (Methods)

Setting
Se Setup Resistance Value Clear Assigned T5x
Cancel Help
Figure 8-4 Create Configuration of Touch Interfaces (1)
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5. Select [Button] from “Touch I/F” on the right side of in the "Create Configuration of Touch

Interfaces" window. Add two buttons to the layout area.

Press [Esc] on your keyboard to finish adding the touch interface. The layout should now look like

the figure below.

& Create Configuration of Touch Interfaces

File Name of Touch I/F:

Description:

Capacitive_Touch_Project_Example

Setup Configuration

Touch I/F - |

Import / Re-edit

Capacitance Type

Self-Capacitance method ]

Button (

Slider (honzontal)
Slider (vertical)
Wheel

Key pad

Figure 8-5 Create Configuration of Touch Interfaces (2)

6. Double click “Button00” to display the “Setup Touch Interface” dialog box. In this case, using the

pull-down, select TS06 as the touch sensor to assign to this button.

Button(self)

Mame

Button0o

Touch Sensor

T506

Resistance[ohm]

w 560

TS00
T501
T502
T503
T4

Ts08

]

T505 :
T507

Figure 8-6 Create Configuration of Touch Interfaces (3)
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7. Perform the same operation as the previous step for Button01 and assign it to TS05. The canvas
should look similar to below. Note also, the indication of a configuration error will go away once all
assignment are made properly and correspond to the enabled channels in the Smart Configurator.

Buttonod

ﬂ

Buttonol

Ts0s

Figure 8-7 Create Configuration of Touch Interfaces (4)

8. Click [Create] in the “Create Configuration of Touch Interface” window.

This completes the touch interface settings.

a Create Configuration of Touch Interfaces X
File Mame of Touch I/F: _C-\pfacmve_Iaucr}_PrﬂJecT_EmmD\P Setup Configuration Import / Re-edit
Description;

Touch I/F %
Button00
Capacitance Type
TS06 Self-Capacitance method v
Button
Button01 Slider (honizontal)
Slider (vertical)
TS05
Wheel
Key pad
Shield Pin
TC Pin
Capacitance Sensor
Remove Touch I/F
Setting E—_— ==
= P Z Configurations (Methods) ¥
Setup Resistance Value Clear Assigned T5x B
Cancel Help

Figure 8-8 Create Configuration of Touch Interfaces (5)
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9. Click the hammer icon on the top left in e2 studio to build the project.

Confirm that there is no error displayed in the “Console” window.

This completes the creation of the capacitive touch interface.

Q 20250718a_APN_r01an5512 - e* studio
File Edit Navigate Search Project RenesasViews Run Window Help

B AT @
Project Explorer = O 'i,:—,','r'Capacitive_Touch_Project_Example.scfg

= & s
BES% Y @ ) B8 QE for Capacitive Touch
= Capacitive_Touch_Project_Example

b CapTouch Workflow (QE)

&) Preparation

Tuning

I 1.Preparation

v/\
A

Figure 8-9 Project Build
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9. Changing the Debug Configuration for Capacitive Touch Sensor Tuning

The debug configuration needs to be changed so that the tuning kernel can be downloaded to the MCU RAM
after the debug session is started.

1. Click ¥ nextto * and select "“Debug Configurations” from the pulldown menu.

a 20250718a_APN_r01an5512 - ” studio

File Edit Navigate Search Project Renesas Views Run Windc

® -4 -8

Project Explarer < (no launch history) ch_Pr¢
Debug As >
4 : : .I.I Ca
=5 Capacitive_Touch_F Debug Configurations...
Organize Favorites... Prepar
r

Figure 9-1 Select “Debug Configurations”

2. Click “Debug Configuration (e.g., xxxxx HardwareDebug)” on the panel that appears, and select the
[Debugger] tab and [Connection Settings] tab. For this application example, the power for the
target board is supplied from the emulator power supply. Ensure “Power Target From The
Emulator (MAX 200mA)” and “Supply Voltage [V]” are set as shown in the red frame below.

ﬁ Debug Configurations

Create, manage, and run configurations

Erase Flash on Start is Enabled. Please Disable this option after sucessful connection.

1 IF 0 X E x MName: |Capacitive_Touch_Project_Example HardwareDebug

type filter text [ Maml %3 Debugger|< b % Source| ] Common

[€]¢c/C++ Application
€] C/C++ Remote Application Debug hardware: |E2 Lite (RLT8) ~ Target Device: R7F100GSN
EASE Script
[ ] GDB Hardware Debugging GDB Semngsl Settings
[£7] GDB Simulator Debugging (RHB50) ~ Clock
#§ Launch Group Main Clock Frequency[MHz] Using Intemal Clock
~ [£7] Renesas GDB Hardware Debugging Sub Clock Frequency[kHz] Using Intemal Clock
I ? | Capacitive_Touch_Project_Example HardwareDebug I Monitor Clock System
7] Renesas Simulator Debugging (RX, RL78) ~ Connection with Target Board
Emulator (Auto)
Low voltage OCD board N
Power Target From The Emulator (MAX 200mA) Yes
Supply Voltage[V] 33
Hot Plug I
Figure 9-2 Debug Configuration (E2 Lite) Settings
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Note1. In the application example, power is supplied to the target board from the emulator for easy
confirmation of the operation. The power can also be supplied to the target board via E2
emulator Lite from the USB port on the PC, however we recommend using power generated
by the target board.

Note2. Available debugging methods vary depending on the specifications of the target board. Set
up the required items by selecting “Debug hardware:” according to the debug method you
are using.

For example, COM port debugging requires a different setting.

=] Main ﬁRDEbugger = Startup E Source| [] Common
Debug hardware: | COM F'Drt[RLTB]ICZ Target Device: | R7TF100G5M <:|

GDB Settings Connection Settings  Debug Tool Settings

w Clock
Main Clock Frequency[MHz] Using Internal Cleck W
Sub Clock Frequency[kHz] Using Internal Clock W
Menitor Clock System W

w Connection with Target Board

COM Port COMa
Reset control pin DTR [

Flash

Figure 9-3 Debug Configuration (COM port) Settings
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3. Select the [Debug Tool Settings] tab. Set “Allow to access by stopping execution while running”
under “Memory” to “Yes”.

Q Debug Cenfigurations

Create, manage, and run configurations

Erase Flash on Start is Enabled. Please Disable this option after sucessful connection.

tFeER BY~ Mame: | Capacitive_Touch_Project_Example HardwareDebug

| type filter text () Main | %5 Debugger | #» Startup 5, Source| [C] Common
[€] ¢/C++ Application
Tdu C/C++ Remote Application Debug hardware: | E2 Lite (RL78) ~  Target Device: R7TF100GSN
L EASE Script
[€] GDB Hardware Debugging GDB Settings Connection Settings <:
[£"] GDB Simulator Debugging (RHA50) v 10
E Launch Group Use Default 10 Filename Yes

w [t | Renesas GDB Hardware Debugging 10 Filename ${support_area_loc)

[¢7] Capacitive_Touch_Project_Example HardwareDebug + General Debug

&7 Renesas Simulator Debugging (RX, RL78) Reset After Reload Yes

v Break
Stop emulation of timer group when stopping No
Stop emulation of senal group when stopping No

~ Mask For Input Signal
Mask Target Reset Signal No
Mask Internal Reset Signal No

v Memory
Verify On Writing To Memory Yes

| Allow to access by stopping execution while running Yes |< |
~ Start/Stop Function Setting
Figure 9-4 Debug Tool Settings
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4. Select the [Startup] tab. Confirm that “Set breakpoint at:” and “Resume” are selected as shown in
the figure below, then click [Apply] and [Close]. This completes the debug configuration for tuning.

a Debug Configurations

Create, manage, and run configurations

{HeRR BT -
type filter text

| C/C++ Application
C/C++ Remote Application
EASE Script
| GDB Hardware Debugging
| GDB Simulator Debugging (RH850)
% Launch Group
~ [£7] Renesas GDB Hardware Debugging

w1

51 7]

[7] Renesas Simulator Debugging (RX, RL78)

Filter matched 9 of 11 items

[m| X ‘
Name: | Capacitive_Touch_Project_Example HardwareDebug
Main 13 Debugger | # Startup Common
Initialization Commands £

[] Reset and Delay (seconds):

[JHalt

[c"| Capacitive_Touch_Project_Example HardwareDebug

Load image and symbols

Filename Load type Offset (hex)  On connect

Add..
Program Binary [Capaci.. Image and Symbols 0 Yes

Runtime Options
[ set program counter at (hex):
[~] Set breakpoint at: | main

[ Resume]

Run Commands

Reyert Apply @

Figure 9-5 Runtime Options Settings
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10. Capacitive Touch Sensor Tuning with QE for Capacitive Touch

This section describes how to tune the project using QE for Capacitive Touch.
1. Click [Start Tuning] in [CapTouch Workflow (QE)] to start automatic tuning.

Note: In the application example, power is supplied to the target board from the emulator for easy
confirmation of the operation. The power can also be supplied to the target board via E2
emulator Lite from the USB port on the PC, however we recommend using power generated by
the target board for tuning.

,m Capacitive_Touch_Project_Example.scfg b CapTouch Workflow (QE) =
|£| » B8 QE for Capacitive Touch

oo

”\‘/) Preparation Tuning Coding Monitoring

. A
1.Preparation hd Start Tuning
v

@ Select a Project

@ Prepare a Configuration QE will automatically perform tuning processing for each touch sensor.
Connect your target board and PC via an emulator.

2. Tuning Touch Sensors h

Select a Connection Method To Start Tuning

Start Tuning (Emulator) <:

Output Parameter Files

3.Coding - Start Tuning <:

Implement Program O Advanced mode

Follow instructions in the dialog.

4.Monitoring -

Select a Connection Method Display Tuning Result ]

Start Monitoring (Emulator)

Figure 10-1 Start Automatic Tuning
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2. Set the same value as the voltage [V] supplied to the MCU as shown below, and click [OK].

Q Power Supply Voltage of MCU (VDD) X

MCU power supply voltage (VDD) [V] = <:I

* Set the voltage within the operating range of the device.

* When you use an MCU that has EVDD, replace VDD with EVDD.

OK <:::| Cancel Help

Figure 10-2 Setting the Voltage Value Supplied to MCU (tuning setting)

Note: In this application example, power is supplied from the E2 emulator Lite. Therefore, the “MCU
power supply voltage (VDD) [V]” is 3.3 V.

3. When the debug session is started, e? studio may display the message to switch to the debug
perspective. If the message is displayed, check [Remember my decision(R)], then click [Switch] to
continue the debug session and automatic tuning for QE for Capacitive Touch.

ﬁ Confirm Perspective Switch >

| This kind of launch is configured to cpen 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?

[~l:Remember my decision:

s d=T

Figure 10-3 Confirm Perspective Switch
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4. The following message will appear. Click [Yes].

8 QF for Capacitive Touch >

Please check power supply setting of your target system. It is recommended not to
use power supply from the emulator.
Do you want to continue?

Yes * No

Figure 10-4 Confirmation of Power Settings for Target System

5. Automatic tuning for QE for Capacitive Touch is started. Continually confirm the “Automatic Tuning
Processing” dialog box that guides the tuning process.

The following is an example of the dialog box. Normally, the initial tuning processing will not require
any action on the part of the user.

ﬁ Autematic Tuning Processing X

1/7: 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 10-5 “Automatic Tuning Processing” Dialog Box (during initial tuning process)

The dialog box as shown below is displayed after several steps in the process. At this point, touch
sensitivity in the tuning processing is measured. Touch the sensor (Button01/TS05) indicated in the
dialog box with normal pressure. When touching the sensor, the bar graph increases to the right
and the number indicating the touch count value increases. Press any key on your PC keyboard
while touching the sensor to confirm the measurement.

a Automatic Tuning Processing *

5/7: QE will now measure touch sensitivity for (Button01, TSO5 @ 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.

Button01, TSO5 @ config01: 11598

Figure 10-6 “Automatic Tuning Processing” Dialog Box (while measuring touch sensitivity)
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6. Repeat the same procedure for Button00/TS06.

7. When the tuning is completed, the following dialog box appears showing the threshold values. These
threshold values are used for touch event judgement in the middleware.

a 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 Waming / Error
L config0l Button Butonoo Ts05 7 ]
O config01 Button Button01 TS05 1432

Retry | Continue the Tuning Process

Figure 10-7 Tuning Results Display

8. Click [Continue the Tuning Process] in the displayed dialog box. The tuning process finishes and

the target board and debugging session are disconnected. The process then goes back to
[CapTouch Workflow (QE)].

ﬁ Automatic Tuning Processing

The automatic tuning process is
retried. If there are continued o
Capacitive Touch for guidance.

Select the target Method Kind  Mame

L) configdl Button Buttol
[] configd1 Button Buttol

Retry | Continue the Tuning Process <:

Figure 10-8 Continue the Tuning Process
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9. Click [Display Tuning Result] in [CapTouch Workflow (QE)] to display [CapTouch Tuning Result

(QE)] and check the detailed tuning results.

{8} Capacitive_Touch_Project_Example scfg

£ CapTouch Workflow (QE) X [E
[ﬁ] q QE for Capacitive Touch

€ | ctsu_tuning_main() at tuning_ctsu2.c:628 Oxfd021

L&} Capacitive_Touch_|

@

) Preparation Tuning Coding

. ; ~
1.Preparation - Start Tuning

v
G/) Select a Project
@ Prepare a Configuration QE will automatically perform tuning processing for each touch sensor.
Connect your target board and PC via an emulator.

2.Tuning Touch Sensors -

Select a Connection Method To Start Tuning
@ Start Tuning (Emulator)

z Follow instructions in the dialog.
Output Parameter Files RIS aRes »

3.Coding - Start Tuning
Implement Program
4.Monitoring >

Select a Connection Method

Problems Console Properties

[ Display Tuning Result ] < I
Start Monitoring (Emulator)

Smart Browser Smart Manual CapTouch Tuning Result (QE) X
Tuning  Gesture

Touch I/F Configuration: Capacitive_Touch_Project_Example

Method Kind Mame Touch Sensar  Parasitic Capacitance[pF] Sensor Drive Pulse Frequency[MHz] Threshold Scan Time[ms] Overflow

[ configny {Buttontoein) [ Buston00 (7506 T2osey o T 117 (o576 IMone ]

configd1 Button(self) Button01 TS05 19.083 2432 1432 0.576 None
Figure 10-9 CapTouch Tuning Result (QE)

RO1AN5512EJ0400 Rev.4.00

Page 49 of 84
Aug.27.25 RENESAS



RL78 Family Using QE and SIS to Develop Capacitive Touch Applications

10. Click [Output Parameter Files] as shown below to output the tuned parameter files.

‘zq,,r Capacitive_Touch_Project_Ex... b CapTouch Workflow (QE) X .c_| ctsu_tuning_main({) at tuning... |g Capacitive_Touch_Project_Ex...

@ ) B8 QE for Capacitive Touch
® Preparation Tuning Coding

. A
1.Preparation v E To Output Parameter Files

@ Select a Project

Monitoring

@ Prepare a Configuration Output parameter files from a tuning result.

2.Tuning Touch Sensors - Output Parameter Files l<:

Select a Connection Method

(O Specity an output folder

@ Start Tuning (Emulator) (0 Use an external trigger

Output Parameter Files (0 Use diagnostic code

Use API compatilibity mode

Figure 10-10 Output Parameter Files

11. Confirm that qe_touch_config.c, qe_touch_config.h, and ge_touch_define.h have been added in
the “Project Explorer” window.

These files include the tuning information required to enable touch detection using the driver.

& 20250718a_APN_r01an5512 - e? studio
File Edit Source Refactor MNavigate Search Project Renesas’
Q- Bieityq@ -

Project Explorar X BEEY 8 =¢C

]

i Igc Capacitive,Touch,ProjecLExampleé
ijp Binaries
[ri¥ Includes
~ [ ge gen

[€] ge touch config.c
[H ge_touch_config.h
[H ge_touch_define.h

(2 src

== HardwareDebug

[= QE-Touch

[= trash

Capacitive_Touch_Project_Example.rcpc

i:’:? Capacitive_Touch_Project_Example.scfg

|= Capacitive_Touch_Project_Example HardwareDebug.launch
(?) Developer Assistance

Figure 10-11 Tuning Parameter File Output

12. Click on the top left of 2 studio to build the project. In the “Console” window, confirm that no
error has occurred during the build.

This completes the tuning of the capacitive touch sensor using QE for Capacitive Touch.
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11. Adding API Call for rm_touch Middleware

This section describes how to add the API call for the rm_touch middleware to the project and enable

capacitive touch control.

1. Click [Show Sample] in [CapTouch Workflow (QE)] to implement the program that scans the touch

sensor.

{8} Capacitive_To... £ capTouch work..

ﬂ] n QE for Capacitive Touch

@) Preparation @)

Tuning

1.Preparation v
@ Select a Project

@ Prepare a Configuration
2. Tuning Touch Sensors v

Select a Connection Method
(f) Start Tuning (Emulator)

(\/D Output Parameter Files

3.Coding -

[T ctsu_tuning_..

2

Implement Program <1
—

N

L€ Capacitive_To...

Coding Monitoring

Coding

Implement a program using the touch
mterfaces.

To Show Code

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

@ 0
oo | O

Show Sample (£ I

Figure 11-1 Sample Code Example Display

2. The “Show Sample Code” window opens and displays the sample code. Click [Output to a File] and

[OK] to output the sample code.

& Show Sample Code
Sample code of main() function

* SPDX-License-ldentifier: BSD-3-Clause

* Copyright (c) 2020 - 2025 Renesas Electronics Corporation and/or its affiliates

!
* File Name :ge_touch_sample.c
* Description : Main Program for RL78

#include “qe_touch_configh”

void R_CTSU_PinSetinit{void);
void ge_touch_main{void);
void ge_touch_delay(uint16_t delay_us);

uintb4_t button_status;

<

Copy to the Clipboard

Qutput to a File

#define TOUCH_SCAN_INTERVAL_EXAMPLE (20 * 1000) /* microseconds */

>

Show the Application Note

=

X

Figure 11-2 Sample Code Output to File
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3. Confirm that “qe_touch_sample.c” file is generated in “Project Explorer”.

T earch Proiect Renesas

B-K-0ivit-Q-

Project Explorer < BeY § = 0O
Vi Capacitive_Touch_Project Example [HardwareDebug]
b" Binaries
@il Includes
v (2 ge_gen
» Lg| ge_touch_config.c
» (| ge_touch_configh

' || ge_touch_defineh
+ L] ge_touch_sample.c
) (@3 src

* = HardwareDebug
» k= QE-Touch
' = trash
D Capacitive_Touch_Project_Example.rcpc
5 Capacitive_Touch_Project_Example.scfg
= Capacitive_Touch_Project_Example HardwareDebug.launch
(7) Developer Assistance

Figure 11-3 QE Output Code (ge_touch_sample.c) Generation Confirmation

4. Open “Capacitive_Touch_Project_Example.c”.

B~ Dienitp~qQ-~
Project Explorer X S8 Y § =0
v s Capacitive_Touch_Project_Example [HardwareDebug]
: 1;;" Binaries
* mit Includes
v 2 ge_gen

» Le] ge_touch_config.c
[n] ge_touch_config.h
> Lh| ge_touch_define.h
» Le] ge_touch_sample.c
v (3 sre
(= smc_gen

» Le] Capacitive_Touch_Project_Example.c <:
= HardwareDebug

* (= QE-Touch
* = trash
!:] Capacitive_Touch_Project_Example.rcpc
45} Capacitive_Touch_Project_Example.scfg
Capacitive_Touch_Project_Example HardwareDebug.launch
) -,'jj Developer Assistance

Figure 11-4 Select Capacitive_Touch_Project_Example.c
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5. Add codes “void ge_touch_main(void);” and “qe_touch_main();” (marked with red in the figure)
into the “Capacitive_Touch_Project_Example.c” file to call the ge_touch_main() function form the
main() function.

Capacitive_Touch_Project_Example.c =

| | 1 10 1 20 1 a0 1 40 1 50
191y
20|
2% File Name : Capacitive_Touch_Project Example.cu
22 |4 Description @ Main Program.
23 |% Creation Date: 2025-07-18.
2414 This file waz zenerated by Emart Confizurator..
25
2B [finclude “r_smc_entry.h™ .
i

4
28 lint main (void); .

249[[woid qe_touch_main{yoid); . |<|_I
T b J

H [int main(void)
ST
33 EIf):y
34 A
as| qe_touch_main(): L | (‘ ]

a7 return 0; .
a8 |1
a9 |«

Figure 11-5 Set Call for qe_touch_main() Function

6. Click the hammer icon on the top left in €2 studio to build the project.
Confirm that there is no error displayed in the “Console” window.

This completes all the needed code modifications required for this simple application example.
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12. [Additional function] Setting the serial communication monitor using UART (2/3)

Note: Monitoring touch performance for touch applications can be confirmed by communication via
the OCD (On-Chip Debugging) emulator. However, RL78 family case, monitoring performance

is limited by the OCD function of the RL78 family.
On the other hand, monitoring touch performance can also be achieved via serial

communication. Therefore, if you want to monitor smoothly, please add the monitoring

function via serial communication (This is the recommended setting.).

Chapters 7, 12 and 14 (including this chapter) shown below describe setting the serial communication

monitor using UART.

e “7. [Additional function] Setting the serial communication monitor using UART (1/3)”
e “12. [Additional function] Setting the serial communication monitor using UART (2/3)”
e “14. [Additional function] Setting the serial communication monitor using UART (3/3)”

1. Open the “Config_UARTA1_user.c’ file.

ﬁ 20250718a_APN_r01an5512 - Capacitive_Touch_Project_Example/:
File Edit Source Refactor Mawigate Search Project Renesas'
DR - BDiaitevqQ-
=

Project Explorer = g O

v |5 Capacitive_Touch_Project_Example [Hard
:c-," Binaries
it Includes
v £ ge_gen
.t| ge_touch_config.c
.n| ge_touch_config.h
| ge_touch_define.h
| ge_touch_samplec
v 3 src
v (= smc_gen
= Config_PORT

v = Config_UARTA1
(] Config_UARTA1_userc <:|
¢| Config UARTA1.c
.h| Config_UARTA1h
L general
= r_bsp
% r_config
= r_ctsu
= r1_pincfg
= rm_touch
¢| Capacitive_Touch_Project_Example.c
(= HardwareDebug
= QE-Touch
k= trash
J Capacitive_Touch_Project_Example.rcpc
o Capacitive_Touch_Project_Examplescfg
Capacitive_Touch_Project Example HardwareDebug.launch

7) Developer Assistance

Figure 12-1 Select Config_ UARTA1_user.c
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2. Add the code “extern void touch_uart_callback(uint16_t event);” in the red frame to
Config_UARTA1_user.c file as shown in the image below.

Config_UARTA1_user.cx
: 10 | 20m 30 ' 40 ' 50 ' 60 ‘
P 2t i st s R s s Tt st sttt T I T ITIIT I IIITTITIET I I I It
Global variabhles and functions)
P 222ttt 22ttt s sttt sttt sttt 22ttt 22 1Tt Tttt TITIITIIEE:

43
44

45
46
47
48
49
50

extern
extern
extern
extern

volatile
volatile
volatile
volatile

uint16_t g_uartal _rx_total_num;!
uint8_t % gp_uartal_rx_address;.
uint16_t g_uartal _rx_num;.|

uint8_t % gp_uartal _tx_address;|

extern volatile uint16_t g_uartal_tx_count;.
/# Start user code for global. Do not edit comment
extern void touch_uart_callback{uint16_t event);
/% End user code. Do not edit comment generated

51
52
53

3.

Figure 12-2 Config_UARTA1_user.c (1/3)

Add the code “touch_uart_callback(0);” in the red frame to Config_UARTA1_user.c file as shown
in the image below.

Config_UARTA1_user.cx

[ | I 10 l 20 ' 30 ' 40 ' 50 ' B0 ' 70 ' 80 ' 30 '
67 | /R R KRR AR KRR R KRR AR R AR R KRR kR KRR kKRR Rk KRRk Rk R R Rk kR kR Rk kK kR Rk kR KRk kK
68|* Function Name: r_Config_UARTAI _callback_sendendl
62 |* Description : This function is a callback function when UARTAD finishes transmission.l
70|* Arguments : Naonel
71|* Return Yalue : Nonel
72 | ARk R R AR R R R R AR KRR AR R R AR KRR R KRR R A AR R Rk R R R Rk Rk Rk R Rk Rk kR kR Rk Rk R kR kR Rk Rk R kR Rk
H3|static void r_Config_UARTA1 _callback_sendend(void) |
=2 74({y
75 f+ Start user code for r_Config_UARTA _callback_sendend. Do not edit comment generated here ¥/}
76| touch_uart _cal lback(0);|i
77 /% End user code. Do not edit comment generated here #/|
78|11
Figure 12-3 Config_UARTA1_user.c (2/3)
4. Add the code “touch_uart_callback(1);” in the red frame to Config_UARTA1_user.c file as shown

in the image below.

Config_UARTA1_user.c =

1 10 ' 20 B 30 ' 40 I 50 ' 60 ' 70 [ &0 ' 40 ' 100
N ER a2ttt Ittt Tt T T Tt Tttt st I I Ittt T T T I I I ItTIITIT It It I I I T T
81|* Function MName: r_Config_UARTAI _callback_receiveend.
82|* Description < This function is a callback function when UARTA]D finishes reception.!
83(* Arzuments : Nonel
g4 |%x Return Yalue : Nonel
IR R R e s ettt st s sttt sttt ettt sttt sttt st sttt sttt It Ittt II It It T I I Tt
H3|stalic void r_Config_UARTA1 callback_receiveend(void)|
=2 87|y
88 f Start uyser code for r Cpnfig UARTAT1 callback_receiveend. Do not edit comment generated here */)
89| touch_uart _callback(1);!
90 | 7% End user code. Do not edit comment zenerated here %/
911l

Figure 12-4 Config_UARTA1_user.c (3/3)
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5. Click the hammer icon on the top left in e2 studio to build the project.

Confirm that there is no error displayed in the “Console” window.

13. Monitoring Touch Performance using e? studio Expressions Window and QE for

Capacitive Touch

1. Start a Debug session by clicking the Bug icon *# lin the upper left-hand corner of e? studio. A

Debug session will commence.

Q 20250718a_APM_r01an5512 - Capacitive_Touch_Project_Example/src/smc_gen/Config_UAF

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

- QDD

Project Explorer = O {} Capacitive_Touch_Proje.. ™ CapT
= ﬂ:b 7 8 53 /* End user cot
. . ' 54
v |5 Capacitive_Touch_Project_E le [H :
i Capacitive_Touch_Project_Example [Har - ®* Function Nam

-#;;P Binaries

oh

~“void R_Config_|

Figure 13-1 Debug icon Selection

2. The debugger will stop at the main() function call.

3. Open the declaration of ge_touch_main() function.

¢ Capacitive_Touch_Proj... b CapTouch Workflow (QE) [t | ctsu_tuning_main{) at ...

® * DISCLAIMER

®* File Name : Capacitive_Touch_Project_Example.d

#include "r_smc_entry.h"

int main (void);
void ge_touch_main(void);

int main(veid)

¢] Capacitive_Touch_Prgj.. x

: i
=3 EI(); ) Undo Typing Ctri+Z
FERETE ) {——— Right-click |
. return 8; Open Declaration <: F3
= ct i ¥ Open Type Hierarchy F4
Open Call Hierarchy Ctri+Alt+H
Figure 13-2 “Open Declaration” Selection
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4. Scroll down in the qe_touch_sample.c file to the RM_TOUCH_DataGet() function in the while

(true) loop. Add the variable button_status to the expressions window.

f* Main loop */
while (true)

{

* for [CONFIG@1]
err = RM_TOUCH_ScanStart (g_ge_touch_instance_config@l.p_ctrl);
if (FSP_SUCCESS |= err)

configuration */

{ . .
b2 while (true) {} RIght-Clle
}
119 while (@ ==

g_qe_touch_flag) {}
g_qe_touch_flag = @;

err = RM_TOUCH_DataGet (g_ge_touch_instance_config@l.p_ctrl,
if (FSP_SUCCESS == err)

“button statush

Source

Surround With
Refactor
Declarations
References

Search Text

Build Selected File(s)
Clean Selected File(s)
Resource Configurations
Step Into Selection
Run to Line

Move to Line

Resume at Line

{ D0: Add your own code here. */ i(.:.‘|I Add Watch Expression...
} Q FRunas
Figure 13-3 “Add Watch Expression” Selection
5. Enable Real-time Refresh for variables added to the “Expressions” window.
Variables Breakpoints Project Explorer Expressions X % = 0
“A=IEE £ il S
Egpresgon Type Name : button_statL

<) button_status uinte4_t
e Add new expt Select ANl

Copy Expressions
# Remove
& Remove All
Number Format
Add Expression Group

Find..

Add Watch Expression...
Disable

able

Edit Watch Expression...

=P

Cast To Type..

o

Display As Array...
Enable Real-time Refresh

e

Value 3
0 <:| Right-click $:9

Ctri+ A
Ctri+C

Ctri+F

Add Watchpoint (C/C++)...

=t

Real- “*:“ e
Momitor expression

in real- TI"""IF

Figure 13-4 “Real-time Refresh” Selection
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6. Check that “Real-time Refresh” for variable is enabled.

B0 % X3
Expression Type Value Address name

I:ruttun_status uintsd_t i) £
o Add new expres

[
Select All

Copy Expressions

Figure 13-5 Check the enabled setting for “Real-time Refresh”

7. Click the “Resume” button located approximately of the e? studio menu bar to continue code
execution.

Q 20250718a_APM_r01an5512| [apacitive_Touch_Project_Example/qe_gen/ge_touch_sample.c - e studio

File Edit Source Refactor igate Search Project RenesasViews Run Window Help
BRK - Bie|p I BN piv Q@ -ilarisin~
Debug X E %¢ i'ﬁ'*|(ﬁ'f3 § = O % capTouchWo.. [t] ctsu_tn
v E_j Capacitive_Touch_Project_Example HardwareDebug [Renesas GD §§§ 39 08803172 BSP_

Figure 13-6 “Resume” button Selection

8. Press TS05 on the board, which was configured as Button01 in Chapter “8. Creating the
Capacitive Touch Interface” of this application guide. When pressed, a ‘1’ will appear for
button_status in the Expression window, indicating a binary indication of touch.

Expressicn Type Walue

< button_status uintsd_t 1 <:

op Add new expression

Figure 13-7 Check “button_status”
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9. From [CapTouch Workflow (QE)] pane, click “Select a Connection Method” under “Monitoring”
and select [Emulator].

b CapTouch Wo... .c__| ctsu_tuning... |—Q Capacitive_..

[€ Config_UARTA... (€ ge_touch_sam... &
g q
@ » B QE for Capacitive Touch
@) Preparation ® Tuning (@) Coding Monitoring
. ~
1.Preparation hd 5 Select a Connection Method
@ Select a Project
@ Prepare a Configuration Select a connection method for monitoring.

l Emulator ~ l
2. Tuning Touch Sensors A

Select a Connection Method
@ Start Tuning (Emulator)

@ Output Parameter Files I Select a Connection Method

3.Coding - Select a connection method for touch

sensor monitoring.

@ Implement Program Option Detail

. . Perform monitoring via
= i 2
4.Monitoring Emulator emulator connection

Select a Connection Method

Perform monitering via

Serial N iy ;
Start Monitoring (Emulator) setial (UART) connection.

Figure 13-8 Select a Connection Method (Emulator Connection)

10. Click “Start Monitoring (Emulator)” and select “Show Views”.

9 CapTouch Wo.. X [E] ctsu tuning... [€ capacitive.... [€] Config_UARTA... [€] ge_touch sam.. ] = O
> 8
@ @3 QE for Capacitive Touch
® Preparation ® Tuning ® Coding Monitoring

. A
1.Preparation v E Monitoring

@ Select a Project

@ Prepare a Configuration You can check a behavior of touch interfaces and make
fine adjustments.

2.Tuning Touch Sensors hd

Select a Connection Method To Launch Debug (via Emulator)

@ Start Tuning (Emulator)

@ Output Parameter Files Launch debugging for your target project and execute the
program.

3.Coding

@ Implement Program To Enable Monitoring

4.Monitoring hd

Show monitoring views and enable a monitoring function.
Select a Connection Method

Start Monitoring (Emulator) < I [ BLESTUELE ]< I

Figure 13-9 “Show Views” Selection (Emulator Connection)
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11. It may be necessary to drag the pane up for better viewing, however you should see the “CapTouch
Board Monitor (QE)” pane appear like the image below.

CapTouch Board Monitor (QE) Ly R E.I 8

———————— -

Touch IfF; v

Button00

H

Button01

H

Figure 13-10 “CapTouch Board Monitor (QE)” (Emulator Connection)

12. Click the [Enable Monitoring] button. The dialog text will change to “Monitoring: Enabled”.

=

CapTouch Board Monitor (QE) > ey B El §

Enable Monitoring | Monitoring: Disabled, Communication Status: Connecting via OCD emulator

Touch | hd

Figure 13-11 [Enable Monitoring] Selection (Emulator Connection)

13. Touch the button TS06 on the target board. The “CapTouch Board Monitor (QE)” will show a touch
with a finger image on the button like the below image.

Button00

Figure 13-12 Touch Status Display (1)
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14. To see a graphical representation of the ‘touch counts’ from the board, use the [CapTouch Status

Chart (QE)].
b(apTﬂuch Wo... || Capacitive_... \.c] ge_touch_sam... b CapTouch Sta.. X ™3 = 8
~
Touch I/F: v [[]Sync a selection
Select the touch I/F to monitor
Touch Position: Baseline: Threshold: I:l Touch ON/OFF difference: I:l
W
<

Figure 13-13 “CapTouch Status Chart (QE)” (1)

15. Using the pulldown, select “Button00 @ config01”.

™ capTouch Wo... L] Capacitive_. l¢l ge_touch_sam... ™) CapTouch Sta.. X ™ = O
B ~
Touch I/F: A hd | Sync a selection
Button00 @ configd1 <
Select the 1
S e IR tton01 @ configo N
Touch Position: |:| Baseline: |:| Threshold: |:| Touch ON/OFF difference: |:|
L
< >

Figure 13-14 Touch I/F Selection
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16. The graph will begin to display running values. Touch TS06 on the board and you should see the
‘touch counts’ show as a step change on the running graph. The GREEN line is the touch
‘Threshold’, which the middleware uses to determine whether a button is actuated/touched. The
RED BELT at the bottom of the graph is a visual indication to the user that the ‘touch counts’ have
crossed above the threshold and a touch is detected.

¥ (=]

b CapTouch Wo... \.e| Capacitive_... \€] ge_touch_sam... b CapTouch 5ta.. 3
QK E

Touch I/F: button[)[) @ config01 W ] Sync a selection

0

3 |ooo

I/F Type: Button(self), TS Pin(s): TS06

Measurement Value: Baseline: Threshold: Touch ON/OFF difference:

Start Data Collection

Figure 13-15 Graph of the Touch Counting Value (1)
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Note: Measure the Signal-to-Noise Ratio (SNR) values as required.
When measuring the SNR value, perform steps 17 to 20.

17. Click on [Start Data Collection] on the [CapTouch Status Chart (QE)].

™ CapTouch Wo.. [ Capacitive_.. lg] ge_touch_sam.. ) CapTouch Sta.. X ™% = O
o))~
Touch I/F: Button[}[} @ config01 W []5ync a selection ~

I/F Type: Button(self), TS Pin(s): TSO6

Measurement Value: 11432 | Baseline: 11417 | Threshold: 1317 | Touch ON/OFF difference:

Start Data Collection

Figure 13-16 [Start Data Collection] button

18. Make settings for data collection as shown in the figure and click on [Start Data Collection].
Do not touch the sensor while collection of data in the touch-off state is in progress. The green bar
indicates progress in data collection. When the green bar reaches the right end, the ratio of data
collection is 100% so data collection in the touch-off state is completed.

Q Data Collection Settings X

MNumber of data collected: 1000 v

Data collection target: ) Touch OFF ouch OFF + Touch ON

Collection data: () Measurement 1\.-’aluel @Touch ON/OFF dif'ference§

Probability: 0.1% (3.09) v

Start Data Collection|< Icel

bCapTouch Wo... €] Capacitive_... €] ge_touch_sam... b CapTouch Sta.. X %
=)=

Touch I/F: Button00 @ config01 W [ Sync a selection

3 |ooo i

I/F Type: Button(self), TS Pin(s): TS06

Measurement Value: 11418 | Baseline: 11420 | Threshold: 1317 | Touch ON/OFF difference:
Stop Data Collection | |G

Figure 13-17 Starting Data Collection (Touch-off State)
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19. Collect data in the touch-on state in the same way. Make sure that one of your fingers is touching the
sensor then click on [Start Data Collection]. When the green bar reaches the right end, data
collection in the touch-on state is completed.

& QE for Capacitive Touch x

MNext, collect data during Touch ON. When you are ready to take measurements, click

| |
"W the Start data Collection button.
A
L__q*s___lﬂ,_l

&) CapTouch Wo... gl Capacitive_.. |l ge_touch_sam... & CapTouch Sta... X ™ =
b b B2

[1sync a selection

3 |ooo [

Touch I/F: |Button00 @ config01 v

I/F Type: Button(self), TS Pin(s): TS0&

Measurement Value: 11428 | Baseline: 11453 | Threshold: 1317 | Touch ON/OFF difference:

Start Data Collection

Figure 13-18 Starting Data Collection (Touch-on State)

20. After data collection is completed, the SNR value will be displayed.

& Standard Deviation Measurement Result X

Moise Standard Deviation [NT]: Average [NT]: Minirmurm: Maximum: 50
MNoise Standard Deviation [T]: m Average [T]: Signal: 2005 || SNR: 20.54

SNR is calculated with a probability of 3.09.

Measurement results are saved in the QE-Touch folder.

H

K

Figure 13-19 SNR Value
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21. Display graphs of touch counting values for multiple touch sensors in the multi-status chart.

Select the touch sensors for which values are to be displayed on the [CapTouch Multi Status Chart

(QE)] in the lower left part of the QE window.

CapTouch Multi Status Chart (QE) B E2 2 =2 0O
. Button00, TS06 @ ¢ v . Button01, TS05 @ ¢ H ]
11446 11422
- W
L4 >

Select the touch interface.

Figure 13-20 CapTouch Multi Status Chart (QE)

22. If you will check and adjust the touch parameters, use the “CapTouch Parameters (QE)”.

Q T BEC/Cr+ o Smart Configurator %F Debug bCapTDu(n Monitor (QE) From left to I'Ight
CapTouch Parameters (QF) X & - Enable Monitoring
Select the touch interface. - Display in Advanced Mode

- Read Value from the Target Board
Touch I/F;  Button00 @ configD1 v | [] Sync a selection
- - Write Value to the Target Board
I/F Type: Button(self), TS Pin(s): TS06

- Enable Auto Writing

Item Value

Sample count for dnift correction (number of sample) 255 - OUtpUt Parameter Files
Continugus Touch Cancel Count (Count] 0

Debouncing count of touch-on filter (Count) 3

Debouncing count of touch-off filter (Count) 3 \
4

Average sample count for moving average filter (number of sample)
Touch Threshold 1317
Hysteresis 65

Touch Parameters

Set a value of touch threshold.

Touch Thresheld is a parameter used for determining whether the button / key pad
button switches from touch OFF to ON.

The buttan / key pad button is judged to be touch ON when the measurement value

exceeds the value specified in [Touch Threshold] At B B
Input a value between 1 and 65535. & A descrlp’non IS dlsplayed for
Input a value larger than [Hysteresis]. the selected touch parameter.

This setting item will be applied for each button.

Figure 13-21 Adjusting Parameters
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23. If you will finish monitoring, click the [Enable Monitoring] button. The dialog text will change to
“Monitoring: Disabled”.

Q 20250718a_APN_r01an5512 - e? studio
File Edit MNavigate Search Project RenesasViews Run Window Help

B-Q{R-Bin [P IBNIRRE( - Q-ilk-io 0w~

CapTouch Board Monitor (QE) X Lo R L8 =

Enable Monitoring | Monitoring: Enabled, Communication Status: Connecting via OCD emulator

Touch I/F; hd

Button00

Figure 13-22 Disable monitoring (1)

24. If you will finish the debug session, click the “Terminate” icon to end the debug session.

& 20250718a_APN_r01an5512 - e? stu

File Edit Mavigate Search Projec esas Views Run Window Help
:ﬁ}v«ﬁgva\@\|_D;@g.?_____§i;|:t;qu ~ 35 -
CapTouch Board Monitor (QE) |Terminate (Ctri+F2) o BB O 8 = O
{ ; b

:Enable Monitoring; Monitoring: Disabled, Communication Status: Connecting via OCD emulator
Touch I/F: ¥ v
Figure 13-23 “Terminate” icon
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14. [Additional function] Setting the serial communication monitor using UART (3/3)

Note: Monitoring touch performance for touch applications can be confirmed by communication via
the OCD (On-Chip Debugging) emulator. However, RL78 family case, monitoring performance

is limited by the OCD function of the RL78 family.
On the other hand, monitoring touch performance can also be achieved via serial

communication. Therefore, if you want to

monitor smoothly, please add the monitoring

function via serial communication (This is the recommended setting.).

Chapters 7, 12 and 14 (including this chapter) shown below describe setting the serial communication

monitor using UART.
L]
[ ]

“7. [Additional function] Setting the serial communication monitor using UART (1/3)”
“12. [Additional function] Setting the serial communication monitor using UART (2/3)”
“14. [Additional function] Setting the serial communication monitor using UART (3/3)”

1. Connect the target board to the PC via serial connection (UART / USB).

Run the touch application program on the target board.

Open the [CapTouch Workflow (QE)] pane. Ensure the project folder

(Capacitive_Touch_Project_Example) and the tifcfg file
(Capacitive_Touch_Project_Example.tifcfg) are set as shown below.

b CapTouch Wo.. > [g] Capacitive_.. [£] ge_touch_sam... b CapTouch Sta... 7y E_‘S § = B
|ﬁ| ¥ QE for Capacitive Touch
@) Preparation &) Tuning ® Coding Monitoring
. A
1.Preparation hd E Select a Project
@ Select a Project <:
@ Prepare a Configuration Prepare a project that uses the touch interfaces.
2.Tuning Touch Sensors -
Select the target project.
Select a Connection Method
I Capacitive_Touch_Project_Example v l
@ Start Tuning (Emulator)
@ Output Parameter Files
e

1.Preparation

@ Select a Project

@ Prepare a Configuration ¢ I

A
E To Prepare a Configuration

Select or create a touch interface configuration.

hJ

2.Tuning Touch Sensors

I Capacitive_Touch_Project_Example tifcfg ]<:

Figure 14-1 Selecting the project and touch interface configuration
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4. Click “Select a Connection Method” under “Monitoring” and select [Seriall.

1.Preparation

@ Select a Project

@ Prepare a Configuration

2. Tuning Touch Sensors
Select a Connection Method
@ Start Tuning (Emulator)

@ Output Parameter Files

3.Coding

@ Implement Program

4.Monitoring

Select a Connection Method <:

Start Monitoring (Serial)

P
E Select a Connection Method

Select a connection method for monitoring.

l Serial

V|<—|

I Select a Connection Method

Select a connection method for touch sensor

monitoring.
Option Detail
Perform monitoring via emulator
Emulator : =
connection
Perform monitoring via serial
Serial =

(UART) connection.

Figure 14-2 Select a Connection Method (Serial Connection)

5. Click “Start Monitoring (Serial)” under “Monitoring,” set the “Baud rate” to “153600” (bps), and click

the [Connect] button.

1.Preparation h

@ Select a Project

@ Prepare a Configuration

2.Tuning Touch Sensors -
Select a Connection Method
@ Start Tuning (Emulator)

@ Output Parameter Files

3.Coding -

@ Implement Program

4.Monitoring A

Select a Connection Method

Start Monitoring (Serial) < I

N

~
S Monitoring
'

You can check a behavior of touch interfaces and make fine
adjustments.

To Connect UART

Enable a monitoring function via serial communication. if you
do not use an emulator.

Baud rate

[153600 ] < I
Port

Auto ~ ]

[Comen ]< |

To Enable Monitoring

Show monitoring views and enable a monitoring function.

Figure 14-3 Serial Connection

Note: For the baud rate (bps) setting value, use the baud rate (bps) set in step 4 of chapter "7.
[Additional function] Setting the serial communication monitor using UART (1/3)".
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6. When serial connection is executed, the following message will appear in the console window. Then
select [Show Views].

Port

4.Monitoring ' Auto

Select a Connection Method

Start Monitoring (Serial)

To Enable Monitoring

Show monitoring views and enable a monitoring function.

ey

CapTouch Tuning Result (QE)

Problems Console Properties
QE for Capacitive Touch
I Connected to \\.\COM9. I

Smart Browser Smart Manual

Figure 14-4 “Show Views” Selection (Serial Connection)

7. [CapTouch Board Monitor (QE)] pane will appear as shown below.

@ 20250718a_APN_r01an5512 - e? studio

File Edit MNavigate Search Project RenesasViews Run Window Help

D-{R- B P UM R FE-QRik-I

CapTouch Board Monitor (QE) >

= = —— - -
Enable Monitoring | Monitoring: Disabled, Communication Status: Connecting vialserial communication (UART / USB)

Touch I/F:

W

Button00

H

Button01

H

Figure 14-5 “CapTouch Board Monitor (QE)” (Serial Connection)
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8. Click the [Enable Monitoring] button. The dialog text will change to “Monitoring: Enabled”.

Q 20250718a_APN_r01an5512 - e? studio
File Edit Mavigate Search Project Renesas Views Run Window Help

B-{ - Bie| g m e W~ Q-il 350~ &8
CapTouch Board Monitor (QE) >< Lo BE il § = 0O
|Enab|e Mon‘itoring‘ Monitoring: Disabled, Communication Status: Connecting via serial communication (UART / USB)
Touch I/F: b v

el

Button00

Figure 14-6 [Enable Monitoring] Selection (Serial Connection)

9. Touch the button TS06 on the target board. The CapTouch Board Monitor (QE) will show a touch
with a finger image on the button like the below image.

Button00

Figure 14-7 Touch Status Display (2)
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10. To see a graphical representation of the ‘touch counts’ from the board, use the CapTouch Status
Chart (QE). Using the pulldown, select Button00 @ config01.

) capTouch Wo... lg] Capacitive_. lg] ge_touch_sam... ) CapTouch Sta.. X ™ = O
B ~
Touch I/F:; A v [] Sync a selection
Select the JButton00 @ conf!gm <
Button01 @ config01
Touch Position: I:l Baseline: I:l Threshold: I:l Touch ON/OFF difference: I:l
!
< >

Figure 14-8 “CapTouch Status Chart (QE)” (2)

11. The graph will begin to display running values. Touch TS06 on the board and you should see the
touch count value show as a step change on the running graph.

£ CapTouch Wo... L] Capacitive_.... || ge_touch_sam... &) CapTouch Sta.. X ™ = d
. ~
Touch I/F: |Button00 @ config01 v [Jsync a selection
I/F Type: Button(self), TS Pin(s): TS06
Measurement Value: 11423 | Baseline: 11428 | Threshold: 1317 | Touch ON/OFF difference:
Start Data Collection
~
<

Figure 14-9 Graph of the Touch Counting Value (2)
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12. If you will finish monitoring, click the [Enable Monitoring] button. The dialog text will change to
“Monitoring: Disabled”.

File Edit MNavigate Search Project RenesasViews Run Window Help

D-QR~-Din [P UBNEZRRIB - Qriloviom- &g
CapTouch Board Monitor (QE) = Lo BH E‘o § = 0

‘Enable Morﬂtoring‘ Monitoring: Enabled, Communication Status: Connecting via serial communication (UART / USB)

Touch I/F: A W

Figure 14-10 Disable monitoring (2)

13. If you will finish serial connection, click the [Disconnect] button to disconnect from the serial port.

4. Monitoring it Auto

Select a Connection Method

Start Monitoring (Serial)

To Enable Monitoring
Show monitoring views and enable a monitoring function.
Problems Console X Properties Smart Browser Smart Manual CapTouch Tuning Result (QE)
QE for Capacitive Touch
Connected to \\.\COMI.
Console X Registers Problems Smart Browser Debugger Console Memory Executables

QE for Capacitive Touch

Connected to \\.\COM9.
|Disconnected from \\.\CDM9.|

Figure 14-11 [Disconnect] button Selection (Serial Connection)
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15. qe_touch_sample.c (Example of Using a Software Timer)

The sample program output from QE for Capacitive Touch is shown below.

% kK ok kK ok ok ok ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok K ok ok K o ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok o ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok K ok Kk kK ok ok Kk kK kK

* Copyright (c) 2020 - 2025 Renesas Electronics Corporation and/or its affiliates

*
* SPDX-License-Identifier: BSD-3-Clause
***************************************‘k***********************************************************************/

/% kK ok kK ok ok ok ok K ok ok K ok ok K ok kK ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok o ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok K ok Kk ok Kk ok Kk ok Kk k

* File Name : ge_touch sample.c
* Description : Main Program for RL78

ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok K ok K ok ok K ok ok K ok ok K ok ok ok ok K o ok K ok ok K ok ok K ok ok ok ok K ok ok K ok ok K ok ok K ok Kk ok Kk ok Kk ok Kk /

#include "ge_touch_config.h"

#define TOUCH_SCAN_INTERVAL EXAMPLE (20 * 1000) /* microseconds */

void R CTSU PinSetInit (void);
void ge touch main(void);

void ge touch delay(uintlé t delay us);

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)

uintl6é_t wheel position[TOUCH_ CFG NUM WHEELS];
#endif

void ge touch main(void)
{

fsp_err t err;
BSP_ENABLE INTERRUPT () ;

/* Initialize pins (function created by Smart Configurator) */

R_CTSU_PinSetInit();

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

{

/* for [CONFIGOl] configuration */

err = RM _TOUCH_ ScanStart
if (FSP_SUCCESS != err)

{
while (true) {}

while (0 == g ge touch flag)

g ge touch flag = 0;

err = RM _TOUCH DataGet
if (FSP_SUCCESS == err)

{

(g_ge touch instance config0Ol.p ctrl);

{}

(g_ge touch instance configOl.p ctrl, &button status, NULL, NULL);

/* TODO: Add your own code here. */

/* FIXME: Since this is a temporary process, so re-create a waiting process yourself. */

ge_touch delay (TOUCH_SCAN_ INTERVAL EXAMPLE) ;

void ge touch delay(uintlé_t delay us)

{
uint32 t i;
uint32 t loops required;

uintlé_t clock mhz;

clock mhz = (uintlé t) (R BSP GetFclkFregHz () / 1000000);
if (0 == clock mhz)
{
clock mhz = 1;
}
loops _required = ((uint32 t) delay us * (uint32 t) clock mhz);

loops required /= 20;

for (i = 0; i < loops required;

{
BSP_NOP () ;

i++)

RO1AN5512EJ0400 Rev.4.00
Aug.27.25

Re Page 74 of 84
RENESAS



RL78 Family Using QE and SIS to Develop Capacitive Touch Applications

16. [Practical applications] Touch Measurement by Hardware Timer

This section describes an example of an implementation with the use of a hardware timer to generate the
cycles of touch measurement. This example uses the interval timer function of the 32-bit interval timer in 8-bit
counter mode. This example also provides a function for checking the touch sensor operation by turning an
LED on the target board on or off according to the results of judging the state of touching of a sensor (a
button). Specifically, LED1 is turned on when a finger touches touch sensor 1 (TS_B1: Button00/TS06) or
touch sensor 2 (TS_B2: Button01/TS05) and the result of judgment becomes detection of the touch-on state.

Make the settings described in the following section in addition to the settings described in “6. From Starting
Capacitive Touch Application Development to Adding Modules” to “15. ge_touch_sample.c (Example of
Using a Software Timer)”.

16.1 Using the Smart Configurator to Make Settings (Hardware Timer)

1. Select the [Clocks] tab in the Smart Configurator view and set up the clock to be used for touch
measurement cycles as shown below.

w
Overview | Board | Clocks | System | Components | Pins | Interrupt
Figure 16-1 Setting the Clock (For Hardware Timer)
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2. Select the “Interval Timer’ module in the Software Component Selection and click [Next] at the
bottom of the dialog box.

8 *Capacitive_.. X &) CaplouchWor..  [E]ctsutuning_.  [d Capacitive . [& Config UARTA..  [d] ge_touch sam.. £ CapTouch St
Software component configuratiq & New Component o X L .
= Software Component Selection "
Components mMAlt BB _&}
Select component from those available in list
il [tK= L
type filter text ] Category | All o
v & Startup Function  All w
v = Generic
& rbsp Filter
~ (= Drivers - :
v [ Power management and reset Components Shart Name Type Version  #
& Config_LVDO + Input Signal High-/Low-Level Width Mea... Code Generator 1.7.0
v & 1/O port i Interrupt Controller Code Generator _ 1.7.0
& Config PORT l £ Interval Timer Code Generator 1.3.0' I
v = Communications | B8 Key Interrupt Code Generator 160 ]
& Config UARTA1 Show only latest version
v = Middleware Description
v = Generic r S -
- The interval timer function is timer that generating timer interrupt at regular intervals. It also can
= measure the interval of the input signals.
& rm_touch
Download RL78 Software Integration System modules
Download ELCL modules
Configure general settings...
';._} < Back Mext = Cancel
<
Overview Board | Clocks | System | Components Pins: Interrupt

Figure 16-2 “Interval Timer” module Selection (For Hardware Timer)
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3. Set the interval timer configuration as shown below, and click [Finish] in the |
dialog box.

ower part of that open

ﬁ MNew Component

Add new configuration for selected component

Interval Timer

Configuration name: {Conflg_IT LOOO

Operation; 8 bit count mode
Resource: ITLOOO
Caution:

enable 16 bit count mode ITLO12_ITLO13 in the GUI.

To use 16 bit capture mode and 16 bit count mode together when an interrupt on compare match =~ A
with ITLCMPO1 is not to be used as a capture trigger, add 16 bit capture mode ITLO0O_ITLOOT and

Cancel

Figure 16-3 “Interval Timer” module Resource Settings

4. Set the interval timer as shown below.

Components g3 g3 |4, =] [#  Configur

b (Clock frequency: 0.256 kHz)

e (Actual value: 19.53125)

% T . Clock setting
‘type filter text Operation clock (fITLO) fSXP v
v [= Startup A~ Clock source fITLO/128
v [= Generic
- r_bsp Interval timer setting
~ (= Drivers Interval value 20 | ms
v = Power management
& Config_LVDO Interrupt setting
~ = Timers I [[] Detection of compare match/capture completion (INTITL) I I
s CDnﬁg_ITLDDD<__| Priority Level 3 (low)
v (= I/O port
& Config_PORT

Uncheck

Figure 16-4 Config_ITL000 Setting
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5. Set the port to be used for turning on/off the LED for operation check as shown below.

Software component configuration

Components gag 2§ -] [#] Configur

H '{E; W w Port selection PORTOD PORTE

|t',fpe filter text

w = Startup ~
v B Generic PORTO [JPORT1
.rI r_bsp
« = Drivers ] PORT2 ] PORT3
v = Power management
& Config LVDO ] PORT4 [ ] PORTS
v (= Timers ORT6 <: [JPORT7
& Config_ITLOOO
= 1/O port
v .: CDDonﬁg — <1:: [JPORTS [JPORTY
Components 23 e -] [+ Configur

ke L Port selection PORTO PORT6<:

|type filter text |

w (= Startup ~
v = Generic OlApply toall
& rbsp Unused In Out Qutput current Pull-up Qutput 1
v = Drivers
¥ = Power management and PBO g u
v :.(T’imCec::lf\g_LVDD (O Unused Omn @ Out O Output current Output 1
& Config_ITLOOO
v = /O port P61
« Config_ PORT (® Unused Omn ) out O Output current Output 1
~ [ Communications

Figure 16-5 PORT Component Setting (For LED lighting)

6. Click the "Generate Code” icon ! located on the top right of the Smart Configurator to generate
the code for components necessary for the project.

45 *Capacitive_Touch Project_Example.scfg X = 0
Software component configuration L N crvorate Report
Components 2 e =] [ Configur (O]
4 I & m ‘type filter text (* = any string, ? = any character) J |
‘type filter text Property Value ~
~ (= Startup ~ & Configurations
v [ Generic # Start up select Enable (use BSP startup)
& rbsp # Control of illicit memary access detection{|AWEN) Disable
~ [+ Drivers # Protected area in the RAM(GRAM1-0) Disabled
~ (= Power management and rese # Protection of the port control registers{GPORT) Disabled
@ Config_LVDO # Protection of the interrupt control registers(GINT) Disabled
~ [ 1/0 port # Protection of the clock, voltage detector, and RAM parity error detection con Disabled
& Config_PORT # Data flash memory area/extra area access control(DFLEN) Disables

Figure 16-6 “Generating Code” icon Selection (3)

7. For an example of program implementation, please refer to "16.3 qge_touch_sample.c (Example of
Using a Hardware Timer)".
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16.2 Flowcharts (Example of Using a Hardware Timer)
Figure 16-7 and Figure 16-8 show flowcharts of the touch measurement control processing with the use of a

hardware timer.

< ge_touch_main() >

Declare the variable "err".

Enable maskable interrupts.
BSP_ENABLE_INTERRUPT()

Initialize the ports used
in CTSU.
R_CTSU_PinSetlnit()

Initialize the CTSU module.
RM_TOUCH_Open()

Is the result
of executing the API function
successful ?

[Global variable]
uint64_t button_status
uint8_t g_qge_touch_flag

: Variable to check the button status.
: Measurement completion flag.

: Variable to check the result of executing
the API function.

fsp_err_t  err

IE—1

No (err # FSP_SUCCESS)

Yes (err = FSP_SUCCESS)
d
hl
Clear the compare match detection ITLSO register
flag for channel 0 in TML32. ITFOO bit <— 0
\ 4 »
Ll
Start the TML32.
R_Config_ITLO0O_Start()
< A
)l
d
l
TML32 No (ITF00 = 0)
Channel 0 compare match
occurred ?

Yes (ITF0O = 1)

Clear the compare match detection
flag for channel 0 in TML32.

!
N

ITLSO register
ITFOO bit < 0

Figure 16-7 Touch Measurement Control Processing with the Use of a Hardware Timer (1/2)
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¥

Start touch measurement.
RM_TOUCH_ScanStart()

Is the result
of executing the API function
successful ?

No (err # FSP_SUCCESS)

Yes (err = FSP_SUCCESS)

»
| g -
l
Measurement No (g_ge_touch_flag = 0)
end interrupt processing \ 4 >
completed ?
Yes (g_qe_touch_flag = 1)
Clear the measurement completion
g_qe_touch_flag < 0
flag.
Get the touch measurement
results.
RM_TOUCH_DataGet()
Is the result No (err # FSP_SUCCESS)
of executing the API function
successful ?
Yes (err = FSP_SUCCESS)
No (button_status = 0)
Touch-on detected ?
Yes (button_status # 0)
Turn on LED1 Turn off LED1
P60 bit < 0 P60 bit < 1
A 4 v
al
v

&)

Figure 16-8 Touch Measurement Control Processing with the Use of a Hardware Timer (2/2)
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16.3 ge_touch_sample.c (Example of Using a Hardware Timer)
The following sample code is an example of implementing touch measurement using a hardware timer.

The code shown in red below is being added to the code automatically generated by QE.

[ KKK kK ok K ok ok ok ok ok ok K ok K ok K ok ok K ok K ok K ok ok ok ok K ok K ok o ok ok ok ok K ok K ok K ok ok ok K ok K ok K ok ok ok ok K ok K ok ok ok ok ok K ok K ok ok ok kK ok o ok ok ok ok ok ok K ok K ok ok ok ok K ok K ok ok kR ok ok Kk Kk Rk ok ok ok Kk K

* Copyright (c) 2020 - 2025 Renesas Electronics Corporation and/or its affiliates

*

* SPDX-License-Identifier: BSD-3-Clause
*****~k*~k*************‘k‘k‘k*‘k‘k‘k‘k‘k‘k‘k‘k*‘k**k****‘k*****************~k~k~k~k~k~k~k~k~k~k******k**********************‘k*‘k‘k‘k*‘k*‘k***/
/****~k*~k*************‘k‘k‘k*‘k‘k‘k‘k‘k‘k‘k‘k*‘k**k****‘k*****************~k~k~k~k~k~k~k~k~k~k****k*k********************‘k*‘k*‘k‘k‘k*‘k*‘k****
* File Name : ge touch sample.c

* Description : Main Program for RL78
*****~k*~k*********‘k*‘k*‘k‘k‘k*‘k‘k‘k‘k‘k‘k‘k‘k****k****‘k***‘k*********‘k***~k~k**~k~k~k~k~k~k****k********************‘k*‘k*‘k*‘k‘k‘k‘k‘k*‘k***/
#include "ge touch config.h"

#include "Config ITL00O0.h"

void R _CTSU_PinSetInit (void);

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;

BSP_ENABLE_INTERRUPT () ;

/* Initialize pins (function created by Smart Configurator) */

R_CTSU_PinSetInit();

/* Open Touch middleware */

err = RM_TOUCH Open (g_ge touch instance config0l.p ctrl, g ge_ touch instance config0l.p cfqg);

if (FSP_SUCCESS != err)
{
while (true) {}
}
ITLSO &= ~ 01 ITL CHANNELO COUNT MATCH DETECTE;

R_Config ITLO0O0_Start();
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/* Main loop */

while (true)

{
while ( 00 ITL CHANNELO COUNT MATCH NOT DETECTE == (ITLSO & 01 ITL CHANNELO COUNT MATCH DETECTE)) {}
ITLSO &= ~ 01 ITL CHANNELO COUNT MATCH DETECTE;

/* for [CONFIGOl] configuration */
err = RM TOUCH ScanStart (g ge touch instance configOl.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 config0l.p ctrl, &button status, NULL, NULL);
if (FSP_SUCCESS == err)
{

/* TODO: Add your own code here. */
if (0 != button_status)
{

P6 bit.no0 0;

P6_bit.no0 = 1;
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17. Documents for Reference

OUser's Manuall
o RL78/Gxx User's Manual: Hardware
— RL78/G23 User's Manual: Hardware (R0O1UH0896)
e RL78 Family User's Manual: Software (R01US0015)
(The latest versions of the documents are available on the Renesas Electronics Website.)

OTechnical Updates/Technical Brochures
(The latest versions of the documents are available on the Renesas Electronics Website.)

OUser's Manual: Development Environment
o RL78/G23 Capacitive Touch Evaluation System User’'s Manual (R12UZ0095)
(The latest versions of the documents are available on the Renesas Electronics Website.)

OApplication Note

e Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (R30AN0424)
e RL78 Family CTSU Module Software Integration System (R11AN0484)

e RL78 Family TOUCH Module Software Integration System (R11AN0485)

e Capacitive Sensor Microcontrollers CTSU Capacitive Touch Electrode Design Guide (R30AN0389)

e RL78 Family Using the standalone version of QE to Develop Capacitive Touch Applications (RO1AN6574)
e RL78 Family Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping
Board (RO1ANG6741)

e RL78/G23 Capacitive Touch Low Power Guide (SNOOZE Mode Function) (R0O1AN5886)
o RL78/G22 Capacitive Touch Low Power Guide (SNOOZE function) (RO1AN7413)

e RL78 Family Capacitive Touch Low Power Application Development using SMS (R0O1AN7261)
e RL78/G23 Capacitive Touch Low Power Guide (SMS function) (RO1AN6670)

o RL78/G22 Capacitive Touch Low Power Guide (SMS / MEC function) (RO1ANG6847)

o (The latest versions of the documents are available on the Renesas Electronics Website.)

Website and Support

e Renesas Electronics Website
http://www.renesas.com/

e Capacitive Sensing Unit related page
https://www.renesas.com/solutions/touch-key

e QE for Capacitive Touch related page
https://www.renesas.com/ge-capacitive-touch
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Revision History
Description
Rev. Date Page Summary
1.00 Apr.30.21 - First edition issued
2.00 Aug.31.21 - Updated the development environment
2.10 May.20.22 - Updated chapter “7. [Additional function] Setting the serial
communication monitor using UART (1/3)”.
Updated chapter “14. [Additional function] Setting the serial
communication monitor using UART (3/3)”.
Added chapter “16. [Practical applications] Touch
Measurement by Hardware Timer”.
3.00 May.22.23 - Added chapter “18. [Applied Usage] Setting The Automatic
Judgement (using SMS) and MEC functions”.
4.00 Aug.27.25 - Updated the development environment

The overall chapter structure, descriptions, figures and tables
in the application note have been revised to reflect the latest

development environment

(The flow of touch application development is the same as in

previous versions of the application notes).

Updated "Introduction”.

Chapters “1. Overview” to “3. Operation Confirmation
Environment” have been updated with more detailed
information on the requirements for developing touch
applications using this application note.

The section “18. [Applied Usage] Setting The Automatic
Judgement (using SMS) and MEC functions” described in Rev.
3.00 has been deleted.
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Updated "17. Documents for Reference".
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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.
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