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TRAINING MANUALS

Introduction

This hands-on demonstrates the ease of using various Atmel® QTouch®
technology tools used to develop and tune capacitive buttons, sliders and
wheels designs. It utilizes Atmel Studio, the most advanced integrated
environment for developing touch-enabled Atmel AVR® or ARM® Cortex®-M
processor-based applications.

The following topics will be covered:

*  Creating a QTouch Project using Atmel QTouch Composer along with
the required source, header files and QTouch library. These outputs
are used to configure the Peripheral Touch Controller of the Atmel |
SMART SAM D21 MCU to monitor the touch sensors situated on the
QT1 Xplained Pro extension kit.

*  Atmel QTouch Analyzer to provide graphical representation and
demonstration of real-time touch data.

Prerequisites

The following hardware and software are required for executing the
demonstrations presented in this training manual.

* Hardware Prerequisites
— Atmel | SMART SAM D21 Xplained Pro Evaluation Kit
— Atmel QT1 Xplained Pro Kit
—  Micro-USB Cable (type-A / Micro-B)
+  Software Prerequisites
— Atmel Studio 7
— Atmel Software Framework (ASF) 3.30.1 or later
— Atmel QTouch Composer 5.9 or later
— Atmel QTouch Library 5.9 or later

Estimated completion time: 105 minutes
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Icon Key ldentifiers

Following icons are used in this document to identify different assignment sections and to reduce
complexity.

Info: Delivers contextual information about a specific topic

Tip: Highlights useful tips and techniques

s

-0 To do: Highlights objectives to be completed

£,

Result: Highlights the expected result of an assignment step

<

Warning: Indicates important information

Execute: Highlights actions to be executed out of the target when necessary

Q&
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1. Training Module Architecture
This training material is available through the following delivery modes:

+  Atmel Studio Extension (.vsix file), which can be found on the Atmel Gallery website (http://
gallery.atmel.com/) or using the Atmel Studio Extension manager

«  Atmel Training Executable (.exe file) usually provided during Atmel Training sessions

Depending on the delivery type, the various resources required to complete this training (hands-on
documentation, datasheets, application notes, software, and tools) will be found in different locations.

1.1. Atmel Studio Extension (.vsix)

After the extension has been installed, you can open and create the different projects associated with the
training using the New Example Project from ASF... menu in Atmel Studio.

Info: The example projects installed through an extension are usually under Atmel
ﬂ Training > Atmel Corp. Extension Name.
There are different projects which can be available depending on the extension:
*  Hands-on Documentation: contains the required documentation
* Hands-on Assignment: contains the initial project that may be required to start

* Hands-on Solution: contains the final application, which is a solution project for this
hands-on

Info: Each time a reference is made to some resources in the following pages, the user must
refer to the Hands-on Documentation project folder.

1.2. Atmel Training Executable (.exe)

Depending on where the executable has been installed, you will find the following architecture which is
comprised of two main folders:

*  AN-XXXX Hands-on: contains the initial project that may be required to start and a solution
* Resources: contains required resources (datasheets, software, and tools...)

Organize Includein library * Share with »  » = 1l @

. MName
W Favorites @

Bl Desktop ] AN-XC_Hands-on
& Downloads Resources

% Dropbox

£ Recent Places

Info: Unless a specific location is specified, each time a reference is made to some resources
in the following pages, the user must refer to this Resources folder.
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QTouch Start page can be opened by clicking

Introduction to Atmel QTouch Composer
The Atmel QTouch Composer enables generating Atmel QTouch Library based projects and provides
near real-time visualization of the QTouch data sent from the Atmel Touch kits. Using QTouch Composer,

the user can perform run-time tuning of kits by setting various QTouch library parameters on the Touch kit.

| at

(QT) icon in the toolbar.

This start page provides an easy access for the user to create QTouch Atmel Board projects, QTouch
User Board projects, and to analyze data from the Touch kits. It also contains information about the
connected kits and a brief overview with basic information about the QTouch composer and QTouch

Library.

EJ  Touch Start Page - AtmetStudio (Adminisirator) I Quick Launch (Ctr+Q) Pl B’ x
File Edit View VAsisk ASF  Project Debug ook Window Help
[@-@a-wud LYl=IC Debug B # - MACREBE- e P
He = = No Device HoT.
QTouch Start Page & %
»

Analyze Touch Data.

Qlouch v
QTouch® Library
The GTouch® Library utilizes the dedicated Penipheral Touch Controller (PTC) to offer high
Mew QTouch AtmelBoard Project performance ¢

The QTouch® ibrary gh p paci

siders and wheels as the QTouch® Library. Howeve, the QTouch® Safety Library has been
cetified to all
inchuding VDE- and UL 60730 class B certiication. In addition it offers

QTeuch® Safety Library

QTouch® Surface Library
The QTouch® Surface Library
tracking on microcontrollers with 1
AL £

De

4, low power and lew cast mult touch surface
dicated Periphersl Touch Controler (PTC).

mel QTouch® Surtace Library Beta User G
wnlosd

QTouch® Library for non-Peripheral Touch Controller (PTC) devices.
The QTeuch® Library fer non-PTC devices ensble an easy way to embed

Show output from: Percepiolrace

ontrolers. For any new QTouch designs,
ueh® Library or QTeuch® Sefety Library.

QTouch® Compaoser

sl DToush® cormness snables nansratinn OTouch |ihear, hased evisct in ftmal st and provides near

EE)

Ready

The right side section contains information about the QTouch Composer and QTouch Library. The
relevant tutorials are also provided to get started with the new and existing touch kits quickly.
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Overview

QTouch® Library

The QTouch® Library utilizes the dedicated Peripheral Touch Controller (PTC) to offer high
performance capacitive teuch buttons, sliders and wheels,

Product Page

Atmel QTouch® Library Peripheral Touch Controller (PTC) User Guide

Atmel QTouch® Library Device Selection Guide

Download

Release Notes

QTouch® Safety Library

The QTouch® Safety Library offers the same high performance capacitive touch buttons,
sliders and wheels as the QTouch® Library. However, the QTouch® Safety Library has been
certified to all applicable safety standards for the Home Appliance industry,

including VDE- and UL 60730 class B certification. In addition it offers

FMEA (Failure Mode and Effect Analysis) to enable system reliability.

Atmel QTouch® Safety Library User Guide

Download

QTouch® Surface Library

The QTouch® Surface Library enables fast, low power and low cost multi touch surface
tracking on microcontrollers with the dedicated Peripheral Touch Controller (PTC).
Atmel QTouch® Surface Library Beta User Guide

Download

QTouch® Library for nen-Peripheral Touch Controller (PTC) devices
The QTouch® Library for nen-PTC devices enable an easy way to embed

capacitive touch buttons, sliders and wheels to general-purpose

Atmel AT915AM and AVRE micrecontrollers, Fer any new QTouch designs,

Atmel recommends choosing either QTouch® Library or QTeuch® Safety Library.
Atmel QTouch® Library User Guide

Dewnload

QTouch® Composer

Atmel QTouch® compser enables generating QTouch Library based project in Atmel studio and provides near

o real-time visualization of QTouch data sent from the touch kits.
“-—‘%" Product Page

User Guide
Dewnload

Touch Kits
Kits that help you design with Atmels touch technolegy for buttens, sliders and wheels,
TS

The top-left section contains:

+  New QTouch UserBoard Project - Allows the user to create new GCC C QTouch Executable user
board projects through the QTouch project builder wizard.

*  New QTouch AtmelBoard Project - Allows the user to create QTouch Atmel board example
projects through the ASF wizard.

« Analyze Touch Data - Allows user to open the QTouch Analyzer tool window where the user can
analyze multiple devices connected to the system.

Qlouch

New QTouch AtmelBoard Project...
Analyze Touch Data...

The bottom-left section provides the lists of the QTouch kits connected to the system. When a new kit is
connected, it gets listed on this page with an image of the kit, kit name, and serial number. Right click the
kit in the Connected Kits view to open the QTouch Analyzer tool window and open the Atmel Board
example projects related to the connected kit.

nnected Kits

x SAM D21 Xplained Pro - 00541
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Assignment 1: Getting Started with the Atmel QTouch Project Builder

3.1. Introduction to QTouch Project Builder
The QTouch Project Builder is part of Atmel QTouch Composer, which guides the developers through
the selection wizards of the device and capacitive-touch sensor. It helps to generate the Atmel QTouch
Library based project. The wizard guides the developers through the flow of embedding capacitive-touch
button, slider, and wheel functionality into general-purpose Atmel AVR and ARM-based microcontroller
applications.
When connecting physical sensors to an MCU running the QTouch Library, the QTouch Library must be
configured according to the physical connection, i.e. which pins are connected to which sensors. The
project builder wizard guides the user in selecting and setting up the QTouch library according to the
intended electrical connections between the physical sensors and the MCU.
Touch sensors can be based on two technologies (acquisition methods): Self-capacitance and Mutual
capacitance. The project builder wizard supports both technologies. The wizard will guide the user
through various pages where the user can provide the following settings.
*  Number and type of sensors
*  Technology
«  Device
»  Port pin assignments for the sensors
*  Touch data Interface
The wizard will validate the settings before the user proceeds to the next page. If the settings are invalid,
the wizard will provide error messages and mark the invalid data fields. Hovering the mouse over the
error marker will provide the description of the error and a possible fix.
3.2. Project Creation
-1 To do: Create a new QTouch Project.
L
A
1.  Open Atmel Studio 7.
| & et
2. Click on the QT icon to open the QTouch Start Page .
AtmeL Atmel Introduction to QTouch Design Parameters using SAM D21 Xplained Pro [TRAINING 7
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Tools |

ﬂ Info: QTouch Start Page is also accessible through the Tools menu.

Window Help

Command Prompt Debug Browser -

Device Pack Manager MNo Device No Tool -

Device Pregramming Ctrl+5Shift+P

Add target...

Bei®

Data Visualizer

QTouchComposer b

Ctrl+K, Ctrl+B

QT QTouch StartPage
Code Snippets Manager...

QTouch Analyzer

Extensions and Updates...
Atmel Gallery Profile...

3. Select New QTouch UserBoard Project....

Qlouch

New QTouch AtmelBoard Project...

Analyze Touch Data...

4. Select GCC C QTouch Executable Project.

GCC C QTouch Executable Project C/C++

5. Fillin the New Project fields according to following use cases:
— Atmel Training Executable Case

Name: Hands-on Assignment.

Location: AN-7846 SAMD21-XPRO QTouch Parameters\assignments (relative
path in the ATMEL_TRAINING installation folder).

Solution name: Hands-on Assignment.

Click OK

— Atmel Extension Case (downloaded from Atmel Gallery or Studio Extension Manager)

Atmel

Name: Hands-on Assignment.

Location: existing Hands-on Documentation solution path.
Solution name: Hands-on Documentation.

Click OK

Atmel Introduction to QTouch Design Parameters using SAM D21 Xplained Pro [TRAINING
MANUALS]
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NewPriec 5=

b Recent Sort by: Default Bl Search Installed Templates (CtrleE) O
4 Installed
GCC C ASF Board Project CiCe+ Type: C/Ce+
CfC++ Creates an AVR 8-bit or AVR/ARM 32-bit
Assembler | GCCC Executable Project C/C++ QTouch C project
AtmelStudio Selution
D
GCC C QTouch Executable Project C/C++
GCC C Static Library Project C/C++
GCC C+ + Executable Project C/Crs
GCC C++ Static Library Project C/C++
Create praject from Arduino sketch C/Cs+
Name: Hands-on-Assignment
Location: [=) \ nan.m\Doc ks\Atmel Studie\7.0 - Browse...
Solution name: Hands-on-Documentation Create directory for solution

Info: The QTouch Project Builder wizard will now guide you through the steps involved
in creating a QTouch project.

6. Click Create QTouch® Library Project in the QTouch Project Builder.
[ QTouch Project Builder == EcE ===

Welcome to the QTouch® Project Builder - /

Create QTouch® Library Project

The QTouch® Library utilizes the dedicated Peripheral Touch Controller (PTC) to offer high
performance capacitive touch buttons, sliders and wheels.

Create QTouch® Safety Library Project

The QTouch® Safety Library offers the same high performance capacitive touch buttons,
sliders and wheels as the QTouch® Library. However, the QTouch® Safety Library has been
certified to all applicable safety standards for the Home Appliance industry.

Including VDE- and UL 60730 class B certification. [n addition it offers

FMFA (Failure Mode and Fffect Analvsis) to enahle svstem reliabilitv.

Create QTouch® Surface Library Project

The QTouch® Surface Library enables fast, low power and low cost multi touch surface
tracking on microcontrollers with the dedicated Peripheral Touch Controller (PTC).

Create QTouch® Library Project for non-Peripheral Touch Controller (PTC) devices

- The QTouch® Library for non-PTC devices enable an easy way to embed
capacitive touch buttons, sliders and wheels to general-purpose

[ Atmel AT91SAM and AVR® micracontrollers. For any new QTouch designs,
- Atmel recommends choosing either QTouch® Library or QTouch® Safety Library.
AtmeL Atmel Introduction to QTouch Design Parameters using SAM D21 Xplained Pro [TRAINING 9
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ﬂ Info: The Sensor Selection page provides an option to add, delete, or move QTouch
sensors such as button, wheel, and slider. It also provides options to set up the physical
and firmware properties of the board and sensors.

7. Add a button in the Sensor Selection page by clicking on the Button icon, then the Add, and the
Device Selection.

I QTouch Project Builder
Project Buitder Workflow - g

1. Sensor Selection
.

| T '.'_
@ l @ ‘"r-;_i
M suten ‘__.}' Slider Wheel =F|
-1
|
L

< Ansasemsor = Eon |

Number of Button 1

0

an]

Height (mm)

Width {mm}

3

| 2 Device Sejection 1

Ve

9"

undols,

4. Debug Interface Setup (optianal)

10
.

ﬂ Info: The Device Selection page lets you select the specific device and acquisition
technology to use, i.e. Self-capacitance or Mutual capacitance.

8. We will consider for this hands-on that our application hardware design may be exposed to
moisture or water droplets. So, select Mutual capacitance in the radio button selection for
Technology.

AtmeL Atmel Introduction to QTouch Design Parameters using SAM D21 Xplained Pro [TRAINING 10
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FE] Qrouch Project Buider
Project Builder Workflow

2. Device Selection

Technology Selt Capacitance @ihutual Capacitance
Device Family Al -

App./Boot  Data Memory

Nt Ve Memory(KB) (Bytes)

ATmega32BPB 32 32 2048

ATSAMC20E15A 32 a0 4056

ATSAMC20E164 32 72 B192

ATSAMC20E174 32 138 16384

ATSAMC20E184 32 84 32768 &

Qlouch Liseary Infe | Device Info | Supported tools |
Self Capacitance  Mutual Capacitance

Max Wheels/Sliders
Max Channels

Code Memory used |
Data Memory used L 0% L J0%

QTouch Library Help

3, Pin Selection

Info: For more information about designing the touch sensor, refer to QTAN0079:
Buttons, Sliders and Wheels Sensor Design Guide available at www.atmel.com/images/
doc10752.pdf.

Info: The Device Selection page provides the option to view the number of QTouch
sensors such as button, wheel, and slider that was selected in the Sensor Selection
page. Touch sensors can be based on two sub-technologies; Self-capacitance and
Mutual capacitance.

9. Verify that Mutual Capacitance has been correctly selected.

2. Device Selection

Technology () Self Capacitance| @ MutualCapacnancE

Info: The different tabs display the device details such as QTouch Library Info, Device
Info, and Supported tools. Data listing will vary based on device family, the number of
selected sensors, and technology as only devices supporting all choices made will be
shown. Additionally the user has the option to search for a particular device.

10. Type SAMD21 in the search box to make a first filtering.

11. Select ATSAMD21J18A in the Device Selection page and click OK. This is the device on the SAM
D21 Xplained Pro kit.

Atmel
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i

T3 QTouch Project uider

Project Builder Workflow

2. Device Selection

Technology

Device Family ',;l“

Name Variant

ATSAMD21/164 64
ATSAMD21118B 64

App./Boot
Memory{KB) (Bytes)

64
66

ﬁ samadl

Self Capacitance @ Mutual Capacitance

x

8102
8152

i

Liata Memory

l ATsamDzLiBA B4 256 32768 i

=2

=

Qlouch Library Info. | Device Info | Supported toals |
Self Capacitance

Mutual Capacitance

Max Wheels/Slhiders 5
Wax Chanmnels 16
Code Memory used |
Data Memory used |

QTouch Library Help

ad

256
5% &
2%

=
D

3. Pin Selection

| oK |

e

=

FEvu LA o] A o choT o =||.:.i?..]:|.|.|

o

B QAL

=

Info: Mutual capacitance method uses a pair of sensing electrodes for each touch
channel. These electrodes are denoted as X and Y lines. A mutual capacitance touch
button sensor is formed using a single X-Y channel combination, while a touch rotor or
slider sensor is formed using three to eight X-Y channel combinations.

For sensors made of several channels, wheels, and sliders, all channels must use the

same Y-Line.

Warning: The X-line and Y-line numbering in the Atmel QT1 Xplained Pro User
Guide (http://www.atmel.com/Images/Atmel-42193-QT1-Xplained-Pro_User-Guide.pdf)
does not correspond to the X-line and Y-line numbering in the SAM D21 PTC module as
the QT1 Xplained Pro is a generic touch board (not dedicated to the SAM D21).

12. Flip the SAM D21 Xplained Pro and QT1 Xplained Pro boards and determine which SAM D21 I/O
pins that are connected to Button 1.

Atmel
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UART RX
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ﬂ Info: The X-line and Y-line for Button 1 can be retrieved from the Atmel QT1
Xplained Pro User Guide (http://www.atmel.com/Images/Atmel-42193-QT1-
Xplained-Pro_User-Guide.pdf).

Pin on EXT Function Description

1 ID Communication line to ID chip.
2 GND Ground

a LED 0 Slider, LED 0 (Yellow)

4 LED_1 Slider, LED 1 (Yellow)

5 Y S Y-line for Slider

6 Y_W Y-line for Wheel

7 LED_2 Slider, LED 2 (Yellow)

8 LED 3 Slider, LED 3 (Yellow)

9 Y B Y-line for Buttons

10 Not Connected

11 Not Connected

12 Not Connected

13 Not Connected

14 Not Connected

15 LED_4 Slider, LED 4 (Yellow)

16 LED_5 Slider, LED 5 (Yellow)

17 LED_6 Slider, LED 6 (Yellow)

18 LED_7 Slider, LED 7 (Yellow)

19 GND Ground

20 VvCC Target supply voltage

1 Not Connected

2 GND Ground

3 X1 X-line 1 (for Slider and Wheel)
4 X 2 X-line 2 (for Slider and Wheel)
5 X3 X-line 3 (for Button 1, Slider, and Wheel)
6 X 4 X-line 4 (for Button 2, Slider, and Wheel)
7 LED_8 Button 1, LED 8 (Yellow)

8 LED_ 9 Button 2, LED 9 (Yellow)

9 LED_R Wheel, RGB LED (Red)

10 LED_G Wheel, RGB LED (Green)

11 Not Connected

12 Not Connected

13. Reset the automatic settings by pressing the Reset Pin Assignment button in the upper right
corner of the QTouch Project Builder.

= e
Commind g
T 12@)%@';}&“7 | e |
XY Lm; Selection ‘
‘Channel Assignment
= ButtonQ @
Channel  Node
0 (xov0 =
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14. Use the XY Line Selection option of Pin Selection page to select the correct X- and Y-lines, and
click Channel Assignment.

[EJ QTouch Project Builder =2 E5E )
Project Builder Waorkflow - q \ T C
ommand il 4
L Sensor Selection A - ekl
. Sensor Sed ] -
_Dlnlllllllzll|h|l|‘|||5||I|s||I|.l[|I||B|I|sllll];olnlllllll1|2I|1|3I||1|4I| | Sulp Asvion
ice Selection - ATSAMDZ21/184 3
oE XY Line Selection
3. Pin Selection 3 Nlines Selected XLines
PTC Pin Assignment block diagram of ATSAMD21J184 '3
|| (||| a0 ||| |28 |20 e s |z xma GE X2-PA10 1 XB-PA20
. = X3-PAlL
“ E X4-PALS
= L= X5-PAl7
- = :
1
- = X6-PALS ;
L] 3 X7-PALS =
o ¥ X9-pAZL
= LE
-
- CE YLines Selected VLines
s
] [~3 Y¥0-PA2 . | 2 ¥10-PB4
— | 3 v1-pA3
N @ p
e ¥11-PB5 ‘ | |
s iE ¥12-P86 !
Oﬂsslgned Node ! |Available Node - ¥13-PB7 =
= Y¥14-PBS
4. Debug Interface Setup (optional) 3 ¥13-PBS 3
5. BSW Channel Properties (optional) ::: Cr— —
PR ———— & o e |
7. Preject Generation = T ERSEIE TS BN COnTgUrSuan

15. We also need to select the X-Y node for each channel.

Command __:
ALERL]  (Restindsiooment
Channel Assignment
= Button( [@]
Channel  Node |
Ca i
- I-

16. Click Debug Interface Setup (optional).

17. Check the Enable QDebug Interface checkbox, which allows live streaming of touch data with
QTouch Analyzer.

ﬂ Info: QDebug is the touch data protocol used by QTouch Analyzer to communicate with
the SAM D21 through the Atmel Data Gateway Interface (DGI).
The Atmel Embedded Debugger (EDBG) offers a Data Gateway Interface (DGI) for
streaming data to a host PC. This is meant as an aid in debugging and demonstration of
features in the application running on the target device. DGI consists of multiple interfaces
for data streaming. The supported interfaces are SPI, USART, TWI, and GPIO.
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Tip: SAM D21 XPRO Kit Data Gateway Interface supports SPI or I?C.

18. Assign the right port(s) and pins to the SPI interface. These can be found in the samM D21
Xplained Pro User Guide onthe Advanced Options page (hitp://www.atmel.com/Images/
Atmel-42220-SAMD21-Xplained-Pro_User-Guide.pdf).

Pin on SAM D21 Function

PB31 SERCOMS5 PADI[1] SPI SS (Slave select) (SAM D21 is Master)

PB16 SERCOMS5 PAD[0] SPI MISO (Master In, Slave Out)

PB22 SERCOMS5 PAD[2] SPI MOSI (Master Out, Slave in)

PB23 SERCOMS5 PAD[3] SPI SCK (Clock Out)
[ Qouch Project Builder | == s =)
Dz((Budgr\mkﬂu\v ~ = ‘d H :: ) — —

2. Device Selection - ATSAMD21)184

lection - Done

Touch data to QTouch Analyzer)

[(J0ebug interface allows Live streaming of

4. Debug Interface Setup (optional) - Done

o e g e E s ] o s =
=27 _6

Debug Inegaca [SW implemented 5P1 |

e e e et
L] Pin assigned for debug interface =1

Available Pin

E PTC Pin assigned for sensor channel

5. BSW Channel Properties (opbs

6. Tuning Parameter Setup (optional)

7. Project Generation

19. Click Project Generation as default BSW and Tuning parameters are considered as OK for our
application.

20. Review the Summary page which provides a summary of the settings provided by the previous set
of wizard pages. Then, click on Finish and wait for your touch project to be generated.
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Lol o )

Device Information

Device Name
Device Variant
Technology

Sensor Information

Nurmber Of Buttons
Number Of Wheels
Number Of Sliders

Channel Information

Pin Configuration

Available Ports

Total pins Used

Hame of the sensor

Button0

SPI_BB_SS
SPI_BB_SCK
SPI_BB_MOSI
SPI_BB_MISO

Power Analyzer

Memory type

Data Memory
Code Memory

Library Information

Tool Chain Name

Default Library

Summary

ATSAMD21J18A
64
Mutual Capacitance

Total Channels Consumed 1

XLine XLine-PortPin =~ YLine YLine-PortPin

8 PAZO 10 PB4

Debug Interface- SAMD20SpiBitBanged Port Pin

PB31
PB23
PB22
PE16
Disable

32768 931
262144 14254

GCC
libsamd21_gqtouch_gec.a

Free

31837
247890

m

» Result: You have created your first QTouch project with a Mutual Capacitance technology

touch button.
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-|[EA[E| at| b M Debyg

File [Edit Miew VAssist{ ASF  Project Build Debug Tools Window Help
ie-o|B-Ado-aMP|lXF -
o P et 2t x| He G-

QTouch Start Page

B ok

Debug Browser =

© W ATSAMDZLSA T SWD on EDBG (ATMLZLI30021800000541) -

W Quick Launch (Ctrl+Q) A - O x

| 2%

-|&Go

struct rtc_module rtc_instance;
=/*! ‘\brief Initialize timer

vold timer_init({ woid };

/=! \brief RTC timer overflow callback

woid rtc_overflow_callback(veid);

=/*! ‘brief Configure the RTC timer callback

void configure_rtc_callbacks(void);

/=1 \brief Configure the RTC timer count after which interrupts
=/
wvoid configure_rtc_count{void);

=/*! \brief Set timer period.Called from Qdebug when application
. has to change the touch time measurement
=/

void set_timer_period(void);

=/*! \brief RTC timer overflow callback

=/
=wvoid rtc_overflow_callback(veid)
{
/* Do something on RTC overflow here */
touch_time.time_to_measure_touch = 1;
touch_time.current_time_ms = touch_time.current_time_ms +
touch_time.measurement_period ms;

¥

=/*! \brief Configure the RTC timer callback

*/
=void configure_rtc_callbacks(void)
W00% -

comes

Selution

Search 5

& Sol

3
3
3
3

CUETELTR ALY Solution Explorer

Properties

3 sre

Explorer

@ o-F@| L -

olution Explorer (Ctrls:) P~
lutien ‘Hands-on-Documentation’ {1 project]l
Hands-on-Assignment
4| Dependencies

d| Output Files

= Libraries

4] Hands-on-Assignment.qtdgn
<] main.c

3.3. Conclusion

In the first assignment, you have learned:

*  How to create a QTouch Project using QTouch Composer Project Builder
*  How easy itis to use QTouch Composer to design a QTouch project on the SAM D21 MCUs

Atmel
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41.

4.2.

Assignment 2: Getting Started with the Atmel QTouch Library API

Atmel QTouch Library Introduction

Atmel QTouch Library makes it easy for developers to embed capacitive-touch button, slider, and wheel
functionality into general-purpose Atmel AT91SAM and AVR® microcontroller applications.

The QTouch Library is royalty free and provides library files (for both IAR" and GCC) for each device and
supports different numbers of touch channels, enabling both flexibility and efficiency in touch applications.

Custom Code Compiler

Link Application

Atmel QTouch
Library

The QTouch Library API for SAM D21 Peripheral Touch Controller (PTC) can be used for touch sensor
pin configuration, acquisition parameter setting, as well as periodic sensor data capture and status update
operations.

The QTouch Library interfaces with the PTC module to perform the necessary actions.

The PTC module interfaces with the external capacitive touch sensors and is capable of performing self-
capacitance and mutual capacitance method measurements.

QTouch Library API Files

The table below lists the files required to be able to use the QTouch library functions.
Table 4-1. File Description

S

touch api ptc.h QTouch Library API header file, contains API and
Data structure used to interface with the library

touch.h QTouch library configuration header file generated
by QTouch Project Builder

touch.c A helper file generated by QTouch Project Builder
to demonstrate QTouch library initialization and
sensors' configuration

libsamd2l gtouch iar.a and QTouch library compiled for IAR and GCC compiler
libsamd21l gtouch gcc.a that supports both self-capacitance and mutual
capacitance sensors.

In order to add QTouch functionality into an existing user example project, these files and associated
library based on the compiler should be added to the user project.
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Info: This process is automatically performed when using the QTouch Project Builder.

To do: Check that these files have been added to your QTouch project.

r

Solution Explorer v 0 X
@D o-a|p =
Search Solution Explorer (Ctrl+;) P~

_ﬂ Solution 'Hands-on-Documentation’ (1 project)
4 Hands-on-Assignment
=d| Dependencies
P =d] Output Files
b .5 Libraries
4 |7 src
b (a3 ASF
b [ config
4 = QTouch
], BitBangSPI_Master.c
hl_RitRanaSPT Macter h

[ libsamd2l_gtouch_gecc.a
€} QUebug_samd.c

_hl QDebug_samd.h

[h], QDebugSettings.h

] QDebugTransport.c

bl ANshuaTrancnart b
n], touch_api_ptc.h
h  ast.h
4 &1 Hands-on-Assignment.gtdgn
%] touch.c
) touch.h
€ main.c

S A ST AETE R GRIEY Solution Explorer

The touch.c and touch.h are helper files, which are generated by QTouch Project Builder to help the
user to get started very quickly on the QTouch library initialization and the different sensors configuration.

Warning: These files are automatically updated each time the QTouch Project Builder is used.
So editing directly these files must be avoided as they will be overwritten by the QTouch Project

Builder Wizard.

The touch. c pre-implements the following important functions:
* touch sensors init:
— Initializes the QTouch library as well as the PTC peripheral. It also initializes the mutual
capacitance or self-capacitance method specific pin, register, and global sensor configuration.

— Configures each individual sensor.
— Calibrates all the configured sensors and prepares them for normal operation.
* touch sensors measure: initiates a sensor measurement on all the configured sensors.
* measure complete callback: this function is called by the library when the touch
measurement process_ is completed.
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4.3.

Reading and Using Button Sensor Status

You are now ready to understand how to use the QTouch Library to initialize a QTouch Button and use it
to control a standard LED state.

ﬂ Info: The following functions/structures also exist for the self-capacitance method.

The library returns sensor ON/OFF status as part of the measure data structure
touch measure data_t. A pointer to this data structure is declared in touch.c and is initialized by
the QTouch library after the touch sensors init is called.

/* | Mutual capacitance method measured data pointer. */
touch measure data t *p mutlcap measure data = NULL;

The following macro implemented in touch api ptc.h can be used to read the sensor status.

/* ! Touch ON is 1lu - Touch OFF is Ou */
GET_ MUTLCAP_SENSOR STATE (SENSOR NUMBER) ;

Info: The order the sensors are added to the project is important as this assigns a
SENSOR_NUMBER Vvalue for each sensor.

The sensor touch status must be read by the application only after the measurement done touch flag
has been set by the measure complete callback () function.

So, the following code can be used to read the sensor status.

/* | Start Touch Sensor Measurement. */
touch sensors measure () ;
/* Update touch status once measurement complete flag is set. */
uint8 t sensor_ state;
if ((p_mutlcap measure data->measurement done touch == 1u)) {
sensor state = GET MUTLCAP SENSOR STATE (SENSOR NUMBER) ;
}

Ej" To do: Implement LED8 Configuration.
A

To control the LED8 using the Touch BUTTON1, we first need to configure it in our main. c file. The LED8
is controlled by a standard I/O using the SAM D21 Port Driver (PORT peripheral).

Its corresponding ASF driver for SAM D devices provides an interface for the configuration and
management of the device's General Purpose Input/Output (GPIO) pin functionality, for manual pin state
reading and writing.
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1.

Atmel

Info: Using the Atmel Studio ASF Explorer, it is very simple to find examples to quickly
implement peripherals functions.

PN SGILTICE Available Tools Solution Explorer

Click on ASF Explorer and then double click on: SAM D21 — Mutual capacitance method > PORT
— GPIO Pin Control > Quick Start Guide.

ASF Explorer v 3 x

cilBE¢ e

4 | Hands-on-Assignment

| Bl Generic board support

I @ libsamd21_gtouch_gcc.a

4 | SAM D21 - Mutual capacitance method
o7 BitBangSPI_Master.h
2] QDebug_samd.h
5] QDebugSettings.h
\ﬂ QDebugTransperth
2] touch_api_ptch
A Delay routines
E EVSYS - Event System with interupt hooks st
B Interrupt management - SAM implementati

4 E PORT - GPIO Pin Control
@ API Documentation

Fok I

T SAIVI UZL complIer arver
SYSTEM - I/0 Pin Multiplexer
E RTC - Real Time Counter in Count Mode (C
# SYSTEM - Clock Management for SAMD21/
I B SYSTEM - Core System Driver

1 »

LU AsTIEISS Available Tools Solution Explorer

A Warning: You need internet access to view the Quick Start Guide as all ASF
documentation is on the web, available at asf.atmel.com. An extract of it is available

below.

Info: Here is the workflow of a standard Output initialization extracted from the Quick

Start Guide.

— Create a PORT module pin configuration struct, which can be filled out to adjust the

configuration of a single port pin.
struct port config config port pin;

— Initialize the pin configuration struct with the module's default values.

port get config defaults(&config port pin);
— Adjust the configuration struct to request an output pin.

config port pin.direction = PORT PIN DIR OUTPUT;
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http://asf.atmel.com/docs/3.15.0/samd21/html/structport__config.html
http://asf.atmel.com/docs/3.15.0/samd21/html/group__asfdoc__sam0__port__group.html#ga93d10a3a13a20211ad64c7647c089689
http://asf.atmel.com/docs/3.15.0/samd21/html/group__asfdoc__sam0__port__group.html#ggabe12893c067f9b011ece79c1bf1b128aaa2cda8b4095bfaf6f354f113947a3463

Atmel

— Configure the LED pin with the initialized pin configuration struct, to enable the output driver
on the pin.
port pin set config(LED x PIN, &config port pin);

Open the main. c file and implement a function called configure port pins(void) just
before the main () function, which configures the LEDS8 related I/O Port Pin as an output.
static void configure port pins(void)
{

struct port config config port pin;
port get config defaults(&config port pin);

config port pin.direction = PORT PIN DIR OUTPUT;
port pin set config(PIN PB12, &config port pin);

ﬂ Info: PIN_PB12 is used to control the LEDS8. This can be verified by looking at both the
SAMD 21 and QT1 Xplained Pro User Guides or simply looking at the silkscreen at the
bottom of each board.

e @ Mo
pail @ @rato
ezt @ @razo
0@~
re15 @ @rei4
rros @ @ rros
® @
ea1s @ @rarz
erio @ @enis
vee @ @ono

D GND
X 1 X 2
XeSRE Y od
LED R LED G
NC NC
NC NC
LED_B NC
NC NC

XY XIXIXXIXxxli

L)
O]
®
(O]
e
®
e
e
e

Callthe configure port pins () functioninmain () function just before entering the
while (1) loop.

configure port pins();

while (1) {
Add a call to the port pin set output level () function just after
configure port pins () to clear the LEDS.

configure port pins();
port pin set output level (PIN PB12, true);

while (1) {

ﬂ Info: port pin set output level () function sets the state of a port pin that is
configured as an output.
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http://asf.atmel.com/docs/3.15.0/samd21/html/qs__port__basic_8c.html#a3db0fd42008c740f638c5726b6a38e79

Tip: The second parameter is the logical level to set the given pin to. In our case, LED8
will be turned OFF when PIN_PB12 is set.
VCC_TARGET D111

Q .2 ’// 1 :IRUI LED 8
Yellow

EL17-21UYC/A2 s

Cl11]|1n
I

5. Implement the Touch Button status management after the touch sensors measure () function
(which is already implemented) using the QTouch Library API flag and macro we have described
previously.

while (1) {
/**
* Go to STANDBY sleep mode, unless woken by
* timer or PTC interrupt.
*/

system sleep();

/**
* Start touch sensor measurement
=Y

touch_sensors_measure () ;

/* Update touch status once measurement
* complete flag is set.

=/

uint8_t sensor_state;

if ((p_mutlcap measure data->measurement done touch == 1lu))
{

sensor_state = GET_MUTLCAP_SENSOR_STATE (0) ;
}

6. Ensure to reset the measurement done_touch flag as soon as a touch measurement has been

completed.
if ((p_mutlcap measure data->measurement done touch == 1lu))
{
p_mutlcap measure data->measurement done touch = Ou;

sensor state = GET MUTLCAP SENSOR STATE (0);
}

7. Setor Clear LED8 based on the sensor state value.

if ((p_mutlcap measure data->measurement done touch == 1lu))
{
p mutlcap measure data->measurement done touch = Ou;
sensor state = GET MUTLCAP SENSOR STATE (0) ;
port pin set output level (PIN PB12, !sensor state);

Tip: GET _MUTLCAP_SENSOR_STATE returns ‘1’ if the sensor is touched.
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ﬂ Info: SENSOR NUMBER = 0 as we have only one sensor (one button).

8. Build the solution (F7) and ensure you get no errors G

Result: The project to control LED8 using Button 1 is completed and you are ready to program
the SAM D21 Xplained Pro board.

To do: Program the SAM D21 Xplained Pro.

2. Connect the SAM D21 Xplained Pro board to your PC using the DEBUG USB connector.

. L . . g = | >
3. Program the application by clicking on the Start Debugging and Break icon
4. You will be asked to select your debug tool.
E Hands-on-Documentation - AtmelStudio (Administrator)
File Edit View VAssistX ASF Project Build Debug Toecls Window Help
Lo - AR Y P20 Ha B m Debug Browser =
i e Hex | i@~ o - | 8 _: wmaTSAMDZINEA
Hands-on-Assignment® 2 % s QTouch Start Page
Build
A A
Build Events
Toelchain
Selected debugger/programmer
Device
B—
Components
Advanced Atmel Studio
External tool
Command: :ﬁ' Please select a connected tool and interface and try again.
Debug settings
[E] Override Vector Tal
[¥] Cache all flash me
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5.

Select EDBG and SWD (Serial Wire Debug) as Interface:

Selected debugger/programmer

[EDBG-ATML2130021800000541 vl Interface: [SWD «

6. Set SWD clock to 8MHz to speed up programming.
SWD Clock
] 8 MHz
The clock frequency should not exceed target CPU speed * 10.
ET '| >
7. Click again on the Start Debugging and Break icon —

8. The application will be programmed in the SAM D21 embedded flash and breaks at main function.

. . L N >
Click on Continue to execute the application i ‘

n Info: You may be asked to upgrade your EDBG firmware. If so, click on Upgrade.

Xl

Firmware Upgrade

EDBG firmware must be updated before continuing

On Tool On Disk

Firmware Version 2.01 210

Firmware Upgrade

l

J

Upgrade Close

A Warning: The upgrade operation may take a few minutes. Wait for the operation to
complete.

Result: Touch Button 1 and check that LEDS is lit when touched and not lit when Button 1 is
v not touched.

44. Conclusion

In this assignment, you have learned:

Which files compose a QTouch application and the main QTouch Library API functions
How easy it is to implement a Touch application using the QTouch Library

Atmel
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5. Assignment 3: Getting Started with the Atmel QTouch Analyzer

5.1. Atmel QTouch Analyzer Introduction

The QTouch Analyzer which is part of the Atmel QTouch Composer, provides near real-time visualization
of the QTouch measurement data sent from the SAM D21 Xplained Pro through the Data Gateway
Interface (DGI) of the on-board EDBG device.

It also allows the user to perform run-time tuning of the touch solution through setting of various QTouch
library parameters.

The figure below shows the initial window setup for the QTouch Analyzer, showing the following views.
«  Virtual Kit: this view presents a virtual image of the kit connected and its connection state.
+  Kit/Sensor Properties: this view allows you to view the kit and sensor configuration options.
+  Trace View: this view contains a chart showing user-selected data series of touch data.

A Hands-an-Documentation - AtmelStudic (Administator) B Qvi<k Lounch (€- O Fl-® x
Fle Edt View VAst( A Pojet Buld Debug Took Mindaw Mep

R T -o-@d 7| b W Debug | DebugBromser - 2 mreHGsD-aup
e W 1. ® .0 dy| 0, emarsamoznga § SWDen EDGG (ATMLII30021800000541)

2 Connect | i StartReading  SaveTiace [ | GpenTrace il (- SoveDesign Fike o, Save CavFile - NoKitConnected | ) Help
Virtual Kt View Graph View | Tabular View

[ Signa Seecton | @ Automatic Scale > Manusi Scale _Snapshon | [Default Camera View

Mo Kit Connected

Kit/Sensor Progarties

coREEEEAATBRNITEE

5.2. Basic Touch Sensor Debugging Information

The basic touch sensor debugging information is categorized as follows.
- Signal: raw measurement value of a channel, value increases with touch as seen below.

Touched
:z : Untouched Untouched
R I B T S s g
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E_.]" To do: Connect your kit to QTouch Analyzer.
A

1. Click on Stop Debugging —— =" |
2. Press the RESET button on the SAM D21

3.

Atmel
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540 —
k]

5531
W

523
514
506 &

557 3

549 —

Reference: long term average measurement on a channel (shown in yellow).
— Also called “Resting Signal” when there is no touch.
— Initial value obtained from calibration process.

S

samples

(Touch) Delta = Signal — Reference (shown in blue)
— Difference between Signal and Reference
— Deltas increase with touch

samples

Xplained Pro.

Launch QTouch Analyzer by clicking on the QTouch Analyzer icon
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ﬂ Info: QTouch Analyzer is also accessible through the Tools menu.

Tools | Window Help

B Command Prompt rowser ~ J
¥ & Device Pack Manager MD2118A § SWD on EDBG (ATML

i# Device Programming Ctrl+Shift+P

E Add target...
- . Data Visualizer
a |

QTouchComposer ' | @r  QTouch StartPage
[1 Code Snippets Manager... Ctrl+K, Ctrl+B QTouch Analyzer

4. Akit named QDEBUG_DGI will be listed in the combo box. Select the kit and click on Connect.

QTouch Analyzer
QDEBUG_DGI - 00541 = o3 Connect | [» Start Reading Save T

Virtual Kit View

No Kit Connected

5. The DGI settings dialog box will be displayed as shown in the figure. Click OK.
[ 061 settings =\

Interface SPI b

Character Length lEightBlls—vJ
SPI Mode [RisingEdgeRead_SCKlow =

Cx) (o)

6. The message to load the kit information will pop-up as follows. Click Yes.

'AlmeJStudio

&% The project id [0xA] of connected kit matches with an existing user
WY board project.

D\Men-tickets\current'at1 5629 _introduction_to_gtouch_design_param
eters_using_sam_d21_xplained_pro\project\Hands-0On
AssignmentiHands-On Assignment.qtdgn

Do you want to load this layout?
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7. The Virtual kit will be displayed, which shows it has been correctly connected.
QTouch Analyzer

QDEBUG DGI- 00541 |Rdf» T | I Start Reading [¥| Save’

Virtual Kit View

©)

[ i Start Reading ||
8. Click on Start Reading 13 ReComnect | b Start Reading .

Result: QTouch Analyzer is now connected to your kit and displays both the sensor signal and
v reference values after selecting Signal Selection and tick off Signal, Delta, and Reference.

QTouch Analyzer
‘QDEBUG_DGI - 00541 = =3 ReConnect | B Stop Reading Save Trace 1 OpenTrace File |- Save Design File . Save CsvFile |~ Open Salution File | @ Help
Vet KtV | e
|| (Ssatssecion | avtomaiccle © Manuat St [ Snapshot | (Dt omera vie
O ———

Sensor Spr(.iﬁ: T Global |

| Buttond -
e,
[ Signal
¥ Detta

7] Reference — )

Tl .

|} Detect Threshold

[] Detect Hysteresis

[Z]1n Detect Events

512
448 —
lKiI.l'iensumpntis s60]
[ Kit <Kit> =
320 —
Kit Properties k-]
2256
o ¥ o
hysical | Firmware
‘ 192
Height{mm)
Width{mm) 150 125
Kit image
Kit Project File Path | C:\lsers\kamalakannan.m\Documentsh|| . | 64
[1] -I
= T T 1 | T
® 3] ) - o =

The following table extracted from the QTouch Library Peripheral Touch Controller User
Guide (http://www.atmel.com/Images/Atmel-42195-QTouch-Library-Peripheral-Touch-Controller_User-

Guide.pdf), indicates the expected Resting Signal value (also called Reference) for a given combination
of gain setting and filter level setting.
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The values provided are only indicative, but the actual sensor signal values will usually be close to the
suggested levels.

Expected Resting 4
Signal Value for GAIN_1=0 GAIN_2=1 GAIN_4=2 GAIN_8=4 Setting Setting

FILTER LEVEL and
GAIN Combination

FITER LEVEL 1=0 | 512 512 512 512 512 512
‘ FILTER_LEVEL 2= 1 \ 512 | ‘ 1024 1024 | 1024 | 1024 | 1024 |
FLTER LEVEL 4=2 | 512 1024 2048 2048 | 2048 | 2048
] FLTER LEVEL8=3 | 512 | 1024 2048 40% 4096 4096 |
FILTER LEVEL 16=4 | 512 | 1024 | 2048 | 4006 | 8192 | 82 |
| FILTER LEVEL 32=5 | s \ 1024 | 208 | 400 | 812 |  1e3ss |
‘ FILTER_LEVEL_64=6 512 ; 1024 ‘ 2048 4096 ' 8192 : 16384 .

A higher filter level setting provides improved signal to noise ratio under noisy conditions, while
increasing the total time for measurement resulting in increased power consumption and
response time.

n Info: The filter level setting controls the number of samples taken to resolve each acquisition.

1.  Unselect Signal and Delta in the Trace View to only have Reference selected.
2. This can also be checked using the Tabular View.

QTouch Analyzer

QDEBUG_DGI-00541 = 23 ReConnect | H StopReading ~ SaveTrace | NnanTeacafila I.f Save DesignFile w Save CovFile | Open Solution File | @ Help
Virtual Kit View Graph Vilw | Tabular View |
—
-
Button Id Name State Defta Defte RMS Channel Id Signal Reference
[0 ] Buttond OFF 0 0 0 512 512 |
+/- Wheelld Name State Delta DeltaRMS Position
+/- Sliderld Name State Delta Deita RMS Position |
[ Kitzsensor Properties ]
Kit_<Kit> -
Kit Properties
Physical | Firmware
Height(mm)
Width{mm)
Kit image
Kit Project File Path | C:AUsers\kamalakannan.m\Documents\

3. Check that the Reference signal value is in the same range as in the above table.

*_ Tip: The Gain which has been chosen in the Project Builder is equal to 1, which
corresponds to the setting of GAIN_1 = 0. In that case FILTER_LEVEL value has no

impact.
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.’ Result: The Reference value is coherent with its expected value.

Ej" To do: Check touch Delta Value.
A

Desired touch delta for buttons is ~30 to 80 counts (or readings) and for wheels or sliders ~50 to 120
counts.

This is a preferred range for non-noisy environment.

For systems with noise, the users should tune delta/threshold/hysteresis and global parameters to avoid
false touch. This tuning is dependent on how the signal value variation pattern changes after it is affected
by the noise.

In case the touch Delta is out of the recommended range, the user has to update the sensor Gain so that
the touch Delta value fits within the expected range.

1. Select Signals, References, and Deltas in the Trace View, or use the Tabular View.

2. Press BUTTON 1 on your kit, which is displayed as Button0 on the QTouch Analyzer and check that
it becomes green when touched.
3. Check in Trace View that the Delta value has increased with the same amount as the Signal one.

QTouch Analyzer
QDEBUG_DGI-00541 = 23 ReConnect | B StopResding ~ SsveTrace | OpenTraceFile |-f SaveDesignFile i Save CouFile | Open Solution File | @ Help

‘T/lr!ualmvuwr Graph View | Tabular View |
's Y ® Automatic Scale ) Manual Scale | Snapshot | | Defauit Camera View
55
494
| Kisensor Properties | i 3
( Kit <Kit> =
353
Kit Properties B
5283
i
Physical | Firmware |
212
Height{mm)
Widthimm) 141
Kitimage
Kit Project File Path | CAUsers\kamalakannanm\Documents’ n
o & | —
- T !
N o : ! : ! J 5 T T ———
£
® ® ® & & ® & ® &
samples -
Min: 0 Max 565
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Tip: You can also easily check signal, reference, and delta values as well as Touch
Button state by using the Tabular View instead of the Trace View .

Graph View | Tabular View

Buttons

Button Id Name State elta Delta RMS Channel Id Signal Reference ‘

0 Button( . ON 32 0 0 544 512

4. Check that the touch Delta is in the desired range for the non-noisy environment case.

*_ Tip: After you have completed this assignment, click on Stop Reading to prevent the
QTouch Analyzer from collecting touch data over a long period as this might slow down

== ont ] i
the computer -~ em= )

.’ Result: The touch Delta value is coherent with the expected range.

5.3. Conclusion
In this assignment, you have learned:

*  How to get started very quickly with QTouch Analyzer

*  How QTouch Analyzer provides near real-time visualization of the QTouch data sent from the Atmel
QTouch kits
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6. Assignment 4: Understanding Sensor Individual Parameters
After we have covered the Basic Touch Sensor Debugging Information and made a first use of QTouch
Analyzer, we will now focus on the important settings that are specific for each individual sensor.
«  Buttons, Sliders, and Wheels
— Detect Threshold
— Detect Hysteresis
— Adjacent Key Suppression” (AKS")
+  Sliders and Wheels
— Position Resolution
— Position Hysteresis (Mutual Capacitance technology only)
6.1. Detect Threshold
The Detect Threshold parameter of a sensor defines how much its Signal must increase above its
Reference level to be qualified as a potential touch detect.
Larger threshold values desensitize sensors since the signal must change more (i.e. requires larger
touch) to exceed the threshold level. Conversely, lower threshold levels make sensors more sensitive.
The threshold setting depends on the amount of signal swing when a sensor is touched. Usually, thicker
front panels or smaller electrodes have smaller signal swing on touch, thus requiring lower threshold
levels.
Z07N  Todo: In QTouch Analyzer, click on Start Reading and approach slowly BUTTON 1. Using the
E_‘, Tabular View, check that a detect touch can occur BEFORE touching the sensor.
For a regular touch button, this is an undesired proximity effect.
This may be solved either by reducing the Gain or increasing the Detect Threshold level. Since the gain
was set to 1 in previous assignment, we cannot reduce it anymore, so we need to adjust the Detect
Threshold.
Ej" To do: Update Detect Threshold to remove this proximity effect.
A
To do that, we will use the Write to Kit feature of the QTouch Analyzer, which can be used to update the
values of the sensor configuration options on the connected kit.
1. In the Kit/Sensor Properties view window, select the Button 0 Sensor Configuration Options.
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[ Kit/5ensor Properties l

Kit <Kit> -
Button 0 <Button0>
Kit <Kit»

Physical | Firmware

Height{mm) 120
Width{mm) 150
Kit image

Kit Project File Path | C:\Users\kamalakannan.m'\Documents\,

0 Info: The Kit/Sensor Configuration view allows you to view the kit and sensor
configuration options. After a kit that supports run-time configuration is connected, the kit/
sensor configuration options appear in the kit/sensor configuration view and display the
current values of the various kit/sensor configuration options.

2. Select the Firmware tab (Sensor Firmware properties).

[ Kit/Sensor Properties l
[ Button 0 <Button0> v]
Kit Properties

Physi Firmware
i
AKS Group [no_aks_croup -
Detect Threshold 10
Detect Hysteresis [HysT_25 v

Positive Recalibration Flag |False

From Channel

oo
m

To Channel

Number of Channels 1

Button shape Round

MOIS Group [MOIS_DISABLED -7
MLTCH Group 0

Lump Sensor Group 0

| enw Power Sensor Fales

3. Update the Detect Threshold.

*_ Tip: For most cases, a touch threshold which is 50% of the observed touch delta is
sufficient.

4. Click on Write to Kit to update this value directly on the kit.
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Writing configuration to kit

Writing specified configuration to kit. Please wat...

==

5. You will get the following message confirming that the operation succeeded.

Write configuration to kit ==

1) | Successfullywrote new configuration to kit

v | Details

Close

6. Now you can test by approaching slowly BUTTON 1 that the proximity effect has disappeared.

ﬂ Info: You can also check the Detect Threshold parameter using the Trace View by

selecting the Detect Threshold and Deltas as an example.

Graph View | Tabular View |

[ Signal Seletion | © Automatic Scale ® Manual Scale [ Snapshot | Defautt Camera View
Lx]

Sensor Specific | Global | |

[ Signal

[¥] Delta [ |

[] Reference

9] Detect Threshold [

[] Detect Hysteresis

[]1In Detect Events

69

Touch
Detected
63

19 <
13
6 —

5% -
50
44 3
T3 —
2 Detected

o

| ! T T 1 T i 7

“ ® ® » ®© & & £

samples

s

~ ad ReConnect B Stop Reading

parameter can be used to play with the sensor sensitivity depending on the customer

Tip: After you have completed this assignment, click on Stop Reading to prevent the QTouch
Analyzer from collecting touch data over a long period as this might slow down the computer

.’ Result: We have understood the properties of the Detect Threshold parameter. This Sensor

application constraints and his hardware sensor design.
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6.2.

Atmel

Detect Hysteresis
This setting is the sensor detection hysteresis value.

It is expressed as a percentage of the sensor detection threshold setting.

After a sensor goes into detect its threshold level is reduced (by the hysteresis value) in order to avoid the
sensor dither in and out of detect if the signal level is close to original threshold level.

«  Setting of 0 = 50% of detect threshold value (HYST_50)
+  Setting of 1 = 25% of detect threshold value (HYST_25)
*  Setting of 2 = 12.5% of detect threshold value (HYST_12_5)
«  Setting of 3 = 6.25% of detect threshold value (HYST_6_25)

So Detect Hysteresis has only an effect when a touch delta is varying around the threshold.

To demonstrate this feature, the idea will be to consider a proximity sensor where we will show that the
sensor turns ON by moving the finger closer but it doesn't turn OFF until the finger moves away more
than a specific distance.

Info: With a properly tuned system and in the absence of noise, there is no apparent difference
in operation between 6.25% and 50%.

E_.]" To do: Update Sensor Button 1 Parameters to add a proximity effect.
A

1. Click on Solution Explorer.
2. Launch QTouch Project Builder by right clicking on the Hands-on Assignment project then select
QTouch Project Builder.

Solution Explorer XX
B o-d@ F=
Search Solution Explorer (Ctrl+;) P-

b 4 Dependdncit QTouch Project Builder
b (24 Output Files 35 Build

b .3 Libraries Rebuild

4 [y src

@] Solution 'Hands-on-Documentation’ (1 _pro_j_ect_)
4 B Hands-on-, ssig .‘

Clean
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N

Tip: You can also directly double click on the Hands-on Assignment.gtdgn file.

Solution Explorer > o x
@ o-a@| p -
Search Solution Explorer (Ctrl+;) P~

‘@l Solution 'Hands-on-Documentation' (1 project)
4 | Hands-on-Assignment

P =4 Dependencies

P =4 Output Files

I 5 Libraries

P src

4 Hands-on-Assignment.qtdgn
c main.c

3. Update Gain to 32 on the BSW Channel Properties page.

2] qTouch Project Builder
Project Builder Workflow > 4

Sensor calibration auto tune

on - ATSA A MNOME: When Ma
the user defined v

Pin Selection - Do Auto tune mode  |NONE = resistor is used

for PTC operation
bug Interfa p {optio DEF_oooCAP_SEN

5. BSW Channel Properties (optional)

Please set BSW channel properties.

Channel  Gain  Prescaler  Series resi
 —
0 l32 'I[One V][Zero
—J

Description of channel properties

Gain Gain is applied on a per-channe

4. Update Filter Level to 64 in the BSW Channel Properties page. Click Apply.
=0 EEE )

"

joption is selected
'C pre-scaler (or Charge share delay on SAM C devices) and series

| DEF_sooxeCAP_CLK_PRESCALE or DEF oomCAP_CSD_VALUE and
R

m

nnel Properties

:Cal Prescaler  Cc Cal Series resistor  Auto 05 Filter Level

: ~|[zer0 ~|[Disable ~|[64 -

llow a scaling-up of the touch sensitivity on contact.

5. Click Generate Project on the Project Generation page to update your QTouch Project.
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7. Project Generation

Please review the project creation summary and generate a project.

—
| Generate Project | |
N\

—

o Info: By increasing both the Gain and the Filter Level, we will be able to increase the
Reference value, and so scaling up the Touch Delta value.

R A1 51 | I
6. Build the solution and ensure you get no errors &

Ml
7. Program the application by clicking on the Start Without Debugging icon

.' Result: Your QTouch project is now updated and programmed on the SAM D21 Xplained Pro.

E-_l: A Todo: Update Detect Hysteresis to demonstrate the Hysteresis effect.
A’

1. Press RESET button on the SAM D21 Xplained Pro.
2. In QTouch Analyzer, click on Connect or ReConnect then Start Reading.
3. Inthe Kit/Sensor Properties view, select the Button 0 Sensor Configuration Options.
4. Select Firmware tab and update.
— Detect Threshold to 10
— Detect Hysteresis to HYST_50
Kit/Sensor Properties ]
( Button 0 <Button0> -
Kit Properties
Physical Flrmware‘
AKS Group [NO_Aks_GRouP |-
Detect Threshold 10
Detect Hysteresis [HYST_E!D vl
Positive Recalibration Flag | False E
From Channel 0
To Channel 0
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6.3.

ﬂ Info: Using a very low Detect Threshold value and 50% of that value for the Detect
Hysteresis parameter will give the highest hysteresis value, and so demonstrate the
hysteresis effect more easily.

5. Click on Write to Kit to update that new value directly on the Kkit.
6. Test that the proximity effect has increased a lot by slowly approaching BUTTON 1.

Tip: You can look directly at the LEDS8 or use the Tabular View Sensor State.

7. Now test that BUTTON 1 doesn’t turn OFF even if your finger moves below the Detect threshold
level, before it's outside the hysteresis.

Tip: After you have completed this assignment, click on Stop Reading to prevent QTouch
Analyzer from collecting touch data over a long period as this might slow down the computer

= a3 ReConnect B Stop Reading

Result: We have understood the purpose of the Detect Hysteresis parameter. This Sensor
parameter can be used to avoid the sensor dither in and out of detect if the signal level is close
to original threshold level. As discussed previously, tuning this parameter is important when
noise is present in the system.

Adjacent Key Suppression (AKS)

In designs where the sensors are close together or configured for high sensitivity, multiple sensors might
report a detection simultaneously.

To allow applications to determine the intended single touch, the touch library provides the user the ability
to configure a certain number of sensors in an Adjacent Key Suppression (AKS) group.

When a group of sensors are in the same AKS group, only the first sensor which has strongest touch
delta will report detection. The sensor reporting detection will continue to report detection even if another
sensor's delta becomes stronger.

The sensor stays detected until its delta falls below its detection threshold. If more sensors in the AKS
group are still detected only the strongest will report detection.

ﬂ Info: At a given time point, only one sensor from each AKS group is reported to be detected.
To demonstrate this feature, the idea will be to add two other sensors, one button and one slider, and then

associate one AKS group to the two buttons. We will then be able to check that only one button can be
reported as a Touch whereas we could use the slider in parallel.
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To do: Add Sensor BUTTON 2 and the SLIDER.

1. Launch QTouch Project Builder by right clicking on the Hands-on Assignment Project.

2. Update the Detect Threshold of the Button 0 (BUTTON 1 on the QT1 Xplained Pro) to remove any

proximity effect (value retrieved from Detect Threshold assignment) by clicking the sensor and
~|;|-- --[T‘

<4

selecting the cogwheel icon (threshold:23, hysteresis: HYST_25) . .
3. Add a new button in the Sensor Selection page by clicking on the Button icon, click Add.
4. Click the sensor and Update the Detect Threshold of the Button 1 (BUTTON 2 on the QT1 Xplained
Pro) to remove any proximity effect, same as explained above.
5. Add a slider in the Sensor Selection page by clicking on the Slider icon, click Add.

— Click the sensor and select the cogwheel, and change the Number of Channels to 4 in
Channel tab. Also, change the direction to LeftToRight in the Physical tab to get correct
visualization in QTouch Analyzer (do not update the other parameters at this stage).

Slider0
|%%l |Sea|‘:" X |
4 Channel
Frem Channel 2
ToChannel S
Mumber of Channels 4 |
“ Firmware
AKS Group MNO_AKS_GROUP -
Detect Threshold 10
Detect Hysteresis HYST_25 hd
Pasitive Recalibration..,  False A
Pasition Resolution RES_8_BIT -
Pasition Hysterssis ]
4 Lump Mode
Lump Sensor Group ] hd
< Moisture tolerance
MOIS Group WOIS_DISABLED
MLTCH Group a hd
“ Physical
Sensor Id 0
Width{imm) 32
Height{mm] 10
Crientation Harizantal >
Direction

RightToleft
Direction in which the mitiow‘

6. Update X-Y lines and Gain for Buttons 0, 1, and the Slider.

ﬂ Info: For sensors consisting of several channels, wheels, and sliders, all channels must
use the same Y-Line.
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7.

Atmel

A Warning: The X-line and Y-line numbering in the QT1 Xplained Pro User Guide does not
correspond to the X-line and Y-line numbering in the SAM D21 PTC module as the QT1
Xplained Pro is a generic touch board (not dedicated to the SAM D21).

Flip the SAM D21 Xplained Pro and QT1 Xplained Pro boards and determine the SAM D21 1/O pins
that are connected to Buttons 1, 2, and the Slider.
L]
o (@ [l
L'Hlila Bunr_:':-

BRAr

mo
o
m
o
(o] o]
@e

2 4

NC
4 LED 5

LED_7
vcc

@000QVHOV
00000 NHOV

T 00 i
Leo R LED G | @ P81 @®rae
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ﬂ Info: X-line and Y-line for Buttons 1, 2, and Slider can be retrieved from the Atmel QT1
Xplained Pro User Guide (http://www.atmel.com/Images/Atmel-42193-QT1-Xplained-
Pro_User-Guide.pdf).

Pin on EXT Function Description

1 ID Communication line to ID chip.
2 GND Ground

3 LED_0O Slider, LED 0 (Yellow)

4 LED_1 Slider, LED 1 (Yellow)

5 Y_S Y-line for Slider

6 Y_W Y-line for Wheel

7 LED_2 Slider, LED 2 (Yellow)

8 LED 3 Slider. LED 3 (Yellow)

9 Y_B Y-line for Buttons

10 Not Connected

1" Not Connected

12 Not Connected

13 Not Connected

14 Not Connected

15 LED_4 Slider, LED 4 (Yellow)

16 LED_5 Slider, LED 5 (Yellow)

17 LED_6 Slider, LED 6 (Yellow)

18 LED_7 Slider, LED 7 (Yellow)

19 GND Ground

20 VCC Target supply voltage

Pin on EXT Function Description

1 Not Connected

2 GND Ground

3 X_1 X-line 1 (for Slider and Wheel)
4 X_2 X-line 2 (for Slider and Wheel)
5 X_3 X-line 3 (for Button 1, Slider, and Wheel)
6 X_4 X-line 4 (for Button 2, Slider, and Wheel)
7 LED_8 Button 1, LED 8 (Yellow)

8 LED_9 Button 2, LED 9 (Yellow)

9 LED_R Wheel, RGB LED (Red)

10 LED_G Wheel, RGB LED (Green)

11 Not Connected

12 Not Connected

8. Use the Pin Selection page from QTouch Project Builder to select the correct X- and Y-lines.
9.  You should get the following page.
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0

Node

X8Y10 =
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Channel

i

Node

B sliderd

XeYil0 -

Channel

Node

Atmel

X2¥12 -
X3IY12 -
XBY12 =
XO¥i2 -

W W

10. Re-enable the QDebug Interface and re-assign the right port(s) and pins to the SPI interface in the
Debug Interface Setup (optional) page.

Enable QDebug Interface

(QDebug interface allows Live streaming of Touch
data to QTouch Analyzer)

Debug Interface | 3W implemented SP1 -

Name Y Pin

SPIBE_SS

SPIBB_SCK

SPI_BE_MOSI
SPL_BB_MISO |pR1s -

11. Update Gain to 1 and Filter Level (under Tuning Parameters) to 16, for all sensors. Click Apply.
12. Click on the Project Generation page and click Generate Project to update your project.

.' Result: You have added a new button and the slider to your QTouch project.

Ej" To do: Check Slider Touch Delta Value.
A

As previously covered, the desired touch delta for buttons is ~30 to 80 counts (or readings) and for
wheels or sliders ~50 to 120 counts.
This is a preferred range for non-noisy environment.

In case the touch Delta is out of this range, the user has to update the sensor Gain so that the touch
Delta value fits within the expected range.

Atmel Introduction to QTouch Design Parameters using SAM D21 Xplained Pro [TRAINING
MANUALS]

Atmel-42271D-Introduction-to-QTouch-Design-Parameters-using-SAM-D21-Xplained-Pro_AN-7846_Training Manuals-03/2016

44



Pobh=

<

B BE

Build the solution and program it by clicking on the Start Without Debugging icon
Press the RESET button on the SAM D21 Xplained Pro.

In the QTouch Analyzer, click on Connect/ReConnect and then Start Reading.
Press the Slider on your kit and check its delta value using the Tabular View.

D | Ml

+/- SliderId Name State Delta Delta RMS Position

o 0 stidert | ORI a 0 87

Reference

Channel Id Signal
2 513 511

e W
v
¥
2
v
¥
B

Result: Depending on the position of the slider, you should observe delta values in the range
of 20 to 60 counts, which is lower than recommended. You will then need to increase the gain
so that it fits with the expected range. Before continuing make sure to press the Stop Reading
button.

To do: Update the Slider Gain by using the QTouch Project Builder.

Info: Gain setting is applied on a per-channel basis to allow superior sensitivity upon contact.
Recommended gain settings depend on the sensor design and touch panel thickness.

Tip: The increase in the gain value is usually required by a thick front panel but also depends
on the sensor design (size of the sensor and coupling between X and Y for mutual capacitance
sensors). Thicker front panels (3mm and more) can result in reduced sensitivity upon touch.
Likewise, smaller size sensors or sensors surrounded by ground layer or sensors with ground
on the bottom side typically require an increased gain setting.

1. Using QTouch Project Builder, update the SliderGain from 1 to 2.

Atmel

2 QTouch Project Builder
Project Builder Workflow ~q

Sensor calibration auto tune

NOME: When Man
the user defined va
resistor is used

for PTC operation =
DEF_ooCAP_SENS

— At tune mde

5. BSW Channel Properties (optional)

Please set BSW channel properties.

Channel  Gain  Prescaler  Series resis

- Zero
vJone  v]zen
“Jone |z
vJone  |zee
2 v|one  <)[zee

)
il

mo w o e o
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2. Generate the project, build the solution, and program it by clicking on the Start Without

Debugging icon Ll .

3. Press the RESET button on the SAM D21 Xplained Pro.
4. In QTouch Analyzer, click on the Connect/ReConnect and then Start Reading.
5. Press the Slider on your kit and check its delta value using Tabular View.

+/- SliderId Name State Delta Delta RMS Position
=] 0 Sliderd . oN | 131 0 164
Channel Id Signal Reference
1023 1023
3 1043 1022
4 132 1022
5 1025 1022

.’ Result: The touch Delta value is now coherent with the expected range.

E_.::" To do: Update the AKS Group of Buttons 0 and 1 by using the QTouch Analyzer.
A

1. Update the AKS Group of the Button 0 (BUTTON 1 on the QT1 Xplained Pro) to AKS_GROUP_1

)

by clicking the sensor and selecting the cogwheel icon '&==—

}E E: Button0
Sty

= X

4 Channel
Fram Channel a
To Channel 0
Mumber of Channels 1

Wiwaie

|

LETect Tnresnoic R

AKS_GROUP 1

Detect Hysteresis
Pasitive Recalibration...
Buttan shape

“ Low Power
Law Power Sensor

< Lump Mode

Lump Sensor Group 0 A

2. Update Button 1 AKS Group with the same Group as Button 0.
3. Generate the project, build the solution, and program it by clicking on the Start Without

Debugging icon LAy

4. Press both buttons and check using Tabular view that only one sensor is reported to be detected.

Info: On the other hand, you can also check that it is possible to use the Slider in parallel of
the Buttons as we did not assign any AKS Group to it (or its AKS Group is different from the
Buttons one).
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6.4.

6.5.

Info: This example shows that only a touch on Button 0 (BUTTON 1 on the kit) will be reported
as detected as it's the first one to reach its Detect Threshold.

Graph View | Tabular View

Button Id Name State Delta Delta RMS Channel Id Signal Reference

[0 ] owow |G 0 0 5 h

1 Buttonl OFF 59 0 1 570 511

When a group of sensors are in the same AKS group, only the first strongest sensor will report

.' Result: We have understood the purpose of the AKS parameter.
detection.

Using this parameter is important in designs where the sensors are close together or configured
for high sensitivity as it will avoid multiple sensors to report a detect simultaneously.

Position Resolution

The rotor or slider needs the Position Resolution (angle resolution in case of rotor and linear resolution
in case of slider) to be set.

Position Resolution is the number of bits needed to report the position of rotor or slider. It can have values
from 2 bits to 8 bits.

Position Resolution is usually set to 8 bits even if the majority of the applications will never need such
accuracy.

n Info: For a typical 40mm slider, 8-bit resolution means six positions per millimeter.

An application will generally act on a status change: touch contact applied or removed or moved along
the slider.

«  If we have high resolution position calculation then we report many changes during a slide of only a
few mm. The application code will read the position each time, compare it to the previous position
and decide if any action is required.

*  Using lower resolution means the application code is entering this decision making process only
when a change occurs, which is significant in the application context

needs a few instructions to read a new position. So no differences in term of performance or

.’ Result: Using a high resolution does not represent an issue with our QTouch Library as it only
power consumption will be seen.

Position Hysteresis

In case of Mutual Capacitance, the rotor or slider needs the position hysteresis (angle hysteresis in case
of rotor and linear hysteresis in case of slider) to be set.
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It is the number of positions the user has to move back, before touch position is reported when the
direction of scrolling is changed and during the first scrolling after user press.

0, which will show flickering on the slider position. Setting its value to a higher one will remove

.’ Result: Position Hysteresis may be demonstrated in a noisy environment by setting its value to
flickering.

6.6. Conclusion
In this assignment, you have learned:
*  How to easily tune your QTouch application using QTouch Analyzer thanks to the Write to Kit
feature
*  The different characteristics of the Sensor Individual Parameters and how to visualize them on
QTouch Analyzer
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7. Summary

This hands-on demonstrated the ease of use of the different Atmel QTouch technology tools by
presenting the different steps a user need to follow to successfully build his first QTouch application.

The following topics have been covered:
e Atmel QTouch Composer
*  Atmel QTouch Library API
*  Atmel QTouch Analyzer
*  The Sensor Individual Parameters

You have seen how the embedded peripheral touch controller (PTC) of the Atmel | SMART SAM D21
MCU makes it easy to add capacitive touch sensing to your project with buttons, sliders, wheels, and
proximity.
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8. Revision History

Doc. Rev. Date Comments

42271D 03/2016 Updated training for Composer and Library version 5.9
42271C 05/2015 Updated training for Composer and Library version 5.6
42271B 07/2014 Updated review comments from Marcom
42271A 05/2014 Initial document release
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