REN ESANAS Application Note

Renesas Synergy™ Platform
Tuning the Capacitive Touch Solution

Introduction

You will need to perform a Capacitive Touch Tuning process before using the Capacitive Touch Framework
for touch detection in the Synergy Software™ Package (SSP). The tuning process uses the Capacitive Touch
Sensing Unit (CTSU) HAL driver provided by the SSP.

This document enables you to effectively use the Capacitive Touch Tuning process in your own design by
referencing several sample capacitive touch tuning projects for Renesas Synergy™ Kits. Using this
document, you will be able to create a capacitive touch tuning project for your own hardware system,
configure it correctly for the target application, and use the attached tuning example code in your tuning
project.

The tuning process generates a set of configuration settings for the CTSU on the Synergy MCU. These
configurations include touch detection threshold and hysteresis at an optimized CTSU hardware
configuration to achieve optimal sensitivity for the hardware platform tuned. For details on Capacitive Touch
Sensing Unit (CTSU) and its principles of operation, see the applicable Renesas Synergy™ MCU User’s
Manual.

Required Resources
To build and run the capacitive touch tuning example, you need:

e Renesas AE-CAP1, DK-S124, SK-S7G2, or PK-S5D9 (only the kit you intend to perform the tuning on).
¢ Renesas Synergy™ e? studio ISDE v7.5.1 or later, or IAR Embedded Workbench® for Renesas Synergy™
v8.23.3 or later

e Synergy Software Package (SSP) 1.7.0 or later

e Synergy Standalone Configuration (SSC) 7.5.1 and later

e SEGGER J-Link® USB driver

e Two Micro USB cables

e Serial to USB conversion cable

e Capacitive Touch Workbench for Synergy (CTW for Synergy) First Step Guide, version 1.5.0033 or later

e Download all the required Renesas software from the Renesas Synergy™ website at
renesas.com/synergy/software.

Prerequisites and Intended Audience

This application project assumes you have some experience with the Renesas Synergy™ e? studio ISDE
and Synergy Software Package (SSP). Before you perform the procedure in this application note, follow the
procedure in the SSP User’s Manual to build and run the Blinky project. Doing so enables you to become
familiar with the e? studio and the SSP, and to ensure that the debug connection to your board functions
properly. In addition, this application project assumes you have some knowledge on Capacitive Touch
Technology and the Capacitive Touch Hardware Design and Layout Guide for Renesas Synergy.

The intended audience is users who want to develop Capacitive Touch applications with CTSU using
Synergy S1/S3/S5/S7 MCU Series.
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1. Capacitive Touch Tuning Overview

Touch pad capacitive values change based on the board layout and environmental conditions. The tuning
process optimizes product performance by measuring touch pad capacitive values in the touched and
untouched state. The tuning process also helps the capacitive touch system designer optimize touch pad
operations.

The capacitive touch tuning process uses several pieces of software together with the hardware system to
perform the tuning. To establish a functioning capacitive touch system, three software components are
needed:

e The Capacitive Touch Tuning Software Project
e The Capacitive Touch Workbench (CTW) for Synergy
e This Application Software Project

This application project focuses on the capacitive touch tuning operation. You are advised to reference the
Self-Capacitive Touch Software Application Design with S124 and S3A7 Synergy MCUs and the
Mutual-Capacitive Touch Software Application Design with S124 and S3A7 Synergy MCUs for additional
details on how the application ensures the capacitive touch tuning result.

The following sections introduce the PC side of the Capacitive Touch Tuning Software and the Synergy
Tuning Software Projects used with the PC side tools.

1.1 Capacitive Touch Workbench for Renesas Synergy

The Capacitive Touch Workbench for Renesas Synergy (CTW for Synergy) is a GUI that runs on Windows®
and communicates with the target touch system via a USB or UART connection.

Note the following about CTW for Synergy:

e The GUI is a modified version of the original Workbench 6 and supports only Synergy products.

¢ You will perform the tuning processes using the GUI and create a layout of the target board including
buttons, sliders and wheels that specify which Capacitive Touch Sensing Unit (CTSU) channels are used
for each widget.

e The application then runs the tuning process and prompts you at appropriate points to touch and release
each widget to determine the thresholds.

e You can monitor the CTSU values on the target board using the GUI once tuning is complete.

Visit renesas.com/synergy/gallery to download the latest CTW for Synergy before proceeding to any
Capacitive Touch Tuning exercises. To further understand this PC-side software tool, see the Capacitive
Touch Workbench User’'s Manual for Renesas Synergy.

1.2 Capacitive Touch Tuning support from SSP

The target system needs to run the Synergy CTSU Tuning project with the CTW for Synergy to perform
capacitive touch tuning. In addition to the capacitive touch tuning and CTSU driver, the communications
framework on USB and UART are used in the tuning project to communicate with the CTW for Synergy. The
following sections describe the SSP components used in the capacitive touch tuning projects.

1.2.1 SSP CTSU Tuning Driver

This section describes a capacitive touch tuning driver in the SSP. To create a tuning project from scratch,
start by creating a new thread and bring in the CTSU Tuning driver. Add the SSP CTSU tuning block as
shown in the following figure.
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Figure 1. Including the CTSU Tuning Driver
The SSP CTSU tuning driver has three properties to configure.
Note the following about the CTSU tuning driver:

o Two of the properties that are not implemented with the current CTSU tuning driver are: tuning a board
with buttons and tuning a board with a slider or wheel. These two properties (buttons, slider or wheel) are
not used in the tuning process and are placeholders for future development.

e You need to select the capacitance mode by setting the Self or Mutual Capacitance Mode property. For
the AE-CAP1-BWS button wheels slider board, you will use the Self-Capacitance Mode. To work with
the AE-CAP1-MC board, choose the Mutual Capacitance Mode.

m

='HAL/Commc 2

<« [ b & CTSU Tuning on r_ctsu
New &
Thread
pl(l Objects =
[}‘ — —————— f 1

v Summary | BSP |Clocks |Pins | €3 Threads| Messaging | IC

~ctsu

rty Value
mmaon

Tuning a board with Buttons False
Tuning a board with a Slider or Wheel False
Self or Mutual Capacitance Mode Self

Figure 2. Configuring the tuning driver

With the current SSP CTSU support, this tuning driver is very simple and utilizes the lower layer CTSU HAL
driver to perform the tuning process described in the next section.

1.2.2 SSP CTSU HAL Driver

The CTSU Driver is used to initialize the CTSU peripheral to detect a change in capacitance on any of the
configured (and enabled) channels, perform requisite filtering, and generate a variety of data that can be
used by higher level widget layers like buttons wheel and sliders. The tuning project utilizes this CTSU HAL
driver to determine the optimal CTSU setting with help from the tuning algorithms from CTW for Synergy.

The capacitive touch tuning driver automatically adds the SSP CTSU HAL Driver to the Synergy configurator.
The following figure shows an example configuration for tuning the AE-CAP1 Button Wheel Slider application
board with the AE-CAP-S1 target board.
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Clocks | Pins | Threads | Messaging | ICU| Components
[ Properties 2

J Driver on r_ctsu

Property Value

4 Common
Parameter Checking Enable Enabled
Offset Adjustment Enabled
Drift Compensation Enabled
Drift Compensation Method (Valid only if Drift Compensation is enabled above) Alternate method 1
Steady state drift compensation rate, drift compensation will be applied per n scans 500
Startup drift compensation rate (Should be less than the steady state drift compensation rate) 400
Channel release compensation rate (Should be less than the steady state drift compensation rate) 500
Default filter depth (used in sensor count filter provided by driver) 4
Runtime rate of tuning of sensor values (if drift compensation is used this value is overridden to be twice the rate of the steady state drift compensation) 800
Perform auto-tune and drift compensation only when all channels are untouched True
Max. active channels 20

4 Module g_ctsu0 CTSU Driver on r_ctsu
Name g_ctsul
CTSU configuration used g_ctsu_config
Callback NULL
Data Processing Option Default Processing (Recommended)
Write Interrupt Priority Priority 2
Read Interrupt Priority Priority 2
End Interrupt Priority Priority 2

Figure 3. Configuring the CTSU HAL driver

See the SSP User’s Manual for definitions of various CTSU HAL Driver properties. Four is the default filter
depth recommendation for all the Synergy MCUs. The default setting for the Runtime rate for tuning the
sensor values is 800 for the CTSU HAL driver.

Maximum active channels are system dependent. Specify the maximum number of channels that are to be
used by the application. In the Self Capacitance mode, this is the number of channels used. In Mutual
Capacitance mode, this is the multiplication result of the receiving channel Rx and transmission channel Tx
channels. For example, 4 Rx and 3 Tx channels = 12 Maximum Active Channels.

1.2.3 USB and UART Communication with CTW for Synergy

Capacitive Touch Tuning through CTW for Synergy supports tuning through USB and UART
communications. To communicate with the CTW for Synergy, the tuning project includes the SSP
communication framework on USB CDC or UART. See the communication framework on USB CDC and
UART Module Guide for detailed operation.

1.2.3.1 Note on Setting up the Tuning Project with UART

For Capacitive Touch Tuning through UART, the UART baud rate needs to be set to 38,400 as shown in the
following figure. This is a requirement from CTW for Synergy.
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g_uart0 UART Driver on r_sci_uart

Settings Property Value
- 4 Common

aimaron External RTS Operation Disable
Reception Enable
Transmission Enable
Parameter Checking Disabled

4 Module g_uartd UART Driver on r_sci_uart

Name g_uartd
Channel 9
Baud Rate 38400
Data Bits 8bits
Parity None
Stop Bits 1bit
CTS/RTS Selection RTS (CTS is disabled)
Name of UART callback function to be defined by user & NULL

Name of UART callback function for the RTS external pin control to be def NULL
Clock Source Internal Clock

Baudrate Clock Output from SCK pin Disable
Start bit detection Falling Edge
MNoise Cancel Disable

Bit Rate Modulation Enable Enable
Receive FIFO Trigger Level Max
Receive Interrupt Priority Priority 2
Transmit Interrupt Priority Priority 2
Transmit End Interrupt Priority Priority 2
Error Interrupt Priority Priority 2

Figure 4. UART Configuration for Tuning

1.2.4 Operational Notes and Limitations of the Current Capacitive Touch Tuning Solution
1.2.4.1 Working with a Custom Capacitive Touch PCB Board

The custom BSP needs to be created first to set all the intended CTSU touch sensing pins. When the custom
BSP is selected in the BSP tab, all the CTSU touch sensing pins are automatically selected. You can select
any number of the enabled capacitive touch pins during the debugging stage of the tuning project.

1.2.4.2 Limitation on PCLKB Selection in the Capacitive Touch Application

The current version of the CTW for Synergy has limitations on the PCLKB frequency setting in capacitive
touch tuning and application. Only PCLKB settings 24 MHz or 32 MHz are supported.

In addition, capacitive touch tuning uses USB to communicate with the CTW for Synergy. Communication
through USB imposes additional system clock setting requirement.

These limitations (Capacitive Touch Tuning and USB usage) have implications on the maximum CPU
frequencies that can be run with capacitive touch applications. See the following table for details.

Table 1. CPU Clock

Synergy MCU Max CPU clock CPU clock with tuning project
S124 32 MHz 24 MHz

S3A7 48 MHz 48 MHz

S5D9 120 MHz 96 MHz

S7G2 240 MHz 192 MHz

1.2.4.3 Limitations on the UART Baud Rate during Tuning with CTW for Synergy

The current version of CTW for Synergy only supports tuning through the UART port on the target board at
baud rate 38,400. See Figure 4 for more information on the UART configuration for tuning with CTW for
Synergy.
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1.2.4.4 Limitations on Monitoring after Tuning

The slider window and wheel window are not active when activating the monitor window after tuning, before
the system is power recycled. See section 3.5 to understand monitoring after tuning.

1.2.4.5 Monitoring Result Using Unfiltered Data

This version of the CTSU driver does not allow filtered data to be sent to the CTW for Synergy for monitoring.
Raw data is sent to CTW for Synergy for monitoring. As a result, noise is observed, then compared with the
filtered data in monitoring functionality.

2. Capacitive Touch Tuning Operating Overview

The following flowchart explains the high-level operation sequence of a Capacitive Touch System and its
interaction with the various software components in the capacitive touch solution.

At a high level, the operational sequence is as follows:

1. You first use the capacitive touch tuning software project and the CTW for Synergy to generate the
capacitive touch CTSU configurations together with the touch thresholds and hysteresis.

2. Next, you copy the tuning result to the application project to perform touch detection using the SSP
Capacitive Touch Framework.

This application project focuses on the operation related to the CTW for Synergy using the Capacitive Touch
Tuning Software Projects. The operation with the application is described in other application projects. See
section 3.1 for the related touch detection application projects.
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[ Operations using the ISDE ]

[ Operations using the CTW for Synergy ]

Start FIRST STEP GUIDE

Select Tuning Project Directory and
Directory to hold the tuning result.

Select Self or Mutual Capacitance Mode

Create board layout and assign capacitive
touch channels

Run tuning. Follow GUI instructions to
tune the board

Offsetcurrent tuning
Threshold tuning
Generate the tuning result

Operations within the application project

Copy the tuning result to your project

On Pins Tab, Configure CTSU Pins and PCLKB

Use generated tuning result in your project

Figure 5. Capacitive Touch Operational Flow Chart
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3. Capacitive Touch Tuning with CTW for Synergy
3.1 Example Capacitive Touch Tuning Software Projects
In this application project there are several references to Capacitive Touch Tuning Software Projects.

Sample tuning projects for AE-CAP1, SK-S7G2 (v3.2 or later), DK-S124, and PK-S5D9 are included to use
with CTW for Synergy.

These sample projects can be used as start-up reference projects when creating a Capacitive Touch Tuning
Application Project for your own board:

e Capacitive Touch_Tuning_Projects_AE_CAPl.zip
e Capacitive Touch_Tuning_Projects_SK S7G2.zip
e Capacitive_Touch_Tuning_Projects DK _S124.zip
e Capacitive Touch_Tuning_Projects PK S5D9.zip

Following table lists the Capacitive Touch Tuning Projects included inside these zip files.

Table 2. Capacitive Touch Tuning Projects Included in this Application Project

Tuning Software Projects Project Description

Tuning_AE_CAP_S124 BWS e Tuning Project for system with AE-CAP1-S124 connected
with AE-CAP1-BWS board via USB
Tuning_AE_CAP_S124 BWS_UART | e Tuning Project for system with AE-CAP1-S124 connected
with AE-CAP1-BWS board via UART
Tuning_AE_CAP_S124 MT e Tuning Project for system with AE-CAP1-S124 connected
with AE-CAP1-MC board via USB
Tuning_AE_CAP_S124 MT_UART e Tuning Project for system with AE-CAP1-S124 connected
with AE-CAP1-MC board via UART
Tuning_AE_CAP_S124 ST e Tuning Project for system with AE-CAP1-S124 connected
with AE-CAP1-SC board via USB
Tuning_AE_CAP_S124 ST UART e Tuning Project for system with AE-CAP1-S124 connected
with AE-CAP1-SC board via UART

Tuning_AE_CAP_S3A7 BWS e Tuning Project for system with AE-CAP1-S3A7 connected
with AE-CAP1-BWS board

Tuning_AE_CAP_S3A7 MT e Tuning Project for system with AE-CAP1-S3A7 connected
with AE-CAP1-MC board

Tuning_AE_CAP_S3A7 ST e Tuning Project for system with AE-CAP1-S3A7 connected
with AE-CAP1-SC board

Tuning DK _S124 e Tuning Project for DK-S124

Tuning_SK_S7G2 e Tuning Project for SK-S7G2 (Version 3.2 and later)

Tuning_PK_S5D9 e Tuning Project for PK_S5D9

3.1.1 Importing the CTSU Tuning Project

The general tuning procedure is common to all hardware kits. This Application Note uses the Capacitive
Touch System for the AE-CAP1-S1 and AE-CAP1-BWS board as an example to explain the general
procedure. You can reference this procedure and the sensor layout information in section 5 to perform
Capacitive Touch Tuning for other kits.

See the following notes when importing the CTSU Tuning Project:

e See the Renesas Synergy™ Project Import Guide (r11an0023eu0121-synergy-ssp-import-guide.pdf),
included in this package, for instructions on importing the projects into e? studio (or IAR EW for Synergy)
and building/running the application.

e The included Capacitive_Touch_Tuning_Projects_AE_CAP1.zip file contains several tuning projects.
Tuning_AE_CAP1_S124 BWS is used as an example when describing the tuning steps.

Note: When working with all tuning projects, you need to follow the same steps.
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¢ To work with the AE-CAP1 Sample Projects in e? studio ISDE, the AE-CAP1 BSP files
Renesas.Synergy Board_s124 ae capl.1.7.0.pack and
Renesas.Synergy board_s3a7_ae _capl.1.7.0.pack (for 1.7.0 pack) need to be placed in the your e2
studio installation folder \<your e2_studio folder<\internal\projectgen\arm\Packs.

e To work with the AE-CAP1 Sample Projects in IAR Embedded Workbench, the AE-CAP1 BSP files need
to be placed in your IAR EW for Synergy SCC folder; \<your SSC
folder>\internal\projectgen\arm\Packs.

e Import Tuning AE_CAP1_S124 BWS (for USB connection) or Tuning_ AE_CAP1_S124 BWS_UART
(for UART connection) and set up the license file. Review the tuning project settings below before
proceeding to the tuning steps.

3.1.2 Configurations of the Capacitive Touch Tuning Project

Reviewing the Synergy configuration of the Tuning_ AE_CAP1_S124 BWS helps us understand the various
configuration properties that a capacitive touch tuning project needs to setup.

In case of error in your tuning process, following are some of the aspects you need to take care of from the
software side:

1. Open the Synergy Configuration view. You can do this by double-clicking the configuration.xml file in
the Project Explorer pane and changing the perspective to Synergy Configuration.

2. Inthe Synergy Configuration view, select the Pins tab and expand the peripherals entry to select
CTSU. Observe the CTSU pins that are used for Capacitive Touch in your project. You will notice that all
the following 28 capacitive touch pins that are assigned as capacitive touch sensing pins on the
AE-CAP1-S1 board are enabled. See the hardware schematic to understand the hardware pins used in
the AE-CAP1-BWS board. Although the AE-CAP1-BWS board only uses 20 out of the 28 capacitive
touch pins, it is alright to have all the touch sensing pins enabled in the tuning project. The tuning layout
determines the group of pins that will be tuned.

Table 3. Hardware configuration with AE-CAP1-S1 and AE-CAP1-BWS

S124 Pin name Function

TSCAP CTSU power stabilization
TS00-TS02, TS04-TS09, TS12-TS28, TS30-TS31 Capacitive touch sensing
TS03, TS10, TS11 are assigned other functionalities See schematic

TS29 not functioning See hardware user manual

3. Select the Clocks tab to confirm the clocks, including the PCLKB, are identical to the eventual user
application project where the results of this tuning procedure are used. For the Tuning_AE_CAP1_S124
_BWS tuning project, the PCLKB is set to 24 MHz.

In the Synergy Configuration view, select the Threads tab.
Then select the CTSU Tuning Thread.

On the right, under CTSU Tuning Thread Stacks, select g_ctsu CTSU driver on r_ctsu. Confirm that
the CTSU driver has the same configuration as in Figure 3.

7. Inthe Properties window, confirm that the Maximum Active Channels is set to 20.

Note: In Self-Capacitance Mode, the Maximum Active Channels is the number of channels used. In
Mutual-Capacitance Mode, this value is the maximum number of channel combinations. For
example, in Mutual-Capacitance Mode there are three (3) receive channels and four (4) transmit
channels, and the Maximum Active Channels entry would be 12.

8. Under the CTSU Tuning Thread Stacks, select CTSU Tuning on r_ctsu.

In the Properties window, confirm that Self-Capacitance Mode is selected for the AE-CAP1-BWS board
tuning. Leave the other as shown in Figure 2.
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3.2 Start the CTW for Synergy
1. Openthe CTW for Synergy. Click START as shown in Figure 6.

& Capacitive Touch Workbench for Renesas Synergy "[t’—‘ﬁ

Connection View Capacitive touch Tools Window Help

YRE= R Max - ol o) of &

~Navigator |

CAPACITIVE TOUCH WORKBENCH
for Renesas Synergy™

TUNING ADJUSTMENT DOCUMENT
WINDOW GUIDE MANAGER

ol

%5 Not connected < Log stop | & Stop

Figure 6. Start FIRST STEP GUIDE

2. Click Next as shown in Figure 7.

@ First step guide *

RENESAS

Welcome to Renesas Capacitive Touch solution

CAPACITIVE TOUCH WURK%‘ENCH Welcome Tuning wizard for Synergy Microcontollers
for Renesas Synergy
This wizard will guide you through the process of generating complete configurations

for use with Synergy Capacitive Touch driver and frameworks.

The steps of this wizard are:

. Pick input and output directories

. Select CTSU operation mode

. Draw board layout

. Select resistance

. Build, download, and run tuning project on MCU farget board
. Measure parasitic capacitance

. Offset current tuning

. Sensitivity tuning

. Deploy results

000~ N = P —

I—) Next Iz‘a Cancel

Figure 7. Major steps in tuning with CTW for Synergy

3. Under Application Project Directory in Figure 8, browse to the root directory of the application project if
you have created one. After the tuning is complete, the application creates the captouch_configs folder
in the \src directory of the application project. This folder stores the tuning results that your application
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uses to detect the capacitive touch. You can also save the files generated by the project to an existing

folder on your computer (for example C:\workspace\MyCTSUApplication as shown in the following

figure), and then later copy the generated folder to your application project’s \src folder.
4. Under the Tuning Project Directory shown in the following figure, browse to the directory where the

e? studio tuning project is located. Then click Next. The application reads configuration items like PCLKB

speed and configured touch sensor information from the tuning project.

& First step guide

]

Select the directory to save the project files

CAPACITIVE TOUCH WORKBENCH
for Renesas Synergy™

Application Project Directory
C:\workspace\MyCTSUApplication -

The configuration generated by the tuning process will be deployed to this

project/iocation Browse...
Tuning Project Directory
C:workspace\Tuning_AE_CAP_S124_BWS ¥
MCU information such as clock speeds and pin will be

imported from this project, Bt'owse. a
Preliminary parameters will be deployed here to facilitate the tuning process

Figure 8. Select Tuning Project and Application Project Directories

5. Select the Self capacitance method shown in the following figure and click Next.

& Furst step guide

Select CTSU operation mode

CAPACITIVE TOUCH WORKBENCH

+ Self capacitance method

Mutual capacitance method

Next > Cancel

b

Figure 9. Select the CTSU operation mode

The capacitance method selected here should match the configuration in section 3.1.2, step 8.
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6. Create the layout for your board by using the widgets on the right-hand pane in the following figure. You
can add buttons, sliders and wheels using this pane as illustrated.
— To specify the CTSU channels used by each button, right-click the widget and select Channel as
shown in the following figure. Follow the same procedure to create all three buttons.

Create layout for Capacitive Touch board
- g = Widgets
Right click on the button
. Touch button
m (SH:‘fr;maI) |
Channed Release Shoer |
{Verncal
TS00 -
S 1Y 28 [ e
rsos i
el
e Click on a widget
1512 above then chck
813 an the grid 1o add i
1514 tothe
Right-Chck on 3
T515 widget bo a35ign
1516 i SES1nGS of
remave A from the
517 layout. Chick and
518 drag o repasiion
519
1520
™R Save Layout
22
523
TSM
Quit < Bact 1 B Next ®  Cancel
a7
50
1531

Figure 10. Add Button to the layout

Note: In Self-Capacitance mode, only a single channel needs to be specified. In Mutual-Capacitance
mode, specify both transmit and receive channels.
There is a Save Layout button on the right corner of this window. Once all the touch sensors are
assigned, you can save this layout for future tuning sessions. See the CTW for Synergy User’s
Manual to understand the usage of the Save Layout button.

— To configure the slider and wheel, right-click on the object. Select Setup. Change the number of
channels used on your board to specify the channels used as shown in the following graphic.

Create layout for Capacitive Touch board
—= — Change to 8 for the .~
| Ll 5
' second wheel =
B oucn outa
I-\o\lr\eei satup x Saver
{Honzontal)
Nurnber af channels 4 -
Shoar
I {vermcai)
Redease all channets
Whel TS0 Release_v] ;E ki
Whes! TS1 el
Wheel TS2 1a00
TS04
Whes! T53 TE05
T506
507
TS0E Chck on a widget
T8 abowe then click
S12 on the grid to add it
1513 0 the layout.
T514 Right-click on a
1845 Widgetto assign
T516 pin settings
517 rermave & froem the
= _ Ism8 layout. Click and
Lok | '{:‘3 draag o repasiion
S— [
Jf;zg- Save Layoul
TS24
TS5 |
527
TSH
1530
Quit € Bacrsit | > Next lm Cancel

Figure 11. Add Wheel and Slider to the layout
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Note: When configuring the slider and wheel on the AE-CAP1-BWS board, the sequence of channels
assigned must match the hardware layout of the board.

— To get the slider channel order displayed, channels were added in this order: TS05, TS04, TS01,
TS00, and TS02.

— To get the 4-sensor wheel (Wheel 0) channel order displayed, channels were added in this order:
TS24, TS20, TS27, and TS30 clockwise.

— To get the 8-sensor wheel (Wheel 1) channel order displayed, channels were added in this order:
TS22, TS19, TS18, TS17, TS8, TS28, TS31, and TS25 clockwise.

— To change the slider and wheel orientation, right-click the widget to change the orientation.

¢ In case of the slider, the arrows point to the channel that generates the highest coordinate values in the
callback during its operation. Only Self-Capacitance mode is currently supported for sliders and wheels.

e The following graphic shows the finished AE-CAP1-BWS board layout when controlled by AE-CAP1-S1
MCU board. Click Next.

e it sep g R P
Create layout for Cap Touch board

T519 T518

T520 RSt
-
T527 LS
T531 1528

TS24

| T30

817 a Weinel T

TS08

on the grid to add it
o the layout
Right-chck on a
widdged to ssagn
PN SeRtings of
remove it from the
tayout. Click and
«drag to reposdion

éave uywl-

Quit -e Back I—) Next Iw Cancel M

Figure 12. AE-CAP1-BWS Tuning Layout
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7. The following graphic shows the default aggregate resistance values for each configured channel. The
default values are recommended for all designs. The value should be adjusted by you depending on
noise environment of the application.

& First step guide ﬁ:H
Select resistance from the electrode to TSn pin
Set all TSn pins to: 560 a0 0)

TS00:  |560 - TS22. 560 -0

TS01:  |560 -l a TS23: 560 -0

TS02: (560 -l a TS24: 560 -l 0

TS04:  |560 -l o TS25: 560 - a

TS05: 560 -l 0 TS27: 560 -INg

TS06: 560 - 0 TS28: 560 - 0

TSO07:  |560 -l a TS30: 560 =150

TS08: 560 | 0 TS31: 560 - 0

TS17:  [560 =

TS18; 560 = 0

TS19: 560 -0

TS20: 560 b [ 2

Quit -(— Back I—) Next It‘a Cancel

Figure 13. Select resistance from the electrode to TSn pin

When you reach the following screen, the application has internally generated the placeholder arrays and
other structures required for this configuration.

Note: Do not click Next. Go to section 3.3.2 to connect your PC to the target MCU via USB. The beginning
of section 3.4 instructs you on how to come back to this screen to continue the tuning process.

G First step guice

=1

Target board startup

CAPACITIVE TOUCH WORKBENCH
Tor Renesas Synergy ™

To complete the tuning process follow these instructions:

1. The wizard has generated the required files in src/captouch_configs directory of your
tuning project

2. Build and download the tuning project firmware to target MCU

3. Reset/run MCU

4. Connect your PC to target MCU via USB (not the debugging port)

If these instructions are not completed
tuning process cannot continue

Figure 14. Target board startup
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3.3 Running the CTSU Tuning Project
3.3.1 Powering up the AE-CAP1-S1 and AE-CAP1-BWS Board
At this point, run the CTSU tuning project. First set up the AE-CAP1-S1 and AE-CAP1-BWS boards:

1. SetJ2 on AE-CAP1-S1 to 5V USB.

2. Connect the AE-CAP1-S1 and AE-CAP1-BWS board together.

3. Connect J8 and J10 on the AE-CAP1-S1 board to the PC through USB cables.
4. Ensure that J4 on AE-CAP1-S1 board is open.

Special Note on connecting the UART tuning with AE-CAP1-S124:

e To use the UART tuning program, Tuning_AE_CAP1_S124 BWS_UART, you need to solder a pin
header on J9 and connect a USB to Serial cable as shown in the following figure.

AE-CAP1-BWS

AE-CAP1-5124

USB for power

USB for ILink

T
USB Serial cable

Figure 15. Hardware setup for AE-CAP1-S1 and AE-CAP1-BWS

Following are the details on the UART pin connection. Remove jumpers from J5 (leave J5 open). The UART
pins are shared with the panel board I12C-led control pins. Also, this hardware setup is required for tuning the
AE-CAP1 kit with AE-CAP1-S124 and the AE-CAP1-MC or AE-CAP1-SC systems.

Table 4. UART Pin Connection

Pins on J9 (AE-CAP1-S1) Serial to USB converter
Pin 2 (P1_10/EXD9/SCL9) TXD
Pin 3 (P1_9/TXD9/SDA9) RXD
Pin 8 (GND) GND

o '—(ENESAS(gCy)nerg ""L

a3 AE-CAP1-51vi.1 =t
o

@
=]

<8
= x
= =
S =
- &

Figure 16. Example Connection
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5. Build the Synergy Tuning Project.
Connect to the debugger, then download and run the project.
7. If you are running the Tuning_AE-CAP1_S124 BWS, go to section 3.3.2 to ensure the USB CDC
device enumeration is working properly on the PC.
8. Skip this section when tuning with S124 UART port (Tuning_AE_CAP1_S124 BWS_UART).
A. USB Serial Device (COMx) to enumerate with the serial-to-USB converter on both Windows 7 and
Windows 10.
B. Tuning_AE_CAP1 S124 BWS_UART project configures the UART baud rate to 38,400 (this baud
rate is for UART tuning only. Tuning with USB can use any of the available baud rate). This rate is a
requirement from CTW for Synergy.

o

3.3.2 Install USB CDC Driver on Windows

The Tuning_AE_CAP1_S124 BWS software uses the USB to communicate with CTW for Synergy. To work
with Windows 10, there is no need to install a USB driver. USB Serial Device enumeration happens with
sample projects shown in the following figure.

W ﬁ Ports (COM 8 LPT)
ﬁ Intel(R) Active Management Technology - SOL (COM3)
ﬁ USE Senal Device (COME)

Figure 17. Enumeration of USB CDC COM port on Windows 10

To work with Windows 7, you need to install the USB CDC/ACM device driver. The USB driver is attached
with this application project (Windows_USB_serial_driver.zip). Unzip it to the folder
\Windows USB_serial _driver.

1. Upon downloading and running the application, the CDC/ACM device displays in the Device Manager of
your PC under the Universal Serial Bus Controller group as UNKNOWN DEVICE.

2. Right-click this device and select Update Driver Software.

3. When prompted for the location of the drivers, browse to the location you created previously
\Windows_ USB_serial_driver.

4. Once the driver is updated, a new COM device shows up in the Device Manager as shown in the
following figure.

4 *F Ports (COM & LPT)

Figure 18. Enumeration of USB CDC COM port on Windows 7
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3.4 Continue and Finish Tuning with CTW for Synergy

Once the USB CDC COM port is properly recognized by Windows 10, return to the CTW for Synergy and
continue from where you left in section 3.2, step 8. Click Next in Figure 14 to connect to the GUI.

1. Click Next (as shown in Figure 19) to start parasitic capacitance measurement.

& First step guide . &

Parasitic capacitance measurement

CAPACITIVE TOUCH WORKBENCH
for Renesas Synergy™

Press [Next] to start the parasitic capacitance measurement.
Do not touch the board while parasitic capacitance
measurement is running.

I‘} Next Iats Cancel

Figure 19. Parasitic Capacitance Measurement

This step does not require your intervention. Do not touch the sensors during this process.

o e gue . Sidncd rassstancs from the alectrode 1o TSa oen .
Result of parasitic capacitance measurement
TS00 - TS31 |
Retry Retry Retry
TS00 10 pF TS18 10 pF TS30 15 pF
TS01 10 pF TS19 10 pF TS31 15 pF
TS02 10 pF TS20 10 pF
TS 10 pf TS22 10 pF
TS05 10 pF 1523 10 pF
TS06 10 pF TS24 10 pF
TS0T 10 pF TS25 10 pF
TS08 15 pF TS27 15pF
1817 10 pF TS28 15 pF
If you believe any of these pins may have been incorrectly measured, check it then click [retry] Retry i
Quit -(— Back I-) Next I»x Cancel i

Figure 20. Result of Parasitic Capacitance Measurement
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2. Click Next as shown in Figure 21 to start Offset current tuning.

This step does not require your intervention and takes a few minutes to complete, depending on the

number of channels being tuned. Do not touch the sensors during this process.

& First step quide -

-

Now measuring - Offset current tuning

CAPACITIVE TOUCH WORKBENCH

for Renesas Synergy™

Checking Offset current on your target board : TS19 (11/20)

Sensor counter: 26754 Reference counter:

;‘ Do not touch any electrodes while
Workbench completes the tuning.

Figure 21. Offset Current Tuning

The Offset tuning results show the chosen drive frequency for each channel.

| @ First step guide. . -

| Result - Offset current tuning

TS00- 1531 |

| Sensor Drive Puisa Sensor Drive Pulse Sensar Drive Pulse
[ Frequency Frequancy Frequency
| TS00 : 4,000 MHz T518: 2.000 MHz TS30: 2.000 MHz
I TS01 : 4,000 MHz 7519 2.000 MHz TS31: 2.000 MHz
TS02 4,000 MHz TS20: 2,000 MHz
| TS04 : 4,000 MHz TS22 2,000 MHz
I TS05 : 4,000 MHz TS23: 4.000 MHz
| TS06 : 4,000 MHz 1524 : 2.000 MHz
TS07 : 4,000 MHz TS25: 2,000 MHz
TS08 : 2.000 MHz TS27 © 2.000 MHz
TS1T: 2.000 MHz 1528 . 2.000 MHz

Figure 22. Result - Offset Current Tuning

If the Sensor counter and Reference counter values remain 0 during this step, and the progress bar is
moving, then the USB connection was not successful. You are advised to confirm the USB enumeration
and restart the tuning process before continuing to the next step. See the document, Communication

Framework on USB CDC Module Guide, to resolve USB communication-related issues.
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3. Click Next as shown in the following figure to start Sensitivity Tuning.

& First step guide

o

Sensitivity tuning

CAPACITIVE TOUCH WORKBEMCH
Tor Remesas Synergy™

Press [Next] to start the sensitivity tuning.

Back . Next B4

Cancel

Figure 23. Sensitivity Tuning

4. The following steps require your intervention. See section 5.1.1 to match the button TS numbers to the

buttons on AE-CAP1-BWS.
For button sensitivity tuning shown in the following figure, these actions below are

required.

A. When prompted, apply maximal touch. This entails covering the entire sensor pad to the specified

sensor. Press Y on the PC while touching the button.

B. Apply normal touch three times. This means covering the sensor by 70% to 80% of the sensor area.
Press Y on the PC each time while touching the button. Depending on the noise level in the

application environment, the definition of normal press may differ in your appli
expected pressing method for the sensor touch detection in a real application.

cation. This is the

& First step guide - - gg
Sensitivity tuning
Load the maximum capacitance using a grounded metal object or your finger and press
the "Y" key on your keyboard.
Target: TS06 (1/3) Touch count: 1 Sensor counter: 16029
Quit -(— Back > b Cancel

Figure 24. Sensitivity Tuning for Buttons
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Repeat the sensitivity tuning process for all the buttons. The sensor count should increase with
self-capacitive buttons upon pressing, compared with the released state. Note that for mutual
capacitive touch buttons, the sensor count should decrease with mutual-capacitive touch button upon
pressing compared with released state.
5. The slider and wheel Sensitivity Tuning instructions require you to slide a finger over the slider/wheel a
few times when prompted by the GUI as shown in the following figure. You do not need to hold the touch
when pressing the Y key for slider and wheel sensitivity tuning.

e — —
Sensitivity tuning
Move slider (Slider00). Move your finger back and forth on it 3 to 4 times. After that
Sensor counter: 15465
X |

[& s ouee | Snlinet ragisiancs from the alectrods 1o TSn nin
Sensitivity tuning

Spin the wheel (Wheel00). Move your finger around the wheel 3 to 4 times. After that
press "Y" key on your keyboard to finish.
Sensor counter: 15415

1S19___TS18
TS24 TS20 :
1522 517
T ! wor ¢
s = " e
TSI 1528

= 1500 S02

TS08 TS04 TS01 T

Quit -<- Back I—‘r lext I»:s Cancel i

Figure 25. Sensitivity Tuning for Slider and Wheels

Once the tuning process completes, a graphical display for each channel shows capacitances in the
touched and untouched state. The display also shows the threshold at which a touch is detected. These
thresholds can be manually edited later if the thresholds are not satisfactory. For example, you might
want a tighter threshold, knowing there is considerable RF noise in the application environment. In this
case, you will want to increase the threshold to avoid noises being identified as touch.
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& First step guide - — ﬁ “ gﬂ
Result of sensitivity tuning
Sensor counter value{without the sum number of the measurement)
TS00 - TS20 1522 - T531
- s anc an lad Capacasics vake Iic e Bnach Boseirw capoctance valm —— od bouch det moid
300 A
2500 —
2000
150C
1000
i 0 -
[ S 50 502 S 306 TS07 508 5 TS18 ] 20
I
TS00 - TS20 | TS22- TS31
TS00 TS02 TS05 TS07 1517 1519
Retry
TS0 TS04 TS06 TS08 1518 T520
Back =h Next > Cancel
— -

Figure 26. Result of Sensitivity Tuning for Buttons

For slider tuning results, no data is shown for the individual sensor element.

6. To view the slider tuning results, change the pull-down option from Sensor Counter Value to Slider/Wheel
threshold to view the generated threshold values as shown in the following figure.
You can redo the sensitivity tuning for selected channels using the Retry option on the same screen such
as in a case where you consider a certain channel’s threshold to be too low or too high.

G First s1ep guice = | " ﬁ “ [ x]
Result of sensitivity tuning
Il Slider / Wheel threshold -
Threshold of touch Threshold of touch

U | Slider00 : 2827 Wheel00 : 2368
WheelD1 : 1928

[

|

TS00 - TS20 | TS22- TS)
I Retry TS00 TS02 TS05 TS07 TS17 1519

101 TS504 1306

T508

518 1520

I'z' Cancel

Figure 27. Result of sensitivity tuning for slider/wheel threshold

7. The application generates the captouch_configs folder with the tuned configuration for all the
widgets selected and copies them to the application directory that was initially specified.

8. Click Next, then click Finish to complete Sensitivity Tuning.

The generated tuning files can now be used in the application project.
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3.5 Monitoring the CTSU Operation after Tuning

Once the basic tuning is complete, and before stopping the debugger, it is possible to view the sensor count
values for each sensor in the GUI, for both the touched and untouched states.

After tuning is complete, use the following steps to monitor the CTSU operation:

1. Click Connection and choose Serial Port Connection.
e For tuning through UART on Windows 7 and Windows 10, the UART baud rate in the tuning software
project needs to use 38,400. The CTW for Synergy automatically connects with the USB Serial Device
COM port without.
e For tuning through USB on Windows 7 and Windows 10, the system supports all the available baud
rate settings.
2. The connection is established when the status changes to Connected at the bottom left.
Once the status changes, select Capacitive Touch > Start Monitor to begin monitoring CTSU data.
4. Click Capacitive Touch > Status Monitor to bring up each configured sensor channel one-at-a-time.
You can also right-click the display to change the channel being monitored.
5. Touch one of the monitored channels to see the change in data.

w

Note: The slider window and wheel window are not active when activating the monitor window after tuning
before system power is recycled.

4. Using the Tuning Results in Capacitive Touch Applications

To create a functioning Capacitive Touch System, you will need to create the Touch Detection Application
and use the tuning result for touch detection.

4.1 Sample Capacitive Touch Applications

There is a group of sample application projects with configurations identical to the AE-CAP1 and DK-S124
tuning projects provided in this application project. You are advised to use the tuning projects provided in this
application project with this group of application projects. See the projects for details on the tuning result and
the touch application configuration.

Use the software application projects in Self-Capacitive Touch Software Application Design with Synergy
S124 and S3A7 MCUs alongside the tuning projects shown in the following table.

Table 5. Matching Self-capacitive Tuning and Application Projects

Tuning Projects Application Projects

Tuning_AE_CAP1_S124 BWS and
Tuning AE_CAP1_S124 BWS_UART

AE_CAP1_S124 BWS_App and
AE_CAP1 _S124 BWS App UART

Tuning_AE_CAP1_S124 ST and
Tuning_ AE_CAP1_S124 ST _UART

AE_CAP1_S124 ST App and
AE_CAP1 S124 ST App UART

Tuning_AE_CAP1_S3A7 ST AE_CAP1_S3A7_ST App
Tuning_AE_CAP1_S3A7_BWS AE_CAP1_S3A7_BWS_App

Note: For S124, either the USB or the UART tuning projects can generate tuning results for either of the
corresponding S124 application project. For example, the tuning result from
Tuning_AE_CAP1_S124 BWS can be used in AE_CAP1_S124 BWS_App or
AE_CAP1 S124 BWS App_UART. Refer to the Self-Capacitive Touch Software Application Design
with Synergy S124 and S3A7 MCUs to understand how to establish and configure the self-capacitive
touch application projects.

Use the software application projects in Mutual-Capacitive Touch Software Application Design with Synergy
S124 and S3A7 MCUs with the tuning projects as shown in the following table.

Table 6. Matching Mutual Capacitive Tuning and Application Projects

Tuning Projects
Tuning_AE_CAP1_S124 MT and
Tuning_ AE_CAP1_S124 MT_UART
Tuning_AE_CAP1_S3A7_MT

Application Projects
AE_CAP1_S124 MT_App and
AE_CAP1 S124 MT_App_ UART
AE_CAP1_S3A7_MT_App
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Note: For S124, either the USB or the UART tuning projects can generate tuning result for either of the
corresponding S124 application project. For example, the tuning result from
Tuning_A CAP1_S124 MT can be used in AE_CAP1_S124 MT_App or
AE_CAP1_S124 MT_App_UART.

Use the software application project in CTSU Button Slider on DK-S124 to exercise the tuning result from
Tuning_DK_S124.

4.2 General Steps to Import the Tuning Result to an Application Project

This section provides information on importing the tuning result to an application project. You are advised to
use the sample application project in conjunction with the tuning results provided in section 3.1.

To import the tuning result in to an application project, use the following steps:

1. Inthe application project, configure the PCLKB clock to be identical to the corresponding tuning project.
2. Add the Button, Slider, Touch framework and the CTST HAL driver as described in the self-capacitive
and mutual capacitive touch application projects. Ensure the CTST configuration used property entry is
set for the CTSU HAL driver is defined below:
A. Mutual Capacitance Mode, set the driver to g_ctsu_config_mutual.
B. In Self Capacitance Mode, set the driver to g_ctsu_config_self.
Following is a list of Synergy Module Guides and Application Projects that describe how to bring in
the capacitive touch frameworks as well as the configurations on the CTSU HAL driver:
a. Capacitive Touch Button Framework Module Guide
b. Capacitive Touch Slider Framework Module Guide
c. Self-Capacitive Touch Software Application Design with Synergy S124 and S3A7 MCUs
d. Mutual Capacitive Touch Software Application Design with Synergy S124 and S3A7 MCUs
3. The button and slider/wheel modules have default callback function names:
g_button_framework user_callback and g_slider_framework_user_callback.
4. You must define these callback functions in their application.
5. You are now ready to build your application project. Use these steps as general guideline in creating a
capacitive touch application project and always reference the sample software application project to
understand the detailed operation.

5. Sensor Layout Summary

You need to create a layout for the sensor board including all the capacitive touch components and CTSU
channels used for each widget. This section provides all the sensor layouts and corresponding CTSU
channel numbers for the development kits that we have provided for sample tuning projects.

5.1 Capacitive Touch Sensor layout on AE-CAP1

The following table represents the physical layout on the AE-CAPL1 kit. For more details on the related PCB
hardware, refer to the individual hardware user manuals. For the entries in each table, the notation before “/
is the silk screen printing on the BWS board.

5.1.1 AE-CAP1-S1 and AE-CAP1-BWS Touch Sensor Layout

The following sensor layout (with corresponding AE-CAP1-BWS silk screen marking) applies to
Tuning_AE_CAP1_S124 BWS and Tuning_AE_CAP1_S124 BWS_UART.

Table 7. AE-CAP1-S1 and AE-CAP1-BWS System Sensor Layout

W-11/TS18
W-12/TS19 W-4/TS20 W-10/TS17
W-5/TS22 W-1/TS24 W-0/TS23 W-3/TS27 W-9/TS8
W-6/TS25 W-2/TS30 W-8/TS28
W-7/TS31
BO/TS6 B1/TS7
S-0/TS5 S-1/TS4 S-2/TS1 S-3/TSO S-4/TS2

Clockwise, the inner wheel consists of W-1/TS24, W-4/TS20, W-3/TS27 and W-2/TS30.
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Clockwise, the outer wheel consists of W-5/TS22, W-12/TS19, W-11/TS18, W-10/TS17, W-9/TS8, W-
8/TS28, W-7/TS31, W-6/TS25.

5.1.2 AE-CAP1-S3 and AE-CAP1-BWS Touch Sensor Layout
The following sensor layout (with corresponding AE-CAP1-BWS silk screen marking) applies to

Tuning_AE_CAP1_S3A7_BWS.
Table 8. AE-CAP1-S3 and AE-CAP1-BWS System Sensor Layout

W-11/TS1
W-12/TS4 W-4/TS5 W-10/TSO
W-5/TS8 W-1/TS10 W-0/TS11 W-3/TS32 W-9/TS21
W-6/TS13 W-2/TS12 W-8/TS35
W-7/TS34
BO/TS31 B1/TS30
S-0/TS27 S-1/TS29 S-2/TS22 S-3/TS26 S-4/TS20

Clockwise, the inner wheel consists of W-1/TS10, W-4/TS5, W-3/TS32 and W-2/TS12.

Clockwise, the outer wheel consists of W-5/TS8, W-12/TS4, W-11/TS1, W-10/TS0, W-9/TS21, W-8/TS35,
W-7/TS34, W-6/TS13.

5.1.3 AE-CAP1-S1 and AE-CAP1-SC Touch Sensor Layout

The following sensor layout (with corresponding AE-CAP1-SC silk screen marking) applies to
Tuning_AE_CAP1_S124 ST and Tuning_AE_CAP1_S124 ST _UART.

Table 9. AE-CAP1-S1 and AE-CAP1-SC System Sensor Layout

ST29/TS17 ST28/TS18 ST27/TS19 ST26/TS20 ST25/N.C. ST24/N.C.
ST23/TS21 ST22/TS22 ST21/TS23 ST20/TS24 ST19/TS25 ST18/TS30
ST17/TS31 ST16/TS28 ST15/TS27 ST14/TS26 ST13/TS16 ST12/TS15
ST11/TS14 ST10/TS13 ST9/TS12 ST8/TS9 ST7/TS8 ST6/TS2
ST5/TSO ST4/TS1 ST3/TS4 ST2/TS5 ST1/TS6 STO/TS7

5.1.4 AE-CAP1-S3 and AE-CAP1-SC Touch Sensor Layout

The following sensor layout (with corresponding AE-CAP1-SC silk screen marking) applies to
Tuning_ AE_CAP1_S3A7_MT.

Table 10. AE-CAP1-S3 and AE-CAP1-SC System Sensor Layout

ST29/TSO ST28/TS1 ST27/TS4 ST26/TS5 ST25/TS7 ST24/TS6
ST23/TS9 ST22/TS8 ST21/TS11 ST20/TS10 ST19/TS13 ST18/TS12
ST17/TS34 ST16/TS35 ST15/TS32 ST14/TS33 ST13/TS15 ST12/TS14
ST11/TS17 ST10/TS16 ST9/TS19 ST8/TS18 ST7/TS21 ST6/TS20
ST5/TS26 ST4/TS22 ST3/TS29 ST2/TS27 ST1/TS31 STO/TS30

5.1.5 AE-CAP1-S1 and AE-CAP1-MC
The following sensor layout (with corresponding AE-CAP1-MC silk screen marking) applies to
Tuning_AE_CAP1_S124 MT and Tuning_AE_CAP1_S124 MT_UART.

Note: To configure the CTW for Synergy sensor layout, see section 5.1.6 covering AE-CAP1-S3A7 and
AE-CAP1-MC sensor tuning methods.
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Table 11. AE-CAP1-S1 and AE-CAP1-MC System Sensor layout

MT19/TS0/TS20 MT18/TSO/TS19 MT17/TSO/TS18 MT16/TSO/TS17
MT15/TS2/TS20 MT14/TS2/TS19 MT13/TS2/TS18 MT12/TS2/TS17
MT11/TS8/TS20 MT10/TS8/TS19 MT9/TS8/TS18 MT8/TS8/TS17
MT7/TS9/TS20 MT6/TS9/TS19 MT5/TS9/TS18 MT4/TS9/TS17
MT3/TS12/TS20 MT2/TS12/TS19 MT1/TS12/TS18 MTO/TS12/TS17

5.1.6 AE-CAP1-S3A7 and AE-CAP1-MC

The following sensor layout (with corresponding AE-CAP1-MC silk screen marking) applies to
Tuning_ AE_CAP1_S3A7_MT.

1. Select Mutual capacitance method as seen in the following screen:

Self capacitance method

7 Mutual capacitance method

2. In the sensor layout canvas, select Matrix.
3. Assign TS0, TS1, TS4, TS5 as Receive channels and TS26, TS20, TS21, TS18 and TS19 as Transmit

channels.

Matrix setup |£|
s00: [Rx  ~J| Tsotf[Re <]l tsoa|[Re  ~] Tsos [Rx ]
Ts06: [Disable  v| TS07 [Disable ~|  TS0E [Disale  ~| TS0 [Disavle )
T510: [Disale  =| TS11: [Disale ~|  TS12 [Disavle  ~| 7513 [Disavle |
Ts14: [Disale | TS15 [Disable ~|  TS16: [Disale  ~| TS17: [Disable <]
818 [k ~|| st [m 1520: | [Tx - Tser|(m -]
T522: |Disable S TS26: | |Tx TS27. |Disable - T529: |Disable T
T530: |Disable 5 TS31. |Disable = 1532 |Disable - TS33. |Disable T
Tsa4: [Disable | TS35 [Disable -]

[ OK l [ Cancel |

4. When the sensitivity tuning starts, the button to be tuned will be shown in a blinking red box. Then, find
the Receive channel and the Transmit channel from the layout. For example, for button Mtx00, the
Receive channel is TS00 and the Transmit channel is TS18.
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Load the maximum capacitance using a grounded metal object or your finger
and press the "Y" key on your keyboard.

Target: Mitx00-00 (1/20) Touch count: 1

Sensor counter: 9164

Next, find the matching Receive and Transmit channel from Table 12 to find which button to press on the
panel board. From the following table, you can see that button MT4 has the matching Receive channel
(TS00) and Transmit channel (TS18). Therefore, during the tuning process, you can press MT4 on the
panel board to perform the tuning for Mtx00. When MT4 is pressed, the Sensor counter will drop.

Table 12. AE-CAP1-S3 and AE-CAP1-MC System Sensor Layout

MT19/TS26/TS5 MT18/TS26/TS4 MT17/TS26/TS1 MT16/TS26/TSO
MT15/TS20/TS5 MT14/TS20/TS4 MT13/TS20/TS1 MT12/TS20/TSO
MT11/TS21/TS5 MT10/TS21/TS4 MT9/TS21/TS1 MT8/TS21/TSO
MT7/TS18/TS5 MT6/TS18/TS4 MT5/TS18/TS1 MT4/TS18/TSO
MT3/TS19/TS5 MT2/TS19/TS4 MT1/TS19/TS1 MTO/TS19/TSO

5.2 Capacitive Touch Sensor Layout on SK-S7G2 (v3.2 and later)

The following sensor layout (with corresponding SK-S7G2 silk screen marking) applies to Tuning_SK_S7G2.

Table 13. SK-S7G2 Touch Sensor layout

Button 1/TS01

Button 2/TS00

TS02 TS04

TS05 TS10

TS11

5.3 Capacitive Touch Sensor layout on DK-S124

The following sensor layout (with corresponding DK-S124 silk screen marking) applies to Tuning_DK_S124.

Table 14. DK_S124 Touch Sensor layout

Button 1/TS30

Button 2/TS09

TS31 TS28

TS27 TS02

TS08

5.4 Capacitive Touch Sensor layout on PK-S5D9

The following sensor layout applies to both Windows 10 and Windows 7 tuning projects (Tuning_PK_S5D9

and Tuning_PK_S5D9 Windows7).
Table 15. PK-S5D9 Touch Sensor layout

Button 1/TS01

Button 2/TS00

TS02 TS04

TS05 TS10

TS11
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6. Creating a Capacitive Touch Tuning Project for a Custom PCB Board
Use the following guidelines to create a new Capacitive Touch Tuning Project:

e Ensure that your hardware system design followed the application note Capacitive Touch Hardware
Design and Layout Guide (see reference section).

e Ensure that a functioning BSP pack file exists for the Capacitive Touch System that you will need to tune.
This BSP file should have the needed capacitive touch TS pin and TSCAP pin configured.

o Take one of the sample Capacitive Touch Tuning Projects attached with this application project as a
reference. It is recommended to use the sample Capacitive Touch Tuning Projects from the same MCU
family and the same capacitive touch type to start the development. For example, to create a mutual
Capacitive Touch Tuning Project for S3A3, you will want to start with the mutual Capacitive Touch Tuning
Project for S3A7 that is included in this application project.

e Import the reference Capacitive Touch Tuning Project to your development workspace.

e Open the Synergy configurator and switch the BSP package to the BSP for the intended new Capacitive
Touch System.

e Review the CTSU pin configuration to ensure that all needed CTSU pins are configured. This should be
taken care of in the BSP generation process. If any pins are missing or there is misconfiguration on the
TSCAP, the BSP package needs to be regenerated.

¢ From the Synergy configurator, navigate to the Thread tab and open the Property window for the CTSU
driver.

— Adjust the Max active channels to the maximum capacitive touch channel in your system. Notice
that your system may not use all the touch sensor configured under the CTSU peripheral if your
system has multiple capacitive touch sensor boards but you are using one BSP file for all of them.

— Adjust any of the other configurable parameters under the Common section as needed. For example,
you may want to consider adjusting the Startup drift compensation rate if you want a faster drift
compensation than 4 seconds as used by these sample tuning projects.

& K] CTSU Tuning Thread Stacks

i:‘

L2 g_ctsu0 CTSU Driver
ng Thread Objects =] on r_ctsu

mmon -
1 (]

SP|Clocks Pins | Threads | Messaging | ICU | Components
[ Properties &2

TSU Driver on r ctsu

Property Value

4 Common
Parameter Checking Enable Enabled
Offset Adjustment Enabled
Drift Compensation Enabled

Drift Compensation Methad (Valid only if Drift Compensation is enabled abaove Alternate method 1
Steady state drift compensation rate, drift compensation will be applied per ns 500

Startup drift compensation rate (Should be less than the steady state drift comg 5

Channel release compensation rate (Should be less than the steady state drift cc 500

Default filter depth (used in sensor count filter provided by driver) 4

Runtime rate of tuning of sensor values (if drift compensation is used this value 800

Perform auto-tune and drift compensation only when all channels are untouche: True

Max. active channels 20
4 Module g_ctsu0 CTSU Driver on r_ctsu
Name g_ctsul
CTSU configuration used g_ctsu_config
Callback NULL
Data Processing Option Default Processing (Recommended)
Write Interrupt Priority Priority 2
Read Interrupt Priority Priority 2
End Interrupt Priority Priority 2

Figure 28. Creating a new Capacitive Touch Tuning Project

e Your project is ready to be tested. Click Generate Project Content and proceed to compile and test with
the new project.
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7.

References

To learn more about the Synergy Software Package, development tools, and utilities visit:

renesas.com/synergy/ssp and renesas.com/synergy/tools.

Download the application note Capacitive Touch Hardware Design and Layout Guide from

renesas.com/synergy/docs to learn about the hardware design guidelines for Renesas capacitive touch

applications.
Learn more about:
— Synergy kits at renesas.com/synergy/kits

— Synergy Microcontrollers at renesas.com/synergy/microcontrollers

— Synergy AE-CAP1 Application Projects at renesas.com/synergy/ae-capl

— Synergy Software at renesas.com/synergy/software

— Synergy Solutions at renesas.com/synergy/solutionsgallery
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Website and Support

Visit the following vanity URLSs to learn about key elements of the Synergy Platform, download components
and related documentation, and get support.

Synergy Software
Synergy Software Package
Software add-ons
Software glossary
Development tools

Synergy Hardware
Microcontrollers
MCU glossary
Parametric search
Kits

Synergy Solutions Gallery
Partner projects
Application projects

Self-service support resources:
Documentation
Knowledgebase
Forums
Training
Videos
Chat and web ticket

Wwww.renesas.com/synergy/software
WWW.renesas.com/synergy/ssp
www.renesas.com/synergy/addons
www.renesas.com/synergy/softwareglossary
www.renesas.com/synergy/tools

www.renesas.com/synergy/hardware
WWW.renesas.com/synergy/mcus
www.renesas.com/synergy/mcuglossary
www.renesas.com/synergy/parametric
www.renesas.com/synergy/kits

www.renesas.com/synergy/solutionsgallery
www.renesas.com/synergy/partnerprojects
Wwww.renesas.com/synergy/applicationprojects

www.renesas.com/synergy/docs
www.renesas.com/synergy/knowledgebase
www.renesas.com/synergy/forum
www.renesas.com/synergy/training
www.renesas.com/synerqgy/videos
www.renesas.com/synergy/resourcelibrary

R20AN0448EU0108 Rev.1.08
Oct.02.19

Re Page 30 of 31
RENESAS


https://www.renesas.com/synergy/software
https://www.renesas.com/synergy/ssp
https://www.renesas.com/synergy/addons
https://www.renesas.com/synergy/softwareglossary
https://www.renesas.com/synergy/tools
https://www.renesas.com/synergy/hardware
https://www.renesas.com/synergy/mcus
https://www.renesas.com/synergy/mcuglossary
https://www.renesas.com/synergy/parametric
https://www.renesas.com/synergy/kits
https://www.renesas.com/synergy/solutionsgallery
https://www.renesas.com/synergy/partnerprojects
https://www.renesas.com/synergy/applicationprojects
https://www.renesas.com/synergy/docs
https://www.renesas.com/synergy/knowledgebase
https://www.renesas.com/synergy/forum
https://www.renesas.com/synergy/training
https://www.renesas.com/synergy/videos
https://www.renesas.com/synergy/resourcelibrary

Renesas Synergy™ Platform

Tuning the Capacitive Touch Solution

Revision History

Description
Rev. Date Page | Summary
1.00 May.23.17 — First release document
1.01 Sep.07.17 12 Update to Hardware and Software Resources Table
1.02 Nov.09.17 — Added the module_descriptions folder to the source project
1.03 Nov.21.17 — Edit and release
1.04 Dec.13.17 — Added limitation on Slider and Wheel monitoring after tuning
1.05 Apr.30.18 — Updated for 1.4.0 SSP
1.06 Oct.11.18 — Updated for 1.5.0 SSP
1.07 Apr.25.19 — Updated for 1.6.0 SSP
1.08 Oct.02.19 — Updated for 1.7.0 SSP

R20AN0448EU0108 Rev.1.08

Oct.02.19

RENESAS

Page 31 of 31



Notice

1.

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

10. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or

transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

11. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas

Electronics products.

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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