RE NESAS Application Note

RAOL1 Group
FPB-RAOL1 Tutorial

Introduction

This application note explains how to create a new project, setting touch sensors and debug a program
using the e? studio integrated development environment for the FPB-RAOL1 board with Renesas' RAOL1
group MCU.

Target Device
RAOL1 Group

Related Documents

[1]1 RAOL1 Group User’'s Manual: Hardware (RO1UH1143)

[2] RAOL1 Group Fast Prototyping Board for RAOL1 Microcontroller Group FPB-RAOL1 v1 User's Manual
(R20UT5601)

[3] Renesas e? studio 2023 -10 or Higher Quick Start Guide User’'s Manual RA Family Renesas MCU
(R20UT5210)
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1. Development environment

This application note explains using the following development environment.

1.1 Hardware environment
Use the following hardware:

e board : FPB-RAOL1(Product part number;: RTK7FPAOL1S000010BJ, Installed Device: R7TFAOL1074CFL)
Connect the board and PC using the USB Type A to Type C cable included with the product.

1.2 Software environment
This document uses the following software. Please install the software in advance.

¢ Integrated development environment
— e? studio : V2025-07 or later
e C compiler
— GNU ARM Embedded : 13.3.1.arm-13.24 or later
e Flexible Software Package
— Version : 6.1.0 or later
e QE for Capacitive Touch: Development Assistance Tool for Capacitive Touch Sensors
— Version : 4.2.0 or later
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2. Software overview

This section explains the specifications of the program created using this application note.

2.1 Program
Using the touch sensor function of the RAOL1 Group, create a program that performs the following controls.

e Control the lighting status of LEDS and LED6 according to the touch detection status of the Touch Button
e Touch detection on Touch Button1 controls the start/stop of blinking of LED1 and LED2.
e Touch detection on Touch Button2 change the blinking cycle the LEDs.

Indicates the board used and the location of the LEDs and touch sensors.

LED1 LED2 LEDS LED6

Touch

Button1 Button1

Button2
FPB-RAOL1
renesss. com/fpb-ra0l|
Figure 2-1. Position of LED on board
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2.2 Resources
This section describes the resources consumed by the program described in this application note.

2.2.1 Clock Generation Circuit
HOCO clock frequency: 32MHz

HOCO clock division: 1 division
ICLK selection source: HOCO
ICLK frequency: 32MHz
TAU CKOO supply clock:32MHz

2.2.2 Low Voltage Detection (LVD)
Low voltage detection circuit used: Voltage monitoring 0

Detection voltage level: 1.86V

2.2.3 Capacitive Touch Sensing Unit (CTSU2SIa)
Touch sensor Functions used: TouchButton1, TouchButton2

FSP software stack used: rm_touch, r_ctsu

2.2.4 Timer Array Unit (TAU)

Timer function used: TAU channel 0
TAU clock supplied to channel 0: CKO00

Channel 0 operating mode: Interval timer mode
Interval timer period: 1ms

FSP software stack used: r_tau

2.2.5 1/0O Ports

Ports used: PO02(LED1) / P104(LED2) / P401(LED5) / P400(LED®G)
FSP software stack used: r_ioport
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3. Generate new project

This section explains how to generate project.

3.1 Project launch

1. From the e? studio menu bar
Select “New” — “Renesas C/C++ Project” — "Renesas RA”.

ﬁ workspace_RAOLT - & studio

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

New Alt+Shift+N > Renesas C/C++ Project > Renesas Debug
Open File... [ Makefile Project with Existing Code Renesas RA I
() Open Projects from File System.. £] C/C++ Project
Recent Files » [ Project..
E4 Convertto a C/C++ Project (Adds C/C++ Nature)

Source Folder
Folder

€ Source File

h| Header File

File from Template

& Class
™ Example...
™ Other. Ctrl+N

& | Refresh F5

Figure 3-1. Project launch

2. Select “Renesas RA C/C++ Project”, then click “Next”.

B New C/C+ + Project 0 X

T Renesas RA C/C++ Project

oo FEm™ Create an executable or static lbrary C/C+ » project for Renesas RA

Renesas RA FSP Solution
ﬂf‘\-\ Create an FSP Solution for Renesas RA comprising a Solution Progect and C/C+ + projects for

6.0.0 and lter)

aaoh processor core (FSP

Figure 3-2. Project launch
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3.2 Setting the project name
Set any name to the project name, click “next”. (In this application note, the name is FPB_RAOL1_Tutorial)

When “Using default location” is checked, the project will be created in the path shown. If you want to create
it in a different location, uncheck it and set the path.

ﬁ Renesas RA C/C++ Project

Renesas RA C/C++ Project

Project Name and Location

Project name

FPB_RAOL1_ Tutorial

B Use default location

You can download more Renesas packs here

Figure 3-3. Setting the project name
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3.3 Device/Tool Configuration
The following steps outline the configuration of the projects target device and tooling.

1. FSP Version: Select the latest version

2. Board: Select “RA0” — “RAOL1” — “FPB-RAOL1”

3. Device: Device is set automatically by selecting Board

4. Language: Select C
8 Renesas RA C/C++ Project ] X
Renesas RA C/C++ Project —

Device and Tools Selection

Device Selection

Board Description

FSP Version: 6.1.0 v
Board: Custom User Board (Any Device) v |
Custom User Board (Any Device)
Device: R7FAQE1073CF)
RAO > RADE1 >
Core: cMm23 RA2 > RAOE2 >
language. @ C O C++ RA4 I FPB-RAOL1 I RAOL1 >
RAG RSSK-RAOL1
RA8 >

Figure 3-4. Device/Tool Configuration

5. Toolchains settings: Select “GNU ARM Embedded”. Select the latest version from the list of version.

Toolchains

GNU ARM Embedded

13.3.1.arm-13-24 Manage Toolchains...

13.2.1.arm-13-7

Figure3-5. Device/Tool Configuration

6. Debugger settings: Select J-Link ARM

Debugger

J-Link ARM v

Mone
E2 (ARM)
E2 Lite (ARM)

Figure3-6. Device/Tool Configuration
The settings are complete.
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7. Confirm the setting in the red frame are and click “Next”.

Q Renesas RA C/C++ Project

O X
|
Renesas RA C/C++ Project —
Device and Tools Selection
Device Selection
FSP Version: 6.1.0 « ] Board Description
Fast Prototyping Board for RAOL1 MCU Group
Board: FPB-RAOL1 M
Visit https://www.renesas.com/fpb-ra0l1 to get kit user's manual, quick I
Device: R7FAOL107ACFL

start guide, errata, design package, example projects, etc.

Core: CM23 Device Details

Language: Oc Oc++

TrustZone No
Pins 48
IDE Project Type ‘wqer
e? studio managed build v J-Link ARM v

Toolchains

GNU ARM Embedded

13.3.1.arm-13-24 v Manage Toolchains...

® < Back Finish Cancel

Figure3-7. Device/Tool Configuration

RO1AN7993EJ0100 Rev.1.00

Page 10 of 96
Sep.17.25 RENESAS



RAOL1 Group FPB-RAOL1 Tutorial FPB-RAOL1 Tutorial

3.4 Setting Preceding Project or Smart Bundle Selection

Confirm “None” has selected and click “Next”.

0 Renosas RA C/C+ + Project

Renesas RA C/C+ + Project

Preceding Project or Smart Bundle Selection

O Nomw Choose this option when creating a project for the primary procassor core (no preceding project or Smart Bundle)

Preceding Project

Sman Bundie

Figure3-8. Setting Preceding Project or Smart Bundle Selection

3.5 Build artifact settings
In this application note, we will generate an executable file from the program, so select “Executable”.

Select “No RTOS” since “RTOS” is not used. After selecting both options, click “Next”.

8 Renesas RA C/C++ Project O b4
FRenesas RA CfC++ Project i :
Build Artifact and RTOS Selection
Build Artifact Selection RTOS Selection
6 Executable Mo RTOS
* Project builds to an executable file
() Static Library
* Project builds to a static library file
() Executable Using an RA Static Library
* Project builds to an executable file
* Project uses an existing RA static library project
Figure3-9. Build artifact settings
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3.6 Template type settings

1. In this application note, we will explain how to use FSP, so this time we will select Bare Metal -
Minimal. Then click "Finish".

Q Renesas RA C/C++ Project O X

Renesas RA C/C++ Project —_—

Project Template Selection

Project Template Selection

) f-} Bare Metal - Blinky

Bare metal FSP project that includes BSP and will blink LEDs if available. This project will initialize clocks, pins, stacks, and the C runtime
environment.

[Renesas.RA.6.1.0.pack]

o (:} Bare Metal - Minimal
: Bare metal FSP project that includes BSP This project will initialize clocks, pins, stacks, and the C runtime environment.

[Renesas.RA.6.1.0.pack]

Figure3-10. Template type settings

2. Click “Open Perspective” when the "FSP Configuration" Perspective which optimizes the FSP
Configuration workflow is pop-up.
* If you click no, it can be accessed again by selecting "Open New Perspective" ... then
images/instructions of this process are provided.

&

Open the FSP Configuration perspective?

Remember my decision

Open Perspective Mo

Figure3-11. Setting template type
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FPB-RAOL1 Tutorial

3. Project creation is complete.

a workspace_RAOL1 - FPB_RAOL1_Tutorial/configurationxml - e studio

File Edit Navigate Search Project RenesasViews Run Renesas Al Window Help

- =] X

Q, i Ec/ce+ £ FSP Configuration 3 710y £ CapTouch®=% (QE)

R R . Q-
Project Explorer 9% Y § = 8§ [Fee_RAOLT Tutorial] FSP Configuration = a8
15 FPB_RAOL1_Tutorial
>[5l Includes Summary Generate Project Content
Project Summa
d i RENESAS
Board: FPB-RAOL1
Device: R7TFAOL1074CFL
& script Core: CM23
= . Toolchain: GCC ARM Embedded
s e Toolchain Version:
| FPB_RAOL1_Tutorial Debug Flat.launch " 13.3.1.arm-13-24
@ Developer Assistance FSP Version: 6.1.0
Project Type: Flat
Location: C:/Users/yuuji.ikemoto/e2_studio/workspace RAOL1/FPB_RAOL1_Tutorial =

>

D

Properties Problems Smart Browser Console >
RA FSP
Extracted file: ra/fsp/src/bsp/mcu/all/bsp_tfu.h
Extracted file: ra/fsp/inc/fsp_features.h
Extracted file: script/fsp.ld

Support

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

Debug BE

» Legend

FSP Visualization < =8

E A

£ »

RENESAS

Figure3-12. Template type settings
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4. Tuning and monitoring touch sensors using QE Touch

4.1 Setting FSP Configurator of touch IF

Use FSP Configurator to configure the system clock and initial settings for peripheral functions.

4.1.1 How to open FSP Configurator window
Double-click the configuration.xml file in the Project Explorer to open the FSP Configurator window.

@8 workspace_RADL1 - FPB_RAOL1_Tutorial/configurationxml - e studio — o x
File Edit Navigate Search Project RenesasViews Run Renesas Al Window Help
LR AU = | Si-Qq- Q [ B@c/ce+ ) FSP Configuration 1 7024 &) CapToucht=4 (QE)
Project Explorer 3 =k = § = O @ (FPB_RAOLY Tutorial] FSP Configuration = O  rsp Visualization ¥ = a
~ 15 FPB_RAOL1 Tutorial [Debug 0 = [
G = ! : s || 2 || £ »
5 Includes Summary Generate Project Content L]
Bra i
2 ra_gen Project Summary RENESAS _
B src THEHHIT
& Debug Boa.rd. FPB-RAOL1 Bl 144
Device: R7FAOL1074CFL ] ili i
& radfg t al
. Core: CM23 - R—
T Toolchain: GCC ARM Embedded
12¥ configuration.xml Toolchain Version: .
e bebug_Flat launch oolchain Version: 43 3.1.arm-13-24 R’ tenesas
(@ Developer Assistance FSP Version: 6.1.0 — —
Project Type: Flat
Location: C:/Users/yuuji.ikemoto/e2_studio/workspace_RAOL1/FPB_RAOL1_Tutorial <=/ isis
]9 HIE
Support
Summary| BSP Clocks Pins Interrupts Event Links Linker Sections Stacks| Components » Legend
Properties Problems Smart Browser  Console X Debug mE =P ME-03~-=0
RA FSP

Extracted file: ra/fsp/src/bsp/mcufall/bsp_tfu.h
Extracted file: ra/fsp/inc/fsp_features.h
Extracted file: script/fsp.ld

&} configuration.xml - FPB_RAOL1 Tutorial

Figure4-1. How to open FSP Configurator window
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4.1.2 Clock configuration

Select the “Clocks” tab to open clock setting window. Verify that the default screen looks like the one below.
In this Application note, clock frequency is 32 MHz, so the setting is not needed to change. Verify that the
clock supplied to TAU CKO0O is 32 MHz.

The path of each clock is indicated by a thick arrow.

io¢ [FPB_RAOL1 Tutorial] FSP Configuration

Clocks Configuration

HOCO 32MHz ¥ —>HOCO Div /1 « == |CLK Src HOCO
MOCO 4MHz —>MOCO Div /1

XTAL 20MHz —> XTAL Div /1

SUBCLK 32768Hz =~

LOCO 32768Hz

CLKOUTO Disabled
CLKOUT1 Disabled
UTASEL Disabled UARTAQ Src UTASEL
I UARTA1 Src UTASEL
TML FITLO Src: ELC event/]
TML FITL1 Sre: ELC event/]

TML FITLZ Disabled/No B!

[ TAU CKOO Div /1

> ICLK/PCLKB 32MHz

—> TAU CK0O 32MHz

[ TAU CKO1 Div /1

[> TAU CKO2 Div /2

[+ TAU CKO3 Div /256

[** SAU CKOO Div /2

[ SAU CKO1 Div /1

[ SAU CK10 Div /2

> SAU CK11 Div /1

—= CLKOUTO Div /1

—> CLKOUT1 Div /1

— TAU CKO1 32MHz

—> TAU CK02 16MHz

—> TAU CK03 125kHz

—2 SAU CKO0 16MHz

—> 5AU CKD1 32MHz

— SAU CK10 16MHz

—> 5AU CK11 32MHz

—2 CLKQUTO 0Hz

—2CLKOUT1 OHz

UARTA UTAQ OHz

UARTA UTA1 OHz

TML FITLO OHz

TML FITL1 OHz

TML FITL2 OHz

> FSXP Src SUBCLK

Summary BS*(Iocks ||r|s Interrupts | Event Links | Linker Sections | Stacks Components

FSXP 32.768kHz

Figure4-2. Clock configuration window
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4.1.3 Low Voltage Detection configuration

1. Select the “BSP” tab to open the Board Support Package Configuration window. Then select the
“Properties” tab in the lower panel to display the Properties window.

File Edit Mavigate Search Project

& e
(2 Debug
& Qf-Touch

@ rshy
& seript

11 comfqurstionaml

Tistoriad Diebug_Flat jink
Tutorisl Debug_Flatlsunch
o9

rashgtat
T Drveloper Amistance

Veltage Cietection 0 Cirruit Start

Main stack size (bytes)

He

Parameter checking

Reretas Views

=]

1 Do Function Select Regitter 0) Settings:
1 [Opticn Function Select Regiter 1) Settings

o Renesmt &l Windew Help

55 [PPB_RADLY Tusorial] 5P Configuestion X

Board Support Package Configuration

Device Selection

FSP version: 610
Board FEB-RADLY -

Device: RIFADR 10P4CF

RTGS:

o

sl | Limker Sectioms Stacks | Components

Boand Details
Fast Protosyping Board for RASLY MU Geou

Vi A
Projecs, o4,

Eraabledt

Enabied

Viltage meatcs O feset o enabded altes reset
LOEV

Diabled

Daolrt

w2

RES ingut

Disabled

Dhsabied
2418M05C
ot Sepported

()

0
[
Ehsabled

Figure4-3. Displaying the “Properties” window

2. Inthe Properties window, set “Voltage Detection 0 Circuit Start” to “Voltage monitor O reset is enabled
after reset” and “Voltage Detection 0 Level” to “1.86V".

Properties X Problems Smart Browser Conscle History Search Debug
FPB-RAOL1
Settings  Property Value
~ RADL1 Device Options
~ OFS Registers
» OFS0 (Option Function Select Register 0) Settings Enabled
v OFS1 (Option Function Select Register 1) Settings Enabled
| Veltage Detection 0 Circuit Start Voltage monitor O reset is enabled after reset
\oltage Detection O Level L85V I
Enable or disable Flash Read Protection Disabled
Flash Read Protection Start 01
Flash Read Protection End o 3F
P206/RES pin selection RES input
» OSIS (OCD/Serial Programmer ID setting register) Settings Disabled
~ RADL1 Family
Enable inline BSP IRQ functions Disabled
Main Oscillation Stabilization Time 2*18/MOSC
Use Low Voltage Mode Not Supported
~ RA Common
Main stack size (bytes) Ox400
Heap size (bytes) o
Bootloader Secondary XIP Disabled
MCU Vee (mV) 3300
Parameter checking Disabled
Ancert Failures Return FSP FRR ASSFRTION

Figure4-4. Low Voltage Detection Circuit Settings window
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4.1.4 Touch driver configuration

1. In the FSP Configurator window, open the “Stack” tab, add “New Stack” — “CapTouch” — “Touch
(rm_touch)”

B8 workspace_RADL1 - FPB_RAOL1_Tutorial/configurationxml - e? studio — o x
File Edit Navigate Search Project RenesasViews Run Renesas Al Window Help
BA - Q- Q, E | Thc/ce+ | FsP Configuration 15 71037 £ CapTouch®=4 (QE)
Project Explorer 5% Y § = 0 §# [Fee_RAOLT Tutorial] FSP Configuration = a
< .
~ =% FPB_RAOL1 Tutorial . :
- - Stacks Configuration
[ Includes 9 Generate Project Content
Threads = HAL/Common Stacks
— >
¥ HAL/Common -
" L >
(& Debug 4 g_ioport IO Port (r_ioport) ud gr !Dpﬂ:yo Port A
(= racfg (riopo Audio >
(= script ® Bootloader >
5 configuration.xml $_CTSU (r ctsu CapTouch >
X FPB RAOL1 Tutorial Debug_FlatJaunch =TT Conractity >
@ Developer Assistance - e N
Input >
i >
Objects Monitoring
Mator >
Networking >
Power >
Security >
Summary BSP | Clacks | Pins | Interrupts | Event Links | Linker Sectios omponents 5 >
ensor
Properties X M@  AY-h-J37¥-  Console  Debug  HE Storage > ME=a0O
System >
Properties are not available. Timers v
Transfer >
¥ Search..

Figure4-5. Touch driver configuration

2. After confirming that the stack has been added, the Touch driver configuration is complete.

B8 workspace_RADL1 - FPB_RAOL1_Tutorial/configurationxml - e? studio — o x
File Edit Navigate Search Project RenesasViews Run Renesas Al Window Help

H®~-4~ v Q- Qi B@c/Ce+ [§FFSP Configuration ¥ 7/(y ) CapToucht=% (QE)
Project Explorer BT S0 & *[FPB_RAOL1 Tutorial] FSP Configuration X =

~ 15 FPB_RAOL1_Tutorial . .
- - Stacks Configuration
(5} Includes 9 Generate Project Content

Threads % | Remove = Touch (rm_touch) Stacks % | New Stack >

v i HAL/Common —
4 Touch (rm_touch)

(& saript
5 n @
422 configuration.xml| z
X FPB_RAOL1_Tutorial Debug_Flatlaunch I
(7) Developer Assistance & CTSU (rctsu) % Add UART Driver for
monitor of QF
@
Objects : = :
% Add DTC Driver for % Add DTC Driver for
Transmission Reception
[Recommended but [Recommended but
Summary BSP | Clocks | Pins | Interrupts | Event Links | Linker Sections | Stacks | Components
Properties X [E AV-b T3~ Console Debug B MmE=0
Touch (rm_touch)
Settings  ProPerty Value
i ~ Common |
APLInfe Parameter Checking Default (BSP)
Suinnart far OF manitarina ueinn HART Nicahlad

Figure4-6. Touch driver configuration
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4.1.5 Confirm Pin configuration

1. In the FSP Configurator window, open “Pins” tab, and open “Pin Selection” — “Peripherals” —
“HMI:CTSU” — "CTSU".

Confirm that “TS22”, “TS23” and “TSCAP” are checked(*), then click “Generate Project Content” to
generate code.

* These are automatically set by selecting board at “3.3 Device/Tool Configuration”.

Q workspace_RAOL1 - FPB_RAOL1_Tutorial/configurationxml - e studio

— o x
File Edit Navigate Search Project RenesasViews Run Renesas Al Window Help
H®~|~ e Q- Q, | BEc/ce+ 8 PSP Configuration 1 71095 £ CapTouch®=% (QE)
Project Explorer X A% Y § = 8 {8 +[Fpe_RAOL1 Tutorial] FSP Configuration X =M=
~ 5 FPB_RAOL1 Tutorial . ., . (%]
) includes Pin Configuration
L: gen Select Pin Configuration Uil Export to CSV file (3= Configure Pin Driver Warnings
B src FPB-RADL1 ¥ | Manage configurations... @ Generate data:  g_bsp_pin_cfg
(= Debug
= ra_cfg Pin Selection E B E a Pin Configuration # Cycle Pin Group
(= script
{24 configuration.xm| Type filter text Name Value Lock  Link
¥) FPB_RAOL1 Tutorial Debug_Flatlaunch 7 Connectivity UARTA N 1520 one
(?) Developer Assistance E:‘;)If;;,qgfgwg == = & @
v v HMICTSU 1523 P00 o = |
E=h TSCAP P112 ® o
Interrupt:IRQ |
System:CGC Module name:  CTSU
System:SYSTEM
Pin Function | Pin Nurgbe
Summary BSP C\o:leuupls Event Links Linker Sections Stacks Components
Properties X F9E AT-he TFH— Console Debug EE e ¥ § =0
Properties are not available.
Figure4-7. Confirm Pin configuration
A pop-up will appear asking you to save your settings before code generation. Please click “Proceed”.
@ Generate Project Content X
Configuration must be saved before generating project content.
Proceed with save and generate?
| (] Always save and generate without asking
! Proceed Cancel
Figure4-8. Confirm pin configuration
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4.2 Tuning touch sensor by using QE Touch

4.2.1 Preparing for Capacitive Touch
(1) Select a project

From the e? studio menu bar click “Renesas Views” — “Renesas QE” — “CapTouch workflow”.

a workspace_RAOL1 - FPB_RAOL1_Tutorial/configurationxml - e studio - o X
File Edit Navigate Search Project RenesasViews Run Renesas Al Window Help
Qe @R C/Ce+ > Q, :E BHC/C+ 85 FSP Configuration 45 709 £ CapTouch®=4 (QE)
Project Explorer X 5% Debug > ] FSP Configuration X =n
125 FPB_RAOL1_Tutorial Pin Configurator > \ration
» [al Includes Renesas Al > Generate Project Content
> @Bra Renesas QE > ) CapTouch Gesture Monitor (QE) - .
> B ragen RTOS > ) CapTouch Board Monitor (QE) gron Stacks e
f _Lf\“ Solution Toolkit > ) CapTouch Pad Monitor (QE) B
: ;zﬁ:;g Tracing > b CapTouch Multi Status Chart (QE) .
> & script *  Renesas Software Installer £ CapTouch Parameters (QE)
{5 configuration.xmi 3 CapTouch Status Chart (QE) @ =
\X] FPB_RAOL1 Tutorial Debug_Flat.launch = i =] T T
) ra_clg ot 4 CTsU (rctsu) 39 Add UART Driver for
> (?) Developer Assistance . () monitor of QF
Objects #] New Obj L] ® =

T T
| % Add DTC Driver for ‘ % Add DTC Driver for

Transmission Reception
Summary BSP | Clacks | Pins | Interrupts | Event Links | Linker Sections | Stacks | Companents
Properties X S AP-h- T Console Debug mE METYEE§ =0
Touch (rm_touch)
Settings Property Value
Sters | e |
e Parameter Checking Default (BSP)
Cumnart far NE manitarina oeina TIART Nieahlad
Figure4-9. Selecting the Touch workflow
H 13 H ”
Select the target project from “Select a Project”.
B8 workspace_RADL1 - & studio = [u] x
File Edit Mavigate Search Project RenesasViews Run Renesas Al Window Help
Br& - 2 piBitErQ- Q iE | Bhc/ce+ PSP Configuration 3 710y B CapTouch®=¥ (QE)
Project Explorer 3 %Y § = O £ caplouch Workflow (QF) X % [FPB_RAOLT Tutorial] FSP Configuration F §=08
< )
UG [#]> 8 QE for Capacitive Touch
> [al Includes
> Bra Preparation Tuning Coding Monitoring
> (2 ra_gen - A
> @8 src 1.Preparation 7 Select a Project
> (& Debug .
s B ra.clg Select a Project ‘ .
> @ saript Prepare a Configuration Prepare a project that uses the touch interfaces.
{2¢ configuration.xml
%] FPB_RAOL1 _Tutorial Debug_Flatlaunch 2.Tuning Touch Sensors -
=l ra_cfg.txt

> @ Developer Assistance Select a Connection Method

Start Tuning (Emulator)

Output Parameter Files

FPB_RAOL1_Tutorial

3.Coding hd
I Select a Project
Implement Program
A Mlamibacine - ¥ Select an e? studio project that uses capacitive touch. v|
Properties X R A9-b- T30~ Console Debug mE AEY § =0
Property Value

Figure4-10. Selecting a project
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(2) Prepare a configuration

Click “Create a new configuration” in “Prepare a Configuration”.

B8 workspace_RADL1 - & studio

@ = Select a Connection Method
?) Developer Assistance

Create a new configuration

Start Tuning (Emulator)

Output Parameter Files

3.Coding v I Prepare a touch interface configuration

Implement Program Select a touch interface configuration.

o x
File Edit Navigate Search Project RenesasViews Run Renesas Al Window Help
Br& - B, v Qv Q [ B@c/ce+ ) FSP Configuration 1 71024 ) CapTouchE=4 (QE)
Project Explorer 3 S® Y § = O ) caplouch Workflow (QF) X 88} [FPB_RAOLT Tutorial] FSP Configuration § =8
< . -
SR RarL L (] B8 QE for Capacitive Touch
> ) Includes
> (Bra Preparation Tuning Coding Monitoring
> 2 ra_gen - af— Al
@ src 1.Preparation v S To Prepare a Configuration
(& Debug -
~) Select a Project
(= racfg O )
(= script Prepare a Configuration
{2% configuration.xm| [ o l
%| FPB_RAOL1 Tutorial Debug_Flat.launch 2.Tuning Touch Sensors -
ra_chg.tet

A Maatbnston - If the touch interface configuration has not vet been created. select
Properties X R AV-b- T3 - Console Debug RE MEY § = 0O
Property Value

Figure4-11. Preparing a configuration

The "Create Configuration of Touch Interface” window will open. Select interface to use from Touch I/F list on
the right and configure the setup by clicking within the fields in the red frame.

a Create Configuration of Touch Interfaces

File Name of Touch I/F: FPB_RAOL1_ Tutorial Setup Configuration

Descriation:

Import / Re-edit

Touch I/F B
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 Sensor
SEiE Diagnosis Pin
Setup Touch I/F Setup Resistance Value Clear Assigned TSx

Remove Touch I/F

Configurations (Methods) 3

Figure4-12. Creating a touch interface configuration
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This project uses 2 buttons. Select the buttons from the Touch I/F list on the right and place two of them on

the field.

After placing the two buttons, select “Button” in the touch interface again or press the Esc key to deselect it.

File Name of Touch I/F:

Description:

Q Create Configuration of Touch Interfaces

FPB_RAOL1 _Tutorial

Setup Configuration

Button00

Setting

Setup Touch I/F

H B

Setup Resistance Value

€3 There are some problems with setting.

Clear Assigned TSx

Press the [esc] key on the keyboard to stop allocating the touch interface.

Touch I/F

Capacitance Type

X

Import / Re-edit {

Self-Capacitance method v
Button I

Slider (horizontal)
Slider (vertical)
Wheel
Key pad

3D Gesture (Al)

Touch p
Shield Pin
TC Pin
Capacitance Sensor

Current Sensor |

gnosis Pin

Remove Touch I/F

Confiaurations (Methods)

1 pad

Help

Figure4-13. Creating a touch interface configuration
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When the placed button is bubble clicked, [Setup Touch Interface] pup-up window will appear.

Configure the first touch interface as follows.

¢ Name: Button1
*The names specified here will be used as part of the macro names in the subsequent sample program.

e Touch sensor: TS22

e Name: Button2

&) Setup Touch Interface X
Button(self)
Name Button
Touch Sensor Resistance[ohm]
1522 v 560 v
OK Cancel Help
Figure4-14. Setting up the touch interface
Configure the second touch interface as follows.
e Touch sensor: TS23
&) Setup Touch Interface X
\ Button(self)
Name Button?
Touch Sensor Resistance[ohm]
TS23 v 560 v
OK Cancel Help

Figure4-15.

Setting up the touch interface
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The TS pins to use can be identified by referring to the board manual or circuit diagram.

Please refer to “Figure 2-1. Position of LED on board” for the position of the buttons.

Table 4-1 FPB-RAOL1 Capacitive touch button control port

Button number RA MCU PORT
Touch Button1 P001/TS22
Touch Button2 P000/TS23

When touch buttons setting has been done, the buttons indicate green. If no error message is displayed in
the bottom left, the setup is complete. Then click “Create” to finish the configuration of touch interface.

& Create Configuration of Touch Interfaces X

File Name of Touch I/F: FPB_RAOL1_Tutorial Setup Configuration Import / Re-edit

Description:

Touch I/F

Button1 Button2 Capacitance Type

Self-Capacitance method v

S22 1523

Button

Slider (horizontal)
Slider (vertical)

Wheel

Key pad

Shield Pin
TC Pin

Capacitance Sensor

Setting Diag

Setup Touch I/F Setup Resistance Value Clear Assigned TSx

Remove Touch I/F

Configurations (Methods)

Create Cancel Help

Figure4-16. Touch interface configuration
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4.2.2 Tuning touch sensor
(1) Tuning (connect emulator)

Connect the board and PC using the USB cable included with the product. Then click “Start Tuning”.

B8 workspace_RAOL1 - & studio

u] X
File Edit Navigate Search Project RenesasViews Run Renesas Al Window Help
g - 5~ Q@ ~ Q, | BEc/ce+ 8 PSP Configuration 1 71095 £ CapTouch®=% (QE)
Project Explorer X % T § = 8 3 capTouch Workflow (QF) % {8} [FPB_RAOL1_Tutorial] FSP Configuration § =0
v IS (| e
& FPB_RAOLY Tutorial || > BB QE for Capacitive Touch
[ Includes
Bra v Preparation Tuning Coding Monitoring
(& ra_gen ) af— al
& src 1.Preparation e Start Tuning
D () select a Project
= QE-Touch N . .
& ra.cfg @, Prepare a Configuration QE will automatically perform tuning processing for each touch sensor.
. Connect your target board and PC via an emulator.
(& script )
{8} configuration.m 2.Tuning Touch Sensors hd
| FPB_RAOL1 Tutorial Debug_Flat.launch .
- e Select a Connection Method To Start Tuning
ra_cfg.txt
() Developer Assistance I Start Tuning (Emulator)
Output Parameter Files Follow instructions in the dialgg
3.C0ding - Start Tuning
Implement Program O Advanced mode
AR tan = - v v
Properties X = A-kT5UH - Console Debug MEE * B § =0
Property Value

Figure4-17. Tuning (connect emulator)

Set the peripheral module clock frequency to 32MHz and click “OK”.

Q Frequency of Peripheral Module Clock (PCLKB or PCLKL) X

Peripheral module clock frequency (PCLKB or PCLKL)[MHZz] BE

OK Cancel Help

Figure4-18. Tuning (connect emulator)
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In the “Select resource to save” window, check the configuration.xml for this project and click “OK”.

&} save and Launch O *

Select resources to save:

B /FPE_RAOL1 Tuterial/c cnfiguraticn.xmil

Select All Deselect All

|_| Always save resources before launching

®

Figure4-19. Tuning (connect emulator)

RO1AN7993EJ0100 Rev.1.00 Page 25 of 96
Sep.17.25 RENESAS



RAOL1 Group FPB-RAOL1 Tutorial FPB-RAOL1 Tutorial

Click “Switch” when “Confirm Perspective Switch” pop-up window is displayed.
* Clicking "No" is also acceptable.

Q Confirm Perspective Switch X

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

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

Switch to this perspective?

(] Remember my decision

Switch No

Figure4-20. Tuning (connect emulator)

A pop-up window will appear to tune the touch sensor sensitivity.
This pop-up is for tuning sensitivity of Button1. Touch button1 on the board.

Press any key on the PC keyboard to accept the sensitivity measurement. This completes the sensitivity
tuning for Button1.

[Not touch Button1]

e

5/7: QE will now measure touch sensitivity for (Button1, TS22 @ 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.

T T TS FOT T TS S T T PTETET R

Button1, TS22 @ config01: 11434
|

Figure4-21. Tuning (connect emulator)
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[Touch Button1]

Q Automatic Tuning Pre

5/7: QE will now measure touch sensitivity for (Button1, TS22 @ 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.

Button1, TS22 @ config01: 22626
L

Figure4-22. Tuning (connect emulator)

Next, a pop-up window will appear to tune the sensitivity of Button2. Tune sensitivity in the same way as for
Button1.

[Not touch Button2]

Q Automatic Tuning Processing

6/7: QE will now measure touch sensitivity for (Button2, 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.

Button2, TS23 @ config01: 11397

Figure4-23. Tuning (connect emulator)

[Touch Button2]
_a Automatic Tuning Processing

6/7: QE will now measure touch sensitivity for (Button2, 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.

Button2, TS23 @ config01: 22450

Figure4-24. Tuning (connect emulator)
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When sensitivity tuning is completed, a pop-up window displaying the tuning results will appear.

Check for “Overflow” and “Warning / Error”. If there is any message, check “Select the target” and retry the
tuning process.
If there is no message, tuning has been completed successfully. Click “Continue the Tuning Process”.

T O TIPS T ATY THT SETTET 1 SNEVAITT PTaTATSNe e

Q Automatic Tuning Processing

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.

config01 Button Button1 TS22 6460

Select the targetf Method Kind ~ Name  Touch Sensor Threshold §Overflow Warning / Erro
config01 Button Button2 TS23 6470

Retryfl Continue the Tuning Process

Figure4-25. Tuning (connect emulator)
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(2) Output Parameter Files

Click “Output Parameter Files” from to Output Parameter Files.

B8 workspace_RADL1 - e studio = [u] x
File Edit Source Refactor Mavigate Search Project RenesasViews Run Renesas Al Window Help
BrR{~iw M3 R Qo Q, B FEc/Ce+ 18 FSP Configuration %5 1037 £ CapTouch®=4 (QE)
Project Explorer = B ) caplouch Workflow (QF) % 8} [FPB_RAOL1_Tutorial] FSP Configuration [€] rctsuc €] main.c [€] ctsu_tuning_main() at tuning_ctsu2_ra0l1.c635 0x20004638 i 5
L g 0
=% 5 (M) BQE for Capacitive Touch tak
~ 25 FPB_RAOL1_Tutorial J Q a =]
> § Binaries @ Preparation Tuning Coding Monitoring =)
¥ Includes i ~ a'@
» Bra 1.Preparation A 5 To Output Parameter Files al
5 c |
% = o @ Select a Project
> 2 src . .
& Debug @ Prepare a Configuration Output parameter files from a tuning result.
= QE-Touch i -
& racfg 2.Tuning Touch Sensors - Output Parameter Files
(= script .
& configurationaml Select a Connection Method O Specify an output folder
© FPB_RAOL1 Tutoriel Debug | (~) Start Tuning (Emulator) [ Use an external trigger
¥ FPB_RAOL1 Tutorial Debug i .
) Output Parameter Files O Usediagnostic code
JLinklog.log
ra_cfg.txt Use APl compatilibity mode

3.Coding b

> (?) Developer Assistance
Implement Program
4.Monitorin hd )
g Output parameter files

Select a Connection Method o "
The result of tuning is output as a parameter file and can be read by touch
Start Monitoring (Emulator) middleware.

Please make sure to output the file when tuning is performed and when the touch
interface configuration is changed.

-
Figure4-26. Output Parameter Files
. « . - . .
Confirm that “Output Parameter Files” is checked on CapTouch workflow, and the tuning is complete.
@ workspace RAOL1 - & studio = =] X
File Edit Source Refactor MNavigate Search Project RenesasViews Run Renesas Al Window Help
& vy B 3 5~ Q- Q, | Ec/ce+ 15 FSP Configuration 5 71095 £ CapTouch®=% (QE)
Project Explorer X = O ) capTouch Workflow (QFE) % 4} [FPB_RAOL1_Tutorial] FSP Configuration [€] r_ctsue [€] main.c [€] ctsu_tuning_main() at tuning_ctsu2_ra0l1.c635 0x20004638 O § = & =
=% | (@) BQE for Capaciti &
v ‘or Capacitive Touch
~ 15 FPB_RAOL1_Tutorial J = P 2
> 4 Binaries @ Preparation ® Tuning Coding Monitoring =)
) Includes i ~ a@
) @ qe_gen 1.Preparation e 5 To Output Parameter Files w
q
Lﬁ ° @ Select a Project
2 ra_gen ; .
8 sre @ Prepare a Configuration Output parameter files from a tuning result.
(& Debug ) "
2 QETouch 2.Tuning Touch Sensors - Output Parameter Files
(= ra_cfg .
& saipt Select a Connection Method O Specify an output folder
{2 configuration.xml a o a O Usean external trigger
j O Use diagnostic code
A FPB_RAOL1_Tutorial Debug @ L I e [ - B )
ILinkLoglog 3.Codi Use API compatilibity mode
.Codin -
ra_cfg.txt g
» (@) Developer Assistance Implement Program
4. Monitorin N :
& I Output parameter files
Select a Connection Method o .
The result of tuning is output as a parameter file and can be read by touch
Start Monitoring (Emulator) middleware.
Please make sure to output the file when tuning is performed and when the touch
interface configuration is changed.
— v

Figure4-27. Output Parameter Files
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4.2.3 Program Implementation
(1) Sample program implementation

Click “Show Sample” from “Implement Program”.

B8 workspace_RADL1 - & studio

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

- =] X

WK ~iw . v Q- Q, | M@c/ce+ 1 FSP Configuration 1 F1(yY £ CapToucht=% (QE)
Project Explorer = B 8 caplouch Workflow (QF) % 8F [FPB_RADL1 Tutorial] FSP Configuration [€ r_ctsuc (€] main.c [€] etsu_tuning_main() at tuning_ctsu2 ra0l1.c635 0x20004638 Fi=F 5
RS e~ . ®
. : E for Capacitive Touch
~ 125 FPB_RAOL1_Tutorial J Q P 2
¥ Binaries © Preparation ® Tuning Coding Monitoring i=]
[n¥ Includes R S a@®
& qe gen 1.Preparation hd E Coding sa)
a
s () select a Project i
2 ra_gen . .
8 sre @ Prepare a Configuration Implement a program using the touch interfaces.
(= Debug )
2 QETouch 2Tuning Touch Sensors hd
& rach To Show Code
- Select a Connection Method
= script
£ configuration I () start Tuning (Emulator) Implement a program that periodically scans the status of the touch sensor in the main()
FPB_RAOL1 Tutorial Deb .
y - enE S () Qutput Parameter Files function
A FPB_RAOL1_Tutorial Debug
IlinkLog.log 3.c0ding - Show Sample
ra_cfg.txt
() Developer Assistance Implement Program
4. Monitoring -
Select a Connection Method I Implement program
Start Monitoring (Emulator) Implement the code to use capacitive touch.

Click on the "Show Sample" button to display the sample code and implement it
in the main function of your project.
The sample code will change depending on the touch interface configuration, so if

Figure4-28. Sample Program Implementation
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The sample code will be displayed. Click "Output to a File," then "OK."

& Show Sample Code X

|
Sample code of main() function

f**kk****kkkkkkkkkk*k*kk*kk**k**k**kk*k**kk*k**kk*k***kk*kk**k**k**kk*k**kk*k**kk*k**kk*kk*k********kkk

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

*
! * SPDX-License-ldentifier: BSD-3-Clause
e e e e e e e e o v e o o ok e o ok o o ok o o o o o o e o o e o o e o o ok e o oA e o ok ke e o ok e o ok ke oA o ke o o ke o o ke o o ke o o o o o o e o o ke o o ok e o ok ke o ok ok o o ok o o ke o o e o o o o o ok e e e e e ok

/k*kk*kkk*kk*kk*kkkkkkkkkkkk*kk*kk*kk*kk*kk*kk*kk*kkk*kk*kk*kkkkkkkkkkkkkkk*kk*kk*kk*kk*kk*kk*kkk*kk*kk

* File Name : gqe_touch_sample.c

* Description : Main Program for RA

Rk R A A A A A A A A A A A A A A A A A A AR A A A A A A A A A A A A A A A A A A AR A AR AR A AR A AR A AR A AR A AR A AR ARk krdok
€ #include "ge_touch_config.h"
| #define TOUCH_SCAN_INTERVAL_EXAMPLE (20) /* milliseconds */

void ge_touch_main(void);

uint64_t button_status;

I #if (TOUCH_CFG_NUM _SLIDERS != 0)

| uint1 6_t slider_position[TOUCH_CFG_NUM_SLIDERS];
#endif
#if (TOUCH_CFG_NUM_WHEELS != 0)

nimt1 & + wilhanl nAaciHARITALICY ©CEC KIIKA YWUCCT C1-

Copy to the Clipboard I Output to a File I Show the Application Note

OK Help

Figure4-29. Sample Program Implementation
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If "FPB_RAOL1_Tutorial" — "qe_gen" — "ge_touch_sample.c" is visible in the Project Explorer, the output

is complete.

@ workspace RAOL1 - & studio

File Edit Source Refactor

Project Explorer X

Navigate
- & vig -

= B ) CapTouch Workflow (QE) X {8} [FPB_RAOL1_Tutorial] FSP Configuration

Search  Project

L

Renesas Views

Run Renesas Al Window Help

Q, | EEc/ce+ 15 FSP Configuration 5 7/095 £ CapTouch®=% (QE)

[€ retsue [ maine  [E] ctsu_tuning_main{ at tuning_ctsu2_ral1.c635 0x20004638

a

Fi=e s

X

BBY i [ Ef iti &
: ‘or Capacitive Touch
~ 15 FPB_RAOL1 Tuterial [Debug D ®a p B2
> 44 Binaries ® Preparation @ Tuning Coding Monitoring =)
) Includes i ~ a @
1.Preparation v 3 Coding us)
v
@ Select a Project
>  config. X .
» B qe_touch,_define. () Prepare a Configuration Implement a program using the touch interfaces.
> | L€ qe_touch sample.c :
Bra 2.Tuning Touch Sensors -
5 ra_gen To Show Code
- Select a Connection Method
> @ sre
> & Debug . @ Start Tuning (Emulator) Implement a program that periodically scans the status of the touch sensor in the main()
» = QE-Toucd :
i function
> & ra.cg @ Output Parameter Files
VL 3.Coding A Show Sample
12 configuration.xml
| FPB_RAOL1 Tutorial Debug. || (~) Implement Program
X| FPB_RAOL1 Tutorial Debug
= JlinkLog.log 4.Monitoring -
=| ra_cfg.txt X
® Developer Assi Select a Connection Method Implement program
0 per Assistance
Start Monitoring (Emulator) Implement the code to use capacitive touch.
Click on the "Show Sample" button to display the sample code and implement it
in the main function of your project.
The sample code will change depending on the touch interface configuration, so if -
[£) /FPB_RAOL1 Tutorial/qe_gen/qe_touch_sample.c
Figure4-30. Sample Program Implementation
(2) Additional implementation of function calls in the sample code
Open “FPB_RAOL1_Tutorial” — “src” — “hal_entry.c” from Project Explorer and add code that calls
ge_touch_main function to hal_entry function in “qe_touch_sample.c”.
Q workspace_RAOL1 - FPB_RAOL1_Tutorial/src/hal_entry.c - e* studio = (u] X
File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window Help
= v & vig - v Qviyg 4 Q | Ec/ce+ 8 FSP Configuration 5 7/(yY £ Caploucht=4 (QE)

Project Explorer X = B ) capTouch Workflow (QE) {0} [FPB_RAOL1 Tutorial] FSP C... [8 retsuc (g main.c [€] etsu_tuning_main() at tuni... [€] *hal_entry.c X [€] ge_touch sample.c =8 g
B ] 8 #include "hal_data.h” [H

=S R
&5 FPB_RAOLI Tutorial [Debug FSP_CPP_HEADER e
35, Binaries void R_BSP_WarmStart(bsp_warm_start_event_t event); =)
[n) Includes rE————— @
v @ ge.gen void ge_touch_main(void); . . . ) . ) ) . @
= qe_g - - — B RA Configuration editor and is used to generate threads if an RTOS is used. This function| 4
L€} ge_touch_config.c -~ void hal_entry(void) ®

{

1h| ge_touch_config.h
own code here */

|8 ge_touch_define.h
L€l ge_touch_sample.c

qe_to;lcﬁ_ma n(h;

- #i — — D
Bra /* Enter non-secure code */
a R_BSP_NonSecureEnter();
ik #endif
v B src }

L€} hal_entry.c . R . . 3 A
@ * This function is called at various points during the startup process.

- This implementation uses the event that is
W Devlg =void R_BSP_WarmStart(bsp_warm_start_event_t event)

& QETouch {

& racfy - if (BSP_WARM_START_RESET == event)

script

{
= #if BSP_FEATURE_FLASH_LP_VERSION != @
4%¢ configuration.xml|

FPB_RAOL1_Tutorial Debug.
X| FPB_RAOL1_Tutorial Debug,
Jinklog.log
ra_cfg.txt
Developer Assistance

* Enable reading from data flash. */
R_FACI_LP->DFLCTL = 1U;

- * Would normally have to wait tDSTOP(6us) for data flash recovery. Placing the enable here, before clock and
* C runtime initialization, should negate the need for a delay since the initialization will typically take more t
#endif

if (BSP_WARM_START_POST_C == event)
{

Syntax error Wiitable Smart Insert

Figure4-31. Sample Program Implementation
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Click the launch icon to start the build.
Build log is displayed at “Console” window.

If "Build Finished. O errors," is displayed at the end, it means the build was successful.

a workspace_RAOL1 - FPB_RAOL1_Tutorial/src/hal_entry.c - e* studio — o

File Refactor

L€l ge_touch_config.c
Ih| ge_touch_config.h
Ll ge_touch_define.h

FPB_RAOL1_Tutorial Debug
X) FPB_RAOL1 Tutorial Debug

Mavigate Search Project Renesas Views Run Renesas Al

Q-

Window  Help

® * main() is generated by the RA Configuration editor and is used to generate threads if an RTOS is used.
=void hal_entry(void)

This function|

P o

(it 0: add your own code here */

ge_touch

1 _main();
+ L&l ge_touch sample.c #if BSP_TZ_SECURE_BUILD
Bra /* Enter non-secure code */
n R_BSP_NonSecureEnter();
= m.gen wendif
v @B src | i8] }
€| hal_entry.c 28 . L. . X . X i

o 22 @ * This function is called at various points during the startup process. This implementation uses the event that is
) Debug 27 =void R_BSP_WarmStart(bsp_warm_start_event_t event)
= QETouch 28
2 raclg 29 if (BSP_WARM_START_RESET == event)

3 I
(& script 22
2% configuration.xml _

Console X x B &8 *x @ 2B~y =08

CDT Build Console [FPB_RAOL1_Tutorial]

arm-none-eabi-objcopy -0 srec “FPB_RA@L1_Tutorial.elf" "FPB_RA®L1_Tutorial.srec"”

JLinkLog.log arm-none-eabi-size --format=berkeley "FPB_RABL1_Tutorial.elf"
= ra_cfg.txt text data bss dec hex filename
@ Developer Assistance 8852 8 2188 18960 2ad@ FPB_RA®L1_Tutorial.elf

I 14:44:10 Build Finished. @ errors, @ warnings. (took 2s5.176ms) I

X

Q | [Ec/ce+ 18 FSP Configuration 3 F1(u4 &) CapToucht=4 (QE)

Project Explorer X% = B 8 caplouch Workflow (QF) 45k [FPB_RADL1 Tutorial] FSP C. [€ r_ctsuc [ main.c [€] ctsu_tuning_main{) at tuni. L€ hal entry.c X [€ qe touch sample.c =8 5
=" 8 1 #include "hal_data.h" fat

= 2
viES F:E,Rnou,mmna\ 3 FSP_CPP_HEADER B
%5 Binaries 4 void R_BSP_WarmStart(bsp_warm_start_event_t event); @
i Includes 5 FSP_CPP_FOOTER =
o e 6 void ge_touch_main(void); 1

Figure4-32. Implementation of sample program
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4.3 Touch sensor monitoring with QE Touch

4.3.1 Debug settings and launch
(1) Debug Configurations

From the e? studio menu bar, click “Run” — “Debug Configurations”.

Q workspace_RAOL1 - FPB_RAOL1_Tutorial/src/hal_entry.c - e* studio Renesas Debug Tocls > - =] X
File Edit Source Refactor MNavigate Search Project Renesas Vie
W viw . v Q- Q, | M@c/ce+ 1 FSP Configuration 1 F1(yY £ CapToucht=% (QE)
Project Explorer = B ¥ caplouch Workflow (QF) 8% [FPB_RAODL' tuning_main{) at tuni. L€ hal entry.c X [€ qe touch sample.c =& g
=R 8 1 #include "hal_data =
v IS ‘ B
=] FSE,RAOLUumna\ FSP_CPP_HEADER is|
%% Binaries void R_BSP_WarmStar @
[ Includes FSP_CPP_FOOTER @
v (B void qe_touch_main( s
= qe_gen ® * main() is gener: to generate threads if an RTOS is used. This function
L€l ge_touch_config.c = void hal_entry(voic
[8 ge_touch_config.h {
f* 1 add y¢

h| ge_touch_define.h qe_touch_main()

Lel qe_touch_sample.c - #if BSP_TZ_SECURE_I

Era /* Enter non-st Run Ctrl+F11
a R_BSP_NonSecur: 3 Debug F11
(= ragen 18 #endif ;
s s } Run History >
€] hal_entry.c 20
Debug 22 ® * This function it © Runas > socess. This implementation uses the event that is
— 27 ~void R_BSP_WarmStai
. a : Run Configurations...
(= ra_cfg = - if (BSP_WARM_S' Debug History >
(& script @ . 5
1e¢ configuration.xml .
. Debug Configurations.. % CH BB = > e =
| FPB_RAOLT Tutorial Debug, —Console X Pl x D ol = Ex|& =] =
%) FPB_RAOL1 Tutorial Debug, <07 Build (onm\_e [FPE:RAULLTutorlaI] . Breakpoint Types R
arm-none-eabi-objcopy -0 srec "FPB_|
JLinklog log arm-none-eabi-size --format=berkele! e Toggle Breakpoint Ctrl+Shift+B
ra_cfg.txt text data bss dec I A —
(® Developer Assistance 8852 8 2188 10360 | SO
14:44:1@ Build Finished. @ errors, i
@ Toggle Method Breakpoint I

‘ ®, Skip All Breakpoints

Figure4-33. Debug Configurations
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L1 Tutorial

Open the Debugger. Ensure that the Debug hardware is “J-Link ARM” and Target Device is “R7FA0L107".

& Debug Configurations

ReBRX BY -

[c] C/C++ Application
(] c/C++ Remote Application
- EASE Script
[t | GDB Hardware Debugging
[©7 GDB Simulator Debugging (RHt
@' IronPython Run
r IronPython unittest
P" Jython run
PU Jython unittest
i Launch Group
ﬂ] PyDev Django
23 PyDev Google App Run
eP Python Run
eu Python unittest
v [£7] Renesas GDB Hardware Debug
[c*] FPB_RAOL1_Tutorial Debug_F
[©7] Renesas Simulator Debugging (

Filter matched 17 of 19 items

©)

Create, manage, and run configurations

Name: FPB_RAOL1 Tutorial Debug_Flat

O X

»

| Mai

%F Debugger i Startup E Source ] Common

Debug hardware: J-Link ARM  ~  Target Device: R7FAOL107

GDB Settings Connection Settings Debug Tool Settings

GDB Connection Settings

© Autostart local GDB server Host name or IP address: localhost

() Connect to remote GDB server GDB port number: 61224

Connection timeout (s); 30

GDB

GDB Command: arm-none-eabi-gdb

Browse...

[T Step Mode

Additional GDB Server Arguments

Revert

Variables...

Apply

Close

Figure4-34. Debug Configurations
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Open the Startup tab and check “Resume” under Runtime Option.

The Debug Configuration is now completed. Click “Apply” then “Debug”.

Q Debug Configurations

Create, manage, and run configurations

e EXEBY -

type filter text

(€] C/C++ Application
(€] C/C++ Remote Application
- EASE Script
[c| GDB Hardware Debugging
7] GDB Simulator Debugging (RHt
@" IronPython Run
ﬁ" IronPython unittest
P" Jython run
& Jython unittest
& Launch Group
m PyDev Django
23 PyDev Google App Run
ep Python Run
& Python unittest
v [c'| Renesas GDB Hardware Debuge
| FPB_RAOL1_Tutorial Debug_F
[£7] Renesas Simulator Debugging (

Name: FPB_RAOL1_Tutorial Debug_Flat

|| Main 4‘;‘5 Debugge 2 Source E Common

Load image and symbols

Filename Load type Offset (hex)

@ Program Binary [FPB RA... Image and Symbols

On connect

Yes

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

B Set breakpoint at: main

Run Commands

Filter matched 17 of 19 items

©)

Revert

Apply

Close

Figure4-35. Debug Configurations

A pop-up window will appear, asking if you would like to switch perspective to the "Debug" perspective. Click

the switch to proceed.

*Even if you click "No", you can switch the screen later by pressing the "Debug" button at the top right of

e? studio.

| B Confirm Perspective Switch

[ Switch to this perspective?

() Remember my decision

Switch

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

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

No

Figure4-36. Debug Configurations
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(2) Execution

After debugging, the program will pause at the beginning of main function. (This is because of the default
setting for e2 studio projects, which is to pause at the main function.)

This indicates that Systeminit() has been completed, and the initial settings have been applied. Run the
program by clicking the resume button.

Q workspace_RAOL1 - FPB_RAOL1_Tutorial/ra_gen/main.c - e* studio

o x
File Edit Source Navigate Search Project Pydev Renesas Views Run Renesas Al Window Help
Bv{viyg H [ SN i il ~ CARLEL P T HE Q, | Ec/ce+ 18 FSP Configuration %5 Fityd £ CapTouchT=% (QE)
Debug X = i+ § = 8 % caplouchwo.. 5} [FPB_RAOLT . 1€ r ctsu.c & maine X [€] ctsu_tuning . [£) hal_entry.c [ qe_touch sam [£) startup.c =0 =
~ [€7] FPB_RAOL1_Tutorial Debug Flat [Renesas GDB Hardw 1 /* generated main source file - do not edit */
v &8 FPB_RAOL1_Tutorial.elf [1] [cores: 0] 2 #include "hal data.h %
Py =int main(void)
~ o Thread #1 1 (single core) [core: 0] (Suspended

= main() at main.c5 0x520 2 509
p arm-none-eabi-gdb (12.1)
. Renesas GDB server (Host) =’

=]
| hal_entry (); &

} o'

Console Registers Problems Debugger Console A=k T3 Memory % REREE B~--=0
FPB_RAOL1 _Tutarial Debug_Flat [Renesas GDB Hardware Debugging] [pid: 38)
Starting download

0x00000520 o 1111.0 ms @) System Time Writable Smart Insert 5

Figure4-37. Execution

RO1AN7993EJ0100 Rev.1.00 Page 37 of 96
Sep.17.25 RENESAS



RAOL1 Group FPB-RAOL1 Tutorial FPB-RAOL1 Tutorial

4.3.2 Monitoring
Open the CapTouch workflow and set the connection method for monitoring to “Emulator”.

@ workspace RAOL1 - & studio

= o X
File Edit Navigate Search Project Pydev RenesasViews Run Renesas Al Window Help

m{~in NEN3: iR -Qrl-igw-iDE DS BN Q, | BEc/ces 15 FSP Configuration £ F/(y4 & CapTouch®=% (QB)
Debug X B % i* § = 0O ) caplouchWo.. x 8 [FPBRAOLI.. [8 rctsuc [ maine  [E] ctsu_tuning_... [l hal_entry.c [ ge_touch_sam.. [€) startup.c =]
~ [c7] FPB_RAOL1_Tutorial Debug_Flat [Renesas GDB Hardw & § 00
~ & FPB_RAOL1_Tutorial.elf [1] [cores: 0] . %
+@ Thread #1 1 (single core) [core: 0] (Running) @ qu for Capaﬂtwe Touch
» arm-none-eabi-gdb (12.1) ® Preparation ® Tuning ® Coding Monitoring
» Renesas GDB server (Host) @ sel
Select a Project .
! Select a Connection Method
() Prepare a Configuration
2.Tuning Touch Sensors A Select a connection method for monitoring.
Select a Connection Method I Emulator > I
©) start Tuning (Emulator) “
() Output Parameter Files 2]
3.Coding - I Select a Connection Method
@ Implement Program Select a connection method for touch sensor monitoring.
4.Monitoring b Spton petal
AT T e Emulator Perform monitoring via emulator connection.
Start Monitoring (Emulator) . Serial Perform monitoring via serial (UART) connection. -
Console X Registers Problems Debugger Console AV-+-TF95- Memory = R REFPEF B-5-=0
FPB_RAOL1_Tutorial Debug_Flat [Renesas GDB Hardware Debugging] [pid: 38]
Starting download
Figure4-38. Selecting a connection method for monitoring
. “ . » : .
Click “Show Views” from Start Monitoring (Emulator) at CapTouch workflow.
@ workspace RAOL1 - & studio = =] X

File Edit Navigate Search Project Pydev RenesasViews Run Renesas Al Window Help

Bl -in NEMN3:3 iR -Qrl-igw-iDE DS BN Q, | BEc/ce+ 15 PSP Configuration 45 754 &) CapTouch®=% (QE)
Debug X E % i* § = 8 ) caplouchWo.. x 8 [FPBRAOLI.. [8 retsuc [ maine  [€] ctsu_tuning_... [€] hal_entry.c [€) qe_touch_sam.. [€) startup.c =0 &

~ [c*] FPB_RAOL1_Tutorial Debug_Flat [Renesas GDB Hardw

& § o
~ {2 FPB_RAOL1 Tutorial.elf [1] [cores: 0] . o
4@ Thread #1 1 (single core) [core: 0] (Running) (A 9 QE for Capacitive Touch B
3| arm-none-eabi-gdb (12.1) @ Preparation [©) Tuning @ Coding Menitoring &
. Renesas GDB server (Host)
@ Select a Project . . 1..
Monitoring :
() Prepare a Configuration C
2.Tuning Touch Sensors - You can check a behavior of touch interfaces and make fine adjustments.
Select a Connection Method
@ Start Tuning (Emulator) To Launch Debug (via Emulator)

@ Output Parameter Files

Launch debugging for your target project and execute the program.
3.Coding hd

() Implement Program To Enable Monitoring

4.Monitoring v
Select a Connection Method Show monitoring views and eg
Start Monitoring (Emulator) =

Console > Registers Problems Debugger Conscle AN-F-T39-

FPB_RADL1_Tutorial Debug_Flat [Renesas GDB Hardware Debugging] [pid: 38]
Starting download

Figure4-39. Starting monitoring
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Ensure that “CapTouch Board Monitor”, “Cap Touch Status Chart” and “CapTouch Multi Status Chart” are
displayed.

In this state, “Monitoring: Disabled” is indicated.

Baseline Threshold. Touch ON/OFF difference:

g Flt [Renesas GDB Hardware Dabugging) [pid: 38

ct, writing to address @x00090490 with data FFFFFFFF
on Select, writing to address @x@0089484 with data f7afelff

ting to ad 9x80086448 with data 00B0BEREC010000

KB00B0448 with data 4472080044F20803¢2F20000c 2720003, ..

kpoint set at address @xs2e

Figure4-40. Monitoring : Disabled

Click “Enable Monitoring” and “Monitoring: Enabled” will be indicated.

CHE

5 v Qv - - €/Co+ {8 FSP Configuation 4§ 7024 &) CapTouchE=5 (QE)
= 2§ = 0§ Caplouch Workfow (X | PSP Configuratior 3 bl enry & qetouch samplec £ Coplouch Status Chart ( 25 ] =g

Baseline Threshold Touch ON/OFF difference:

ta FEFFFFEF

Bxp0BRBABD iata
x data F7afclff

x@0080404 with
ith data G06000609c810000
X80280448 With data 4472080044F20803c2f20000c220003. ..

-iting to addres:
nished load
Hardware breakpoint set at address 8x528

Figure4-41. Monitoring : Enabled
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In the CapTouch Board Monitor, you can

check the ON/OFF status of the touch sensors.

When a touch is detected at Button1, a finger icon is displayed.

CapTouch Board Monitor (QE)

G BB RE§=0O

Touch I/F:

D

_Enahle Maniloring] Manitoring: Enabled, Communication Status: Connecting via OCD emulator

Button1 Button?2

Figure4-42. Monitoring touch detection at Button1

When a touch is detected at Button2, a finger icon is displayed.

CapTouch Board Monitor (QE) X

G BB RE§=0O

Touch I/F:

_Enahle Monitoring] Monitoring: Enabled, Communication Status: Connecting via OCD emulator

Buttoni Buttan2

Ny

Figure4-43. Monitoring touch detection at Button2
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In the CapTouch Status Chart, the values for one selected touch I/F can be monitored.

£ CapTouch Workflow (QF) FPB_RAOL1 Tutorial] FSP Configuration &) hal entry.c ¢ qe_touch samplec £ CapTouch Status Chart (QE) =] =8
=
Touch I/F v Sync a selection

Button1 @ config01
Button2 @ config01

Threshold Touch ON/OFF difference;

Figure4-44. CapTouch Status Chart: Select touch I/F

This shows the state when Button1 is touched.

£ CapTouch Workflow (QE) FPB_RAOL1_Tutorial] FSP Configuration 2 hal_entry.c ¢ qe_touch samplec £ CapTouch Status Chart (QE) Ca b EE =g
Touch I/F: Button? @ config01 v Sync a selection

I/F Type: Button(self), TS Pin(s): TS22

Measurement Value: 11493 Baseline: 11469 Threshold: 6460 Touch ON/OFF difference: 24

Start Data Collection

Figure4-45. CapTouch Status Chart: Touch detection at Button1
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This shows the state Button2 is touched.

£ CapTouch Workflow (QE) FPB_RAOL1 Tutarial] FSP Configuration ¢ hal_entry.c ¢ qe_touch samplec £ CapTouch Status Chart (QE) GHE =g
Touch IfF: Button2 @ config01 v Sync a selection

I/F Type: Button(self), TS Pin(s): TS23

Measurement Value: 11464 Baseline: 11458 Threshold 6470 Touch ON/OFF difference: 6

Start Data Collection

Figure4-46. CapTouch Status Chart: Touch detection at Button2

RO1AN7993EJ0100 Rev.1.00 Page 42 of 96
Sep.17.25 RENESAS



RAOL1 Group FPB-RAOL1 Tutorial FPB-RAOL1 Tutorial

In the CapTouch Multi Status Chart, maximum of 9 values can be monitored simultaneously,

similar to the CapTouch Status Chart.

gn’an'oufh Workflow (QF) FPB_RAOL1 Tutorial] FSP Configuration ¢ hal entry.c ¢ qe_touch samplec £ CapTouch Status Chart (QE) 3 CapTouch Multi Status Chart (QF) B =08
v > v
Button1, TS22 @ config01
Button2, TS23 @ canfig0!
[ g | i
v v v
a2 B

Figure4-47. CapTouch Status Chart: Select touch I/F

This shows the state when Button1 and Button2 are touched.
Button1: Red line

Button2: Green line

£ CapTouch Workflow (QE) FPB_RAOL1 _Tutarial] FSP Configuration ¢ hal_entry.c ¢ qe_touch samplec £ CapTouch Status Chart (QF) £ CapTouch Multi Status Chart (QE) =] =g
. Button1, TS22 @ «c ¥ . Button2, TS23 @ «c ¥ ! v
11554 11565
g | . ’
. v v
B |

Figure4-48. CapTouch Status Chart: Touch detection
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5. Create a sample program using a touch sensor

5.1 FSP Configurator settings for the sample program

5.1.1 Timer settings
Open the “Stacks” tab in the FSP Configuration window and add “Timers”

Add to click “New Stack” — “Timer” — “Timer, Independent Channel, 16-bit and 8-bit Timer Operation
(r_tau)”.

@ veorkspace RADLT - FPB_RAOL1 Tutorial/configuration.xmi - e studio - o x
File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window Help
. HrQ~ Q o )
X e = B ) Caplouch Workflow (QF FPB_RADLT_Tutorial)FSP Configuration =8
vig storial . . [
TS0 RAOLA Tuterial Stacks Configuration =
& Binaries
w Includes -
£ qa_touch eonfigc < & HALCommon = = N =
B qe_touch configh # g toport /O Port [+ ioport) ¥ g laport /O Pon H s . )
¥ ’ B -
€| qe_touch_sample.c o =
=1 ¢ Connectivity
D ragen L L osP »
~ @ s & crsupasy) %9 Add UART Driver for input »
e Mostoring  »
A @ Motor >
& QE-Touch h
& soipt % Add DTC Driver for kS Power ?
& configuration xmi Transmission Security B
FPE_RAOL1 Tutorial Dobug_Flatfink Recom 0 ket but ; St >
g T e #  32-bit Interval Timer (r tmi) Timers >
Summary BSP Clocks Pins Interrupts Event Links  Linker Sections Stacks Components
Console. W B -N-=0
6 :28
Su:ceeded to ﬂu(pu! the parameter files.
kemmraz " studio/workspace_b _RABL1 Tutorial/qe_| gen’qs —touch_canfig.h
C:/Users/yuuji.ikemoto/e2_: studm/wvrkwi:r Mau, FPB_RABL1 Tutorial/qe_gen/qe_touch_config.c
Ensure that the stack name “g_timer0” has been added
@ workspace RAOLT - FPB_RAOLY Tutorial/configuration.sml - e° studio - o x
D& viw Q- Q BRc/ces 8 rsp configuation 4 71827 B CapTouch=4 @€)
x 2 = B ) Caplouch Workflow (QF FPBRAOLT Tutorall FSP =8
25 98 RADLI Tt Stacks Configuration -
' Binaries ect Content
w Includes -
~ @ qe_gen Threads 4 Remave g_timerD Timer. Independent Channel, 16-bit and 8-bit Timer Operation (r_tau) Stacks & New Stack > ®
£ qe_touch_config.c ~ @ HAL/Common o
# g ic
¥ Tow
£] qe_touch_ssmple.c # g_timer0 Timer. Independent Channel, 16-bit and 8-bit Timer Operation (r_tau)
& QE-Touch
ra_cfg Objects
C:/Users/yu kemoto/e2_: mum/wwm“ RAGLL/FPB_RABL1_Tutorial/qe_gen/qe_touch_define.h
C:/Users/yu kemoto/e2_studio/workspace_RABLL/FPE_RABL1 Tutorial/qe_gen/qe_touch wnﬁ.‘ h
2025/@8/26 14:17:31
Succeeded to output the sample code file.
C:/Users/yuuji.ikemoto/e2_; mnmmmsuau RABL1/FPB_RABL1_Tutorial/qe_gen/qe_touch_sample.c

Figure5-2. Timer settings
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When the “Properties” window is displayed, clicking the “g_timer0” block will display detailed timer settings.

SG Y § S 0§ Caplouen Werkhow (08

Stacks Configuration

[ wwortopace. RADLY - FPB_RADLY Tutoriokiconfigurationsm - & sudio — & x
File Edit Source Refactor Mawigate Seach Project RenesssViews Run RenesasAl Window Help

Q g | GEC/Ces {8 FSP Configuration 4 F/(v7 T CapTouchE=F (QF)

" "[FPB_RADLY Totora] FSP Configurstion X -8

Generate Project Content

General
Inpat
» Output
Intemupts.
~ Pins
Tio
Tooo

Fin Input Supgort
Extra Input Mode Suppert Cisabled
&8t Mode Support

Disabled

Disabled

~ Module MyTiemer Timet

hannel, 16-bit and B-bit o rtau)

<unavaitables
<unavaisble>

Threads i) Remove My Timer i, Independent Charel, 16-bit and 8-bi Timer Opesation (r tu) Stacks &) NewStack > & Extend Stack > 1) Remove
4 HAL/Cammon
& g_ioport O Part (_ioport) &+ MyTimer Times,
 Toue m o e
@ WlyTimer Timer, Independent Channe, 16-bit and 8-bit Timer Operation (r_tau) 5 Operation [ tau)
(5 st
23 configurationami
#PB_RAOL1 Tutorsl Debug_Flatjlink
H) FPB_RAOL1_Tutorisl Debug Flatlsunch
LinkLog.og
o ettt
» @ Developer Assistance
Objects
Summary | BSP | Clocks | Pins | Intesrupts | Event Links | Linker Sections | Stacks | Companents
Problems Console  Properter X Smart Browser Srmact Manusl Search |l v = n|
MyTimer Timer, Independent Channel, 16-bit and B-bit Timer Operation (r_tau)
Settings PrOPERY volue
Parameter Checking Default (BSP)
Intemupt Support Enabled
Pin Output Support Disabled

The “Property” window can also be displayed by selecting "Window" — "Show View" —

the e2 studio menu bar.

Figure5-3. Timer settings

"Properties" from

uaj :‘ A & YR -
Project Explorer X SR
v 5 FPB_RAOL1 Tutorial
f,‘;’ Binaries
nt Includes
v (2 ge_gen
L€l qe_touch_config.c
ih| ge_touch_config.h
thl qe_touch_define.h
Lc! qe_touch_sample.c
Bra
(2 ra_gen
v (B src
w£| hal_entry.c
= Debug
= QE-Touch
= ra_cfg
= script
& configuration.xml|
FPB_RAOL1 Tutorial Debug_Flat jlink
X| FPB_RAOL1_Tutorial Debug_Flat.launch
JLinkLog.log

g =0 bCaplouch Workflow (QE)

& workspace_RAOL1 - FPB_RAOL1_Tutorial/configurationxml - & studio

File Edit Source Refactor Navigate Search Project Renesas Views Run Renesas Al Window Help

v Q-
e *[FPE

Stacks Configuration

Threads
v ‘ HAL/Common
¢ g_ioport |I/O Port (r_ioport)

# Touch (rm_touch)

New Window

Editor

Appearance

Show View

Perspective
Navigation

Preferences

ation X

&) Al Navi
& Build Targets
B8 C/C++ Projects
& Console

“
£ Include Browser

4 g_timer0 Timer, Independent Channel, 16-bit and 8-bit Timer X Optimization Assistant

Objects

‘5’5_' Qutline

Problem Details

(3 Project Explorer
] Properties
» Search

@ Smart Browser

5 Smart Manual

&) Tasks

Other...

Alt+Shift+Q, C

Alt+Shift+Q, O

Alt+Shift+Q, X

Alt+Shift+Q, S

Alt+Shift+Q, Q

Figure5-4. Timer settings
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Displays the “General” list. Configure the timer basic settings in this window.

Console Problems Properties Smart Browser Smart Manual Debug
g_timer0 Timer, Independent Channel, 16-bit and 8-bit Timer Operation (r_tau)
Settings Property Value
APl Info 8-Bit Mode Support Disabled

~ Maodule g_timerD Timer, Independent Channel, 16-bit and 8-bit Timer C
v General
Marne g_timer0
Channel 0
Functicn Interval Timer
Bit Timer Mode 16-bit timer
Operation Clock CKoo
Pericd 010000
Pericd Unit Raw Counts
Pericd (Higher 8-bit timer) 0x100
Pericd Unit (Higher 8-bit timer) Raw Counts
» Input
» Output
» Interrupts
e Dine

Figure5-5. Timer settings
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Set the following items in “General”

e Name : Timer module name
“MyTimer” in this application note.
e Channel : TAU channel number
Use channel 0. Set “0”.
e Function : TAU channel function
Use as Interval Timer. Set “Interval Timer”.
e Bit Timer: TAU channel counter bit size
Use 16-bit timer. Set “16-bit timer”.
e Operation Clock: TAU operation clock.
Set “CKO00”.
e Period / Period Unit : 16-bit timer period.
Set “Period =1” and “Period Unit = Milliseconds” to create a 1ms period.

This completes the General settings.

* Module g_timerD Timer, Independent Channel, 16-bit and 8-bit Timer C
» General

Mame MyTirner
Channel 0
Function Interval Timer
Bit Timer Mode 16-bit timer
Operation Clock CKOO
Period Ox1
Period Unit Milliseconds
Period (Higher B-bit timer) 0x100
Period Unit (Higher 8-bit timer) Raw Counts

Figure5-6. Timer settings

Displays the “Interrupts” list. Configure the interrupt settings in this window.

~ Interrupts
Setting of starting count and interrupt Timer interrupt is not generated when counting is started/Start trigger is invalid during counting operation.
Callback NULL
Interrupt Priority Disabled
Higher 8-bit Interrupt Priority Disabled

Figure5-7. Timer settings

Set Callback to an interrupt handling function implemented by the user.
The default setting “NULL” indicates that no function is implemented.

In this application note, “MyCallback” is created as callback function.

~ Interrupts
Setting of starting count and interrupt Timer interrupt is not generated when counting is started/Start trigger is invalid during counting operation,

Callback MyCallback
Interrupt Priority Disabled
Higher 8-bit Interrupt Priority Disabled

Figure5-8. Timer settings
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Set Interrupt priority to “Interrupt Priority”.
"Disabled" by default means interrupts are disabled.
Set the priority to a value from 0 to 3 to enable interrupts.

In this project, set it to "Priority3".

~ Interrupts
Setting of starting count and interrupt Timer interrupt is not generated when counting is started/Start trigger is invalid during counting operation.
Callback MyCallback
Interrupt Priority Priority 3
Higher 8-bit Interrupt Priarity Disabled

Figure5-9. Timer setting

Timer settings are completed.

5.1.2 Pin settings
Pins to use to control LED are shown below:

Table 5-1 FPB-RAOL1 LED PORT

Name Color RA MCU PORT

LED1 Green P0O02(High Lightning)
LED2 Green P104(High Lightning)
LED5 Green P401(Low Lightning)
LED6 Green P400(Low Lightning)

Open the “Pins” tab in the FSP Configuration window and confirm that the Mode of the terminal
corresponding to the LED is set to Output mode. The pin configuration is complete.

a workspace_RAOLT - FPB_RAOL1 Tutorial/configuration.cml - & studio
File Edit Source Refactor Mavigate Search Project RenesasViews Run  Renesas Al Window Help
i®-&~iv 5 G-
Project Explorer < SR § = 0 3 capTouch Workflow (QF) oF *[FPB_RAOL1_Tutorial] FSP Configuration
~ &5 FPB_RAOL1 _Tutorial . ) .
g utone Pin Configuration
i Binaries
nll Includes 1 =
= Select Pin Configuration ir Export to CSV file |z-| Configure Pin Driver Warnings
¥ = qe_gen
Lel qe_touch_config.c FPB-RAOL1 ¥ | Manage configurations. B Generate data:  g_bsp_pin_cfg
th| qe_touch_configh
il ge_touch_defineh Pin Selection i= ¥ = 1% Pin Configuration
L] ge_touch_sample.c
Era Type filter text Name Value Link
(2 ra_gen o Ports Symbalic Name LED1 o
v (B sic ~ PO I
3 hal entry.c P00 I roce Output mode (Intial Lowj
- Debu PODT =
. 9 e ¥ Input/Qutput
= QE-Touch POO2
= ra_cfg ¢ POOB
= script Po09
1 configuration.xml pPo10
FPB_RAOL1 Tutorial Debug_Flatjlink por
X FPB_RADL1 Tutorial Debug_Flat.launch Egli
1
JLinkLog.|
'"f A PO14
= ra_cfg.tut PO1S
?) Developer Assistance Py Module name: PO02
P2 Port Capabilities: ADCO: ANO10
P3 CTSU: TS21
Pin Function | Pin Number
Summary BSP Clocks Pins | Interrupts| Event Links | Linker Sections | Stacks Components
Figure5-10. LED1 Pin setting
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a workspace_RAOL1 - FPB_RAOL1_Tutorial/configurationxml - &* studio
File Edit Source
B ®-&-

Project Explorer >

Refactor MNavigate Search Project Renesas Views Run Renesas Al

Q-

= 0 ) capTouch Workflow (QE)

Window Help
-]

8 W *[FPB_RAOL1 Tutorial] FSP Configuration >

= .
~ = FPB_RAOL1 Tutorial . . .

i Pin Configuration
% Binaries

nit! Includes
- Select Pin Configuration
v 2 ge_gen

L€ ge_touch_config.c FPB-RAOL1

v | Manage configurations
ih| qge_touch_config.h

Pin Function | Pin Number

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

.hh Export to CSV file [5- Configure Pin Driver Wamings

B Generate data: g_bsp_pin_cfg

il qe_touch defineh Pin Selection + [= 1% Pin Configuration
lc] ge_touch_sample.c
B ra Type filter text Mame Value Link
S 2 gen ~ ¥ Port Symbolic Name LED2
- ! orts H
v (B sre ]
Mode Qutput mode (Initial Low)|
1| hal_entry.c ~ P1
= Debug P100 IRQ .
(= QE-Touch : g; Output Type cMos
= ra cfg Input Buffer )
= script v P103 v Input/Output
1 configuration.xml| v P104 P104
FPB_RAOL1_Tutorial Debug_Flatjiink < Pos
X| FPB_RAOL1 Tutorial Debug_Flatlaunch ' ?32
v P1
JlinkLog.log P109
ra_cfg txt
it 4 P110
?) Developer Assistance s P11 Module name P104
v P112 Port Capabilities: CTSU: T57
P2 IRQ: IRQ6

Figure5-11. LED2 Pin setting

The settings required to create this program are complete. Click the “Generate Project Content” button to

generate the code.

Q

=i

Ol

EU ++ L FSP Configuration IF Tl bCaanucht:{:' (QE)

= Cydle Pin Group

Figure5-12. Pin settings

A confirmation window will appear, asking whether to save to the Configuration.xml file. Press the "Continue"

button to save.

ﬁ Generate Project Content
Configuration must be saved before generating project content

Proceed with save and generate?

Always save and generate without asking

Proceed

Cancel

Figure5-13. Pin setting
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5.2 Coding the sample program

Implement the code in the main program and interrupt function.
The contents to implement are as follows:

e Main program
Start the timer

Start / Stop the LED blinking and change the blinking speed when a touch is detected on the Touch

Button.
e Interrupt program
Count variables for time measument

The file to be modified by user is ¥ge _gen¥qe_touch_sample.c in the Project Folder.

Dubble-click ge_touch_sample.c to open the file.

<] workspace_RAOLT - FPB_RAOL1_Tutorial/qe_gen/qe_touch_sample.c - € studio

File Edit Source Refactor Navigate Search Project RenesasViews Run Renesas Al Window Help

B vivw v Q-
Project Explorer =R § = 0 ) caplouch Workflow (QEF) % [FPB_RAOL1_Tutorial] FSP Configuration
v 15 FPB_RAOL1 Tutorial [Debu 2 ®* Copyright (c) 2020 - 2

4 Binari 7 ®* File Name qe_touc nple.c

s IO 10 #include "qe_touch_config.

#! Includes 11 #define TOUCH_SCAN_INTERVAL_EXAMPLE (20)

v (2 qe_gen 12
B g touehonba's void qe_touch_main(void);

B qe_touch_configh

qe_touch_sample.c

uint64_t button_status;
- #if (TOUCH_CFG_NUM_SLIDERS != @)

o configuration.xml

FPB_RAOL1_Tutorial Debug_Flat jlink
FPB_RAOL1_Tutorial Debug_Flat.launch
JLinkLog log

- void qe_touch_main(void)

*

34 fsp_err_t err;
ra_cfg.txt

?) Developer Assistance

* Open Touch middleware *

a0 - if (FSP_SUCCESS != err)
41 {

whila [ema) £1

£| ge_touch_sample.c

5 Renesas Electronics Corporation and/or its affiliates

19 uint16_t slider_position[TOUCH_CFG_NUM_SLIDERS];

& ra_gen 20 #endif
B 21 #if (TOUCH_CFG_NUM_WHEELS != @

e 22 uint16_t wheel_position[TOUCH_CFG_NUM_WHEELS];
L€l hal_entry.c #endif
= Debug

= QE-Touch

& raclg

= script

err = RM_TOUCH_Open(g_ge_touch_instance_config@l.p_ctrl, g_qge_touch_instance_config@l.p_cfg);

Figure5-14. Implement main program
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Write the source code in void ge_touch_main(void) in ge_touch_sample.c.

The initial settings for the I/O ports are executed before the ge_touch_main function is called, so there is no
need to write them.

The program creation is explained in the following steps:

(1
(2
3
(4

Perform touch scans every 20ms using the timer function and acquire touch information

Control the lightning status of LED5 and LED6 based on touch detection status of the Touch Button.
Control the start/stop of blinking of LED1 and LED2 based on touch detection of Touch Button1.
Change the blinking cycle based on touch detection of Touch Button2.

~— — ~— ~—

5.2.1 Perform touch scans every 20ms using timer function and acquire touch information
(1) Implement the timer open function

When the “Developer Assistance” list in the “Project Explorer” window is opened, the timer module
“MyTimer” configured in “5.1.1 Timer settings” will be displayed.

Expanding the list displays the function list.

The function to open the timer is R_TAU_Open() function. Drag and drop this function onto the source file
using the mouse. Call this function before entering the main loop.

~ (7) Developer Assistance

- 38 /* Open Touch middlewars */
~ g HAL/Common 39 err = RM_TOUCH_Open(g_qe_touch_instance_config@l.p_ctrl, g_ge_touch_instance_configll.p_cfg);
> 47 g_ioport I/ Port (r_ioport) 48 = if (FSP_SUCCESS 1= err)
» 42 Touch (rm_touch) f: 1{ ‘
v & MyTimer Timer, Independent Channel, Z; ; while (true) {}

~ @ fsp_err_t R_TAU Open(timer_ctrl_t~
b= Call R_TAU_Open() 45 . _

v @ fsp_err_t R_TAU Stop(timer_ctrl_t *c 45 | Call R_TAU_Open
&Y Call R_TAU_Stop() 4;

v @ fsp_er_t R_TAL Start{timer_ctrl_t *c
B3 Call R_TAU_Start() 58

as B fon err # B TAI) Rocetitioner ctrl £* ca = s S

Figure5-15. Implement main program

Open function is added.

B_T~_ =" - B ol BT -

— =y
= if (FSP_SUCCESS != err)
while (true) {}
}

err = R_TAU_Open(&MyTimer_ctrl, &MyTimer_cfg);

* Main loop *
= while (true)

{

Figure5-16. Implement main program

RO1AN7993EJ0100 Rev.1.00 Page 51 of 96
Sep.17.25 RENESAS



RAOL1 Group FPB-RAOL1 Tutorial FPB-RAOL1 Tutorial

(2) Implement of timer start function

The timer start function is R_TAU_Start() function. As before, drag and drop the source file onto the
R_TAU_Open() function call.

v (7) Developer Assistance
v &% HAL/Commen
» 49 g_ioport I/0 Port (r_ioport)
y 42 Touch (rm_touch)
w MyTimer Timer, Independent Channel,
> @ fsp_err_t R_TAU Openltimer_ctrl_t’
» @ fsp_err_t R_TAU_Stop(timer_ctrl_t "¢
~ @ fsp_err_t R_TAU Start(timer_ctrl_t *
B Call R_TAU Start()| se——
> @ fsp_err_t B_TAU Reset(timer_ctrl_t*

v B8 ferm o owr 30 TAID Crmablaifimmer ~fel &

38 /* Open Touch middleware */
39 err = RM_TOUCH_Open{g_ge_touch_instance_configll.p_d
48 = if (FSP_SUCCESS != err)

while (true) {}

b |\. B
[ e SR RV ]
e

s
d

err = R TAU Open(&84yTimer ctrl, &MyTimer_cfg);

Call R_TAU_Start

Figure5-17. Implement main program

The timer start function has been added.

BT = M TUULTT _UPETT E_gE_CUOLTT_ IS LATCE_CUTTT IRTI - Pt ol I; B_q=_COuCT_ITTs

= if (FSP_SUCCESS != err)

while (true) {}

err = R_TAU_Open(&MyTimer_ctrl, &MyTimer_cfg);

R_TAU_Start(&MyTimer_ctrl);

=
-
o

* Main loop */
while (true)

Figure5-18. Implement main program
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(3) Verifying the return value

To detect cases where the open or start function returns an abnormal termination, implement a while(err);
loop after the function call. If an abnormal termination occurs, this statement will cause an infinite loop.

The function's source code is as follows:

b CapTouch Workflow (QE) o [FPB_RAOL1 Tutorial] FSP Configuration € *ge_touch_sample.c

- void qe_touch_main(void)

fsp_err_t err;

* Open Touch middleware *
err = RM_TOUCH_Open(g_qge_touch_instance_config@l.p_ctrl, g_ge_touch_instance_configel.p_cfg);
if (FSP_SUCCESS != err)

while (true) {}

err = R_TAU_Open(&MyTimer_ctrl, &MyTimer_cfg);
while(err);

err = R_TAU_Start(&MyTimer_ctrl);

while(err);

* Main loop *
while (true)

* for [CONFIGe1] configuration *

Figure5-19. Implement main program
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(4)

Implement the timer interrupt callback function

Write the callback function called from the timer interrupt. The file to be modified is ge_touch_sample.c.

Drag and drop the “Callback function definition” from the Timer Module in the Developer Assistance list to the

end of the source file.

w (#) Developer Assistance
v & HAL/Common

» &9 g_ioport IO Port (r_ioport)

» @2 Touch (rm_touch)

~ &% MyTimer Timer, Independent Channe
fsp_err_t R_TAU_Open(timer_ctrl_t
B2 Call R_TAU_Open()
fsp_err_t R_TAU_Stop(timer_ctrl_t*
= Call R_TAU_Stop()
fsp_err_t R_TAU Start(timer_ctrl_t*
B2 Call R_TAL_Start()
fsp_err_t R_TAU_Reset(timer_ctrl_t
=) Call R_TAU_Reset()
fsp_err_t R_TAU_Enable(timer_ctrl_
= Call R_TAU_Enable()
fsp_err_t R_TAU_Disable(timer_ctrl
= Call R_TAU_Disable()
fsp_err_t R_TAU_PeriodSet(timer_c
B2 Call R_TAU_PeriodSet()
fsp_err_t R_TAU_CompareMatchSe
= Call R_TAU_CompareMatchSet(
fsp_err_t R_TAU_DutyCycleSet(tin
B2 Call R_TAU_DutyCycleSet()
fsp_err_t R_TAU_InfoGet(timer_ctrl
B2 Call R_TAU_InfoGet()
fsp_err_t R_TAU_StatusGet{timer_c
B2 Call R_TAL_StatusGet()
fsp_err_t R_TAU_CallbackSet(timer,
B2 Call R_TAU_CallbackSet()
fsp_err_t R_TAU_Close(timer_ctrl_t
2 Call R_TAU_Close()
fsp_err_t R_TAU_LinMeasurementf
B2 Call R_TAU_LinMeasurementFu

= Callback function definition

v @

}

>

}

err = R_TAU Open(&8yTimer_ctrl, &MyTimer_cfg);
while(err);

err
while(err);

= R_TAU_Start(&yTimer_ctrl);

* Main loop */
2 while (true)

/* for [CONFIGE1] configuration */
err = RM_TOUCH_ScanStart(g_ge_touch_instance_configl.p_ctrl);
if (F5P_SUCCESS != err)

while (true) {}

¥
while (@ == g qe_touch_flag) {}
g_qe_touch_flag = @;

err = RM_TOUCH_DataGet(g_ge_touch_instance_configel.p_ctrl, &button_status, NULL, NULL);
if (FSP_SUCCESS == err)

: Add your own code here. */

r* : Since this is a temporary process, so re-create a waiting process yourself.
R BSP_SoftwareDelay (TOUCH_SCAN_INTERVAL_EXAMPLE, BSP_DELAY_UNITS_MILLISECONDS);

Figure5-20. Implement main program

Callback function has been added.

Mo }

91 * Callback function

o2 8 void MyCallback(tlmer callback _args_t *p_args)
{

V-84 add your own code here

Figure5-21. Implement main program
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Declare a variable for incrementing.
Declare volatile uint16_t g_touch_info_get_interval; outside the function.

b CapTouch Workflow (QE) ¢ [FPB_RAOL1 Tutorial] FSP Configuration

& * Copyright (c) 2020 -
File Name : qe_touch_sample.c
#include "qe_touch_config.h"

#define TOUCH_SCAN_INTERVAL_EXAMPLE (20)

& *

void qe_touch_main(void);

uint16_t slider_position[TOUCH_CFG_NUM_SLIDERS];
#endif

- #if (TOUCH_CFG_NUM_WHEELS != @)

uint16_t wheel_position[TOUCH_CFG_NUM_WHEELS];

#endif

W N =

NN

(s W <

-

te] *qe_touch_sample.c
2025 Renesas Electronics Corporation and/or its affiliates

Figure5-22. Implement main program

Within the callback function, add code to increment the g_touch_info_get_interval v
increment the value of this variable every 1 ms.

ariable. This will

Callback function *

- void MyCallback('cimer'_callbac'k_args_t *p_args)
{ )
i » add your own code here *
g_touch_info_get_interval++;
}

2
Lte

Figure5-23. Implement main program
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(5) Adjusting the execution timing of touch functions

Add a conditional statement to perform a touch scan and read touch information every 20ms using the
variables prepared in step (d).

Function to perform the touch scan is RM_TOUCH_ScanStart() function, and function to read touch
information is RM_TOUCH_DataGet() function.

Add a conditional statement before the above two functions are called.

b CapTouch Workflow (QE) 1o¢ [FPB_RAOL1 Tutorial] FSP Configuration \g] ge_touch_samplec X
39 /T UpEn |oucn migdleware -/
48 err = RM_TOUCH_Open(g_ge_touch_instance_configdl.p_ctrl, g_ge_touch_instance_config@l.p_cfg);
41 = if (FSP_SUCCESS != err)
42 {
43 while (true) {}
a4 }
45
46
47 err = R_TAU_Open(&MyTimer_ctrl, &MyTimer_cfg);
48 while(err);
49 err = R_TAU_Start(&MyTimer_ctrl);
58 while(err);
54 * Main loop */
55 = while (true)
5 {

8 if(g_touch_info_get_interval »>= 28)
59 {
68 f* tor [CONFIGEL] contiguration °/
61 err = RM_TOUCH_ScanStart(g_qge_touch_instance_configél.p_ctrl);
2 if (FSP_SUCCESS |= err)
while (true) {}
}
while (@ == g_qge_touch_flag) {}
g_ge_touch_flag = 0;
69 err = RM_TOUCH_DataGet(g_ge_touch_instance_configel.p_ctrl, &button_status, MULL, NULL);
78 if (FSP_SUCCESS == err)
71 {
: Add your own code here. */
}
: Since this is a temporary process, so re-create a waiting process yourself.
TNV TIPS 1o Gl TNTERVAL_EXAMPLE, BSP_DELAY_UNITS_MILLISECONDS);
g_touch_info_get_interval = @;
78 }
¥
M1 }
S_; /* Callback function */
84 void MyCallback(timer_callback_args_t *p_args)
85 {
<86 : add your own code here */
87 g_touch_info_get_interval++;
88 }
Figure5-24. Implement main program
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(6) Comment out the software delay function

The R_BSP_SoftwareDelay() function is no longer needed due to the implementation of step (e), and

therefore it should be commented out.

if(g_touch_info_get_interval »>= 28)
{
* for [CONFIGe1l] configuration */

if (FSP_SUCCESS |= err)

Oh Ch O Eh O LT W1 LD U0 L Ui WUl u i

BPwr B ® W0~ o n

while (true) {}

}
while (@ == g_qge_touch_flag) {}
g_ge_touch_flag = @;

if (FSP_SUCCESS == err)
{

}

: Add your own code here. */

b CapTouch Workflow (QE) e [FPB_RAOL1 Tutorial] FSP Conhguration Lg] *ge_touch_samplec
39 /~ Upen 1oucn miguieware -/
48 err = RM_TOUCH_Open(g_ge_touch_instance_configel.p_ctrl, g_ge_touch_instance_configel.p_cfg);
41 = if (FSP_SUCCESS != err)
42 {
43 while (true) {}
44 }
45
46
47 err = R_TAU_Open(&MyTimer_ctrl, &MyTimer_cfg);
48 while(err);
49 err = R_TAU_Start(&MyTimer_ctrl);
8 while(err);
4 * Main loop */
5 = while (true)
{

err = RH_TOUCH_ScanStart(g_qe_’couch_instance_configal.p_ctrl);

err = RM_TOUCH_DataGet (g_qe_touch_instance_configel.p_ctrl, &button_status, NULL, NULL);

v

76 * R BSP SoftwareDelay(TOUCH SCAN INTERVAL EXAMPLE, BSP DELAY UNITS MILLISECONDS); */
77 v = 9,

28 }

80 }

81 }

Figure5-25. Implement main program

The program to acquire touch information by performing a touch scan and reading touch data every 20ms

is now complete.

The source code up to this point is provided below in text format. The parts that have been added since

ge_touch_sample.c was generated are shown in blue.

RO1AN7993EJ0100 Rev.1.00
Sep.17.25 RENESAS

Page 57 of 96



RAOL1 Group FPB-RAOL1 Tutorial FPB-RAOL1 Tutorial

void ge touch main (void)
{

fsp err t err;

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

err = R TAU Open (&MyTimer ctrl, &MyTimer cfg);
while (err) ;

err = R TAU Start(&MyTimer ctrl);

while (err) ;

/* Main loop */
while (true)

{

if (g_touch_info_get_ interval >= 20)
{
/* for [CONFIGO1l] configuration */
err = RM TOUCH ScanStart (g _ge touch instance configOl.p ctrl);
if (FSP_SUCCESS != err)
{
while (true) {}
}
while (0 == g ge touch flag) ({}
g _ge touch flag = 0;

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

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

/* R BSP_SoftwareDelay (TOUCH SCAN INTERVAL EXAMPLE,
BSP DELAY UNITS MILLISECONDS); */

g_touch_info _get_ interval = 0;

/* Callback function */
void MyCallback (timer_ callback_args_t *p_args)
{
/* TODO: add your own code here */
g_touch_info_get interval++;
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5.2.2 Control the lightning status of LED5 and LED6 based on touch detection status of
the Touch Button

When the RM_TOUCH_DataGet() function, which reads touch information, is executed, the information for
TouchButton1 and 2 is stored in the button_status variable specified as the second argument.

For example, if you want to reference only the information for TouchButton1, you can do so by performing
logical AND operation using the macro definition (highlighted in red) described in the project
folder¥ge_gen¥qe_touch_define.h.

The names “BUTTON1” and “BUTTON2,” which are part of the macro definition names shown in the red box,
correspond to the names set in “4.2 Tuning touch sensor by using QE Touch”.

b CapTouch Workflow (QE) % [FPB_RAOL1 Tutorial] FSP Configuration ig] *qe_touch_sample.c h| ge_touch_defineh
46 #define CTSU_CFG_NUM_MUTUAL_ELEMENTS (@)
47 #define CTSU_CFG_NUM_CFC (e)
48 #define CTSU_CFG_NUM_CFC_TX (@)
50 #define TOUCH_CFG_MONITOR_ENABLE (1)
51 #define TOUCH_CFG_NUM_BUTTONS (2)
52 #define TOUCH_CFG_NUM_SLIDERS (e)
53 #define TOUCH_CFG_NUM_WHEELS (e)
#define TOUCH_CFG_PAD_ENABLE (e)

#define QE_TOUCH_MACRO_CTSU_IP_KIND (2)

#define CTSU_CFG_VCC_MV (3300)
#define CTSU_CFG_LOW_VOLTAGE_MODE (@)

61 #define CTSU_CFG_PCLK_DIVISION (@)
é} #define CTSU_CFG_TSCAP_PORT (@xe1ecC)

#define CTSU_CFG_NUM_SUMULTI  (3)

#define CTSU_CFG_SUMULTIO (ex2F)

#define CTSU_CFG_SUMULTI1 (ex28)

#define CTSU_CFG_SUMULTI2 (ex36)

#define CTSU_CFG_CALIB_RTRIM_SUPPORT (@)

#define CTSU_CFG_TEMP_CORRECTION_SUPPORT (@)
‘ #define CTSU_CFG_TEMP_CORRECTION_TS (e)
73 #define CTSU_CFG_TEMP_CORRECTION_TIME (@)

#define CTSU_CFG_TARGET_VALUE_QE_SUPPORT (1)

#define CTSU_CFG_AUTO_MULTI_CLOCK_CORRECTION_ENABLE (@)
#define CTSU_CFG_AUTO_CORRECTION_ENABLE (@)
#define CTSU_CFG_MULTIPLE_ELECTRODE_CONNECTION_ENABLE (@)

#define CTSU_CFG_MAJORITY_MODE (1)
#define CTSU_CFG_NUM_AUTOJUDGE_SELF_ELEMENTS (@)
#define CTSU_CFG_NUM_AUTOJUDGE_MUTUAL_ELEMENTS (@)

te Mack 2 confiouration
#define CONFIGO1_INDEX_BUTTON1 (e)
#define CONFIGO1_MASK_BUTTON1 (1ULL << CONFIG@1_INDEX_BUTTON1)

= = A5
#define CONFIGO1_MASK_BUTTON2 (1ULL << CONFIGO1_INDEX_BUTTON2)

95 #endif /* QE_TOUCH_DEFINE_H *

Figure5-26. Implement main program
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(1) Program to light LED5 while detecting a touch on Touch Button 1

Add the conditional statement as shown below.

69 err = RM_TOUCH_DataGet(g_qe_touch_instance_configel.p_ctrl, &button_status, NULL, NULL);
78 if (FSP_SUCCESS == err)

71 {
7 2 . Add your own code here.
= if( (CONFIG@1_MASK_BUTTON1 & button_status) != @)

77 else
{
80 }

Figure5-27. Implement main program

Code a program to set the ON / OFF state of LED5 within a conditional statement.

Drag and drop the R_IOPORT_PinWrite() function from the Developer Assistance list into the conditional
section of the source file.

v @ fsp_err t R IOPORT PortWrite(iop if (FSP_SUCCESS == err) N - ¥ -
&) Call R_IOPORT_PortWrite() N’ L o
v ® fsp_er t R IOPORT PinWite(opo | 5175 . 1F((CONFIGO1_MASK_BUTTON1 & button_status) != @)
% Call R_IOPORT PinWrite() {
v ® fsp_ert RIOPORT PortDirectons | 73 m— ;. il
&) Call R_IOPORT PortDirectionSe s e
v @ fsp_erm t R_IOPORT PortEventinp {
&4 Call R_IOPORT PortEventinput 3
v @ fsp_err t R IOPORT PinEventinput ) ¥

Figure5-28. Implement main program

The R_IOPORT_PinWrite() function has been added.

69 err = RM_TOUCH_DataGet(g_ge_touch_instance_config@l.p_ctrl, &button_status, NULL, NULL)]
70 = if (FSP_SUCCESS == err)
21 {
72 * : Add your own code here.
73 = if( (CONFIGO1_MASK_BUTTON1 & button_status) != @)
err = R_IOPORT_ PinWrite(&g_ioport_ctrl, pin, level);
else
78 = {
err = R_IOPORT PinWrite(&g_ioport_ctrl, pin, level);
}
}

Figure5-29. Implement main program
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Modify the arguments of the R_IOPORT_PinWrite() function to set the LED ON/OFF.

To configure LEDS5, the macro definition is specified in the red box below within
ra_cfg¥fsp_cfg¥bsp_pin_cfg.h in the Project Explorer.

Use this macro definition as an argument for the R_IOPORT_PinWrite() function to set LED5 ON/OFF.

bmmmmwwm) @mmmummmmmmmm L8 *qe_touch_sample.c h ge_touch_define.n th| bsp_pin_cfg.h X
I* generated configuration header file - do not edit */

= #ifndef BSP_PIN_CFG_H_
#define BSP_PIN_CFG_H_

-

s wN

#include "r_ioport.h"

6 /* Common macro for FSP header files. There is also a corresponding FSP_FOOTER macro at the end of this file.
7 FSP_HEADER

S

9 #define BUTTON2 (BSP_IO_PORT_0@_PIN_00)

10 #define BUTTON1 (BSP_IO_PORT_@@_PIN_©1)

11 #define LED1 (BSP_IO_PORT_8@_PIN_@2) /* Green, Hi: Turn on */
2 #define ARDUINO_AS (BSP_IO_PORT_@@_PIN_08)

3 #define PMOD1_GPIO1©_ARDUINO_A4 (BSP_IO_PORT_©@_PIN_09)

14 #define ARDUINO_AREF (BSP_IO_PORT_0@_PIN_10)

15 #define PMOD1_GPIO9_ARDUINO_A3 (BSP_IO_PORT_@@_PIN_12)
16 #define PMOD1_GPIO8_ARDUINO_A2 (BSP_IO_PORT_@@_PIN_13)

7 #define ARDUINO_A1 (BSP_IO_PORT_@@_PIN_14)

18 #define ARDUINO_A@ (BSP_IO_PORT_8@_PIN_15)
19 #define PMOD1_MISO_RXD_ARDUINO_D4 (BSP_IO_PORT_@1_PIN_00)
2 #define PMOD1_MOSI_TXD_ARDUINO_D5 (BSP_IO_PORT_@1_PIN_01)
21 #define PMOD1_SCK (BSP_IO_PORT_@1_PIN_02)
22 #define PMOD1_CS_ARDUINO_D7 (BSP_IO_PORT_@1_PIN_@3) /* PMOD1_INT */
23 #define LED2 (BSP_IO_PORT_@1_PIN_©4) /* Green, Hi: Turn on */
24 #define VCOM_RXD (BSP_IO_PORT_©1_PIN_05)
25 #define VCOM_TXD (BSP_IO_PORT_O1_PIN_@6)
26 #define ARDUINO_D8 (BSP_IO_PORT_@1_PIN_©9) /* PMOD1_SDA */

27 #define ARDUINO_D1@ (BSP_IO_PORT_@1_PIN_18) /* PMOD1_SCL */
#define ARDUINO_D2 (BSP_IO_PORT_01_PIN_11)

#define TSCAP (BSP_IO_PORT_@1_PIN_12)

#define SW1 (BSP_IO_PORT_82_PIN_60)

#define PMOD1_INT_ARDUINO_D3 (BSP_IO_PORT_@2_PIN_01)

#define PMOD2_GPIO7 (BSP_IO_PORT_02_PIN_86) /* PMOD2_INT */
#define ARDUINO_RX (BSP_IO_PORT_82_PIN_87)

#define ARDUINO_TX (BSP_IO_PORT_82_PIN_08)

#define ARDUINO_MISO (BSP_IO_PORT_@2_PIN_12) /* PMOD2_MISO_RXD */
#define ARDUINO_MOSI (BSP_IO_PORT_@2_PIN_13) /* PMOD2_MOSI_TXD */
#define PMOD2_GPI01@_ARDUINO_D9 (BSP_IO_PORT_@3_PIN_01)

~

38 #define PMOD2_GPIO9 (BSP_IO_PORT_@3_PIN_02)
39
40 0
41 #de PMOD2_SDA_ARDUINO_SCK (BSP_IO_| = i} 2_SCK
a2 #define PMOD2_SCL (BSP_IO_PORT_84_PIN_08)
43 #define PMOD2_INT (BSP_IO_PORT_e4_PIN_89)
44 #define ARDUINO_D6 (BSP_IO_PORT_05_PIN_00)
45 #define ARDUINO_SDA (BSP_IO_PORT_09_PIN_13)
46 #define ARDUINO_SCL (BSP_IO_PORT_89_PIN_14)
47 #define PMOD2_GPIO8 (BSP_IO_PORT_@9_PIN_15)
48 #define PIN_SCLA® (BSP_IO_PORT_89_PIN_14)
49 #define CFG_SCLA@ ((uint32_t) IOPORT_CFG_PERIPHERAL_PIN | (uint32_t) IOPORT_PERIPHERAL_IICA1)
50 #define PIN_SDAA® (BSP_IO_PORT_@9_PIN_13)
51 #define CFG_SDAA®@ ((uint32_t) IOPORT_CFG_PERIPHERAL_PIN | (uint32_t) IOPORT_PERIPHERAL_IICA1)
52
53 extern const ioport_cfg_t g_bsp_pin_cfg; /* FPB-RAGL1 */
<
Figure5-30. Implement main program
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The second argument of the R_IOPORT _PinWrite() function specifies the pin number to configure = “LED5”,
and the third argument specifies the output content.

To configure LED5 to light up while Touch Button 1 is detected as touched, edit the source code as follows:

b CapTouch kaﬂnw (QE)

o1

45
43
44
45
46
47
48
49

u

L]
[ R T

{55 [FPB_RAOL1_Tutorial] FSP Configuration Lg] *ge_touch_samplec > | ge_touch_defineh thl bsp_pin_cfgh
1T (F3F_3ULLES> != €rr)

while (true) {}

err = R_TAU_Open(&MyTimer_ctrl, &MyTimer_cfg);
while(err);

err = R_TAU_Start(&MyTimer_ctrl);

while(err);

* Main loop */
while (true)

58 if(g_touch_info_get_interval >= 28)
59 {
68 /* for [CONFIGB1] configuration */
61 err = RM_TOUCH_ScanStart(g_ge_touch_instance_config@l.p_ctrl);
62 if (FSP_SUCCESS |= err)
63
64 while (true) {}
65 }
66 while (@ == g_ge_touch_flag) {}
67 g_ge_touch_flag =
68
69 err = RM_TOUCH_DataGet(g_ge_touch_instance_configll.p_ctrl, &button_status, NULL, NULL);
70 if (FSP_SUCCESS == err)
71 {
w72 * TODO: Add your own code here. *;
73 if((coNFIGBl MASK BUTTON1 & button_status) != @)
74 {
75 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED5, BSP_IO_LEVEL_LOW);
76 }
77 else
78 {
79 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED5, BSP_IO LEVEL_HIGH);
80
81 }
82 }
83
v 84 /* FIXME: Since this is a temporary process, so re-create a waiting p ocess yourself,
85 /* R _BSP_SoftwareDelay( TC)UC}- SCAN_INTERVAL_EXAMPLE, BSP_DELAY_UNITS_MILLISECONDS);
86 g_touch_:l.nfo_get_mterval
87 }
88
89 }
e
Figure5-31. Implement main program
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(2) Program to light LED6 while a touch is detected on Touch Button 2
Implement control of LED6 using the procedure described above.

Add the conditional statement as shown below.

67 B if (FSP_SUCCESS == err)
68 {
9 < : Add your own code here. *
70 - if((CONFIGO1_MASK_BUTTON1 & button_status) != 8)
72 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LEDS, BSP_IO_LEVEL_LOW);
}
74 else
{
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LEDS, BSP_IO LEVEL_HIGH);
7 }
9 if((CONFIGO1_MASK_BUTTON2 & button_status) != @)
~ {
82 }
83 else
84 {
85 |
86 }
44 }

Figure5-32. Implement main program

Drag and drop the R_IOPORT_PinWrite() function from the Developer Assistance list into the conditional

section of the source file.

30
~ @ fsp_err_t R_IOPORT_PinWrite(iopo 81 4‘ I

[ Call R_IOPORT_PinWrite(® 82

v @ fsp_err t R_IOPORT PortDirection 83 else
2 Call R_IOPORT_PortDirectionSe ;; : {

~ @ fsp_err_t R_IOPORT_PortEventinp: 86 }
&) Call R IOPORT_PortEventinput 87 }

*I;:anﬁ IOPORT _PortWrite() I 79 = if ((CONFIG@1_MASK_BUTTON2 & button_status) != @)

Figure5-33. Implement main program

R_IOPORT_PinWrite() function has been added.

79 . if((CONFIGO1_MASK_BUTTON2 & button_status) != @)
g8 {
it 81 err =
82 }
83 else
84 S {
it 85 err =
8 I

R_IOPORT_PinWrite(&g_ioport_ctrl, pin, level);

R_IOPORT_PinWrite(&g_ioport_ctrl, pin, level);

Figure5-34. Implement main program
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As with LEDS5, the following macro definition written in bsp_pin_cfg.h can be used as an argument to the

R_IOPORT_PinWrite() function to set LED6 ON/OFF.

[

I"’ generated configuration header file - do not edit */
- #ifndef BSP_PIN_CFG_H_
#define BSP_PIN_CFG_H_
#include "r_ioport.h"

wewN

g o

FSP_HEADER

0 ®

#define BUTTON2 (BSP_IO_PORT_0@_PIN_0@)

18 #define BUTTON1 (BSP_IO_PORT_0@_PIN_01)
11 #define LED1 (BSP_IO_PORT_B@_PIN_82) /* Green, Hi: Turn on */
12 #define ARDUINO_AS (BSP_IO_PORT_0@_PIN_08)

13 #define PMOD1_GPI01@_ARDUINO_A4 (BSP_IO_PORT_8@_PIN_89)

14 #define ARDUINO_AREF (BSP_IO_PORT_6@_PIN_10)

15 #define PMOD1_GPIO9_ARDUINO_A3 (BSP_IO_PORT_@@_PIN_12)

16 #define PMOD1_GPIOS_ARDUINO_A2 (BSP_IO_PORT_@@_PIN_13)

17 #define ARDUINO_A1 (BSP_IO_PORT_8@_PIN_14)

18 #define ARDUINO_A@ (BSP_IO_PORT_0@_PIN_15)

19 #define PMOD1_MISO_RXD_ARDUINO_D4 (BSP_IO_PORT_@1_PIN_0@)

20 #define PMOD1_MOSI_TXD_ARDUINO_DS (BSP_IO_PORT_@1_PIN_01)

21 #define PMOD1_SCK (BSP_IO_PORT_@1_PIN_02)

#define PMOD1_CS_ARDUINO_D7 (BSP_IO_PORT_@1_PIN_@3) /* PMOD1_INT */
#define LED2 (BSP_IO_PORT_@1_PIN_84) /* Green, Hi: Turn on */
#define VCOM_RXD (BSP_IO_PORT_@1_PIN_@5)

#define VCOM_TXD (BSP_IO_PORT_@1_PIN_@6)

#define ARDUINO_D8 (BSP_IO_PORT_81_PIN_89) /* PMOD1_SDA */
#define ARDUINO_D1@ (BSP_IO_PORT_81_PIN_1@) /* PMODI_SCL */
#define ARDUINO_D2 (BSP_IO_PORT_@1_PIN_11)

#define TSCAP (BSP_IO_PORT_@1_PIN_12)

#define SW1 (BSP_IO_PORT_82_PIN_6@)

#define PMOD1_INT_ARDUINO_D3 (BSP_IO_PORT_82_PIN_O1)

#define PMOD2_GPIO7 (BSP_IO_PORT_82_PIN_06) /* PMOD2_INT */
#define ARDUINO_RX (BSP_IO_PORT_82_PIN_87)

#define ARDUINO_TX (BSP_IO_PORT_82_PIN_@8)

#define ARDUINO_MISO (BSP_IO_PORT_62_PIN_12) /* PMOD2_MISO_RXD */
#define ARDUINO_MOSI (BSP_IO_PORT_82_PIN_13) /* PMOD2_MOSI_TXD */
#define PMOD2_GPI010_ARDUINO_D9 (BSP_IO_PORT_83_PIN_01)

#define LED6 (BSP_IO_PORT_84_PI

#define PMOD2_SDA_ARDUINO_SCK (BSP_IO_PORT_84_PIN_87) /* PMOD2_SCK */
#define PMOD2_SCL (BSP_IO_PORT_04_PIN_08)

#define PMOD2_INT (BSP_IO_PORT_84_PIN_89)

#define ARDUINO_D6 (BSP_IO_PORT_85_PIN_00)

#define ARDUINO_SDA (BSP_IO_PORT_@3_PIN_13)

#define ARDUINO_SCL (BSP_IO_PORT_@9_PIN_14)

#define PMOD2_GPIOS (BSP_IO_PORT_@9_PIN_15)

a8 #define PIN_SCLA@ (BSP_IO_PORT_89_PIN_14)
49 #define CFG_SCLA® ((uint32_t) IOPORT_CFG_PERIPHERAL_PIN | (uint32_t) IOPORT_PERIPHERAL_IICA1)
50 #define PIN_SDAA® (BSP_IO_PORT_@9_PIN_13)
51 #define CFG_SDAA® ((uint32_t) IOPORT_CFG_PERIPHERAL_PIN | (uint32_t) IOPORT_PERIPHERAL_IICA1)

/* Common macro for FSP header files. There is also a corresponding FSP_FOOTER macro at the end of this file.

b CapTouchD-2270- (QE) & [FPB_RAOL1_Tutorial] FSP Configuration L€ r_ctsuc 1€ main.c L€l *qe_touch_sample.c thl ge_touch_define.h {h rioport_cfg.h thl bsp_pin_cfg.h X

Figure5-35. Implement main program
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The second argument of the R_IOPORT_PinWrite() function specifies the pin number to configure = “LEDS”,

and the third argument specifies the output content.

To configure LEDG to light up while Touch Button 2 is detected as touched, edit the source code as follows.

bCaplcuch Workflow (QE) & [FPB_RAOL1_Tutorial] FSP Configuration L8 *qe_touch_samplec X |h qge_touch_defineh i bsp_pin_cfg.h
4 err = K_IAU_Upen{a&My |1mer_ctri, &rMyllmer_cTg);
48 while(err);
49 err = R_TAU_Start(&MyTimer_ctrl);
50 while(err);
53
54 * Main loop *
55 8 while (true)
{
58 if(g_touch_info_get_interval >= 20)
60 * for [CONFIGO1l] configuration */
61 err = RM_TOUCH_ScanStart(g_ge_touch_instance_configel.p_ctrl);
62 if (FSP_SUCCESS != err)
64 while (true) {}
65 }
66 while (@ == g_qe_touch_flag) {}
67 g_ge_touch_flag = @;
68
69 err = RM_TOUCH_DataGet(g_ge_touch_instance_config@l.p_ctrl, &button_status, NULL, NULL);
70 if (FSP_SUCCESS == err)
v 72 /* : Add your own code here. */
73 8 if((CONFIGO1_MASK_BUTTON1 & button_status) != @)
74 {
75 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LEDS5, BSP_IO_LEVEL_LOW);
76 }
77 else
{ TR
79 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LEDS, BSP_IO_LEVEL_HIGH);
80
81 }
82
83 - if( (CONFIGO1_MASK_BUTTON1 & button_status) != @)
84
85 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED6, BSP_IO_LEVEL_LOW);
86 }
87 else
88 i
89 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED6, BSP_IO_LEVEL_HIGH);
se }
¥ 93 IXME: Since this is a temporary process, so re-create a waiting process yourself. */
94 * R_BSP_SoftwareDelay(TOUCH_SCAN_INTERVAL_EXAMPLE, BSP_DELAY_UNITS_MILLISECONDS); */
95 g_touch_info_get_interval = ©;
)
o8 )
| K }

Figure5-36. Implement main program
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To detect cases where the R_IOPORT_PInWrite() function returns an abnormal termination, implement a
while(err); loop after the function call.

err

s {

~N

© 00 0 00
k

o \n

0
LV

N

WO WWWWYWW
B W
|

O
~ OV \n

b w 0

. if (FSP_SUCCESS != err)

while (true) {}

}
) while (@ == g_qe_touch_flag) {}
g_qge_touch_flag = ©;

/ : Add your own code here.
if ((CONFIGO1_MASK_BUTTON1 & button_status) != @)

{
BmEGRART PinWrite(&g_ioport_ctrl, LEDS,
while(err);
}

else

{
2 RelaRORT _PinWrite(&g_ioport_ctrl, LEDS,
while(err) ]|

}

if ((CONFIG@1_MASK_BUTTON2 & button_status) != @)

{
BekGRORT PinWrite(&g_ioport_ctrl, LED6,
}

else

BORT_PinWrite(&g_ioport_ctrl, LEDS6,

{
}

= RM_TOUCH_DataGet(g_qge_touch_instance_config@l.p_ctrl, &button_status, NULL,
- if (FSP_SUCCESS == err)

NULL);

BSP_IO_LEVEL_LOW);

BSP_IO_LEVEL_HIGH);

BSP_IO_LEVEL_LOW);

BSP_IO_LEVEL_HIGH);

Figure5-37. Implement main program

The source code up to this point is provided below as text. The parts that have been added since
ge_touch_sample.c was generated are shown in blue.
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void ge touch main (void)
{

fsp err t err;

/* Open Touch middleware */

err = RM TOUCH Open(g ge touch instance configOl.p ctrl,
g _ge touch instance config0l.p cfg);

if (FSP_SUCCESS != err)

{

while (true) {}

err = R TAU Open (&MyTimer ctrl, &MyTimer cfg);
while (err) ;

err = R TAU Start(&MyTimer ctrl);

while (err) ;

/* Main loop */
while (true)

{

if (g_touch_info_get_ interval >= 20)
{
/* for [CONFIGO1l] configuration */
err = RM TOUCH ScanStart (g _ge touch instance configOl.p ctrl);
if (FSP_SUCCESS != err)
{
while (true) {}
}
while (0 == g ge touch flag) ({}
g _ge touch flag = 0;
err = RM TOUCH DataGet (g _ge touch instance configOl.p ctrl,
&button status, NULL, NULL);
if (FSP_SUCCESS == err)
{
/* TODO: Add your own code here. */
if ((CONFIGO1_MASK BUTTON1l & button_status) !'= 0)
{
err = R _IOPORT PinWrite (&g _ioport ctrl, LEDS,
BSP_IO_LEVEL_LOW) ;
while (err) ;
}
else
{
err = R IOPORT PinWrite (&g ioport ctrl, LEDS,
BSP_IO_LEVEL HIGH) ;
while (err) ;

if ((CONFIGO1l_MASK BUTTON2 & button_status) != 0)
{
err = R _IOPORT PinWrite (&g _ioport ctrl, LED6,
BSP_IO_LEVEL_LOW) ;
while (err) ;
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else
{
R _IOPORT PinWrite (&g ioport ctrl, LED6,

err =
BSP_IO_ LEVEL HIGH) ;

while (err) ;

}

/* FIXME: Since this is a temporary process,

SO re-create a waiting process yourself. */
/* R BSP_SoftwareDelay (TOUCH SCAN INTERVAL EXAMPLE,

BSP DELAY UNITS MILLISECONDS); */
g_touch_info _get interval = 0;

}

/* Callback function */
void MyCallback (timer_callback_args_t *p_args)

{
/* TODO: add your own code here */

g_touch_info_get interval++;
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5.2.3 Control the start/stop of blinking of LED1 and LED2 based on touch detection of
Touch Button1

Detect the touch detection timing of Touch Button1 and control the start/stop of the blinking operation of
LED1 and LED2. At this stage, the blinking cycle is fixed at 2 seconds.

(1) Set Initial values for LED1 and LED2
Set the initial values for LED1 and LED2 so that LED1 is ON and LED2 is OFF.
Since these value are set before the main loop starts, add the code before the “while (true)” loop.

Drag and drop the R_IOPORT _PinWrite() function from the Developer Assistance list into the source file.

g b RIS B AT T LR g i i &3 BT = R_TAU_Upen(&my rimer_curl, smyrimer_crgrs, |
&) Call R_IOPORT_PortRead|() 5@ while(err); .
v @ {sp_err_t R_IOPORT_PortWrite(iop 55 5;;1:(:F:L)\l;J_Start(&MyTlmer_ctrl);
&) Call R_IOPORT_PortWite() 53 P ‘
v @ fsp_err_t R_IOPORT_PinWrite(iopo —
|5 Call R IOPORT Pinwrite0™ | | “ Main loop *
v @ fsp_err t R IOPORT_PortDirection 57 = while (true)
LD IARADTY oAt SR {

Figure5-38. Implement main program

R_IOPORT_PinWrite() function has been added.

~ err = R_TAU_Open(&MyTimer_ctrl, &MyTimer_cfg);

50 while(err);

51 err = R_TAU_Start(&MyTimer_ctrl);

52 i rr):
22 53 = R_IOPORT_PinWrite(&g_ioport_ctrl, pin, level);
2 ’» = R_IOPORT_PinWrite(&g_ioport_ctrl, pin, level);

* Main loop *

57 8 while (true)

SR {

Figure5-39. Implement main program
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The following macro definitions written in bsp_pin_cfg.h can be used as arguments to the
R_IOPORT_PinWrite() function to set LED1 and LED2 to ON/OFF.

-
D WONOWNH WN B

[ I
wB oW e
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o
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3
3
3
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O 0o

»

42

LR
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b CapTouch Workflow (QE)

& [FPB_RAOL1_Tutorial] FSP Configuration L€} *qe_touch_sample.c i ge_touch_define.h ihl bsp_pin_cfg.h X

/* generated configuration header file - do not edit */

= #ifndef
#define

BSP_PIN_CFG_H_
BSP_PIN_CFG_H_

#include "r_ioport.h"

/* Common macro for FSP header files. There is also a corresponding FSP_FOOTER macro at the end of this file. */
FSP_HEADER

#define

#define

#define
#define
#define
#define
#define
#define
#define
#define
#define

#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

BUTTON2 (BSP_IO_PORT_8@_PIN_0@)
3

LED1 (BSP_IO_PORT_@@_PIN_@2) /* Green, Hi: Turn on 'rl

- S
PMOD1_GPI010_ARDUINO_A4 (BSP_IO_PORT_@@_PIN_89)
ARDUINO_AREF (BSP_IO_PORT_8@_PIN_10)
PMOD1_GPIO9_ARDUINO_A3 (BSP_IO_PORT_@@_PIN_12)
PMOD1_GPIOS_ARDUINO_A2 (BSP_IO_PORT_8@_PIN_13)
ARDUINO_A1 (BSP_IO_PORT_@@_PIN_14)

ARDUINO_A@ (BSP_IO_PORT_8@_PIN_15)
PMOD1_MISO_RXD_ARDUINO_D4 (BSP_IO_PORT_@1_PIN_6@)
PMOD1_MOSI_TXD_ARDUINO_D5 (BSP_IO_PORT_@1_PIN_61)
PMOD1_SCK (BSP_IO_PORT_@1_PIN_02)

LED2 (BSP_IO_PORT_@1_PIN_@4) /* Green, Hi: Turn on */

- o - )
VCOM_TXD (BSP_IO_PORT_©1_PIN_06)
ARDUINO_D8 (BSP_IO_PORT_@1_PIN_©9) /* PMOD1_SDA */

ARDUINO_D1© (BSP_IO_PORT_©1_PIN_18) /* PMOD1_SCL */

ARDUINO_D2 (BSP_IO_PORT_@1_PIN_11)

TSCAP (BSP_IO_PORT_@1_PIN_12)

SW1 (BSP_IO_PORT_©2_PIN_00)

PMOD1_INT_ARDUINO_D3 (BSP_IO_PORT_02_PIN_e1)

PMOD2_GPIO7 (BSP_IO_PORT_©2_PIN_@6) /* PMOD2_INT */

ARDUINO_RX (BSP_IO_PORT_0@2_PIN_07)

ARDUINO_TX (BSP_IO_PORT_©2_PIN_©8)

ARDUINO_MISO (BSP_IO_PORT_@2_PIN_12) /* PMOD2_MISO_RXD */

ARDUINO_MOSI (BSP_IO_PORT_©2_PIN_13) /* PMOD2_MOSI_TXD */

PMOD2_GPIO1@_ARDUINO_DS9 (BSP_IO_PORT_@3_PIN_0©1)

PMOD2_GPIO9 (BSP_IO_PORT_©3_PIN_02)

LED6 (BSP_IO_PORT_©4_PIN_0@) /* Green, Lo: Turn on */

LEDS (BSP_IO_PORT_©4_PIN_©1) /* Green, Lo: Turn on */

PMOD2_SDA_ARDUINO_SCK (BSP_IO_PORT_@4_PIN_07) /* PMOD2_SCK */

PMOD2_SCL (BSP_IO_PORT_@4_PIN_©8)

PMOD2_INT (BSP_IO_PORT_e4_PIN_09)

ARDUINO_D6 (BSP_IO_PORT_©5_PIN_©0)

ARDUINO_SDA (BSP_IO_PORT_@9_PIN_13)

ARDUINO_SCL (BSP_IO_PORT_©9_PIN_14)

PMOD2_GPIO8 (BSP_IO_PORT_@9_PIN_15)

PIN_SCLA® (BSP_IO_PORT_@9_PIN_14)

CFG_SCLA® ((uint32_t) IOPORT_CFG_PERIPHERAL_PIN | (uint32_t) IOPORT_PERIPHERAL_IICA1)
PIN_SDAA® (BSP_IO_PORT_@9_PIN_13)

CFG_SDAA@ ((uint32_t) IOPORT_CFG_PERIPHERAL_PIN | (uint32_t) IOPORT_PERIPHERAL_IICA1)

Figure5-40. Implement main program
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The second argument of the R_IOPORT_PinWrite() function specifies the pin number to configure = “LED1”

and “LEDZ2”. The third argument specifies the output content.

Edit the initial setting process for LED1 and LED2 as follows.

b CapTouch Workflow (QE) - [FPB_RAOL1_Tutorial] FSP Configuration Lel *qe_touch_sample.c X |h qe_touch_define.h
B 33 = void gqe_touch_main(void)
34 {

35 fsp_err_t err;

err = R_TAU_Open(&MyTimer_ctrl, &MyTimer_cfg);
while(err);

err = R_TAU_Start(&MyTimer_ctrl);

while(err);

TRR:
R TR R

®

51 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED1, BSP_IO_LEVEL_LOW);|

52 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED2, BSP_IO LEVEL_HIGH);

55 * Main loop */

56 while (true)

57 {

59 S if(g_touch_info_get_interval >= 20)

60 {

61 /* for [CONFIG@1l] configuration *

62 err = RM_TOUCH_ScanStart(g_ge_touch_instance_configél.p_ctrl);

i bsp_pin_cfg.h

39 * Open Touch middleware */

40 err = RM_TOUCH_Open(g_ge_touch_instance_config@l.p_ctrl, g_qge_touch_instance_config@l.p_cfg);
41 = if (FSP_SUCCESS != err)

42 {

43 while (true) {}

Figure5-41. Implement main program

To detect cases where an abnormal termination is returned, implement a “while(err);” loop after the

function call.
b(?ap!ouch Workflow (QE) ¢ [FPB_RAOL1_Tutorial] FSP Configuration L& ge_touch_sample.c X |h ge_touch_defineh thl bsp_pin_cfg.h
| EE = void gqe_touch_main(void)
34 {
35 fsp_err_t err;
Open Touch middleware */
40 err = RM_TOUCH_Open(g_ge_touch_instance_config@l.p_ctrl, g_ge_touch_instance_configel.p_cfg);
41 8 if (FSP_SUCCESS != err)
42 {
43 while (true) {}
44 }

err = R_TAU_Open(&MyTimer_ctrl, &MyTimer_cfg);

48 while(err);

err = R_TAU_Start(&MyTimer_ctrl);

while(err);

err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED1, BSP_IO_LEVEL_LOW);
while(err);

err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED2, BSP_IO LEVEL_HIGH);
while(err);|

BWN MO WO

v

J

/* Main loop */
while (true)
{

RO R R T T T

O

Figure5-42. Implement main program
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(2) Store the previous Touch Button information

Touch Button information is obtained every 20ms and stored in button_status, but in order to detect the
timing of touch detection, a new variable is created to store the previous Touch Button information.

uint64_t g_button_status_previous;

W [FPB_RAOL1_Tutorial] FSP Configuration L€ *qe_touch_sample.c

b CapTouch Workflow (QE)
2 ®* Copyright (c) 2020 -

®* File Name : qe_touch_sample.c

10 #include "qe_touch_config.h"

#define TOUCH_SCAN_INTERVAL_EXAMPLE (20)

3N

13 void qe_touch_main(void);

S i
18 uint64_t g_button_status_previous;
19 e = =interval;
20 - #if (TOUCH_CFG_NUM_SLIDERS != @)
21 uintl6_t slider_position[TOUCH_CFG_NUM_SLIDERS];
22 #endif

23 #if (TOUCH_CFG_NUM_WHEELS != @)
24 uint16_t wheel_position[TOUCH_CFG_NUM_WHEELS];
25 #endif

* milliseconds *

thl ge_touch_define.h i bsp_pin_cfg.h

2025 Renesas Electronics Corporation and/or its affiliates

Figure5-43. Implement main program
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Placing “g_button_status_previous = button_status;” at the end of the “if (FSP_SUCCESS == err)” condition

allows the previous value to be continuously updated every 20ms.

b CapTouch Workflow (QE) .w [FPB_RAOL1_Tutorial] FSP Configuration i€ *qe_touch_sample.c X |hl ge_touch_defineh thl bsp_pin_cfg.h
63 { o o = -
* for [CONFIGO1l] configuration */
err = RM_TOUCH_ScanStart(g_ge_touch_instance_configél.p_ctrl);
66 8 if (FSP_SUCCESS != err)
7 {
68 while (true) {}
69 }
70 while (@ == g_ge_touch_flag) {}
1 g_ge_touch_flag = ©;
73 err = RM_TOUCH_DataGet(g_qge_touch_instance_configel.p_ctrl, &button_status, NULL, NULL);
74 8 if (FSP_SUCCESS == err)
75 {
¥ 76 /* TODO: Add your own code here. *
77 if((CONFIGO1_MASK_BUTTON1 & button_status) != @)
78
79 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LEDS, BSP_IO_LEVEL_LOW);
80 while(err);
81 }
82 else
83 {
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LEDS, BSP_IO LEVEL_HIGH);
while(err);
}
8 if((CONFIGO1_MASK_BUTTON1 & button_status) != @)
{
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED6, BSP_IO_LEVEL_LOW);
while(err);
}
else
e { s s .
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED6, BSP_IO LEVEL_HIGH);
96 while(err);
97 }
98
99
100 l g_button_status_previous = button_status;l I
101 }
1082
yi1e F : Since this is a temporary process, so re-create a waiting process yourself. *
16 * R_BSP_SoftwareDelay(TOUCH_SCAN_INTERVA (_UNITS_MILLISECONDS); *
1 g_touch_info_get_interval = ©;
106 }
1107
108 }
| GE }

Figure5-44. Implement main program
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(3) Implement the Touch Detection Program for Touch Button1
Create a conditional statement to detect when Touch Button1 is touched.
The touch detection condition is the logical AND of the following two conditions.

¢ Was Touch Button1 touched this time?
((CONFIG01_MASK_BUTTON1 & button_status) != 0)
¢ Was Touch Button1 touched last time?
((CONFIG01_MASK BUTTON1 & g_button_status_previous) == 0)

65 B if (FSP_SUCCESS == err)
66 {
V= 67 " : Add your own code here. *
if((CONFIG@1_MASK_BUTTON1 & button_status) != @)
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED5, BSP_IO_LEVEL_LOW);
while(err);
3 else
73 " { _— .
75 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED5, BSP_IO LEVEL_HIGH);
while(err);
c if((CONFIGO1_MASK_BUTTON2 & button_status) != @)
{
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED6, BSP_IO LEVEL_LOW);
while(err);
}
else
< {
86 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED6, BSP_IO_LEVEL_HIGH);
while(err);
)
if(((CONFIGO1_MASK_BUTTON1 & button_status) != @) && ((CONFIGO1_MASK_BUTTON1 & g_button_status_previous) == eff)
{
v F Since this is a temporar) re-create a waiting process yourself.
97 * R_BSP_SoftwareDelay(TOUCH_SCAN_IN E, BSP_DELAY_UNITS_MILLISECONDS
98 g_touch_info_get_interval = @;
}
)
}
Figure5-45. Implement main program
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(4) Implement increment processing when Touch Button1 is touched

Create a variable that increments when Touch Button1 is pressed and incorporate it into the conditional
statement.

Declare “uint8_t g_button1_push_count;”.

b CapTouch Workflow (QE) ! [FPB_RAOL1 Tutorial] FSP Configuration \g] *qe_touch_sample.c > |hl ge_touch_defineh h| bsp_pin_cfg.h
2 ®* Copyright (c) 2028 - 2825 Renesas Electronics Corporation and/or its affiliates
7 ®* File Name : ge_touch_sample.c
1@ #include "qe_touch_config.h"
1 #define TOUCH_SCAN_INTERVAL_EXAMPLE (2@) * milliseconds *

e

U s W PO

void qe_touch_main(void);

=

=

uinte4_t button_status;

el el
0 0o

r
' @

uints E g

=t_interval;

Ola ou

#if (TOUCH_CFG_NUM_SLIDERS != @)
uintl6_t slider_position[TOUCH_CFG_NUM_SLIDERS];
#endif

- #if (TOUCH_CFG_NUM_WHEELS != @)

uintlé_t wheel_ position[TOUCH_CFG_NUM_WHEELS];
#endif

] U fa W R

oo

Figure5-46. Implement main program

Increment the value when Touch Button1 is touched.

92 H
a3
94 = i'((CONFIGE)J.J"]ASLBUTTON].' button_status) != @) &L ((CONFIG@1_MASK BUTTON1 & g button_status_previcus) == @))
a5 {
96 g_buttonl_push_count++;|
97
ag g button_status_previous = button_status;
ag 3
Figure5-47. Implement main program
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(5) Clear the count variable when Touch Button1 is touched again

Create a conditional statement to initialize the g_button1_push_count variable when touch is detected at
Touch Button 1 again.

This is the program that starts/stops the blinking action. A variable value of 1 indicates the blinking start
state.

if(((CONFIG@1_MASK_BUTTON1 & button_status) != @) && ((CONFIG@1_MASK_BUTTON1 & g_button_status_previous) == @))

if(g_buttonl_push_count > 1)

99 g_buttonl_push_count = ©;
100 h:
1 }

g_button_status_previous = button_status;

Figure5-48. Implement main program

(6) Add conditional statement for the LED blinking start state

Using the variable implemented in step (d), add a conditional statement to control the blinking start state.

if(((CONFIGO1_MASK_BUTTON1 & button_status) != ©) && ((CONFIGe1_MASK_BUTTON1 & g_button_status_previous) == 8))

g_buttonl_push_count++;
if(g_buttonl_push_count > 1)

g_buttonl_push_count = ©;

}
}

if(g_buttonl_push_count == 1)

I
}

Figure5-49. Implement main program
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(7) Add and implement variables to control LED blinking cycle

Create a new variable to control the LED blinking cycle of 2 seconds and incorporate it into a conditional
statement.

volatile uint16_t g_led_blink_interval,

S_'_} CapTouch Workflow (QE) 1! [FPB_RADL1 Tutorial] FSP Configuration g *ge_touch_samplec > b ge_touch_defineh {h| bsp_pin_cfg.h
2 #* Copyright (c) 2820 - 2025 Renesas Electronics Corporation and/or its affiliates
7 #* File Name : ge_touch_sample.c
1e #include “"ge_touch_config.h"
1 #define TOUCH_SCAN_INTERVAL_EXAMPLE (28) /* milliseconds *

[y

void ge_touch_main(void);

[l o
O o P

uinté4_t button_status;
uinted_t g_button_status_previous;
uint8_t g_buttonl_push_count;

ol 13 > & .1;

s @ D 00

volatile uintlé_t g_led_blink_interval;|
| )
uintlé_t slider_position[TOUCH_CFG_NUM_SLIDERS];
#endif

#if (TOUCH_CFG_NUM_WHEELS != @)

uintl6_t wheel_position[TOUCH_CFG_NUM_WHEELS];
#endif

) B B R BRI R PRI R B RO R
ST TR ST

o0

]

Figure5-50. Implement main program

Increment the g_led_blink_interval variable within MyCallback() function.

121 /* Callback function

. T mAare T T ’ o - raomete

faN122 = void HyCallback(timer:cailbaék__args_ *p_args)
{

=112 .
125
126

Figure5-51. Implement main program

Create a condition in step (e) that determines whether 2 seconds have passed using the g_led_blink_interval
variable.

o
95 - if(((CONFIG@1_MASK_BUTTON1 & button_status) != @) && ((CONFIG@1_MASK_BUTTON1 & g_button_status_previous) == 8))
96

7 g_buttonl_push_count++;

o8 = if(g_buttonl_push_count > 1)

99 {

lee g_buttonl_push_count = @;

101 }

102 }

163

104 = if(g_buttonl_push_count == 1)

165 {

106 = if(g_led_blink_interval >= 2000)

167

1es

109 }

118

111

112

113 g_button_status_previous = button_status;
114 }

Figure5-52. Implement main program
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When the condition is met after 2 seconds has elapsed, the g_led_blink_interval variable is initialized.

168 808822cc = if(g_buttonl_push_count == 1)

189 {

118 eeee22d4 =& if(g_led_blink_interval »= 2888)
111

112 e0e822e0 E led_blink_interval = @;
113 @ege22fe }

114 80082164 }

Figure5-53. Implement main program

Additionally, the g_led_blink_interval variable is initialized when Touch Button1 is touched.

if(((CONFIGO1_MASK_BUTTON1 & button_status) != @) &% ((CONFIG@1_MASK_BUTTON1 & g_button_status_previous) == @))

g_buttonl_push_count = @;

}

¥

Figure5-54. Implement main program
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(8) Create a program to switch the lighting state of LED1 and LED2

Drag and drop the R_IOPORT_PinRead() function from the Developer Assistance list onto the source file.

- 167

=5 Call R_IOPORT_PinsCfg) 108 @00022cc & if(g_buttonl_push_count == 1)
~ @ fsp_err t R_IOPORT PinCfglioport J.r_.‘-: - . ‘

3 Call R_IOPORT PinCfg() i_? eeee22dq4 = if{g_led_blmk_lntewal »= 2008)
v @ fsp_ert R JOPORT_PinRead(iopo 112 00002200 led_blink_interval = @;

™ Call R_IOPORT_PinRead( —— - |g‘ cal R VOPORT PoPicad
v @ fsp_err t R_IOPORT PortRead(iop: 14 00092364 } }

4 Call R_IOPORT_PortRead() 11e
s BB e mew D 1ODODT DoasbiAfoibnlimem A w

R_IOPORT_PinRead() function

. Implement main program

has been added.

188 @e8e22c 5 if(g_buttonl_push_count == 1)
109
110 ©09022d4 & if(g_led_blink_interval >= 20€0)
111
112 led blink interval = 0;
..{,113 lerr = R_IOPORT_P;nReaazEg_loport_ctr!, pin, p_p:.n_va!ue;;ll
114 - -
l;f - }
o e }

Figure5-56. Implement main program

The R_IOPORT_PinRead() function stores the information for the pin specified by the second argument into
the third argument. Create a variable to assign to the third argument.

bsp_io_level_t value;

b CapTouch Workflow (QE) e [FPB_RAOL1 Tutorial] FSP Configuration Lel *ge_touch_samplec > [0 ge_touch_defineh ih| bsp_pin_cfg.h

2 @ * Copyright (c) 2828 - 2025 Renesas Electronics Corporation and/or its affiliates

7 #* File Name : ge_touch_sample.c

1e #include "qe_touch_config.h”

11 #define TOUCH_SCAN_INTERVAL_EXAMPLE (28) * milliseconds */

12

13 void qe_touch_main(void);

14

16

17 uinté4_t button_status;

18 uint64_t g_button_status_previous;

19 uintB8_t g_buttonl_push_count;

28 volatile uintlé_t g_touch_info_get_interval;

21 volatile uintlé_t g_led_blink_interval;

22 - #if (TOUCH_CFG_NUM_SLIDERS != @)

23 uintl6_t slider_position[TOUCH_CFG_NUM_SLIDERS];

24 #endif

25 #if (TOUCH_CFG_NUM_WHEELS |= )

26 uinti6_t wheel_position[TOUCH_CFG_NUM_WHEELS];

27 #endif

28

29

- §

33

35

. EG = void qe_touch_main(void)

37 {

38 .

39 I bsp_io_level_t value;l l
42 /* Open Touch middleware */

43 err = RM_TOUCH_Open(g_ge_touch_instance_config@l.p_ctrl, g_ge_touch_instance_configél.p_cfg);
44 = if (FsP SUCCESS I= err)
Figure5-57. Implement main program
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To obtain the status of LED1, edit the code as follows.

g_buttonl_push_count++;
g_led_blink_interval = @;
if(g_buttonl_push_count > 1)
{

g_buttonl_push_count = @;
g_led_blink_table_index = @;

}

if(g_buttonl_push_count == 1)
if(g_led_blink_interval >= 2008)
{

err = R_IOPORT_PinRead(&g_ioport_

g_button_status_previous = button_status;

g_touch_info_get_interval = @;

b CapTouch Workflow (QE) ¢ [FPB_RAOL1 Tutorial] FSP Configuration lg] *ge_touch_samplec < h ge_touch_define.h il bsp_pin_cfg.h
83
84 else
85 = {
86 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LEDS, BSP_IO LEVEL_HIGH);
87 while(err);
88
89
98 = if((CONFIGE1_MASK_BUTTON1 & button_status) != @)
91
92 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED6, BSP_IO_LEVEL_LOW);
93 while(err);
94 }
95 else
96 = {
97 err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED6, BSP_IO_LEVEL_WIGH);
08 while(err);
99 }
lee X
101 if(((CONFIGO1_MASK_BUTTONL & button_status) != @) && ((CONFIG@1_MASK_BUTTONL & g_button_status_previous) == @))
182

Since this is a temporary process, so re-create a waiting process yourself.
* R_BSP_SoftwareDelay(TOUCH_SCAN_INTERVAL_EXAMPLE, BSP_DELAY_UNITS_MILLISECONDS);

Figure5-58. Implement main program
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To detect cases where an abnormal termination is returned, implement a “while(err);” loop after the function
call.

- if(g_buttonl_push_count == 1)
S if(g_led_blink_interval >= 2000)

g_led_blink_interval = ©;

arr = R _JOPORT_PinRead(&g_ioport_ctrl, LED1, &value);
}

}

Figure5-59. Implement main program

Create a program that uses the third argument of the R_IOPORT _PinRead() function to switch the blinking of
LED1 and LED2.

The conditional statement is as follows.

108 ©00022cc & if(g_buttonl_push_count == 1)
{
11 eeee22d4 = if(g_led_blink_interval >= 2000)

g_led_blink_interval = 8;
err = R_IOPORT_PinRead(&g_ioport_ctrl, LED1, &value);
abilelecc:

if(value == BSP_IO_LEVEL_HIGH)

}

Figure5-60. Implement main program
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Determine the output state of LED1 and set the outputs of LED1 and LED2 as follows.

e If LED1 is HIGH, sets LED1 to LOW and LED2 to HIGH.
e [fLED1 is LOW, set LED1 to HIGH and LED2 to LOW.

188
189

111

115

128
121
122
123
124
125
126
127
128
129
138

118 e

112 ee
113 Be
114 @

116 @
117 eeae
118 eeee23’
119 eeee2382

]

00002388
00002394
09002398

egee23al

if(g_buttonl_push_count == 1)
if(g_led_blink_interval »= 2808)

g_led_blink_interval = 8;

err = R_IOPORT_PinRead(&g_ioport_ctrl, LED1, &value);

£y

if(value == BSP IO LEVEL_HIGH)

{
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED1, BSP_IO LEVEL_LOW);
while(err);
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED2, BSP_IO LEVEL_HIGH)
while(err);

}

else

{ - . -
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED1, BSP_IO LEVEL_HIGH)
while(err);
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED2, BSP_IO LEVEL_LOW);
while(err);

B

Figure5-61. Implement main program

The source code up to this point is provided as text. The parts that have been added since
ge_touch_sample.c was generated are shown in blue.
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void ge touch main (void);

uint64 t button status;

uint64_t g _button_status_previous;

uint8 t g buttonl push count;

volatile uintlé_t g _touch_info_get_interval;
volatile uintlé_t g led blink interval;

#1f (TOUCH CFG NUM SLIDERS != 0)

uintlé t slider position[TOUCH CFG NUM SLIDERS];
#endif

#1if (TOUCH CFG NUM WHEELS != 0)

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

void ge touch main (void)
{
fsp err t err;
bsp_io_level_ t value;

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

err = R TAU Open(&MyTimer ctrl, &MyTimer cfg);

while (err) ;

err = R TAU Start(&MyTimer ctrl);

while (err) ;

err = R TOPORT PinWrite (&g ioport ctrl, LED1, BSP_IO_ LEVEL LOW) ;
while (err) ;

err = R _IOPORT_PinWrite (&g_ioport ctrl, LED2, BSP_IO LEVEL_ HIGH);
while (err) ;

/* Main loop */
while (true)

{

if (g_touch_info_get interval >= 20)
{
/* for [CONFIGO1l] configuration */
err = RM TOUCH ScanStart (g _ge touch instance configOl.p ctrl);
if (FSP_SUCCESS != err)
{
while (true) {}
}
while (0 == g ge touch flag) ({}
g _ge touch flag = 0;
err = RM TOUCH DataGet (g _ge touch instance configOl.p ctrl,
&button status, NULL, NULL);
if (FSP_SUCCESS == err)
{
/* TODO: Add your own code here. */
if ((CONFIGO1l_MASK BUTTON1l & button_status) != 0)
{
err = R IOPORT PinWrite (&g ioport ctrl, LEDS,
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BSP_IO_ LEVEL LOW);
while (err) ;
}
else
{
err = R IOPORT PinWrite (&g _ioport ctrl, LEDS,
BSP_IO_LEVEL HIGH) ;
while (err) ;

}

if ((CONFIGO1l MASK BUTTON2 & button_status) != 0)
{
err = R _IOPORT PinWrite (&g ioport ctrl, LED6,
BSP_IO_LEVEL LOW) ;
while (err) ;
}
else
{
err = R_IOPORT PinWrite(&g_ioport ctrl, LEDS6,
BSP_IO_LEVEL_HIGH) ;
while (err) ;

}

if (((CONFIGO1l_MASK BUTTON1l & button_status) != 0)
&& ((CONFIGO1_ MASK BUTTON1l & g button_status_previous) == 0))
{
g_buttonl_push count++;
g_led blink_interval = 0;
if (g_buttonl_push count > 1)
{
g_buttonl_push count = 0;

if (g_buttonl_push count == 1)
{
if (g_led blink interval >= 2000)
{
g_led blink_interval = 0;
err = R TOPORT_ PinRead(&g_ioport ctrl, LED1l, &value);
while (err) ;
if (value == BSP_IO_LEVEL HIGH)
{
err = R TOPORT PinWrite (&g ioport_ctrl, LEDI1,
BSP_IO_LEVEL_LOW) ;
while (err) ;
err = R TOPORT PinWrite (&g ioport ctrl, LED2,
BSP_IO_LEVEL HIGH);
while (err) ;
}
else
{
err = R TOPORT PinWrite (&g ioport ctrl, LEDI1,
BSP_IO_LEVEL HIGH);
while (err) ;
err = R TOPORT PinWrite (&g ioport ctrl, LED2,
BSP_IO_LEVEL_ LOW) ;
while (err) ;
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}

}
}
g_button status_previous = button_status;

}
/* FIXME: Since this is a temporary process,

SO re-create a waiting process yourself. */
/* R BSP_SoftwareDelay (TOUCH SCAN INTERVAL EXAMPLE,

BSP DELAY UNITS MILLISECONDS); */
g_touch_info _get interval = 0;
}

}

/* Callback function */
void MyCallback (timer_ callback_args_t *p_args)

{
/* TODO: add your own code here */
g_touch_info_get interval++;

g_led blink interval++;
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5.2.4 Change the blinking cycle based on touch detection of Touch Button2

Create a program that changes the blinking cycle in a rotation of 2 seconds — 1 second — 0.5 seconds
each time Touch Button 2 is detected during LED blinking operation.

(1) Implement the touch detection program for Touch Button2
Create a conditional statement to detect when Touch Button2 is touched.

To restrict the operation to when the LED is blinking, write the code within the if(g_button1_push_count == 1)
condition.

Create a conditional statement for Touch Button2 in the same way as step (3)-(c).

The conditional statement is as follows.

if(g_buttonl_push_count == 1)
if(g_led_blink_interval »>= 2808)

g_led_blink_interval = @;

err = R_IOPORT_PinRead(8&g_icport_ctrl, LED1, &value);
while(err);

if(value == BSP_IO LEVEL_HIGH)

err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED1, BSP_IO_LEVEL_LOW);
while(err);
err = R_IOPORT_Pinkrite(&g_ioport_ctrl, LED2, BSP_IO_LEVEL_HIGH);
while(err);

else

{
err = R_IOPORT_PinWrite(8&g_ioport_ctrl, LED1l, BSP_IO LEVEL_HIGH);
while(err);
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED2, BSP_IO_LEVEL_LOW);
while(err);

}

}

if(((CONFIGe1_MASK_BUTTON2 & button_status) != ©) && ((CONFIGB1_MASK_BUTTONZ & g_button_status_previous) == 8))
{

}

1

Figure5-62. Implement main program
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(2) Implement increment processing when Touch Button2 is touched
Create a variable that increments when Touch Button2 is touched.

uint8_t g_led_blink_table_index;

S_'_} CapTouch Workflow (QF) ie¢ [FPB_RADLI Tutorial] FSP Configuration g] ge_touch_samplec > bl ge_touch_defineh il bsp_pin_cfg.h
2 #* Copyright (c) 2028 - 2825 Renesas Electronics Corporation and/or its affiliates
7 #* File Mame : ge_touch_sample.c
18 #include "ge_touch_config.h"
1 #define TOUCH_SCAN_INTERVAL_EXAMPLE (28) /* milliseconds */

void qe_touch_main(void);

el el o
[+ TSI = FU SV O

o

17 uint64_t button_status;

18 uinté4_t g_button_status_previous;

15 ; .

28 uint8_t g_led_blink_table_index;

21 —— - =terval;

22 volatile uintls_t g_led_blink_interval;

23 #if (TOUCH_CFG_NUM_SLIDERS != @)

24 uintl6_t slider_position[TOUCH_CFG_NUM_SLIDERS];

25 #endif

- #if (TOUCH_CFG_NUM_WHEELS != @)
uintl6_t wheel position[TOUCH_CFG_NUM_WHEELS];
#endif

~J

)W R P R R

i @ D oo

Figure5-63. Implement main program

Add increment processing to the conditional statement created in step (a).

= if(g buttonl_push_count == 1)
{
= if{g_led_blink_interval »= 2@88)

g_led_blink_interval = @;
err = R_IOPORT_PinRead(&g iopert_ctrl, LEDL, &value);
while(err);

= if(value == BSP_T0_LEVEL_HIGH)

{
err = R_IOPORT_PinWrite(&g ioport_ctrl, LED1, BSP IO LEVEL LOW);
while(err);
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED2, BSP IO LEVEL HIGH);
while(err);

h

else

= {

err = R_IOPORT PinwWrite(&g ioport ctrl, LED1, B5P IO LEVEL HIGH);
while(err);
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED2, B5P IO LEVEL LOW);
while(err);

h

}

= if(((COMFIGR1_MASK BUTTOMZ & butten_status) != @) &% ((CONFIGEL MASK BUTTONZ & g button status previous) == @))

1
l g_led_blink_table_index++j|
}

Figure5-64. Implement main program
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(3) Implement blinking cycle rotation control when Touch Button2 touch detection

Create a conditional statement to initialize the incremented variable when the Touch Button2 is touched
three times, causing the blinking cycle to rotate through 2 seconds — 1 second — 0.5 seconds each time a

touch is detected.

110 8 if(g_buttonl_push_count == 1)
111 {
112 = if(g_led_blink_interval »>= 2000)
113
114 g_led_blink_interval = @;
115 err = R_IOPORT_PinRead(&g_iecport_ctrl, LED1, &value);
116 while(err);
117 - if(value == BSP_IO LEVEL HIGH)
118 {
119 err = R_IOPORT_PinWrite(8g_ioport_ctrl, LED1, BSP_IO LEVEL_LOW);
120 while(err);
121 err = R_IOPORT_PinWrite(&g_iopert_ctrl, LED2, BSP_IO LEVEL_HIGH);
122 while(err);
else
- { _— .
err = R_IOPORT_Pinlirite(&g_ioport_ctrl, LED1, BSP_IO_LEVEL_HIGH);
while(err);
err = R_IOPORT_Pinkirite(&g_ioport_ctrl, LED2, BSP_TO_LEVEL_LOW);
while(err);
}
1 1
3 - if(((CONFIGO1_MASK_BUTTON2 & button_status) != 8) 8& ((CONFIG@1_MASK_BUTTON2 & g_button_status_previous) == 8))
4 {
35 i 3 i
6 = if(g_led_blink_table_index > 2)
138 g_led_blink_table_index = @;
139
149 }
141 1

Figure5-65. Implement main program

(4) Add a table variable to define the blinking period

In step (3)-(g), the blinking cycle is fixed at 2 seconds, but to change the blinking cycle to a rotation of 2

seconds — 1 second — 0.5 seconds, create an array variable that defines the cycle.

uint16_t g_led_blink_table[3] = {2000,1000,500};

13 void qe_touch_main(void);

17 uint64_t button_status;
8 uint64_t g_button_status_previous;
19 uint8_t g_buttonl_push_count;
a - - .

uint16_t g_led_blink_table[3] = {260@,1068,500}; |
e e

23 volatile uintlé_t g_led_blink_interval;

24 - #if (TOUCH_CFG_NUM_SLIDERS != @)

25 uintl6_t slider_position[TOUCH_CFG_NUM_SLIDERS];

26 #endif

27 #if (TOUCH_CFG_NUM_WHEELS |= @)

8 uintl6_t wheel_position[TOUCH_CFG_NUM_WHEELS];

29 #endif

{h| bsp_pin_cfg.h

b CapTouch Workflow (QE) o [FPB_RAOL1 Tutorial] FSP Configuration Le] *ge_touch_sample.c > |hl ge_touch_defineh
2 #* Copyright (c) 2828 - 2825 Renesas Electronics Corporation and/or its
7 ®* File Name : ge_touch_sample.c
1e #include “ge_touch_config.h”
11 #define TOUCH_SCAN_INTERVAL_EXAMPLE (28) /* milliseconds *

Figure5-66. Implement main program
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(5) Modify the blinking period determination statement

Replace the 2-second elapsed condition created in step (3)-(f) with the array created in step (4)-(d).

if(g_buttonl_push_count == 1)

{
Iif(g_led_blink_interval >= g_led_blink_table[g_led_blink_table_index])I
3

g_led_blink_interval = 0;

err = R_IOPORT_PinRead(&g_ioport_ctrl, LED1, &value);
while(err);

if(value == BSP_IO_LEVEL_HIGH)

{
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED1, BSP_IO_LEVEL_LOW);
while(err);
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED2, BSP_IO_LEVEL_HIGH);
while(err);

else

{
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED1, BSP_IO LEVEL_HIGH);
while(err);
err = R_IOPORT_PinWrite(&g_ioport_ctrl, LED2, BSP_IO_LEVEL_LOW);
while(err);

}

}
if(((CONFIGO1_MASK_BUTTON2 & button_status) != @) && ((CONFIGe1_MASK_BUTTON2 & g_button_status_previous) == 0))

g_led_blink_table_index++;
if(g_led_blink_table_index > 2)

g_led_blink_table_index = ©;
}
}

}

Figure5-67. Implement main program

(6) Fixed blinking cycle at the start of blinking

Initialize the g_led_blink_table_index variable at the start of the blinking operation to ensure the blinking
period is always 2 seconds.

Therefore, the initialization process is added within the if(g_button1_push_count > 1) condition.

= if(((CONFIGO1_MASK_BUTTON1 & button_status) != ©) && ((CONFIGO1_MASK_BUTTON1 & g_button_status_previous) == @))
{

g_buttonl_push_count++;
if(g_buttonl_push_count > 1)

Figure5-68. Implement main program

The coding for the sample program is now complete.

The source code up to this point is provided as text. The parts that have been added since
ge_touch_sample.c was generated are shown in blue.
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void ge touch main (void);

uint64 t button status;

uint64_t g _button_status_previous;

uint8 t g buttonl push count;

uint8 t g led blink table_ index;

uintl6é_t g _led blink table[3] = {2000,1000,500};
volatile uintlé_t g touch info get interval;
volatile uintlé_t g led blink interval;

#1f (TOUCH CFG NUM SLIDERS != 0)

uintlé t slider position[TOUCH CFG NUM SLIDERS];
#endif

#1if (TOUCH CFG NUM WHEELS != 0)

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

void ge touch main (void)
{
fsp err t err;
bsp_io_level_ t value;

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

err = R TAU Open(&MyTimer ctrl, &MyTimer cfg);

while (err) ;

err = R TAU Start(&MyTimer ctrl);

while (err) ;

err = R TOPORT PinWrite (&g ioport ctrl, LED1, BSP_IO_ LEVEL LOW) ;
while (err) ;

err = R _IOPORT_PinWrite (&g _ioport ctrl, LED2, BSP_IO LEVEL_ HIGH);
while (err) ;

/* Main loop */
while (true)

{

if (g_touch_info_get interval >= 20)
{
/* for [CONFIGO1l] configuration */
err = RM TOUCH ScanStart (g _ge touch instance configOl.p ctrl);
if (FSP_SUCCESS != err)
{
while (true) {}
}
while (0 == g ge touch flag) ({}
g _ge touch flag = 0;
err = RM TOUCH DataGet (g _ge touch instance configOl.p ctrl,
&button status, NULL, NULL);
if (FSP_SUCCESS == err)
{
/* TODO: Add your own code here. */
if ((CONFIGO1l_MASK BUTTON1l & button_status) != 0)
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{

}

err = R IOPORT PinWrite (&g _ioport ctrl, LEDS,

BSP_IO_ LEVEL LOW) ;

while (err) ;

else

{

if ((CONFIGO1_MASK BUTTON2 & button_status)

{

}

err = R IOPORT PinWrite (&g _ioport ctrl, LEDS,
BSP_IO_LEVEL HIGH) ;

while (err) ;

1= 0)

err = R _IOPORT PinWrite (&g ioport ctrl, LED6,

BSP_IO_ LEVEL LOW) ;

while (err) ;

else

{

}

if (((CONFIGO1_MASK BUTTON1l & button_status)

{

err = R _IOPORT PinWrite (&g_ioport ctrl, LEDS6,
BSP_IO_LEVEL_HIGH) ;

while (err) ;

1= 0)

&& ((CONFIGO1_ MASK BUTTON1l & g button_status_previous) == 0))

g_buttonl_push count++;

if (g_buttonl_push count > 1)

{
g_buttonl_push count = 0;
g_led blink_ table index = 0;

if (g_buttonl_push count == 1)

{

if (g_led blink interval

>= g_led blink table[g_led blink table_index])

{
g_led blink_interval = 0;

err = R TOPORT PinRead(&g_ioport ctrl, LED1l, &value);

while (err) ;
if (value == BSP_IO_ LEVEL HIGH)
{

err = R TOPORT PinWrite (&g ioport ctrl, LEDI1,
BSP_IO_LEVEL LOW) ;

while (err) ;

err = R TOPORT PinWrite (&g ioport ctrl, LED2,
BSP_IO_LEVEL HIGH);

while (err) ;

}

else

{

err = R TOPORT PinWrite (&g ioport ctrl, LEDI,
BSP_IO_LEVEL HIGH);

while (err) ;
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err = R IOPORT PinWrite (&g _ioport ctrl, LED2,
BSP_IO_LEVEL_LOW) ;

while (err) ;

}

if (((CONFIGO1 MASK BUTTON2 & button_status) != 0)
&& ((CONFIGO1l MASK BUTTON2 & g button_status_previous) == 0))
{
g_led blink table index++;
if (g_led blink table index > 2)
{
g_led blink table index = 0;
}
}
}
g_button_status_previous = button_status;
}
/* FIXME: Since this is a temporary process,
SO re-create a waiting process yourself. */
/* R BSP SoftwareDelay (TOUCH SCAN INTERVAL EXAMPLE,
BSP DELAY UNITS MILLISECONDS); */
g_touch_info _get interval = 0;

}

/* Callback function */
void MyCallback (timer_callback_args_t *p_args)
{
/* TODO: add your own code here */
g_touch_info_get interval++;
g_led blink interval++;
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5.3 Rebuild
After completing the coding, build the project.

Click the launch icon to start the build.
The build log is output to the “Console” window.

If “Build Finished. 0 errors,” is displayed at the end, the build has completed successfully.

ﬁ workspace_RAOL1 - FPB_RAOL1_Tutorial/ge_gen/ge_touch_sample.c - & studio
File Edit Source Refactor Mavigate Search Project Renesas Views R
-';é:-{%)'u Q- @ 4
— .
Project Explorer < i g = 0 E"_) CapTouch Workflow (i
“ =5 FPB_RAOL1_Tutorial [Debug +
tf'mnaﬁes ;:
mt Includes 58
v 2 ge gen :':
£l ge_touch_config.c 5;
Bl omp teiieb romfie b 54

Figure5-69. Rebuild

Console Problems Properties AV-k- T30 AV-F¥ZaT7 W Debug
CDT Build Console [FPB_RAOL1_Tutorial]
16:51:53 **** Incremental Build of configuration Debug for project FPB_RA@L1_Tutorial ****
make -r -j8 all
arm-none-eabi-size --format=berkeley “FPB_RA®L1_Tutorial.elf"
text data bss dec hex filename
g7ee 14 2148 11854 2ede FPB_RABL1_Tutorial.elf

16:51:53 Build Finished. @ errors, © warnings. (took 165ms)|

Figure5-70. Rebuild
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5.4 Execute

After the build is complete, the program is written to the MCU on the board.

If the write settings have been configured in “4.3.1 Debug settings and launch,” click the bug icon in the red
frame to start debugging.

o workspace_RAOL1 - FPB_RAOL1_Tutorial/ra_gen/main.c - & studio
File Edit Source Refactor Navigate Search Project Renesas Views R
Qe BNID i Qi
Debug X = i ¢ =0 2

v [£ FPB_RAOL1_Tutorial Debug_Flat [Renesas GDB Hardware Debugging]
v 5 FPB_RAOL1_Tutorial.elf [1] [cores: 0]
v @ Thread #1 1 (single core) [core: 0] (Suspended : Breakpoint)

= main() at main.c:5 0x528 >
w. arm-none-eabi-gdb (12.1)
» Renesas GDB server (Host) —

Figure5-71. Execute

Once the program has been downloaded, verify that it is paused at Systeminit();.

- o X
E:- LR ) Q R CUCes ) FSP Conguration 45 /(97 | £ CapTouchT=4 (QF)
=08
TZ;m Reset Handler (void)
RS A =
100 o
unite (1) 4
" void Defauls tandler (void)
T e Cre_IOLE UNRECVERABLE ERROR(O);
inth.t g main_Stack[3SP_CFG_STACK_NATU_BYTES + BS5_TZ_STACK_SEAL STZE] B5P_ALIGH VARTABLE 5P STACK ALTGIWENT)
555 DONT_REXOVE uints. ¢ g_nesp{855_CFG NEAP_BYTES] 85P_ALIGH VARIABLE(3SP_STACK_ALTGRIENT);
et ine WEATAEF A TRIBUTE
progne weak HardFault_Handler = Default_Handler
~ oetault tandler
* oetautt Jandler
. ~ Default Jandler
S fandler
Spragna weak Debighon andler
Beroems k. Sy Rodies
= 5el1F defined( ORC.)
m
#@-8-=0
I
Figure5-72. Execute
Click the resume icon within the red frame to continue execution.
ﬁ waorkspace_RAOL1 - FPB_RAOL1_Tutorial/ra/fsp/src/bsp/cmsis/Device/RENESAS/Source/startup.c - &* studio
File Edit Source Refactor Mavigate Search Project Pydev  Renesas Views Run  Renesas Al Window Help
| s |
| ®~Q- el B3 )it % - Q-il-t o~ LR R Y T
——— ———
Debug X =l | | i+ § = B [g startupc ¥
v [&7 FPB_RAOL1_Tutorial Debug_Flat [Renesas GDB Hardware Debugging] & * MCU starts executing here out of res

—void Reset_Handler (void)

{

v ;E FPB_RAOL1_Tutorial.elf [1] [cores: 0]
~ f# Thread #1 1 (single core) [core: 0] (Suspended : Signal : SIGTRAP: Trace/b
= Reset_Handler() at startup.c:50 0x 140
w| arm-none-eabi-gdb (12.1)
» | Renesas GDB server (Host)

/* Initialize system using BSP. */
SystemInit();

/* Call user application. */
main();

Figure5-73. Execute
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The program pauses at the beginning of the main function. (This is the default setting for e? studio projects)

This indicates that SystemlInit() has completed, and initialization is finished.

Click the restart icon again to execute.

a orkspace_RAOL1 - FPB_RAOL1_T
File Py

i% xbv‘{vd:v"}.&‘

i+ §

QS

HQvivw NI
Debug
vE | FPB_RAOL1_Tutorial Debug_Flat [Renesas GDB Hardware Debugging]
v B FPB_RAOL1_Tutorial.elf [1] [cores: 0]
v @ Thread #1 1 (single core) [core: 0] (Suspended : Breakpoint)
= main() at main.c:5 0x528

00000852e

w. arm-none-eabi-gdb (12.1)
». Renesas GDB server (Host)

= O ) caplouch Workflow (QE)

> 80 % 4

¢ [FPB_RAOL1 Tutorial] FSP Con|
* generated main source file -
#include "hal_data.h"
= int main(void)

hal_entry ();
return 9;

}

Figure5-74. Execute

The status “Running” appears in the lower-left corner of the screen. In this

state, the program is executing.

When Button1 and Button2 on the board are touched, LED5 and LEDG light up, and the blinking operation of

LED1 and LED2 can be confirmed.

Q workspace_RAOL1 - FPB_RAOL1_Tutorial/ra_gen/main.c - e studio
File Edit Source Refactor Navigate Search Project Pydev Renesas\Views Run RenesasA
B-{R-DiPIENZRR[PR[Q ik
» 8% 4 Q B |B@c/c++ 5 FSP Configuration X 7ty
Debug X = O bCapTouch Wor... L] mainc X [€] ge_touch sam... l€] st
= ¢%| |j_-:',>|(*_{j1"’;,) 8 1 /* generated main source file - do nd
v [€7 FPB_RAOL1 Tutorial Debt m #include "hal data.h
- ] 3 = int main(void)
v ¢5 FPB_RAOL1 Tutorial.elf a {
@ Thread #1 1 (single = 5 20000528 |  hal_entry ();
P"_ arm_none_eabi_gdb { 6 ©000e52e return 8;
p | Renesas GDB server (F == ; }
Console X Registers Executables Problems 7
Running | [ J— R
Writable Smart Insert
L —

Figure5-75. Execute
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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 I/O
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 Vi (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 V. (Max.) and Viu (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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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.
“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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