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SAM series course history and brief

* SAM1001 (2017~2018)
* Peripheral Library (PLIB) on APP045v2.0 (SAMD21 Arm Cortex-MO0+)
* Advance Software Framework (ASF) v3.x + GNU C compiler + Microchip Studio 7
* SAM2001 (2019~2020)
* Peripheral Library (PLIB) on APP045v2.0/v4.x (SAMD21 Arm Cortex-MO+)
* MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE
* SAM2001ADV (2021~2022)
* Peripheral Library (PLIB) Advanced modules on APP045v4.x (SAMD21 Arm Cortex-MO+)
* MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE
* SAM2002 (2019~2021)
 System Service and Driver on APP045v4.x (SAMD21 Arm Cortex-MO0+)
* MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE
* SAM2002ADV (2022~)
* QTouch Library and USB Device Driver on APP045v4.x (SAMD21 Arm Cortex-MO0+)
* MPLAB Harmony Framework v3.x + XC32 Compiler + MPLAB X IDE
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Advance Course

* Introduction to QTouch® Peripheral Touch Controller (PTC)
 Harmony Touch Configurator
 APP045 EVB QTouch® Design and Pattern
HLab1l Qtouch Buttons
ELab2 Qtouch 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
ELab5 USB Device HID Class - Basic TX and RX

@ MICROCHIP



CAEZhH=E SAM2002Apv# 51-01
SAMD21 ARM Cortex-MO0+

Microcontroller & Harmony v3

SAM2002apv v1.00 @MlCROCHIP

A Leading Provider of Smart, Connected and Secure Embedded Control Solutions

CAE Taiwan Team
Microchip Technology Inc.

February 20, 2023



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 @
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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
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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
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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 MES.d JES.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.
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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 MES.d JES.e

APPO045 EVB QTouch® Design and Pattern

PCB Stack

3 Layer (Blank Gap)

Bottom Layer (GND)
A%\ MicrocHip



Harmony Touch Configurator
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Harmony Touch Configurator

Add Touch Library in MHC

B4 MPLAB X IDE v6.00 - Lab1_QTouch_Buttons : default

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

FEES D e

Labl Q-+ | mainQ) - --- Availa---

e

= Peripherals
= RTC
# SERCOM
& TC
® TCC
H System Services
+ Third Party Libraries
+ Tools
= Touch

1PTC
8l Touch Library

...

"™ Double click )

X TREORE | |

Core
EVSYS
Harmony Core Service
Peripheral Library

2 RTOS
Core Service ©

RTC
Peripheral Library

TMR |

Projects | Files | Act~- | Servi-- | = |[ Project Graph* |

XORZT R4

----- CMSIS Pack ——

& CONSOLE Paripheral Library

----- Core MEMORY

----- Device Family Pack (DFP)

----- EVSYS

----- NVMCTRL <4

| | PTC Peripheral Library

1 RTC

..... SERCOMS SERCOMS
Peripheral Library

----- System UART

..... TC4

..... TIME

8l Touch Librar

1 Q- | mainQ - - | Availa--- |

Device Family Pack (DFP)
CMSIS Pack

TIME
System Service
i Core Service

S5Ys _TIME ©
T™MR

Touch Library
Peripheral Touch Controller{FTC)
= TMR

- Acq_Engine

View: ERoot

CONSOLE
System Service
2 Core Service

Instances ——=—|+

Instance O
UART

USE DEVICE CDC
SY5_CONSOLE
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Harmony Touch Configurator

Select MHC\Tools\Touch Configuration

B4 MPLAB X IDE v6.00 - Lab1_QTouch_Buttons : default

File Edit MHC |£iew Mavigate Source Refactor Production Debug Team Tools Window Help

Y Save Configuration

o Core Service

Instances ——=—|+

Projects Import = || Project Graph* l
X|C3F  Bxport XCRERE ¢ ||
IZ] CMS Preferences NVMCTRL
CON Peripharal Library
Labl Q- [ maing) - - [ Availa— | Core Generate Code MEMORY
%I' """ DEV\ Tools 3 Clock Configuration syt HMEIZ )
= Peripherals @ EVS Utilic | DMA Configuration 8 CoreSorvies
R [ 1hities
EI RTC NVM Event System Configuration
| RTC PTC Exit NVIC Configuration
" SERCOM LCT Pin Configuration
-- T€ch SERCOMS Touch Configuration
“TCC b System
‘# System Services Tca Touch Library
[ Third Fl-a rty L'Ib ra riES """ TIME Peripheral Library Peripheral Touch Controller{FTC)
& Tools il Touch Librar TMR = TMR
- Acq_Engine
= Touch Labl Q- | mainQ - =+ | Availa | &
PTC
8| Touch Librar -

View: ERoot

CONSOLE
System Service

Instance O
UART

SY5_CONSOLE
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Harmony Touch Configurator

Sensors : Select Sensing Type and add Touch Sensors

Froject Graph* | Touch Configurator X|

Sensors

..I'-OK

Combine Sensors/
Create Lump Sensors

Enable Low Power

Delete All Sensors

Delete Sensor

Self Capacitance Sensing o

o

!

Self Capacitance Sensing
l Mutual Capacitance Sensing

[
Technology: @ Self Capacitance Sensing Technology: @ Self Capacitance Sensing Technology: @ Self Capacitance Sensing Technology: @ Self Capacitance Sensing
Number of Buttons: @ 1= Number of Siders: @ 1= Number of Wheek: @ 1= Number of Horizontal Channels: @ 32
Add Cancel Number of Channels: @ 3= Number of Channels: @ 3= Number of Vertical Channels: @ 3=
Add Cancel Add Cancel Gesture Type: @ no Gestures v
Add Cancel
Technology: @Mutual Capacitance Sensing Technology: QMutuaI Capacitance Sensing Technology: QMutuaI Capacitance Sensing Technology: QMutuaI Capacitance Sensing
Number of Buttons: @ = Number of Siders: @ 1B Number of Wheels: @ 1B Number of Horizontal Channels: @) 3
Add Cancel Number of Channels: @ 3= Number of Channels: @ 3= Number of Vertical Channels: @ 34
Add Cancel Add Cancel Gesture Type: @ No Gestures v
Add Cancel
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Harmony Touch Configurator

Sensors : Auto configure the clock for CPU and peripherals

Froject Graph*

] Touch Configurator Xl

dpacitance Sensing
apacitance Sensing
a8l Capacitance Sensing

@) seff Capacitance Sensing

(7] 32

(7] 32

9 No Gestures b

Cancel

The clock for CPU and peripherals will be set as follows if YES option is selected.
If NO i3 selected, then user needs to configure the clock for FTC and ETC peripherals,
® Refer to notification tab for details.
Technology: @ seff Capa Cectllator Frescaler Diivisor Frequency
. OECEM 2 434H=
Number of Buttons: @ DFLL43H 1 83MHz{GCLE S, open loop, multi factor 1500)
Creneric clockiFeripherals) Solrce Frequency
Add | | Cancel [T BOiCE) DFLL48M 480Hz
GCLE I Timen OSCTUILEP3ZE 2.042EH=
GCLEZFTC,TJARET) [Ree] X 434H=
Wait states
LW states 2
Technology: @ Mutual C

Number of Buttons: @

Add Cancel

Teg

M

Gesture Type:

Add

FJ Mutual Capacitance Sensing

@ 1o Gestures v

Cancel
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Harmony Touch Configurator

Sensors : Type of Self or Mutual Capacitance Sensing and Add Sensors

Fromect Graph* ] Touch Configurator xl
Create Lump sensors | | Dekete Al Sensors
Enable Low Power | Delete Sensor Self Capacitance Sensing '
Froject Graph* ] Tonch Configurator XI
Create Lump sensors | | DeRte Al sensors
| Disable Low Power Delete Sensor Mutual Capacitance Sensing

Notifications

ﬁ\ MICROCHIP




Harmony Touch Configurator

Pins : Self Capacitance Sensing Pin Selection and Driven Shield configuration

Fromect Graph#

] Teuch Cenfigurator XI

Configurator = l

Sensors

Pins

Parameters

Notifications

=
—
| o
| iz
=

Summary

| AutoAssign | | Reset |

Pin Selection

Driven Shield

(@ Table View
Sensor Type Channel ID Pin Selection
button 0 III Y-Line: Y0 (PAO2) v
[=] slider 0 Y-Line: Y1 PAD3) |
Y-Line: Y2 FAM)
Y-Line: Y3 PAOS) |
[=] wheel 0 Y-Line: Y4 PAOG) v
Y-Line: Y5 PADT)
III Y-Line: Y8 FBOZ)

. AutoAssign | Reset |

Pin Selection

Driven Shield

Driven Shield

To improve notse performance and

shield sensor. More information can be found Microchip Developer Help page.

sasten,

Enable Dedicated Driven Shiel
Anv Timer WaveCutput (WO pin

water tolerance, driven shield can be enable

d

can be nsed as Driven shield pin. Select the

Timer 1nstance | TC3

T

shield pin PALISE_TC3_W.

o

“Driven shield Plus”  feature configures the PTC pins which are currently nof
this application, Selecting the timer will add the timer to the project and will be

[ ]Enable Driven Shield Plus

ﬁ\ MICROCHIP



Harmony Touch Configurator

Pins : Mutual Capacitance Sensing kind of Pin Selection GUIs

Fromect Graph# ] Tench Configurator XI

Auto Assign ; :
al (= atrix View Surface Matrix View urface Pin Configuration
Sensors | | () Table view () Matrix View | @ Surface Matrix View (2D Surface Pin Configuration}
. Driven Shield (Mote: In matrix view, "b : x" means " button x" & " ¢ : x" means "channel x". Same wil applica
| ins =lst
Ch10 Chi11 Ch12
al (=1 atrix View urface Matrix View urface Pin Configu
Pl el (O Table View| @ Matrix View | Surface Matrix View (2D Surface Pin C
Notifications (Mote: In matrix view, "b : %" means " buthton x" & " @ x" means "channel x". Same will
X0 X1 X2 X3 X4 X5 cho [PEE}
Summary {PADE) (PADY) {PA10) (PA11) (PA1E) (PA17) (A
(PADZ) Y2
Chs (PAO4)
Y1
(PA03) NA NA NA
Y2 Ch7 [P:;llﬂ}
(paoa) | NA — =
Y3
MA MNA MNA X0 X1 X2
(PAD5S) (PAOB) (PADS) (PA1D)
¥4
(PADG)
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Harmony Touch Configurator

Parameters (Channel): Channel Samples, Gain, Clock, Threshold and AKS configuration

Project Graph* l Touch Configurator X] (=@
PTC CLOCK FREQUENCY
Red indicates invalid PTC-Clock Frequency.
——— Blue indicates valid PTC-Clock Frequency.
- Frescaler PTC Clock
Notifications
I
E—— I
TR
BB
CHAMMNEL PARAMETERS
[ ]change all {Mote: Enabling Change all, and changing a parameter will modify it for all sensors in the design. This does not apply to AKS)
Channel ID e Crver Samples Q‘ (Fain e Analog Gain e' Series Resistor e PTC clock Q‘ Threshold e Hrsterisis Q Sensor AKS
Sensor List
E} Senser [d: butto
80 16 samples |1 |1 v |No resistor ~ 1.0000 MHz | 20 225 % v |No AKS v
= Sensor [d: slider
- 16 samples |1 w1 | Mo resistor 10000 MH= w 20 E 25 % w AES Group 1 o
= 16 samples vl |1 ~ | Mo resistor < 1.0000 MHz w 20 E 22 % w | ARS Group 1 ~
e 3 16 samples w1 w1 | Mo resistor < 1.0000 MH= w 20 E 29 % w A Group 1 )
= | Sensor [d: whee
e 4 16 samples w1 w1 | Mo resistor - 1.0000 MH= w 20 E 20 % w AES Group 2 )
= 16 samples w1 vl ~ | Mo resistor - 1.0000 MHz w 20 E 22 Fo w AKS Gronp 2 e
B 16 samples w1 w1 | Mo resistor - 1.0000 MH= w 20 E 20 % w AES Group 2 )
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Harmony Touch Configurator

Parameters (Sensor): Sensor Parameters, Acquisition, Noise Handling

Project Graph* l Touch Configurator XI

(Y

Sensors

‘ Parameters
Summary

Channel Sliders and w... Tune

SENSOR PARAMETERS

Detect Integration @ 4 H
Away from Touch Recal Intergration Count e |5 E|
Away from Touch Recal Threshold 9 | 100 percent of Touch threshold v |
Touch Drift Rate @ 20 EH
Away from Touch Drift Rate @5 E
Drift Hold Time @ 20 H
Re-burst mode 9 | Reburst sensors only in process of calibration / filter in / filter out and AKS groups ~ |
Max ON Duration @o H
ACQUISITION CONFIGURATION
Scan Rate (ms) Q |20 E|
PTC Interrupt Priority @ '3 &
Acquisiton Frequency @ 'FREQ_SEL_0 v|

NOISE HANDLING USING FREQENCY HOP

ﬁ\ MICROCHIP



Harmony Touch Configurator

Parameters (Slider And Wheels): Scroller Resolution, Position Hysteresis and Threshold

Project Graph* l Touch Configurator X] (=)

Sensors m Sensar Sli M. Tune

Seroller Id a‘ Scroller Resolution e Seroller Deadband e Scroller Position Hysterisis e Scroller Detect Threshold

S —— B Sensor Id: slider 0

Notifications @ scroller 0 |8 Eit vl 10 Percent vl g El 20 B
E} Zensor [d: wheel 0

L. e scroller 1 |8 Eit vl 10 Percent vl 2 El 20 B
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Harmony Touch Configurator

Parameters (Surface/Gesture): QTouch Surface and 2D Gesture configuration

MNotifications

Summary

Project Graph* l Touch Configurator XI (=@
QTOUCH SURFACE CONIGURATION
Parameters
I — SURFACE COMFIGURATION PARAMETERS
Notifications
Position Resolution (7] 'RESOL_8_BIT v|
Deadband Percentage (2] 'DB_1_PERCENT v|
Surface Posttion Hysteriss @ 3 &
Surface Detect threshod @ |60 E|
Project Graph* l Touch Configurator x] I

'ENABLE GESTURE

Enable single finger and dual finger gestures below.

Note: Enabling Gesture here will allow only 1 Finger Gestures support. If 182 Finger Gestures support is needed, delete the
existing Surface sensor and Suface sensor with Gesture Type option as 1&2 Finger Gestures.

GESTURES - TAP

Tap Release timeout
Tap Hold timeout

Tap Area

20 E
100 EH
20 E
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Harmony Touch Configurator

Parameters (Tune): Enable touch debug data to output in visualize for touch tuning

Project Graph* l Touch Configurator X]

an|e
TOUCH TUNING
[ ]Enable Touch Tuning Connection
Notifications
This option enables to visualize relevant touch data on screen and to chanpe parameters {optional) 1n real ttme. The communication 1s established using the UART capabilities of the tonch MCU requiring
T and EX (optional) connected from Touch MCU to MCU (usually via an USB bridge such as Microchip Touch Bridgeor MCP2221A breakount module), Enable the option to see more informaticn.

This should be enabled and vsed for project development and validation and be disabled for production code to remeove overhead, power consumption and flash/RAM footprint..
CHARGE TIME AUTO TUNE

[ ]Enable Charge Time Antotune

Thiz featnrr atds the tnnine of PTC nra-acaler. Mannal mnine nracess 12 pxnlamed 1 Sanzor e heln

I Users must enable this feature ONLY during development and configure the recommended settings in touch.h file and disable this option 1n production application,

Q MICROCHIP



Harmony Touch Configurator

Notifications: Check if there are any warnings or guidelines

(Y

Message
CPU and Peripheral clocks (PTC, USART and Timer) are set optimaly for QTouch application.

This clock setting may not be suitable for all grades/VCC. Refer to datasheet/errata and modify if needed.

It is recommended that all channels of a slider/wheel/surface should be in the same AKS group

(PAD2), (PAD3), (PAD4), (PAOS), (PAD6), (PAD7), (PB02), are assigned to PTC peripheral

Project Graph* l Touch Configurator X]
GEMNERAL INFORMATION AND WARNINGS
] Sino Type
-
1 Warning
Parameters
—_———| 2 Information
‘ Notifications 3 e p———
Summary
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Harmony Touch Configurator

Summary: Review the project configuration and find versions of library modules

Project Graph* l Touch Configurator X]

Sensors

Pins

Parameters

Notifications

Summary

ane
SUMMARY
DEVICE INFORMATION ~
Device Name: ATSAMD21G18A
Technology: SelfCap

Total Sensor Count: 3

SENSOR INFORMATION

Number of Buttons: 1
Mumber of Sliders: 1
Number of Wheels: 1
Number of Surface: 0

a

Number of Lumps:

CHANMEL INFORMATION

Total Channels Consumed: 7

OTHER INFORMATION

Acquisition: Enabled - Manual Tuning Configuration
Frequency Hop: Enabled - Manual Tuning Configuration
Data Streamer: Disabled

Gesture: Disabled
Low Power: Disabled
MODULES & VERSIONS
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%€ Lab Preparation
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% Lab 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)

* SAM2002ADV will use below tool versions for Labs.

MPLAB® X IDE 6.00 https://www.microchip.com/mplab/mplab-x-ide
MPLAB® XC32 v4.10 https://www.microchip.com/mplab/compilers
MPLAB® Harmony 3 Launcher v3.6.4 (From X IDE plugin)

MPLAB® Harmony Framework (From X IDE Harmony 3 Content Manager)
* corev3.11.1

csp v3.14.0

mhc v3.8.5

dev_packs v3.14.0

touch v3.13.0
* usbv3.10.0

SAMD21 DFP v3.6.144 (Device Firmware Pack) (From X IDE \Tools\Packs)
CMSIS v5.8.0 (Common Microcontroller Software Interface Standard)

eLet’sgo !
A8\ MicrocHIP
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4 Lab1-1 Qtouch Buttons
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4 Lab1-1 Qtouch Buttons

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

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

----- NVMCTRL
8 SERCOMS Z@E

| Start Page = | '™ MPLAR ¥ Store = | main.c * | Frowect Graph*

X CRERE ¢ | =

Device Family Pack (DFP) EVSYS
CMSIS Pack Paripheral Library

MVMCTRL
Peripheral Library

SERCOMS
Peripheral Library

Configuration Options* [Hdp ]

(=] [+

E-SERCOMS

= Select SERCOM Operation Mode USART with internal Clock

L Dperating Mode
- Receive Enable
~Transmit Enable
- Frame Format
-Baud Rate in Hz
- Parity Mode
-iZharacter Size
- Stop Bit Mode

lc,“r--Receive Pinout
L Transmit Pinout

Hon-blocking mode -

ISZART frame e
115,200 %

Mo Fanty -

2 Bits

Cme Stop Bit

- Start-of-Frame Detection Enable [ ]

SERCOM FAD[Z] 15 used for data reception =

FAD[Z] = TxD; FAD[3] = ¥CK e
-Enable Run in Standby |:|
Fin . .
Fin ID Custom Mame Function
Iumber
77 PE22 r&gsmcam 5 PAD2
3 PE23 ST sercoms paD3

@ MICROCHIP




4 Lab1-1 Qtouch Buttons

* Find Touch Library under Touch of Available Component and add it to your project.

* Please wait a while after double click to add the Touch Library.

* RTC and PTC will request to Auto-Activation together and Auto-Connection, please
simple click “Yes” and “Yes”. Confirm Component Auto-Activation? X

'ﬂ_. The database is requesting auto-activation of the following components:

Labl_QTouch B:-- | Available Cﬂmpu-}lal

RTC (rtc)
+ PTC (ptc)
#- Core
-- Drivers Are you sure you want to activate these components?

& Libraries
' Peripherals
# System Services

K =0 =(N)

't Third Party Libraries Confirm Attachment Auto-Connect? X
# Tools B
= Touch '.ﬂ The database is requesting automatic connection following component attachments:

- PTC , ,

- Lib z:’c:[z lib_gtouch:Touch_timer -> rtcRTC_TMR
N lib_gtouch:lib_acquire -> ptcptc_Acg_Engine
©USB Ly

Are you sure you want to automatically make these connections?

[ Double Click to add this ]

@ MICROCHIP



4 Lab1-1 Qtouch Buttons

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

Configuration Options* I Help ]
SR

=-Touch Library

~Goto Menu, Window > MPLAR Code Configurator > Harmony > Touch Configuration

o o E-Touch Configuration
l Pl]'.l. Dlagl’am L PJ DEVICE_MAME SAMD21

Projects IF“'-T-S Tﬁmi‘m Components* l =l | Start Page XI"# MFLAE X Store XI Froject Graph*

XSmom 4 X CREORE | ®| View: v e e ST
PTC Interrupt Priority 315
CMSIS Pack NVMCTRL Device Family Pack (DFP) -
R

----- Device Family Pack (DFP)

E-acquisition Configuration
Sensar Technalogy

Paripheral Library

""" EVSYS
""" NVMCTRL

""" SERCOMS

----- System
& Touch Librar ré;

SERCOMS
Peripheral Library

Peripheral Library
TMR

Touch Library

Peripheral Touch Controller{PTC)

Self-Capacitance Channels
Mutual Capacitance Channel
Select the Required Tunipd
Scan Rate (ms)
Acquisition Frequenc
= Node Configuration
Nurber of nodes to enable (=
= Use touch channel 0 I:‘

Select ¥ Pin for Channel 0 Y0 (PAOZ)
~Select % Pin far Channel 0 X0 (PAOE)
----- Select Y Pin for Channel 0 Y0 (PAOZ)

----- Series Resistar No resistor

~PTC Clock Prescaler 4 v
I -
1

analog Gain

~Clear on compare Mateh
EHRTC EVENTS configuration

Periodic Interval 0 Event Output Enable []

@ MICROCHIP



4 Lab1-1 Qtouch Buttons

* Open Touch Configuration

B4 MPLAB X IDE v6.00 - Lab1_QTouch_Buttons : default
File Edit MHC |View Navigate Source Refactor Production Debug Team Tools Window Help

Saha Save Configuration v - - - D""@@@Eﬁ .4
Projects Import l k=l | Start Page = lﬁr MFLABR X Store XI Froject Graph* ] Fin Diagram XI_P
X |51  Export X CTRERE4$| & View:
""" EMS Preferences NVMCTRL EVSYS

..... ay Peripheral Library -_5 t _m Paripheral Library

..... EVSY Generate Code MEMORY ?Sem =

""" NVM Tools > Clock Configuration

""" PTC . DMA Configuration

..... RTC Utilities > :

Event System Configuration

""" SER Exit NVIC Configuration Touch Library

""" S SLETTI Pin CDnﬁguratiDn Peripheral Touch Controller{PTC)
m Touch Configuration

@ MICROCHIP



4 Lab1-1 Qtouch Buttons

* In Sensor Tab, click on Button Icon and input Number of Buttons to 3.

* Click Add then a Warning dialog will show up to notice the clock of CPU and peripheral
will be auto set as default Touch Function request if select “Yes”

Teouch Confignrator XI Froject Graph* l g8y WARNING %

The clock for CPU and peripherals will be set as follows if YES option is selectad.
If N is selected, then nser needs to configure the clock for PTC and RTC peripherals.

Refer to notification tab for details.

Oscillator Prescaler Divisor Frequency
OSCeM 2 4hHz
DFLL4SM I 42MH=z(GCLES, open loop, multt factor 1500}
Generic clock(Peripherals) Sonrce Frequency
GCLEDICET DFLL48M 48WHz
' GCLET{Timer) OSCULPIZK 2.048EHz

GCLEZPTCUART) OSCEM 4hHz

« [Wait states

WM states 2

Add Cancel A
g}: Yes No
E '. ..l'. rﬁ

]Yes[

Tonch Configurator *I Froject Graph¥

|
BTN @ e O P
s P
— Y'Y
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4 Lab1-1 Qtouch Buttons

* In Pins Tab, Click on Pin Selection and configure button pins in below sequence.
* Button2 (Channel ID 2) : Y3 (PAO5)
* Buttonl (Channel ID 1) : Y2 (PAO4)

PB02/AIN10/YS
* ButtonO (Channel ID 0) : Y8 (PB02) 5A01 AINIEINTI S '\/\/\w_: g‘gé
Teouch Confignrator XI Froject Graph* l PAOS/AINS/EINTS/Y3 AAAN —] P:m3
- Driven Shield
—
I 1
ST TR oob——
PA18(TC3) —AAA——
(@ Table view
Sensor Type  Channel ID Pin Selection
Summary A ~
_ button 0 0 Y-line: 18 {PE’GE}@ AL

—
button 1 1 Y-Line: |12 {P‘E*m':' Y2 (PAO4)

S —
button 2 3 V-lne: |13 {PMS} Y3 (PAO5)
hr—d
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4 Lab1-1 Qtouch Buttons

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

* Enable Dedicated Dirven Shield

* Timer instance
* Shield pin

: TC3
: PA18E_TC3_WOO

Teuch Configurator XI Fromect Graph* l

Sensors

XZ Pins

Parameters

Notifications

Auto Assign Reset
Pin Selection XX Driven Shield
Driven Shield

PB02/AIN10/YS A A A
PAO4/AINA/EINT4/Y?2 ggé
5/AINS EINAAT =S
PAOS/AINS/EINTS/Y3 | PAD3
B Driven Shield

2=

z:l::;EGND:

PA18(TC3) —AAN——

s

Summary Diriven Shield. Enabling driven shield will nse timer (TC/TCC), Db
Enable Dedicated Driven Shield [Check to Enable]

To tmprove notse performance and water tolerance, driven shield ca
only or additionally vsing a dedicated shield sensor. More informati

Anv Timer WaveCutput (WO pin can be used as Driven shield pin

» TC3
Shield pin |[PAISE_TCI W... v 2@3

Timer instance TC3

PA18E_TC3_WOO

ﬁ:&: Apply

Confirm Component Auto-Activation? X
Ie The database is requesting auto-activation of the following components:

TC3 (ic3)

Are you sure t to activate these components?
CEW. 1 BN

Confirm Attachment Auto-Connect? x
'e The database is requesting automatic connection following component attachments:

lib_gtouch:Drivenshield_TC3 -> tc3:TC3_TMR

Are you sure you palaNasautomatically make these connections?
S )
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4 Lab1-1 Qtouch Buttons

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

* Button2

: AKS Group 2

Tonch Configurator XI FProject Graph* l

D]

Sensors

Pins

Parameters

Notifications

Summary

2% Gorn

PTC CLOCK FREQUENCY

Red indicates invalid PTC-Clock Frequency. Frescaler FTC Clock
Blue indicates valid PTC-Clock Frequency. [ 4 ] [ 10000 hiHz ]
CLE [ 8 ] [ 0.5000 hHz ]
[ 16 ] [ 0.2500 MHz ]
CHANMNEL PARAMETERS [ 32 ] [ 0.1230 Mtz ]

[ ] change all {Mote: Enabling Change all, and changing a parameter will modify it for all sensors in the design. This dees not apply to AKS)

Channel [D

Q Croex

Samples

. Analog Series
9 Gain Q Fain Q

Eesistor
Sensor List
E} Sensor Id: button 0

16 samples -~ 1 ] ~ | Mo resistor
= Sensor Id: button |1
. 16 samples 1 w1 v Mo reststor
E} =ensor Id: button 2
e 2 16 samples =~ 1 il w |IMo resistor

@ rTC clock @ Threshold @ Hysterisis

CL0000MHz o[ 20 [E]25 % @g
CLo000MHz o[ 20 2]25% @
CILO000MHz ~[ 20 2]25 % Excgg

Vi

Q Sensor AKS

ES Group 1 :[ AKS Group 1

L .
ES Group 1 :[ AKS Group 1

“ N\
K5 Group 2 { AKS Group 2
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4 Lab1-1 Qtouch Buttons

* Check Notifications and Summary Tabs to figure out current configuration of Touch.

Tounch Configurator x[ Froject Graph® l

Tonch Configurator x[ Project Graph*

Sensors

Pins

Parameters

Notifications

Summary

SUMMARY
DEVICE INFORMATION
Device Name: ATSAMD21G18A
Technology: SelfCap

Total Sensor Count: 3

SENSOR INFORMATION

Number of Buttons:
Number of Sliders:

Number of Wheels:
Number of Surface:

o o o o W

Number of Lumps:

CHANNEL INFORMATION

Total Channels Consumed: 3

GEMERAL INFORMATION AND WARNINGS
i e T
s 1 Warning CPU and Peripheral clocks (PTC, USART and Timer) are set optimally for QTouch application.
This clock setting may not be suitable for all grades/VCC. Refer to datasheet/errata and modify if needed.
{:MJ 2 Information (PAD2), (PAD3), (PAD4), are assigned to PTC peripheral
OTHER INFORMATION

Acquisition: Enabled - Manual Tuning Configuration
Frequency Hop: Enabled - Manual Tuning Configuration

Data Streamer: Disabled

Gesture: Disabled
Low Power: Dizabled
MODULES & VERSIONS

Keys: 1.4
Binding Layer: 1.4
Scroller: 1.0
Frequency Hop Manual: 1.1
Frequency Hop Autotune: 1.2
Surface 1 Finger Touch: 1.4
Surface 2 Finger Touch: 1.0
Gesture: 1.1
Acquisition Manual: 1.3
Acquisition Autotune: 1.3
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4 Lab1-1 Qtouch Buttons

* Configure LEDs and Buttons in Harmony Pin Configuration as below.

main.c X | Frogect Graph | Fin Diagram = | Fin Table = | Fin Settings x|
Order:  Ports Table View Easy View
Fin . . . _
Number Fin [D Custom Name Function Mode Dhrection Latch  Full Up  Full Dirive
Tleoarn ~treneth

g PAD4 PTC_Y2 v| Analeg || High Impedance n'a NORMAL
10 PAOS PTC_Y3 v| Analog || High Impedance nia NORMAL
23 Pal4 ST BT1 GPIO v| Digital | n Lowr [] [] | NORMAL ~
24 PA15 BT2 GPIO | Digital | In Low [] [[] | nORMAL
26 PAL7 LED3 GPIO w | Dagital Cut Lowr NORMAL
29 PAZ0 LED1 GPIO w | Dagital Out Low MORMAL v
a0 PAZ1 IC_B LEDZ GPIO w| Digital | out Low NORMAL v
47 PEOZ2 PTC_Y8 | Analog High Impedance n'a MORMAL v
37 PE22 SERCOMS_PADZ ~| Digital | High Impedance nfa [] [] |m~NORMAL
33 PE23 SERCOMS_PAD3 ~| Digital | High Impedance nfa [] [] |m~NORMAL

@ MICROCHIP



4 Lab1-1 Qtouch Buttons

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

Projects I Files I Services I Acti--- l =l | main.c XITJOu-::h.-:: XI Froject Graph* ] Fin Diagram XI Fin Table XI Fin Settings XIdriven_sﬂ
X ETRE®E4 XCRERE¢| |
""" CMSIS Pack NVMCTRL
Device Family Pack (DFP) Paripheral Library et el [l
..... EVSYS
---- NVMCTRL SERCOMS
..... FTC Peripheral Library
..... I12c
RTC TC=2 Touch Library
""" SERCOMS Peripheral Library Peripheral Touch Controller{PTC)
. System Peripharal Library TMR TMR
Zl:g} TC3 TMR TMR

------ Touch Library Acq_Engine
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4 Lab1-1 Qtouch 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 Lab1-1 Qtouch Buttons

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

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

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

if(measurement_done_touch == 1)

{

measurement_done_touch = 0;
// process touch data

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

key_status = get_sensor_state(1l) & 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 Lab1-1 Qtouch 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(" QTouch Button\r\n");
mypr‘int-F(“ ------------------ \r‘\n“);

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

c\ MICROCHIP



4 Lab1-1 Qtouch 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 Lab1-1 Qtouch 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 ‘

Ele Edit Setup Control Window Help

Ele Edit Setup Control Window Help Ele Edit Setup Control Window Help

Eile Edit Setup Control Window Help

(Adjacent Keys Suppression)

¥




4 Lab1-1 Qtouch 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;
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4 Lab1-2 Qtouch Slider

* Return Harmony Touch Configurator if you would like continue from Lab1-1.
* In Sensor Tab, please click on Delete All Sensors.

L&

| Touch Configurator x] Project Graph*

P smws
Pins

Combine Sensors/ @;‘}ek&tﬂ Al Sensors

Create Lump Sensors

.l-|— °

Enable Low Power Delete Sensor ECIICk

WARNING \)' X
Q-

e you sure, you want to delete all sensors?

Confirm Component Deactivation? >

[a The following components are going to be deactivated: \\
TC3 (tc3) \,

Are you sure you want to deactivate these components?

@ MICROCHIP



4 Lab1-2 Qtouch Slider

* Click on Slider(Scroller) Icon, default Number of Sliders : 1 and Number of Channels : 3

* Click Add, if you are first configuring in Touch Configurator, a Warning dialog will show
up to notice the clock will be auto set as default Touch Function request if select “Yes”

Teuch Configurator XI Fromect Graph# l

Number of Siders: @

S Only first time to configure in Touch Configurator X

The clock for CPU and peripherals will be set as follows if YES option is selectad.

If N is selected, then nser needs to configure the clock for PTC and RTC peripherals.

Refer to notification tab for details.

(3]

0 )

Tonch Configurator *I Froject Graph¥

Oscillator Prescaler Divisor Frequency

OSCeM 2 4hHz

DFLL4SM I 42MH=z(GCLES, open loop, multt factor 1500}
Generic clock(Peripherals) Sonrce Frequency

GCLEDICET DFLL48M 48WHz

GCLET{Timer) OSCULPIZK 2.048EHz

GCLEZPTCUART) OSCEM 4hHz

Wait states

W states 2

1

e

]Yes[

Sensors .

mj— o

N

Parameters

Notifications

Summary
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4 Lab1-2 Qtouch Slider

* In Pins Tab, Click on Pin Selection and configure button pins in below sequence.
* Slider0 (Channel ID 2) : Y3 (PAO5)

. (Channel ID 1) : Y2 (PAO4)
PB02/AIN10/YS
. (Channel ID 0) : Y8 (PB02) 5A01 AINIEINTI S '\/\/\w_: g‘gé
Teouch Confignrator XI Froject Graph* l PAOS/AINS/EINTS/Y3 AAAN —] P:m3
Auto Assign Reset 3 Driven Shield
I 1
2o soecin | Drven hild GND——
PA18(TC3) —AAN—
(@ Table view
Sensor Type  Channel ID Pin Selection
5ummar1.:r A ~
[=] sider 0 0 Y-Line: |18 {PBDE}@ Y8 (PB02)

i g

. vine: |72 (Pmn Y2 (PA04)

—
2 Y-Line: |13 {P}aDS} Y3 (PA05)
hr—d
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4 Lab1-2 Qtouch Slider

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

* Enable Dedicated Dirven Shield

* Timer instance
* Shield pin

: TC3
: PA18E_TC3_WOO

Teuch Configurator XI Fromect Graph* l

Sensors

XZ Pins

Parameters

Notifications

Auto Assign Reset
Pin Selection XX Driven Shield
Driven Shield

PB02/AIN10/YS A A A
PAO4/AINA/EINT4/Y?2 ggé
5/AINS EINAAT =S
PAOS/AINS/EINTS/Y3 | PAD3
B Driven Shield

2=

z:l::;EGND:

PA18(TC3) —AAN——

s

Summary Diriven Shield. Enabling driven shield will nse timer (TC/TCC), Db
Enable Dedicated Driven Shield [Check to Enable]

To tmprove notse performance and water tolerance, driven shield ca
only or additionally vsing a dedicated shield sensor. More informati

Anv Timer WaveCutput (WO pin can be used as Driven shield pin

» TC3
Shield pin |[PAISE_TCI W... v 2@3

Timer instance TC3

PA18E_TC3_WOO

ﬁ:&: Apply

Confirm Component Auto-Activation? X
Ie The database is requesting auto-activation of the following components:

TC3 (ic3)

Are you sure t to activate these components?
CEW. 1 BN

Confirm Attachment Auto-Connect? x
'e The database is requesting automatic connection following component attachments:

lib_gtouch:Drivenshield_TC3 -> tc3:TC3_TMR

Are you sure you palaNasautomatically make these connections?
S )
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4 Lab1-2 Qtouch Slider

* In Parameters Tab, disable Sensor AKS(Adjacent Keys Suppression) as below.
* Channel 0/1/2 : No AKS

Touch Configurator = ] FProject Graph* l (DI
25 e
Sensors
PTC CLOCK FREQUENCY
Pins Red indicates invalid PTC-Clock Freguency. Frescaler FTC Clock
Blue indicates valid PTC-Clock Frequency. [ 4 ] [ 1.0000 WMHz ]
Parameters [ g ] [ 0.5000 MHz ]
[ 16 ] [ 0.2500 MHz ]
Notifications
CHANNEL PARAMETERS ( 32 ] ( 01250MHz |}
Summary [ ] change all {Mote: Enabling Change all, and changing a parameter will modify it for all sensors in the design. This dees not apply to AKS)
Croey . Analog Series ..
Channel [D Q Samples 9 Crain Q Clain Q Resistor Q PTC clock Q Threshold Q Hrwsterisis Q Sensor AKS
sensor List
E} Sensor Id: slider O No AKS
16 samples -~ 1 |l w | Mo resistor | 1.0000 MHz
» ] 16 samples ~ 1 |l ~ Mo resistor 10000 MHz ~ No AKS
L 2 16 samples 1 ] i w | [e resister o 10000 MHz No AKS
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4 Lab1-2 Qtouch Slider

Tounch Configurator x[ Froject Graph®

l

Sensors GENERAL INFORMATION AND WARNINGS

Message

CPU and Peripheral clocks (PTC, USART and Timer) are set optimally for QTouch application.
This clock setting may not be suitable for all grades/VCC. Refer to datasheet/errata and modify if needed.

(PAD2), (PAD3), (PAD4), are assigned to PTC peripheral

N s
s 1 Warning
54 oninor:

Summary

Touch Configurator x[ Project Graph*

5 SUMMARY
5ensors
DEVICE INFORMATION
Device Name: ATSAMD21G18A
Technology: SeffCap
Total Sensor Count: 1
SENSOR INFORMATION
¢ Number of Buttons: 0
Number of Sliders: 1
Number of Wheels: 0
Number of Surface: 1]
Number of Lumps: 0
CHANNEL INFORMATION
Total Channels Consumed: 3

OTHER INFORMATION
Acquisition: Enabled - Manual Tuning Configuration
Frequency Hop: Enabled - Manual Tuning Configuration
Data Streamer: Disabled
Gesture: Disabled
Low Power: Dizabled
MODULES & VERSIONS
Keys: 1.4
Binding Layer: 1.4
Scroller: 1.0
Frequency Hop Manual: 1.1
Frequency Hop Autotune: 1.2
Surface 1 Finger Touch: 1.4
Surface 2 Finger Touch: 1.0
Gesture: 1.1
Acquisition Manual: 1.3
Acquisition Autotune: 1.3

* Check Notifications and Summary Tabs to figure out current configuration of Touch.
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4 Lab1-2 Qtouch Slider

* Configure LEDs and Buttons in Harmony Pin Configuration as below. (New Project Only)

main.c X | Frogect Graph | Fin Diagram = | Fin Table = | Fin Settings x|
Order:  Ports Table View Easy View
Fin . . . _
Number Fin [D Custom Name Function Mode Dhrection Latch  Full Up  Full Dirive
Tleoarn ~treneth

g PAD4 PTC_Y2 v| Analeg || High Impedance n'a NORMAL
10 PAOS PTC_Y3 v| Analog || High Impedance nia NORMAL
23 Pal4 ST BT1 GPIO v| Digital | n Lowr [] [] | NORMAL ~
24 PA15 BT2 GPIO | Digital | In Low [] [[] | nORMAL
26 PAL7 LED3 GPIO w | Dagital Cut Lowr NORMAL
29 PAZ0 LED1 GPIO w | Dagital Out Low MORMAL v
a0 PAZ1 IC_B LEDZ GPIO w| Digital | out Low NORMAL v
47 PEOZ2 PTC_Y8 | Analog High Impedance n'a MORMAL v
37 PE22 SERCOMS_PADZ ~| Digital | High Impedance nfa [] [] |m~NORMAL
33 PE23 SERCOMS_PAD3 ~| Digital | High Impedance nfa [] [] |m~NORMAL
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4 Lab1-2 Qtouch Slider

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

Projects I Files I Services I Acti--- l =l | main.c XITJOu-::h.-:: XI Froject Graph* ] Fin Diagram XI Fin Table XI Fin Settings XIdriven_sﬂ
X ETRE®E4 XCRERE¢| |
""" CMSIS "ac'ﬁl ) NVMCTRL
Device Family Pack (DFP) e A e P iphiessl Libasey
..... EVSYS
---- NVMCTRL SERCOMS
..... FTC Peripheral Library
..... RTC I2C -
TC3 Touch Library
""" SERCOMS Peripheral Library Peripheral Touch Controller{PTC)
. System Peripharal Library TMR TMR
Zl:g} TC3 TMR TMR

------ Touch Library Acq_Engine
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4 Lab1-2 Qtouch 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()
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4 Lab1-1 Qtouch Buttons

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

}

{

#include "touch_example.h"

void touch_mainloop_example(void){

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

if(measurement_done_touch == 1)

{

measurement_done_touch = 0;
// process touch data

void touch_status_display(void)

uint8_t key_status = Ou;
uint8_t scroller_status = 0Qu;
uintl6_t scroller_position = 0u;

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

key_status = get_sensor_state(l) & KEY_TOUCHED_MASK;
if (Qu != key_status) {
//Touch detect
} else {
//Touch No detect
}

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

scroller_status = get_scroller_state(0);
scroller_position = get_scroller_position(0);

//Example: 8 bit scroller resolution. Modify as per requirement.

scroller_position = scroller_position >> 5;

//LED_OFF
if ( Qu != scroller_status)
{

switch (scroller_position)

{

case 0: //LED@_ON
break;

case 1: //LED1_ON
break;

case 2: //LED2_ON
break;

case 3: //LED3_ON
break;

case 4: //LED4_ON
break;

case 5: //LED5_ON
break;

case 6: //LED6_ON
break;

case 7: //LED7_ON
break;

default:
//LED_OFF
break;
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4 Lab1-2 Qtouch 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(" QTouch Slider\r\n");
myprintf("------------------ \r\n");

myprintf(" );
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4 Lab1-2 Qtouch 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 Lab1-2 Qtouch 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 Lab1-2 Qtouch Slider

* Result of Touch Slider(Scroller) implementation.

T COMS - Tera Term VT — ] e

File Edit Setup Control Window Help
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4 Lab1-3 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

%€ Lab1-3 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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%€ Lab1-3 Data Visualizer for Touch

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

B4 Plugins

Updates Lvadlable Pluging 250 Downloaded Installed (201%  Settings

Check for Newest

Search:

\
MPLAB Touch J

MPLAE Touch

Cate ooy

MPLAE Data Vis...

'| MPLAB Touch

X IDE

] huy

[] Machine Leaming Partners Flogin -~ MPLAE Data Vis.., ;mj; oo .. .

O] Web Browse: MPLAE IDE &8 WfPCommunity Contributed Plugin

[] Andvino Import Plogin MPLAR IDE o Version-2.0.2

D ELWIE—'WEI. MPLAE ILE {DP I.Eﬁ;j] Author: Mi.l.'tl'ClC]'L‘i.P TEC]‘III.IZI].EI&." I

[] Power M-Fummr MPLAE Plu.g:ln ;mj; Dt 20224119

] ECA.I'I Bit Rate Caleulator MPLAE Plu.g:ln W Source: Microchip Plugins

[] PCLint MPLAE Flogin G Homepage: https:imic rochipdeveloper comtoneheintro d e tion- to-tone h-plagin

[] DI MPLAE Plugin i

[] HaltNotifier (Trial) MPLAE Plugin o _ o

[] Remote USE Debugging (Trial Ver.. MELAE Plogin =~ () Plugin Description

[] Flugin Update Services MPLAE Plugin ;mj;

[] UEE Tool Comnection Disgnostics  MPLAE Flugin tm]j: The Touch Plugin allows nser to visnalize fouch tondng data within MPL AR Data

[ Doxveen Integrator MPLAE Plugin Ufap Vismalizer. The plugin supports two-way commmnication theongh which user can modifsy

[] AppLawncher MPLAE Plugin ;mj; the touch configuration without having to rebuild the project - thus reduces development

[1 Memootartekit MPLAE Plugin o and toning time.

[1 ©Code Profiling (Trial Verson) MPLAE Plugin ]

[] dsPICWorks MPLAE Plugin G The touch project in Microchip Code Confignrator (MOC) Harmony or Melody needs to

[] SEGGER ILink Frobe MPLAE Plogin m‘l" be configired to send tondng data o Touch Plugin.

[ K.EC_SCDP? ) MFLAE Pluginp... ‘m‘ Syslem requirements

[] Simple Sexial Pout Terminal MPLAEPEO Plu.. g W
3 Instell | 1 plugin selected, 634k

Cloze Help

. .
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%€ Lab1-3 Data Visualizer for Touch

* Return Harmony Touch Configurator if you would like continue from Lab1-2.

* In Parameters Tab, please click on Tune.
* Enable Touch Tuning Connection and select to Touch Visualization (unidirectional...)

Touch Configurator XI Frosect Graph# l

TOUCH TUNING
O Teuch Tuning (bidirectional, requires JART Tx and Ex)
Tonch Visnalization (unidirectional, requires TART T [ Touch Visualization ]

Touch Wisnalization enables to visualize relevant touch data on screen 1n real time, The communication 15 established nsing the UAET capabilities of the touch MO requiy
module), Use MEFLAE Data Visualizer with Anto-Confioure in Vanable Streamers tab or Atme] Data visualizer, MFLAE Data Visualizer exists within MFLAE 3 [DE as

This should be enabled and nsed for project development and validation and be disabled for production code to remaove overhead, power consumption and flash/BAM footy

CHARGE TIME AUTO TUNE

[ ]Enable Charge Time Autotune
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%€ Lab1-3 Data Visualizer for Touch

* A new UART connection will request for Touch Library, please connect it to SERCOM5

| Touch Confipurator XI Frogect Graph# l

XCRImE ||

NVMCTRL Device Family Pack (DFP)
Peripheral Library CMSIS Pack

MEMORY

SERCOMS
Peripheral Library

R o

T
RTC

Peripheral Library
TMR

EVSYS
Peripheral Library

TC3
Peripheral Library

WView:

Touch Library
Peripheral Touch Controller{PTC)

Touch_ser-::c:-m UJART
Unsatisfied Direct Dependency

Satisfiers

SERCOMO (sercom()
SERCOM1 (sercom1)
SERCOMZ (sercomZ)
SERCOM3Z (sercom3)
SERCOM4 (sercom4)

Zéj SERCOMS (sercomb5)

| SErRcOm5 |
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%€ Lab1-3 Data Visualizer for Touch

* Configure SERCOMS to use Blocking Mode if you

are continuing from Lab1-2.

| Touch Confipurator XI Frogect Graph# l

X CmEOmE ¢ ||

Device Family Pack (DFP)
CMSIS Pack

MNYMCTREL
Peripheral Library
MEMORY

EVSYS
Peripheral Library

TC3
Peripheral Library
TMR

Touck
Peripheral Touw
TMR

SERCOMS
RTC Peripheral Library

Peripheral Library

View: E

Configuration Options*® THdp ]

=l [+
=+ SERCOMS
= Select SERCOM Operation Mode |USART with internal Clock -
- Operating Made Blocking mode @ [ Blocking Mode ]
-~ Receive Enahle
~Transmit Enable
~Frame Format TSART frame v
~Baud Rate in Hz 115,200 %
~Parity Madea Mo Panty -
- Character Size 2 Bits -
-5top Bit Mode Ome Stop Bit
@-"-Receive Pinout SERCOM PAD(3] is used for data reception

~Transmit Pinout FAD[Z] = TxD; FAD[3] = ¥CK s

- Enahble Bun in Standby |:|
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%€ Lab1-3 Data Visualizer for Touch

* Modify myprintf() to use TransmitComplete() function of SERCOM Blocking Mode and
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



%€ Lab1-3 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.

=wwigess]  Double Click

File Edit

- X
[@- Search (Cul+D)

ols Window Help

. =
to enlarge window % - D Howdo T
~ R
= | @ MPLAB Data Visualizer * | %] main.c x‘ =
5
%  Workspace: D Clear ;D Load... ﬂ Save ﬂ Save As... Views: B TimePlot  [5] Terminal (@) 0 Documentation {_ Use Dark Theme
]
=z @ - Time Plat X
® 5 [18 serial Ports v - e s
— ‘g Marker
2 5|4 COM2 loss os 105 »
Z o Elw p 3004 Data values
a + [ o
0 n/a o Mark T, snzpshot
]
;:: A~ COM3 Data Axis
2 Fow o p | 204 o
E wosis 52 15 @
2 COM1 _
'f—‘; #‘ );r oo 100 No Source s H O m
=]
- @ Add Plot
=l E Touch >
p 0 (® Add Data Axis
]
B
& 100
é B r T T T T T T T T T
L5 0s 15 2s 3s 45 55 6s s 8s 9s 105
[ NG ftem Selected
2
=
L

Procedure for selecting COM port for Touch

Configure COM port 64853

1. Select COM port in Connections tab
2. Update BAUD rate in COM Settings
3. Start COM port streaming

Select COM port for Touch

1. Select Touch in Connections tab
2. Choose COM port as data source
3. Start Touch streaming

Refer to https://microchipdeveloper.com/touchintreduction-to-touch-plugin for detailed help.

2022125218
(== | s

o [ Cutput
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%€ Lab1-3 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.

l Touch Configurator xl mati.c X]

&

| @ MPLAB Data Visualizer | Start Page x| # MPLAB X Store x| Project Graph*

Workspace: D Clear a Load... H Save B Save As... Views: B Time Plot B Terminal Dashboard More +
|5 - Serial Ports ~
E Marker '
e| . COM2 |57 |
S '~" fx Data values :
* I/ :
I
200 ;
I
I
I
0
r T T T T T T T T T
0s 15 25 3z 45 55 G5 Ts 8s 95

COM3 Settings
Baud Rate:
Char Length:
Parity:

Stop Bits:

8§ bits ¥
None *

1bit *

Procedure for selecting COM port for Touch

Configure COM port 51401

1. Select COM port in Connections tab
2. Update BAUD rate in COM Settings
3. Start COM port streaming

Select COM port for Touch

1_Selert Tnuich in Connectinons tah
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%€ Lab1-3 Data Visualizer for Touch

* Select Protocol Source of Touch Session to use the same COM Port in above.
* After select COM Port of Touch Session, then it will start to communication.

| @ MPLAB Data Visualizer | Start Page x| # MPLAB X Store x| Project Graph*

l Touch Configurator xl mati.c X]

Workspace: D Clear a Load... H Save B Save As... Views: B4 Time Plot

B3] Terminal Dashboard More +

Connections

- Serial Ports

COM2
A

COM1
A

. Touch

Touch Session
A~ B COM2onCOMZ w

e |

Baud Rat Touch Session on Touch

Char Leny ©OM1 on COM1
o COM2 on COM2
Parity:
COM3 on COM3
Stop Bits: @

| Marker
|5.7s
Data values
I nfa
200
04

{' T T T T T
1 0s 15 2s 3s 43

Procedure for selecting COM port for Touch

Configure COM port 51401

1. Select COM port in Connections tab
2. Update BAUD rate in COM Settings
3. Start COM port streaming

Select COM port for Touch

1_Selert Tnuich in Connectinons tah

T
55

T
6s

T
7s

T
8s

T
93
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%€ Lab1-3 Data Visualizer for Touch

* Click to Variable Stream ers, then click on Auto-configure to add a new Streamer.
* Please select the same COM Port as Auto-configuration source.

| @ MPLAB Data Visualizer | Start Page x| # MPLAB X Store x| Project Graph*

Workspace:

Wariable Stream ers

l Touch Configurator XI'E] mati.c X]

D Clear a Load... H Save B Save As...

Views: B Time Plot

@ New...

Auto-configure

&, Import... @ Auto-configure

fi S OO

B COM3onCOM3 ¥

Q J

Touch 5ession on Touch

COM3 on COM3 E

COM1 on COM1
COM2 on COM2

g

inal Dashboard Maore *
| Marker
|oas
Data values
In,r'a
I
200 |
I
I
I
I
I
0
T T T T T T T T T T
0s 15 25 3z 45 55 G5 Ts 8s 95

Auto-configure Options

Auto-config enabled:

¥ Auto-config

[ Missing config files]

A\ Missing config files

Config ID: 03EB00000000000000AA5501

Search path:
Ch\Exercises_SAM2002ADW\Lab3_QTouch_DataVisualizer\firmware\Lab3_QTouch_DataVisualizer.X F"i O

Recursive search:

Maximize dashboard:

b Statistics

Procedure for selecting COM port for Touch

Configure COM port 51401

1. Select COM port in Connections tab
2. Update BAUD rate in COM Settings
3. Start COM port streaming

Select COM port for Touch

1_Selert Tnuich in Connectinons tah
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%€ Lab1-3 Data Visualizer for Touch

* The default Streamer Configuration file Search Path is wrong, please click on Icon

=

to change to upper level of folder and set Search Path on \src folder of project.

| @ MPLAB Data Visualizer | Start Page x| # MPLAB X Store x| Project Graph*

D Clear JD Load... B Save ﬁ Save As...

Workspace:

Wariable Stream ers

l Touch Configurator XIE] mati.c X]

Views:

B Time Plot E Terminal

Dashboard Maore *

@ New...

Auto-configure

Jx

B COM3onCOM3 ¥

&, Import... E&: Auto-configure

S ORI

Marker
|oas

1=

¥4 Edit search path

v BerE-

Lab3_QTouch_DataVisualizer.X

E5E (1) firmwrare
P T
£

FH

Auto-configure Options
Auto-config enabled:

¥ Auto-config

A Missing config files
Config ID:

Search path:

[a=t

03EB00000000000000AA5501

[ Wrong search path |

Ch\Exercises_SAM2002ADW\Lab3_QTouch_DataVisualizer\firmware\Lab3_QTouch_DataVisualizer.X F"i O

Recursive search:

Maximize dashboard:

b Statistics

B TR QD
BESE T Diectory

sIe 55 6s 7s 8s 93

Procedure for selecting COM port for Touch

Configure COM port 51401

1. Select COM port in Connections tab
2. Update BAUD rate in COM Settings
3. Start COM port streaming

Select COM port for Touch

1_Selert Tnuich in Connectinons tah
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%€ Lab1-3 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.

[0 MPLAB Dats Visvalizer = | & maine x

Workspace: D Clear ;D Load... B Save B Save As... Views: B Time Plot QTerminaI Dashboard More =
@ MNew... &, Import... El%l Auto-configure Time Plot X I Dashboard X
N i . — BasicData I Graph I AdvanceData I AllData | P——
Lab3 QTouch_DataVisualizer LS Ooprd 2 Edit 52
Jx v Button Data
B COM3onCOM3 w
Channel ID Sensor Type State Delta
) FrameCounter
v 0 Slider 0[0] 0 0
Signal0 1 slider 0O[1] 0 0
@ > .
| v 2 Slider 0[2] 0 1
Reference0
) .
[l
® Delta0 Debug Data
SR
FrameCounter on Lab3| 58 Counter for datastreamer packets. Missing count indica

Dashboard Widgets XI Variable Strearm ers I Connections |

CAammnancatinnil

Lab3_QTouch_DataVisualizer Options

QTouchLibError on Lab

0 Indicates library error state. Zero: no error. Refer "Error |

Auto-config enabled:

¥ Auto-config
Config ID: 03EBO0O0O0000000000AAS501

Search path:
Ch\Exercises_SAM2002ADV\Lab3_QTouch_DataVisualizer\firmware\src Fi O

Recursive search:

Maximize dashboard:
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%€ Lab1-3 Data Visualizer for Touch

e Basic Data window of Touch Dashboard.

s

| BasicData I Graph I AdvanceData I AllData |

# Edit | 53
Button Data Slider & Wheel Data
Channel ID Sensor Type State Delta Threshold Sensor State SW Delta SW Threshold Position

0 Slider 0[0] 0 0 20 Slider 0 0 0 20 163

1 Slider 0[1] 0 0 20

2 Slider 0[2] 0 0 20

Debug Data

FrameCounter on Lab3| 177 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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%€ Lab1-3 Data Visualizer for Touch

* Graph window of Touch Dashboard.

| BaszicData I Graph I AdvanceData I AllData |

# Edit g2

* 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.

ﬁ\ MICROCHIP



%€ Lab1-3 Data Visualizer for Touch

 Advance Data window of Touch Dashboard.

o

BasicData GraphIAdvanceData AllData

# Edit £

Sensor Data
Channel ID Sensor Type Signal Reference Delta Compensation pF
0 Slider 0[0] 522 512 10 19.75725
1 Slider 0[1] 699 509 190 20.76975
2 Slider 0[2] 520 511 9 23.06475

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
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%€ Lab1-3 Data Visualizer for Touch

e All Data window of Touch Dashboard.

| BasicData I Graph I AdvanceData I AllData |

QTouch Modular Library User

L¥.]
wy

# Edit
ww.microchip.com

Glossary: www.microchip.com

Button Data Slider & Wheel Data
Channel ID Sensor Type State Delta Threshold Sensor State SW Delta SW Thresheld Position
0 Slider 0[0] 0 0 20 Slider 0 0 0 20 114
1 Slider 0[1] 0 2 20
2 Slider 0[2] 0 1 20
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%€ Lab1-3 Data Visualizer for Touch

 Load a customized Dashboard from \DV older of project to show compact All Data.

EJ MPLAE Diata Visualizer * | B main.c * =
Workspace: D Clear a Load.. Views: B TimePlot  [22] Terminal Dashb @ hre ¥ 0 Decumentation Use Dark Theme

? @ New.. b FEY Auto-configure Time Plot X | Dashboard X

_% b h - . — BasicData I Graph I AdvanceData | AllData

E fx el (e b SOk m ~ QTouch Modular Library User Guide: www.microchip.com

38 B COM3onCOM3 ¥ Glossary: www.microchip.com
= Button Data Slider & Wheel Data

£ « FrameCounter Channel ID Sensor Type State Delta Threshold Sensor State | SW Delta SW Threshold Position

z B o~ 0 Slider 0[0] 0 1 20 Slider 0 0 | 0 20 114

2 . 1 Slider 0[1] 0 0 20

i Signal0 -

5 x) W 2 Slider 0[2] 0 0 20
— [ Data ] Debug Data

x P—

Reference0 ter on Lab3_QTouch_DataVisualizer 126

2 (v B4 Load.. X —"

= H rror on Lab3_QTouch_DataVisualizer 0

= Delta0 @ pack Missing count indicate packet drop

o a = :

!g (x) €lta ) EEEJ (I}: D.‘l,lr St ﬁ"i - ry error state. Zero: no error. Refer "Error Code" section in User Guide
e}

=

3 o ol

o B Lab3_QTouch_DataVisualizer.dvw

EiRTEE
m EEEZTEI:  Lab3 QTouch DataWisualizer.dvws

2H TSR (T Workspace (¥ dvws * js0n) Files -

»
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%€ Lab1-3 Data Visualizer for Touch

 The customized All Data of Dashboard

Timepiotae] Dasoo=ra |
BasicData I Graph I AdvanceData I AllData |

QTouch Modular Library User Guide: www.microchip.com
Glossary: www.microchip.com

Button Data Slider & Wheel Data

Channel ID Sensor Type State Delta Threshold Sensor State | SW Delta SW Threshold Position

0 Slider 0[0] 1] 1 20 Slider 0 1 I 217 20 185

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_CTouch_DataVisualizer 74

0 Slider 0[0] 513 512 1 19.75725 jo! E T isuali

1 Slider 0[1] 650 509 141 20.76975 Counter for datastreamer packets. Missing count indicate packet drop

2 Slider 0[2] 591 512 79 23.06475 ndicates library error state. Zero: no error. Refer "Error Code” section in User Guide

* Vertiol Zoom: Cirl Key + Mouse Scroll (uncheck ~Auotomaficolly fif ¥~ opiiom).
* Horizontol Zoom: Left-Shift Key + Mouse Sorofl
* (lick on “Legend™ fo enable or disable plot.

f I J
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%€ Lab1-3 Data Visualizer for Touch

Discuss

* How about if select Touch Tuning in Parameters Tab of Touch Configurator ?

Touch Configurator XI Frogect Graph# l

Sensors Channel Sensor Gliders and w... Tune

Pins

TOUCH TUNING

Parameters Enable Touch Tuning Connection

(® Touch Tuning (bidirectional, requires UART Tx and Rx) [ Touch Tuning ]
() Touch Visvalization (unidirecticnal, requires UART Tx)

Notifications

Summary

Touch Wisnalization enables to wisualize relevant touch data on screen 1n real time, The communication 15 established nsing the UARET capabilities of the touch MO requiy

module), Use MEFLAE Data Visvalizer with Anto-Confioure in Vanable Streamers tab or Atme] Data visualizer, MFLAE Data Visunalizer exists within MFLAE 3 [DE as

This should be enabled and nsed for project development and validation and be disabled for production code to remeove overhead, power consumption and flash/BAM footy

CHARGE TIME AUTO TUNE

[ ]Enable Charge Time Autotune
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%€ Lab1-3 Data Visualizer for Touch

Discuss

* Enable Touch Tuning of Touch Library, the SERCOM UART need use Non-Blocking Mode.
* Modify myprintf() to use WritelsBusy() function of SERCOM Non-Blocking Mode.
* Yes ! It’s to modify back to the original configuration and source code from Lab 1-2.

Configuration Options Help

(=] [+
= SERCOMS
= Select SERCOM Operation Mode USART with internal Clock
~Operating Mode MNon-blecking mode - [Non-blocklng mode ar AT @i TR, o)
~Receive Enable
~Transmit Enable if ((len > @) 8& (len < SYS_CONSOLE_PRINT BUFFER SIZE))
~Frame Format USART frame v {
: a consolePrintBuffer[len] = '\0';
Baud Rate in Hz 115’2’30 ~ SERCOM5_USART Write((uint8 t*)consolePrintBuffer, len);

~Parity Mode Mo Farity while (SERCOM5_USART WriteIsBusy());
~Character Size 8 Bits } /1
~Stop Bit Mode One Stop Bit } [Non-blocking mode function]
- Start-of-Frame Detection Enable [ |
- Receive Pinout SERCOM PAD[3] 15 used for data reception -
~Transmit Pinout FAD[Z] = TxD; FAD[3] = XCK e
~Enahle Run in Standby |:|
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%€ Lab1-3 Data Visualizer for Touch

Discuss

* The Touch Tuning accept configure parameters in Data Visualizer and write back to
Touch Library through UART.

Time Plot X
- Time Axis -
14 Marker
174635 Auto scrol 10s n
o< Data values
I o Mark T, Snapshot...
ad e
200m = I 0 Data Axis
] B S
I 0 Auto adjust 512 $ v 0
0 I 0 - ™
Sensor Data -deltal onTous 2 @ © [0
200m - Sensor Data - deltalon Toug Y @ © ﬁ
T T T T T T T T T T 1 o
TT4s 7758 776s TiTs 778s T79s 7805 T81s 7825 783s Sensor Data - delta? on Touy B . Lo m
-
Touch X
-
Sensor Data Sensor Key Config Q
Output Data
) Sensor s Threshold Hysteresis (% of Adjacent Keys
Signal  Reference Delta State faFF; ensor [ hresho Threshold) Suppression (AKS) Sensor Key Parameters
P
@ @ @ 2) A
2 2 Z 2 _ @ ® ®@ Scroller Parameters
\2)
Sensor Node Parameters
512 512 0 0 19.76 20 25 No Group Key Parameters
Scroller
1] 509 509 0 0 20.77 Scroller 0 20 ’ No Group
&z Write to kit
512 512 0 0 23.06
20 50 No G
o rodp Read From kit
25
125 N
[ Hysteresis Threshold ]
6.25
-

Write to Kit |

Read from Kit ]
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USB Fundamentals
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USB, Universal Serial Bus

* USB was co-developed by a group of companies, Compaq, Intel, Microsoft and NEC etc.
Who wanted to make it much easier to add/remove peripheral devices from PCs
* History
* USB 0.7 — 1994 -> USB 1.0 - Jan. 1996 -> USB 1.1 - Sep. 1998 ->
* USB 2.0 - Apr. 2000
* USB 1.0 - > Low Speed 1.5 Mbps

* USB 1.1 - > Full Speed 12 Mbps
* USB 2.0 - > High Speed 480 Mbps

* USB 3.0 - Nov. 2008 -> USB 3.1 - Jul. 2013 ->

* USB 3.2
* USB 3.0 -> USB 3.2 Gen 1 — SuperSpeed, 5Gbps
* USB 3.1 ->USB 3.2 Gen 2 — SuperSpeed 10G, 10Gbps
* USB 3.2 Gen 2x2 - SuperSpeed 20G, 20Gbps
* USB 4.0 - Sep. 2019
* 40 Gbps
A8\ MicrocHIP



USB Device Types

* Peripheral (also called “Function”) Compound Device
* Provides a functionality (capability) to the host T
* E.g. Keyboard, mouse, ICD4 -

* USB HUB ' Keyboard l ' Mouse l

* Repeats traffic (both directions), Extends bus

* Provides extra power and manages power Composite Device
 Compound Device o
p . . [ Keyboard + Mouse ]
* Contains a hub and 1 or more peripheral

* Host treats hub and peripheral function separately
(each has its own address)

* E.g. USB keyboard and mouse with hub
* Composite Device
* Has multiple interfaces active at the same time
* Host loads a driver for each interface
* E.g. USB keyboard and mouse set (both keyboard & mouse interfaces active)

@ MICROCHIP



Tiered Star Topology, Physically

* USB is a “Single Master, Multiple Slaves”
polled bus.
Master Initiates all data transfer

and Schedules traffic. |
* 5 chained hub limit. NI
* Up to 127 devices at bus. [_ﬁ
* 100 mA Guaranteed for un-configuration i

device, bus powered up to 500 mA [_hnter

for configuration device.

USB HUB

USB HUB

USB HUB

USB HUB

USB HUB

USB HUB

l Hard Driver l
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Star Topology, Logical

* Logically, Not a tiered-star!

* Host software communicates to each “logical” device as if it were directly
connected to the root hub.
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USB 2.0 cable and Physical Interface

* USB cables are four-wire connection.

* D+ and D- are used for half duplex communication with NRZI encoding.
Vg s can be used to supply power to the peripheral.

* The peripheral needs to be able to work with V;  between 4.40 and 5.25V,
and can require up to 100mA (guaranteed)

* The peripheral can require up to 500mA but through a negotiation. If peripheral
require more than 500maA, it needs an external power supplier (Self-Power).

D+

VBUS ~ 5.0V
D+/D- ~ 3.3V
‘Q, Half Duplex with NRZI (No Return to Zero Invert) Data Encoding,
Bus Power to each device:

Veus Vgys Between 4.40V - 5.25V
Ground Guaranteed 100 mA, 500 mA maximum through negotiation

https://www.baseusworld.com/products/
baseus-double-fast-charging-usb-cable-usb-for-type-c-

5a-1m .
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Attached : Low-Speed

* USB host use pull up resistors to recognizes the device speed.
* The auto-detection is achieved moving D lines after cable connection

* |f the device pull-up D-, the host recognizes that a “Low speed” device has been
connected.

Host Device/Peripheral
Vaus 3.3V

1.5KQ
28-44Q D- 28-440Q

’ A\ A 28-440 D+ 28-440 p A A ‘
D
15KQ
Ground
D D
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Attached : Full/High-Speed

* If the device pull-up D+, the host recognizes that a “Full speed” device has been
connected.

* Each “High speed” device initially starts “Full speed” mode when attached to the bus
and then negotiates to switch to high speed.

Host Device/Peripheral

3.3V

VBUS
D-

1.5KQ

28-440) 28-44Q)

28-44Q D+
D
15KQ
Ground

b
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Enumeration

* USB was created to be a self-describing bus.
* Each peripheral when plugged in will tell the host what it is and how it works.

* When a device is plugged in,
the host will say “Hi, who are you?”

* The device will respond with
information about itself
that the host needs.

* The host then tells the
device if it has been
accepted to the bus or not.
This process called “Enumeration”.

g
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Enumeration Process

o POWERED

A
Power
e

@

N
Bus Reset
N

/

1
Get Device

Descriptor
v

Cable Connected

- ,r_k;f_‘;:-q‘,,

} p

™.

Get more

Descriptors @
il

@ MICROCHIP



Descriptors

* Device Descriptor

* Overview the device, VID, PID, Num of Configurations ?, Num of Strings ? [ String 0 ]
* Configuration Descriptor

* The details of the device, Power mode and needs ?, Num of Interface ?
* Interface Descriptor [ Ses ]

* Function Detail,
Num of Endpoint ? | suingn |

* Endpoint Descriptor
* Transfer Type

 String Descriptor

* Driver Class Specific

* Many more...

String 1 ]

Device

Configuration 1

Interface O

Endpoint n Endpoint m Endpoint n

Endpoint 0 Endpoint p
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Configuration Descriptor Example

I Device l
Configuration 1

* Device Configuration 1
* Keyboard with Mouse Set

* Device Configuration 2
* Keyboard only

Endpoint n

Configuration 2
Interface O

[

String 0
[ String 1
[ String 2 ]

IN
Endpoint

Keyboard
Interface OouT

Endpoint

Mouse IN .
Interface Endpoint

Interface

Endpoint

@ MICROCHIP



Data Transfer Types

* Interrupt Transfer
* Periodic Transfer.
* Guaranteed latency, Guaranteed delivery.
* Low throughput.

* Isochronous Transfer
* Periodic Transfer, Guaranteed latency.
* Delivery not Guaranteed.
* Moderate/high throughput.

* Bulk Transfer

* Indeterminant latency, Guaranteed delivery.

* Variable throughput, typically high.

* Control Transfer
* Used to configure the device.
* All devices use control transfers.
* Guaranteed delivery and Low throughput.

Transfer/ % Reserved Max. # Data
. , BW/Frame for Bytes/Frame/Endpoint Data
Endpoint Polling Interval | —————— : —
Tvpe all transfers of | (Max# transactions per frame | Integrity
~Ype this type @ Max Ep Size)"
Interrupt Fixed, Periodic 10 64 (1 x 64) Yes
Isochronous | Fixed, Periodic 90 1 ,023 (1x 1023) No
Variable, Uses
Bulk Free Bandwidth 0 1 ,2 1 6 (19 x 64) Yes
Control Variable 10 832 (13 x 64) Yes
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Data Transfer Scheduling

* 10% reserved for non-periodic (control and bulk)
* 90% reserved for periodic transfers (interrupt and isochronous)

* Any extra given to bulk

1 =] : . :

| 1 ms

SOF
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USB Transactions

* Specification defined maximum packet size for endpoint.

Read a nKB chunk of a file

O 1)

SOF
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USB Transactions - Require Data

Token Packet Data Packet*

Here is the
data

Handshake
Packet*

Thanks!
| got it!

Send me
more data
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USB Transactions - Send Data

Transaction

Token Packet Data Packet

Here is the
data

Handshake
Packet

Thanks!
| got it!

| am sending
data
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USB Transactions, Token & Handshake

Token Packet Data Packet Al s
Packet

IN ACK
ouT NACK
SETUP STALL
PING NYET
IN : Require Data ERR

OUT : Send Data
SETUP : Control Operation
PING : Confirm Device Ready (2.0)

ACK : accept data

NACK : Can’t accept data

STALL : Request is not supported
NYET : Not Ready

ERR : Split Transaction Error (for HUB)
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USB Transactions - Require Data, IN - ACK

HEN I ELE

IN Token <Data%%

ﬁ\ MICROCHIP

Token Packet

==
=




USB Transactions - Require Data, IN - NACK

Transaction

Token Packet

IN Token NACK

Handshake
Packet
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USB Transactions - Send Data, OUT - ACK

HEN I ELE

ﬁ\ MICROCHIP
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USB Transactions - Send Data, OUT - NACK

HEN I ELE

ouT <Data% NACK

ﬁ\ MICROCHIP
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USB Transactions - Send Data, PING - NYET

Transaction

Token Packet Handshake
Packet

PING NYET
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USB Device Library
(USB Device Architecture)
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Course Structure for USB Device Library

Developing Developing Developing
USB HID Keyboard device USB HID Mouse device USB HID Custom device

@ MICROCHIP



USB Device Library Architecture

[ User Application ]
i A A
- Ve - - — - o -
(" CDC Object 0 cpCObject1 Y ( HID Object 0 HID Object1 ) | [ Vendor Object0 Vendor Object1
| |
CDC HID ] Vendor |
Instance 0 Instance 1 Instance 0 Instance 1 : Instance 0 Instance 1 :
\_ J U J U _ s . —
‘j T I
1
f USB Device Object 0 ) USB Device Object 1 )
USB Device Layer
Instance 0 Instance 1
\ J
f USBHS/FS Object 0 . USBHS/FS Object 1 )
USB FS/HS Driver
L Instance 0 Instance 1 )

(:) USB1

(:) USB2
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USB Stack Abstraction Model - Initialize & Open

i b Initialize( ) ( ‘
> User Application
initialization.c
APP_Initialize( ); Ready Y A
Function Layer 1 Function Layer 2
Harmony 7/ N\ /
System
Module -
Initialize .
Y, { USB Device Layer ]
initialization.c
/* Initialize the USB device layer */ Ready
sysObj.usbDevObject0 = USB DEVICE _|Initialize( );
Initialize . )
9, [ USB FS/HS Driver
. J ’l J
A
initialization.c .
/* Initialize USB Driver */ Ready @ USB1
sysObj.drvUSBFSV10bject = DRV _USBFSV1 Initialize();
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USB Stack Abstraction Model - Initialize & Open

e “ )
Task . .
9, [ User Application
task.c
APP_Tasks(): Ready | ( A
Function Layer 1 Function Layer 2
Harmony 7/ N\ /
System
Module
Task .
S, { USB Device Layer ]
task.c
/* USB Device layer tasks routine */ Ready
USB DEVICE Tasks(sysObj.usbDevObject0);
Task . ‘
9, [ USB FS/HS Driver
. J ’l J
A
task.c
/* USB FS Driver Task Routine */ ALY @ USB1
DRV _USBFSV1 Tasks(sysObj.drvUSBFSV10bject);
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USB Stack Abstraction Model - Initialize & Open

e ) |
Task() | User Application
r )
Open()  Function Layer 1 W Function Layer 2
¥ Open the device layer */
* t e
STy AR S o s @) B ’
System
Module
Task() { USB Device Layer ]
Open() *Auto
Task() | USB FS/HS Driver
- S A
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USB Stack Abstraction Model - Register Device Event Handler

e “ )
Task . .
ask() { User Application
( N [ )
Function Layer 1 Register DeviceEventHandler()
[ -
app.c
L J \ /* Register a callback with device ... */
Harmony USB DEVICE EventHandlerSet( ):
System
Module
Task .
S, { USB Device Layer ]
Task . ‘
9, { USB FS/HS Driver
. J J
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USB Stack Abstraction Model - Powered

Harmony
System
Module

Task( ) {

1 User Application

app.c
void APP_USBDeviceEventHandler( )

case USB_DEVICE_EVENT _POWER_DETECTED:
/* VBUS is detected. Attach the device */
USB_DEVICE_Attach();

}

Function Layer 2

I
I Callback Event
I

Task( ) {

1 USB Device Layer

I Power Detected

Task( ) |

USB FS/HS Driver

@ MICROCHIP



USB Stack Abstraction Model - Attach

" ) |
Task() { User Application
- N )
USB_DEVICE_Attach();
Function Layer 1 Function Layer 2
Harmony S o ’
System
Module
Task() { USB Device Layer ]
Enable D+ Pull-Up
Task( ) | USB FS/HS Driver
- S 1 A
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USB Stack Abstraction Model — Control Transfer

e ) |
Task() | User Application
- N\ h
Function Layer 1 Function Layer 2
Harmony - 7 ’
System
Module
Task( ) { USB Device Layer ]
Control Transfer (EPO)
Task( ) | USB FS/HS Driver
\_ J A
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USB Stack Abstraction Model - Set Configuration

Harmony
System
Module

User Application

Function Layer 1

~\

e

Function Layer 2

USB Device Layer

Set Configuration

Task() il
{
Task() f
L

Task()

il
¢

USB FS/HS Driver
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USB Stack Abstraction Model - Function Initialize & Open

Harmony
System
Module

Task() { User Application

N [

Function Layer 1 Function Layer 2
J U
Initialize() Initialize()
Task() { USB Device Layer
Task( ) { USB FS/HS Driver
@ USB1
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USB Stack Abstraction Model - Function Initialize & Open

Harmony
System
Module

Task() { User Application
N [
Function Layer 1 Function Layer 2
J
x 0
Task() Task()
| |
Task( ) { USB Device Layer
Task( ) { USB FS/HS Driver
@ USB1
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USB Stack Abstraction Model - Register Function Event Handler

Harmony
System
Module

Task . .
9, { User Application
app.c
void APP_USBDeviceEventHandler( )
case USB_DEVICE_EVENT _CONFIGURED: Function Layer 2
y USB_DEVICE_CDC_EventHandlerSet( );
0 0
I Callback Event Task() Task()
I I
Task .
S, { USB Device Layer
Task()

{ USB FS/HS Driver
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USB Stack Abstraction Model - Register Function Event Handler

Harmony
System
Module

Task() { User Application
N\ [ N
Register FunctionEventHandler()
Function Layer 1 Function Layer 2
J \\
x 1
Task() Task()
I
Task() { USB Device Layer
Task( ) { USB FS/HS Driver
@ USB1
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USB Stack Abstraction Model - Function Service Ready

Harmony
System
Module

Task( )

Task()

Task( )

User Application ]
Function Layer 1 Function Layer 2

Task( ) Task( )

USB Device Layer ]

USB FS/HS Driver
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USB Stack Abstraction Model - Functionally Read/Write

Harmony
System
Module

Task( ) [

User Application ]

Read/Write( )

Function Layer 1 Function Layer 2

t
EP Read/Write Task() Task()
J
Task q
ask() [ USB Device Layer ]
EP 1/0

USB FS/HS Driver

Task( ) [
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USB Stack Abstraction Model - Functionally Read/Write

Harmony
System
Module

User Application ]

Task( ) [

app.c
APP_USBDeviceCDCEventHandler ()

case USB_DEVICE_CDC_EVENT WRITE_COMPLETE:
case USB_DEVICE_CDC_EVENT_READ_COMPLETE:

rnction Layer 2

| € J \

I Callback Event Task() Task()

I
Task() [

I Transfer Completed

USB FS/HS Driver

Task( ) [

USB Device Layer ]
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USB Stack Abstraction Model - Device Layer Read/Write

Harmony
System
Module

User Application ]

Task( ) [

EP Read/Write
|

USB_DEVICE_EndpointRead( );
USB_DEVICE_EndpointWrite( );

Fanction Layer 1

Function Layer 2

Task( ) Task()

USB Device Layer ]

Task() [

USB FS/HS Driver

Task( ) [

ﬁ\ MICROCHIP



USB Stack Abstraction Model - Device Layer Read/Write

Harmony
System
Module

User Application ]

Task( ) [

app.c
APP_USBDeviceEventHandler ()

case USB_DEVICE_EVENT ENDPOINT READ_COMPLETE:
B DEV :
case USB_DEVICE_EVENT_ENDPOINT_WRITE_COMPLETE: b avor
I Callback Event Task() Task()
|
Task q
ask() [ USB Device Layer ]

I Transfer Completed

USB FS/HS Driver

Task( ) [
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USB Stack Abstraction Model - Power Removed

Harmony
System
Module

User Application

Task( ) [

app.c
void APP_USBDeviceEventHandler( )

case USB_DEVICE_EVENT _POWER_REMOVED:
/* VBUS is removed. Detach the device */

USB_DEVICE_Detach( ); Function Layer 2

}

[
I Callback Event Task() Task()

I
Task() [ USB Device Layer

I Power Removed

USB FS/HS Driver

Task( ) [
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USB Stack Abstraction Model - Function Deinitialize

4 ) T
Task() [ User Application ]
Function Layer 1 Function Layer 2
Harmony
System Deinitialize() Deinitialize()
Module :
Task() [ USB Device Layer ]
Task() [ USB FS/HS Driver
- S A
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USB Stack Abstraction Model - Detach

Harmony
System
Module

Task()

Task()

Task()

User Application

USB_DEVICE_Detach();

Function Layer 1

Function lLayer 2

USB Device Layer ]

Disable D+ Pull-Up

USB FS/HS Driver
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USB Stack Abstraction Model - Disconnection

4 ) T
Task() [ User Application ]
Function Layer 1 Function Layer 2
Harmony
System
Module ~
Task() [ USB Device Layer ]
Task() [ USB FS/HS Driver
L y AN
@ USB1
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Harmony USB Device
Device Layer Configurator
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Harmony USB Device - Device Layer Configurator

Add USB FS/HS Driver & USB Device Layer in MHC

[--)
2} MPLAB Harmony Canfigurator - default
File Generate Tools Utilities Window

P) [P | afPcod)

SR~ s o RTOS

USB Device Layer Core Service ©
USB Full Speed Driver EEETE

O Core Service
DRV_USB ©

(] Available Componsnts | [7]

Letive Components

[] Astive Companents = FF 53| (] Project Graph = 0
X omEm e X CRERE? | — B
- CMSIS Pack
- Care NVMCTRL
Device Family Pack (DFP) e oy
EVSYS
- NVMCTRL Harmnn::o[)::a Service

USB Device Layer

© DRV_USB

USB_DEVICE ©

(] News

> [

[0 1. [00O0O 19, 2022]

Graphics Package v3.12.0 and Graphics Examples update

[0 2. (000 22, 2022]

Touch package v3.13.0 update

[0 3. (00O 22, 2022]

Touch Applications package v2.4.0 update

_LQ 4. [00O0O 09, 2022]

Bootloader Release v3.6.0 update

(I N N

(] Consle (] News

laaa=5

| Welsome to the MPLAE Harmony Configurator!
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Harmony USB Device - Device Layer Configurator

Configure USB_DM(D-) and USB_DP(D+) at Pin Table

[--)

2} MPLAB Harmony Canfigurator - default - X
File Generate Tools Utilities Window
Y C ) :‘@?-d Framework: DAHamony3y
[] Astive Companents = FF 5| (] Pin Table = B0 %
: 5
X ORER4% Package: | TOFF4E ol Blalalg = ol 8ls
AN IR D A = R R R == T A A =AY R
-~ CMSIS Pack A HE R E R E R AR EE R R R E R R R
Core Module Function 214 |15 )16 (17 |18 | 19 | 20 | 21 | 22 | 23 | 24 |25 (26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35|36 | 37 | 38 | 30| 40 | 41 | 42 | 43 | 44 | 45
Device Family Pack (DFP) By "
EVSYS TC5_WO0
TC5
NVMCTRL TC5_Wol
System TCCO_WOD
USB Device Layer TCCO_WOL
USB Full Speed Driver e
TCCO_Wo3
TCCo
TCCO_Wod
TCCO_Wos
TCCO_Wog
TCCO_Wo?
TCC1_Woo
TCC1_Wo1
TCC1
TCC1_Wo2
TCCI_Wo3
TCCZ_Woo
TCC2
TOCT W
N
USE_DM
UsB U2B_DF
USB_SQF_LKHZ I ‘ ‘ I )
2 >
(] Available Componsnts | [7] Active Components || (7] Project Graph | (7] PinSettings | (7] Pin Table | (7] Pin Diagram
[] News = HE
~
[e 1.[000 19, 2022]  Graphics Package v3.12.0 and Graphics Examples update ]
[o 2.[O000 22, 2022]  Touch package v3.13.0 update J
[o 3.[000 22, 2022] Touch Applications package v32.4.0 update j
_b 4. [000O 09, 2022] Bootloader Release v3.6.0 update W v
] Consls [] News

@ add|= &

| Welsome to the MPLAE Harmony Configurator!
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Harmony USB Device - Device Layer Configurator

Confirm & Enable GCLK for USB Module

Peripheral Clock Configuration

Peripheral Enable Source Peripheral Clock Frequency
SERCOM2_CORE ] GCLED —
SERCOM3_CORE [] GCLED -
SER.COM4_CORE [] FCLED -
SERCOMS_CORE [] GCLED -
SYSCTRL_DFLL4ES [] FCLED -
SYSCTRL_FDPLL ] GCLED -

SYSCTRL_FDPLL32K |:| FCLED -
TC3, TCC2 ] GCLED _
TC4, TC5 ] GCLED ~
mxalal s alatl - GCLEN
LISB GCLED 43,000,000 Hz
| T | = FeLER -
......... Soce |

@ MICROCHIP



%€ Lab4 USB Device
Device Layer Initialize
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%€ Lab4 USB Device Device Layer Initialize

* Create a new project and add USB FS Driver & USB Device Layer in MHC.

[--)

2} MPLAB Harmony Canfigurator - default - X
File Generate Tools Utilities Window
P [P | BPos: Framewark: DHarmony
e | (] Pin Table :
[] Active Companents - D (] Project Graph | S| e B
Package: | TQFP48 o olo BElB|lolg =
X omEmE4+ CRERE 4+ | ] glelzlgl&lslzlalzlzlzlzlsl=lelglslglslalalEl8|glalslEls
" CMSIS Pack X/ hd B|F|2|7 C|e|6|a 2|27 72222 &/ 2[E|8|B|6|6|0|8|F 5|5
ac Moduls Function 3 14|15 15|17 |18 | 19|20 20|22 |23 24|25 25 |27 |28 | 2|30 31 |32 [23|34|35|36|37 |3 3 |40/4
Core NUMCTRL
. . Peripharal Library -
Device Family Pack (DFP) P eTwo]
- E\\,:'?/IY(?T RL it e TC5_WOL
P Harmony Core Service TCCO_WOo
— o RTOS
USB Device Layer Core Service O TCCO_Wol
i TCC0_WO2
USB Full SpEEd Driver USB Full Speed Driver | USB Device Layer =
) TCCO_WO3?
O Core Service o DRV_USB Tcen
DRV_USB © USB_DEVICE O LG e
TCCO_WOS5
TCCO_WOE
TCCO_WO7
TCCI_WO0
Peripheral Clack Configuration bt o]
TCCL
TCCI_WO2
Peripheral Enable Source Peripheral Clock Frequency HeeL e
TCC2Z_WO0
SERCOM2_CORE O GCLED ~ - ~ ity ==
SERCOM3_CORE O GCLED w - USE_DM _‘> \-,
SERCOM4_CORE Il GCLED w - UsB USB_DP _'3’ .}
TSR S0F 1KHZ
SERCOMS_CORE O GCLED w - - ‘
SYSCTRL_DFLL4S O GCLED v - T
(] Available Componsnts | [7] Active Components
GCLED -
i SYSCTRL_FDPLL O v _ PO
SYSCTRL_FDPLL32K O GCLED w - ~
[e 1.[000O 19, 2022]  Graphics Package v ]
TC3, TCC2 O GCLED w —
[o 2.[O000 22, 2022]  Touch package v3.13 J
TC4, TCS O GCLED e —
[o 3. [000 22, 2022]  Touch Applications — —— j
_b (IS | |_| RPN B —_ } W
4. [000O 09, 2022] Bootloader Release | v
1] Goor PR Us8 GCLKQ v 48,000,000 Hz I:[{'
f— 1 TN
J@I il G"“ E L - 1 — I | RS
Welcoms to the MPLAB Harmomy Configumaboddt | R
= | Close | i M
| | ICROCHIP



%€ Lab4 USB Device Device Layer Initialize

* Change “Product String Selection” to “Lab4_USBDevice Devicelayerlnitialize”

=
2 MPLAB Harmony Configurator - default*

File Generate Tools Utilities Window

- x

P) [P | 3BPcode) Framework: D/\Harmony?4
(] Active Compoments = 7 51| |(] Project Graph = FF 5| (] Configmation Optians |
X TRER4+ X CERERE4+ View: |Root M IE1E]
- CMSIS Pack =SB Device Layer
- Core NVMCTRL Mumber of Functions o
Device Family Pack (DFP) e oy Nurmber of Endpoints o
EVSYS #-Special Events
Core [-Special Features
QVMCTRL Harmony Core Service Endpaint O Buffer Size 64 .
USB Device La er Core Service O Product ID Selection Enter Frodust 1D B
+USB Full Speed Driver USB Full Speed Driver |[| USB Device Laver eencuce 10 GG
o Core Service & DRV_USB Manufacturer String Microchip Technology Dnc.
DRV_USB © USB_DEVICE < Product String Selection
Add Device Serial Number []

(7] Available Components | [7] Active Componsnts

(] ProjectGraph | (7] Pin Settings | (7] Pin Table | 7] Pin Diagram

USE Device Configuration

l

Lab4_USBDevice_Devicelayerlnitialize

W

(] Hews

[o 1. [00O0O 19, 2022]  Graphics Package v3.12.0 and Graphics Examples update

> |0

[o 2. [000O 22, 2022]  Touch package v3.13.0 update

[o 3. [000 22, 2022]  Touch Applications package v3.4.0 update

_lb 4. [000 09, 2022]  Bootloader Release v3.6.0 update

(L S LN S

(] Consale | (] News

JﬂHelp - g

IWechme o the MPL AE Hanmony Configurator!
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%€ Lab4 USB Device Device Layer Initialize

* Implement below function at app.h.

typedef struct
{

/* The application's current state */
APP_STATES state;

/* TODO: Define any additional data used by the application. */
// TODO 4.01

USB_DEVICE_HANDLE usbDevHandle;

// TODO 4.09

bool deviceIsConfigured;

} APP_DATA;
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%€ Lab4 USB Device Device Layer Initialize

* Implement below function at app.c.

void APP_Tasks(void)
{

/* Check the application's current state. */
switch (appData.state)

/* Application's initial state. */

case APP_STATE_INIT:
bool appInitialized = true;

// TODO 4.02
appData.usbDevHandle = USB_DEVICE_Open(USB_DEVICE_INDEX_O, 0);
appInitialized &= (appData.usbDevHandle != USB_DEVICE_HANDLE_INVALID);

if (appInitialized)
// TODO 4.03

USB_DEVICE_EventHandlerSet(appData.usbDevHandle, APP_USBDeviceEventHandler, 0);
appData.state = APP_STATE_SERVICE_TASKS;

break;

case APP_STATE_SERVICE_TASKS:
break;

default:
break;
b
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% Lab4 USB Device Device Layer Initialize

* Implement below function at app.c.

// TODO 4.04
// TODO 4.5
USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandler (USB_DEVICE_EVENT event, void * pData, uintptr_t context)

{

uint8_t activeConfiguration;

// Handling of each event
switch (event)

case USB_DEVICE_EVENT_POWER_DETECTED:

// This means the device detected a valid VBUS voltage

// and is attached to the USB if the device is bus powered.
// TODO 4.07

USB_DEVICE_Attach(appData.usbDevHandle);

break;

case USB_DEVICE_EVENT_POWER_REMOVED:

// This means the device is not attached to the USB.
// TODO 4.10
USB_DEVICE_Detach(appData.usbDevHandle);
appData.deviceIsConfigured = false;

break;

case USB_DEVICE_EVENT_SUSPENDED:
break;

case USB_DEVICE_EVENT_SOF:
break;

case USB_DEVICE_EVENT_RESET:
break;

return USB_DEVICE EVENT_RESPONSE_NONE;
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% Lab4 USB Device Device Layer Initialize

* Implement below function at app.c.

// TODO 4.04
// TODO 4.05

USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandler(USB_DEVICE_EVENT event, void * pData, uintptr_t context)

{

uint8 t activeConfiguration;

// Handling of each event

switch (event)

case USB_DEVICE_EVENT_DECONFIGURED:

break;

case USB_DEVICE_EVENT_ERROR:
break;

case USB_DEVICE_EVENT_CONFIGURED:

activeConfiguration = ((USB_DEVICE_EVENT_DATA CONFIGURED *) (pData))->configurationValue;

if (activeConfiguration == 1)

// Device is enumerated. Register here the USB Function Driver Event Handler function.

// TODO 4.08
appData.deviceIsConfigured = true;

break;

case USB_DEVICE_EVENT_RESUMED:
break;

case USB_DEVICE_EVENT_CONTROL_TRANSFER_SETUP_REQUEST:
break;

return USB_DEVICE_EVENT_RESPONSE_NONE;
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% Lab4 USB Device Device Layer Initialize

* Implement below function at app.c.

// TODO 4.04
// TODO 4.05
USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandler(USB_DEVICE_EVENT event, void * pData, uintptr_t context)

{

uint8 t activeConfiguration;

// Handling of each event
switch (event)

case USB_DEVICE_EVENT_CONTROL_TRANSFER_DATA RECEIVED:
// TODO 4.06
//USB_DEVICE_ControlStatus(usbDeviceHandle, USB_DEVICE_CONTROL_STATUS_OK);
USB_DEVICE_ControlStatus(appData.usbDevHandle, USB_DEVICE_CONTROL_STATUS OK);
break;

case USB_DEVICE_EVENT_CONTROL_TRANSFER_DATA_SENT:
break;

case USB_DEVICE_EVENT_CONTROL_TRANSFER_ABORTED:
break;

default:
break;
¥

return USB_DEVICE_EVENT_RESPONSE_NONE;
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% Lab4 USB Device Device Layer Initialize

* The device list at Device Manager, Named “Lab4_USBDevice_Devicelayerlnitialize”.
After configured.
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Apply Function Service Next Step

User Application

S

[ User Application
A A A s
(" CDC Object 0 CDCObject1 ) [ HIDObject0 )
CDC HID
Instance 0 Instance 1 Instance 0
. J Y,
T

[ USB Device Object 0 . )

USB Device Layer
L Instance O )
f USBHS/FS Object 0 . )

USB FS/HS Driver
L Instance 0 )

L

!

y
@ USB1

(" CDC Object 0 cDCObject1 Y ( HID Object0
CDC HID
Instance 0 Instance 1 Instance 0
\ J \\ J
T

USB Device Object 0 . )
USB Device Layer

Instance 0 J

USBHS/FS Object 0 . )
USB FS/HS Driver

Instance 0
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USB Device CDC Class
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USB Device CDC Class

e CDC (Communications Device Class)
* CDC include lot of subclass,
* PTSN (Public Switched Telephone Network)
* DLM : Direct Line Control Model
* ACM : Abstract Control Model
* TCM : Telephone Control Model
ISDN (Integrated Services Digital Network)
* MLCM : Multi Line Control Model
* CCM : CAPIcommon application Programming Interface) CONtrol Model
ECM : Ethernet Networking Control Model
ATM : Asynchronous Transfer Mode
° etc..

* Virtual COM (USB Serial) was defined at
PTSN > ACM(02h) (AT v.250)(01h)

Communications Class Subclass Codes

Code Subclass Reference
00h RESERVED
D1h Direct Line Centrol Model [USBPSTN1.2]
02h Abstract Control Model [USBPSTN1.2]
03h Telephone Control Model [USBPSTN1.2]
D4h Multi-Channel Control Model [USBISDN1.2]
05h CAPI Control Model [USBISDN1.2]
D6h Ethernat Networking Control Model [USBECM1.2]
07h ATM Networking Control Model [USBATM1.2]
08h Wireless Handset Control Model [USBWMC1.1]
0Sh Device Management [USBWMC1.1]
DAh Mobile Direct Line Model [USBWMC1.1]
0Bh OBEX [USBWMC1.1]
0Ch Ethernet Emulation Model [USBEEM1.0]
0Dh Network Control Model USBMNCM1.01
0Dh-TFh RESERVED (future use)
80-FEh RESERVED (vendor specific)

Communications Class Protocol Codes

Protocol Reference Description
Code document
00h USB specification No class specific protocol required
01h ITU-T V.250 AT Commands: V250 etc
02h PCCA-101 AT Commands defined by PCCA-101
03h PCCA-101 AT Commands defined by PCCA-101 & Annex O
04h GSM7.07 AT Commands defined by GSM 07.07
05h 3IGPP 27.07 AT Commands defined by 3GPP 27.007
06h C-50017-0 AT Commands defined by TIA for CDMA
07h USB EEM Ethernet Emulation Model
08h-FDh RESERVED (future use)
FEh External Protocol: Commands defined by Command Set Functional Descriptor
FFh USB Specification | Vendor-specific
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USB CDC Subclass - Abstract Control Model

USB Host

Communication Class Interface

Data Compression

Data Class Interface

v

Error Correction

) USB Device

v

Carrier Modulation

Control

v

Data Access Arrangement
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USB CDC Abstraction Model

User Application

CDC Read/Write

|

CDC Function Events

4 )
CDC Function Layer
Communication Class Data Class
Interface Interface
(Notification)
Interrupt Bulk
IN Endpoint IN & OUT Endpoint
\_ J

CDC Read/Write Data Transfers

|

CDC Class Specific Transfers

|

Control Transfer Response

USB Device Layer
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USB CDC ACM Configuration Descriptor Example

usb_device init _data.c
const uint8_t fullSpeedConfigurationDescriptor[] =
{

/* Configuration Descriptor */

ox09, // Size of this descriptor in bytes

USB_ DESCRIPTOR CONFIGURATION, // Descriptor Type

USB_DEVICE 16b1tT08b1tAPrange(67), //(67 Bytes)Size of the Configuration descriptor

2, // Number of interfaces in this configuration
0x01, // Index value of this configuration

0x00, // Configuration string index
USB_ATTRIBUTE_DEFAULT | USB_ATTRIBUTE_SELF_POWERED,
50, // Maximum power consumption (mA) /2

// Attributes

usb_device init_data.c
const uint8 t fullSpeedConfigurationDescriptor[] =

{

/* Interface Descriptor */

0x09, // Size of this descriptor in bytes

USB DESCRIPTOR INTERFACE, // Descriptor Type is Int
@, // Interface Number

@x@@ // Alternate Setting Number

exel, // Number of endpoints in this interface
USB_CDC_COMMUNICATIONS_ INTERFACE_CLASS_CODE, // Cla
USB_CDC_SUBCLASS_ ABSTRACT_CONTROL_MODEL, // Subclas
USB_CDC_PROTOCOL_AT_V250, // Protocol code

0x00, // Interface string index

usb_device_init_data.c
const uint8_t fullSpeedConfigurationDescriptor[] =
{

/* Interface Descriptor */

ox09, // Size of this descriptor in bytes
USB_DESCRIPTOR_INTERFACE, // INTERFACE descriptor type
1, // Interface Number

ox00, // Alternate Setting Number

0x02, // Number of endpoints in this interface
USB_CDC_DATA_INTERFACE_CLASS_CODE, // Class code

0x00, // Subclass code

USB_CDC_PROTOCOL_NO CLASS_SPECIFIC, // Protocol code
0x00, // Interface string index
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Review USB Stack Abstraction Model

* Ideally, Function Layer be initialized after “Set Configuration” state.
* So, function layer needs initialize and set function event handler at there.

USB Stack Abstraction Model - Set Configuration

|
Tosk(} User Application ]
Function Layer 1 Function Layer 2
harmony USB Stack Abstraction Model - Function Initialize & Open
System
Module —_—
) USB Device Layer ] Tuski} User Application
Ser Co r.l,l‘lg WLTen
| Function Layer 1 Function Layer 2
Rkl USB FS/HS Driver ] [ ] [ ]
—_— Harmony T T
System mfrr'arllr';ef} mfrfarllf:n’f}
n Module Tasi( ]
USB Device Layer ]
Toski ) USB FS/HS Driver ]
@
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Review USB Stack Abstraction Model

* In fact, Function Layer be initialized at “Device Layer Open” state Harmony v3.

registeredFuncCount = 1,
/* Function driver table registered to this instance of the USB device layer*/

}

/* Number of function drivers registered to this instance of the USB device layer */

r D — )
Initialize . .
9, { User Application
~ ™
Function Layer
Harmony \ ~/
System Initialize()
Module o
Initialize -
9, { USB Device Layer ]
initialization.c
/* Initialize the USB device layer */ Ready
sysObj.usbDevObject0 = USB_ DEVICE Initialize(, & usbDevInitData );
Initialize() usb_device_init_data.c V
const USB_DEVICE_INIT usbDevInitData =
. J

Ready

.registeredFunctions = (USB_DEVICE_FUNCTION_REGISTRATION_TABLE*)funcRegistrationTable,
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USB Stack Abstraction Model - Register Function Event Handler

 So, Register Function Event Handler only, after “Set Configuration” state.

7

Harmony
System
Module

\

Task . . )
9\ { User Application
app.c )
void APP_USBDeviceEventHandler( )
case USB_DEVICE_EVENT CONFIGURED: Function Layer
USB_DEVICE_CDC_EventHandlerSet( );
} - )
0
I Callback Event Task()
I I
Task .
9. { USB Device Layer ]
Task . )
U { USB FS/HS Driver
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USB Stack Abstraction Model - Register Function Event Handler

e N\
Task() { User Application

( . . )
Register FunctionEventHandler()

CDC Function Layer

Harmony N M g
System Tas|ki)
Module
Task( ) { USB Device Layer ]
Task() { USB FS/HS Driver
3 ) A
@ USB1
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USB CDC API

API functions in usb_device cdc.c

_USB_DEVICE_CDC_Globalinitialize( )
_USB_DEVICE_CDC_Initialization( )
_USB_DEVICE_CDC_Deinitialization( )
_USB_DEVICE_CDC_EndpointDisable( )

_USB_DEVICE_CDC_ControlTransferHandler( )
_USB_DEVICE_CDC_ReadIRPCallback( )
_USB_DEVICE_CDC_WritelRPCallback( )
_USB_DEVICE_CDC_SerialStateSendIRPCallback( )

USB_DEVICE_CDC_EventHandlerSet( )

USB_DEVICE_CDC_Read|( )
USB_DEVICE_CDC_Write( )

USB_DEVICE_CDC_ReadPacketSizeGet( )
USB_DEVICE_CDC_WritePacketSizeGet( )
USB_DEVICE_CDC_SerialStateNotificationSend( )

Called by the device layer during Set Configuration Processing.
Called by the device layer during Set Configuration Processing.
Deinitializes the function driver instance.

Disabled USB Device CDC endpoints.

Control Transfer Handler for class specific control transfer.
for IRPs submitted through the USB_DEVICE_CDC_Read().
for IRPs submitted through the USB_DEVICE_CDC_Write().
for IRPs submitted through the USB_DEVICE_CDC_SerialStateSend().

Register the CDC Function Driver Layer event handler

Requests a data read from the CDC Function Driver Layer.
Requests a data write to the USB Device CDC Function Driver Layer.

Return read packet size.

Return write packet size.
Request to send serial state notification to the host.
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USB CDC API - Event Handler Register

// Register the CDC Function Driver Layer event handler.
USB_DEVICE_CDC_RESULT USB_DEVICE_CDC_EventHandlerSet
(
USB_DEVICE_CDC_INDEX iCDC,
USB_DEVICE_CDC_EVENT_HANDLER eventHandler,
uintptr_t userData

);

e.g.:
USB_DEVICE_CDC_EventHandlerSet
(

USB_DEVICE_CDC_INDEX_O,

USBDeviceCDCEventHandler,

0

);
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USB CDC API - Event Handler Register Example

USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandler

{

(USB_DEVICE_EVENT event, void * pData, uintptr_t context)

switch (event)

case USB_DEVICE_EVENT CONFIGURED:

activeConfiguration = ((USB_DEVICE_EVENT_DATA CONFIGURED *) (pData))->configurationValue;

if (activeConfiguration ==

{

appData.deviceIsConfigured = true;

break;

return USB_DEVICE_EVENT_RESPONSE_NONE;

v

USB_DEVICE_CDC_EVENT_RESPONSE USBDeviceCDCEventHandler

(USB_|

DEVICE_CDC_INDEX instanceIndex, USB_DEVICE_CDC_EVENT event,

void * pData, uintptr_t userData)

switch (event)

case
case
CRSE
case
case
CRSE
case
case
CRSE

USB_DEVICE_CDC_EVENT_SET_LINE_CODING: break;
USB_DEVICE_CDC_EVENT_GET_LINE_CODING: break;
USB_DEVICE_CDC_EVENT_SET_CONTROL_LINE_STATE: break;
USB_DEVICE_CDC_EVENT_SEND_BREAK: break;
USB_DEVICE_CDC_EVENT_CONTROL_TRANSFER_DATA_SENT: break;
USB_DEVICE_CDC_EVENT_CONTROL_TRANSFER_DATA_RECEIVED: break;
USB_DEVICE_CDC_EVENT_WRITE_COMPLETE: break;
USB_DEVICE_CDC_EVENT_READ_COMPLETE: break;
USB_DEVICE_CDC_EVENT_SERIAL_STATE_NOTIFICATION_COMPLETE: break;

return USB_DEVICE_CDC_EVENT RESPONSE NONE;
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USB CDC - Events of CDC Event Handler

Usb_cdc.h

® USB_DEVICE_CDC_EVENT_SET_LINE_CODING Eypedef struct _ attribute  ((packed))

/* data terminal rate in bits per second */

* USB_DEVICE_CDC_EVENT_GET_LINE_CODING 7%”5;{5&“?25“:
* Line coding set & get. Gints ¢ brarityType;
uintg_i béaiaBits;
} USB_CDC_LINE_CODING;

- USB_DEVICE_CDC_EVENT_SERIAL_STATE_NOTIFICATION_COMPLETE

Usb_cdc.h
typedef struct _ attribute  ((packed))

uint8_t bRxCarrier :1;
uint8 t bTxCarrier :1;
uint8_t bBreak :1;
uint8_t bRingSignal :1;
uint8_t bFraming :1;
uint8_t bParity :1;
uint8_t bOverRun :1;
uint8 t :1;
uint8_t 382

} USB_CDC_SERIAL_STATE;

- USB_DEVICE_CDC_EVENT_READ_COMPLETE
» USB_DEVICE_CDC_EVENT_WRITE_COMPLETE

* Completed read/write transfer and the amount of data get/send
A8\ MicrocHIP



USB CDC API - USB_DEVICE CDC_Read

// Requests a data read from the CDC Function Driver Layer.

USB_DEVICE_CDC_RESULT USB_DEVICE_CDC_Read

(
USB_DEVICE_CDC _INDEX iCDC,
USB_DEVICE_CDC_TRANSFER_HANDLE * transferHandle,
void * data, size_t size

);

e.g.:

USB_DEVICE_CDC_Read

(
USB_DEVICE_CDC_INDEX 0,
&appData.readTransferHandle,
appData.CDCrxDataBuffer, 64

);
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USB CDC API - USB_DEVICE_CDC_Write

// Requests a data write to the USB Device CDC Function Driver Layer.
USB DEVICE_CDC_RESULT USB_DEVICE_CDC_Write
(
USB_DEVICE_CDC_INDEX iCDC,
USB_DEVICE_CDC_TRANSFER_HANDLE * transferHandle,
const void * data, size_t size,
USB_DEVICE_CDC_TRANSFER_FLAGS flags

);

e.g.:
USB_DEVICE_CDC_Write
(
USB_DEVICE_CDC_INDEX_0,
&appData.writeTransferHandle,
appData.CDCtxDataBuffer, sizeof( appData.CDCtxDataBuffer ),
USB_DEVICE_TRANSFER_FLAGS DATA _COMPLETE

);
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4 Lab5 USB Device CDC Class -
Basic TX and RX
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4 Lab5 USB Device CDC Class - Basic TX and RX

* At this lab, we try to add CDC function to our USB Device.
* The CDC function follow ACM subclass and protocol based on AT.250. (Virtual COM).
* Application require,
* LED1 to LED3 be toggled by ‘1’, ‘2’ and ‘3’ key,
by terminal software (Tera Team).
* Shows “BT1 Pressed!” in terminal screen,
when BT1 be pressed at APP045.

eLet’s go !
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%€ Lab5 USB Device CDC Class - Basic TX and RX

* Basic on Lab4 and add CDC Function Layer in MHC.

2 MPLAB Harmony Configurator - default* - a b
File Generate Tools Utilities Window

B+ (D]

(] Active Components = 7 0| [ BroiectGraph
o X CHRERE ¢ | View: [Root =

#- CDC Function Driver
— | Device Family Pack (OFP) |
Core e [ System B cMSIS Pack
Device Family Pack (DFP)
EVSYS
NVMCTRL
System
USB Device Layer
USB Full Speed Driver

USB Full Speed
© Core Service

| 1 Available Components | (] Active Companents

(] News

[ r—— P T s —

| {1 Console ] Hews
@ 00=5
Iwm o the MPLAB Harmony Configurstor!
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%€ Lab5 USB Device CDC Class - Basic TX RX

* Change “Product String Selection” to “Lab5_USBDevice_CDC_Basic_TX&RX"

2 MPLAB Harmony Configurator - default* - a X
File Generate Tools Utilities Window
|- EJINE ] | (5\,{, " Framework: D:\Harmony3\
(] Available Components = 27 O [{] EmiectGrph — 90| | Configuntion Options - E0
+ XCRERE 4+ | | View: [Root M IEE
& Audio 2 USB Device Layer
i Bluetooth ‘ Number of Functions 15
© Board Support Packages (BSPs) seenes Lol System | Number of Endpoints i
- Bootloader @ Spen:al Events
#- Drivers Core #-Special Features
@ Graphics ey Sore Sanie Endpoint 0 Buffer Size |64 v
vendor ID 040408
# Harmony Product ID Selection Enter Product ID v
¢ Input Product 1D 00000
@ Libraries Manufacturer String Microchip Technobogy Tne
#- Peripherals Product String smh;-ml LabS_USBDevice_CDC_Basic_TX&RX ]
© SmartEnergy Add Device Serial Numib—=
#- System Services & USB Device Configuration
- TCPIP
@ Third Party Libraries
& Tools
" Toueh Lab5_USBDevice_CDC_Basic_TX&RX
# Touch Turnkey a — eV|ce_ L aS|C_
© USB
W Wireless
- X2C
(] Availsble Components (] Active Components (] Configurstion Options (] Help

(] News -

>

{o 1. [0DO 19, 2022]  Graphics Package v3.12.0 and Graphics Examples update

[0 2.[000 22, 2022]  Touch package v3.13.0 update

{o 3.[00DO 22, 2022]  Touch Applications package v3.4.0 update

[o 4.[000 09, 2022] Bootloader Release v3.6.0 update

{o 5.[0DO 09, 2022]  Wireless Application for PIC32MZW1/WFI32 v3.7.0 Update

[o 6.[000 09, 2022] Wireless System for PIC32MZW1/WFI32 v3.7.0 Update

[o 7.[0D0 09, 2022]  Wireless Application for WINC1500 v3.6.0 Update

[o 8.[000 09, 2022] Wireless Application for WINC3400 v3.5.0 Update

[o 9.[0DO 09, 2022]  Class B package for PIC32MZW1 v2.0.0 Update

<

(D N S | S | S | S T}

@ 10.(00 28, 2022]  NET Applications for SAMRH71 v3.8.0 Update
| 0 Console (] News

I Welcome to the MPLAB Harmony Contigurstor!
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%€ Lab5 USB Device CDC Class - Basic TX RX

e Set LEDs and BTs in Pin Settings

-0 x

Order: |Pins v Toble View | [] Easy View
Il;i:mber PinID Custom Name Function Mode Direction Latch FullUp  Pull Down Drive Strength
16 PA1l Available Digital High Impedance Low ] ] NORMAL o)
17 VDDIO Digital High Impedance Low NORMAL
18 GNDIO Digitsl | High Impedance Low NORMAL
19 PB10 Available Digital High Impedance Low O N NORMAL
20 PB11 Available Digital | High Impedance Low O OJ NORMAL
21 PA12 Available Digital High Impedance Low n O NORMAL
22 PAL3 Available Digital Hiah Impedance Low OJ O NORMAL
23 PA14 BT1 GPIO Digital In Lo O O NORMAL
24 PA15 BT2 GPIO Digital || In L0 ﬁ O [l NORMAL
25 PAL6 BsishiE Pigita— e e Low ] [] | NorRMAL
2% PA17 LED3 GPIO Digitl | Out [ JLow NORMAL
27 PA18 Available Digital | High Impedance Low O N NORMAL
28 PA19 Available Digital | High Impedance .o $ O [0 | norMAL
29 PA20 LED1 GPIO Digitl | Out L NORMAL
30 PA21 LED2 GPIO Digital | oOut Low | NORMAL
31 pA22 & Axaiahble Digital thch Tmoodonce ..! Jlow O ] NORMAL
32 PA23 Available Digital | High Impedance Low O [] | NORMAL
33 PA24 USB_DM Digital High Impedance - nfa O [l NORMAL
34 PA25 USB_DP Digital High Impedance nfa O O NORMAL
35 GNDIO Digital High Impedance - Low NORMAL
36 VDDIO Digital High Impedance Low NORMAL .
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4 Lab5 USB Device CDC Class - Basic TX RX

* Code Implementation state

Register USB Device CDC Event Handler
TODO 5.01 - TODO 5.11
v

Add new state at application's state machine
TODO 5.12 - TODO 5.14

y
CDC Data Read
TODO 5.15 -TODO 5.19
)
CDC Data Write
TODO 5.20 - TODO 5.23
)

CDC Parameter Initialize
TODO 5.24
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%€ Lab5 USB Device CDC Class - Basic TX RX

* Register USB Device CDC Event Handler

// TODO 5.01

// TODO 5.02

//uintl16_t breakDuration;

//USB_DEVICE_HANDLE usbDeviceHandle;
//USB_CDC_LINE_CODING lineCoding;
//USB_CDC_CONTROL_LINE_STATE * controlLineStateData;

USB_DEVICE_CDC_EVENT_RESPONSE USBDeviceCDCEventHandler

USB_DEVICE_CDC_INDEX instanceIndex,
USB_DEVICE_CDC_EVENT event,

void * pData,

uintptr_t userData

{1}

// TODO 5.10
#include "usb/usb_device_cdc.h"

typedef struct
{

/* The application's current state */
APP_STATES state;

// TODO 5.03

uintil6_t breakDuration;

USB_CDC_LINE_CODING lineCoding;

USB_CDC_CONTROL_LINE_STATE * controlLineStateData;
} APP_DATA;

// TODO 5.09
#include "usb/usb_device_cdc.h"

USB_DEVICE_CDC_EVENT_RESPONSE USBDeviceCDCEventHandler

USB_DEVICE_CDC_INDEX instanceIndex,
USB_DEVICE_CDC_EVENT event,

void * pData,

uintptr_t userData

switch (event)

case USB_DEVICE_CDC_EVENT_SET_LINE_CODING:
// TODO 5.04
USB_DEVICE_ControlReceive(appData.usbDevHandle, &appData.lineCoding,
sizeof (USB_CDC_LINE_CODING));
break;

case USB_DEVICE_CDC_EVENT_GET_LINE_CODING:
// TODO 5.05
USB_DEVICE_ControlSend(appData.usbDevHandle, &appData.lineCoding,
sizeof (USB_CDC_LINE_CODING));
break;

case USB_DEVICE_CDC_EVENT_SET_CONTROL_LINE_STATE:
// TODO 5.06
appData.controlLineStateData = (USB_CDC_CONTROL_LINE_STATE *) pData;
USB_DEVICE_ControlStatus(appData.usbDevHandle, USB_DEVICE_CONTROL_STATUS_OK);
break;

case USB_DEVICE_CDC_EVENT_SEND_BREAK:
// TODO 5.07

appData.breakDuration = ((USB_DEVICE_CDC_EVENT_DATA_SEND_BREAK *) pData)->breakDuration;

USB_DEVICE_ControlStatus(appData.usbDevHandle, USB_DEVICE_CONTROL_STATUS_OK);
break;

case USB_DEVICE_CDC_EVENT_CONTROL_TRANSFER_DATA_RECEIVED:
// TODO 5.08
USB_DEVICE_ControlStatus(appData.usbDevHandle, USB_DEVICE_CONTROL_STATUS_OK);
break;

default:
break;

return USB_DEVICE_CDC_EVENT RESPONSE_NONE;
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%€ Lab5 USB Device CDC Class - Basic TX RX

* Register USB Device CDC Event Handler

USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandler (USB_DEVICE_EVENT event, void * pData, uintptr_t context)
{
uint8_t activeConfiguration;

// Handling of each event
switch (event)

{

case USB_DEVICE_EVENT_DECONFIGURED:
break;

case USB_DEVICE_EVENT_ERROR:
break;

case USB_DEVICE_EVENT_CONFIGURED:
activeConfiguration = ((USB_DEVICE_EVENT_DATA_CONFIGURED *) (pData))->configurationValue;
if (activeConfiguration == 1)
//TODO 5.11
USB_DEVICE_CDC_EventHandlerSet(USB_DEVICE_CDC_INDEX_O, USBDeviceCDCEventHandler, 0);
appData.deviceIsConfigured = true;
break;

case USB_DEVICE_EVENT_RESUMED:
break;

case USB_DEVICE_EVENT_CONTROL_TRANSFER_SETUP_REQUEST:
break;

return USB_DEVICE_EVENT RESPONSE_NONE;
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4 Lab5 USB Device CDC Class - Basic TX RX

* Add new state at application's state machine

typedef enum
{

/* Application's state machine's initial state. */

// TODO 5.12

//APP_STATE_INIT = O,

//APP_STATE_SERVICE_TASKS,

APP_STATE_INIT = O,

APP_STATE_WAIT_CONFIGURED,

APP_STATE_SERVICE_TASKS,

/* TODO: Define states used by the application state machine. */

} APP_STATES;

void APP_Tasks(void)
switch (appData.state)

case APP_STATE_INIT:

{
if (appInitialized)
USB_DEVICE_EventHandlerSet(appData.usbDevHandle, APP_USBDeviceEventHandler, 0);
//TODO 5.13
appData.state = APP_STATE_WAIT_CONFIGURED;
break;
}
//TODO 5.14

case APP_STATE_WAIT_CONFIGURED:

break;

case APP_STATE_SERVICE_TASKS:

break;
¥
default:
{

break;
¥
}
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%€ Lab5 USB Device CDC Class - Basic TX RX

e CDC Data Read

typedef struct USB_DEVICE_CDC_EVENT_RESPONSE USBDeviceCDCEventHandler
{ (
/* The application's current state */ USB_DEVICE_CDC_INDEX instanceIndex,
APP_STATES state; USB_DEVICE_CDC_EVENT event,
void * pData,
//TODO 5.15 uintptr_t userData
volatile bool cdcReadCompleted; )
USB_DEVICE_CDC_TRANSFER_HANDLE readTransferHandle; {
uint8_t CDCrxDataBuffer[64] _ attribute__ ((aligned(32))); switch (event)
} APP_DATA;
case USB_DEVICE_CDC_EVENT_READ_COMPLETE:
// TODO 5.16
appData.cdcReadCompleted = true;
void APP_Tasks(void) break;

}

STREEll (1RSI ) return USB_DEVICE_CDC_EVENT RESPONSE_NONE;

case APP_STATE_WAIT_CONFIGURED: ¥

//TODO 5.17
if (appData.deviceIsConfigured)
{

appData.cdcReadCompleted = false;
USB_DEVICE_CDC_Read(USB_DEVICE_CDC_INDEX_O, &appData.readTransferHandle, appData.CDCrxDataBuffer, 64);
appData.state = APP_STATE_SERVICE_TASKS;

break;
void APP_Tasks(void)

e

switch (appData.state)
case APP_STATE_SERVICE_TASKS:

//TODO 5.18
if (appData.cdcReadCompleted)

switch (appData.CDCrxDataBuffer[0])
{

case 'l': LED1_Toggle(); break;
case '2': LED2_Toggle(); break;
case '3': LED3_Toggle(); break;

appData.cdcReadCompleted = false;
USB_DEVICE_CDC_Read(USB_DEVICE_CDC_INDEX_O@, &appData.readTransferHandle, appData.CDCrxDataBuffer, 256);

B ol
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%€ Lab5 USB Device CDC Class - Basic TX RX

e CDC Data Write

typedef struct

/* The application's current state */
APP_STATES state;

USB_DEVICE_CDC_EVENT_RESPONSE USBDeviceCDCEventHandler

USB_DEVICE_CDC_INDEX instanceIndex,
USB_DEVICE_CDC_EVENT event,
void * pData,

//TODO 5.20 uintptr_t userData
volatile bool cdcWriteCompleted; )
USB_DEVICE_CDC_TRANSFER_HANDLE writeTransferHandle; {
uint8_t CDCtxDataBuffer[64] _ attribute__ ((aligned(32))); switch (event)
} APP_DATA;
case _DEVICE_CDC_EVENT_WRITE_COMPLETE:
// TODO 5.21
appData.cdcWriteCompleted = true;
void APP_Tasks(void) } break;
STREEll (1RSI ) return USB_DEVICE_CDC_EVENT RESPONSE_NONE;
case APP_STATE_WAIT_CONFIGURED: }

//TODO 5.17
if (appData.deviceIsConfigured)
{

appData.cdcReadCompleted = false;
USB_DEVICE_CDC_Read(USB_DEVICE_CDC_INDEX_O, &appData.readTransferHandle, appData.CDCrxDataBuffer, 64);
appData.state = APP_STATE_SERVICE_TASKS;

%reak; //TODO 5.23
#include <stdio.h>

e

} void APP_Tasks(void)
switch (appData.state)
case APP_STATE_SERVICE_TASKS:

//TODO 5.22
if (appData.cdcWriteCompleted)

%f (1BT1_Get())

static uintil6e_t i = 0;

appData.cdcWriteCompleted = false;

sprintf((char *) appData.CDCtxDataBuffer, "BT1l Pressed! (%@5d)\r\n", ++i);

USB_DEVICE_CDC_Write(USB_DEVICE_CDC_INDEX_O, &appData.writeTransferHandle, appData.CDCtxDataBuffer,
sizeof (appData.CDCtxDataBuffer), USB_DEVICE_TRANSFER_FLAGS_DATA_COMPLETE);

B ol
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Lab5 USB Device CDC Class - Basic TX RX

e CDC Parameter Initialize

USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandler (USB_DEVICE_EVENT event, void * pData, uintptr_t context)
uint8_t activeConfiguration;

// Handling of each event
switch (event)

{

case USB_DEVICE_EVENT_DECONFIGURED:
break;

case USB_DEVICE_EVENT_ERROR:
break;

case USB_DEVICE_EVENT_CONFIGURED:
activeConfiguration = ((USB_DEVICE_EVENT_DATA_CONFIGURED *) (pData))->configurationValue;
if (activeConfiguration == 1)

//TODO 5.24
appData.lineCoding.dwDTERate = 9600;
appData.lineCoding.bParityType = 0;
appData.lineCoding.bDataBits = 8;
appData.lineCoding.bCharFormat = 0;
appData.cdcReadCompleted = false;
appData.cdchWriteCompleted = true;

USB_DEVICE_CDC_EventHandlerSet(USB_DEVICE_CDC_INDEX_©, USBDeviceCDCEventHandler, ©0);
appData.deviceIsConfigured = true;

break;

case USB_DEVICE_EVENT_RESUMED:
break;

case USB_DEVICE_EVENT_CONTROL_TRANSFER_SETUP_REQUEST:
break;

return USB_DEVICE_EVENT_RESPONSE_NONE;
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%€ Lab5 USB Device CDC Class - Basic TX RX

» The device list at Device Manager, Named “USB £ 512 & (COMN)” After configured.

M sEeEs — O X
BEE BfFQ) BHEV HBEGH)
as m B B RXE®

P BAERIIERHHES S
¢ ERRIIERHEE
v @@ #E8 (COM A LPT)

§ Curiosity Virtual COM Port (COM11)
i@ USB F3I#EE (COM16)
B F AR B A A0IE 4 I (COMR)
W EBEFBENEERT (COMY)

o SR FERFH

@ s

0 BRRHEMtERER

P Bt

O s

[

- DETRBE

v @ @BNEF

5 Bluetooth Device (Personal Area Network)
[%' Cisco AnyConnect Secure Mobility Client \
@ Intel(R) Ethernet Connection (7) 1219-V
& Intel(R) Wi-Fi 6 AX200 160MHz
& Kaspersky VPN - i TR gl et
AT 2 S —— YT e -

@ MICROCHIP



%€ Lab5 USB Device CDC Class - Basic TX RX

 VID/PID: 04D8/0000
* Product String Selection : “Lab5_USBDevice_CDC_Basic_TX&RX"

= USB 5 COM16) - RS USB F 51 COM16) - &
t.]_: sEESES — O X BIIEE ( ) - RE x FHIEE ( ) - FE X

BEE BFQ) @®HEV)  HBN) —M  mmeNE E@ES HEEN =g —8  mpeae mBEd SEE0 =g

= @ E R B EX® .

2 3 2E 2 x EHP) [E1E(P)
9 BRAFIERHESIE - R o

§ BEENERHLE R
v @ #ES (COMFLPT)
@ Curiosity Virtual COM Port (COM11)
@ USB R3IEE (COM16)

USB FHI%E (COM16) ~r USB 3 E (COM16)

EE=TaAYAY BEon

[ ‘ USE\VID_O4DB&PID_ODUD\B&ZFEBBM‘I’&1 &3 [ Lab5_USBDevice_CDC_Basic_TX&RX l

| 04D8,0000 | | Lab5_UsBDevice_CDC_Basic_TX&RX |

P EBETBENIZERT (COMY)
o SEEHEFEH
B s
0 BREEMBIFER
P B
0 =Ry
 5HER
- REEREE 1 T Re— ; \—\\P“.

. B @ENEE - FoRET o WMeRPtie 9
[? Bluetooth Device (Personal Area Network) =) ok ,, 2
[%' Cisco AnyConnect Secure Mobility Client \ . o "=
& Intel(R) Ethernet Connection (7) 1219-V
? Intel(R) Wi-Fi 6 AX200 160MHz
3 Kaspersky VPN
¥ WAN Miniport (IKEv2) v

Yoy aLBn
- oz 8!
aTsat =
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4 Lab5 USB Device CDC Class - Basic TX RX

* LED1 to LED3 be toggled by ‘1’, ‘2’ and ‘3’ key, by terminal software (Tera Team).
* Shows “BT1 Pressed!” in terminal screen, when BT1 be pressed at APP045.

/ Shows “BT1 Pressed!”, when BT1 be pressed

T COM16 - Tera Term VT — O X ‘

(onool)
(00002)
(00003)
00p4)
00os)
00061

LED1~3 toggle when key-in ‘1’,’2’ and ‘3’

(0002
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USB HID Class

* HID (Human Interface Devices)

* HID include difference of Subclass and Protocol,

* Sub Class Code,
* 0x00 : No Subclass
* 0x01 : Boot Interface Subclass

* Protocol Code,
* 0x00 : None
* 0x01 : Keyboard
* 0x03 : Mouse
* 0x03 - OXFF : Reserved

e HID Custom Application,
* Sub Class Code = 0x00
* Protocol Code = 0x00

usb_device init data.c
const uint8_t fullSpeedConfigurationDescriptor[] =

{

/* Interface Descriptor */

0x09, // Size of this descriptor in bytes
USB_DESCRIPTOR_INTERFACE, // Descriptor Type is Interface descriptor
0, // Interface Number

0x00, // Alternate Setting Number

0x02, // Number of endpoints in this interface
USB_HID_CLASS_CODE, // Class code

USB_HID SUBCLASS_ CODE_NO_SUBCLASS, // Subclass code

USB_HID_PROTOCOL_CODE_NONE, // No Protocol
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HID Usage Tables

* Usages are part of the HID Report descriptor and supply an application developer with
information about what a control is measuring or reporting.

* In addition, a Usage tag can be used to indicate the vendor’s suggested use for a
specific control or group of controls.

HID Custom Application Report Descriptor Example

usb_device init_data.c
const uint8_t hid_rpto[] =

{
0x06,

0x09,
OxAl,
0x19,
0x29,
ox15,
0x25,
0x75,
0x95,
0x81,

0x19,
0x29,
0x91,

OxCo
i

0x00,
0x01,
0x01,
ox01,
0x40,
ox01,
0x40,
0x08,
0x40,
0x00,

ox01,
0x40,
0x00,

OxFF, // Usage Page = OxFFO@ (Vendor Defined Page 1)

//
//
//
//
//
//
//
//
//
//
//
//
//
//

// Usage (Vendor Usage 1)
Colsslection (Application)
Usage Minimum
Usage Maximum //64 input usages total (Ox01 to 0x40)
Logical Minimum (data bytes in the report may have minimum value
Logical Maximum (data bytes in the report may have maximum value
Report Size: 8-bit field size
Report Count: Make sixty-four 8-bit fields (the next time the parser hits an "Input", "Output", or "Feature" item)
Input (Data, Array, Abs):
Instantiates input packet fields based on the above report size, count, logical min/max, and usage.
Usage Minimum
Usage Maximum //64 output usages total (Ox01 to 0x40)
Output (Data, Array, Abs): Instantiates output packet fields.
Uses same report size and count as "Input" fields, since nothing new/different
was specified to the parser since the "Input" item.

oXx00)
OX00OFF = unsigned 255)
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USB HID Abstraction Model

User Application

HID Get/Set Report

|

HID Function Events

4 )
HID Function Layer
Data Transfer Interface
Control Interrupt
Endpoint IN & OUT Endpoint
. J

HID Read/Write Data Transfers

|

HID Class Specific Transfers

|

Control Transfer Response

USB Device Layer
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USB Stack Abstraction Model - Register Function Event Handler

* Register HID Function Event Handler only, after “Set Configuration” state.

7

Harmony
System
Module

\

\

S

Task . .
9\ { User Application
app.c )
void APP_USBDeviceEventHandler( )
case USB_DEVICE_EVENT _CONFIGURED: HID Function Layer
USB_DEVICE_HID_EventHandlerSet ( );
} - )
0
I Callback Event Task()
I I
Task .
9. { USB Device Layer
Task .
U { USB FS/HS Driver
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USB Stack Abstraction Model - Register Function Event Handler

e N\
Task() { User Application

-
HID Event Response( )

HID Function Layer

Harmony ) ) ’
System Tas|k¢)
Module
Task() { USB Device Layer ]
Task() { USB FS/HS Driver
3 ) A
@ USB1
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USB HID API

API functions in usb_device_hid.c

_USB_DEVICE_HID_GIlobalinitialize( )
_USB_DEVICE_HID_InitializeByDescriptorType( )
_USB_DEVICE_HID_ControlTransferHandler
_USB_DEVICE_HID_Delnitialize()
_USB_DEVICE_HID_ReportReceiveCallBack( )
_USB_DEVICE_HID_ReportSendCallBack( )

USB_DEVICE_HID_TransferCancel( )
USB_DEVICE_HID_EventHandlerSet( )

USB_DEVICE_HID_ReportReceive( )
USB_DEVICE_HID_ReportSend( )

Called by the device layer during Set Configuration Processing.
Initialize the HID function driver by interface.

local function and should not be called directly by the application.

This callback forwards the event to application callback function.
This callback forwards the event to application callback function.

Cancels the HID transfer which has been submitted before.
Allows the application to register an event handler.

Receive a report from host.
Send areport to host.
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USB HID API - Event Handler Register

// Register the HID Function Driver Layer event handler.
USB_DEVICE_HID RESULT USB_DEVICE_HID EventHandlerSet
(

USB_DEVICE_HID INDEX iHID,

USB_DEVICE_HID _EVENT_HANDLER eventHandler,

uintptr_t userData

);

e.g.:
USB_DEVICE_ HID EventHandlerSet
(

USB_DEVICE_HID INDEX_O,

USBDeviceHIDEventHandler,

0

);
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USB HID API - Event Handler Register Example

USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandler

{

(USB_DEVICE_EVENT event, void * pData, uintptr_t context)

switch (event)

case USB_DEVICE_EVENT CONFIGURED:

activeConfiguration = ((USB_DEVICE_EVENT_DATA CONFIGURED *) (pData))->configurationValue;

if (activeConfiguration ==

{

appData.deviceIsConfigured = true;

break;

return USB_DEVICE_EVENT_RESPONSE_NONE;

\4

USB_DEVICE_HID_EVENT_RESPONSE USBDeviceHIDEventHandler

(USB._

DEVICE_HID_INDEX instanceIndex, USB_DEVICE_HID_EVENT event,

void * pData, uintptr_t userData)

switch (event)

CRSE
case
case
CRSE
case
case
CRSE
case
case
CRSE
case

USB_DEVICE_HID_EVENT_GET_REPORT: break;
USB_DEVICE_HID_EVENT_SET_REPORT: break;
USB_DEVICE_HID_EVENT_GET_PROTOCOL: break;
USB_DEVICE_HID_EVENT_SET_PROTOCOL: break;
USB_DEVICE_HID_EVENT_GET_IDLE: break;
USB_DEVICE_HID_EVENT_SET_IDLE: break;
USB_DEVICE_HID_EVENT_CONTROL_TRANSFER_DATA_RECEIVED: break;
USB_DEVICE_HID_EVENT_CONTROL_TRANSFER_DATA_SENT: break;
USB_DEVICE_HID_EVENT_CONTROL_TRANSFER_ABORTED: break;
USB_DEVICE_HID_EVENT_REPORT_RECEIVED: break;
USB_DEVICE_HID_EVENT_REPORT_SENT: break;

return USB_DEVICE_HID_EVENT_RESPONSE_NONE;
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USB HID - Events of HID Event Handler

* USB_DEVICE_HID_EVENT_REPORT_RECEIVED
* HID report receive request has completed.

* USB_DEVICE_HID _EVENT_REPORT_SENT
* HID report send request has completed.
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USB HID API - USB_DEVICE_HID ReportReceive

// Receive a report from host.
USB _DEVICE_HID RESULT USB_DEVICE_HID ReportReceive
(
USB_DEVICE_HID INDEX iHID,
USB_DEVICE_HID _TRANSFER_HANDLE * transferHandle,
void * buffer, size_t size

);

e.g.:
USB_DEVICE_HID_ReportReceive
(
USB_DEVICE_HID INDEX_0,
&appData.readTransferHandle,
appData.HIDrxDataBuffer, 64

);
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USB HID API - USB_DEVICE_HID_ReportSend

// Receive a report from host.

USB_DEVICE_HID RESULT USB_DEVICE_HID ReportSend

(
USB_DEVICE_HID INDEX iHID,
USB_DEVICE_HID _TRANSFER_HANDLE * transferHandle,
void * buffer, size_t size

);

e.g.:

USB_DEVICE_HID_ReportSend

(
USB_DEVICE_HID INDEX_0,
&appData.writeTransferHandle,
appData.HIDtxDataBuffer, 64

);
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4 Lab6 USB Device HID Class -
Basic TX and RX
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4 Lab6 USB Device HID Class - Basic TX and RX

* At this lab, we try to add CDC function to our USB Device.

* The CDC function subclass is “No Subclass” (0x00) , protocol is “None” (0x00).

* Application require,
* LED1 be toggle by ‘Toggle LED(s)’ GUI button at Generic HID Simple Demo.exe.
* Show the BT1 status at GUI when click “Get pushbutton State” button.

eLet’s go !
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PC Application - Generic HID Simple Demo.exe

Check VID/PID (04D8, 003F)|

a5 Form1

Toggle LED()
A3 Get Pushbution Stat | Sy [lknown




PC Application - Generic HID Simple Demo.exe

Toggle LED, (OUT Report)

a5 Form1 — O X
Togzle LED() T OX80 500

Get Pushbution State 484cy.4. - [Tnknown




PC Application - Generic HID Simple Demo.exe

oz Form1 - O X

Toggle LED{s)

Get Pushbutton State ‘ State: Unknown ’

Py

Get Push Button State (OUT Report)

\ [ox81

(IN Report)

Ox81 ([ BT




2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

* Basic on Lab4 and add HID Function Layer in MHC.

%€ Lab6 USB Device HID Class - Basic TX and RX

- x

B %) 3|

Framework: DSRSSEFHITE (2)'Lab6_USBDevice HIDClass_Basic TE_RYS 5.\ Hearmony3h

(] ctive Components

X omEm+

=0

CMSIS Pack

Core

Device Family Pack (DFP)
HID Function Driver
WIS TIRG

System

USB Device Layer

USB Full Speed Driver

[] Availsble Components | (| Astive Componsnts

e aof=&aaa«=5

(] Project Graph

XCRERE¢|<|

NVMCTRL Device Family Pack (DFP)
Peripheral Library CMSIS Pack

MEMORY
Core
Harmony Core Service
O RTOS
Core Service <

USB Device Layer HID Function Driver
O DRV_USB < USB_DEVICE
USB_DEVICE © || 1o ¢-pcac _ =

Instance 0
USB_DEVICE_HID

=8
Veo Fo

I Welcome o the MPLAB Harmony Configurator!
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%€ Lab6 USB Device HID Class - Basic TX and RX

* Change VID/PID to : 0x04D8, 0x003F
“Product String Selection” to “Lab6_USBDevice HID Basic_TX_ RX”

2 MPLAE Harmany Canfigurator - default

File Generate Tools Utilities Window

- X

Framework: D$FMEEHIZE (20 ab6_USEDevice HIDClass_Basic_TE_RI\ A\ Hammony3\

Agtive Components
\l

X OmER 4+

= 7 F| (] Poject Graph

CMSIS Pack
~ Core
- Device Family Pack (DFP)
- EVSYS

& HID Function Driver
~ NVMCTRL

* USB Full Speed Driver

NVMCTRL
Peripheral Library
MEMORY

Core

Harmony Core Service
< RTOS
Core Service ©

USB Full Speed Drive: |
< Core Service
DRV_USB |

(] Available Components | (] Active Components

| 0Es w0 «S

X CREmE S| S|

Device Family Pack (DFP)
CMSIS Pack

USB Device Layer HID Function Driver
< DRV_USB o USB_DEVICE
USB_DEVICE ©

Instances ——[= —+

Instance 0

USB_DEVICE_HID

iew:

Root

=#3

(] Configuration Options
=HH

=#3

EMUSE Device Layer
Murnber of Functions
Mumber of Endpoints
B Special Events

& Special Features
Endpoint 0 Buffer Size

vendor 1D
Product ID Selection
Product 1D
Manufacturer String
Product String Selection
Add Device Serial Mumbe

00408

hid_basic_demo ~

0003F
Microship Technology Ins
Lab6_USEDevice_HID_Besic_TZ_RX

(- USB Device Configuration

0x04D8, 0x003F

Lab6_USBDevice_HID_Basic_TX_RX

I Welsome 1o the MPLAB Harmony Configurator!
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%€ Lab6 USB Device HID Class - Basic TX and RX

e Set LEDs and BTs in Pin Settings

-0 x

Order: | Pins v Table View | [/] Easy View
Il;i:mber PinID Custom Name Function Mode Direction Latch FullUp  Pull Down Drive Strength
16 PA1l Available Digital High Impedance Low ] ] NORMAL o)
17 VDDIO Digitl | HighImpedance - | Low NORMAL
18 GNDIO Digital | High Impedance Low NORMAL
19 PB10 Available Digital High Impedance Low O N NORMAL
20 PB11 Available Digital | High Impedance Low O OJ NORMAL
21 PA12 Available Digital High Impedance Low n O NORMAL
22 PAL3 Available Digital Hiah Impedance Low OJ O NORMAL
23 PA14 [ BT1 GPIO Digital In wLo O O NORMAL
24 PA15 BT2 GPIO ig1 Lo $ O O NORMAL
25 PAL6 SN T Low O [] | NorRMAL
2% PA17 LED3 GPIO Digitl | Out Low NORMAL
27 PA1S Available Digital | High Impedance Low O [] | NORMAL
28 PA19 Available Digital | High Impedance .o $ O [0 | norMAL
29 PA20 LED1 GPIO Digitl | Out L NORMAL
30 PA21 LED2 GPIO Digital | oOut Low NORMAL
31 PAZ2 & Avaizble Digital @mmymw I O NORMAL
32 PA23 Available Digital | High Impedance Low O [] | NORMAL
33 PA24 USB_DM Digital High Impedance - nfa O [l NORMAL
34 PA25 USB_DP Digital High Impedance nfa O O NORMAL
35 GNDIO Digital High Impedance - Low NORMAL
36 VDDIO Digital High Impedance - Low NORMAL .
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4 Lab6 USB Device HID Class - Basic TX and RX

* Code Implementation state

Register USB Device HID Event Handler
TODO 6.01 - TODO 6.06

v

Add new state at application's state machine
TODO 6.07 - TODO 6.09

v

HID Received Report
TODO 6.10 - TODO 6.14

v

HID Sent Report
TODO 6.15 - TODO 6.17

v

HID Parameter Initialize
TODO 6.18
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4 Lab6 USB Device HID Class - Basic TX and RX

* Register USB Device HID Event Handler

// TODO 6.01 // TODO 6.05

// TODO 6.02 #include "usb/usb_device_hid.h*
USB_DEVICE_HID_EVENT_RESPONSE USBDeviceHIDEventHandler

USB_DEVICE_CDC_EVENT_RESPONSE USBDeviceHIDEventHandler
USB_DEVICE_HID_INDEX instanceIndex, (

USB_DEVICE_HID_EVENT event, USB_DEVICE_HID_INDEX instanceIndex,
void * pData, USB_DEVICE_HID_EVENT event,
uintptr_t userData void * pData, uintptr_t userData

{} )

{

switch (event)

case USB_DEVICE_HID_EVENT_GET_IDLE:
// TODO 6.03
USB_DEVICE_ControlSend(appData.usbDevHandle, &currentIdleRate, 1);
break;
case USB_6EVICE_HID_EVENT_SET_IDLE:
// TODO 6.04
currentIdleRate = ((USB_DEVICE_HID_EVENT_DATA_SET_IDLE*) pData)->duration;
USB_DEVICE_ControlStatus(appData.usbDevHandle, USB_DEVICE_CONTROL_STATUS_OK);
break;
default: ’
break;
}

return USB_DEVICE_HID EVENT RESPONSE_NONE;

USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandler (USB_DEVICE_EVENT event, void * pData, uintptr_t context)
{
uint8_t activeConfiguration;

// Handling of each event
switch (event)

case USB_DEVICE_EVENT_CONFIGURED:
activeConfiguration = ((USB_DEVICE_EVENT_DATA CONFIGURED *) (pData))->configurationValue;
if (activeConfiguration == 1)
//TODO 6.06
USB_DEVICE_HID_EventHandlerSet(USB_DEVICE_HID_INDEX_O, USBDeviceHIDEventHandler, 0);
appData.deviceIsConfigured = true;

break;

return USB_DEVICE_EVENT_RESPONSE_NONE;
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4 Lab6 USB Device HID Class - Basic TX and RX

* Add new state at application's state machine

typedef enum
{

/* Application's state machine's initial state. */

// TODO 6.07

//APP_STATE_INIT = O,

//APP_STATE_SERVICE_TASKS,

APP_STATE_INIT = O,

APP_STATE_WAIT_CONFIGURED,

APP_STATE_SERVICE_TASKS,

/* TODO: Define states used by the application state machine. */

} APP_STATES;

void APP_Tasks(void)
switch (appData.state)

case APP_STATE_INIT:

{
if (appInitialized)
USB_DEVICE_EventHandlerSet(appData.usbDevHandle, APP_USBDeviceEventHandler, 0);
//TODO 6.08
appData.state = APP_STATE_WAIT_CONFIGURED;
break;
}
//TODO 6.09

case APP_STATE_WAIT_CONFIGURED:

break;

case APP_STATE_SERVICE_TASKS:

break;
¥
default:
{

break;
¥
}
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4 Lab6 USB Device HID Class - Basic TX and RX

* HID Received Report

// TODO 6.11 USB_DEVICE_CDC_EVENT_RESPONSE USBDeviceHIDEventHandler

#include "usb/usb_device_hid.h"

USB_DEVICE_HID_INDEX instanceIndex,
typedef struct USB_DEVICE_HID_EVENT event,

void * pData, uintptr_t userData

/* The application's current state */

APP_STATES state; {
switch (event)

//TODO 6.10

volatile bool HIDReportReceived; case USB_DEVICE_HID_EVENT_REPORT_RECEIVED:

USB_DEVICE_HID_TRANSFER_HANDLE ReceivedTransferHandle; // TODO 6.12

uint8_t HIDReceivedDataBuffer[64] __ attribute__ ((aligned(32))); appData.HIDReportReceived = true;
APP_DATA; break;

¥
void APP_Tasks(void) return USB_DEVICE_HID_EVENT RESPONSE_NONE;
}

switch (appData.state)
case APP_STATE_WAIT_CONFIGURED:

// TODO 6.13
if (appData.deviceIsConfigured)

appData.HIDReportReceived = false;
USB_DEVICE_HID_ReportReceive
(USB_DEVICE_HID_INDEX_©, &appData.ReceivedTransferHandle, appData.HIDReceivedDataBuffer, 64);
appData.state = APP_STATE_SERVICE_TASKS;
void APP_Tasks(void)

break;
’ switch (appData.state)

e

} case APP_STATE_SERVICE_TASKS:

{
// TODO 6.14

if (appData.HIDReportReceived)
{
switch (appData.HIDReceivedDataBuffer[0])
{
case 0x80: LED1_Toggle();
break;

appData.HIDReportReceived = false;
USB_DEVICE_HID_ReportReceive
(USB_DEVICE_HID_INDEX_O, &appData.ReceivedTransferHandle, appData.HIDReceivedDataBuffer, 64);

(ST
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4 Lab6 USB Device HID Class - Basic TX and RX

* HID Sent Report

USB_DEVICE_CDC_EVENT_RESPONSE USBDeviceHIDEventHandler

typedef struct

{ (

/* The application's current state */ USB_DEVICE_HID_INDEX instanceIndex,
APP_STATES state; USB_DEVICE_HID_EVENT event,

void * pData, uintptr_t userData
// TODO 6.15
volatile bool HIDReportSent; {
USB_DEVICE_HID_TRANSFER_HANDLE SentTransferHandle; switch (event)
uint8_t HIDSentDataBuffer[64] _ attribute__((aligned(32))); {

} APP_DATA; case USB_DEVICE_HID_EVENT_REPORT_SENT:
// TODO 6.16
appData.HIDReportSent = true;
break;

b
return USB_DEVICE_HID_EVENT RESPONSE_NONE;

void APP_Tasks(void)

switch (appData.state) }

case APP_STATE_SERVICE_TASKS:

// TODO 6.14
if (appData.HIDReportReceived)
{

switch (appData.HIDReceivedDataBuffer[0])
{

case 0x80: LED1_Toggle();
break;

// TODO 6.17
case Ox81:

LED2_Toggle();

appData.HIDReportSent = false;

appData.HIDSentDataBuffer[@] = Ox81;

appData.HIDSentDataBuffer[1] = BT1_Get() & 0x01;

USB_DEVICE_HID_ReportSend(USB_DEVICE_HID_INDEX_O, &appData.SentTransferHandle, appData.HIDSentDataBuffer, 64);

break;

}

appData.HIDReportReceived = false;

USB_DEVICE_HID_ReportReceive
(USB_DEVICE_HID INDEX_©, &appData.ReceivedTransferHandle, appData.HIDReceivedDataBuffer, 64);

[T
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 HID Parameter Initialize

USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandler (USB_DEVICE_EVENT event, void * pData, uintptr_t context)
{
uint8_t activeConfiguration;

// Handling of each event
switch (event)

{

case USB_DEVICE_EVENT_DECONFIGURED:
break;

case USB_DEVICE_EVENT_ERROR:
break;

case USB_DEVICE_EVENT_CONFIGURED:
activeConfiguration = ((USB_DEVICE_EVENT_DATA_CONFIGURED *) (pData))->configurationValue;
if (activeConfiguration == 1)
// TODO 6.18
appData.HIDReportReceived = false;
appData.HIDReportSent = false;
// TODO 6.06
USB_DEVICE_HID EventHandlerSet(USB_DEVICE_HID_ INDEX_©, USBDeviceHIDEventHandler, ©0);
appData.deviceIsConfigured = true;
break;

case USB_DEVICE_EVENT_RESUMED:
break;

case USB_DEVICE_EVENT_CONTROL_TRANSFER_SETUP_REQUEST:
break;

return USB_DEVICE_EVENT_RESPONSE_NONE;
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%€ Lab6 USB Device HID Class - Basic TX and RX

* The device list at Device Manager, Named “~ & HID 122N E ERIEE"” After
configured.
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* LED1 be toggle by click ‘Toggle LED(s)’ GUI button at Generic HID Simple Demo.exe.
* Show the BT1 status at GUI when click “Get pushbutton State” button.

/ 1 Shows BT1 status when BT1 be pressed |

o= Form1

Toggle LED(s)
Get Pushbutton State

State: Unknown

LED1 toggle by click ‘Toggle LED(s)’
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