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SAM series course history and brief

* SAM1001 - MCU32 Peripheral Library (PLIB)
* (2017~2018)
* Peripheral Library (PLIB) on APP045v2.0 (SAMD21 Arm Cortex-MO0+)
* Advance Software Framework (ASF) v3.x + GNU C compiler + Microchip Studio 7
* (2019~2022)
* Peripheral Library (PLIB) on APP045v2.0/v4.x (SAMD21 Arm Cortex-MO+)
*  MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE
* (2023~2024)
* Peripheral Library (PLIB) on APP045v4.x/v5.x (SAMD21 Arm Cortex-MO0+)
*  MCC Harmony + XC32 Compiler + MPLAB X IDE
* SAM2001ADV - MCU32 Advanced Peripheral Library (PLIB)
* (2021~2022)
* Peripheral Library (PLIB) Advanced modules on APP045v4.x (SAMD21 Arm Cortex-MO+)
*  MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE
* (2023~2024)
* Peripheral Library (PLIB) Advanced modules on APP045v4.x/v5.x (SAMD21 Arm Cortex-MO0+)
*  MCC Harmony + XC32 Compiler + MPLAB X IDE
* SAM2002 — MCU32 System Service and Driver
* (2019~2022)
* System Service and Driver on APP045v4.x (SAMD21 Arm Cortex-MO0+)
*  MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE
* (2023~2024)
*  System Service and Driver on APP045v4.x/v5.x (SAMD21 Arm Cortex-MO0+)
* MCC Harmony + XC32 Compiler + MPLAB X IDE
* SAM2002ADV — MCU32 Touch and USB Device
* (2021~2022)
* QTouch Library and USB Device Driver on APP045v4.x (SAMD21 Arm Cortex-MO+)
*  MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE
* (2023~2024)

* QTouch Library and USB Device Driver on APP045v4.x (SAMD21 Arm Cortex-MO+)
*  MCC Harmony + XC32 Compiler + MPLAB X IDE
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Background Knowledge and Preparation

« SAM2002ADV is for advanced users, then we will not introduce :

* MPALB X IDE and Harmony Configuration. (Please study from SAM2001 course)

* How to download(prepare) latest Harmony Framework. (Please study from SAM2001 course)

* How to create a new project. (Please study from SAM2001 course)
PLIB (Peripheral Library) implementation. (Please study from SAM2001 and SAM2001ADV course)
System Service and Driver implementation. (Please study from SAM2002 course)

. SAMZOOZADV will use below tool versions for Labs.
 MPLAB® X IDE v6.15 https://www.microchip.com/mplab/mplab-x-ide
* MPLAB® XC32 v4.35 https://www.microchip.com/mplab/compilers
* MPLAB® Code Configurator v5.4.1 (Install in MPLAB X IDE Plug-in)
* SAMD21 DFP v3.6.144 (Device Family Pack download from X IDE \Tools\Packs)
* CMSIS v5.8.0 (Common Microcontroller Software Interface Standard)
» MCC Core v5.6.1 (Install with MPLAB X IDE v6.15)

* MPLAB® MCC Harmony Framework (From X IDE MCC Harmony Content Manager)

* Required Content (Must install)
* ¢sp3.184
* harmony-services 1.3.2
* CMSIS 559.0
* quick_docs 1.6.0
* Optional Content (Manual select in Content Manager)
* touchv3.15.0
* usbv3.12.0
* dev_packsv3.18.1

- corev3.13.3 ﬁ\ MICROCHIP



https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/compilers

Advance Course

* Introduction to QTouch® Peripheral Touch Controller (PTC)
 Harmony Touch Configurator
 APP045 EVB QTouch® Design and Pattern
HLab1 Touch Buttons
ZLab2 Touch Slider
HLab3 Data Visualizer for Touch
 USB Fundamentals
e USB Device Library (USB Device Architecture)
 Harmony USB Device - Device Layer Configurator
ELab4 USB Device - Device Layer Initialize
* USB Device CDC Class
S Lab5 USB Device CDC Class - Basic TX and RX
* USB Device HID Class
ELab6 USB Device HID Class - Basic TX and RX

@ MICROCHIP



Introduction to QTouch® Peripheral
Touch Controller (PTC)
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Introduction to QTouch® Peripheral Touch Controller (PTC)

Long-Term innovative Player in Touch

Microchip serves all Markets and all use cases for touch.

Consumer Appliances Medical Industrial Automotive Wearables loT Avionic
S 2022 Functional Safety Touch Library, SEooC

S 2021 Multi-Touchpads on MCU
2021 Hands off Detection

S Automatic Sensitivity adaption Level sensing &
© 2021 Graphics + Touch — single MCU Touchscreens

T Boost Mode < 2019 Boost Mode Touch 3D Gestures =

© Adaptive noise avoidance T 2018 2D Touch surface library for MCUs Grip sensing =

S 2017 MCC/START raise

ot Hands on Detection &

Q T Water tolerant touch buttons the A "
o0 g . . - )
O © Water tolerant touch pads/screens T 2016 Microchip acquires Atmel Gloves support w/o hover-touch 8
o © 2014 2D Touchpads on MCU Touchscreen & | O
S © Touch HW solutions on MCU Q
-S © 2013 Water tolerant touch / Driven Shield+ Touchpad = 5
Iq—)  Driven shield - multiple S 2012 Microchip/Atmel launch MCU

High button count &
with touch hardware : HCVD / PTC 8

T Feeding line compensation

$ 2012 Touch on metal - MoC Proximity
© Low power sensor lump © 2008 Atmel acquires Quantum. Wheels
S Mutual S 2007 Microchip establish Touch BU. Sliders ©

S 1999 Quantum Research Group
commercializes Touch : Utilizing Microchip MCU Buttons @

@ MICROCHIP
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Introduction to QTouch® Peripheral Touch Controller (PTC)

Capacitive Touch Sensor

Cr: Finger capacitance
CF

Cs
> Cs: total Sensor capacitance

Cr: Parasitic capacitance

Sensor Capacitance (Cs) = Cp + Cr

@ MICROCHIP



Introduction to QTouch® Peripheral Touch Controller (PTC)

Capacitance Touch Measurement

Self Capacitance Touch Mutual Capacitance Touch

Ry

Touch sensor

1 J
Series resistor —
Rs r— Rx—l ny
| I I ——
Parasitic  e——t— c :
— X Free space capacitance

capacitance ==
Cp I =—1— (self.capacitance)
Ground return I Cg
rrrz

capacitance
Earth

Touch sensor Human body model |2 Cxy ~ Human body model
Series resistor Rh — / \ Rh
RS p——y Ct .
SN | i
243 Touch Ch ouc [ Ch
Parasitic e - capacitance
capacitance(T — I I Cx capacitance X Cxyt p—
—— N
Oround ret I |Cg Ground return
round return capacitance
capacitance rrrz pa I I
Earth — Cg rrr
GND Earth
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Introduction to QTouch® Peripheral Touch Controller (PTC)

Peripheral Touch Controller (PTC)

The Peripheral Touch Controller (PTC) acquires signals in
order to detect touch on capacitive sensors.

The external capacitive touch sensor is typically formed on a
PCB, and the sensor electrodes are connected to the analog
front end of the PTC through the 1/0 pins in the device.

The PTC supports both self- and mutual-capacitance sensors.

In the mutual-capacitance mode, sensing is done using
capacitive touch matrices in various X-Y configurations,
including indium tin oxide (ITO) sensor grids. The PTC
requires one pin per X-line and one pin per Y-line.

In the self-capacitance mode, the PTC requires only one pin
(Y-line) for each touch sensor. It also supports a Shield Driver
to provide a driven shield on electrodes for better noise
immunity and moisture tolerance.

Peripheral I Sense(XY)

Interface Registers

|
|
PTC I
|
|

Configure Raw
PTC registers Touch Data

Touch Controller 10 Lines
K= PORT Touch Sensors

4 )

- J

QTouch Library
Processed Touch Data (PP
(Post Processing / Noise Application ]
Countermeasure) code
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Introduction to QTouch® Peripheral Touch Controller (PTC)

PTC Block Diagram

Self Capacitance Touch

IRQ

Result

—

10

Mutual Capacitance Touch

IRQ

Result

10

ﬁ\ MICROCHIP



Introduction to QTouch® Peripheral Touch Controller (PTC)

Driven Shield
Top Bottom

@// q Sensors with Sensor with Driven Shield
T o Y[J m Shield ¥1 T

PCB Material

ﬁ\ MICROCHIP
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APPO045 EVB QTouch® Design and Pattern
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APP045v4 JES.d MES.e

APPO045 EVB QTouch® Design and Pattern

* APP045v4 EVB to designed a three channels Self Capacitance Sensing
Touch Button and Touch Slider with optional Driven Shield feature.

@ MICROCHIP



APPO045 EVB QTouch® Design and Pattern

Schematic

GND

PB02/AIN10/Y8 10K
PAO4/AIN4/EINT4/Y2 m 10K ggé
PAOS/AINS/EINTS/Y3 AN, 10K P: AD3
Driven Shield
3
SC-03
0 1
VVV 3 3
AN 100K 3 ﬁ MPER(short J3,2-3)

PA18/SS(S1.2)/DS(TC3.0, TCCO. 2)

Qtouch Slider
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APP045v4 JES.d MES.e
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APPO045 EVB QTouch® Design and Pattern
PCB Stack
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Harmony Touch Configurator
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Harmony Touch Configurator

Create : Select Sensing Type and add Touch Sensors Information

-._Il Touch CDnﬁguratmn The clock for CPU and peripherals are set and
Sensar pins are auto assigned on creation.

Go to configure > Sensor Pins to change.

Configure as Low Power Important Notes @) v Ok
Create Lump Sensor ‘ Self-Cap

Create || Configure  Tune  Summary

=0

®1 Touch Configuration
Self_cap Create Configure Tune Summary
el — e ©
utual-La
p CreateLumpSensol Self-Cap
0 0 0 0

— 1 | p—

o - = = Horizontal ~
Buttons 1 . Sliders 1 . Wheels 1 . 4
~ > it segments v
] Fa A
m Seg ments 4 i Seg ments 4 w Vertical segme nts 4

m m Gesture Type No gestures

Add
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Harmony Touch Configurator

Configure — Sensor Pins : Sensors Pins signal configuration

B Touch Configuration

Create Configure une Summary

Sensor Pins

| O Pins view

Surface view

Signals will be swaped if it's used by other sensor/segment during sel
Sensors Signals
Button 0 Y0 (PADZ)
¥1 (PAD3)
Y2 (PAD4)
Slider 0
¥3 (PADS)
¥4 (PADG)
¥5 (PADT)
& (PBO2)
Wheel 0

¥9 (PBO3)

Y14 (PBOS)

- O X
A
B Touch Configuration
Create une Summary

Sensor Pins

Pins view

O Surface view

Note: Please click on the coordinates in any one of the corner o
matrix to change the orientation of the surface.

(0255) S5 6 s7 S8 (255255)

666k

SO -
NO 00O
P OO

B Touch Configuration

Create Configure

Iune Summary

Sensor Pins

O Pins view

Surface view

Drag and drop sensor to modify its lines. Change the
multiplexed x line to y line and vice versa by clicking it.
The recommended pin configuration for a mutual cap
slider/wheel is a common Y line with multiple X lines.
B1 = Button 1, 51:2 = Slider 1: Segment 2.

X0 X1 X2 X3 X4 X5

X8

Sensor Pins I

Y0 BO 501 §0:2 503 || S04

Y1 SUR || SUR || SUR |[ SUR

Y2 SUR || SUR || SUR |[ SUR

Y3 SUR || SUR || SUR |[ SUR

Y4 SUR || SUR || SUR |[ SUR

Sensor Parameters
Common Parameters
Gesture Parameters
Driven Shield

I Boost Mode
Frequency Hop / AFA

I Functional Safety

| self Test (B1ST)

I Host Interface

® Contact support
@ Change device
Change technology

W Change device
Change technology
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Harmony Touch Configurator

Configure — Sensor Parameters : Filter/Gain/Clock/Threshold/AKS, etc

B | Touch Configuration - O X
Cred Configure une Summary
Sensor Parameters Q
Sensor Pins
PTC Clock Frequency Info Sensor Parameters
Red indicates invalid PTC-Clock Frequency . Blue indicates valid PTC-Clock Frequency Commen Parameters
Prescalar PTC Clock Gesture Parameters
Dniven Shield
4 1.0000 MHz
Boost Mode
GCLK / CLKPER : 05000 i '
. Frequency Hop / AFA
16 0.2500 MHz
I Functional Safety
32 0.1250 MHz
| self Test (BIST)
L . L . Sensor I Host Interface
Sensors Dlg_ltal Filter  Digital Flm_?r Analog Gain  Series Resistor PTC Clock (MHz) Detect ST ) Sensor AKS
Gain QOversampling Hysteresis
®@ ® @ ® Threshold
® @ ® ®
Button 0 1 16 samples 1 No resistor 1.0000 20 25% No AKS
~ Slider 0 Scroller Resolution &Bit ~ | Scroller Deadband | 10 Percent ~ | Scroller Position Hysterisis 8 Scroller
~
Detect threshold | 20
s1 1 16 samples 1 No resistor 1.0000 20 25 % AKS Group 1
52 1 16 samples 1 No resistor 1.0000 20 25% AKS Group 1
53 1 16 samples 1 No resistor 1.0000 20 25% AKS Group 1
54 1 16 samples 1 No resistor 1.0000 20 25% AKS Group 1
~ Wheel 0 Scroller Resolution | 8 Bit ~ | Scroller Deadband = 10 Percent ™  Scroller Position Hysterisis | 8 Scroller
- ® Contact support
® Change device
Change technology

ﬁ\ MICROCHIP



Harmony Touch Configurator

Configure — Common Parameters : Acquisition, Touch Drift, Recalibration threshold, etc

T

Cred

ouch Configuration

Configure

Common Parameters

Acquisition

Scan Rate (ms)

PTC Interrupt Priority

Acquisition Frequency

Sensor

Detect Integration

Away from Touch Recal Intergration Count

Away from Touch Recal Threshold

Touch Drift Rate

Away from Touch Drift Rate

Drift Hold Time

Re-burst mode

Max ON Duration

une Summary

20

FREQ SEL 0

100 percent of Touch threshold

20

20

Reburst sensors only in process of calibration / filter in / filter out and AKS groups

‘mm

D DEE - DD

- O

Sensar Pins

Sensor Parameters

hd

Commeon Parameters

Gesture Parameters
Dniven Shield

I Boost Mode
Frequency Hop / AFA

I Functional Safety

| self Test (BIST)

I Host Interface

@ Contact support
® Change device
Change technology

ﬁ\ MICROCHIP



Harmony Touch Configurator

Configure — Gesture Parameters : Gesture Tap/swipe/wheel settings

B | Touch Configuration - O X
Cred Configure une Summary
Gesture Parameters Q
Enable Gestur|s - 1 Finger () Sensor Pins
Note: Enablin b= — only 1 Finger Gestures Support. If 1&2 Finger Gestures support is needed, delete the existing Surface sensor and add a

. . ! Sensor Parameters
new Surface sensor with 1&2 Finger Gestures option type.

Commaon Parameters

Gesture - Ta
P I Gesture Parameters
Tap Release timeout 20 Driven Shield
v
I Boost Mode
Tap Hold timeout 100 Frequency Hop / AFA
Touch Drift Rate 20 I Functional safety
v
| self Test (BIST)
Seq Tap distance threshold 50
v I Host Interface

Gesture - Swipe

Edge Boundary 0
Swipe Timeout 70
Horizontal Swipe distance threshaold 30
Vertical Swipe distance threshold 40

Gesture - Wheel

= @ Contact support
Wheel Post-scaler 1 . @ Change device
v
_ - o ] Change technology

ﬁ\ MICROCHIP



Harmony Touch Configurator

Configure — Driven Shield : Sensor design with external clock for Touch Nosie guard.

B | Touch Configuration

Cred Configure une Summary

Driven Shield

i . ) ) ) ) ) Apply
To improve noise performance and water tolerance, driven shield can be enabled on self-capacitance sensors. Driven shield can _

be enabled either on adjacent sensors only or additionally using a dedicated shield sensor. More information can be found Microchip Developer Help page. In
thic device DWM cianal can be yzad 25 Driven Shield. Enabling driven shield will use timer (TC/TCC), DMA and Event system.

Enable Dedicated Shield Pin (D)

Any Timer WaveOutput (WO) pin can be used as Driven Shield Pin. Select the timer and pin for dedicated driven shield.

Select Dedicated Timer l TC2 ~

Select Timer Pin PA18BE_TC3_WQ0 N~

"Driven shield plus” feature configures the PTC pins which are currently not being measured as shield pins. Enabling this feature shows the timer multiplexing
option available for each Y lines used in this application. Selecting the timer will add the timer to the project and will be used for touch. It is possible to select
timer only for few channels.

Enable Driven Shield Plus (@D

Sensors Timers

Button 0 ---

Slider 0

- O

Sensar Pins
Sensor Parameters
Commeon Parameters

Gesture Parameters

hd

Dniven Shield

I Boost Mode
Frequency Hop / AFA

I Functional Safety

| self Test (BIST)

I Host Interface

@ Contact support
® Change device

Change technology

ﬁ\ MICROCHIP



Harmony Touch Configurator

Configure — Frequency Hop / AFA

B | Touch Configuration - O X
Cred Configure une Summary
Frequency Hop / AFA Q
. . . L ) . Sensar Pins
Frequency Hop is a mechanism used in touch measurement to avoid noisy signal value. In Frequency Hop, more than one bursting frequency (user configurable)
is used. Refer Touch Modular Library Userguide for more details on Frequency Hop. Sensor Parameters
Enable Frequency Hop / AFA (:) Comman Parameters
Enable Frequency Auto Tuning o Gesture Parameters
Dniven Shield
AutoTune Parameters I Boost Mode
Maximum Variance 35 I hcquencyliop St
v
I Functional Safety
. - -~
Maximum Tune-in count 6 I Self Test (BIST)

I Host Interface

Channel Configuration

Frequency Hop Steps 3
v

Hop Frequency 0 Frequency 0 e
Hop Frequency 1 Frequency 1 h
Hop Frequency 2 Frequency 2 ~

@ Contact support
® Change device
Change technology

Q MICROCHIP



Harmony Touch Configurator

Configure — Others

B Touch Configuration - O X
Cred Configure Iune Summary

Boost Mode . Q
Sensor Pins

Boost mode is applicable only for Mutual capacitance. Boost R requirement, 4 times Sensor Pins

less scans are needed compared to regular scanning. These m ct. Boost mode is effective

if total number of nodes is more than or equal to 4. Optimal B SEHSOT Para mEtE‘rS Sensor Parameters

Enable Boost Maode Commeon Parameters

Common Parameters

Gesture Parameters

Driven Shield

Gesture Parameters | P
oost Mode

Driven Shield fiequence lop SAES
I Functional Safety
I Boost Mode | seif Test (IS
I Host Interface

Frequency Hop / AFA
I Functional Safety

| self Test (BIST)

I Host Interface

® Contact support
@ Change device
Change technology

@ Contact support
® Change device
Change technology
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Harmony Touch Configurator

Tune — Enable the debug output for Touch Tuning

B | Touch Configuration - O *

Create Configurl Tune Summary

Touch Visualization enables ta visualize relevant touch data on screen in real time. The communication is established using the UART capabilities of the touch MCU requiring enly TX connected from Touch
MCU to UART-USB bridge (such as Microchip Touch Bridge or MCP2221A breakout module). Use MPLABE Data Visualizer with Auto-Configure in Variable Streamers tab or Atmel Data visualizer. MPLAB Data
Visualizer exists within MPLAE X IDE as well as a standalone application.

This should be enabled and used for project development and validation and be disabled for production code to remove overhead, power consumption and flash/RAM footprint..

Enable Touch Tuning Data connection O
Touch Tuning (bidirectional, requires UART Tx and Rx)
0 Touch Visualization {(unidirectional, requires UART Tx)

Touch Tuning - 2D Surface (bidirectional, requires UART Tx and Rx)

Charge Time Autotune feature aids the tuning of sensor charge time. Manual tuning process is explained in Microchip Developer Help page
Il Users must enable this feature ONLY during development and configure the recommended settings in touch.h file and disable this option in production application.

Enable Charge Time Autotune O

ﬁ\ MICROCHIP



Harmony Touch Configurator

Summary — Configuration summary

B | Touch Configuration

Create Configure Tui

Project Information

Device
Technology

Total Sensor Count

Sensor Information

Number of Buttons
MNumber of Sliders
Number of Wheels
Number of Surfaces

Number of Lumps

Option Information

Driven Shield Timer Plus
Frequency Hop / AFA
Charge Time Autotune
Touch Tuning

Low Power

Gestures

Modules and Versions

Keys
Binding Layer

Scroller

Summary

ATSAMDZ21G18A
Mutual cap

4

Disabled
Disabled
Enabled
Enabled
Disabled

Disabled

4
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4 Lab1 Touch Buttons
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4 Lab1 Touch Buttons

* Create a new project and add SERCOMS5 in MHC for UART debug message.

Projects | Files | Active Components* | &
X omEm4
""" CMSIS Pack

""" NVMCTRL

§ sercons e

Frofiles: Main

MVMCTRL
Peripharal Library

MEMORY

Device Family Pack (DFP) EVSYS
Peripheral Library

CMSIS Pack

SERCOMS
Peripheral Library

Configuration Options XI

(=] [+

- SERCOMS
- Select SERCOM Operation Mode |(USART with internal Clock

- Dperating Mode Mon-blocking mode -«

- Stop Bit Mode

-Receive Pinout
: E"'TI’EIFISITIit Finout

~Receive Enable

~Transmit Enable

-Frame Format TSART frame r
~Baud Rate in Hz 115,200

- Parity Mode Mo Parity

~Character Size 2 Bits

- Start-of-Frame Detection Enable [ ]

Cme Stop Bit -

SERCOM PAD[F] 15 used for data reception -

FAD[Z] = TxDy; PAD[3] = ¥CE o
“Enable Run in Standby []
Fin . .
Fin ID Custom Name Function
Mumber
77 PE22 r&gsmcam 5 PAD2
3 PE23 ST sercoms paD3
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4 Lab1 Touch Buttons

* Find Touch Library under Touch of Device Resources and add it to your project.
* Please wait a while after click to add the Touch Library.
* RTC and PTC will request to Auto-Activation together and Auto-Connection.

Projects | Files | Services | Resource Management [MCC] x| =

B | Components auto-activation X
MCC v5.4.1
Project Resources | Generate | Import.. | Export @ @ O
v Libraries Confirmation o
¥ Harmony
>
Packs RTC (rtc)
¥ Peripherals PTC (ptc)
P EVSYS Are you sure you want to activate these
> NVMCTRL components?
¥ System
O system
- N Confirm Attachment Auto-Connect? pd
Device Resources ZIC,'[S (Z Content Manager
¥ Libraries Ie The database is requesting automatic connection following component attachments:
¥ Harmony ' . .
- ] lib_qgtouch:Touch_timer -> rtc¢:RTC_TMR
P ' Peripherals ; Ji i . i
lib_gtouch:lib_acquire -> ptcptc_Acq_Engine
P Tools
¥ Touch Are you sure you want {Q automatically make these connections?
:‘ PTC ...................................... ﬁ(ﬂ}
X EC;“ Touch Library [ Click + to add |
\V; L J

@ MICROCHIP



4 Lab1 Touch Buttons

* Hint !! If you cannot find Touch Library in Device Resources, please go Content

Manager to download it as below.

¥4 MPLAB X IDE v6.15 - Lab1_QTouch_Buttons : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

;E%E@@;default

Projects | Files | Services | Resource Management [MCC] = | =

KIS

MCCwv3.4.1

Project Resources | Generate || Import... | Export | @ || @

Select Export/lmport ... ™ ‘

¥ Libraries
¥ Harmony
» Packs MCC Core Versions

Load
T v
D

¥ Peripherals

‘ O{ Type to Search Globally... iaz
LV 4

Input “Touch” to search ]

Device Resources

AN
‘-
}@ Content Manager

Select Latest
Version(s)

o0&
[Click Apply to download]

X Cancel

> EVSYS
P NVMCTRL
touch ()

¥ SERCOM

-/ SERCOMS5 Component Tl Version Status Update progress Descripti License Agreement

v
SysteT * Harmony 3 - Capacitive Touch solutions
‘) System :
@ touch SeIeCt IateSt version ] MPLAB Harmony license

v

v3.15.0 - [remote]

@ touch_apps MPLAB Harmony license
P DAC v3.14.0 - [remote] 4
» . t h_host_dri MPLAB Harmony license
bsu [ Click Content Manager © touch_host_driver V3134 - remote] (3
» EIC
> PM 1 | v3.13.0 - [remots] (4
b RAM v3.12.1 - [remote] 3
P RTC

@ MICROCHIP



4 Lab1 Touch Buttons

 After add the Touch Library and Auto-Connection.
* Don’t need to configure the PTC, Touch Library or RTC, we will use Touch Configurator.

‘ Configuration Options "l =
= =

EHRTC

Eit Window XI =tart Fage XI Froject Graph XI

)4 | wy N2l 3 N | & |P1ugins: R Frofil... Ma

E-Hardware Settings

--Genarate Frequency Correction API ]
MYMCTREL ) L )
- Cantinuous Synchronization for RTC Count/Clock Register |:|

Peripheral Library 2-RTC Operation Made 32-bat Counter with Single 32-bit Compare ~
MEMORY E-RTC MODE O Configuration
[i}-EnabIe Interrupts ?
SERCOMS %----Cumpare 0 Interrupt Enable
Peripheral Library é----Synchrunization Ready Interrupt Enable [ ]
E‘----O\fer‘flow Interrupt Enable |:|

—-RTC Prescaler DIV 1

~Compare Yalue

Touch Library
Peripheral Touch Controller{PTC)

~Clear on compare Match
E-RTC EVEMTS configuy

~Periodic Intery

Enable
-~ Periodic Interval 1 Event Output Enable
- Periodic Interval 2 Event Output Enable
- Periodic Interval 3 Event Output Enable

- Periodic Interval 4 Event Output Enable

- Periodic Interval 5 Event Output Enable

Configuration Options "l

=l \
=--Taouch Library
%----Select Project Gra

- Peariodic Interval & Event Output Enable

- Peariodic Interval 7 Event Output Enable

~zompare 0 Event QOutput Enable

ins = Touch Configuration

Ooodoodooo

~Overflow Event Qutput Enable

Librar!o configure
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%€ Lab1 Touch Buttons

* Open Touch Configuration in Plugins of Project Graph.

Projects | Files | Services | Resource Management [MCC] x| Bl || Kit Windew x| Start Paz A Project Graph XI
MCCv5.4.1 b 4 | i Y3l § K., | [ |P1ugins: v Frofil... Mai
Project Resources | Generate || Import... | Export | (7] || @ Clock Configuration

v Librari NVMCTRL _ Device Family PEvent Configurator
ibraries o
Peripheral Library CMSIS Pack LW IC Configuration
¥ Harmony MEMORY Fin Confignration

CibAA Confionration

» Packs SERCOMS e :
. i XX Tonch Configuration } -
¥ Peripherals g ¥ M
> EVSYS Click Touch Configuration
P NVMCTRL Touch Library
Peripheral Library Peripheral Touch Controller{PTC)
¥ RIC TMR TMR
P SERCOM TouchData <
¥ Touch
O pTC
U Touch Library
¥ System
O System
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4 Lab1 Touch Buttons

* An Info wizard will help you to quick understand what you could do in configurator.

x
w Select Sensing Technology

B Touch Configuration

&< @®0o0cO0OO0OO0OO0O >

B Touch Configuration

B | Touch Configuration

&« O@®@00000O0

B Touch Configuration

. [ ] o . Click the icons to add o )
ROV eRnRige Create  Configure  Tune  Summar)

B Touch Configuration

Go to Tune tab for tuning the
parameters.

To select the sensors:

« Click the icon for selecting
a single sensor

« Do Ctrl + click or drag
from top left to bottom for
selecting multiple sensors

& O0O0O0OO®@0O0 S

® Touch Configuration

Go to Summary tab for
- O knowing the project's overview.

[Click Here to Replay] ® ¢ ocococococceo -
- A
Self-Cap ™ Click on the notifications button .

to open the notifications dialog.

=

Notes:

« The notification dialog
contains hints, warning
and errors that needs to be

B Touch Configuration

Go to Configure tab for
configuring the sensor
parameters and for selecting the

available features.

& 0000000 >

resolved before generating
the code.
« The blinking indicates that

there are one or more

changes in the
notifications.

€&« o0o0o0O0OOOCE
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4 Lab1 Touch Buttons

* In Create Tab, click on Button Icon and input number Buttons to 3.
* Click Add then a Warning dialog will show up to notice “The clock for CPU and
peripherals are set and Sensor pins are auto assigned on creation”.

w ch Configuration - O >

Create Configure Tune Summary “
lex Configure as Low Power I@ MNotes o
Create Lump Sensor Self-Cap A
Click
Buttons 3

l Self-Cap default
m B | Touch Configuration

Create Configure Tune Summary

. Configure as Low Power Important Notes )
) Create Lump Sensor Self-Cap Vv

B | Touch Configuration

Information

The clock for CPU and peripherals are set
and Sensor pins are auto assigned on
@ creation.

Go to configure = Sensor Pins to ghange.
v Ok

- ﬁ\ MICROCHIP




4 Lab1 Touch Buttons

* In Configure Tab, Click on Sensor Pins and configure Buttons Signals pins as below.

 ButtonO (Signals) : Y8 (PB02) @; gigi-:::}:gi?éﬁr’émw AAA— PADI

* Button1 (Signals) : Y2 (PAO4) PAOS AN LTINS V3 ’\/\/\/—l E‘gg
. T FAL)S
* Button2 (Signals) : Y3 (PAQO5) ~ Driven Shield
3
B | Touch Cog ation — O 1
. |
GNDJ} 5
Create Configure Tune Summary =
PA18(TC3) —AAN—
Sensor Pins
Signals will be swaped if it's used by other sensor/segment Sensor Fins
during selection Sensor Parameters
. Common Parameters
Sensors Signals
Driven Shield
Button 0 Y8 (PBOZ) Y8 (PB02) ] Boost Mode
Button 1 Y2 (PAO4) Y2 (PA04) Frequency Hop / AFA
Functional Safety
Button 2 Y3(PAOS) 1¥3 (PAOS)| | self Test IsT)

@ MICROCHIP



4 Lab1 Touch Buttons

* In Configure Tab, Click on Sensor Parameters and configure
Sensor AKS(Adjacent Keys Suppression) group as below.
* ButtonO : AKS Group 1, Buttonl : AKS Group 1 and Button2: AKS Group 2

Sensors

Y
&

Button 0
Button 1

Button 2

B | Touch C@tion

Create Configure Tune

Sensor Parameters

PTC Clock Frequency Info

Digital Filter
Gain

o)

Summary

Digital Filter
Oversampling

@

16 samples
16 samples

16 samples

Analog Gain

(E)]
WS

1

1

Prescalar

4
8
16

32

Series Resistor
@)
ot

No resistor
No resistor

No resistor

Red indicates invalid PTC-Clock Frequency . Blue indicates valid PTC-Clock Frequency

GCLK / CLKPER
4.0000 MHz

PTC Clock
(MHz)

@

1.0000
1.0000

1.0000

Sensor
Detect
Threshold

@
g

20
20

20

Q

Sensor Pins
Sensor Parameters
Common Parameters
Driven Shield
I Boost Mode
Frequency Hop / AFA
Functional Safety
Self Test (BIST)

Host Interface

A5 Grou [AKS Groupl]

PTC Clock
1.0000 MHz
0.5000 MHz
0.2500 MHz
0.1250 MHz
Sensor
. Sensor AKS
Hysteresis
25%
25 % AKS Group 1
25 % AKS Group 2

[ AKS Group 1 ]

| AKS Group 2 |

@ MICROCHIP



%€ Lab1 Touch Buttons

* In Configure Tab, Click on Driven Shield and configure Dirven Shield as below.

* Enable Dedicated Dirven Shield

* Select Dedicated Timer
. Selfrct Timer Pin

@0
: TC3

: PA18E_TC3_WOO

B | Touch C{ﬁ}:tion

Create Configure Tune Summary
Appl
Driven Shield

=

To improve noise performance and water

tolerance, driven shield can be enabled on self-capacitance
sensors. Driven shield can be enabled either on adjacent
sensors only or additionally using a dedicated shield sensaor.
More information can be found Microchip Developer Help

page. In this device, PWM signalgggn be used as Driven Shield.
Enabling driven shield will usd ’a C/TCC), DMA and Event
system,

Enable Dedicated shield Pin (@)

Any Timer WaveQutput (WQO) pin can be used as Driven Shield
Pin. Select the timer and pin for dedicated driven shield.

Select Dedicated Timer

TC3 g

TC3

Select Timer Pin

)

& &

PA18E_TC3_WOO

PATBE_TC3_WOQOD ~

- O

Sensor Pins

Sensor Parameters

Common Parametejs

Driven Shield
I Boost Mode

Frequency Hop / AFA

Functional Safety

Self Test (BIST)

Host Interface

PB02/AIN10/Y8

PAOA/AIN4/EINTA/Y2 AA'A
PAOS/AINS/EINTS/Y3 ANN—

I3

PADI1
PAD?2
PAD3
Driven Shield

GNDJ}

PA18(TC3) =AAN~—

2 —

s

¥ | Components auto-activation

Confirmation

TC3 (tc3)
Are you sure you want to
components?

thege

Yes Mo

Device Family Pack (DFP)
CMSIS Pack

% NVMCTRL
Paripheral Library
MEMORY

SERCOMS
Paripheral Library

Confirm Attachment Auto-Connect? K

'a The database is requesting automatic connection following component attachments:

lib_gtouch:Drivenshield -> tc3TC3_TMR
Are you sure you want t[e atically make these connections?

=(Y)

&(N)

EVSYS
Peripheral Library

| TC3

RTC Peripheral Library
Peripheral Library A TMR y
T™MR

TMR
TMR

Acq_Engine

@ MICROCHIP
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4 Lab1 Touch Buttons

* In Summary Tab, to figure out current configuration of Touch.

B | Touch Configuration

Create Configure

Project Information

Device
Technology

Total Sensor Count

Sensor Information

Mumber of Buttons
Mumber of Sliders
Mumber of Wheels
Mumber of Surfaces

Number of Lumps

Tune

X R
Summary

ATSAMD21G18A
Self cap

3

Option Information

Driven Shield

Driven Shield Timer Plus
Frequency Hop / AFA
Charge Time Autotune
Touch Tuning

Low Power

Gestures

Modules and Versions

Keys

Binding Layer

Scroller

Freguency Hop Manual
Freguency Hop Autotune
Surface 1 Finger Touch
Surface 2 Finger Touch
Gesture

Acguisition Manual

Acguisition Autotune

Enabled

Disabled

Enabled

Disabled

Disabled

Disabled

Disabled

14

14

1.0

1.1

14

1.0

1.1

1.3

1.3

@ MICROCHIP



4 Lab1 Touch Buttons

* Check the Touch Sensor Pins in Plugin Pin Configuration of Project Graph as below.

Eit Window =| Start Page = | Froject Graph x| Fin Diagram = Fin Table = Fin Settings =

Order: | Pins o Table View Eazy Wiew
Pin Fin [D Custom MName Function Mode Direction Latch  Full Up  Full Dirive
Mumber
. ) _ l’:u.:.u% “tremoth

A —
g l$l PAD4 PTC_Y2 | Analog l& igh Impedance i NORMAL
10 PADS PTC_Y3 | Analog igh Impedance i MORMAL
e
47 21:@3 PEOZ PTC_YS gr:B | Analog @igh Impedance | 1/a NORMAL v

@ MICROCHIP



4 Lab1 Touch Buttons

* Configure LEDs and Buttons in Plugin Pin Configuration of Project Graph as below.

Eit Window = | wtart Fage = | Froject Graph = | Fin Diagram = | Fin Table = | Fin Settings l'=| D=
Order: | Pins Table View Easzy Wiew
fﬂiﬁmber Fin [D Custom MName Function Mode Dhrection Latch  Full Up Eilim g’[l.;'l;]fgﬂl
22 | PA13 Available v Diigital High Impedance ~| Low |:| |:| MORMAL  »
23 IR Pals LI BT GPIO v| Digital | m | Low [] [] |norRmaL -~
24 PA15 BT2 GPIO w| Digital | In w| Lo [] [] |momRmaL -
25 PA1LG - a!wailat:l_e:L w| Digital | High Impedance ~| Low [ [] |mnNoRmAL -~
2 l$l PALT ‘ZICCIZ LED3 GPIC 2\13}3 w | Digital Dutilclg w | Low 1@13 NORMAL
27 PA18 Available e Digrital High Impedance =~ | Low |:| |:| MORMAL  »
28 PA19 Available w | Dhigital High Impedance -~ | Low |:| |:| MORMAL
23 ﬁ(? PAZ0 @ LED1 GPIO w| Digital | Out w | Low MORMAL -~
0 K Pazl LY  LED2 GPI0 LK | Digital | out)LX | Low (X NORMAL
3 PAZZ - Auailablev e Digital High Impedance -~ | Low |:| |:| MORMAL

@ MICROCHIP



4 Lab1 Touch Buttons

* Check Harmony Graph to see the difference after added Driven Shield.

Projects | Files | Services | Resource Management [MCC] x| =

Eit Window XI Start Fage XI Froject Graph XI Fin Diagram x] Fin Table XI Fin Settings XI G

MCC v5.4.1

Project Resources | Generate || Import... | Export | (7] || @

¥ Libraries
¥ Harmony
> Packs
¥ Peripherals
» EVSYS
> NVMCTRL
¥ RTC
O RTC
» SERCOM
¥ T1C
BO 1c3 @
¥ Touch
bd O PTC
0 Touch Library
¥ System

O System

MYMCTRL
Peripheral Library

SERCOMS
Peripheral Library
I2c

X TRERBE 4$| & Plgs: - Profiles: | Main

s

Device Family Pack (DFP) EVSYS
CMSIS Pack Peripheral Library

TC3
Peripheral Library

Peripheral Library ™R )

TMR

Touch Library
Peripheral Touch Controller{PTC)

TMR
TMR
Acqg_Engine

View: Koot v

@ MICROCHIP



4 Lab1 Touch Buttons

API functions in Touch.c

uint8_t measurement_done_touch Touch acquisition done flag

touch_process () Main processing function of touch library.
This function initiates the acquisition, calls post processing after the acquisition complete
and sets the flag for next measurement based on the sensor status.

touch_init () Initialization PTC, timer, and datastreamer modules of touch library.
touch_timer_config () Initialization necessary RTC timer for Touch in touch_init()
touch_sensors_config () Initialization of touch key sensors in touch_init()
get_sensor_node_signal () Get sensor node aquiction signals.
update_sensor_node_signal () Update sensor node aquiction signals.
get_sensor_node_reference () Get sensor node channel reference.
update_sensor_node_reference () Update sensor node channel reference.
get_sensor_cc_val () Get sensor node compansation capacitor value.
update_sensor_cc_val () Update sensor node compansation capacitor value.
get_sensor_state () Get sensor node state

update_sensor_state () Update sensor node state

calibrate_node () Sensor node calibration

API functions in driven_shield.c
drivenshield_configure () linitialization Driven Shield for Touch in touch_init()

@ MICROCHIP



4 Lab1 Touch Buttons

* Example functions in touch_example.c depend to sensors you to configured.

Projcts = | Files Services Resourc

=+E Labl_QTouch_Buttons
ﬁ Header Files
ﬁ' Important Files
@ Linker Files
EI[Eﬁ sonrce Files
El[aﬂ config
e defanlt
""" ] exceptions.c
""" 9 initialization.c
""" ] interrupts.c
""" B libe_syscalls.c
-5 peripheral
""" B startup_xc32.c
BHIE stdio
= tonch

(|

#include "touch_example.h"
void touch_mainloop_example(void){

/* call touch process function */
touch_process();

if(measurement_done_touch == 1u)

{

measurement_done_touch = Ou;
// process touch data

Purpose: Sample code snippet to demonstrate how to check the status of the
sensors

Input : none

Output : none

void touch_status_display(void)
{
uint8_t key_status = 0Qu;
key_status = get_sensor_state(@) & KEY_TOUCHED_MASK;
if (6u != key_status) {
//Touch detect
} else {
//Touch No detect

key_status = get_sensor_state(1) & KEY_TOUCHED_MASK;
if (6u != key_status) {
//Touch detect
} else {
//Touch No detect
}

key status = get_sensor_state(2) & KEY_TOUCHED_MASK;
if (6u != key_status) {
//Touch detect
} else {
//Touch No detect
}

@ MICROCHIP




4 Lab1 Touch Buttons

* Implement below function to output message on UART console.

#include <string.h>
#include <stdio.h>
#include <stdarg.h>

extern volatile uint8_t measurement_done_touch;

#define SYS_CONSOLE_PRINT_BUFFER_SIZE 200
static char consolePrintBuffer[SYS_CONSOLE_PRINT_BUFFER_SIZE];
void myprintf(const char *format, ...)

size_t len = 9;
va_list args = {0};

va_start(args, format);
len = vsnprintf(consolePrintBuffer, SYS_CONSOLE_PRINT_BUFFER_SIZE, format, args);
va_end(args);

if ((len > ©) && (len < SYS_CONSOLE_PRINT_BUFFER_SIZE))
consolePrintBuffer[len] = '\0';

SERCOM5_USART_Write((uint8_t*)consolePrintBuffer, len);
while (SERCOM5_USART_WriteIsBusy());

}
}
int main ( void )
{

SYS_Initialize ( NULL );

myprintf(“\033[23");
myprintf("\033[1;1H");
myprintf("\033[?2251");

myprintf("------------------ \r\n");
myprintf(" Touch Button\r\n");
myprintf("------------------ \r\n");

myprintf("AKS 1 1 2\r\n");

ﬁ\ MICROCHIP



4 Lab1 Touch Buttons

* Implement below function in while loop of main.c to make Touch Buttons works.

int main ( void )

bool KeyStatus[3] = {false, false, false};

while ( true )
touch_process();
if( measurement_done_touch == 1 )

measurement_done_touch = 0;
switch( get_sensor_state(9) )
{

case QTM_KEY_STATE_DETECT: KeyStatus[@]=true; LED1_Set(); break;
case QTM_KEY_STATE_NO_DET: KeyStatus[@]=false; LED1_Clear(); break;

}

switch( get_sensor_state(1l) )

case QTM_KEY_STATE_DETECT: KeyStatus[1]=true; LED2_Set(); break;
case QTM_KEY_STATE_NO_DET: KeyStatus[l1]=false; LED2_Clear(); break;

}

switch( get_sensor_state(2) )

case QTM_KEY_STATE_DETECT: KeyStatus[2]=true; LED3_Set(); break;
case QTM_KEY_STATE_NO_DET: KeyStatus[2]=false; LED3_Clear(); break;

}

myprintf("\033[5;1H");

myprintf("BTN (%c) (%c) [%c]", (KeyStatus[@]?'0O':' '
(KeyStatus[1]?'0':" "),
(KeyStatus[2]?'X":" '

} c\ MICROCHIP



4 Lab1 Touch Buttons

* Result of Touch Key implementation.

T COM3 - Tera Term VT — O x a| COM2 - Tera Term VT — Od x a| COM2 - Tera Term VT — Od x

T COM3 - Tera Term VT — O x ‘

Window Help Ele Edit Setup Control Window Help

File Edit Setup Control

Ele Edit Setup Control Window Help

Eile Edit Setup Control Window Help

(Adjacent Keys Suppression)

¥




4 Lab1 Touch Buttons

Discuss

* Implement manual Touch Calibration feature.

int main ( void )

bool KeyStatus[3] = {false, false, false};

while ( true )
touch _process();
if(BT1_Get()==0)
! while(BT1_Get()==0);
calibrate_node(9);

calibrate_node(1);
calibrate_node(2);

}

if( measurement_done_touch == 1 )

{
measurement_done_touch =
switch( get_sensor state(@) )
case QTM_KEY_STATE DETECT: KeyStatus[@]=true;
case QTM_KEY_STATE_NO DET: KeyStatus[@]=false;
}
switch( get_sensor_state(l) )
{
case QTM_KEY_STATE DETECT: KeyStatus[1l]=true;
case QTM_KEY STATE_NO DET: KeyStatus[l]=false;
}

}

LED1_Set();  break;
LED1_Clear(); break;

LED2_Set();  break;
LED2 Clear(); break;

@ MICROCHIP
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4 Lab2 Touch Slider

* Return Harmony Touch Configurator, if you are continuing from previous Lab1.
* In Create Tab, click on each Buttons Icon and click [Delete] to remove all of them.

B | Touch Configuration

Z]& Create  Configure  Tune  Summary

@ == =

Configure as Low Power Important Notes ([ 0 ]

Create Lump Sensor Self-Cap

A

=3

"I

B | Touch Configuration

Create

@ == O B e

Configure as Low Power Impaortant Notes o

Create Lump Sensor

A

Self-Cap ™

-

@ MICROCHIP



4 Lab2 Touch Slider

* In Create Tab, click on Slider Icon and change number Segments to 3.

* Click Add then a Warning dialog will show up to notice “The clock for CPU and
peripherals are set and Sensor pins are auto assigned on creation”.

@ch Configuration - O x
Create Configure Tune Summary -

& Ob

~

B | Touch Configuration

Configure as Low Power Important Notes [ 0 ]

Create Lump Sensor Self-Cap ™ Information

Sliders The clock for CPU and peripherals are set

creation.

Go to configure > Sensor Pins to change.
v Ok

@ and Sensor pins are auto assigned on

!
Segments 3 [E

B Touch Configuration

ﬁ Add Create Configure Tune Summary

. Configure as Low Power
Create Lump Sensor Self-Cap ™

- ﬁ\ MICROCHIP




4 Lab2 Touch Slider

* In Configure Tab, Click on Sensor Pins and configure Slider 0 Signals pins as below.

* Slider O (Signals) : Y8 (PB02)
« Slider O (Signals) : Y2 (PAO4)
* Slider O (Signals) : Y3 (PAQO5)

PB02/AIN10/YS
@i PAVIAINGEINTITS "]

PAOS/AINS/EINTS/Y3 AN —

B | Touch Coation

Create Configure Tune Summary
Sensor Pins

Signals will be swaped if it's used by other sensor/segment
during selection

Sensors Signals

Y8 (P202) |Y8 (PBO2)

Slider 0 @l Y2 (PAC4) | Y2 (PAO4)

& &%

I8 3 0209 (3 (PAO5)

Sensor Pins

Sensor Parameters
Common Parameters
Driven Shield

I Boost Mode
Frequency Hop / AFA
Functional Safety

Self Test (BIST)

PADI

+ PAD2
- PAD3

Driven Shield

73
. I 1
GND| >
PA18(TC3) —AAA——

@ MICROCHIP



4 Lab2 Touch Slider

* In Configure Tab, Click on Sensor Parameters and check the configuration of
Sensor AKS(Adjacent Keys Suppression) group as below.
* S1: no AKS, S2 : no AKS, S3 : no AKS

1| Touch Cosﬁgion

Create Configure Tune Summary

Sensor Parameters

PTC Clock Frequency Info

GCLK / CLKPER
4.0000 MHz

Sensors Dlgltal Filter Digital Fllte.:r Analog Gain
Gain Oversampling
@ — _ 2
\2J ©) @) ®
“ Slider 0 Scroller Resolution | 8 Bit | Scroller Deadband
51 1 16 samples 1
52 1 16 samples 1
53 1 16 samples 1

Red indicates invalid PTC-Clock Frequency . Blue indicates valid PTC-Clock Frequency

Prescalar

Series Resistor

=
@

10 Percent

MNo resistor

MNo resistor

MNo resistor

4
8
16

32

PTC Clock (MHz)

=
@

Scroller Position Hysterisis 8

1.0000
1.0000

1.0000

Sensar Pins
Sensor Parameters

Common Parameters

PTC Clock Driven Shield
I Boost Mode
1.0000 MHz
Frequency Hop / AFA
0.5000 MHz
Functional Safety
0.2500 MHz
Self Test (BIST)
0.1250 MHz
Haost Interface
Sensor Detect Sensor
Threshold Hysteresis SenzorAKS
(@)

Scroller Detect threshold 20 -

@ Change device
20 25%

Change technology

@ MICROCHIP
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* In Configure Tab, Click on Driven Shield and configure Dirven Shield as below.
* Enable Dedicated Dirven Shield : PB02/AIN10/YS
. . «© PAOL AINVEINTANZ AV Y,V PADI
* Select Dedicated Timer : TC3 NSNS ISR AA S ggg
. Selfrct Timer Pin : PA18E_TC3 _WOO0 -

E Driven Shield
B | Touch C@ation — O > u

|

Create Configure Tune Summary GND'
Driven Shield Apply Q Pzﬂk]. S(TCB) —m—
Apply Sensor Pins

2 —

s

To improve noise ijrforma nce and water ) i Components auto-activation % NVMCTRL Device Family Pack (DEP) o
tolerance, driven shield can be enabled on self-capacitance Sensor Parameters Paripharal Library Peripheral Library
sensors, Driven shield can be enabled either on adjacent LB
sensors only or additionally using a dedicated shield sensor. Commaon Parameteps Confirmation o SERCOMS5
More information can be found Microchip Developer Help ) ) e (T
. i i B ; Driven Shield
page. In this device, PWM signalgggn be used as Driven Shield. i = =
) _ - A ouch Library
Enabling driven shield will us C/TCC), DMA and Event I Boost Mode TC3 (tc3) == Peripheral Library Peripheral Touch Controller(PTC)
system. Are you sure you want to ¢ these TMR ™R
TMR

TMR

Frequency | ) components?
Enable Dedicated Shield Pin () If you continue

Functional Sz WL JECIE
Lab, the dialog
box will not be
Host Interfa displayed

A Engine
Yes =g

Any Timer WaveQutput (WQO) pin can be used as Driven Shield Self Test (BIST
Pin. Select the timer and pin for dedicated driven shield.

onfirm Attachment Auto-Connect?

For new start project only

Select Dedicated Timer = . . . .
I-e The database is requesting automatic connection foll:

lib_gtouch:Drivenshield -> tc3TC3_TMR
Are you sure you want tetically make these connections?

=(Y) &(N)

TC3 4

TC3

Select Timer Pin

)

PA18E_TC3_WOO

& &

PATBE_TC3_WOQOD W

@ MICROCHIP



4 Lab2 Touch Slider

* In Summary Tab, to figure out current configuration of Touch.

B | Touch Configuration

Create Configure

Project Information

Device
Technology

Total Sensor Count

Sensor Information

Mumber of Buttons
Mumber of Sliders
Mumber of Wheels
Mumber of Surfaces

Number of Lumps

Tune

IR

Summary

ATSAMD21G18A
Self cap

1

O

X

Option Information

Driven Shield

Driven Shield Timer Plus
Frequency Hop / AFA
Charge Time Autotune
Touch Tuning

Low Power

Gestures

Modules and Versions

Keys

Binding Layer

Scroller

Frequency Hop Manual
Frequency Hop Autotune
Surface 1 Finger Touch
Surface 2 Finger Touch
Gesture

Acquisition Manual

Acquisition Autotune

Enabled

Disabled

Disabled

Disabled

Disabled

Disabled

Disabled
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4 Lab2 Touch Slider

* Check the Touch Sensor Pins in Plugin Pin Configuration of Project Graph as below.

Eit Window =| Start Page = | Froject Graph x| Fin Diagram = Fin Table = Fin Settings =

Order: | Pins o Table View Eazy Wiew
Pin Fin [D Custom MName Function Mode Direction Latch  Full Up  Full Dirive
Mumber
. ) _ l’:u.:.u% “tremoth

A —
g l$l PAD4 PTC_Y2 | Analog l& igh Impedance i NORMAL
10 PADS PTC_Y3 | Analog igh Impedance i MORMAL
e
47 21:@3 PEOZ PTC_YS gr:B | Analog @igh Impedance | 1/a NORMAL v
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4 Lab2 Touch Slider

* Configure LEDs and Buttons in Plugin Pin Configuration of Project Graph as below.

Eit Window = | wtart Fage = | Froject Graph = | Fin Diagram = | Fin Table = | Fin Settings l'=| D=
'Dl'd.El': PIHS R TElblE vIEW EE!.S}.T FI.IFIEW For new Sta rt project only L
Fin . . L Full Lirive
Mumber Fin [D Custom MName Function Mode Dhrection Latch  Full Up Do Strength
22 PA13 Available w| Digital | High Impedance ~| Low [] [] |momRmaL -
23 IR Pals LI BT GPIO v| Digital | m | Low [] [] | nNorRmaL
24 PA15 BT2 GPIO w| Digital | In w| Lo [] [] |momRmaL -
25 PA1LG - a!wailat:lgL w| Digital | High Impedance | Low [ [] |mnNoRmAL -~
25 l$l PALT EICIZ LED3 GPIO 21313 w | Digital Dutfl‘:lg w | Low EIJ;E NORMAL
27 PA13 Available ~|  Digital || High Impedance ~| Lo [] [] |moRmMAL -
28 PA19 Available v | Digital || High Impedance | Low [] [] |moRmAL -
23 ﬁ(? PA20 @ LED1 GPIO | Digital || Out w|  Low Y NORMAL
30 Ic:xz PA21 ZI:C:IZ LED2 GPI0 LK | Digital | out)LX w| Low 1@3 NORMAL
e PAZZ - Availsble | Digital | High Impedance ~| Low [] [] | nORMAL ~
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4 Lab2 Touch Slider

* Check Harmony Graph to see the difference after added Driven Shield.

Projects | Files | Services | Resource Management [MCC] x| =

Eit Window XI Start Fage XI Froject Graph XI Fin Diagram x] Fin Table XI Fin Settings XI (EE

MCC v5.4.1

Project Resources | Generate || Import... | Export | (7] || @

¥ Libraries
¥ Harmony
> Packs
¥ Peripherals
» EVSYS
> NVMCTRL
¥ RTC
%d O RTC
» SERCOM
¥ T1C

B O 13 @

¥ Touch
bd O PTC
0 Touch Library
¥ System

O System

MYMCTRL
Peripheral Library

SERCOMS
Peripheral Library
I2c

X ||§ . Yap § K |IEI |P1ugins: -

View: Koot v

Frofiles: | Main W

EVSYS
Peripheral Library

Device Family Pack (DFP)
CMSIS Pack

Touch Library
Peripheral Touch Controller{PTC)

TMR
TMR
Acqg_Engine

TC3
Peripheral Library

Peripheral Library ™R )

TMR

For new start project only
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4 Lab2 Touch Slider

API functions in Touch.c

uint8_t measurement_done_touch

touch_process ()

touch_init ()
touch_timer_config ()
touch_sensors_config ()
get_sensor_node_signal ()
update_sensor_node_signal ()
get _sensor_node_reference ()
update_sensor_node_reference ()
get_sensor_cc_val ()
update_sensor_cc_val ()
get_sensor_state ()
update_sensor_state ()
calibrate_node ()
get_scroller_state
get_scroller_position

Touch acquisition done flag
Main processing function of touch library.

This function initiates the acquisition, calls post processing after the acquisition complete

and sets the flag for next measurement based on the sensor status.
Initialization PTC, timer, and datastreamer modules of touch library.
Initialization necessary RTC timer for Touch in touch_init()
Initialization of touch key sensors in touch_init()

Get sensor node aquiction signals.

Update sensor node aquiction signals.

Get sensor node channel reference.

Update sensor node channel reference.

Get sensor node compansation capacitor value.

Update sensor node compansation capacitor value.

Get sensor node state

Update sensor node state

Sensor node calibration

Get scroller sensor state

Get scroller position

API functions in driven_shield.c

drivenshield_configure ()

linitialization Driven Shield for Touch in touch_init()

ﬁ\ MICROCHIP



4 Lab2 Touch Slider

* Example functions in touch_example.c depend to sensors you to configured.

Projects = | Files Services Resourc
E}@ Labl QTouch Buttons
E Header Files
ﬁ' Important Files
@ Linker Files
EI[Eﬁ sonrce Files
El[aﬂ config
e defanlt
""" ] exceptions.c
""" 9 initialization.c
""" ] interrupts.c
""" B libe_syscalls.c
T peripheral
""" B startup_xc32.c
BHIE stdio
= tonch

#include "touch_example.h"
void touch_mainloop_example(void){

/* call touch process function */
touch_process();

if(measurement_done_touch == 1u)

{

measurement_done_touch = Ou;
// process touch data

scroller_status = get_scroller_state(®);
scroller_position = get_scroller_position(0);
//Example: 8 bit scroller resolution. Modify as
scroller_position = scroller_position >> 5u;
//LED_OFF
if ( Qu != scroller_status) {
switch (scroller_position) {
case 0:
//LED@_ON
break;
case 1:
//LED1_ON
break;

case 7:
//LED7_ON
break;

default:
//LED_OFF
break;

Purpose: Sample code snippet to demonstrate how to check the status
of the

sensors
Input : none
Output : none
Notes none

void touch_status_display(void)

{
uint8_t key_status = 0Qu;
uint8_t scroller_status = 0u;
uintl6_t scroller_position = 0u;
key_status = get_sensor_state(0) & KEY_TOUCHED_MASK;
if (Qu != key_status) {
//Touch detect
} else {
//Touch No detect
}

key_status = get_sensor_state(1) & KEY_TOUCHED_MASK;
if (6u != key_status) {
//Touch detect
} else {
//Touch No detect
}

key_status = get_sensor_state(2) & KEY_TOUCHED_MASK;
if (6u != key_status) {
//Touch detect
} else {
//Touch No detect
}

@ MICROCHIP




4 Lab2 Touch Slider

* Implement below function in main.c to make sure your UART console is ready for use.

#include <string.h>
#include <stdio.h>
#include <stdarg.h>

extern volatile uint8_t measurement_done_touch;

#define SYS_CONSOLE_PRINT_BUFFER_SIZE 200
static char consolePrintBuffer[SYS_CONSOLE_PRINT_BUFFER_SIZE];
void myprintf(const char *format, ...)

size_t len = 0;
va_list args = {0};

va_start(args, format);
len = vsnprintf(consolePrintBuffer, SYS_CONSOLE_PRINT_BUFFER_SIZE, format, args);
va_end(args);

if ((len > @) & (len < SYS_CONSOLE_PRINT_BUFFER_SIZE))
{
consolePrintBuffer[len] = '\0';

SERCOM5_USART_Write((uint8_t*)consolePrintBuffer, len);
while (SERCOM5_USART WriteIsBusy());

}
}
int main ( void )
{

SYS_Initialize ( NULL );

myprintf("\033[23");
myprintf("\033[1;1H");
myprintf("\033[?251");

myprintf("------------------ \r\n");
myprintf(" Touch Slider\r\n");
myprintf("------------------ \r\n");

myprintf(" );
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4 Lab2 Touch Slider

* Implement below function in while loop of main.c to make Touch Slider works.

int main ( void )

{
uintl6_t ScrollPos, PreScrollPos=256;

SYS Initialize ( NULL );

while ( true )

touch_process();

if( measurement_done_touch==1 && get. scroller.state(o) )
{

measurement _done touch = 0;
ScrollPos = H
if( ScrollPos != PreScrollPos )

PreScrollPos = ScrollPos;
myprintf("\033[4;1H");

myprintf(" ")
myprintf("\033[4;%dH", (ScrollPos*17/255)+1);
myprintf("0");

myprintf("\033[5;1H");

myprintf("Slider Pos = %@3d", ScrollPos);

switch( ScrollPos*4/255 )

{

case 0: LED1_Set(); LED2_Clear(); LED3_Clear(); break;
case 1: LED1_Set(); LED2_Set(); LED3_Clear(); break;
case 2: LED1 _Clear(); LED2_Set(); LED3_Clear(); break;
case 3: LED1_Clear(); LED2_Set(); LED3_Set(); break;
case 4: LED1 _Clear(); LED2_Clear(); LED3_Set(); break;
}

} @ MICROCHIP



4 Lab2 Touch Slider

* Implement manual Touch Calibration feature.

int main ( void )

uintlé6_t ScrollPos, PreScrollPos=256;

while ( true )
: touch_process();
if(BT1_Get()==0)
¢ while(BT1_Get()==0);
calibrate_node(9);

calibrate_node(1);
calibrate_node(2);

}
if( measurement_done_touch==1 && (EEtHSCrollenIstate(0) & KEY_TOUCHED_MASK) )
{

measurement done touch = 0;

ScrollPos = (9);

if( ScrollPos != PreScrollPos )

{

PreScrollPos = ScrollPos;
myprintf("\033[4;1H");
myprintf(" g
myprintf("\033[4;%dH", (ScrollPos*17/255)+1);
myprintf("0");

myprintf("\033[5;1H");

myprintf("Slider Pos = %03d", ScrollPos);

switch( ScrollPos*4/255 )

{

case ©: LED1 Set(); LED2 Clear(); LED3 Clear(); break;
case 1: LED1 Set(); LED2 Set(); LED3 Clear(); break;
case 2: LED1 Clear(); LED2 Set(); LED3_Clear(); break;
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4 Lab2 Touch Slider

* Result of Touch Slider(Scroller) implementation.

T COMS - Tera Term VT — ] e

File Edit Setup Control Window Help
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4 Lab3 Data Visualizer for Touch
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B9 MPLAB X IDE v6.00 - Lab3_QTouch_DataVisualizer : default

0

= | @ MPLAR Data Visnalizer x| StartPags x ‘¥ MPLAR X Store x| Project Graph*

H Save B s A

Clear a Load..

g ? ‘i, Import... [;‘\1} Auto-configure
S s
z e Lab3_QTouch_DataVisualizer LS ORD
e v
v B | COM3onCOM3 ¥
|E1 Elw FrameCounter X
s & e
= :
= Signal0
g @ 9 :
= B v
&
y Reference0
2 + .
: =
Sl Delta0
- el
; : x) e
&

Camnancatian

File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

o BT B D LR B QD SR

Touch Cenfj 2] main.c
B Time Plot al Das

#¢ Lab3 Data Visualizer for Touch

 MPPLAB® Data Visualizer could support to Touch Visualization and Tuning through UART.

&= PC:0x0|: How do 17

MPLAB

0 Documentation

Time Plot X [ Dashboard X
EasicData I Graph I AdvanceData I AllData T
Clossarys omevesmicrochiycamy - - RO
’ i i Button Data Slider & Wheel Data VISLUALIZER
Channel ID Sensor Type State Delta Threshold Sensor State | SW Delta SW Threshold
0 Slider 0[0] 0 1 20 Slider 0 1 | 217 20 |
1 Slider 0[1] 1 141 20
2 Slider 0[2] 1 79 20
Sensor Data Debug Data
Channel ID Sensor Type Signal Reference Delta Compensation pF | {FrameCounter on Lab3_QTouch_DataVisualizer 74
0 Slider 0[0] 512 512 1 19.75725 QTouchLibError on Lab3_QTouch_DataVisualizer 0
1 Slider 0[1] 650 509 141 20.764975 Counter for datastreamer packets. Missing count indicate packet drop
2 Slider 0[2] 591 512 79 23.06475 Indicates library error state. Zero: no error. Refer "Error Code" section in User Guide
ffompensation: Represents PTC compensation circuit value which is equivalent to sensor capacitance
¥ |"Compensation" value can be used to check whether sensor is saturated. Refer to User Guide

Lab3_QTouch_DataVisualizer Options

Auto-config enabled:
¥ Auto-config

Config ID: 03EB00000000000000AAS501

Search path:

C\Exercises_SAM2002ADV\Lab3_QTouch_DataVisualizer\firmware\src g O

Recursive search:
Maximize dashboard:
= P Statistics
2
P News Console [ Cutput

7082s

* Vertial Zoom: Ciri Key + Mouse Scroll (uncheck “Automatically fit Y~ option).
* Horizontal Zoom: Left-Shift Key + Mouse Scroll.
* Click on “Legend™ fo enable or disable plot.

@ 55:11
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#¢ Lab3 Data Visualizer for Touch

* Before use Data Visualizer for touch tuning, it’s need install extra Touch plugin firstly.

%

B3 Plugins

Check for IF
| MPLAB Touch |

Updates (13 Available Fluging (37 Downloaded Installed (2117 Settings

Search:

el

J

Install Wa n{e

Category

Sonrce

A

X IDE

MPLAB Touch

M  MFLAE Touch MFPLAE Dat...
[ ] Arduine Import Plugin MFPLAE IDE i WiCommunity Contributed Plugin
[ ] ELFViewer MFLAE IDE...
[] Power Monitor MFLAE Flugin g Version: 2,201
I:' ECAN Bit Eate Calculator MFLAE Flugin "ﬂﬁ‘ Author: Microchip Techneology Ine,
[[] PCLint MFLAE Flugin g Date: 20234414
[] DMCI MFLAR Plugin i Source: Microchip Fluging
[ ] Halt Notifier (Trial) MFLAE Flugin i Homepage:
[[] ERemote USB Debugging (Tr... MPLAB Flugin hitps:ifmicrochipdeveloper comftonch-introduction to-tonch -plugin
[] Plugin Update Services MFLAE Flugin g
[ ] USB Tool Connection Diag... MFLAB Flugin ] o
[[] Doxygen Integrator MFPLAE Flugin i Plugin Description
[] App Launcher MPLAE Plugin
[] MemorvStarterkit MFLAE Flugin i The Touch Plugin allows user to visnalize tonch tuning data within
[[] Code Profiling (Trial Version) MPLAB Flugin MPLAB Data Visualizer. The plugin supports two-way communication
[] dsPICWaorks MFLAE Flugin g throngh which nser can modify the touch confizuration without having o
0 s | Mt @ :
[nstall | plugin selected, 1ME
Close Help

S
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#¢ Lab3 Data Visualizer for Touch

* Return Harmony Touch Configurator, if you are continuing from previous Lab2.
In Tune Tab, Please switch to Enable Touch Tuning Data connection and choice
Touch Visualization (unidirectional, requires UART Tx)

B | Touch Conﬁguration - O et

Create Configure Tune Summary

Touch Visualization enables to visualize relevant touch data on screen in real time. The communication is established using the UART capabilities of the touch MCU

reguiring only TX connected from Touch MCU to UART-USE bridge {such as Microchip Touch Bridge or MCP2221A breakout module). Use MPLAB Data Visualizer with
Auto-Configure in Variable Streamers tab or Atmel Data visualizer. MPLAB Data Visualizer exists within MPLAB X IDE as well as a standalone application.

This should be enabled and used for project development and validation and be disabled for production code to remove overhead, power consumption and

flash/RAM footprint.,
O | Enable Touch Tuning Data connection |

Touch Tuning (bidirectional, requires UART Tx and Rx)

Enable Touch Tuning Data connection

EI&Z O Touch Visualization (unidirectional, requires UART Ti) { Touch Visualization (unidirectional, requires UART Tx) ]

Touch Tuning - 2D Surface (bidirectional, requires UART Tx and Rx)

Charge Time Autotune feature aids the tuning of sensor charge time. Manual tuning process is explained in Microchip Developer Help page
Il Users must enable this feature ONLY during development and configure the recommended settings in touch.h file and disable this option in production application.

Enable Charge Time Autotune
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#¢ Lab3 Data Visualizer for Touch

* A new UART connection interface will appear on Touch Library module after enabled
the Tuning feature in Touch Configurator.

* Assign PLIB SERCOMS5 to UART interface of Touch Library.

Eit Window XI Start Page XI Froject Graph XI ‘
) 4 | wl §af § K., | = |P‘1ugins: v Profil... Main w Wiew: Ko

NVMCTRL Device Family Pack (DFP) EVSYS
Peripheral Library CMSIS Pack Peripheral Library

SERCOMS

Peripheral Library .
TC3 Touch Library

Paripheral Library Peripheral Touch Controller{PTC)

Peripheral Library

Tonch_sercom (JART)
Unsatisfied Direct Dependency

Satisfiers
SERCOMO (sercomO)
SERCOM1 (sercom)
SERCOMZ (sercomZ)
SERCOM3 (sercom3)
SERCOM4 (sercom4)

SERCOMS (sercoms) ﬁ\ MICROCHIP




#¢ Lab3 Data Visualizer for Touch

* Configure PLIB SERCOMS5-UART as below, if you are not continuing from previous Lab2.

TC3 Touch Library
SERCOMS Paripheral Library F'eripheral Touch Controller{ PTC])

Peripheral lerary TMR
F'erlpheral e UART UART @
E TMR
e e

E-SERCOMS
= Select SERCOM Operation Mode USART with internal Clock
. -~ Dperating Mode Elocking mode w .
For new start project only retre Bt {{use Biocking Mode]
~Transmit Enable
~Frame Format TSART frame "
Pin Pin ID Custom Name Function ~Baud Rate in Hz 1}5’200 -
Number - Parity Made Mo Panity
c’$\7 SERCOMS_PAD2 - (Character Size 2 Bits
('V" SERCOMS_PAD3 - 5top Bit Mode Cme Stop Bit -
|£:’.¢:(3 - Receive Pinout SERCOM PAD[3] 15 used for data teception -
-~ Transmit Pinout FAD[Z] = TxD; PAD[3] = ¥CK e
~Enahle Run in Standby |:|
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#¢ Lab3 Data Visualizer for Touch

* Modify myprintf() to use TransmitComplete() function of SERCOM Blocking Mode.
 Common out all debug myprintf() in while loop of main.c.

void myprintf(const char *format, ...)

if ((len > @) && (len < SYS_CONSOLE_PRINT BUFFER SIZE))
{

consolePrintBuffer[len] = "\0';
SERCOM5_USART Write((uint8 t*)consolePrintBuffer, len);

//
while( !SERCOM5_USART_TransmitComplete() );

}
}

int main ( void )

while ( true )
touch_process();
if( measurement_done_touch==1 && get scroller_state(9) )
%%i ScrollPos != PreScrollPos )

PreScrollPos = ScrollPos;

switch( ScrollPos*4/255 ) ®M|CHDCHIP



#¢ Lab3 Data Visualizer for Touch

* Open MIPLAB® Data Visualizer by simple click on icon @ , you could doble click on
MPLAB Data Visualizer tab to enlarge it to full window as below.

-
Eile Edit

Jag=

=

i Projects [Tl Files offf Services Resource Management [MCC]

Connections

s Mavigater  Touch_DataVisualizer - Dashbeard

P Motifications [MCC]

Wews (i) Motifications Cutput O, Search Results

@) 80:10 |

B4 MPLAB X IDE v6.15 - Lab3_Touch_DataVisualizer : default — O X
Double Click br Production Debug Team Tools Window Help m’c‘ |Q~ Search (Cirl+I) |
o i - - - . LB L . : : T H =Tel :
to enlarge window | il':i B->-T QU Q2w [@Fcod e
4 / il o
[ Eit Windew X] Start Page Xl@MPLAB Data Visnalizer Xl Project Graph X] main.c Xl (DIEE =
o
Workspace:  [1) Clear 23 Load.. [F)Save *+¢  Views: B TimePlot [ Ter @ tocols: B DVRT Session g
=)
.'l Messages e' Help Dark Theme %.
i p— o~
- Serial Ports v ——— g
| Marker Time Asis g
COM2 to 3 4 les 0s 10s »
Data values
200+ In;a # Mark
COM3 ﬁ > |i| Snapshot
Data Axis
COM1 ﬁ [ ] 0 Auto adjus = 512 ¢
Mo
T T T T | Source e ﬁ > ‘
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#¢ Lab3 Data Visualizer for Touch

* In Connections Tab, click on the UART COM Port you to output debug message from
SERCOMS5 and configure to 115200-n-8-1.

| Eit Window = | otart Page = |@ MFLAE Data Visvnalizer = | Froject Graph = | main,s H|

Workspace:  [") Clear

A) Load.. [ Save *+¢ | Views: B Time Plot

- Serial Ports

COMZ2

Connections

COM3

COM1

. Touch

Marker
Jo3s

300 - Data values
Infa

COM3 Settings

Baud Rate:
Char Length:
Parity:

Stop Bits:

—1[][]—[ ?

115200

8 bits w
Mone *

1hit w

E Terminal #==

Protc
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#¢ Lab3 Data Visualizer for Touch

* Click on Variable Streamers tab, then click the Auto-configure to add a new Streamer.
* Select the same COM Port as Auto-configuration source.

[ Eit Windowr Xl =tart Fage = l main.c le MFELAE Data Wisnalizer Xl

Workspace: D Clear a Load... B Save ®e* 5. B Time Plot E Terminal *** | Protocols: % DVRT Session ‘_. Messag
s
'@ New... i‘ Import... @ Auto-configure Time Plot X
fi Auto-configure Sord i":]asrker
In,’a

'[QF ..: ] 200

Mo Source

Touch Session on Touch

COM1

Wariable Streamers X
(o]
L

com2

COM3 r T T T T T T T T T 1
& Os 1= 25 3s 4s bs 6s 7s os 9= 10¢
Auto-configure Options

Auto-config enabled:

¥ Auto-config

Config ID: Not decoded Procedure for selecting COM port for Touch

Search path: ...b3_Touch_DataVisualizer.X E- O 1. Select COM port in Connections tab
2. Update BAUD rate in COM Settings

ez TEEE= )3 3. Start COM port streaming

SEdrEs di i Select COM port for Touch

L T 1. Select Touch in Connections tab

2. Choose COM port as data source @ MICRDCHIP




#¢ Lab3 Data Visualizer for Touch

e Clickon ” to start communicate then you will see a Miss configure files message.

[ Eit Windowr Xl =tart Fage = l main.c le MFLAE Data Wisnalizer Xl

Workspace: D Clear a Load... B Save *** | Views: B TimePlot [2) Terminal *** = Protocols: [EE DVRT Session ‘_. Messag
'@ New... i‘ Import... @ Auto-configure Time Plot X
e Auto-configure S o i":i“‘er
com3 v 3F » @ Data values
U I
. 200
o
@
=
m
s
(7]
= 0
]
&
>
r T T T T T T T T T 1
s 1s 2s 3z ds 5s s Ts s 9s 10s
Auto-configure Options
Auto-config enabled:

¥ Auto-config

[ Missing config files]

A Missing config files Procedure for selecting COM port for Touch

Config ID: 03EBO0000000000000AASS01 ) i
1. Select COM port in Connections tab
Search path: ...b3_Touch_DataVisualizer.X E- O 2. Update BAUD rate in CQM Settings
3. Start COM port streaming
Maximize dashboard: Select COM port for Touch

P Statistics 1. 5elect Touch in Connections tab X
2. Choose COM port as data source @ MICRDCHIP




#¢ Lab3 Data Visualizer for Touch

* The default Auto-configuration Options Search Path is wrong, please click on Icon =

to change folder to \firmware\src then click *

[ Eit Windowr Xl =tart Fage = l B main.c le MFLAE Data Wisnalizer Xl

again.

Workspace: D Clear zj Load... B Save *e*  Views: B TimePlot [2) Terminal see

Protocols: 5] DVRT Session

'@ New... i‘ Import... @ Auto-configure Time Plot X
i Auto-configure S oR O i":]"’;'ker
COM3 = -ﬂ!- [ ] Data values
I n/a
x @ 200
o
i)
E
5
in
@ 0
o .
[ B4 Edit search path
g
- LA firmware o 5 Ef-
B Lab2 Touch_DataVisualizerx
Auto-configure QOptions I Touch = _: =
ERFEE | \firmware\src ]
Auto-config enabled:
¥ Auto-config
A\ Missing config files Pro %ﬁ %%%*ﬁm} 5IC E'Fﬁéﬂ

Config ID: 03EBOOOO0000000000AAS501 a 1 -ﬁlﬁ?%ﬁﬂ('ﬁ e " HE::E.;,

Search path: ...b3_Touch_DataVisualizer.X ri- -

TR DI [ Wrong Search path ] Select COM port for Touch

b Statistics

1. 5elect Touch in Connections tab
2. Choose COM port as data source
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#¢ Lab3 Data Visualizer for Touch

* If all configuration are correctly, you will see a Touch Dashboard to start up.
« Click on Icon 23 to enlarge Dashboard window.

[ Eit Window xl Start Page X]'El main.¢ X ]@'MPLAB Data Visualizer xl

Workspace: [ Clear 23 Load.. [F]Save #ee | Views:
@ New... &, Import... @ Auto-configure

Variable Streamers X

Jx

(x) Variables

(x)

coms v |£¥ W

FrameCounter

(x)

Signal0

Reference0

(x)

Delta0

(x)

.., Compensation0

Lab3_Touch_DataVisualizer # © p* [

H v

Lab3_Touch_DataVisualizer Options

Auto-config enabled:

¥ Auto-config

Config ID: 03EB0O0000000000000AASS01
Search path: src g O

Recursive search:

Maximize dashboard:

P Time Plot Q Terminal #ee Protocols: E DWRT Session
Dashboard X $
BasicData | Graph | AdvanceData || AllData .
¢ Edit g4
Button Data @
| Toggle fullscreen (f)
Channel ID Sensor Type State Delta Threshold )
0 Slider 0[0] 0 1 20
1 Slider 0[1] 0 0 20
2 Slider 0[2] 0 0 20
Debug Data
FrameCounter on Lab3| 180 Counter for datastreamer packets. Missing count indicate packet drop
QTouchLibError on Lab i) Indicates library error state. Zero: no error. Refer "Error Code" section in User Guide
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#¢ Lab3 Data Visualizer for Touch

e Basic Data window of Touch Dashboard.

o

| Basic'Data I Graph I AdvanceData I AllData |

Button Data Slider & Wheel Data
Channel ID Sensor Type State Delta Threshold Sensor State SW Delta SW Threshold Position

0 Slider 0[0] 0 2 20 Slider 0 1 232 20 128

1 Slider 0[1] 1 226 20

2 Slider 0[21] 0 2 20

Debug Data

FrameCounter on Lab3] 128 Counter for datastreamer packets. Missing count indicate packet drop
QTouchLibError on Lab 0 Indicates library error state. Zero: no error. Refer "Error Code” section in User Guide
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#¢ Lab3 Data Visualizer for Touch

* Graph window of Touch Dashboard.

AdvanceData | AllData

T T
1361s 1362s

Deltal on Lab3_Touch_DataVisualizer

SWDelta0 on Lab3_Touch_DataVisualizer

* Vertial Zoom: Ctrl Key + Mouse Scroll (uncheck "Automatically fit Y" option). * Horizontal Zoom: Left-Shift Key + Mouse Scroll. * Click on "Legend” to enable or disable plot.
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#¢ Lab3 Data Visualizer for Touch

 Advance Data window of Touch Dashboard.

BasicData | Graph | AdvanceData I AllData

# Edit
Sensor Data
Channel ID Sensor Type Signal Reference Delta Compensation pF
0 Slider 0[0] 508 508 ] 17.39475
1 Slider 0[1] 507 506 1 17.93475
2 Slider 0[2] 507 507 0 21.78225

Compensation: Represents PTC compensation circuit value which is equivalent to sensor capacitance

"Compensation” value can be used to check whether sensor is saturated. Refer to User Guide

Frequency Hop Data

CurrentFrequencyon Yy 10 |HopFrequencyOonlahy 9 HopFrequency1 on Labl 10 |HopFrequency? on Lab 0

Displayed frequencies are auto-tuned by QTouch Library based on noise levels

EA
[
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#¢ Lab3 Data Visualizer for Touch

e All Data window of Touch Dashboard.

79

BasicData

Graph

AdvanceData I Al IE)ata

QTouch Modular Library User Guide: www.microchip.com

Glossary: www.microchip.com

areena | Aibara |
d rary User Guide: wwwmicrochip.com
rochip.com

nnnnnnnnn

ssssssss

uuuuu

nnnnnnnnnn

wwwwwwwwww

ssssssssss

Button Data
Channel ID Sensor Type State
Slider 0[0] 0
Slider 0[1] 0
Slider 0[2] 0

wwwwwwww

ssssss

it ¥ Key +
Sensor Data
nnnnnnnnn Sensa Signal Reference Compensation pF
Sl 510
cccccccc 50
Sl EY
s FTC valus ivalent to scnso
ompen: be use: sen o User
Frequency Hop Data
6 |-1.\.-|\'u ,1".-\\..‘4 H ‘,r.‘.‘_,q 3
auto-tuned b h Li

'y error state. Zero: no error. Refer “Error Code” sectlon In User Guide
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#¢ Lab3 Data Visualizer for Touch

* Load a customized Dashboard Lab3 Touch DataVisualizer.dvws from \DV older of
project to show compact All Data.

Kit Window x| Start Page x -:: x | [ MPLAB Data Visnalizer x

Workspace:  [1) Clear 2 Load. H Save ees | Views: B TimePlot [2] Term I@I * | Protocols: 5 DVRT Session

® Tt @‘? Load a wor <5pace from disk ‘ =
BasicData I Graph I AdvanceData I AllData |
fx

Lab3 Touch_DataVisualizer # © '

coM3 v ¢ W £ Load..

. LEED: L | 3] e
(x) Variables EAR0 1 o5 B
B Lab3_Touch_DataVisualizer.

) FrameCounter EiRtEE
TEEESTEMD:  Lab3_Touch DataVisnalizer.dvws

) S|g nalo S &R Workspace (*.dvws * json) Files
X

0 ReferenceQ

ashboard Widgets X Ivan'able Streamers X Icnnnectlnns

) Delta0
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#¢ Lab3 Data Visualizer for Touch

* The customized All Data of Dashboard

BasicData | Graph | AdvanceData | AllData -
|QTouch ﬂ‘il'oduiarllibrary Usel!' Guide:|wwmmicrochip.com Hvee 3@ DAY
Glossary: www.microchip.com
Button Data Sensor Data
Channel ID Sensor Type State Delta Threshold Channel ID | Sensor Type Signal Reference Delta Compensation pF
0 Slider 0[0] 1 26 20 0 Slider 0[0] 534 508 26 17.46225
1 Slider 0[1] 1 145 20 1 Slider 0[1] 655 510 145 17.86725
2 Slider 0[2] 0 1 20 2 Slider 0[2] 512 51 1 21.71475
Slider & Wheel Data : Compensation: Represents PTC compensation circuit value which is equivalent to sensor capacitance
Sensor State SW Delta | SW Threshold ‘ Position "Compensation” value can be used to check whether sensor is saturated. Refer to User Guide
Slider 0 1 168 | 20 | 104 Erequency Hop Data
Debl_!g Data CurrentFrequency on Lab3_Touch_DataVisualizer 10
FrameCounter on Lab3_Touch_DataVisualizer 46 HopFrequency0 on Lab3_Touch DataVisualizer 8
QTouchLibError on Lab3_Touch_DataVisualizer 0 Hopfrequencyl on Lab3_Touch_DataVisualizer 10
Counter for datastreamer packets. Missing count indicate packet drop * {HopFreguency2 on Lab3_Touch_DataVisualizer 5
Indicates library error state. Zero: no error. Refer "Error Code” section in User Guide Displayed frequencies are auto-tuned by QTouch Library based on noise levels
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Horizontal Zoom: Left-Shift Key + Mouse Scroll. i* Click on "Legend” to enable or disable plot.

Vertial Zoom: Ctrl Key + Mouse Scroll (uncheck “"Automatically fit Y" option).
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Microchip Technology Incorporated’s products are marketed and sold under one or more of the following trademarks belonging to Microchip or one of Microchip’s subsidiaries.
Questions regarding use of these trademarks should be addressed to the Microchip’s Legal Department via email: legal.department@microchip.com.

The following are registered trademarks of Microchip in the U.S.A. and other countries:

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex,
flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MedialLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB, Optolyzer,
PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA

The following are registered trademarks of Microchip in the U.S.A:

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper Speed Control, HyperLight Load, IntelliMQOS, Libero, motorBench, mTouch,
Powermite 3, Precision Edge, ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider, TrueTime,
WinPath, and ZL

The following are registered trademarks of Microchip in other countries: BeaconThings, GestIC, Silicon Storage Technology

The following are trademarks of Microchip in the U.S.A. and other countries:

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, Augmented Switching, BlueSky, BodyCom, CodeGuard, CryptoAuthentication,
CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, IdealBridge, In-Circuit Serial
Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connectivity, JitterBlocker, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB,
MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-
ICE, Serial Quad I/0, simpleMAP, SimpliPHY, SmartBuffer, SMART-.S., storClad, SQI, SuperSwitcher, SuperSwitcher Il, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck,
VariSense, VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA

The following is a service mark of Microchip in the U.S.A.: SQTP
The following are logos of Microchip in the U.S.A. and other countries: The Adaptec logo, Frequency on Demand, Silicon Storage Technology, Symmcom, and Trusted Time

The following is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of Microchip Technology Inc., in other countries: GestIC

@ MICROCHIP



	SAM2002ADVv101
	投影片 4: SAMD21 ARM Cortex-M0+ Microcontroller & Harmony v3 SAM2002ADV v1.01
	投影片 5: SAM series course history and brief
	投影片 6: Background Knowledge and Preparation

	Index
	投影片 7: Advance Course 

	Introduction to QTouch® Peripheral Touch Controller (PTC)
	投影片 9: Introduction to QTouch® Peripheral Touch Controller (PTC)
	投影片 10: Introduction to QTouch® Peripheral Touch Controller (PTC)
	投影片 11: Introduction to QTouch® Peripheral Touch Controller (PTC)
	投影片 12: Introduction to QTouch® Peripheral Touch Controller (PTC)
	投影片 13: Introduction to QTouch® Peripheral Touch Controller (PTC)
	投影片 14: Introduction to QTouch® Peripheral Touch Controller (PTC)
	投影片 17: Introduction to QTouch® Peripheral Touch Controller (PTC)

	APP045 EVB QTouch® Design and Pattern
	投影片 18: APP045 EVB QTouch® Design and Pattern
	投影片 20: APP045 EVB QTouch® Design and Pattern
	投影片 21: APP045 EVB QTouch® Design and Pattern
	投影片 24: APP045 EVB QTouch® Design and Pattern

	Harmony QTouch® Composer
	投影片 26: Harmony Touch Configurator
	投影片 27: Harmony Touch Configurator
	投影片 28: Harmony Touch Configurator
	投影片 29: Harmony Touch Configurator
	投影片 30: Harmony Touch Configurator
	投影片 31: Harmony Touch Configurator
	投影片 32: Harmony Touch Configurator
	投影片 33: Harmony Touch Configurator
	投影片 34: Harmony Touch Configurator
	投影片 35: Harmony Touch Configurator
	投影片 36: Harmony Touch Configurator

	Lab1 Touch Buttons
	投影片 37:  Lab1 Touch Buttons
	投影片 38:  Lab1 Touch Buttons
	投影片 39:  Lab1 Touch Buttons
	投影片 40:  Lab1 Touch Buttons
	投影片 41:  Lab1 Touch Buttons
	投影片 42:  Lab1 Touch Buttons
	投影片 43:  Lab1 Touch Buttons
	投影片 44:  Lab1 Touch Buttons
	投影片 45:  Lab1 Touch Buttons
	投影片 46:  Lab1 Touch Buttons
	投影片 47:  Lab1 Touch Buttons
	投影片 48:  Lab1 Touch Buttons
	投影片 49:  Lab1 Touch Buttons
	投影片 50:  Lab1 Touch Buttons
	投影片 51:  Lab1 Touch Buttons
	投影片 52:  Lab1 Touch Buttons
	投影片 53:  Lab1 Touch Buttons
	投影片 54:  Lab1 Touch Buttons
	投影片 55:  Lab1 Touch Buttons
	投影片 56:  Lab1 Touch Buttons
	投影片 57:  Lab1 Touch Buttons

	Lab2 Touch Slider
	投影片 58:  Lab2 Touch Slider
	投影片 59:  Lab2 Touch Slider
	投影片 60:  Lab2 Touch Slider
	投影片 61:  Lab2 Touch Slider
	投影片 62:  Lab2 Touch Slider
	投影片 63:  Lab2 Touch Slider
	投影片 64:  Lab2 Touch Slider
	投影片 65:  Lab2 Touch Slider
	投影片 66:  Lab2 Touch Slider
	投影片 67:  Lab2 Touch Slider
	投影片 68:  Lab2 Touch Slider
	投影片 69:  Lab2 Touch Slider
	投影片 70:  Lab2 Touch Slider
	投影片 71:  Lab2 Touch Slider
	投影片 72:  Lab2 Touch Slider
	投影片 73:  Lab2 Touch Slider

	Lab3 Data Visualizer for Touch
	投影片 74:  Lab3 Data Visualizer for Touch
	投影片 75:  Lab3 Data Visualizer for Touch
	投影片 76:  Lab3 Data Visualizer for Touch
	投影片 77:  Lab3 Data Visualizer for Touch
	投影片 78:  Lab3 Data Visualizer for Touch
	投影片 79:  Lab3 Data Visualizer for Touch
	投影片 80:  Lab3 Data Visualizer for Touch
	投影片 81:  Lab3 Data Visualizer for Touch
	投影片 82:  Lab3 Data Visualizer for Touch
	投影片 85:  Lab3 Data Visualizer for Touch
	投影片 86:  Lab3 Data Visualizer for Touch
	投影片 87:  Lab3 Data Visualizer for Touch
	投影片 88:  Lab3 Data Visualizer for Touch
	投影片 89:  Lab3 Data Visualizer for Touch
	投影片 90:  Lab3 Data Visualizer for Touch
	投影片 91:  Lab3 Data Visualizer for Touch
	投影片 92:  Lab3 Data Visualizer for Touch
	投影片 93:  Lab3 Data Visualizer for Touch
	投影片 94:  Lab3 Data Visualizer for Touch

	Survey_02
	投影片 220: Microchip Trademarks


