u QE N ESAS Application Note
RL78 Family

Using the Standalone Version of QE to Develop Touch Applications for a Fast
Prototyping Board

Introduction

This application note describes the steps for creating an example of a capacitive touch sensing application
on the RL78/G22 fast prototyping board (FPB), which incorporates touch electrodes.

This application note is a guide to the development of capacitive touch applications by using a combination
of CS+, the standalone version of the Smart Configurator, and the standalone version of QE for Capacitive
Touch.The standalone version of QE for Capacitive TouchN°® enables development independently of the
device or integrated development environment (IDE) by using serial communications between the PC and
board.

Note: 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 sensors.

Target Devices
RL78/G22
Other products of the RL78 family that incorporate the capacitive sensing unit (CTSU)
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Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

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 RL78/G22 FPB by using the standalone version of Smart Configurator
e Creating, tuning, and monitoring touch interfaces by using the standalone version of QE for Capacitive

Touch

The application note describes the procedures for using the RL78/G22 FPB, but the procedures can also be
applied to other devices of the RL78 family that incorporate the capacitive touch IP.

2. Operating Environment

Table 2-1 and Table 2-2 list the elements of the environment used in development for this application note.

The sample code attached to this application note was developed with the versions of tools listed in Table
2-1. This application note also supports development with the versions in parentheses () in the table.

The program generated by the standalone version of QE is written to the RL78/G22 through CS+ and then

executed on the RL78/G22.

Table 2-1 Development Environment (Software)

modules

e Touch middleware (rm_touch)

Item Description Version
Integrated development CS+ for CC Vv8.13.00
environment (IDE) (v8.09.00 or later)
Compiler CC-RL V1.15.00
(V1.12.00 or later)
Development assistance tool for Standalone version of QE for Capacitive V4.1.0
capacitive touch sensors Touch
Smart Configurator RL78 Smart Configurator V1.12.00
(V1.5.00 or later)
Software integration system (SIS) | ¢ Capacitive sensing unit driver (r_ctsu) | V2.10

(V2.10 or later)

Caution: 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)".

Table 2-2 Development Environment (Hardware)

Item Description
Target MCU RL78/G22 (R7F102GGE2DFB)
Target board RL78/G22 fast prototyping board (RTK7RLG220C00000BJ)

Operation of the sample code attached to this application note was verified under the following conditions.

Table 2-3 Conditions for Verifying Operation

Item

Description

Operating voltage

50V

Level of voltage detection by LVDO in reset mode

For rising: 2.67 V typ. (2.59 V to 2.75 V)
For falling: 2.62 V typ. (2.54 V t0 2.70 V)

Operating frequency

High-speed on-chip oscillator clock (fiH): 32 MHz

RO1AN6741EJ0200 Rev.2.00
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2.1 Functions 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
Sensors.

The following shows the main functions of QE for Capacitive Touch.

e Creating touch interface configurations
This allows the visual placement of touch-interface elements such as buttons and assignment of touch
sensors (electrodes) to the elements.

e Tuning
This allows automatic offset and sensitivity tuning of the touch interface.

¢ Monitoring operation and adjusting parameters
This allows monitoring of the operation of the touch interface and the fine adjustment of parameters.

Interface generation Monitoring
function function

e

Figure 2-1 Main Functions of QE for Capacitive Touch
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3. Configuring the Development Environment

This chapter describes the procedures for installing the development environment and setting up the
hardware.

3.1 Installing Development Tools
The following tools are used with this sample application.
e (CS+

e Standalone version of Smart Configurator
e Standalone version of QE for Capacitive Touch

If these tools have already been installed, skip the procedures in the rest of section 0.

3.1.1 Procedure for Installing the CS+ Integrated Development Environment

1. Download the installer for the latest version of the CS+ for CC integrated development environment
from the following link.
CS+ IDE and Coding Tool | Renesas

Decompress the downloaded zip file and execute the installer file.
Click on "Begin CS+ Setup".
Check that "Tools for RL78 family" is selected.

o &~ DN

After installation has been completed, click on the [Finish] button.

3.1.2 Procedure for Installing the Standalone Version of the Smart Configurator

1. Download the installer for the latest version of the RL78 Smart Configurator from the following link.
RL78 Smart Conifgurator | Renesas

Execute the downloaded EXE file to start the installer.

3. After the installer has started, follow the instructions for installation as they appear on the screen.

3.1.3 Procedure for Installing the Standalone Version of QE for Capacitive Touch

1. Download the installer for the latest version of QE for Capacitive Touch, a development assistance tool
for capacitive touch sensors, from the following link.
QE for Capacitive Touch: Development Assistance Tool for Capacitive Touch Sensors | Renesas

2. The downloaded zip file contains both the plug-in and standalone versions of QE. Extract the contents
of the zip file and install the standalone version.

Caution: Extract the contents in a location as close as possible to the root of a drive so that the pathname
does not exceed the limit on the number of characters (260) in a pathname for Windows.

Example of a suitable location: Under the "C:\Renesas" folder

Do not specify the Windows folder, the Program Files folder, or a folder that has a name which
includes white space.
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3.2 Hardware Settings

This section describes the hardware settings and connection of the target board. Table 3-1 shows the jumper
settings on the target board for this sample application. Power is supplied to the target board via the USB.
Connect the target board to the PC through a USB cable as shown in Figure 3-1.

The changes required in circuit connection settings differ with the target board. For details, refer to the notes
on usage of QE for Capacitive Touch in the user's manual of the FPB you are using.

Table 3-1 Jumper Settings on the Board

Jumper Circuit Group Setting Description
J1gNote QE serial connection Open The serial connection function of the QE
switching jumper tool is used.
Closed The COM port debugging circuit is enabled.
J17 Power supply selection Pins 1-2 closed | 5-V power is selected.
header connector

Note: In this development procedure, the J16 setting needs to be switched for tuning and monitoring. For
details, see steps 3 to 5 in section 8.4, Tuning.

QE for Capacitive Touch RL78/G22 FPB Touch slider Touch buttons

FEPEFEFI

USB (UART and
power supply)

Target board

Figure 3-1 Connecting the PC to the Target Board
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4. Procedure of Application Development

This chapter describes how to develop an application.

Follow the steps in the workflow of QE for Capacitive Touch.

Introduction

Interface
generation
function

Monitoring

function

Workflow Diagram
1. Preparation

Prepare a project that uses the touch
interfaces.

Development Target

Show the development target

MCU

To Create Project

Create a target project using Smart
Configurator.

Also, Set touch sensors and add the
CTSU driver with SC tool.

To Select a Project Folder
Select a folder that contains the target

project.
To Select a MCU Name

Select a name of the target MCU

2. Configuration

Prepare a touch interface configuration.

To Prepare a Configuration
Select or create a touch interface
configuration.

Modify Configuration

) To Output Files for Tuning
Output files required for a tuning
process.

Qutput Files

To Implement Program
Implement a process to call the main
loop for touch in the main() function.

To Build Project

Build the target project using IDE tool.

3. Tuning

QE will automatically perform tuning
processing for each touch sensor.

To Execute Program

Start debugging the target project in
IDE tool and execute the program. The
tuning program written on the target
board will run,

To Start Tuning

Follow instructions in the dialog.
Start Tuning

[] Advanced mode

To Output Parameter Files
Output parameter files from a tuning
result

Output Parameter Files
[JUse an external trigger

Use diagnostic code

4. Coding and Monitoring

Implement a program using the touch,
Then, confirm a behavior of touch
interfaces and make fine adjustments.

To Implement Program
Implement a program using the touch
interfaces and build the project.

To Launch Debug
Launch debugging for your target
project and execute the program,

To Connect UART
Enable a monitoring function via serial
communication,

Baud rate ‘715200

Port Auto v

Connect

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

§. Interval 75 [mg]

Figure 4-1

Procedure of Application Development

Table 4-1 lists the steps in the workflow. The section numbers in the table are linked to the corresponding
sections in this document. Click on each section number in the table to see how to use the corresponding
function. The IDE and Smart Configurator are used in creating a project, coding a program, building a

project, and starting debugging.
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Table 4-1 Workflow of Development Using QE for Capacitive Touch

Item Section
Number
Preparation To Create Project Creation of a project by using the IDE 6
Settings made by the Smart Configurator 7
Clock and system 7.2
CTSU driver 7.51
Touch middleware 7.5.2
Serial interface (UART) 7.5.3
Voltage detector (LVD) 754
Port functions (PORT) 7.5.5
Board support package 7.5.6
Unused pins 7.6
To Select a Project Folder 8.2
To Select an MCU Name
Configuration To Prepare a Configuration 8.3
To Output Files for Tuning
To Implement Program
To Build Project
Tuning To Execute Program 8.4
To Start Tuning
To Output Parameter Files
Coding and Monitoring To Implement Program 8.5
To Launch Debug
To Connect UART
To Enable Monitoring
RO1AN6741EJ0200 Rev.2.00 Page 9 of 67
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5. Sample Application

5.1 Overview of the Sample Application

This application note describes an example of an application that uses two buttons and one slider. This
example also involves tuning and monitoring the touch performance through serial communications.

The method of creating an application that uses two buttons and a slider and monitoring whether a button or
a slider is being touched are described in chapter 6 and subsequent sections.

Remark: Communications for checking the touch performance of a touch application can also be handled
by an on-chip debugging (OCD) emulator. For devices of the RL78 family, however, note that the
on-chip debugging functionality of the device limits performance in monitoring.

Using serial communications enables smooth monitoring of the touch performance. Serial
communications can also be used in tuning for the touch sensors.

Target board Monitoring
Touch Touch
sensor1 sensor2
Touch slider

Figure 5-1 Sample Application

This application note is provided with the two sets of sample code listed in Table 5-1. Both have the same
procedure for development but differ in terms of some settings by the Smart Configurator and the code to be
added to the ge_touch_sample.c file. Chapters 6 to 8 describe the procedure for development by taking the
touch application implemented with the use of a software timer as an example. For implementation of the
application with the use of a hardware timer and the control of LEDs to indicate sensor operation, see
chapter 9, Another Implementation of the Sample Application.

Table 5-1 Overview of the Attached Sample Code

File Name Timer for Generating Cycles of | LED Control
Touch Measurement
Capacitive_Touch_Project_ Example Software timer None
Capacitive_Touch_Project HardwareTimer_Example Hardware timer Included
RO1AN6741EJ0200 Rev.2.00 Page 10 of 67
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5.2 List of Pins Used
Table 5-2 lists the pins used in this sample application.

UART communications and touch sensors should be set up according to the specifications of the target
board in use.

Table 5-2 List of Pins Used in the Sample Application

Item Pin Description
UART communications RxDO0/P11 For tuning and monitoring
TxDO0/P12
Touch sensor 1 TS24/P26 For detecting touching of the TS_B1 button
Touch sensor 2 TS23/P25 For detecting touching of the TS_B2 button
Touch slider TS20/P22 For detecting the position of a finger moving
TS21/P23 left or right on the TS_S slider
TS22/P24

Figure 5-2 shows the locations of the touch sensors used in this sample application.

CAR4 : CAPS
. sRENESAS ) HY-5V0
RTKTRLG220C00000B.)HEV . A

Touch Touch
+rﬂquu Buttonl Button?2

CAPL CAR2

Target board

Figure 5-2 Locations of the Touch Sensors

RO1AN6741EJ0200 Rev.2.00 Page 11 of 67
May.28.25 RENESAS




RL78 Family

Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

6. Creating a New Project
Start CS+ and create a new project.

For this sample application, make the following selections in the [Create Project] dialog box.

¢ Microcontroller :RL78
e Using microcontroller : R7TF102GGEXFB (48 pins)
¢ Kind of project : Application (CC-RL)
e Project name : (Desired project name)
e Place : (Desired place)
Create Project *

Microcontroller: RL78 - v

Using microcontroller

,ﬁ Search microcontroller) Update...
' ¥ R7F102GBEXFP(32pin) ~ | | Product Name:R7F102GGEXFB
M R7F102GBExNP(32pin) Intemal ROM size[KBytes]-64

M R7F102GCExLA(36pin) Intemal RAM size[Bytes]: 4096
¥ R7F102GEEXNP{40pin)

W R7F102GFEXFP(44pin)

b4 R7F 102GGExF B4gpin) R ]

I R7F102GGEXNP(48pin)
[ % RL78/G23 (ROM:S6KB)

Loo S mu =nisan (oA 4300m bt
Kind of project: Application(CC-RL) - v
Project name: Capacitive_Touch_Project_Example _

Place: CACS+_Workspace _ v Browse. .

‘ Make the project folder

C:\CS+_Workspace\Capacitive_Touch_Project_Example\Capacitive_Touch_Project_Example mipj
[] Pass the file composition of an existing project to the new project

Project to be passed Browse...

Copy composition files in the diverted project folder to 2 new project folder

To dialog with multi-core option Cancel Help

Figure 6-1 Creating a New Project

RO1AN6741EJ0200 Rev.2.00
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7. Settings of the Smart Configurator

This chapter describes the procedures for using the Smart Configurator to make settings. The settings
required for this sample application are listed below.

e Clock and system

e CTSU driver

e Touch middleware

o Serial interface (UART communications)
e Voltage detector (LVD)

¢ Port functions (PORT)

7.1 Starting the Smart Configurator
Double-click on "Smart Configurator" in [Project Tree] of CS+ to start the Smart Configurator.

Project Tree o x
) © 8@
“B Capacitive Touch Project Example (Project)
| 4 R7F102GGEXFB (Microcontroller)
(B | Smart Configurator (Design Tool) _
Ay, CC-RL (Build Tool)
i@ RL78 Simulator (Debug Tool)
i-.4” Program Analyzer (Analyze Tool)

— :‘Iu File

Figure 7-1 Starting the Smart Configurator

If the Smart Configurator does not start, check that the following two items are correctly specified.

e A correct file path is specified in [Property] of the Smart Configurator.
e "Smart Configurator for RL78 Communication Plug-in” is selected in the [Plug-in Manager] dialog box
that can be opened from the [Tool] menu.

Project Tree Rl | 75 Property .

- X

4 @ 8| [E
t02 @ < Smast Corfigurstor Property
1] Capacitive Touch Project Example (Project] | [ Product lmformats

9% R7F102GGEXFB (Microcontroller) s

B Smart Configurator (Design Tool) ~ Smart configurator setfing

V1.00.10.02 [12 Nov 2024]

B =]+

A, CCL (Build Too) [Srar Conturstor or RUTD execuablelepain —————_[ILE S Confurtorexe
&> RL78 Simulator (Debug Tool)
¥ Program Analyzer (Analyze Tool)
&-[J File
Figure 7-2 Path to the Smart Configurator File
Plug-in Manager X

Checked plug-ns are loaded at the CS+ start-up.
These settings are enabled at the next start-up

* You can never uncheck a check box of the grayout plugin that is required by the CS+. Also, on the [Basic Function] tab, it is
recommended that the checkboxes of the plugn for the target microcontroller of the development are not cleared.

Basic Function Additional Function

Module Name

| nv':\]Cnde Generator Plugin

[ i Code Generator Plug-n for RH850

% Code Generator/PinView Plugin

%.f Debug Console Plug+n

M (3 Edtor plug+n DLL

(1 (5] ironPython Console Plugin

2 Pin Configurator Plug4n

¢’ Program Analyzer Plug-in
@"Guwck and Effective tool solution - QE

- ] % Smart Corfigurater for RL78 Communication Plugn

Description

Plug-n to generate the device driver automatically. for V8
Plugin to generate the device driver automatically and to
Plugin to generate the device driver automatically and to
DebugConsole plug4n to support using standard /0
SEdor DLL

It is a console where the IronPython commands and the C
Plug-in to define the device pin configuration

Plugiin to analyze program.

Plug-in for application development that contains useful tc
Plug-n to communicate with Smart Corfigurator for RL781

Figure 7-3 Plug-in Manager
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7.2 Setting the Clock and System

This section describes the procedure for setting up the clock and system.

1. After starting the Smart Configurator, select the [Clocks] tab at the bottom of the Smart Configurator view
and set up the clock. If the target MCU requires the use of EVDD, select an appropriate value for "EVDD

setting" according to the operating mode.

&} Capacitive_Touch_Project_Example.scfg X

Clocks configuration

Opersion e[ g sp mam mose 270550 QN

= 0
=]

Generate Code Generate Report

V| High-speed on-chip oscillator
Frequency: 3z ~ | (MHz)
fIHP
fHOCO start setting: Normal - I 32 (MHz)
(There is setting for starting the high-speed on-chip oscillator at
Shec::u;es‘j:;ewe jease from STOP mode and of transitions to : : m;?” (MHz)
FCLK
B 32000 (kHz)
(1}
Middle-speed on-chip oscillator
X1 oscillator ~ ':'
Overview | Board | Clocks -mponems Pins| Interrupt
Figure 7-4 Setting the Clocks
Operation mode: High-speed main mode 4.0(V)~5.5(V) >
EVDD setting: 40V < EVDDO £ 55V -
Figure 7-5 Setting EVDD
2. Select the [System] tab and set up the debugging environment.
& *Capacitive_Touch_Project_Example.scfg > = a

&

System configuration Generate Code Generate Report

~ On-chip debug setting

On-chip debug operation setting
O Unused O Use emulator @ COM Port -

Emulator setting

E2 E2 Lite
Pseudo-RRM/DMM function setting
(O Unused @ Used
Start/Stop function setting
@ Unused (O Used
Monitoring point function setting

Unused Used

Security ID setting
[use security 1D _ Deselect this box.

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

Overview |Board | Clocks | System m Pins| Interrupt

Figure 7-6 Settings for Debugging
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7.3 Downloading Software Integration System (SIS) Modules

This section describes how to download two SIS modules, the CTSU driver and touch middleware, which are
necessary to implement a touch application. If they have already been installed, skip the steps in the rest of
this section.

1. Select the [Components] tab and click on the & icon.

4 *Capacitive_Touch_Project_Example.scfg > =8
. . O (=]
Software component configuration FrrmEnt ErTEER:
Components 2y e = = Configure @
1 %
‘type filter text ‘
~ [ Startup
~ (= Generic
& rbsp

Overview Board |Clocks | System | Components -pt

Figure 7-7 [Software component configuration] View

2. Click on “Download RL78 Software Integration System modules” at the bottom of the [New Component]
dialog box.

Software Component Selection Eb

Select component from those available in list

Category |All ~
Function |All i
Filter

Components - Short Name Type Version

# A/D Converter Code Generator  1.6.0

£ Board Support Packages. - v1.80 r_bsp RL78 Software .. 1.80

# Capacitive Sensing Unit driver. r_ctsu RL78 Software .. 2.10

# Clock Output /Buzzer Output Controll.. Code Generator  1.6.0

# Data Transfer Controller Code Generator  1.5.0

# Delay Counter Code Generator  1.6.0

## Divider Function Code Generator 160

# Event Link Controller Code Generator  1.3.1

# External Event Counter Code Generator 160

# 1IC Communication (Master mode) Code Generator  1.7.0

# 1IC Communication (Slave mode) Code Generator  1.6.0

# Input Pulse Interval/Period Measurem... Code Generator  1.6.0

# Input Signal High-/Low-Level Width ... Code Generator  1.6.0 v
Show only latest version
Description

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

signals.

Download RL78 Software Integration System modules _

Configure general settings...

7\
@ < Back Mext > Cancel

Figure 7-8 [New Component] Dialog Box
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3. A dialog box will open. Select the following items and click on the [Download] button.

— RL78 Family CTSU Module Software Integration System

— RL78 Family TOUCH Module Software Integration System

| RL78 Family Sensor 12C Communication
L] RL78 Family F52012 Sensor Control Mod._

RL78 Software Integration System Modules Download

Select the RL78 Software Integration System modules for download

110

10 E

Title

RL78 Family FS3000 Sensor Control Mod
RL78 Farmily F$1015 Sensor Control Mod
RL78 Family H5400X Sensor Control Mo.
RL78 Family HS300x Sensor Control Mo

RL78 Family CTSU Module Software Inte
RL78 Family TOUCH Module Software In

O rL78 Farmily ZMOD4410 and ZMOD4510.
[] RL78 Family Board Support Package Mo..
Module Folder Path:

Document No
ROTAMNG195E)
ROTANG198E)

ROTANG446E)..

ROTANGT94E)

R11TANOSS4E).

R11TANO485E)

ROTANG193E)..
ROTANGT96E).

ROTANGTSTE).
ROTANS522E)..

Rew.

Rev.1.00
Rev.1.00
Rev.1.00
Rev.1.20
Rev.2.10
Rev.2.10
Rev.1.10
Rev.1.10
Rev.1.10
Rewv.1.20

Issue date

2022-06-30
2022-06-30
2022-06-30
2022-05-20
2022-04-20
2022-04-20
2022-03-02
2022-03-02
2022-03-02
2022-02-28

-~

f“r‘_&]

Select All

Deselect All

Browse...

Cancel

Figure 7-9 Downloading SIS Modules

Caution: 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.

e 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.2.10 - Sample Code | Renesas

RL78 Family TOUCH Module Software Integration System
RL78 Family TOUCH Module Software Integration System Rev.2.10 - Sample Code | Renesas

¢ How to download and use the modules
How to Download and Use a SIS Module
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https://www.renesas.com/en/document/scd/rl78-family-ctsu-module-software-integration-system-sample-code?language=en
https://www.renesas.com/en/document/scd/rl78-family-touch-module-software-integration-system-sample-code?language=en
https://en-support.renesas.com/knowledgeBase/20977342

RL78 Family

Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

7.4 Adding Components

1. Select the components shown below in the Smart Configurator.

l

Note

E New Component

Software Component Selection

Select component from those available in list

Category All
Function |All

Filter |

Components ? Short Name

# A/D Converter

£ Board Support Packages. - v1.80 r_bsp
3 Capacitive Sensing Unit driver. r_ctsu
B Clock Output /Buzzer Output Controll...
# Data Transfer Controller

8 Delay Counter

8 Divider Function

B Event Link Controller

B External Event Counter

# IIC Communication (Master mode)

# 1IC Communication (Slave mode)

8 Input Pulse Interval/Period Measurem...
8 Input Signal High-/Low-Level Width ...
& Interrupt Controller

# Interval Timer

i Key Interrupt

8 One-Shot Pulse Qutput

& Ports

B PWM Output

# Real-Time Clock

22 SNOOZE Mode Sequencer

B8 SPI (CSI) Communication

## Square Wave Output

£ Touch middleware. rm_touch

B UART Communication
f# Voltage Detector
8 Watchdog Timer

Show only latest version
Description

Type
Code Generator

RL78 Software ...
RL78 Software ...

Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator
Code Generator

Graphical Confi...

Code Generator
Code Generator

RL78 Software ..

Code Generator
Code Generator
Code Generator

Version
160
1.80
2.10
1.6.0
150
160
160
131
160
17.0
160
160
16.0
160
16.0
150
160
16.0
180
16.0
132
160
16.0
210
180
150
160

*

: Dependency : r_bsp version(s} 1.70

The CTSU module is a CTSU dniver for the Capacitive Sensing Unit. The CTSU module is
| configured assuming access via the Touch middleware layer, but can also be accessed from

Download RL78 Software Integration System modules

L f‘."‘,fl[ ure f‘anPl'ﬁl settings..,

2 Back Next >

Cancel

Figure 7-10 Software Component Selection

Note: For the RL78/G16, this component does not require addition in this way because the method of
setting the voltage detector function differs from that for the other devices.
For the method of voltage detector setting for the RL78/G16, see section 7.5.4.
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RL78 Family
Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

2. Assign resources to the selected components. Use the following settings for this sample application.

G New Component [m| X
Add new configuration for selected component Elj

Ports

Configuration name:  |Config PORT

Resource: PORT »

UART Communication

Configuration name: |Config_UARTO

Operation: Transmission/reception >

Resource: UARTO ~

Voltage Detector

Configuration name: |Config_LVDO

Resource: LVDO b

':?:‘ < Back Next > Cancel

Figure 7-11 Assigning Resources to Components

The components are added as shown below.

() *Capacitive_Touch_Project_Example.scfg = = B8
ey 3
Software component configuration Genm'ii . GE“E{ﬂEREpD "
Components 9 ey B Configure @
o L Property Value ~
|type filter text ~ & Configurations
~ (= Startup # Parameter check Use system default
« = Generic # Data transfer of INTCTSUWR and INTCTSURD Interrupt handler
& rbsp # DTC setting Setting in r_ctsu
(= Drivers #
~ = Power management and reset function #
& Config_LVDO #
~ = I/O port #
« Config PORT #
~ = Communications #
& Config_UARTO : # &
= Middleware
~ = Generic
& rctsu
& rm_touch

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

Figure 7-12 Software Component Configuration (after the Components are Added)
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RL78 Family
Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

7.5 Modifying the Component Settings in the Smart Configurator
Set up the components added in the previous steps.

7.5.1 Setting the CTSU Component

Click on the "r_ctsu" module and enable the TSCAP pin and five TS pins to be used by this sample
application. For the correspondence between the TS pins and touch sensors, refer to the user's manual of

the target board you are using.

G Smart Configurator - O X
File Window Help

& E = |
= | *Capacitive_Touch_Project_Example.scfg % =D

- Software component configuration

%l &

Generate Code Generate Report

Components [T - = Configure (]
L Property Value "
tex #
w & Startup .
v B Genefic # Auto-judgment function in Snooze mode using SMS  Disable
@ r_bsp »
v & Drivers L
v & Power management and reset function # Interrupt level for INTCTSUWR Level 2
& Config_LVDO # Interrupt level for INTCTSURD Level 2
v & I/O port # Interrupt level for INTCTSUFN Level 2
« Config_PORT #
» & Communications L
@ Config_UARTO d
v & Middleware ~ 18 Resources
~ (= Generic v B su
R - = TSCAP Pin ‘ ¥ Used
& rmtouich ~ T500 Pin Used
= T501 Pin Used
= TS02 Pin Used
“ TS03 Pin Used
“= T504 Pin Used
= TS05 Pin Used
= T506 Pin Used
= TS07 Pin Used
= T508 Pin Used
“= T509 Pin Used
= TS10 Pin Used
“ T511 Pin Used
= T512 Pin Used
“ T513 Pin Used
= T514 Pin Used
~ T515 Pin Used
= T516 Pin Used
= TS17 Pin Used
“~ T518 Pin Used
= T519 Pin Used
= T520 Pin ¥ Used
= T521Pin TS20 pin 7| Used
~ T522 Pin 1 # ¥ Used
~. 7523 Pin TS24 pin 7 Used
“= T524 Pin ¥ Used
= T525 Pin Used
= T526 Pin Used
= T527 Pin Used o
. ranne e .

Overview Board  Clocks | System Components| Pins | Interrupt.

Figure 7-13 Enabling the TSCAP Pin and TS Pins to be Used by the Application
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RL78 Family

Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

For the TS pins that are not to be used by the application, setting them as outputs of the low level is
recommended. For the CTSU2 module, if the TS pins not to be used by the application are enabled, the
Smart Configurator automatically handles them as non-measurement pins and sets them as outputs of the

low level.

Therefore, in the attached two sets of sample code, all TS pins except the TS12 and TS13 pins, which are
for assignment to a different multiplexed function (UARTO), are enabled even if they are not to be used by

the application.

Caution: In designing circuits for a user board, appropriately handle the pins such that the electrical

characteristics are satisfied.

G smart Configurator - O >
File Window Help

(ml— ™ B |
= | *Capacitive_Touch_Project_Examplescig X =il

IS

(= ; &
Software component configuration Generate Code Generate Report

Components (] - = cConfigure @
s L Property Value ~
ty) er text #
~ = Startup # Auto-judgment function in Snooze mode using SMS  Disable

~ & Generic .
@ r.bsp bl
v g Drivers # Interrupt level for INTCTSUWR Level 2
w @ Power management and reset function # Intermupt level for INTCTSURD Level 2
& Config_LVDO # Interrupt level for INTCTSUFN Level 2
~ & 1/ port #
& Config_PORT d
v g Communications d
@ Config UARTD W Resources
v & Middleware v B cTsy _
~ = Generic = TSCAP Pin ¥ Used
w rctsu = TS00 Pin % Used
& mm_touch = T501 Pin 7 Used
~ TS02 Pin ¥ Used
= TS03 Pin | Used
= T504 Pin TS00 pin 7| Used
= TS05 Pin 1 # ¥ Used
= TS06 Pin TS11 pin 7 Used
~ TS07 Pin ¥ Used
== TS08 Pin 7| Used
~ T509 Pin ¥ Used
= TS10 Pin 4| Used
= T511 Pin L & Used
~ T512 Pin Used
“ T513 Pin Used
~ T514 Pin [ @used
= T515 Pin ¥ Used
~. TS16 Pin TS1‘I1 pin # 7] Used
~ T517 Pin TS19 pin 7| Used
“= T518 Pin 7| Used
~ T519 Pin L @ Used
= T520 Pin 7| Used
= 7521 Ain 7| Used
== T522 Pin ¥ Used
~ T523 Pin 7| Used
= 7524 Pin ¥ Used
= T525 Pin ¥ Used
“- T526 Pin T32|5 pin # 7 Used
== TS27 Pin TS28 pin 4| Used
~. T528 Pin ¥ Used v
< »

Owerview |Board | Clocks | System | Components | Pins| Interrupt

Figure 7-14 Enabling the TS Pins Not to be Used by the Application
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RL78 Family

Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

7.5.2 Setting the Touch Component
Click on the "rm_touch" module and make the following settings.

e Support QE monitor using UART:  Enable
e Support QE tuning using UART: Enable

e UART channel:

UARTO

The UART channel to be used differs with the target board. For details, refer to the circuit diagram of the

FPB you are using.

IS smart Configurator

File Window Help
=47

= |8 *Capacitive_Touch_Project_Example.scfg

=]

Components

£ 1

Software component configuration

2 e (=] Configure

- O X
B | [&
= 8
% =
Generate Code Generate Report
@

W . Property

|type filter text

~ @ Configurations

~ (= Startup
~ = Generic
@ rhsp

~ = Drivers

& Config LVDO
~ = /O port

@ Config PORT
+ = Communications

& Config UARTO

v = Middleware

~ [= Generic

@ rctsu

~ [= Power management and reset function

& rm_touch _

# Parameter check

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

# Type of chattering suppression

Value

Use system default

Enable

Enable

UARTO

TypeA : Counter of exceed threshold is ho

Overview Board Clocks |System | Components| Pins | Interrupt

Figure 7-15 Setting rm_touch
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RL78 Family

Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

7.5.3 Setting the UART Communications Component
This section describes the procedures for setting up the UART to be used for tuning and monitoring the

touch sensors.

The UART channel and port to be used differ with the target board. Click on the added UART
communications module and select the operating clock and transfer rate on the [Transmission] and
[Reception] tabbed pages according to the target transfer rate.

Make the specifications shown in the figure below for this sample application.

ﬁ Smart Configurator
File Window Help

UARTO clock setting

o=@
= |4 *Capacitive_Touch_Project_Examplescfg X
=1, . .
S e comp < guration
Components 3% E &  Configure
G i Tm-
‘(ype filter text ‘
v & Start
e Operation clock
~ & Generic
@ rbsp Clock source
v & Drivers

~ & Power management and reset function
@ Config_LVDO

~ & /0 port
& Config PORT

v = Communications
@ Config_UARTO -

v & Middleware

v & Generic
w rctsu
& rm_touch

<

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

6
File Window
==

= % *Capacitive_Touch_Project Examplesclg %
=]

Help

Crfty £
e comp C ]

Components [T}

B g &

Transfer mode setting
O Single transfer mode
Data length setting

(O 7bits

Transfer direction setting
@1s8

Parity setting

@ None

@ 8bits

O 0 parity
Stop bit length setting

@ 1bit

Transfer data level setting

@ Non-reverse

Transfer rate setting

Transfer rate setting

Interrupt setting
Transmit end interrupt priority (INTSTQ)

Callback function setting
[ Transmission end

= ¥ Configure

Reception _

‘type filter text

v (& Startup
w & Generic
& rbsp
v &= Drivers
~ (5 Power management and reset function
@ Config_LVDO
« (& 1/0 port
& Config PORT
v = Communications
@ Config UARTO
v & Middleware
v & Generic
@ rctsu
& rm_touch

<

Overview |Board | Clocks | System| Components| Pin:

s| Interrupt

UARTO clock setting
Operation clock
Clock source

Data length setting
O7 bits @ 8 bits
Transfer direction setting
@LsB

Parity setting

@ None

Stop bit length setting

1 bit fixed

() 0 parity

Receive data level setting
@ Non-reverse

Transfer rate setting

Transfer rate setting

Interrupt setting
Reception end interrupt priority (INTSRO)
Reception error interrupt priority (INTSRED)

Callback function setting
Reception end

- a X
=gl
=B
% &
Generate Code Generate Report
S
CKoo ~
CLK/243 v Juency: 4000 kHz)
® Continuous transfer mode -
Q9 bits
O Mmse
O 0dd parity (O Even parity
O 2bits
O Reverse
153600 ~|  (bps) _l error: 0.16%)
Level 3 (low) =
v
>
= |[£F
=0
% -]
Generate Code Generate Report
~
Koo v _
CLK/273 v _nen(y 4000 kHz)
O9bits
O Mse
() odd parity () Even parity
O Reverse
(Current error: 0.16%, the minimum is -4.49%, the maximum is 4.42%)
Level 3 (low) .
Level 3 (low) 2
Reception error
v
>

Figure 7-16 Setting the UART Communications Component (UARTO)
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RL78 Family
Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

After that, select the [Pins] tab and set up the pins to be used for UART communications.

Assign the pins multiplexed with the TOOLTxD or TOOLRXD pin as the UARTO (SAUOQO) pins for this sample
application. For the RL78/G22, specify the following pin numbers.

e RxDO: 21
e TxDO: 20

Caution: These settings differ with the target device. For the pins that can be used for UART
communications, refer to the circuit diagram of the FPB you are using. For the pin numbers to be
specified, refer to section 1.3, Pin Configuration, in the User's Manual — Hardware for the target
RL78 device.

5 *Capacitive_Touch_Project_Examplescfg x =8
a q q %l =]
Pin conflguratlon Generate Code Generate Report

Hardware Resource 4 = % s  Pin Function A E B

h’l’e filter text ‘ ‘Iype filter text (* = any string, ? = any character) ‘ All e

ifi Real Time Clock ® Enabl.. Function PIOR Assignment PinNumper Direction Remarks Comments
~ 4 Clock Qutput/Buzzer Output Controller @ RxDO PIOR1 # P11/5100/RxD0/TOOLRXD/SDAOO/TS12/Tll # 21 h Multiple pin functions on the same pin
w PCLBUZO SCKoO PIOR1 7 Not assigned # Notassigne None
w PCLBUZ1 SCLOo PIOR1 7 Not assigned 7 Not assigne None
Sl A/D Converter SDAOO PIOR1 # Not assigned # Not assigne None
v & Serial Array Unit 5100 PIOR1 7 Not assigned # Notassigne None

~ @ SAUO S000 PIOR1 7 Not assigned # Not asgjgne None
(Rl PIOR1 7 P12/S000/TxD0/TOOLTXD/TS13/TI0S/TO0! # 20 h Multiple pin functiens on the same pin

& SAU00 -

= SAUD1
w SAUO2
~ SAUO3
v SAUT
w SAU10
w SAUTT
~ % Serial Interface IICA
= (ICAD
~ #ff Serial Interface UARTA
= UARTAQ v« >

HOO0O0oe

Pin Function Pin Number

Overview Board |Clocks | System |Components Pins -

Figure 7-17 Assigning Pins to the UART Channel (UARTO0)

UARTO pin assignment errors may occur with certain versions of the tool but the errors can be ignored for
the following reason.

The following pins are used for different purposes in this sample application.

(1) TOOLRxD and TOOLTxD pins:  For using the COM port to write a program created in CS+
(2) RxD0 and TxDO pins: For serial communications by using the standalone version of QE

Functions (1) and (2) are multiplexed and assigned to the same pins, so the Smart Configurator generates
pin assignment conflict error messages. However, functions (1) and (2) are not used at the same time, so no
conflict arises in actual use by the sample application. Therefore, the above assignments can be used
without problems.

4! Configuration Preblems X
4 errars, 0 warnings, 0 others

Description Type
~ @ Pin (4 items)
@ E04010003: Pin used by RxDO0 in Config_UARTO conflicts with pin used by TOOLRxD in System, pin used by TOOLRxD in Pin Allocator. Pin
@ E04010003: Pin used by TxD0 in Config_UARTO conflicts with pin used by TOOLTxD in System, pin used by TOOLTxD in Pin Allocator. Pin
@ E05000010: Pin 20 cannot be used multiple times. Pin 20 is assigned to TxD0 and TOOLTxD. Pin
@ E05000010: Pin 21 cannot be used multiple times. Pin 21 is assigned to RxD0 and TOOLRxD. Pin

Figure 7-18 UARTO Pin Assignment Error Messages
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7.5.4 Setting the LVD Component
Set up the user option byte for voltage detector 0 (LVDO).

Click on the "LVDO0" module and specify the operating mode and voltage to be detected.
Set the reset generation level (VLVDO) to 2.62 V.

!E Smart Configurator - [m] X
File Window Help
HNEE |
= 1 *Capacitive_Touch_Project_Examplescfg X =@
=] . 5 c] =]
Software component configuration CarnErh EaEHER
Components 2 e = # Configure ®
50 T Operation mode setting
type filter text ‘ @ Reset mode
« & Startup When setting LVDO to reset mode, set the detection voltage of LVD1 higher than the detection voltage of LVDO.
+ & Generic O Interrupt mode
& r.bsp If LVDO is set to interrupt mode and the LVDO detection voltage is greater than the LVD1 detection voltage,
~ &= Drivers LVDO becomes undefined after the LVD1 setting following release from the reset state.

~ & Power managementand reset function Level 3 (low)
& Config LVDO

Voltage detection setting

~ @& 1/0 port E
& Config_PORT Reset generation level (VLVDO) 3] v m _
~ g Communications 165 vy

& Config_UARTO
v & Middleware
~ & Generic
& rctsu
& m_touch

Ovenview | Board | Clocks | System | Compenents| Pins| Interrupt

Figure 7-19 Setting the LVD Component (LVDO0)

Caution: In the RL78/G16, the selectable power-on-reset circuit is used for the voltage detection function.
For this function, specify the voltage for generating a reset on the [System] tabbed page as shown
in Figure 7-20.

= s &l =
System configuration Generate Code Generate Report

@

~ On-chip debug setting
On-chip debug operation setting
() Unused () Use emulator (@ COM Port
Emulator setting
E2 E2 Lite
Pseudo-RRM/DMM function setting
(O Unused @ Used
Security ID setting
[] Use security ID
0x00000000000000000000

~ Selectable Power-on-reset Circuit

RESET pin setting
(O Unused @ Used

Operation mode setting

Reset generation level(VSDR) 284 ~ (V) _

Overview Board Clocks | System Components| Pins| Interrupt

Figure 7-20 Setting the Voltage for Generating a Reset (RL78/G16)
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7.5.5 Setting the PORT Component
Specify the port pins that are connected to the LEDs.

Set P62 and P63 as outputs initially at the high level in this sample application.

For details of the port pins used to control the individual LEDs, refer to the circuit diagram of the target board
you are using.

1. Click on the "PORT" module and select "PORT6".

m Smart Configurator — ] b4
File Window Help
[ &7 (=) |3
& & *Capaative_Touch_Project_Examplescly = m
Q - 4 | =
Software component configuration DR Sl
Components (LI = & Configure ~
S5 1 L Port selection | PORTE
[« E» Startup
v i Generic [ rorTo [CIroRrT1
b
M [JporT2 [JPoRT3
~ &= Drivers
v 2 Power management and reset function [ poRT4 I roRTS
& Config LVDO
« & 1/0 port (2 PORTG S (] PORTY
« Config PORT
] 1
~ gz Communications E PORT12 E PORT13
@ Config UARTD ClroRT14
v = Middleware
~ & Generig
Port mode semting
o e 1] P ter val () Read digital output level
& m touch (® Read Pmin register values () Read digital output level
v
< >

Owerview Board Clocks System | Components | Pins| Interrupt

Figure 7-21 Setting the PORT Component

2. Set up the port pins so that LED1 and LED2 are not turned on at startup.
Specifically, click on the [PORT6] tab and set "P62" and "P63" as outputs initially at the high level.

[ )
File Window Helr
wl—J" |
= |{& *Capacitive_Touch_Project_Example.scfg X =8
=] . . % @
Software component configuration Gem,a't'i Comie Nereaats Report
Components s S - [+ Configure e
_"—' [:” o = Port selection PORT6 _
type filter text
~ & Startup
Apply to all
v & Generic UApplytoa
@ rbsp L Outpu
~ > Drivers
~ G Power management and reset function P60
@ Config_LVDO @Unused Oin Oout Output 1
v & I/O port
« Config_PORT P61
v g Communications @uUnuised Oin Oout
g Config_UARTO
v @& Middleware PR
v (= Generic QOunused Oin @Out _ Output 1 -
@ rctsu
P63
@« rm_touch ~
QOunused Oin  @O0ut - Qutput 1 —
v
< >

Overview Board |Clocks System  Compeonents Pins Interrupt

Figure 7-22 Setting P62 and P63 as Outputs at the High Level
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7.5.6 Board Support Package

Select the "r_bsp" module and check that “Initialization of peripheral functions by Code Generator/Smart

Configurator” is set to "Enable".

File Window Help
HEE 2|8
5 (@ *Capacitive_Touch Project Examplescfg x =
2| software component configuration i =
Generate Code Generate Report
Components 2 e Bl Configure ®
il " Property Value
type filter text ~ & Configurations
v & Startup # Start up select Enable (use BSP startup)
+ = Generic # Control of illicit memory access detection(|AWEN) Disable
& 1_bsp # Protected area in the RAM(GRAM1-0) Disabled
v = Drivers # Protection of the port control registers(GPORT) Disabled
~ = Power management and reset function # Protection of the interrupt control registers(GINT) Disabled
& Config_LVDO # Protection of the clock, voltage detector, and RAM parity error detec Disabled
~ & I/O port # Data flash memory area access control{(DFLEN) Disables
& Config_PORT # Initialization of peripheral functions by Code Generator/Smart Confi Enable _
~ g Communications # AP functions disable(R_BSP_StartClock, R_BSP_StopClock) Disable
& Config_UARTO # API functions disable(R_BSP_GetFclkFreqHz) Enable
+ & Middleware # API functions disable(R_BSP_SetClockSource) Disable
+ & Generic # AP functions disable(R_BSP_ChangeClockSetting) Disable
& rctsu # AP functions disable(R_BSP_SoftwareDelay) Disable
& rm_touch # Parameter check enable Enable
# Enable user warm start callback (PRE) Unused
#
# Enable user warm start callback (POST) Unused
#
# Watchdog Timer refresh enable Unused
#
#

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

43

Figure 7-23 Setting r_bsp
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7.6 Setting Unused Pins
Setting the unused pins as outputs at the low level is recommended.
As an example, this section describes the procedure for setting PORT41 as an output at the low level.

Caution: In designing circuits for a user board, appropriately handle the pins so that the electrical
characteristics are satisfied.

1. Click on the "PORT" module and select "PORT4".

Smart Configurator - O X

File Window Help

il =] w5 |

= |&# *Capacitive_Touch_Project_Examplescfg X = B8
%l =]

=] 3 5
Software component configuration Generate Code Generate Report

~

Components 22 ed = [= Configure
B LA Port selection PORT4 PORTE
‘Iype filter text |
~ [= Startup .
v = Generic [JPORTO C1PORTT
& rbsp
- & Drivers [JPoRT2 [JPORT3
~ (= Power management and reset function PORT4 - [C1PORTS
& Config_LVDO
v & I/0 port PORT6 [1PORTT
« Config_PORT -
v g Communications [JPoRT12 [IPORT13
@ Config_UARTO CIPORT14
~ (= Middleware
v = Generic R
- Port mode setting
& rctsu
& rm_touch (@ Read Pmn register values O Read digital output level
v
< >

Overview |Board | Clocks | System | Components MErrupt

Figure 7-24 Setting the Port Module

2. Click on the [PORT4] tab and set "P41" as an output at the low level.

[ smart Configurator - O X
File Window Help
NEE =g
= {5 *Capacitive_Touch_Project_Examplescfg =
=] - 5 10| =
Software component configuration RN EarEE R
Components B3 i =l ¥ Configure ~
ok . Port selection :PORT4 ”
|type filter text |
~ [= Startup
~ [ Generic O Apply toall
@ r_bsp Unused n Out Pull-up TTL buffer Qutput 1
v @ Drivers
~ (= Power management and reset function P40
3 Config_LVD0O @ Unused O In O Qut Pull-up Qutput 1
v = 1/0 port
@ Config PORT P41
O Unused Oln @ Out _IH*LID TTL buffer O Qutput 1

~ @+ Communications
& Config UARTO
v & Middleware
~ = Generic
& rctsu
& rm_touch

<

Overview |Board Clocks System | Components| Pins| Interrupt

Figure 7-25 Setting P41 as an Output at the Low Level
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7.7 Generating Code
Click on the % icon of the Smart Configurator to generate code.

A cautionary message will appear before code generation. Ignore the message and proceed with generation.

!E Code Generating X

The generated code may have runtime problem because of configuration conflicts or
configuration errors.

Proceed with ignore and generate?

[] Always ignore and generate without asking?

Proceed Cancel

Figure 7-26 Cautionary Message before Code Generation

Also, 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.

kG
Setting Old value MNew value
User option byte value - EFFCES
Option byte values for OCD - 84
Range of debug monitor area  FEOO-FFFF OFEOO-OFFFF
Set debug monitor area No Yes(Specify...

Figure 7-27 Message for Confirming Changes in Linker Options
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8. Settings of QE for Capacitive Touch

8.1 Starting QE for Capacitive Touch

Start the standalone version of QE (hereafter referred to as "the QE").

1. Start the QE from "QE-CapTouch (QE installation folder)/eclipse/qe-captouch.exe".
2. Figure 8-1 shows the window after the QE has started.

8 QF for Capacitive Touch

~ | Workflow Diagram
Enable Monitoring | Monitaring: Disabled, Communication |

File View Help
Board Moritor X m0G

o X

B3 = O | parameters x LEEEEH & = O

i 1. Preparation 2. Configuration 3. Tuning 4. Coding and Monitoring
fouch I/F: X
Prapare & project that uses the touch Prepare 5 touch QE will perform tuning Implement a program using the touch.
~ || | intatfaces. Frocessing for sach touch sensor.

T 2
Then, confirm a behavior of tauch iethf
interfaces and make fine adjustments.

Target To Prepare a C To Execute Program Item Value
development targe Sel rate 2 touch interface
Board monitor i wil Parameters
To Start Tuni
To Create Project o onfigurat Follow instruct
Cres b

tions in the dialog.
eate 2 target project using Smart

Workflow
diagram

To Select a Project Folder
targo!

Select a folder that contains
<

or Auto
B result. i it
Ml Status Cham HEHNRES - O i i
- [ Use 2n extemal trigger To Enable Menitoriny
To Select a MCU Name Show monitoring views and enable
Select a name of the target ML = Pt
gnoshic code
i (ntenal 75 0ms] v
< >
Tuning = ~
Touch I/F Configuration: <Nt Selected> Toucl'.n mter_face
configuration v
Console =8
|

Console

Figure 8-1 QE Window after Startup

If the layout is distorted in a full-screen display, change the "Scale and layout" for "Display" in the Windows
settings to "100%".
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8.2 Preparing a Project
Prepare a project that will use touch interfaces.

Set up the items under "Preparation” in the workflow diagram displayed across the middle of the QE window

after startup.

Workflow Diagram

1. Preparation

Prepare a project that uses the touch
interfaces.

Development Target

Show the development target.

MCU

To Create Project

Create a target project using Smart
Configurator.

Also, Set touch sensors and add the
CTSU driver with SC tool

To Select a Project Folder
Select a folder that contains the target
project.

]

To Select a MCU Name

Select a name of the target MCU.

2. Configuration

Prepare a touch interface configuration.

To Prepare a Configuration
Select or create a touch interface
configuration.

Modify Configuration

To Output Files for Tuning
Output files required for a tuning
process.

Output Files

To Implement Program
Implement a process to call the main
loop for touch in the main() function.

To Build Project
Build the target project using IDE tool

3. Tuning

QE will automatically perform tuning
processing for each touch sensor.

To Execute Program

Start debugging the target project in
IDE tool and execute the program. The
tuning program written on the target
board will run,

To Start Tuning

Follew instructions in the dialog.
Start Tuning
[ ] Advanced mode

To Output Parameter Files
Output parameter files from a tuning
result.

Qutput Parameter Files
[JUse an external trigger

Use diagnostic code

4. Coding and Monitoring

Implement a program using the touch.
Then, confirm a behavior of touch
interfaces and make fine adjustments.

To Implement Program
Implement a program using the touch
interfaces and build the project.

To Launch Debug
Launch debugging for your target
project and execute the program.

To Connect UART
Enable a monitoring function via serial
communication.

Baudrate | 115200

Port Auto v

Connect

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

1 Interval 75 [ms] N

Figure 8-2 Workflow Diagram (Preparation)

1. Click on [...] under "To Select a Project Folder" and select the project folder that was created by CS+.
2. Click on [...] under "To Select an MCU Name" and select the target MCU to be used.

Workflow Diagram
1. Preparation

Prepare a project that uses the touch
interfaces.

Development Target

Show the development target

Mcu

Create a target project using Smart
Configurator.

Also, Set touch sensors and add the
CTSU driver with SC tool.

To Create Project ’

To Select a Project Folder
Select a folder that contains the target
project.

C¥CS+_Workspace¥Capac

To Select a MCU Name

Select a name of the target MCU.

2. Configuration

Prepare a touch interface configuration.

To Prepare a Configuration
Select or create a touch interface
configuration.

Modify Configuration

To Output Files for Tuning
Output files required for a tuning
process.

QOutput Files

o Implement Program

Implement a process to call the main
loop for touch in the main() function,

To Build Project
Build the target project using IDE tool

R7F102GGE I:lh

3. Tuning

QE will automatically perform tuning
processing for each touch sensor.

To Execute Program

Start debugging the target project in
IDE tool and execute the program. The
tuning program written on the target
board will run,

To Start Tuning

Follow instructions in the dialog.

Start Tu

[] Advanced mode

To Output Parameter Files
Output parameter files from a tuning
result.

Output Parameter Files
[ Use an external trigger

Use diagnostic code

4. Coding and Monitoring

Implement a program using the touch.
Then, canfirm a behavior of touch
interfaces and make fine adjustments.

To Implement Program
Implement a program using the touch
interfaces and build the project.

To Launch Debug
Launch debugging for your target
project and execute the program.

To Connect UART
Enable a monitoring function via serial
communication.

Baud rate 115200

Port Auto v

Connect

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

3 Interval 75 [ms] ¥

Figure 8-3 Preparing a Project
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Product Name of Target MCU x
Family Name RL78 v
Group Name RL78/G22 v
Pin Number 48pinG v
ROM Size 64KB:E v
Product Name \R7F102GGE

Figure 8-4 Selecting the Target MCU

If attempting to select an MCU causes the following error, it may indicate a problem with the location or
pathname of the folder where the QE has been installed. Terminate the QE, move the installation folder to
another location such as under "C:\Renesas", and then restart the QE.

O Internal Error

Internal Error

[
—/ Reason:

java.lang.MNullPointerException

Figure 8-5 Error on Attempting to Select an MCU
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8.3 Configuring the Touch Interface
Set up the items under "Configuration” in the workflow diagram.

Workflow Diagram
1. Preparation

Prepare a project that uses the touch
interfaces.

Development Target

Show the development target

Mcu

To Create Project

Create a target project using Smart
Configurator.

Also, Set touch sensors and add the
CTSU driver with SC tool.

To Select a Project Folder
Select a folder that contains the target
project,

C¥CS+_Workspace¥Capac

To Select a MCU Name

Select a name of the target MCU.

R7F102GGE I:l

2. Configuration

Prepare a touch interface configuration.

To Prepare a Configuration
Select or create a touch interface
configuration

Modify Configuration

}' To Qutput Files for Tuning

Output files required for a tuning
process.

Output Files

To Implement Program
Implement a process to call the main
loop for touch in the main() function,

To Build Project
Build the target project using IDE tool

3. Tuning

QE will automatically perform tuning
processing for each touch sensor.

To Execute Program

Start debugging the target project in
IDE toal and execute the program. The
tuning program written on the target
board will run.

To Start Tuning

Follow instructions in the dialog.
Start Tuning
[] Advanced mode

To Output Parameter Files
Output parameter files from a tuning
result.

Output Parameter Files
[ use an external trigger

Use diagnostic code

4. Coding and Monitoring

Implement a program using the touch.
Then, confirm a behavior of touch
interfaces and make fine adjustments.

To Implement Program
Implement a program using the touch
interfaces and build the project.

To Launch Debug
Launch debugging for your target
project and execute the program.

To Connect UART
Enable a moenitoring function via serial
communication.

Baud rate 115200

Port Auto v

Connect

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

3 Interval 75 [ms]

Figure 8-6 Workflow Diagram (Configuration)

1. Clickon w under "To Prepare a Configuration" and select "Create a new configuration".

Workflow Diagram
1. Preparation

Prepare a project that uses the touch
interfaces.

Development Target

Show the development target.
MCU

To Create Project

Create a target project using Smart

Configurator.

Also, Set touch sensors and add the
CTSU driver with SC tool

To Select a Project Folder
Select a folder that contains the target
project.

C¥CS+ Workspace¥Capac

To Select a MCU Name
Select a name of the target MCL.

R7F102GGE

}

2. Configuration

Prepare a touch interface configuration.

To Prepare a Configuration
Select or create a touch interface
configuration.

Create a new configuration

To Output Files for Tuning
Qutput files required for a tuning
process.

Output Files

To Implement Program
Implement a process to call the main
loap for touch in the maini) function.

To Build Project
Build the target project using IDE tool.

3. Tuning

QE will automatically perfarm tuning
processing for each touch sensor.

To Execute Program

Start debugging the target project in
IDE tool and execute the program. The
tuning program written on the target
board will run.

To Start Tuning

Follow instructions in the dialog.
Start Tuning
[] Advanced mode

To Output Parameter Files
Output parameter files from a tuning
result.

Output Parameter Files
] Use an external trigger

Use diagnostic code

4, Coding and Monitoring

Implement a program using the touch.
Then, confirm a behavior of touch
interfaces and make fine adjustments.

To Implement Program
Implement a program using the touch
interfaces and build the project.

To Launch Debug
Launch debugging for your target
project and execute the program,

To Connect UART
Enable a monitoring function via serial
communication,

Baud rate 115200

Port Auto w3

Connect

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

1 Interval 75 [ms] ¥

Figure 8-7 Creating a New Touch Interface Configuration
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2. The [Create Configuration of Touch Interfaces] window will open and display the area for placing the
elements of the touch interface.
Click on [Button] in the [Touch I/F] panel on the right to change the cursor to the one for use in button
placement. A button can then be placed by clicking on the area where it is to be placed.

Place two buttons (Button00 and Button01) as shown below and press the [Esc] key to finish the button

placement.

In the same way, click on [Slider (horizontal)] in the [Touch I/F] panel and place a slider (Slider00).
Figure 8-8 shows the window after placement of the elements of the touch interface.

B 1 Create Configuration of Touch Interfaces

File Name of Touch I/F:

Capacitive_Touch_Project_Example

Setup Configuration

Description: |

Slider00

rad

Button00 Button01

H B

Setting

Setup Touch I/F

€3 There are sol

me problems with setting.

Setup Resistance Value

Clear Assigned TSx

=

Import / Re-edit

Touch I/F
Capacitance Type

Self-Capacitance method v

Button
Slider (horizontal)
Slider (vertical)
Wheel
Key pad

3D Gesture (Al)

Touch pad
shield Pin
TCPin
Capacitance Sensor
Current Sensol
Diagnosis Pin

Remove Touch I/F

Configurations (Methods)

Figure 8-8 Placing Buttons and a Slider

3. Assign names and touch sensors to the buttons.
Double-click on [Button00] placed in the previous step and the [Setup Touch Interface] dialog box will
open. Make the following settings in the dialog box.

— Touch Sensor:
— Resistance [ohm]:

TS24
560

For the resistance, refer to the user's manual or circuit diagram of the target board.

Caution: If TS pin numbers do not appear correctly in the dialog box for assigning a touch sensor to a
button, the Windows settings require changing. Set the "Scale and layout" for "Display" to "100%"
in the Windows system settings and then restart the QE for Capacitive Touch.

1 Setup Touch Interface

Button(self)

Name

| Button00

Touch Sensor
TS24

Resistance[ohm]
~ 560

Cancel Help

Figure 8-9 Setting a Touch-Interface Element (Button)
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4. In the same way, make the following settings for [Button01].
— Touch Sensor: TS23
— Resistance [ohm]: 560

5. Make the following settings for [Slider00].

— Touch Sensor: TS20
TS21
TS22
— Resistance [ohm]: 560
B | Setup Touch Interface s
Slider
Name Slider00
Number of Touch Sensor |3 hd
Touch Sensor Resistance[ohm]
1520 T520 560
Set all to
- 521 560 - oo
TS22 v 560
Reverse

Figure 8-10 Setting a Touch-Interface Element (Slider)

6. After the settings for the elements of the touch interface are complete, the color of the electrodes changes
to green as shown in Figure 8-11. Click on [Create] at this point.

B Create Configuration of Touch Interfaces

File Name of Touch |/F [capacitive_Touch_Project Example Setup Configuration

Import / Re-edit

Description: | ]

Slidero0 Touch IfF 2

Capacitance Type
T520 TS21 T522 Self-Capacitance method v

Button00 Button01 Button
Slider (herizental)
Ts24 Ts23
Slider (vertical)

Wheel

Key pad

3D Gesture (Al)

Touch pad
Shield Pin
TCPin
Capacitance Sensor
Current Sensor

Diagnosis Pin

Remove Touch I/F
Setting

T - Configurations (Methods) T
Setup Touch I/F Setup Resistance Value Clear Assigned TSx -

Figure 8-11 Touch Interface Configuration after the Settings are Complete
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7. The touch interface configuration will be displayed in the [Tuning] panel.

Tuning

Touch I/F Configuration: Capacitive_Touch_Project_Example

Method Kind Name Touch Sensor Parasitic Capacitance[pF] Sensor Drive Pulse Frequency[MHz] Threshold Scan Time[ms] Overflow
config01 Button(self) Button00 TS24 - - - - None
config01 Button(self) ButtonD1 TS23 - - - - MNone

config01 Slider Slider00  TS20, TS21,TS22 - - - - None
config01 Slider TS (Slider00) TS20 -

config01 Slider TS (Slider00) TS21

config01 Slider TS (Slider00) TS22

Figure 8-12 Touch Interface Configuration Displayed in the [Tuning] Panel

8. Create a folder for storing the output files required for tuning. For this sample application, create a new
folder "ge_gen" under "Capacitive_Touch_Project Example/src". Click on [Output Files] in the QE
workflow diagram and select the folder for storing the output files.

> MyPC:JPN—:I » (C) Windows > CS+_Workspace »| Capacitive_Touch_Project_Example > src|>

<— Add under “Capacitive_Touch_Project_Example/src”.
smc_gen

Renesas Electronics Cc

Figure 8-13 Creating a New Folder "qe_gen"

The following shows the place of the created folder in the directory structure and the files to be output.

Capacitive_Touch_Project Example <« CS+ project folder (Project name specified in
|- src chapter 6, Creating a New Project)

|- smc_gen

|- ge_gen < New folder created
|- ge_touch_config.c <« Output file
|- ge_touch_config.h <« Output file
|- ge_touch_define.h <« Output file
|- ge_touch_sample.c <« Output file

RO1AN6741EJ0200 Rev.2.00 Page 35 of 67

May.28.25 RENESAS




RL78 Family
Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

9. Specify the frequency of the clock to be supplied to the CPU and peripheral hardware. After the folder for
storing the output files has been selected, the following dialog box will open. Set the frequency (fCLK) of
the clock for the CPU and peripheral hardware and click on [OK].

Peripheral module clock frequency (PCLKB or PCLKL)[MHz]

Figure 8-14 Setting the Frequency of the Peripheral Module Clock

10. Specify the voltage of the power supply for the MCU. After the [Power Supply Voltage of MCU] dialog
box appears, specify the voltage and click on [OK].
For the voltage to be specified, refer to the electrical characteristics of the target MCU.
If the MCU uses EVDD, enter the EVDD value in the VDD field.

Power Supply Voltage of MCU (VDD) *

-

MCU power supply voltage (VDD) [V] 5.0

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

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

Measurement voltage setting Normal voltage v

Figure 8-15 Setting the Power-Supply Voltage for the MCU

11. The [QE for Capacitive Touch] dialog box will open.
The contents of this box are also displayed in the [Console] panel at the bottom of the QE window.

'0 Launch IDE tool and open the target project. Then, perform the following operations.
LW+ Configure the Compiler Settings below.
- Add "QE_TOUCH_CONFIGURATION" to "Define Preprocessor Symbaol (-D)" option
or similar one.
- Add a path of the folder where you output the files to "Include Directories (-1)"
option or similar one.
* Implement a process to call the main loop for touch in the main() function.

Figure 8-16 [QE for Capacitive Touch] Dialog Box
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Console = O

2025/03/12 10:37:55 ~
Succeeded to output the parameter files.

C¥CS+202501_Workspace¥Capacitive_Touch_Project_Example¥src¥qe_gen¥qe_touch_define.h

C:¥CS+202501 Workspace¥Capacitive_Touch Project Example¥sic¥ge gen¥qge touch_config.h
C:¥CS+202501_Workspace¥Capacitive_Touch_Project_Example¥src¥qe_gen¥qe_touch_config.c
C:¥CS+202501_Workspace¥Capacitive_Touch_Project_Example¥src¥ge_gen¥qe_touch_sample.c

Launch IDE tool and open the target project. Then, perform the following operations.

* Configure the Compiler Settings below.

- Add "QE_TOUCH_CONFIGURATION" to "Define Preprocessor Symbol (-D)" option or similar one.

- Add a path of the folder where you output the files to "Include Directories (-1}" option or similar one.
* Implement a process to call the main loop for touch in the main() function.

Figure 8-17 [Console] Panel

12. Set the compiler options. Open the CS+ window and select "CC-RL (Build Tool)" in [Project Tree]. In the

[Common Options] tabbed page of [Property], select "Macro definition" under "Frequently Used Options
(for Compile)" and click on [...] on the right side of the page.

Project Tree 2 x

2 Property

- x
X T
;033 A, CCARL Propedy al & |-+
1 Capacitive Touch Project Example (Project)’ | o Build Mode 7
9 R7F 102GGEXFB (Microcontroller) Build mode DefautBuid
Y Configurator (Design Tool) Change property value for all build modes at once Mo
(Build Tool)| v CPU
£ RL78 Simulator (Debug Tool) u e ;"‘ A ] i ; "
3 (Anah y s MACH or MACHU instruction for multipty-accumulate operation
$ ;‘;:qralﬁ"nna\yu( Analyze Tool) M e
o " Output fle type Execute ModuefLoad Modue Fi)
- b Output cross reference information No
£ main.c Intermediate file output folder “BuldModeName ™.
- |l Smart Configurator v Fraquently Used Opons(for Compile)
Level of cptimization Perform the default optimizaton(No option speciied)
Additional include paths Additional include paths|{13]
System include paths System include paths{0]
Macro defninon Macro defrion{0] -
v Frequently Used Options(for Assemble)
Additional include paths Addtional include paths [2]
System include paths System include paths [0]
Macro definition Macro definton (0]
v Frequently Used Options (for Link)
Using ibraries Using lbranes[0]
Output folder :BuidMode Name v
Macro defniion
Specifies the macro name to be defined in the format of “(macro name)={defined value]". with one macro rame per line. The “(defined value)" part can be omitted. and in this case. *1" is used as the defined value
This option corresponds o the -D option of the corl command
Common Options | Compile Options | fons | SMs [ Link Options | Hex Output Options | Standard Library T T/ Hea fon Options | -

Figure 8-18 Selecting Macro Definition

13. The [Text Edit] dialog box will open. Enter "QE_TOUCH_CONFIGURATION" in the [Text] field in the

dialog box and click on [OK].

Text Edit bt

Text

QE_TOUCH_CONFIGURATIONS <l

Cancel Help

Figure 8-19 Editing a Macro Definition
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14. Add the "ge_gen" folder to the sample project. Drag and drop the "ge_gen" folder from Explorer to the
[Project Tree] of CS+.

Project Tree 3 x
;: © 8 @
f Capacitive Touch Project Example (Project)’

% R7F102GGExFB (Microcontroller)
°;4 Smart Configurator (Design Tool)
“. A, CC-RL (Build Tool)

... &5 RL78 Simulator (Debug Tool)

'\" Program Analyzer (Analyze Tool) ge_gen folder
i . from Explorer
= 3} File —U

ﬂ; Build tool generated files

CJ main.c
E 7 Smart Configurator

Figure 8-20 Adding the ge_gen Folder

15. Add the path to the "ge_gen" folder as an include path. On the [Common Options] tabbed page of
[Property], select "Additional include paths" under "Frequently Used Options (for Compile)" and click on
[...] on the right side of the page.
The [Path Edit] dialog box will open. Check that "src\qe_gen" has been added to the [Path] field in the
dialog box and click on [OK].

v Frequently Used Options(for Compile)

Level of optimization Pesform the default optimization{Mo option specied)

> e Addtional include paths[14] - (..
System include paths System include paths{0]
Macro definition Macro definition[1]

Figure 8-21 Adding an Include Path for the Compiler

Path Edit X

Path{One path per one line): [
q I — A

src¥smc_gen¥r_pincfg

src¥smc_gen¥r_ctsu

src¥smc_gen¥r_config

srciésme_gen¥r_bsp¥mcu¥d 78_g22¥register_access¥cod
src¥sme_gen¥r_bsp¥mcu¥d78_g22

srci¥smc_gen¥r_bsp¥mcu¥all

src%smc jen%r_psp%oard¥geneﬁc_d?3 | g22 v
< >

Browse...

[] Permit non-existent path

] Include subfolders automatically

Placeholder:
Placeholder Value A
Active Project Dir C:¥CS+_Workspace¥Capacitive_Touch_Proje:
ActiveProjectMicomMName R7F102GGExFB
ActiveProjectName Capacitive_Touch_Project_Example
BuildModeName DefaultBuild
Main Project Dir C:¥CS+_Workspace¥Capacitive_Touch_Projer v
< >

et || o0

Figure 8-22 Checking Addition of the Include Path
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16. Specify the language variant of the C source files.
Click on "Source" on the [Compile Options] tabbed page and click on "Language of the C source file".
Click on % on the right side of the page and select "C99 (-lang=c99)".

v Source

Language of the C source file C99(1ang=c99) =)
Language of the C++ source file C++14{Hang=cpp14)

Quality Improvement

Detect stack smashing No(No option specified)

Detect illegal indirect function call No

Memory Model

C Language

Character Encoding

Output Code

Output File

Assemble List

MISRA-C Rule Check

Message

Others v

<

Language of the C source file
Selects the language of the C source file.
This option corresponds to the -lang option of the ccrl command

7

| Common Options ), Compile Options ﬁmbfeouticns /sMsAssembleOptions [ Link Options / HexOutput Options | Standard Library Generate Options 1/O Header File Generation Options bt

Figure 8-23 Selecting the C-Language Standard

17. Set the on-chip debugging (OCD) option byte and user option bytes.
Click on "Device" on the [Link Options] tabbed page and make the following specifications. For
meanings of the values of the option bytes, refer to the user's manual of the target MCU.

— Option byte value for OCD: 84
— Set debug monitor area: Yes (Specify address range) (-DEBUG_MONITOR=<Address
range>)

— User option byte value: EFFCES8
B Property [f mainc | ge_touch_sample.c - x
A, CC-RL Property a o -+

Library -
~ [Device

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

Option byte values for OCD 84

Set debug menitor area Yes(Specify address range)(-DEBUG_MONITOR=<Address range>) _

Range of debug monitor area OFEOO0-OFFFF

Set user option byte Yes(-USER_OPT_BYTE)

User option byte value EFFCES

Output Code v
Device
\_Common Options /_ Compile Options /_AssembleQptions [ _SMSAssemble Options ) L'kapt'mnsﬁ)utputOpﬁuns /. Standard Library Generate Options [ 1/0 Header File Generation Options  / -

Figure 8-24 Setting the Option Bytes
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18. If the free evaluation edition of CC-RL V1.12.00 or a later version is to be used for compilation, "Debug
precedence (-Onothing)" should be selected as the level of optimization by the compiler before building.
Double-click on “Optimization” on the [Compile Options] tabbed page and select "Debug precedence (-
Onothing)" for "Level of optimization”.

Remark: This setting is only necessary for tuning. After tuning is complete, any optimization level can be
specified.

Level of optimization Debug precedence(-Onothing) < v
O ptimization(Details)
Preprocess

+ Optimization s
Source v

| Level of opimization

Selects the level of the optimization for compiling
This option corresponds to the -O option of the cerl command

[ Common ptions ), Compile Options §EEBSEmbleOptions || SMS Assemble Options | Link Options || Fex Output Options | Standard Library Generate Options | 1/0 Header File Generation Options |/ -

Figure 8-25 Setting the Level of Optimization by the Compiler

19. Implement the processing for calling the main function of the touch measurement processing in the
main() function.
This requires a call of the ge_touch_main() function from the main() function.
Add the following statements to the "main.c" file at the points indicated in the listing below.
e extern void ge_touch_main(void);
e (e_touch_main();

30 void main(void);

312 extern void ae_touch main(void); <mmm
33 void main(void)

34 3{

gg } ge_touch_main(); <=

Figure 8-26 main.c
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20. Add the function for serial communications to the "Config_ UARTO_user.c" file.
Add the following statements to the "main.c" file at the points indicated in the listing below.
— extern void touch_uart_callback(uint16_t event);
— touch_uart_callback(0);
— touch_uart_callback(1);

52 /* Start user code for global. Do not edit comment generated here %/

53 extern void touch uart callback(uint16 t event);

54 /% End user code. Do not edil commeni generatled here %/

74 static void r_Config_USRTD_cal Iback_sendend(void)

5 -

76 /% Start user code for r_Config UARTO cal lback_sendend. Do not edit comment generated here %/
17 touch uart callback(D);

78 /% End user code. Do not edit comment generated here */

79 H

a7 s{tatil: pid r_Config_UARTO_cal Iback_receiveend (void)

88 =

89 /¥ Start user code for r_Config_UARTO_cal Iback_receiveend. Do not edit comment generated here %/
50 touch_uart_callback(1);

91 7% £nd user code. Do not edit comment generated here %/

92

Figure 8-27 Config_UARTO0_user.c

21. Build the project in CS+. Click on the ﬁ icon under the menu bar of CS+ to start the process of
building. Check that the build process has been completed without any errors or warnings.

If the following warning (W0511187) is generated during building, change the level of optimization by the
compiler to "Debug precedence (-Onothing)" as shown in Figure 8-25 and rebuild the project.

===z=z==== Ztart build all{Tuesday, February 28, 2023 12:06:14 PH) ========:=] -~
****** Start build(Capacitive_Touch_project Example, DefauliBuild) ------/

ero¥emc_gen¥r_bsp¥board¥zeneric_r|Td_g22%hdwinit.c

erc¥smc_gen¥r_ctsu¥r _ctsu.cd

ero¥emc_gen¥r_bsp¥nou¥a | |¥r_bsp_common. o

erc¥smc_gen¥Conf ig_PORT¥Conf iz_PORT _user.cJ

ero¥smc_gen¥rn_touch¥rm_touch.c.

serc¥snc_gen¥r_bsp¥board¥zeneric_rI78_g22¥r bsp_init.c

WOB111875The evaluat ion period for the option “-Odefault” of CC-RL Y1 has expired. It is iwelicitly changed to “-01ite”. Pleaze consider purchasing the product to continue using “-Odsfault”.

By explicitly specifying “-0lite” or "-Onothing”, this warning nesssee disappears.

'\, All Messages | *Rapid Build | *Build Tool /

Figure 8-28 Warning during Building (W0511187)
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8.4 Tuning

Set up the items under "Tuning" in the workflow diagram.

Main| Status Chart | Pad Monitor
Workflow Diagram

1. Preparation

Prepare a project that uses the touch
interfaces.

Development Target

Show the development target.

MCU

To Create Project

Create a target project using Smart
Configurator.

Also, Set touch sensors and add the
CTSU driver with SC tool.

T I Project Folder
Select a folder that contains the target
project

C¥CS -*_Workﬁpace!’Capac]'

To Select a MCU Nam:
Select a name of the target MCU.

‘R7F102GGE J

2. Configuration

Prepare a touch interface configuration.

To Prepare a Configuration
Select or create a touch interface
configuration.

Capacitive_Touch_Project_Exai ,
Modify Configuration

To Output Files for Tuning h

Output files required for a tuning
Process.

Output Files

To Implement Program

Implement a process to call the main
loop for touch in the main() function,

To Build Project

Build the target project using IDE tool.

3. Tuning

QE will automatically perform tuning
processing for each touch sensor.

To Execute Program

Start debugging the target project in
IDE tool and execute the program. The
tuning program written on the target
board will run,

To Start Tuning

Follow instructions in the dialog.
Start Tuning
[] Advanced mode

To Output Parameter Files
Output parameter files from a tuning
result.

Output Parameter Files
[] Use an external trigger

[[] Use diagnostic code

4. Coding and Monitoring

Implement & program using the touch.
Then, confirm a behavior of touch
interfaces and make fine adjustments.

To Implement Program
Implement a program using the touch
interfaces and build the project

To Launch Debug
Launch debugging for your target
project and execute the program.

To Connect UART
Enable a monitoring function via serial
communication.

Baud rate  |115200

Port Auto v
Connect

To Enable Monitorin

Show monitoring views and enable a
maonitoring function.

1 Interval | 73 [ms] v

Figure 8-29 Workflow Diagram (Tuning)

1. Select the debugging tool to be used. Right-click on "Debug Tool" in [Project Tree] of CS+ and select
"RL78 COM Port" from [Using Debug Tool].

Project Tree

2 @ 4 @

_ﬂ Capacitive Touch Project Example (Project)’
% R7F102GGExFB (Microcontroller)

e[ File

®= 'ﬂ, Build tool generat
. ‘ﬂ main.c

- _5 Smart Configurator
Ll ge_gen

- Smart Configurator (Design Tool)
A CC-RL (Build Tool)

== RL78 COM Port (Debus L

¥ Program Analyzer (An. Using Debug Tool  » |

RL78 E2

@ Property

RL78 E2 Lite

RL78 Simulator

Output

Figure 8-30 Selecting

the Debugging Tool
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2. Set the "Communication port" in the [Property] of the debugging tool.
This sample application uses COM24.

& Property A mainc |4 ce_touch_sample.c v x
£ RL78 COM Port Property 2 [=][+

v Internal ROMRAM ~
S mal ROM[KBytes '

Size of DataFlas
v Clock

Main clock frequency [MHz] Using intemal clock
Sub clock frequencylkHz] Using intemal clock
Monitor clock System
v Connection with Target Board
Communication port coM24 _
Reset control pin DTR
Baud rate Auto v

‘Communication port
Select the communication port.

| Connect Settings: Debug Tool Settings  {  Download File Settings  { Hook Transaction Settings / -

Figure 8-31 Property of the Debugging Tool

The COM number of the port used for communications can be confirmed in the [Device Manager]
window.

M Device Manager s m| W
File Action \View Help
&% m Hm

@ WAN Miniport (SSTP) =

« ff Ports (COM & LPT)

W Intel(R) Active Management Technology - SOL (COME)
W USB Serial Port (COM24) &
= Print queues J

n Processors

B security devices
M Senznre %

Figure 8-32 Device Manager

3. Enable the COM Port debugging circuit. Check that the J16 jumper for switching the QE serial connection
on the target board is closed.

4. Build the project and write the program. Check that the target board is connected to the PC with a USB
cable and click on the @3 CS+ icon. After downloading for writing the program is complete, click on the

é' icon to stop the program and then click on the w1 icon for disconnection from the debugging tool.

5. Execute the serial connection function of the QE. After disconnection from the debugging tool, remove the
USB cable connecting the PC and target board and open the J16 jumper for switching the QE serial
connection.

After that, reconnect the target board to the PC with the USB cable for later connection with the QE. At
this time, the written program will run on the target board which is in the state of standing by for
connection with the QE.

For the J16 jumper for switching the QE serial connection, refer to the user's manual of the target board.
Be sure to use a USB cable that supports data transfer.
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6. Set "Baud rate" under "To connect UART" on the QE to the value specified in section 7.5.3.

e |
Main | Status Chartl Pad Monitor |

Workflow Diagram
1. Preparation

Prepare a project that uses the touch
interfaces.

Development Target

Show the development target

MCU

To Create Project

Create a target project using Smart
Configurator.

Also, Set touch senscrs and add the
CTSU driver with SC tool.

To Select a Project Folder
Selact a folder that contains the target
project.

C¥CS+_Workspace¥Capac

To Select a MCU Name
Select s name of the target MCL.

R7F102GGE

2. Configuration

Prepare a touch interface configuration.

To Prepare a Configuration
Select or create a touch interface
configuration.

Capacitive_Touch Project Exar ,
Modify Configuration

To Output Files for Tuning
Output files required for a tuning
process.

Qutput Files

To Implement Program
Implement a process to call the main
loop for touch in the main(} function,

To Build Proj;
Build the target project using IDE tool

3. Tuning

QE will automatically perform tuning
processing for each touch sansor.

To Execute Program

Start debugging the target project in
IDE tool and exscute the program. The
tuning program written on the target
board will run.

To Start Tuning

Follow instructions in the dialog.
Start Tuning
["] Advanced mode

To Output Parameter Files
Output parameter files from a tuning
result.

Output Parameter Files
[]Use an external trigger

[]Use diagnostic code

4, Coding and Monitoring

Implement a program using the touch,
Then, confirm a behavior of touch
interfaces and make fine adjustments.

To Implement Program
Implement & program using the touch
interfaces and build the project.

To Launch Debug
Launch debugging for your target
project and execute the program,

To Connect UART
Enable a monitoring function via serial
communication.

pudrae

Port Auto v

Connect

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

§ |Interval 75 [ms]

Figure 8-33 Setting "Baud rate"

7. Click on [Start Tuning] to start automatic tuning.

—_— |
Main | Status Chartl Pad Monitor |

Workflow Diagram
1. Preparation

Prepare a project that uses the touch
interfaces.

Development Target

Show the development target.

MCU

To Create Project

Create a target project using Smart
Configurator.

Also, Set touch sensors and add the
CTSU driver with SC tool.

To Select a Project Folder

Select a folder that contains the target

project,

C:¥CS+_Workspace¥Capac

To Select a MCU Name
Select a name of the target MCLU.

R7F102GGE

2. Configuration

Prepare a touch interface configuration.

To Prepare a Configuration
Select or create a touch interface
configuration.

Capacitive_Touch_Project_Exar ,
Modify Configuration

To Output Files for Tuning
Output files required for a tuning
process.

Output Files

To Implement Program

Implement a process to call the main
loop for touch in the main() function,

To Build Proj;

Build the target project using IDE toal.

3. Tuning

QE will automatically perform tuning
processing for each tauch sensor.

To Execute Program
Start debugging the target project in

IDE tool and execute the program. The

tuning program written on the targel
board will run,

To Start Tuning

Follow instructions in the dialog.

4. Coding and Monitoring

Implement a program using the touch,
Then, confirm a behavior of touch
interfaces and make fine adjustments.

To Implement Program
Implement a program using the touch
interfaces and build the project.

To Launch Debug
Launch debugging for your target
project and execute the program,

To Connect UART

Start Tuning

b |

Enable a monitoring function via serial
communication.

k=

[] Advanced mode

To Output Parameter Files
Output parameter files from a tuning
result.

Output Parameter Files
[]Use an external trigger

[ Use diagnostic code

Baud rate | 153600

Port Auto ¥

Connect

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

1 Interval |75 [ms]

Figure 8-34

Automatic Tuning
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8. A dialog box will open. Specify "Baud rate" in the dialog box and click on [Connect].

B ' Connect to COM port (Serial Communication) X

Baud rate \153600 == l

COM port Auto

Figure 8-35 Setting "Baud rate"

9. In the dialog box opened in response to the previous step, specify the frequency of the clock for the CPU
and peripheral hardware and click on [OK].

Peripheral module clock frequency (PCLKB or PCLKL)[MHz]

Figure 8-36 Setting the Frequency of the Peripheral Module Clock

10. Automatic tuning will begin. Check the messages in the [Automatic Tuning Processing] dialog box, which
guides the user through the steps of tuning, and follow the instructions for proceeding through the steps.

B | Automatic Tuning Processing

1/8: 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.

Cancel

Figure 8-37 [Automatic Tuning Processing] Dialog Box
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After several steps of the tuning process are complete, the dialog box shown in the figure below will open.
Measure the touch sensitivity at this point. Use normal pressure in touching the Button01 touch sensor as
instructed by the dialog box. While the touch sensor is being touched, the bar in the dialog box will be
extended to the right and the numerical value of touch counting will increase. While continuing to touch
the sensor with your finger, press any key on the keyboard of the PC to confirm the measured value.

5/8: QE will now measure touch sensitivity for (Button01, TS23 @ 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, TS23 @ config01: 11756

Cancel

Figure 8-38 Measuring the Touch Sensitivity (Button)

11. Proceed with measurement for the other button touch sensor in the same way.

12. Measure the touch sensitivity of the slider touch sensor. Use normal pressure in moving a finger up and

down or left and right across the slider on the target board three or four times and then press any key on
the keyboard of the PC to confirm the measured value.

7/8: QE will now measure touch sensitivity for all sliders in this configuration (config01) on the target board.
Please move your finger across all of the slider sensors 3-4 times using normal touch pressure. When complete,
press any key on the PC keyboard to complete the sensitivity measurement.

Cancel

Figure 8-39 Measuring the Touch Sensitivity (Slider)
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13. The following dialog box will open after tuning is complete and you can check the threshold values.

These threshold values are used by the middleware to determine whether touch events have occurred.

Click on [Continue the Tuning Process]. This is the end of the steps for automatic tuning.

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

O configd1 Button Button00 TS24 2426
O configd1 Button Button01 TS23 2569
O config01 Slider Slider00  T520, TS21,7522 2178

Retry  Continue the Tuning Process -

Threshold Overflow Warning / Error

Cancel

14.

Figure 8-40 Threshold Values for the Touch Sensors

Click on [Output Parameter Files] to output parameter files containing the results of tuning. Select the

"ge_gen" folder that was newly created in section 8.3 as the folder for the output of files and the files in
the folder will be overwritten.
The names of the output files are the same as those listed below that were output by [Output files] in

section 8.3.
|- ge_touch_config.c
|- ge_touch_config.h
|- ge_touch_define.h
-

ge_touch_sample.c

<« Output file
<« Output file
<« Output file
<« Output file

Main| Status Chart| Pad Monitor

Workflow Diagram
1. Preparation

Prepare a project that uses the touch
interfaces.

Development Target

Show the development target.

MCU

To Create Project
Create a target project using Smart
Configurator.

Also, Set touch sensors and add the
CTSU driver with SC tool.

To Select a Project Folder
Select a folder that contains the target
project.

C¥C5+202501_Workspace I:I

To Select a MCU Name

Select a name of the target MCL.

R7F102GGE

2. Configuration

Prepare a touch interface configuration.

To Prepare a Configuration
Select or create a touch interface
configuration.

Capacitive_Touch_Project_Exar ,,

Modify Configuration

To Output Files for Tuning ’

Output files required for a tuning
process.

Output Files

To Implement Program
Implement a process to call the main
loop for tauch in the main(} function.

To Build Project
Build the target project using IDE tool

3. Tuning

QE will automatically perform tuning
processing for each touch sensor.

To Execute Program

Start debugging the target project in
IDE tool and execute the program. The
tuning program written on the target
board will run.

To Start Tuning

Follow instructions in the dialog.
Start Tuning
[] Advanced mode

To Output Parameter Files
QOutput parameter files from a tuning
result.

I Output Parameter Files I_

[] Use an external trigger

[] use diagnostic code

4. Coding and Monitoring

Implement a program using the touch,
Then, canfirm a behavior of tauch
interfaces and make fine adjustments.

To Implement Program
Implement a program using the touch
interfaces and build the preject.

To Launch Debug
Launch debugging for your target
project and execute the program,

To Connect UART
Enable a monitoring function via serial
communication.

Baud rate 153600

Port Auto v

Connect

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

1 Interval 75 [ms] v

Figure 8-41 Output of the Parameter Files
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8.5 Coding and Monitoring

8.5.1 Monitoring

Monitor the touch interface operation by proceeding through the steps under "Coding and Monitoring" in the

workflow diagram.

Main | Status Chart| Pad Monitar

Workflow Diagram

1. Preparation 2. Configuration

Prepore a project that uses the touch
interfaces.

Development Target
w the dewelopment Largel

Select or create & b

configuration,

Capacitive_Touch_Project Exar ,

CTSU driver with 5C foal. process

To Select a Project Folder
Seloct a folder that conlaing the target
project

CHCS+ Workspace¥Capac

Qutput Files

To Implement Program

Prepare a touch interface configuration,

To Prepare a Configuration

such interface

Output files required for & tuning

3. Tuning

QE will automatically perform tluning
processing for each touch sensor.

To Execute Program

Start debugging the targel project in
IDE tool and sxecute the program. The
luning program written on the larget
board will run,

@ Project Maodity Configuration Follow instructions in the dalog
“iﬂ-r"-.'\,f-cl using Smart =

k To Output Files for Tunin tart Tureng

BliC 20fE and add the

[ Advanced mode

To Output Parameter Files
Output parameter files from a tuning
result

Impdament a process to call the main
loop for touch in the main() function

To Selact a MCU Name

Seleci & nama of the target MCL.

RTF102GGE

To Build Project

Build the targel project using IDE bool

[use an extemal trigger

[JUse diagnostic code

4, Coding and Monitoring

Implemant a program using the touch,
Then. confirm a behavior of touch
interfaces and make fine adjustments.

To Implement Program
Implement & program using the touch
Imterfaces and bulld the project

To Launch Debug
Launch debugging for your target
project and execute the program,

To Connect UART
Enable & monitaring function via sarial
COMMLNICAND A

Baud rate 153600
Podt Auto o
Connect

To Enable Monitoring
Show manitoring views and enable &
monitoring function.

g Interval 75 [ms]

Figure 8-42 Workflow Diagram (Coding and Monitoring)

1. Enable the COM Port debugging circuit. Remove the USB cable connecting the PC and target board and
close the J16 jumper for switching the QE serial connection. After that, reconnect the target board to the
PC with the USB cable for connection with CS+.

2. Build the project and write the program by clicking on the @y s+ icon. After downloading for writing

the program is complete, click on the B icon to stop the program and then click on the i icon for

disconnection from the debugging tool.

3. Execute the serial connection function of the QE. After disconnection from the debugging tool, remove the
USB cable connecting the PC and target board and open the J16 jumper for switching the QE serial

connection.

After that, reconnect the target board to the PC with the USB cable for later connection with the QE. At this
time, the written program will run on the target board which is in the state of standing by for connection

with the QE.
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4. Click on [Connect] for serial connection with the target board. [Connect] shown in the red frame in Figure

8-43 will change to [Disconnect].

Main| Status Chart| Pad Monator
Workflow Diagram

1. Preparation

Prepore a project that uses the touch
interfaces.

Show the development target

el

Create a targel project using Sman
Configurater.

Also, Set touch sensors and add the
CTSU driver with 5C tool.

T Project F
Seloct a folder that contains the target

project
| CHCS+_ Workspace¥Capac

T MCU N,

Select a name of the target MCU.
|RIF102GGE

2. Configuration

Prepare a touch interface configueration,

Select or create o touch interface
configuration.

Capacitive_Touch_Project_Exar
Madify Configuration

T Fil ¢ Tunin;
Qutput files required for a tuning
process.

Output Files

To Implement Program
Implemant a process to call the main
loop for touch in the main() function,

T Id Pr
Build the targel project using IDE toal.

3. Tuning

QE will automatically perform tuning
processing for each touch sensor.

Start debugging the target project in
IDE teol and execute the program. The
Luning progeam wiltten on the target
baard will run.

To Start Tuni
Fallow instructions in the dialog.

Start Tuning
[[] Advanced mode

To P er Fil
Ouiput parameter files from a tuning
result

Output Parameter Files
[use an extemal trigger

[ use diagnostic code

4, Coding and Monitoring

Implemant a program using the touch,
Then. confirm a behavior of touch
interfaces and make fine its.

Implement a program wsing the louch
Interfaces and bulld the project.

Launch debugging lor your target
project and executs the program,

To Connect UART
Enable a monitaring function via sorial
communication,

Baud rate | 153600 |
L J
Port Auto ~
I Comec | 4=
itorin

Show monitoring views and enable a
monitoring function,

§ [Interval 75 [ms) 4]

Figure 8-43

Serial Connection
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5. Click on [Enable Monitoring] in the [Board Monitor] panel in the top left part of the QE window. The
indication "Monitoring: Disabled" will change to "Monitoring: Enabled".

Board Monitor MOGGRO®M=O Board Manitor X MOGGHEOWM=O
~ =
Enable Moni Disabled | Status: Connecting via seria I communica tion Enable Moni fEnabiec | Status; Connecting via serial communication
—t £ i bbb e
Touch I/F: ' v Touch IfF: v
v
Slider00 Stider00

ButtonD® Button01

Butiond® Button01

< 3 < >

Figure 8-44 Enabling Monitoring

When touching of a touch sensor is detected, the state of touching is indicated by a finger icon.

Board Maretor BOGGROWM=0

iEnaDle Mamitoring | Monitoring: Enabled. Communication Status: Connecting

Touch I/F: v

Slicerd)

Button( ButtonD1

< »

Figure 8-45 Display of the State of a Touch Sensor being Touched
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6. Display a graph of the touch counting value in the status chart.
A. Click on the [Status Chart] tab.

B. Click on = for "Touch I/F" on the opened [Status Chart] page and select a touch sensor of the touch
interface configuration.

The chart shows the real-time value of touch counting as it is being measured. The change in the touch
counting value while the touch sensor is being touched can be confirmed on the chart.

The green line shows the threshold value, which is used by the "rm_touch" middleware to judge whether
operation of the touch sensor is in progress; that is, it is being touched.

The red strip at the bottom of the chart shows the duration over which the touch counting value exceeds
the threshold value; that is, touching is being detected.

Main Status Chart — B4 M=o
Touch I/F: Bu:tonOO @ config01 ~ D Sync a selection l

I/F Type: Button{self), TS Pin(s): 7524

Measurement Value: 11799| Baseline: 11784 | Threshold: 2217 | Touch ON/OFF difference: 15

Start Data Collection

<

Figure 8-46 Graph of the Touch Counting Value (Button)

7]

Main | Status Chart M=o
Touch IfF: Blider00 @ config01 v [ sync a selection
I/F Type: Slider, TS Pin{s): TS20, T521, T522

Touch Position: 1| Resolution: 100| Threshold: 1961 | Touch ON/OFF difference:

Figure 8-47 Graph of the Touch Counting Value (Slider)
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7. Measure the signal-to-noise ratio (SNR) values as required.

A. Click on [Start Data Collection] on the [Status Chart] tabbed page.

Main | Status Chart — % M=o

Touch IfF: Button00 @ config01 v [] sync a selection

I/F Type: Button(self), TS Pin(s): TS24

Measurement Value: 11968 | Baseline: 11979 | Threshold: 2217 | Touch ON/OFF difference;

Start Data Collection

Figure 8-48 Collecting Data in the Touch-off State
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B. 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.

B Data Collection Settings 4

w

Mumber of data collected: 1000
Data collection target. () Touch OFF (@) Touch OFF + Touch ON _

Collection data: {_) Measurement Value (@ Touch ON/OFF difference _

w

Probability: 0.1% (3.09)

Start Data Collection Cancel

Touch IfF:  Button00 @ config01 w [[]5ymc a selection

IfF Type: Button(self), TS Pin{s): TS24

Measurement Value: | 11979 Baseline: 11975 | Threshold: | 2217| Touch ON/OFF difference: 4

Stop Data Collection | [INEEEG_—_—_———

Figure 8-49 Starting Data Collection

C. 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.

'0 MNext, collect data during Touch ON. When you are ready to take measurements, click
¥ the Start data Collection button.

!

Measurement Value: 11972 Baseline: 11953 | Threshold:

- Start Data Collection

Figure 8-50 Starting Data Collection in the Touch-on State

Touch IfF;  Button00 @ config1 W 1 5ync a selection

I/F Type: Buttaniself), TS Pin(s): TS24
2217 | Touch OMN/OFF difference: 19
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D. After data collection is completed, the SNR value will be displayed.

B | Standard Deviation Measurement Result X

Noise Standard Deviation [NT]: Average [NT]: Minimum: Maximum:
Noise Standard Deviation [T]: Average [T]: Signal: SNR: -

SNR is calculated with a probability of 3.09.

Measurement results are saved in the QE-Touch folder.

Figure 8-51 SNR Value
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8. 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 [Multi Status Chart] tabbed page in
the lower left part of the QE window.

Main | Status Chart | Multi Status Chart = :IT '_.| = ™
. Button00, TS24 @ c ﬁ Button01, 523 @ cﬂ =
11759 11848

. ’ I ’ . ’

W W W
I .

Figure 8-52 Multi-Status Chart

9. Manually adjust parameters as required.
Use the [Parameters] panel in the right part of the QE window.

Parameters

From left to right
= Read values from the target board.
= Write values to the target board.

Touch |/F: |Button00 @ config01 v | (Jsync a selection « Write values to the target board in real time.
= Generate parameter files.

IfF Type: Button(self), TS Pin(s): TS24

ltermn Value

Sample count for dnft comection (number of sample) 255

Continuous Touch Cancel Count (Count) 0

Debouncing count of touch-on filter (Count) 3

Debouncing count of touch-off filter (Count) 3

Average sample count for moving average filter (number of sample) 4 B

Touch Threshold 217

Hysteresis 110

Set a sample count for diift correction. Descripﬁon of the selected touch parameter
Drift correction operation is a function to make the baseline follow the surrounding environment.
Input a value between 0 and 65535.

- The value is 1 or more: The baseline will be comected every sample count specified in the
[Sample count for drift correction (number of sample)] item.
- The value is 0: No correction.

This setting item will be applied for each method.

Figure 8-53 Adjusting Parameters
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10. While "Monitoring: Enabled" is being displayed, click on [Enable Monitoring] to stop monitoring.

EORGEDOWH= O

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

| Board Monitor X

Touch I/F: ™
v
~
Slider00
Button00 Button01
v
< >

Figure 8-54 Termination of Monitoring

11. Click on [Disconnect] to disconnect the serial connection.

Main Board Monitor
Workflow Diagram

1. Preparation

Prapare 8 praject that uses the touch
interfaces.

Development Target

Show the development targel

MCU

T

Create o targel project using Smart
Configurator,

Also, Set touch sensors and add tha
CT5U driver with 5C tool.

T | Project F r

Select a lolder that contains the target

project.

C¥C5+

)1_Workspace

To Select a MCU Name
Select & name of the target MCLUL

R7F1

02GGE

2. Configuration

Prepare a touch interface configuration.

To P nfigurati
Sebect or create a touch inlerface
configuration.

Capacitive_Touch_Project_Exai
Modify Configuration

To Qu Fil ¢ Tunin
Output fibes required for & tuning
process.

Output Files

To Implement Program
Implement a process te call the main
loap for touch in the maini) function

To Build Project

Build the target project using IDE tool.

3. Tuning

QE will sutomatically perform funing
pracessing for each touch sensor.

To Execute Program

Start debugging the targel project in
IDE tool and execute the program. The
tuning program written on the target
board will run.

To Start Tuning

Follow instructions in the dialog.

[ advanced mode
T Par r Fil

Qutput parameter files from a tuning
result

Output Parameter Files
[J Use an external trigger

[ Use diagnastic code

4. Coding and Monitoring

implemant a program using the touch.
Then, cenfirm a behavior of touch
interfaces and moke fine adjustments.

To Implement Program
Implement a program using the towch
interfaces and build the project.

Launch debugging for your targel
project and execute the program.
To Connect UART

Enable a monitaring function via serial
communication.

Baud rate 133600

Port Auto

Disconnect —

To Enable Monitoring
Show monitoring views and enable a
monitering function,

§ Interval 75 [ms]

Figure 8-55 Disconnecting the Serial Connection
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8.6 Flowchart (Software Timer)

Figure 8-56 is a flowchart of the touch measurement control processing with the use of a software timer.

< ge_touch_main() >

uint64_t

uint8_t

fsp_err_t err

[Global variables]
button_status

g_qge_touch_flag

Variable for checking the button state
(1 > Touch-on, 0 — Touch-off)
Measurement completion flag

Variable for checking the results of

Declare the variable "err".

Enable maskable interrupts.
BSP_ENABLE_INTERRUPT()

Initialization

API function completed

API function execution

IE <1

Initialize the ports used by CTSU
Initialize the CTSU module

No (err # FSP_SUCCESS)

successfully?

»

Yes (err = FSP_SUCCESS)

Start touch measurement.
RM_TOUCH_ScanStart()

API function completed

A

No (err # FSP_SUCCESS)

successfully?

Yes (err = FSP_SUCCESS)

A

easurement

No (g_qge_touch_flag = 0)

end interrupt processing
completed?

Clear the measurement completion flag.

Get the results of
touch measurement.

RM_TOUCH_DataGet()

API function completed

Yes (g_qge_touch_flag = 1)

g_qge_touch_flag < 0

No (err # FSP_SUCCESS)

successfully?

Yes (err = FSP_SUCCESS)

Processing defined by the user

I¢

F

Interval
ge_touch_delay()

[Macro definition]
TOUCH_SCAN_INTERVAL_EXAMPLE

Interval period

Figure 8-56 Touch Measurement Control Processing with the Use of a Software Timer
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9. Another Implementation of the Sample Application

9.1 Touch Measurement with the Use of a 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) 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 chapter 7,
Settings of the Smart Configurator.

Remark: The timer array unit or 12-bit interval timer can also be used instead of the 32-bit interval timer.

9.1.1 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 the interval
timer. The low-speed peripheral clock (fSXP) is used in this example. In addition, deselect the XT1
oscillator.

Capacitrve_Touch Project HardwareTimer_Example scfg = ) = |

Clocks configuration Generate Code Generate Report

| Ve
Hee
— o

Overview | Board Clocks —u---uu--;----.-, Prre. bnterrupt

Figure 9-1 Setting the Clock

RO1AN6741EJ0200 Rev.2.00 Page 58 of 67
May.28.25 RENESAS




RL78 Family
Using the Standalone Version of QE to Develop Touch Applications for a Fast Prototyping Board

2. Add the peripheral functions that are required for touch measurement and LED control with the use of a
hardware timer.
Select the [Components] tab and click on & to open the [New Component] dialog box. Select the
"Interval Timer" and "Ports" modules and click on [Next].
After that, assign resources for the selected components. The following settings are used in this example.

E& New Component O x
Add new configuration for selected component 'El:f
~
Interval Timer
Configuration name: | Config_ITLOOO
Operation: 8 bit count mode W
Resource: ITLOOO bt
Caution:
To use 16 bit capture mode and 16 bit count mode together when an interrupt on ~
compare match with ITLCMPO1 is not to be used as a capture trigger, add 16 bit capture
mada ITILAMGN ITIANT and anahla 18 hit roaint mada ITIN12 ITIN12 in thae 1N et
Ports
Configuration name: | Config_PORT
Resource: PORT v V

Figure 9-2 Assigning Resources for the Interval Timer and Ports

3. Set up the interval timer. Select the "Config_ITLO00" component and make the following specifications.

% *Capacitive_Touch_Project_HardwareTimer_Examplescfg < = o
. . %l &
Software component configuration Generate Code  Generate Report
Components 3 e % = @ Configure (O]
L +“ % Clock setting
type filter text Operation clock (fITLO) fSXP ! _
v & Startup Clock source fiTLO/128 ~ | 4R frequency: 0256 kHz
v = Generic
@ rbsp Interval timer setting
v g Drivers Interval value 20 ms v _-.I value: 19.53125
~ = Power management and reset fu
@ Config_LVDO Interrupt setting
v & Timers [] Detection of compare mateh/capture completion (INTITL)
& Config_ITLO0O —| t Level 3 (low)
v & IO port
@ Config_PORT
~ g Communications Deselect
@ Config_UARTO
v = Middleware
v & Generic
@ r.ctsu
& rm_touch
< >
Overview Board Clocks System Components|Pins| Interrupt
Figure 9-3 Setting the Config_ITL000 Component
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4. Set up the pin to be used for LED control. Select the "PORT" module and set the P62 pin as an output
initially at the high level.

& *Capacitive_Touch_Project_HardwareTimer_Example.scfg x = B8
Software component configuration Gener_:t'i e G T eyt
Components ued Y = @ Configure o

Gl L Port selection PORT4 PORTG (N
type filter text
~ & Startup
e e [l Apply to all
& rbip |
~ g= Dnivers
~ & Power management and reset fy Pe0
@ Config_LVDO @®Unwsed Olin O Out
» & Timers
@ Config_ITLO0O P61
v & I/0 port ®Unused Oin OO ftput 1
@« Config_PORT _ |
w g Communications P62
o Config_UARTO Ounused  Oin @ ou Moutput 1
~ & Middleware
v & Generic P63
& rctsu Ounused Clin @ Out [v] output 1
& m_touch
v
£ 2] ¢ »
Overview Board Clocks System Components| Pins | Interrupt
Figure 9-4 Setting the P62 Pin
5. Click onthe %] icon in the top right part of the Smart Configurator view to generate code.
After this, follow the steps described in chapter 8, Settings of QE for Capacitive Touch, to complete the
settings.
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9.1.2 Flowchart (Hardware Timer)

Figure 9-5 is a flowchart 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()

[

Initialization

API function completed

[Global variables]

uinté4_t  button_status
uint8_t g_qge_touch_flag
fsp_err_t err

IE <1

Initialize the ports used by CTSU
Initialize the CTSU module

No (err # FSP_SUCCESS)

Variable for checking the button state
(1 — Touch-on, 0 — Touch-off)
Measurement completion flag

Variable for checking the results of
API function execution

successfully?

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

Start the TML32 timer.
R_Config_ITLO0O_Start()

>

Yes (err = FSP_SUCCESS)

ITLSO register
ITFOO bit « 0

<
<

ompare mat\chgem\ No (ITF0O0 = 0)

in channel 0 of TML32?

Yes (ITF00 = 1)

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

Start touch measurement.
RM_TOUCH_ScanStart()

PI function complete

ITLSO register
ITFOO bit « 0

No (err # FSP_SUCCESS)

successfully?

Yes (err = FSP_SUCCESS)

easuremen

No (g_ge_touch_flag = 0)

end interrupt processing
completed?

Clear the measurement completion
flag.

Get the results of
touch measurement.
RM_TOUCH_DataGet()

Pl function complete

Yes (g_ge_touch_flag = 1)

g_ge_touch_flag «- 0

No (err # FSP_SUCCESS)

successfully?

LED control

<&

Yes (err = FSP_SUCCESS)

Figure 9-5 Touch Measurement Control Processing with the Use of a Hardware Timer
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9.1.3 Sample Code (Hardware Timer)

The following is a listing of the sample code (ge_touch_sample.c) with the use of a hardware timer in

implementing touch measurement.
/************************-k*********~k~k~k~k~k**~k~k~k~k~k*************************
*

FILE : ge sample sample.c

DATE : 2025-02-25

DESCRIPTION : CTSU2L Program for RL78

Xk X X o

NOTE:THIS IS A TYPICAL EXAMPLE.
*
KK KK KKK KKK KKK KKK KKK KKK KK KKK KK KKK LK KKK LK KKK KKK KKK KK LK KKK KKK KKK KKK KKK KK/

#include "ge touch config.h"
#include "Config ITL00O.h"

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

uint64 t button status;

#if (TOUCH CFG NUM SLIDERS != 0)

uintl6é 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 config0Ol.p ctrl,
g_ge touch instance config0Ol.p cfg);

if (FSP_SUCCESS != err)

{

while (true) {}

}
ITLSO &= ~ 01 ITL CHANNELO COUNT MATCH DETECTE;

R Config ITLOOO Start();
/* 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;
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/* for [CONFIGO1l] configuration */
err = RM TOUCH ScanStart (g ge touch instance configOl.p ctrl);
if (ESP_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, slider position, NULL);

if (FSP_SUCCESS == err)
{
/* TODO: Add your own code here. */
if (0 != button status)
{
P6 bit.no2

07
}
else
{

P6 bit.no2 = 1;
}
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10. Documents for Reference

e User's Manual
— RL78/G22 User's Manual: Hardware (RO1UHO0978)
— RL78 Family User's Manual: Software (R01US0015)
The latest versions are available on the Renesas Electronics Web site.

e Technical Update and Technical News
The latest information is available on the Renesas Electronics Web site.

e User's Manual: Development Environment
— RL78/G22 Fast Prototyping Board User's Manual (R20UT5121)
The latest version is available on the Renesas Electronics Web site.

¢ Application Note
— Capacitive Sensor Microcontrollers CTSU Capacitive Touch Introduction Guide (R30AN0424)
— RL78 Family Using the Standalone Version of QE to Develop Capacitive Touch Applications
(RO1ANG574)
— RL78 Debugging Functions Using the Serial Port (R20AN0632)

— RL78 Family CTSU Module Software Integration System (R11AN0484)
— RL78 Family TOUCH Module Software Integration System (R11AN0485)
— Capacitive Sensor Microcontrollers CTSU Capacitive Touch Electrode Design Guide (R30AN0389)

— RL78 Family Using QE and SIS to Develop Capacitive Touch Applications (RO1AN5512)
The latest versions are available on the Renesas Electronics Web site.

Web pages

e Renesas Electronics Web site
https://www.renesas.com/

o Fast Prototyping Board page
https://www.renesas.com/fast-prototyping-board

¢ QE for Capacitive Touch page
https://www.renesas.com/qe-capacitive-touch

e Capacitive Sensor Unit page
https://www.renesas.com/solutions/touch-key
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Revision History

Rev.

Date

Description

Page

Summary

1.00

Mar.20.23

First edition

2.00

Mar.28.25

"Introduction" was modified.

A description of QE for Capacitive Touch was added as Note.

Chapter 1, Overview, was added.

The target devices of this document were corrected.

Table 2-1 was updated.

SIS modules were added to Table 2-1.

Table 2-3, Conditions for Verifying Operation, was added.

IESEN EN F NN N N

Section 2.1, Functions of QE for Capacitive Touch, was added.
The contents are equivalent to those of chapter 1, System
Overview, in Rev. 1.00.

5 Figure 2-1 was updated.

6 The procedures for installing CS+ and the Smart Configurator
were added to section 3.1.
The title of section 3.1 was changed to "Installing Development
Tools".

6 Cautionary notes on the folder for installing the standalone
version of QE for Capacitive Touch was added.

7 Descriptions and a note were added to section 3.2.

7 Table 3-1, Jumper Settings on the Board, was added.

9 Table 4-1 was updated.

10 A statement on the method of communications for tuning and
monitoring in this application note was added.

10 The restrictions on monitoring described in section 7.3.3 in
Rev. 1.00 were moved to section 5.1 as a remark.

10 Figure 5-1 was updated.

10 An overview of the attached sample code was added to section
5.1.

10 Table 5-1, Overview of the Attached Sample Code, was added.

11 Table 5-2 was updated.

13 "Voltage detector (LVD)" and "Port functions (PORT)" were
added as required settings to chapter 7.

14 Figure 7-5 and a statement of the setting of EVDD were added
to section 7.2.

15 The descriptions in section 7.3 were updated.

16 A cautionary note on the procedure for downloading of SIS
modules was added.

17 A note on the method of setting the voltage detection function
of the RL78/G16 was added.

17-18 Section 7.4, Adding Components, was added to describe the
procedures for adding the components to be used and
assigning resources to them.

17-18 Figure 7-10 to Figure 7-12 were added.

19-26 Section 7.5, Modifying the Component Settings in the Smart

Configurator, was added as an overview of the settings of the
components.
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20 The settings of the CTSU component in the attached sample
code were updated.
20 A cautionary note on the design of user circuits was added.
20 Figure 7-14 was updated.
21 The indications of the items to be set for the Touch component
were modified to match the actual labels displayed in the
window shown in Figure 7-15.
22 The descriptions in section 7.5.3 were updated.
23 A cautionary note on the settings of the pins for UART
communications was added.
24 Section 7.5.4, Setting the LVD Component, was added.
24 Figure 7-19, Setting the LVD Component, was added.
25 Section 7.5.5, Setting the PORT Component, was added.
25 Figure 7-21, Setting the PORT Component, was added.
25 Figure 7-22, Setting P62 and P63 as Outputs at the High
Level, was added.
26 Section 7.5.6, Board Support Package, was added.
The contents are equivalent to those of step 1 in section 7.6,
Generating Code, in Rev. 1.00.
27 Figure 7-24 and Figure 7-25 were updated.
28 Figure 7-26, Cautionary Message before Code Generation,
was added.
28 The value of the user option byte was modified in Figure 7-27.
33 The description of step 2 in section 8.3 was updated.
33 A description and a cautionary note were added to step 3 in
section 8.3.
33 Figure 8-8 was updated.
34 A description was added to step 6 in section 8.3.
34 Figure 8-11 was updated.
35 The description of step 8 in section 8.3 was updated.
35 Figure 8-13, Creating a New Folder "qe_gen", was added.
35 The name of a folder was corrected.
36 A description was added to step 9 in section 8.3.
36 A point to note on the setting of the power-supply voltage was
added to step 10 in section 8.3.
36 Figure 8-15 was updated.
38-40 Steps 14 to 18 of the development procedure were modified.
» The statement on the addition of the ge_gen folder was
moved to step 14.
¢ The statement on the setting of the standard and
mathematical libraries and Figure 8-21 (p. 36 in Rev. 1.00)
were deleted.
38,39 The descriptions of steps 14, 15, and 17 in section 8.3 were
updated.
39 The value of the user option byte was modified.
39 The value of the user option byte in Figure 8-24 was modified.
43 Figure 8-31 and Figure 8-32 were updated.
43 The descriptions of steps 3 to 5 in section 8.4 were updated.
45 The description of step 9 in section 8.4 was updated.
47 Figure 8-40 was updated.
48 The descriptions of steps 1 to 3 in section 8.5.1 were updated.
49 A description was added to step 4 in section 8.5.1.
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50 Figure 8-44 and Figure 8-45 were updated.

51 The procedure for setting the touch interface element to be
displayed on the status chart was modified in step 6 of section
8.5.1.

51 Figure 8-46 and Figure 8-47 were updated.

52 The description of step A was updated in step 7 of section
8.5.1.

52 Figure 8-48 was updated.

53 A point to note on data collection was added to step B in step 7
of section 8.5.1.

53 Figure 8-49, Starting Data Collection, was added.

53 The description of step C was updated in step 7 of section
8.5.1.

53 Figure 8-50, Starting Data Collection in the Touch-on State,
was added.

54-56 Figure 8-51 to Figure 8-54 were updated.

56 Software Timer Sample Code
(described on p. 54 and p. 55 of Rev. 1.00) was deleted.

57 CTSU port initialization and CTSU modaule initialization in
Figure 8-56 changed to initialization process

57 A title for Figure 8-56 was added.

58 The descriptions in section 9.1 were updated.

58 A point to note on the other implementation of the sample
application was added to section 9.1.

59 The description of step 2 in section 9.1.1 was updated.

59 Figure 9-2 was updated.

59 The description of step 3 in section 9.1.1 was updated.

60 Supplementary information regarding the procedure for
settings following step 5 in section 9.1.1 was added.

61 Changed Figure 9-5.
CTSU port initialization and CTSU module initialization were
changed to initialization process.
Changed LED lighting processing section to LED control

61 A title for Figure 9-5 was added.

62 A description was added to section 9.1.3.

64 Added reference document (RO1AN5512) to chapter 10
(moved from Rev. 1.00 abstract)

64 The page for the Fast Prototyping Board was added to "Web
pages" in chapter 10, 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 Vi1 (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between Vi. (Max.) and 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 LS| 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.
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(Note1)

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

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

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

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas
Electronics disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas
Electronics product that is inconsistent with any Renesas Electronics data sheet, user’'s manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user’'s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc.
Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products
outside of such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you
are responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

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

(Note2)

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

Trademarks

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

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

(Rev.5.0-1  October 2020)

Contact information

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