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Using QE and FIT to Develop Capacitive Touch Applications

Introduction

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

Target Device
RX671, RX140, RX231, RX230, RX130, RX113 with Capacitive Touch Sensing Unit (CTSU)
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1.

Application Example Overview

This document will demonstrate how to implement capacitive touch sensing using Renesas RX microcontrollers. Using
these steps, the user will be shown the process of connecting the RX140 MCU board, using Smart Configurator for
project creation, and QE for Capacitive Touch to create, tune and monitor a Capacitive Touch project.

2.

Related Documents

Firmware Integration Technology User’s Manual (RO1AN1833EU)

Board Support Package Firmware Integration Technology Module (RO1AN1685EU)
Adding Firmware Integration Technology Modules to Projects (RO1AN1723EU)

QE CTSU Module Using Firmware Integration Technology (RO1AN4469EU0100)
QE Touch Module Using Firmware Integration Technology (RO1AN4470EU0100)

This application example is intended to give a user a short introduction to creating a working example. A thorough review
of all the applicable documentation for the e? studio IDE/Smart Configurator, Firmware Integration Technology (FIT)
drivers/middleware, Renesas Code Generator, and QE for Capacitive Touch plug-in help (contained within the e? studio
IDE help index) is strongly suggested to answer any questions or for more details on usage of any of the tools utilized in
this application example.

3.

High Level Integration Steps

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

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

Use Smart Configurator to add the needed modules to the created e? studio project

Use the QE for Capacitive Touch e? studio plug-in to create the capacitive touch interface
Use the QE for Capacitive Touch e? studio plug-in to tune the application project

Add the needed FIT application code function calls to the user project to enable capacitive touch operations in
the application project

Monitor the application project using QE for Capacitive Touch e? studio plug-in to demonstrate capacitive touch
detection
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4, Required Development Tools and Software Components

The project used for this example is a simplistic example application that performs touch detection. The project uses API
calls from the FIT modules described above in the c.

The project utilizes the following development environment:
e RX140 Capacitive Touch Evaluation System (RTKOEG0039S01001BJ)
e Renesas e?studio IDE, V2023-07 or later
e Renesas CC-RX compiler (v3.05.00 or later) installed
e Renesas E2 emulator Lite (RTEOTO002LKCEOOOOOR)
e Renesas QE for Capacitive Touch V3.3.0 or later
e Renesas Firmware Integration Technology (FIT) and Renesas Code Generator
e QE CTSU FIT module (r_ctsu_ge) v2.20
e QE Touch FIT module (rm_touch_qge) v2.20
e Renesas Smart Configurator for RX

e Renesas Code Generator

4.1 Application Example Overview
In the main loop of the application example created:

e The global flag used to determine if the rm_touch_qge module is ready to be processed is checked
o Ifthe flag is TRUE (ready to process)
= The global flag is reset to FALSE

=  Acall to the rm_touch_qge FIT module processes data from the previous completed scan,
updates needed data, then starts the next touch scan process

=  Acall to the rm_touch_qge FIT module populates a user created global variable with the binary
determination of a touch on the sensor board

A code listing of the completed application example is in “14. ge_touch_sample.c Listing” for review.
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5. Project Creation

1. On the PC start the IDE using the Windows->Start menu or the icon on the desktop. When the dialog appears,
create the Workspace at: C:\Workspace\Capacitive_Touch_Project_Example.

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

3. At the dialog box that opens, select Renesas RX and highlight with a single-click Renesas CC-RX C/C++

Executable Project, then click Next

4. In the next dialog box, enter a Project name-this can be any name desired. The example here uses
Capacitive_Touch_Project_Example. When complete, click Next

5. In the next dialog box, ensure the following is selected:

e Language: C
e Toolchain: Renesas CC-RX
e Toolchain Version: v3.05.00
e Endian: Little

e Create Hardware Debug Configuration is CHECKED
e E2 Lite (RX) is selected in the pull-down

e Target Device: R5F51406AxFN

Note: Use the ‘...’ to select the proper device using the menu that appears

a8

New Renesas CC-RX Executable Project
Select toolchain, device & debug settings

Toclchain Settings
®C OC++
Renesas CC-RX

Language:
Toolchain:

Toolchain Version: | v3.05.00

e

L3

Manage Toolchains...

L3

RTOS: None
RTOS Version:

Device Settings

Target Board: | Custom

> |

Target Device: | R5F51406AxFN

Endian: | Little

Project Type: | Default

Download additional boards...

Unlock Devices...

£

Configurations

Create Hardware Debug Configuration

E2 Lite (RX)

[] Create Debug Configuration
RX Simulator

[[] Create Release Configuration

LV

':D' < Back Finish Cancel
RO1AN4516EU0300 Rev.3.00 Page 5 of 42
Sep.26.2023 RENESAS



RX Family Using QE and FIT to Develop Capacitive Touch Applications
e ] x
Device Selection

You can filter devices by regular expression
Search Device
Device RAM ROM Pin RTOS Smart C..  Peripher..
~ RX100
RX110
RX111
RX113
RX130
RX13T
v RX140
RX140 - 32pin
RX140 - 48pin
RX140 - 84pin
w RX140 - 80pin
RSF51405AxFN 32KB 128 KB 80 ~ x
R5F51405BxFN 32KB 128 KB &0 v x /
R5F51406AxFN 64 KB 256 KB B0 v x <
R5F51406BxFN 64 KB 256 KB B0 v X N
RX200
RX&00
RXT700

6. Once complete, click Next.

7. In the next dialog box that appears, check the box for “Use Smart Configurator”, then click Finish

Once complete, a default window will open for the IDE with the Smart Configurator perspective open and ready for
project configuration. This completes the project creation.

6. Using Smart Configurator to Add Modules

1. Using the tabs in the lower-middle pane of the IDE, select the Clocks tab to display the clock tree for the RX140

MCU.

‘ LOCO clock

Owerview | Board | Clocks | System | Components | Pins | Interrupts

u

2. The setting of the clock configuration that is used for this application note is shown below.

: %l =
il sanilue iy Generate Code. Generate Report
vee: | 33 (V) (Actual value: 3.3)
Main dock
SCKCR (FCK[3:0)) FlashlF clock (FCLK)
x1 - 43 (MHz)
SCKCR (ICK3:0]) System clock (ICLK)
> | x1 - 48 (MHz)
Subrelock SCKCR (PCKB[3:0]) Peripheral module clock (PCH
x1/2 - 24 (MHz)
© LS[KCR (PCKD[3:0]) Peripheral module clack (PCI
x1 - 48 (MHz)
v| HOCO clock
Frequency: 48 ~ | (MHz) x1/4
Enable HOCO oscillation after reset
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3. Next, move to the Components tab by selecting it at the bottom of the pane

]

Owverview | Board | Clocks | System | Components | Pins | Interrupts

4. Modules now need to be added to the project for application use. Add a module by clicking on the ‘+’ sign in the
Components tab

Software component configuration

Components 2

L.
(1]
H
e
4

|?,-|:E filter text N |

» [=- Startup
w = Generic

& rbsp —

5. A new dialog window will open showing all the available modules that can be added into the project. It will
appear similar to the below picture.

& New Component O x
Software Component Selection
Select component from those available in list d:r

Catzgory | Al ~
Function | All ~
Fiter |

Components - Short Name Type Version  ~

8 &-Bit Timer Code Generator  1.10.0

3 ADPCM compress/de-compress codec s...  r_s2_n Firmware Integr..  3.04

1 BLE RYZ012 Module control functions fo.. r_ryz012_rx Firmware Integr., 101

3 Board Support Packages. r_bsp Firmware Integr.,  7.41

8 Buses Code Generator 1110

3 Byte-based circular buffer library. r_byteq Firmware Integr.. 210

4 Cellular Module control functions for Re...  r_cellular Firmware Integr.. 1,04

8 Clock Frequency Accuracy Measurement... Code Generator ~ 1.11.0

4 Clock Synchrenous Control Module for...  r_eeprom_spi Firmware Integr.. 3,10

1 Clock Synchronous Control Module for...  r_flash_spi Firmware Integr.. 3,20

3 CMT driver rcmit_re Firmware Integr..  5.50

3 Comparator Code Generator ~ 1.9.0

8 Compare Match Timer Code Generator 230

8 Complementary PWM Mode Timer Code Generator ~ 1.11.0

H# Continuous Scan Mode $12AD Code Generator ~ 1.13.0

3 Control Low Power States. rlpc_m Firmware Integr..  2.20

8 CRC Calculator Code Generator 1110
Show only latest version
Hide items that have duplicated functionality
Description

This software component generates two units (unit 0, unit 1) of an on-chip 8-bit timer (TMR) module

that comprise two 8-bit counter channels, totaling four channels.

Download the latest FIT drivers and middl

Configure general settings...

@ < Back Next > Cancel

RO1AN4516EU0300 Rev.3.00 Page 7 of 42
Sep.26.2023 RENESAS



RX Family Using QE and FIT to Develop Capacitive Touch Applications

6. Scroll down the list until rm_touch_qge is shown. Single-click this entry and click Finish in the lower part of that
open dialog box.

2 TCpp protocol stack [M35-T4-Tiny] for... r_td_rx Firmware Integr.. 2,10
£ Touch QE API rm_touch_ge Firmware Integr..  2.20
1 Unsigned 32-bit circular buffer library. r_longg Firmware Integr.. 2,00
B Voltage Detection Circuit Code Generator 1110

Show only latest version
Hide items that have duplicated functionality

Description

Dependency : r_bsp version(s) €.10
Dependency : r_ctsu_ge version(s) 2.20
This module allows for touch detection of buttons, sliders, and wheels using CTSU sensor data.

7. The module will appear in the project tree as shown in the picture below:

=+,
57

[H

Components 29 e =

-

W [= Startup ~
w [~ Generic
& rbsp
w [ Drivers
~ (= Capacitive Touch
& rcisu_ge
w = Middleware
~ (= Capacitive Touch
o rm_touch_ge

8. Next, assignment between the sensor pads on the Buttons/Wheels/Slider board needs to be made to connect
them to the MCU pins. On the Buttons/Wheels/Slider board, the specific MCU sensor pins are labeled for easy
identification on the board silkscreen. To do this assignment, select the r_ctsu_ge module and in the Configure
pane a list of pins associated with the module will appear. This application example will only assign the two
buttons on the upper right-hand side of the Buttons/Wheels/Slider board (TS8 and TS9). Click the following pins
in the Configure pane so they can be used in the project:

e TSCAP Pin
e TS8Pin
e TS9Pin
Components By e = 2 ~  Configure o)
=
e Property Walue o
‘?!‘pE filter text | w i Configurations
v (= Startup ~ # Parameter check Use system default
+ (&= Generic # Data transfer of INTCTSUWR and INTCTSURD Interrupt handler
é' r_bsp # Select automatic judgement code Disable
w = Drivers # Interrupt level for INTCTSUWR Level 2
~ [ Capacitive Touch # Interrupt level for INTCTSURD Level 2
& rctsu_ge # Interrupt level for INTCTSUFN Level 2
+ = Middleware ~ i Resources
v (= Capacitive Touch G CTsu
& rm_touch_ge “ TSCAP Pin Used
= T50 Pin [ Used
= TS1Pin [ Used
= T52Pin [ Used
“ TS3Pin [ Used
“w T54Pin [ Used
= T55 Pin [ Used
= TSEPin [ Used
“w T57 Pin [ Used
“w TS&Pin Used
= TS9 Pin Used
= TS10Pin [ Used
= TS11 Pin [ Used v
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9. At this point, all needed application modules for capacitive touch operations have been added. The final step is
to generate the needed application code modules for the project. Do this by clicking the Generate Code icon in
the upper-right of the Smart Configure pane as shown in the picture below

ic =

Generate Code Generate Report

@
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7. [Additional function] Setting the serial communication monitor using UART (1/2)

Note: Monitoring touch performance for touch applications can be confirmed by communication via

the emulator.

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

communication.

Chapters 7 and 13 (including this chapter) shown below describe setting the serial communication

monitor using UART.

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

* “13. [Additional function] Setting the serial communication monitor using UART (2/2)”

1. In the Components tab, select the rm_touch module, set Support QE monitor using UART to Include code to
update sensor date for monitor and UART channel to UARTAG6 as shown below

Components pag 5 =

W

F]

type filter text

v = Startup
w [ Generic
& rbsp
~ (= Drivers
w (= Capacitive Touch
& rcisu_ge
v = Middleware
w = Capacitive Touch
& rm_touch_ge

Configure @
Property Value
v Configurations
# Parameter check Use system default
# Support for QF monitoring using UART Include code to update sensor data for monitor
# Suppeort for Serial tuning using UART Serial tuning not used
# UART channel UARTG
# UART boadrate 115200
# UART priority Level 1
# Type of chattering suppression Typeh : Counter of exceed threshold is hold within h

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

2. Add a module by clicking on the ‘+’ sign in the Components tab.

Software component configuration

Components 2y B =l

type filter text |

“ [= Startup
w = Qeneric
& rbsp
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3. Add the code generation component r_sci_rx in the same way as the previous rm_touch_ge. Single-click this
entry and click Finish in the lower part of that open dialog box.

£ RSPI Driver r_rspi_rx Firmware Integr..  3.10
£ 5C1 Driver r_sci_m Firmware Integr..  4.80
B8 sc/sCIF Asynchronous Mode Code Generator 1120 W

Show only latest version
Hide items that have duplicated functionality

4. Next, select r_sci_rx and display the ports associated with this module in the configuration panel and configure
as follows.

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

Components 29 5 = 25 ~  Configure @
L Property Value (o)
|?,-|:e"i|'.er'.es:'. ‘ ~ @ Configurations
v = Startup ~ # Parameter checking :> System Default
© (= Generic # Use ASYNC mode Include
& rhsp # Use SYNC mode Not
v (&= Drivers # Use S5PI mode Not
v (= Capacitive Touch # Use IRDA mode Not
& rctsuqe # Use circular buffer in ASYNC mode Unused
« (= Communications # Bytevalue to transmit while clocking in data in S5PI mode oxFF
% rsci_m # Include software support for channel 0 Not
+ = Middleware # Include software support for channel 1 Include
v [ Capacitive Touch # Include software suppert for channel 2 Mot
& rm_touch_ge # Include software support for channel 3 Mot
v (= Generic # Include software support for channel 4 Mot
% _byteq # Include software support for channel 5 :> Not
# Include software support for channel 6 Include
# Include software support for channel 7 Mot
# Include software suppert for channel 8 Mot
# Include software support for channel 9 Mot
# Include software support for channel 10 Not v
v & Middleware # ADYINL MOOE NA QUEUE DUTTEr SIZE TOr CNannel 11 ou
v (= Capacitive Touch # ASYNC mode RX queue buffer size for channel 12 80
& rm_touch_ge # Transmit end interrupt Enable
v [ Generic # GROUPBLO (ERI, TE) interrupt priority 3
& ¢ byteg # TX/RXFIFO for channel 7 Not
¢ oprr e o
g’ rctsu_qge v @
[ Communications ~
% r_sci_nt ~
v = Middleware :
~ = Capacitive Touch
& rm_touch_ge v @ stis :>
v @ Generic “w SCK&Pin [7] Used
‘3" r_byteq . RXD&/SMISO6/SSCLE Pin :> Used
= TXDe/SMOSI6/SSDAG Pin Used
“w (T562/RTS62/S56% Pin [ Used
v @
Se
- w
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5. Move to the Pins tab by selecting it at the bottom of the pane.

we 31 Carial Famminicatinne interface b L
£ £

Pin Function Pin Mumber

Overview | Board | Clocks | System | Components | Pins| Interrupts

6. Assign RXD6 function to PD1 and TXD1 function to PDO.
Note: The UART channels and ports used by this tool depend on your target board.

Hardware Resource = |% s% PinFunction - | | ] | Bug gy
|T-,-pe filter text | ‘?,-pe filter text (* = any string, ¥ = any character) | All ~
W TMR2 " Enabled  Function Assignment Pin Number Direction Remarks
- TME3 O CTSe® # Not assigned # Notassigned Mone
v &‘eﬁ Ser\sar\-lco\'r\munlcatlons interface 0O RTS6# # Not assigned # Notassigned MNone
- 501 | RXD& # PD1/MTIOC4B/RXDe/SMISO8/SSCLE/IRQ1/AND2S 7 65 |
._ 9C|5 O SCKe # Not assigned # Notassigned None
& SCIS O SMISO6 # Not assigned # Not assigned  None
" SCI: [l SMOSle # Not assigned # Not assigned None
- sz [l S56# # Not assigned # Notassigned None
&@‘Izib interk O SSCLE # MNot assigned # MNotassigned Mone
v RI;JCSDm erace O SSDAG # MNot assigned # MNotassigned Mone
" TXDe # PDO/TXDe/SMOSI6/SSDAG/IRQD/ANO24 7 66 o]
w ll Serial nerinheral inferface

7. Generate the needed application code modules for the project. Do this by clicking the Generate Code icon in
the upper-right of the Smart Configurator pane as shown in the picture below.

=

Generate Code Generate Report

@

8. Creating the Capacitive Touch Interface

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

Project | Renesas Views  Run  Renesas Al Window Help

CfC++ >

Code Generator ¥ = H
Debug >

Partner 05 >

Renesas Al »

Renesas QF > CapTouch Gesture Monitor (QE)

Smart Configurator > CapTouch Board Monitor (QE)

Solution Toolkit

v

Gy

CapTouch Pad Menitor (QF)
CapTouch Multi Status Chart (QE)
CapTouch Parameters (QE)

CapTouch Status Chart (QE)
CapTouch Tuning Result (QE)
CapTouch Workflow (QE)

s Measuring Current Consumption (QE)

*  Renesas Software Installer
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2. In the CapTouch Workflow (QE) pane, select the project to configure the touch interface for by using the pull-
down tab and selecting the Capacitive_Touch_Project_Example project as shown below.

$3 CapTouch Workflow (QE)

\E‘ Preparation

1.Preparation
Select a Project

Prepare a Configuration

& -0
Tuning Coding Monitoring
A~ .
= Select a Project

2.Tuning Touch Sensors
Start Tuning (Serial)

Qutput Parameter Files

3.Coding

Implement Program

4.Monitoring
Start Monitoring (Emulator)
Start Monitoring (Serial)

Prepare a project that uses the touch interfaces.

Select the target project.

Capacitive_Touch Project Example

DEECL AT e SIUUIY PTUJeECy Uial useS Lapauiuave U,
Use the e? studio to create a new project and select the Smart
Configurator as the coding assistant tool. After creating the project,
use the Smart Configurator to make the settings listed below.

s Set up the PCLKB, PCLKL or FCLK clock.

» Add the capacitive touch sensing unit (CTSU) driver &
middleware. ~

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

configuration for a touch interface.

El Preparation

1.Preparation
(%) select a Project

Prepare a Configuration

2.Tuning Touch Sensors

Start Tuning (Emulator)

Start Tuning (Serial)

Tuning Coding Monitoring
~ - .
= To Prepare a Configuration

J

Select or create a touch interface configuration.

Create a new configuration

4. A new menu window will open with shows the default blank canvas for creating the touch interface.

{8 Create Configuration of Touch Interfaces

File Name of Touch I/F:

[apacitive_Touch_Project Example

Setup Configuration Import / Re-edit

Description:

Setting

Setup Touch I/F Setup Resistance Value

Clear Assigned TSx

Touch I/F A
Capacitance Type
Self Capacitance v
Bution
Slider (horizontal)
Slider (vertical)
Wheel
Key pad
3D Gesture (Al)
Touch pad
Shield Fin
TCPin
Capacitance Sensor
Current Sensor

Diagnosis Pin

Remove Touch I/F

Configuratoins (Methods) ¥

RO1AN4516EU0300 Rev.3.00
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5. Add 2 buttons to the canvas by selecting the Button menu item from the right-hand side and adding two (2)

buttons to the canvas. Press the ESC key to exit once two buttons are added. The canvas will look similar to
below.

) Create Configuration of Touch Interfaces

File Name of Touch I/F: Capacitive_Touch_Project Example Setup Configuration

Import / Re-edit
Description:
Touch IfF E
Capacitance Type
Self Capacitance v
| )
slider (herizontal)
Slider (vertical)
Button0o Buttonol

Wheel
H B =
3D Gesture (Al)
Touch pad
Shield Pin
TCPin
Capacitance Sensor
Current Sensor

Diagnosis Pin

Setting Remove Touch I/F

Setup Touch I/F Setup Resistance Value Clear Assigned TSx

Configuratoins (Methods) ¥

€3 There are some problems with setting.

6. To make this connection, double-click on Button00 and a dialog box will appear. In this case, using the pull-
down, select TS08 as the MCU sensor to assign to this button.

Button(self)
Button0o Butty

Mame | Button00 |

Touch Sensor Resistance[chm]
TS08 v 560 W
-

TS0
[rson el Help
; TSo2 ;
.......... e |
TS04
TS05
TS06
TS07

T509
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7. Perform the same operation as the previous step for Button01 and assign it to TS09. The canvas should look
similar to below. Note also, the indication of a configuration error will go away once all assignment are made
properly and correspond to the enabled channels in the Smart Configurator.

Buttonoo Buttondl

Ts08 ‘ Ts09

8. Click Create in the dialog box. This will setup the Touch Interface.

Hemowe louch IfF

Configurateins (Methods) ¥

—_— i —rar el S O T

9. Select [Renesas Views] — [Renesas QE] — [CapTouch Tuning Result (QE)] from the menu of the e? studio and
open the [CapTouch Tuning Result (QE)] view to display the configuration of the touch interface in the [Tuning]

panel.
9_"; CapTouch Tuning Result (QE) § = 0O
Tuning  Gesture ~

Touch IfF Configuration: Capacitive_Touch_Project_Example

Method Kind Mame Touch Sensor  Parasitic Capacitance[pF]  Sensor Drive Pulse Frequency[MHz]  Threshold  Scan Time[ms]  Overflow
configdl Button(self) Button00 TS08 - - - - None
configdl  Button(self) Button0l TS09 - - - - Mene

10. Build the project using the hammer icon in the upper left-hand side of the IDE. The project should build without
any errors or warnings.

&) workspace - e studio
File Edit Mavigate Search Project FRenesas

:>% % | [ @] [4 Debug
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9. Modifying the e? studio Project Debug Session for Capacitive Touch Tuning

1. The debug session needs to be modified slightly so that a special tuning kernel can be downloaded into the
MCU RAM after the debug session starts. Enter the Debug Configuration by clicking Run->Debug
Configurations...

Renesas Views = Run Renesas Al Window Help

Q. Run Crl+F11
7‘?& Debug F11
Run History >
D FRunAs >
Run Cenfigurations...
Debug History >
%5 DebugAs >
|:> Debug Cenfigurations...
@, External Tools >

2. A dialog box will now open. In the list in the left-hand pane, open the Renesas GDB Hardware Debugging
entry and select the named project HardwareDebug configuration, in this example:
Capacitive_Touch_Project_Example HardwareDebug

B B Y-
[ype fiter texd x

[c] CfC++ Application

[t] C/C++ Remote Application

= EASE Script

[t ] GDB Hardware Debugging

[c7 GDB Simulator Debugging (RHE50)
0 Java Applet

[T Java Application

/g Launch Group

T Remote Java Application

w [£7] Renesas GDB Hardware Debugging
[t Capacitive_Touch_Project_Example HardwareDebug <:|
[t Renesas Simulator Debugging (RX, RL7E)

3. In the pane that opens, select the Debugger tab.

Mame: | Capacitive_Touch_Project_Example HardwareDebug

%5 Debugger| = Startup . Source| [ Common

Project:

|Capacitive_'|bu Project_Example

C/C++ Applicathem

| HardwareDebug/Capacitive_Touch_Project_Examplex
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4. Select the Connection Settings tab. For this application example, the power for the target board is
supplied from the emulator power supply. Main Clock Source, Ensure Power Target From The Emulator (MAX
200mA) and Supply Voltage [V] are set as shown below.

[E Main _ = Startup E Source| [£] Common

Debug ha = E2 Lite (RX) ~ | Target Device: R5F51408
GDB Settin|  |Connection Settings  Debug Tool Settings

v Clock ~
Main Cleck Source HOCO v
Extal Frequency[MHz] 22.0

220

Operating Frequency [MHz] 48,000

Permit Clock Source Change On Writing Internal Flash Memory Yes v
+ Connection with Target Board

Emulator (Auto)

Connection Type Fine

IMag Cleck Frequency[MHz] £.00

Fine Baud Rate[Mbps] 1.50 W

Hot Plug No

v Power
Power Target From The Emulator (MAX 200méA) Yes v
Supply Voltage (V) 3.3

+w CPU Qperating Mode
Register Setting
Mede pin Single-chip mode

single Chip

Change startup bank No

5. Select the Startup tab.

MNarme: | Capacitive_Touch_Project_Example HardwareDebug

| Main | %5 Debugger E . Source| ] Commen

Initialization Commands

[[]Reset and Delay (second o
[JHalt

6. Ensure the two check boxes Set breakpoint at: AND Resume are checked and look as follows. You may need
to scroll down in the dialog box to see these check boxes.

Runtime Options
S program counter at (hex):

Resume

Run Commands

7. Click Apply then Close to use these modified settings. This completes the project configuration and debug
setup for tuning.
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10. Tuning the Capacitive Touch Interface Using QE for Capacitive Touch Plug-in

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

@ @ Preparation Tuning Coding Monitering
1.Preparation - | A Note on Use
v </
() Select a Project
— _ If you are tuning using emulator connection, you do not need to tune
() Prepare a Configuration . .
using serial connection.
2.Tuning Touch Sensors -
Start Tuning (Emulator) Start Tuning

SETTLIE (ferEl QE will automatically perform tuning processing for each touch sensor.

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

3.Coding -

Implement Program To Start Tuning

4.Monitoring ~ | Follow instructions in the dialog.

Start Monitoring (Emulator) ST
tart Tuning

Start Monitoring (Serial)

[ Advanced mode

Display Tuning Result

Perform tuning of each touch sensor automatically using emulator

2. If the E1 debugger is supplying power to the target board, the following message will be displayed. Click YES to
continue the tuning process.

18} QF for Capacitive Touch X f

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

Note: For sake of simplicity, in this application example, the power for the target board is supplied
from the emulator power supply. Renesas recommends that tuning be done with the end
application power supply to alleviate any voltage deviations that might occur from using the power
supplied thru the E2 emulator Lite/PC USB port.

3. At the start of the first debug session, e? studio MAY display a message indicating the debug perspective will be
switched to. Click the Remember my decision check box and Yes to continue the debug process and the QE
for Capacitive Touch automatic tuning.

Ie‘ This kind of launch is configured to open the Debug perspective when it suspends.
This Debug perspective is designed to support application debugging. It
incarparates views for displaying the debug stack, variables and breakpoint

management.

Do you want te open this perspective now?

EARemember my decision

Yes No
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4. QE for Capacitive Touch automatic tuning will now begin. Please carefully read the tuning dialog windows as
they will guide you through the tuning process. An example screen is shown below. Typically no interaction is
required during the initial tuning process steps.

g Automatic Tuning Processing X

1/7: QE is beginning the tuning process.
During the tuning process, please do not touch the sensors on the target board until instructed by
the QE Tuning Program.

5. After a number of automated steps, a dialog box with information similar to what is shown below will appear.
This is the touch sensitivity measurement step of the tuning process. As the first ‘interactive’ step of the
tuning process, press using normal touch pressure on the sensor being indicated in the dialog box
(Button00/TS08). When pressing, the bar graph will increase to the right and the touch counts go numerically
UP. While holding that pressure, press any key on the PC keyboard to accept the measurement.

8

5/7: QE will now measure touch sensitivity for (Button00, TS08 @ config01).
In this step please use normal touch pressure on the sensor for once. Press any key on the PC
keyboard to accept the sensitivity measurement.

Button00, TS08 @ config01: 15268

6. Repeat the previous steps for Button01/TS09.

Q Automatic Tuning Processing X

6/7: QE will now measure touch sensitivity for (Button01, TS09 @ config01).
In this step please use normal touch pressure on the sensor for once. Press any key on the PC
keyboard to accept the sensitivity measurement.

Button01, TS09 @ config01: 15326
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7. Once both buttons are complete, you will see a screen similar to what is shown below. This is the detection
threshold that is used by the middleware to determine if a touch event has occurred.

Q Automatic Tuning Processing X

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

Select the target  Method  Kind Name Touch Sensor  Threshold ~ Owverflow  Warning / Error
|:| configdl  Button  Button0D  TS08 1500

] configdl Button  Button0l  T509 1321

Retry | Continue the Tuning Process

8. Click the Continue the Tuning Process button in the dialog box shown. This will exit the tuning process and

disconnect from the Debug session on the target. You should return to the default CapTouch Workflow (QE)
screen in the e? studio IDE.

L configdl Button Butto

Retry | | Continue the Tuning Process <,|:|

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

@ © Preparation Tuning Coding Monitoring
1.Preparation - @ To Output Parameter Files
@ Select a Project 3
— Qutput parameter files from a tuning result.
() Prepare a Configuration
2.Tuning Touch Sensors - Output Parameter Files
() start Tuning (Emulator) O Specify an output folder
() Start Tuning (Serial) OUse an external trigger
Qutput Parameter Files O Use diagnostic code
3.Coding - CUse API compatilibity mode

Implement Program

The result of tuning is output as a parameter file and can be read by
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10. In the Project Explorer window and you will see that a ge_touch_config.c, ge_touch_config.h and
ge_touch_define.h file pair have been added. These contain the needed tuning information to enable touch
detection using the FIT API middleware.

Fia Project Explorer = 8
==
W !IL-_—“B- Capacitive_Touch_Project_Fxamplei
ﬁg—? Binaries
i Includes
w 2 ge_gen
[£] ge_touch_config.c
[n] ge_touch_config.h I
[n] ge_touch_defineh
7= src
= HardwareDebug
£ QE-Touch
[}_—5- trash
Capacltwe Touch_Project_Example.rcy

¢ Capacitive_Touch_Project_Example.scf

[ii {A'c’ (i

Capacltwe Touch_Project_Example Hg

11. Build the project using the hammer icon in the upper left-hand side of the IDE. The Console output showing
build results should show no errors.

1. Adding rm_touch_ge FIT Module Calls to Application Example

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

@ @ Preparation ®@ Tuning Coding Monitoring
1.Preparation - : Coding
@ Select a Project
— Implement a program using the touch interfaces.
() Prepare a Configuration
2.Tuning Touch Sensors - To Show Code
() start Tuning (Emulator)
©) Start Tuning (Serial) imp\erﬂejt a program that periodically scans the status of the touch sensor
— in the main() function.
(v)

<

) Qutput Parameter Files

3.Coding - | Show Sample ¢

Implement Program

Implement the code to use capacitive touch.

4.Monitoring - 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 you change the touch interface configuration, be

Start Monitoring (Emulator)
Start Maonitoring (Serial)
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2. A new menu window will open showing the sample code in a text. Click the button Output to a File.

&) show Sample Code >

Sample code of main() function:

E .

*

" FILE : ge_sample_main.c

* DATE : 2022-03-09

* DESCRIPTIOMN : Main Program for RX
" NOTETHIS IS A TYPICAL EXAMPLE.

x*xttx*xttx*#tk#*xttx*xtk**xttx*xttx*#tk#*xttx*xtk**xttxt*ttxt#tt#t*ttx{

#include "ge_touch_config.h"

&if ([TOUCH_CFG_UART_MONITOR_SUPPORT == 1) || (TOUCH_CFG_UART_TUNING_SUFPORT == 1))
#include "r_sci_n_pinset.h"

Zendif

#define TOUCH_SCAMN_INTERVAL_EXAMPLE (20) /* milliseconds */

void R_CTSU_PinSetinit{void);
void ge_touch_main(void);

#if ((TOUCH_CFG_UART_MONITOR_SUPPORT == 1) || H_CFG_UART_TUNING_SUPPORT == 1))
#if (TOUCH_CFG_UART_NUMBER == 0)

#define QF_SCI_PIN_SET R_SCI_PinSet_SCI0

selif (TOUCH_CFG_UART_NUMBER == 1)

#define QF_SCI_PIN_SET R_SC|_PinSet_SCI1

s A R A e IR PT ORI R AP v
Copy to the Clipboard Output to a File Show the Application Mote
3. Confirm that the qe_touch_sample.c file has been generated in the [Project Explorer] window.
75 Project Explorer = B8
BES Y &
w L-:E- Capacitive_Touch_Project_Example
ﬁf’ Binaries
kil Includes
w 2 ge_gen
[£ ge_touch_config.c
[n] ge_touch_config.h
[ ge_touch_defineh
[£ ge_touch_sample.c
= src
= HardwareDebug
=5 QE-Touch
= trash
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4. Open the Capacitive_Touch_Project_Example.c file.

B Project Explorer ¢ ES Y § = O

W Tl-ﬁ Capacitive_Touch_Project_Example
9};’;? Binaries
[Bp Includes
~ 2 ge_gen
[£ ge_touch_config.c
[1] ge_touch_config.h
[n] ge_touch_define.h
[£] gqe_touch_sample.c
W i sre

[x= smc_gen
[ Capacitive Touch_Project_Example.c :I
= HardwareDebug

£ QE-Touch
= trash

5. In the main() function, call the ge_touch_main(). Add the code (“void ge_touch_main(void);”

and "qe_touch_main();”) in the red frame to the Capacitive_Touch_Project_Example.c file as shown in the
image below.

@* FILE : Capacitive_Touch_Project Example.c[]
18 #include “r_smc_entry.h”

i in(yodidis
void qe_touch_main(void); I< |

= wvoid main(void)

r
I ge_touch_main(); I< |

¥

6. This completes all the needed code modifications required for this simple application example. Building the
code should result in no errors or warnings for this simplified application example.

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

1. Start a debug session by clicking the Bug icon in the upper left hand corner of the e? studio. A debug session
will start.
&

File Edit Source Refactor Mavigate Search

% Uﬁﬁ: (] vﬁ; Debug

2. The debugger will stop at the ge_touch_main() function call. This is the first code point in the main() function.
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3. Open the declaration of the qe_touch_main() function.

3 @* FILE : Capacitive Tourh Prodect Fxamnle.c[]
10 #include "r_smc_entry. < Undo Typing Ctrl+Z
void main(void); et (Al
void ge_touch_main(voi Save Ctrl+S
= void main(void) QOpen Declaration [
{ : -
),' Open Type Hierarchy F4 |__E:I3'
} Open Call Hierarchy Cirl+Alt+H —p~
Cuick Outline Cirl+0
Quick Type Hierarchy Cirl+T

4. Scroll down in the qe_touch_sample.c file to the RM_TOUCH_DataGet() function in the while (true) loop. Add
the variable button_status to the expressions window.

while (true) {} neracor ’
H
while (B == g_ge_touch_flag) {} ecaiano ’
g_qe_touch_flag = 8; References »
»
err = RM_TOUCH DataGet (g _ge touch instance configel.p ctrl, SfTSTTEEIIE] NULL, NULL); SeTild
. ?‘ (FSP_SUCCESS == err) Build Selected File(s) Ctrl+ Alt+Shift+B
/* T0D0: Add your own code here. =/ Clean Selected File(s) Ctrl+ Alt+Shift+C
H
Resource Configurations >
Step Into Selection Cul+Fs
/* FDUE: Since this is a temporary process, so re-create a waitin ess yourself. */ |4 Runtoline Cirl+R
R_BSP Sth\\’EFEDElay (TDUCH SCAN_INTERVAL_EXAMPLE, BSP_DELAY f'lILLISECS);
yooTo = - = 5. MovetoLine
} . Resumeat Line
b %Y Add Watch Expression...

5. Enable Real-time Refresh on the variable in the Expressions window.

Eventpoi || IORegis &
EE| & X% & %[0 3

Expression Type Value Address Name : butten_status
Details:@

(x)= Variables ®g Breakpoi B\ Modules 4 ProjectE

()= button_status  uintéd t 0O OxE90
ar Add new expres Select All Cerl+A
= Copy Expressions Ctrl+C
¥ Remove
% Remove All
Number Format >
Add Expression Group >
Find... Cirl+F
Show Details As ¥

e Add Watch Expression...
Disable
Enable
Edit Watch Expression...
%4 Add Watchpoint (C/C++)...
&, CastTo Type.. T
#[1
&

Display As Array...
Enable Real-time Refresh
Real-time Refresh

5_—3"’ Watch
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6. Click the ‘Resume’ button located approximately in the middle of the e? studio menu bar to continue code
execution.

| B R~ @b IS S R I o k.

7. Press TS-B1 on the board, which was configured as Button00 in Chapter “8. Creating the Capacitive Touch
Interface” of this application guide. When pressed, a ‘1’ will appear for button_status in the Expression
window, indicating a binary indication of touch.

ix)= \ariables ®g Breakpoi B Modules 5 ProjectE GRS

Expressicon Type Value Address

i button_status  uintedt 1 0xE90
£ Add new expres

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

@ ®@ Preparation @ Tuning @ Coding Monitoring
1.Preparation - a Note on Use
v y
&) select a Project

Monitor with either emulator connection or serial connection.

y

(¥) Prepare a Configuration

~

2.Tuning Touch Sensors - Monitoring

y

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

~) Output Parameter Files .
- P To Launch Debug (via Emulator)

A\
3.Coding -

) Implement Program

4.Monitoring - L
To Enable Monitoring
> Start Monitoring (Emulator)

Launch debugging for your target project and execute the program.

Start Monitoring (Serial) Show monitoring views and enable a monitoring function.
Show Views |
Execute the user program with embedded touch middleware and -
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9. It may be necessary to drag the pane up for better viewing, however you should see the CapTouch Board

Monitor (QE) pane appear similar to the image below.

» CapTouch Board Monitor (QE) ¢ e g =

{Enable Monitoring; Monitoring: Disabled, Communication Status: Connecting via OCD emulator

Touch I/F: ]

Button00 ButtonO1

10. Click the Enable Monitoring button. The dialog text will change to Monitoring: Enabled.

Enable Monitoring | Monitoring: Disabled, Communication Status: Connecti

Touch I/F: )

11. T ouch the button TS-B1 on the target board. The CapTouch Board Monitor (QE) will show a touch with a

finger image on the button like the image below.

Button0o Buttonol
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12. To see a graphical representation of the ‘touch counts’ from the board, use the CapTouch Status Chart (QE).

T3 CapTouch Status Chart (QF) X | 5 |Bd i =0
Touch I/F; ~ ['Sync a selection
Select the touch IfF to monitor
Touch Position: || Reference Value: Threshold: Difference: | |

13. Using the pulldown, select Button00 @ config01

Touch I/F: v | [] Sync a selection
Select the t Button00 @ configd1 < |
~ 7" |Buttondl @ configOi

Touch Position: |:| Reference Value: |:| Thresho
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14. The graph will begin to display running values. Touch TS-B1 on the board and you should see the ‘Count
Value’ show as a step change on the running graph. The GREEN line is the touch ‘Threshold’, which the

middleware uses to determine whether a button is actuated/touched. The RED BELT at the bottom of the graph

is a visual indication to the user that the ‘Count Value’ have crossed above the threshold and a touch is
detected.

b CapTouch Status Chart (QE)

Touch I/F: BthtonDO @ config01 W O Sync a selection ~

I/F Type: Button(self), Channel(s): TS08

Count Value: 15414 | Reference Value: 15425 | Threshold: 1038 | Difference:

Start Data Collection

Note: Sections 15 to 18 should only be set when displaying and measuring standard deviation.

15. Clicking on [Start Data Collection] displays the [Data Collection Settings] dialog box. Select the number of data
to be collected from the pull-down menu in this dialog box. Select [Non Touch + Touch] for [Data collection
target] and click on [Start Data Collection]. Do not touch the electrodes while collecting the touch-off state.

Touch I/F: |Button00 @ config01 ] [I5ync a selection ~

I/F Type: Button(self), Channel(s): TS08

Count Value: 15379 | Reference Value: 15411 | Threshold: 1038 | Difference:
Start Data Collection

{8 Data Collection Settings X
Number of data collected: | 1000 ~
Data collection target: (O Non Touch (@) Non Touch + Touch

Start Data Collection Cancel
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16. When the green bar reaches the right edge, collection of the touch-off data is completed and a dialog box is
displayed. Click on [OK] to close the dialog box.

Touch I/F: |Button00 @ configOl ¥ [ Syne a selection ~
I/F Type: Button(self), Channel(s): TS08
Count Value: Reference Value: | 15407 | Threshold: 1038 | Difference:
Stop Data Collection | [ G i
t') CapTouch Status Chart (QE) > (] [r_~_.j i =8
Touch I/F: |Button00 @ config0l ] [Jsync a selection ~
IfF Type: Button(self), Channel(s): TS08
Count Value: Reference Value: | 15&19| Threshold: | 1EBE| Difference:
Start Data Collection | | —
v

8 QE for Capacitive Touch X

, Mext, collect data during Touch. When you are ready to take measurements, click the
! Start data Collection button.

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

&) CapTouch Status Chart (QE) = L5 Bd g =0
Touch IfF: | Button00 @ config0l ] [ 5ync a selection

I/F Type: Button(self), Channel(s): TS08
Count Value: 17529 | Reference Value: | 15405| Thresheld: ‘ 1038| Difference: 2124

Start Data Collection
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18. When the green bar reaches the right edge to indicate the completion of data collection, the [Standard Deviation

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

b CapTouch Status Chart (QE) X e § =
Touch I/F: |Button00 @ config01 v [ Sync a selection "

I/F Type: Button(self), Channel(s): T508

Count Value: ’ 16960 | Reference Value: | 15381| Threshold: ‘ 1038| Difference: 1579

ig; Standard Deviation Measurement Result X

Moise Standard Deviation [MT]: Average [NT]: Minimum: ‘ 15327| Maximum: | 15503|
Moise Standard Deviation [T]: Average [T]: Signal: ‘ 1591| SNR: | 12.?1|

SNR is calculated with a probability of 2.88.

Measurement results are saved in the QE-Touch folder.

19. To see a graphical representation of the ‘touch counts’ for multiple touch sensors, use the CapTouch Multi
Status Chart (QE).

Select each touch

Y. CapTouch Multi Status Chart (QF) (] |

~
Button0o, T508 @ ¢ VWL TS09 @ ¢, W W
l/
.\15255 T 15327 " E| | !|
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20. If you will check and adjust the touch parameters, use the CapTouch Parameters (QE).

Select the touch interface.
A

AR E LI REIE P Gl (2 Smart Browser = O - Enable Monitoring
LR B8 S < | - Display in Advanced Mode

- Read Value from the Target Board

Touch I/F: |Button00 @ config01 v | [Sync - Write Value to the Target Board

I/F Type: B If), Channel(s): TS08
AT DS T TR - Enable Auto Writing

ltem Value R - Output Parameter Files
 Drift Correction Interval 255 i

Leng Touch Cancel Cycle a

Positive Noise Filter Cycle 3

Megative Moise Filter Cycle 3 % Touch Parameters

Moving Average Filter Depth 4 T

Touch Threshold 1500

Hysteresis 75

CT5US0 248

CTSUSNUM 7

CTSUSDPA SUCLK divided by &

Set a drift correction interval. T ] ]
Drift Correction is a function to make the reference value A description is displayed for

follow the surrounding environment.

Input a value between 0and 65535 / the selected touch
- The value is 1 or mores The reference value will be
corrected every cycle specified in the [Drift Correction

Interval] item.
- The value is 0: No correction.

This setting item will be applied for each method.

13. [Additional function] Setting the serial communication monitor using UART (2/2)

Note: Monitoring touch performance for touch applications can be confirmed by communication via
the emulator.

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

Chapters 7 and 13 (including this chapter) shown below describe setting the serial communication
monitor using UART.
« “7. [Additional function] Setting the serial communication monitor using UART (1/2)”

* “13. [Additional function] Setting the serial communication monitor using UART (2/2)”

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

RO1AN4516EU0300 Rev.3.00 Page 31 of 42
Sep.26.2023 RENESAS



RX Family

Using QE and FIT to Develop Capacitive Touch Applications

2. Run the touch application program on the target board.

3. Open the “CapTouch Workflow (QE)” panel. Make sure that Capacitive_Touch_Project Example and
Capacitive_Touch_Project_Example.tifcfg have been respectively set in [To Select a Project] and [To Prepare a
Configuration]. Then select [Start Monitoring (Serial)] in the menu on the left-hand side of “CapTouch Workflow
(QE)”. Set the baud rate which was set in Chapter 7 for [Baud rate], and click on the [Connect] button.

4.

A @ Preparation

Tuning ] Coding Monitoring

1.Preparation

@ Select a Project

@ Prepare a Configuration

@ Note on Use
e

Monitor with either emulator connection or serial connection.

2.Tuning Touch Sensors

() Start Tuning (Emulator)

@ Start Tuning (Serial)

() Output Parameter Files

Monitoring

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

To Connect UART

3.Coding

@ Implement Program

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

4.Monitoring
Start Monitoring (Emulator)
Start Monitoring (Serial)

@ Output Parameter Files

emulator.

Baud rate

|115200 I |
Port

|Auto N o |

| >‘ Connect ‘

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

| Show Views |

Execute the user program with embedded touch middleware and -

3.Coding

@ Implement Program

4.Monitoring
Start Monitoring (Emulator)
Start Monitoring (Serial)

B Conscle ¢ | i} Registers l:_ Problems | @ Smart Browser G Debugger Console

QE for Capacitive Touch

Connected to \\.\COM4.

When serial connection is executed, the following display will be changed. Confirm a displaying message.

To Connect UART
Enable a monitoring function via serial communication, if you do not use an
emulator.

Baud rate
|11 5200 |

Port

|-—"«u:n

N

| >| Disconnect |

To Enable Monitoring

Show monitoring views and enable a monitoring function.

| Show Views ‘

4

Execute the user broaram with embedded touch middleware and

&
&
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5. Open the Monitoring view from Show Views of CapTouch Main (QE).
(“) Output Parameter Files
To Connect UART
3.Coding -
@ Implement Program Enable a monitoring function via serial communication, if you do not use an
emulator.
4.Monitoring -
Baud rate
Start Monitoring (Emulator) ‘115200 |
Start Monitoring (Serial)
Port
Auto 4 |
| Disconnect ‘
To Enable Monitoring
Show monitoring views and enable a monitoring function.
Show Views
Execute the user proaram with embedded touch middleware and -
6. CapTouch Board Monitor (QE) pane will appear as shown below.

CapTouch Board Monitor (OF)

GIENELHR E =0

Monitaring: Disable«l_ Communication Status: Connecting via serial communication (UART / LISE) I .
Touch I/F: v
. W
A
Button00 Buttonoi
W
< >
7. Click the Enable Monitoring button. The dialog text will change to Monitoring: Enabled.
‘# CapTouch Board Monitor (QF) MRS EER § =8
Monitoring: Enabled, Communication Status: Connecting via serial communication (UART / USB)
Tu:bucE’I '\_ v
. v
A
Button0o Button0l
v
< >
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8. Touch the button TS-B1 on the target board. The CapTouch Board Monitor (QE) will show a touch with a
finger image on the button like the below image.

Button00 ButtonO

9. The same procedure as in Chapter 12, paragraphs 11-20, can be used to verify that the touch count value
changes.

10. If you will finish monitoring, click the Enable Monitoring button. The dialog text will change to Monitoring:
Disabled.

. CapTouch Board Monitor (QF) =1 ; ]
Ti LY
v
Ll
Button00 Button01
v
< >

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

IE‘ @ Preparation @ Tuning @ Coding Monitoring
1.Preparation - @ Note on Use
~
() select a Project
— Monitor with either emulator connection or serial connection.

() Prepare a Configuration

2.Tuning Touch Sensors - Monitoring

() start Tuning (Emulator)
S)

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

() Start Tuning (Serial)

() Output Parameter Files
) p To Connect UART

3.Coding -
©) Implement Program Enable a monitoring function via serial communication, if you do not use an
— emulator.
4.Monitoring -
Baud rate
Start Monitoring (Emulator) ‘115200 ‘
Start Monitoring (Serial)
Port
"-"U'.O k v ‘

| X Disconnect ‘

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

‘ Show Views ‘

Execute the user program with embedded touch middleware and -
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14. qe_touch_sample.c Listing

/ kR kK

*

* FILE : ge_sample_main.c
* DATE : 2022-03-09
* DESCRIPTION : Main Program for RX

*

*NOTE:THIS IS A TYPICAL EXAMPLE.

Fhkkkkkkkkkhkhhkhhhk * /

#include "ge_touch_config.h"

#if (TOUCH_CFG_UART_MONITOR_SUPPORT == 1) || (TOUCH_CFG_UART_TUNING_SUPPORT == 1))
#include "r_sci_rx_pinset.h"

#endif

#define TOUCH_SCAN_INTERVAL_EXAMPLE (20) /* milliseconds */

void R_CTSU_PinSetInit(void);
void qe_touch_main(void);

#if (TOUCH_CFG_UART_MONITOR_SUPPORT == 1) || (TOUCH_CFG_UART_TUNING_SUPPORT == 1))
#if (TOUCH_CFG_UART_NUMBER == 0)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI0
#elif (TOUCH_CFG_UART_NUMBER == 1)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI1
#elif (TOUCH_CFG_UART_NUMBER == 2)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI2
#elif (TOUCH_CFG_UART_NUMBER == 3)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI3
#elif (TOUCH_CFG_UART_NUMBER == 4)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCl4
#elif (TOUCH_CFG_UART_NUMBER == 5)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI5
#elif (TOUCH_CFG_UART_NUMBER == 6)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI6
#elif (TOUCH_CFG_UART_NUMBER ==7)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI7
#elif (TOUCH_CFG_UART_NUMBER == 8)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI8
#elif (TOUCH_CFG_UART_NUMBER == 9)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI9
#elif (TOUCH_CFG_UART_NUMBER == 10)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI10
#elif (TOUCH_CFG_UART_NUMBER == 11)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI11
#elif (TOUCH_CFG_UART_NUMBER == 12)
#define QE_SCI_PIN_SET R_SCI_PinSet_SCI12
#endif

#endif

uint64_t button_status;

#if (TOUCH_CFG_NUM_SLIDERS != 0)

uint16_t slider_position[TOUCH_CFG_NUM_SLIDERS];
#endif

#if (TOUCH_CFG_NUM_WHEELS != 0)

uint16_t wheel_position[TOUCH_CFG_NUM_WHEELS];
#endif

void ge_touch_main(void)

{
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fsp_err_terr;

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

#if (TOUCH_CFG_UART_MONITOR_SUPPORT == 1) || (TOUCH_CFG_UART_TUNING_SUPPORT == 1))
/* Setup pins for SCI (function created by Smart Configurator) */
QE_SCI_PIN_SET();

#endif

/* Open Touch middleware */
err = RM_TOUCH_Open (g_ge_touch_instance_config01.p_ctrl, g_ge_touch_instance_config01.p_cfg);
if (FSP_SUCCESS != err)

while (true) {}
}

/* Main loop */
while (true)

/* for [CONFIGO01] configuration */
err = RM_TOUCH_ScanStart (g_ge_touch_instance_config01.p_ctrl);
if (FSP_SUCCESS != err)

while (true) {}

while (0 == g_qe_touch_flag) {}
g_qe_touch_flag = 0O;

err = RM_TOUCH_DataGet (g_ge_touch_instance_config01.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_MILLISECS);
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15. [Additional function] Setting The Automatic Judgement and MEC functions

This Chapters shown below describe setting The Automatic Judgement and MEC (Multi Electrode Connection) functions.

Note: The Automatic Judgement and MEC functions are supported by products equipped with

CTSU2sSL.

1. Create a project and add modules following the same procedure as described in section 6.11.

2. Add the code generation component r_dtc_rx in the same way as the rm_touch_ge as described in section
6.6. Select r_dtc_rx and click Finish.
=
Components Short Mame Type Version ™
B Dead-time Compensation Counter Cede Generator 1.11.0
FH DTC driver r_dtc_rx Firmware Integr.. 4,30
B Event Link Controller Code Generator 1.9.1
£ Flash API for RX100, R¥200, RX600. and R... r_flash_rx Firmware Integr...  5.00
3. Then select r_ctsu_qe and display the ports associated with this module in the configuration panel. Set Data
transfer of INTCTSUWR and INTCTSURD”to DTC and Select automatic judgement code to Enable.
Property Value &
w @ Configurations
# Parameter check Use system default
# Data transfer of INTCTSUWR and INTCTSURD D1C
# Select automatic judgement code Enable
# Interrupt level for INTCTSUWR Level 2
# Interrupt level for INTCTSURD Level 2
# Interrupt level for INTCTSUFN Level 2
~ {2 Resources
4. Next, select r_dtc_rx in the Components tab and display the ports associated with this module in the
configuration panel. Set DMAC FIT check to DMAC FIT module is not used with DTC FIT module.
Property Value
w & Configurations
# Parameter check System Default
# DTCER control Clear all DTCER registers in R_DTC_Open()
# Address mode Full address mode
# Transfer Data Read Skip Enable transfer data read skip
# DMACFIT check
# Sequence transfer
DMAC FIT module is used with DTC FIT module,
5. Next, select r_bsp in the Components tab and set Help size to 0x1000.

Property

v Configurations

User stack setting

User stack size

Interrupt stack size

Heap size

Initializes Cinput and cutput library functions
Enable user stdie charget function

HE$HEHRSR

=

Value

2 stacks
0400
O 100

Enable
Use BSP charget() function
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6. Generate the needed application code modules for the project. Do this by clicking the Generate Code icon in
the upper-right of the Smart Configurator pane as shown in the picture below.
% =
Generate Code Generate Report
@
7.

Follow the same procedure as in Chapter 8.1 through Chapter 8.7 to set up the touch interface..

8. Click on Setup Configuration.

&) Create Configuration of Touch Interfaces

File Name of Touch I/F: [capacitive_Touch_Project_Example || Setup Configuration

Description: / \L

Import / Re-edit

Touch IFF

»

Capacitance Type
Self Capacitance v

Bution
Slider (horizontal)

Slider (vertical)
Button00 Button01

Wheel
TS08 TS09 Key pad
3D Gesture (Al)

Touch pad
Shield Pin
TC Pin
Capacitance Sensor
Current Sensor

Diagnosis Pin

Setting Remove Touch IF

Setup Touch I/ Setup Resistance Value Clear Assigned TSx

—
Configuratoins (Methods) %

9. The Setup Configuration (Method) will appear. Select Add Configuration and add a method.

Q Setup Configurations (Methods) X

> Add Configuration | | Remove Configuration

0o ]

Button00(self) Available

Button01(zelf) Available
Auto Sensing by Hardware [JEnable
Multiple Electrede Connection [JEnable
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10. The method config02 is added.

ﬁj-.:.:.'"‘:_."-:": Viethods X
Add Configuration | | Remove Configuration
O |configO1 | |configOZ
Button0o(self) Available Available
Button0l(self) Available Available
Auto Sensing by Hardware []Enable []Enable
Multiple Electrode Connection [ Enable [JEnable

11. Check Enable for Auto Sensing by Hardware and Multiple electrode connection in config02 and click OK.

&) Setup Configurations (Methods) X

Add Configuration | | Remowve Configuration

O |configﬂ1 | O |config02
Button00(self) Available Available
ButtonOl{self) Available Available
A
Auto Sensing by Hardware [JEnable Enable
Multiple Electrede Connection [JEnable Enable

[ > [ ok || cancel Help

12. Click Create in the Create Configuration of Touch Interface window. This will setup the Touch Interface.

Remove Touch IfF

Configuratoins (Methods) %

| > Create Cancel Help
B
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13. You can check the configuration of the touch interface by selecting [Renesas Views] — [Renesas QE] —
[CapTouch Tuning Result (QE)] from the menu of the e? studio. Open the [CapTouch Tuning Result (QE)] view
to display the [Tuning] panel.

Tuning  Gesture

Touch I/F Configuration: Capacitive_Touch_Project_Example

Methed  Kind MName Touch Sensor  Parasitic Capacitance[pF]  Sensor Drive Pulse Frequency[MHz]  Threshold = Scan Time[ms]  Owverflow
configdl Button(self) Button00 T508 - - - - Mone
configdl Button(self) Button01 T509 - - - - Mone

i configD2  Button(self) Mec00 TS08 = = - - MNone

14. Build the project using the hammer icon in the upper left-hand side of the IDE. The project should build without
any errors or warnings.

&) workspace - e studio
File Edit Mavigate Search Project Renesas

! % {;‘9 ]| #ﬁ: Debug

15. Thereafter, capacitive touch sensor tuning and monitoring can be performed using the same procedure as in
Chapter 9 and beyond.
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Website and Support
Renesas Electronics Website

https://www.renesas.com/

Capacitive Touch Sensing Unit related pages

https://www.renesas.com/solutions/touch-key

https://www.renesas.com/ge-capacitive-touch

Technical Support Contact Form

https://www.renesas.com/support

Inquiries

http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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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 1Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

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

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

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

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

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

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

become possible.
5. Clock signals

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

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

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vin (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between ViL (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

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

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

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

evaluation test for the given product.



Notice

1.

10.

11.

12.

13.
14.

(Note1)

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

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

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

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

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

(Note2)

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

Trademarks

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

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

(Rev.5.0-1 October 2020)

Contact information

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

© 2023 Renesas Electronics Corporation. All rights reserved.
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