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SAM series course history and brief

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

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

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

How to download(prepare) latest Harmony Framework. (Please study from SAM2001 course)
How to create a new project. (Please study from SAM2001 course)

PLIB (Peripheral Library) implementation. (Please study from SAM2001 and SAM2001ADV course)
System Service and Driver implementation. (Please study from SAM2002 course)

. SAMZOOZADV will use below tool versions for Labs.

 MPLAB® X IDE v6.15 https://www.microchip.com/mplab/mplab-x-ide
MPLAB® XC32 v4.35 https://www.microchip.com/mplab/compilers

MPLAB® Code Configurator v5.4.1 (Install in MPLAB X IDE Plug-in)

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

MCC Core v5.6.1 (Install with MPLAB X IDE v6.15)

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

* Required Content (Must install)
* csp3.184
* harmony-services 1.3.2
« CMSIS_55.9.0
* quick_docs 1.6.0
* Optional Content (Manual select in Content Manager)
* touchv3.15.0
* usbv3.12.0
* dev_packsv3.18.1
* corev3.13.3
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https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/compilers

Advance Course

* Introduction to QTouch® Peripheral Touch Controller (PTC)
 Harmony Touch Configurator
 APP045 EVB QTouch® Design and Pattern
HLab1 Touch Buttons
SHLab2 Touch Slider
S Lab3 Data Visualizer for Touch
 USB Fundamentals
* USB Device Library (USB Device Architecture)
 Harmony USB Device - Device Layer Configurator
S Lab4 USB Device - Device Layer Initialize
* USB Device CDC Class
S Lab5 USB Device CDC Class - Basic TX and RX
e USB Device HID Class
S Lab6 USB Device HID Class - Basic TX and RX
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Course Coverage

Course will not include :

e The principle of Capacitive Touch.
e Pattern design for Capacitive Touch.

e The principle of our PTC/CVD.
e PTC tuning parameters.

Course will include :

e Usage of MCC Harmony Touch library.
e |Introduction to the MCC Harmony Touch Configurator.
e Touch visualization with MPLAB Data Visualizer.

@ MICROCHIP



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

Long-Term innovative Player in Touch

Microchip serves all Markets and all use cases for touch.

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

S 2021 Multi-Touchpads on MCU
S 2021 Hands off Detection

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

% Boost Mode < 2019 Boost Mode Touch 3D Gestures o

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

T 2017 MCC/START raise

8 T Water tolerant touch buttons the bar for touch design tools. Hands on Detection & "
%O © Water tolerant touch pads/screens T 2016 Microchip acquires Atmel Gloves support w/o hover-touch & %
E © Touch HW solutions on MCU © 2014 2D Touchpads on MCU Touchscreen % 8
S $ 2013 Water tolerant touch / Driven Shield+ Touchpad & 5
Iq—J © Driven shield - multiple © 2012 Microchip/Atmel launch MCU

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

T Feeding line compensation

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

S 1999 Quantum Research Group

© Self commercializes Touch : Utilizing Microchip MCU

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

Capacitive Touch Sensor

Cr: Finger capacitance
Ck

Cs
> Cs: total Sensor capacitance

Cr: Parasitic capacitance

Sensor Capacitance (Cs) = Cp + Ck

@ MICROCHIP



Introduction to QTouch® Peripheral Touch Controller (PTC)

Capacitance Touch Measurement

Self Capacitance Touch Mutual Capacitance Touch

Ry

Touch sensor

1 J
Series resistor —
Rs r— R.X_I ny
| I I —
Parasitic  e—tbe— 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 pemy Ct .
SN | i
. Touch ouc ——
Parasitic  be— - —lCh capacitance Ch
capacitance ST I I Cx capacitance X Cxyt p—
—— Y
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)

Charge Transfer

o

/VDD

Vref(VDD)

Charge A

~

Y%

Balance A

X+ CSensor

N

)

V

BalanceA

=VDD/2

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

Charge Transfer

(T2 N
N —

C

Sensor

........... VDD/Z
Charge B Balance Touch Pad
Vref(VDD) N ) \V4
\ %
VBaIanceA = VDD/2 VBaIanceB = VDD/Z No Touch : VBaIanceB B VBaIanceA =0
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Introduction to QTouch® Peripheral Touch Controller (PTC)

Charge Transfer

Sensor

/VDD ‘ A
\+ Internal /+
VDD/2
Charge A Balance A
Vref(VDD) V
N /
VBaIanceA < VDD/2

VDD/2
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Introduction to QTouch® Peripheral Touch Controller (PTC)

Charge Transfer

/VDP A )

CF/nger

-

+ 4~ Internal

—~Balance B _| _Jetrth Pad Finger
Vref(VDD) YV AV \V4
\ %
VBaIanceA < VDD/2 VBaIanceB > VDD/Z Touched : VBaIanceB -V >0

BalanceA ﬁ\ MICROCHIP



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 |
|
|

Configure Raw
PTC registers Touch Data

Touch Controller 10 Lines
= PORT Touch Sensors

4 )

- J

QTouch Library
Processed Touch Data Arerf
(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

PCB Material

ﬁ\ MICROCHIP
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APPO045 EVB QTouch® Design and Pattern

@ MICROCHIP



APP045v4 MES.d [JES.e

APP045 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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APP045 EVB QTouch® Design and Pattern

Schematic

GND

PB02/AIN10/Y8 10K
PAO4/AIN4/EINT4/Y2 % 10K ggé
PAOS/AINS/EINTS/Y3 AN 10K P: AD3
Driven Shield
3
SC-03
0 1
AAYAY 5 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

APP045 EVB QTouch® Design and Pattern

PCB Stack

3 Layer (Blank Gap)

Bottom Layer (GND)
A%\ MicrocHip



APP045v4 MES.d [JES.e

APP045 EVB QTouch® Design and Pattern

Touch Pattern and Driven Shield

Driven Shield
Touch Pattern (Slider)

Driven Shield imaginary

Bottom Layer (GND)
A%\ MicrocHip



APP045v4 [JES.d MES.e

igh and Pattern

Des

APP045 EVB QTouch®

PCB Stack

int

Overlay Pr

Top Layer (Blank Gap)

il

2"d Layer (Touch Pattern, Driven Shield)

3 Layer (Blank Gap)

Bottom Layer (Driven Shield)
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APP045v4 [JES.d MES.e

APP045 EVB QTouch® Design and Pattern

Touch Pattern and Driven Shield

Driven Shield
Touch Pattern (Slider)

Driven Shield imaginary

T P
713:;;:1,'3-'-’.

Driven Shield

Bottom Layer (Driven Shield)
AS\ MicrocHIP



Harmony Touch Configurator
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Harmony Touch Configurator

Create : Select Sensing Type and add Touch Sensors Information

E Touch CDnﬁQurat'Dn The clock for CPU and peripherals are set and
Sensar pins are auto assigned on creation.

Go to configure > Sensor Pins to change.

Configure as Low Power Important Notes @) v’ Ok
Create Lump Sensor

Create Configure Tune Summary

=0

A"

1 Touch Configuration

Self_ cap Create Configure Tune Summary

Mutual-Cap [
Create Lump Sensor Self-Cap v

— 1 | p—

-~ - o~ -~ Horizontal ~
Buttons 1 . Sliders 1 . Wheels 1 . 4
~ = = segments o
] Fa’ A
m Segments 4 - Segments 4 v Vertical segments <

m m (Gesture Type Mo gestures

Add
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Harmony Touch Configurator

Configure — Sensor Pins : Sensors Pins signal configuration

® | Touch Configuration - O % B Touch Configuration - O X
Creat Confi [ S

reatel onfigure une ummar . iqur

g Y &7 Touch Configuration Create Configure une Summary
S Pi Creat Configure fune Summary
ensorFins Sensor Pins Q
o e view sensor Pins O Pins view Sensor Pins I
Surface view )
Pins view Surface view Sensor Parameters
O Surface view Common Parameters
Signals will be swaped if it's used by other sensor/segment during sel Drag and drop sensor to modify its lines. Change the

. . ) . I Gesture Parameters
multiplexed x line to y line and vice versa by clicking it.

Sensors Signals Note: Please click on the coordinates in any one of the comner o The recommended pin configuration for a mutual cap Driven Shield
matrix to change the orientation of the surface. slider/wheel is a common Y line with multiple X lines.
B1 = Button 1, 51:2 = Slider 1: Segment 2. I Boost Mode
Button 0 Y0 (PAOZ)
0,255 &5 S6 s7 58 255,255 Frequency Hop / AFA
(0.255) ( ) X0 X1 X2 X3 X4 x5 X8 X7 X8
Y1 (PAO3)

I Functional Safety
Y2 (PAO4) S4 }“}" B Y0 B0 S04 || 802 || S0:3 || S04 | WO || W02 || W03 || W04 l Self Test (BIST)
Slider 0 I Host Interface
S3 —
12 (PROS) Y1 SUR || SUR || SUR | SUR
¥4 (PAOE) @ B
Y2 SUR || SUR || SUR || SUR
¥5 (PAOT)
&1 Y15
(PB0Y9)
Y8 (PBO2) Y3 SUR || SUR || SUR | SUR

Wheel 0

(0.0) - - (255,0)
19 (PR Y4 SUR || SUR || SUR SUR @ Contact support
@ Change device
Y14 (PB08)
- Change technology
WChange device

Change technology
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Harmony Touch Configurator

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

| Touch Configuration — O X
Cred Configure une Summary
Sensor Parameters Q
Sensor Pins
PTC Clock Frequency Info Sensor Parameters
Red indicates invalid PTC-Clock Frequency . Blue indicates valid PTC-Clock Frequency Comman Parameters
Prescalar PTC Clock Gesture Parameters
Driven Shield
4 1.0000 MHz
Boost Mode
GeLK / CLKPER : 05000 '
. Frequency Hop / AFA
16 0.2500 MHz
I Functional Safety
32 0.1250 MHz
| self Test (BIST)
- . - . Sensor I Host Interface
Sensors Dlgltal Filter  Digital Fllt(-er Analog Gain  Series Resistor PTC Clock (MHz) Detect SIEED . Sensor AKS
Gain Oversampling Hysteresis
® ©) @ ® Threshold
@] 0] ® ®
Button 0 1 16 samples 1 No resistor 1.0000 20 25 % No AKS
~ Slider 0 Scroller Resolution 8 Bit ~ | Scroller Deadband | 10 Percent | Scroller Position Hysterisis = 8 Scroller
~
Detect threshold = 20
51 1 16 samples 1 Nao resistor 1.0000 20 25% AKS Group 1
52 1 16 samples 1 Nao resistor 1.0000 20 25% AKS Group 1
s3 1 16 samples 1 Nao resistor 1.0000 20 25% AKS Group 1
54 1 16 samples 1 Nao resistor 1.0000 20 25% AKS Group 1
~ Wheel 0 Scroller Resolution | 8 Bit ™ | Scroller Deadband 10 Percent ~ | Scroller Position Hysterisis 8 Scroller
- ® Contact support
@ Change device
Change technology
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Harmony Touch Configurator

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

T

Cred

ouch Confi

uration

Configure une Summary

Commeon Parameters

Acquisition

Scan Rate (ms)

PTC Interrupt Priority

Acquisition Frequency

Sensor

Detect Integration

Away from Touch Recal Intergratiocn Count

Away from Touch Recal Threshold

Touch Drift Rate

Away from Touch Drift Rate

Drift Hold Time

Re-burst mode

Max ON Duration

20

FREQ SEL.O

100 percent of Touch threshold

20

20

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

< mm

D EEE - ED

— O

Sensor Pins

Sensor Parameters

s

Common Parameters

Gesture Parameters
Driven Shield

I Boost Mode
Frequency Hop / AFA

I Functional Safety

| self Test (BIST)

I Host Interface

® Contact support
@ Change device
Change technology
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Harmony Touch Configurator

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

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

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

Common Parameters

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

Gesture - Swipe

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

Gesture - Wheel

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

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

| Touch Confi

Cr% Configure I une Summary

Driven Shield

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

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

uration

Enable Dedicated Shield Pin ()

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

Select Dedicated Timer l TC3 ~

Select Timer Pin PA18E_TC3_WOOQ v

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

Enable Driven Shield Plus (D)

Sensors Timers

Button 0 ---

Slider 0

— O

Sensor Pins
Sensor Parameters
Commeon Parameters

Gesture Parameters

s

Driven Shield

I Boost Mode
Frequency Hop / AFA

I Functional Safety

| self Test (BIST)

I Host Interface

® Contact support
@ Change device

Change technology
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Harmony Touch Configurator

Configure — Frequency Hop / AFA(Automatic Frequency Adaptation)

| Touch Configuration — O X
Cred Configure une Summary
Frequency Hop / AFA Q
. . . . . Sensor Pins
Frequency Hop is a mechanism used in touch measurement to avoid noisy signal value. In Frequency Hop, more than one bursting frequency (user configurable)
is used. Refer Touch Modular Library Userguide for more details on Frequency Hop. Sensar Parameters
Enable Frequency Hop / AFA (:) Common Parameters
Enable Frequency Auto Tuning o Gesture Parameters
Driven Shield
AutoTune Parameters I Boost Mode
Maximum Variance 25 I hicguencylicpliats
v

I Functional Safety
Maximum Tune-in count 5 I Self Test (BIST)
v

I Host Interface

Channel Configuration

Frequency Hop Steps 3
hd

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

® Contact support
@ Change device
Change technology
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Harmony Touch Configurator

Configure — Others

| Touch Configuration — O X
Cr% Configure Ilune Summary

Boost Mode . Q
Sensor Pins

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

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

if total number of nodes is more than or equal to 4. Optimal Bs SE nsor Pa ra mEtE Is Sensor Parameters

Enable Boost Mode Commeon Parameters

Common Parameters

Gesture Parameters

Driven Shield

Gesture Parameters | rp——
oost Mode

Driven Shield BeuenceHop LA
I Functional Safety
I Boost Mode | seff Test (IS
I Host Interface

Frequency Hop / AFA
I Functional Safety

| self Test (BIST)

I Host Interface

® Contact support
@ Change device
Change technology

® Contact support
@ Change device
Change technology
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Harmony Touch Configurator

Tune — Enable the debug output for Touch Tuning

B | Touch Configuration - O X

Create Configurl Tune Summary

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

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

Enable Touch Tuning Data connection c

Touch Tuning (bidirectional, requires UART Tx and Rx)
O Touch Visualization {unidirectional, requires UART Tx)

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

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

Enable Charge Time Autotune O
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Harmony Touch Configurator

Summary — Configuration summary

B | Touch Configuration

Create Configure Tun

Project Information

Device
Technology

Total Sensor Count

Sensor Information

Number of Buttons
MNumber of Sliders

Number of Wheels
Number of Surfaces

MNumber of Lumps

Option Information

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

Low Power

Gestures

Modules and Versions

Keys
Binding Layer

Scroller

Summary

ATSAMDZ21G18A
Mutual cap

4

Disabled
Disabled
Enabled
Enabled
Disabled

Disabled

4
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%€ Lab1 Touch Buttons
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%€ Lab1 Touch Buttons

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

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

""" NVMCTRL
§ SERCOMS Z:IC:IZ

Frofiles: Main

MVMCTRL
Peripharal Library

MEMORY

Device Family Pack (DFP) EVSYS
CMSIS Pack Peripheral Library

SERCOMS
Peripheral Library

Configuration Options XI

(=] [+

=-SERCOMS
E-Select SERCOM Operation Mode |USART with internal Clock ~

- Dperating Mode Mon-blocking mode -

~Receive Enabla

~Transmit Enable

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

-~ Parity Maode Mo Parity

~Character Size 2 Bits -

- Stop Bit Mode Omne Stop Bit -
- Gtart-of-Frame Detection Enable [ ]

¢ -~ Raceive Pinout SERCOM PAD[3] 1= used for data reception
- Transmit Pinout

FAD[Z] = TxD; FAD[3] = ¥CKE e
-Enable Run in Standby []
Fin . .
Fin D Custom Name Function
IMumber
77 PE22 cﬁ,smcmm;mz W
38 FB23 VP sErcOMS_PAD3

@ MICROCHIP




%€ Lab1 Touch Buttons

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

¥ Harmony
P Packs
¥ Peripherals
P EVSYS
P NVMCTRL
P SERCOM
¥ System
O system

Projects | Files | Services | Resource Management [MCC] = | =
MCCv5.4.1

Project Resources | Generate H Import... ‘ Export ‘ (7] H @
¥ Libraries

B | Components auto-activation X
Confirmation o
RTC (rtc)
PTC (ptc)

Are you sure you want to activate these

BB

components?

F A
Device Resources m
LV

(Z Content Manager

¥ Libraries
¥ Harmony
» O Peripherals
P Tools
¥ Touch
@O prC
 Touch Library

Click + to add l

Confirm Attachment Auto-Connect? X
Ie The database is requesting automatic connection following component attachments:

lib_gtouch:Touch_timer -> rtcRTC_TMR
lib_gtouch:lib_acquire -> ptcptc_Acq_Engine

Q automatically make these connections?

&)

Are you sure you want
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%€ Lab1 Touch Buttons

* Hint !l If you cannot find Touch Library in Device Resources, please go Content
Manager to download it as below.

¥4 MPLAB X IDE v6.15 - Lab1_QTouch_Buttons : default

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

;E%E@@;default

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

MCCwv3.4.1

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

¥ Libraries
¥ Harmony
» Packs
¥ Peripherals
» EVSYS
P NVMCTRL
¥ SERCOM
B3 O SERCOMS
¥ System
O System

Device Resources Content Manager

KIS

Select Export/lmport ... ™ ‘

MCC Core Versions

Load
T v
D

Select Latest
Version(s)

@&

X Cancel

[Click Apply to download]

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

Input “Touch” to search ]

‘ touch ()

Component Tl

* Harmony 3 - Capacitive Touch solutions

@ touch

Version

Update progress Descripti

v3.150 W

Select latest version ]

v

v3.15.0 - [remote]

B -

¥ @ touch_apps MPLAB Harmony license
P DAC v3.14.0 - [remote] 4
» . t h_host_dri MPLAB Harmony license
bsu [ Click Content Manager © touch_host. driver V3131 - [remote] (3
» EIC
> PM . v3.13.0 - [remots] (4
b RAM v3.12.1 - [remote] 3
P RTC

License Agreement

MPLAB Harmony license
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%€ Lab1 Touch Buttons

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

i i : Configurat i x =
Eit Window x] =tart Page KI Froject Graph xl EIEllguI on Options l

x | E a E E E’ ’ | 1@' |P1ugin5: P PIOfl]. MB. E}"R’_TC

é--l—!ardware Settings
Device Family Pack (DFP)

--Generate Frequency Correction API
MVYMCTREL ) L )
~Cantinuous Synchranization for RTC Count/Clack Register |:|

Peripheral Library -RTC Operation Mode 32-bit Connter with Zingle 32-bit Compare -
MEMORY -RTC MODE O Configuration
[i}-EnabIe Interrupts ?
SERCOMS %----Cumpare 0 Interrupt Enable
Peripheral Library é----SvnchanizatiDn Ready Interrupt Enable [ ]
E‘----O\ferflmnf Interrupt Enable |:|

-RTC Prescaler DIV1

~Compare Yalue

Touch Library
Peripheral Touch Controller{PTC)

~Clear on compare Match
E-RTC EVEMTS configuy

~Periodic Intery

Enable [ ]

~Periodic Interval 1 Event Output Enable [
~Pariodic Interval 2 Event Output Enable [ ]
~Periodic Interval 3 Event Output Enable |:|
~Periodic Interval 4 Event Output Enable |:|
~Periodic Interval 5 Event Output Enable []
~Periodic Interval 6 Event Output Enable []
~Perindic Interval 7 Event Output Enable [ ]
-~ zompare 0 Event Output Enakle |:|
- Qverflow Event Output Enable ]

Conhguration Options "l

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

ins = Touch Configuration

Lelse Librar!o configure
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%€ Lab1 Touch Buttons

* Open Touch Configuration in Plugins of Project Graph.

Projects | Files | Services | Resource Management [MCC] = | B || Kit Window x| Start Pazﬁj E

MECVS.A1 p_4 | Y N3l § K. | = |F‘1ugins: v Profil... Mai
Project Resources | Generate || Import... | Export | (7] || @ Clock Configuration

¥ Librari NVMCTRL Device Family P[Event Configurator
loraries . .
Peripheral Library CMSIS Pack LW IC Configuration
¥ Harmony MEMORY Fin Confignration

CibAA Confisnration

» Packs SERCOMS ——— :
. e e XX Touch Configuration } -
¥ Peripherals = E N
> EVSYS Click Touch Configuration
> NVMCTRL Touch Library
Peripheral Library Peripheral Touch Controller{PTC)
¥ RIC TMR TMR
a3 RTC Acqg_Engine
> SERCOM TouchData <
¥ Touch
O PTC
U Touch Library
¥ System
0 System
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%€ Lab1 Touch Buttons

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

x
w Select Sensing Technology

B Touch Configuration B Touch Configuration

3

x
Go to Tune tab for tuning the

parameters.

To select the sensors:

« Click the icon for selecting
a single sensor

« Do Ctrl + click or drag
from top left to bottom for
selecting multiple sensors &1 Touch Configuration

& 0000OO0O@00 S

& @®o0cO00O0OO0O0

B Touch Configuration

; Go to Summary tab for
| Touch Configuration - O knowing the project's overview.

. [ ] o . Click the icons to add ) ) . a
RERVEoeRnRiRe Create  Configure  Tune  Summan [Clle Here to ReplaY] ® & ocooococeo

Configure as Low Power Important Notes o f
a2
x
Self-Cap ™ Click on the notifications button

to open the notifications dialog.
Notes:

&« O@®@000O00CO0

B Touch Configuration

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

N the code.

« The blinking indicates that
there are one or more

" Touch Configuration changes in the

' notifications.

=°

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

€&« o0o0o0O0OOOCE

available features.

& o000OO®0O00

ﬁ\ MICROCHIP



%€ Lab1 Touch Buttons

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

ch Configuration — O x
Create Configure Tune Summary “

ﬁ Configure as Low Power |$ Notes D
Create Lump Sensor Self-Cap ™
Click
Buttons 3

a m & | Touch Configuration

l Self-Cap default
Create Configure Tune Summary

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

1| Touch Configuration

Information

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

Go to configure = Sensor Pins to ghange.
v Ok

- ﬁ\ MICROCHIP




%€ Lab1 Touch Buttons

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

* ButtonO (Signals) : Y8 (PB02) gigiiig}ﬁéﬁn —AAA— PADI
* Button1 (Signals) : Y2 (PAO4) @3 ———— —=  PAD2
PAOS/AINS/EINTS/Y3 AAA— PAD3
* Button2 (Signals) : Y3 (PAQO5) - Drixessiiin
3
B | Touch Coation — O I 1
GND
|
Create Configure Tune Summary ) g
PA18(TC3) mmAAN ——
Sensor Pins
Signals will be swaped if it's used by other sensor/segment sensor Pins
during selection Sensor Parameters
Sensors Signals Commaon Parameters
Driven Shield
Button 0 Y8 (P02} |Y8 (PBO2) | Boost Mode
Button 1 Y2 (PAO4) Y2 (PA04) Frequency Hop / AFA
Functional Safety
Button 2 Y3 (PADS) |Y3 (PAOS)| | self Test (81ST)

@ MICROCHIP



%€ Lab1 Touch Buttons

* In Configure Tab, Click on Sensor Parameters and configure

Sensor AKS(Adjacent Keys Suppression) group as below.
* ButtonO : AKS Group 1, Buttonl : AKS Group 1 and Button2: AKS Group 2

B | Touch C@tion

Create Configure Tune Summary

Sensor Parameters

PTC Clock Frequency Info

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

Prescalar
4
GCLK / CLKPER 8
4.0000 MHz
16
32
Digital Filter Digital Filter . ) . PTC Clock

Sensors Gain Oversampling Analog Gain Series Resistor (MH2)
Button 0 1 16 samples 1 No resistor 1.0000
Button 1 1 16 samples 1 No resistor 1.0000
Button 2 1 16 samples 1 No resistor 1.0000

Sensor
Detect
Threshold

20
20

20

Sensor AKS

AKS Group 1 [ AKS Group 1 ]

AKS Group 1

PTC Clock
1.0000 MHz
0.5000 MHz
0.2500 MHz
0.1250 MHz
Sensor
Hysteresis
@
'9 S
25 %
25 %
25 %

AKS Group 2

Q

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

Host Interface

[AKS Group 1 ]

| AKS Group 2 |

@ MICROCHIP



%€ Lab1 Touch Buttons

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

* Enable Dedicated Dirven Shield : @) PB02/AIN10/YS |
: : PAOIAINIEINTANZ A PaDl
* Select Dedicated Timer : TC3 AT A TN T VV\V— PAD2

AN/N\— PAD3
* Select Timer Pin : PA18E_TC3_WOO0 Driven Shield

=
A I3
® | Touch C(iﬁgation — O >

|

Create Configure Tune Summary GND I
Driven Shield Apply Q P;dk ]. 8 (TCJ) —’\/\/\,—
Apply Sensar Pins

Jraf—

2

To improve noise D?rfﬂ rmance and water ] 1 Components auto-activation % NVMCTRL Device Family Pack (DFP) EVSYS
tolerance, driven shield can be enabled on self-capacitance Sensor Parameters Paripharal Library Peripheral Library
sensors, Driven shield can be enabled either on adjacent LB
sensors only or additionally using a dedicated shield sensor. Commaon Paramete Confirmation 0 SERCOMS
More information can be found Microchip Developer Help ) ) e
age. In this device, PWM si an be used as Driven Shield. Sisanid e ? "
page. ' g TC2 Touch Library

Peripheral Touch Controller{PTC)
TMR

TMR

na
Enabling driven shield will usd C/TCC), DMA and Event I Boost Mode TC3 (te3) 1 — e
system. Are you sure you want to ¢ these et (e TMR
ts? ) :
Frequency Hop / AFA componen TMR
Enable Dedicated Shield Pin - l—$
o Yes Mo

Functional Safety
Any Timer WaveQutput (WQ) pin can be used as Driven Shield Self Test (BIST)
Pin. Select the timer and pin for dedicated driven shield. Confirm Attachment Auto-Connect? «
Host Interface
Select Dedicated Timer - . . . . .
e The database is requesting automatic connection following component attachments:

Acq_Engine

N

TC3 4
TC3 . lib_gtouch:Drivenshield -> tc3TC3_TMR
Select Timer Pin Are you sure you want tle atically make these connections?
- %R

st 1cswoo | PALBE_TC3_WOO

=(Y) &(N)

%
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%€ Lab1 Touch Buttons

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

B | Touch Configuration

Create Configure

Project Information

Device
Technology

Total Sensor Count

Sensor Information

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

Mumber of Lumps

Tune

T R
Summary .

ATSAMD21G18A
Self cap

3

Option Information

Driven Shield

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

Low Power

Gestures

Modules and Versions

Keys

Binding Layer

Scroller

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

Acguisition Manual

Acguisition Autotune

Enabled

Disabled

Enabled

Disabled

Disabled

Disabled

Disabled

14

14

1.0

1.1

14

1.0

1.1

1.3

1.3
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%€ Lab1 Touch Buttons

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

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

47 z:i@ FPBOZ

Order: Fins “ Table Wiew Easy View
Pin Fin [D Custom MName Function Mode Direction Latch  Full Up  Fall Dirive
Mumber
Tl Strenoth
)\ e — — —
g I$I PAD4 PTC_Y2 131 vl Analog 231 igh Impedance nfa NORMAL
10 PADS PTC_Y3 | Analog igh Impedance nfa NORMAL v
PTC_ Y8 E¢3 | Analog ]@Iigh Impedance - néa MORMAL
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%€ Lab1 Touch Buttons

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

Eit Window = | wtart Fage = | Froject Graph = | Fin Diagram = | Fin Tabkle = | Fin Settings l'€| [D](3
Order:  Pins v Table View Eazy Wiew
;1111]]1]}81' Fin [D Custom MName Function Mode Direction Latch  Full Up Eilim g’[?;]fgth
22 | PA13 Available v | Digital High Impedance ~ | Low |:| |:| MORMAL
23 g&i PA14 @ BT1 GPIO w| Digital | In w|  Lomr [] [] | NORMAL
24 JIX PAIS LY T2 GPIO v| Digital | 1n v| Low [] [] | norRmAL -~
25 I\ PA1G :\ .ﬂ.uailabl_e;:_ | Digital | High Impedance ~| Low [ [] | NORMAL
26 I$l PALT &I;IZ LED3 GPIO {\l:}j | Digital Dutilté | Low 1¢I NORMAL
27 PA18 Available w| Digital | HighImpedance ~| Low [] [] | mORMAL -
28 PA19 Available e Digital High Impedance -~ | Lowr |:| |:| MORMAL -
29 @ PAZ0 @ LED1 GPIO | Dagital Out w | Low MORMAL -~
30 MK PA2 LY  LED2 P10 LI | Digital | out )L X v| Low JI(X NORMAL
31 PAZZ - .ﬁ.uailablev e Dirital High Ir;pedance w | Lowr |:| |:| MORMAL
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%€ Lab1 Touch Buttons

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

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

Eit Window XI =tart Fage XI Froject Graph XI Fin Diagram XI Fin Table XI Fin Settings XI KID|Q)E)

MCC v5.4.1

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

¥ Libraries
¥ Harmony
» Packs
¥ Peripherals
» EVSYS
> NVMCTRL
¥ RTC
O RTC
» SERCOM
¥ 1C
BO Tc3 @
¥ Touch
w3 O pTC
0 Touch Library
¥ System

O System

) 4 |Iﬂ N3N ¥ K, |IEI |P'lugins: w Frofiles: Main v Wiew: Root v

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

SERCOMS
Peripheral Library
I2c _
TC3 ' Touch Library
Peripheral Library Peripheral Touch Controller{PTC)

Peripheral Library TMR _ T™MR

TMR T™MR

Acqg_Engine
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%€ Lab1 Touch Buttons

API functions in Touch.c

uint8_t measurement_done_touch  Touch acquisition done flag

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

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

update_sensor_state () Update sensor node state

calibrate_node () Sensor node calibration

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

@ MICROCHIP



%€ Lab1 Touch 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();

Projects * | Files | Services | Resourc void touch_status_display(void)
. . . if(measurement_done_touch == 1u) | "7 T TTTTTTT oo T T T T T S S T ST e
= ;; th[jJTﬂu?h_Buuﬂnh { ( - - ) Purpose: Sample code snippet to demonstrate how to check the status of the
ﬁ Header Files measurement_done_touch = 0Qu; SV ﬁg::or‘s
ﬁ- Important Files // process touch data Ougput L one
ﬁ Linker Files } Notes none .
E}E@ source Files void touch_status_display(void)
= confiz {

(|

I_':'I[E_ﬁ defanlt

""" &) exceptions.c
""" = initialization.c
""" ) interrupts.c
""" B libe_syscalls.c
-5 peripheral
""" B startop_xc32c

Sl o0 ch_example.c

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 (Qu != key_status) {
//Touch detect

- D s o e
ouch No detec
Eﬂ"E?ﬁ bouch. | }
EI driven_shield.c
L"@a tonch.c key_status = get_sensor_state(2) & KEY_TOUCHED_MASK;

if (Qu != key_status) {
//Touch detect

} else {
//Touch No detect

}
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%€ Lab1 Touch Buttons

* Implement below function to output message on UART console.

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

extern volatile uint8_t measurement_done_touch;

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

size_t len = 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(“\e33[23");
myprintf("“\@33[1;1H");
myprintf("\033[?2251");

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

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

ﬁ\ MICROCHIP



%€ Lab1 Touch Buttons

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

int main ( void )

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

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

measurement_done_touch = 0;
switch( get_sensor_state(0) )

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[1l]=true; LED2_Set(); break;
case QTM_KEY_STATE_NO DET: KeyStatus[l]=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[@]?'O':"' '
(KeyStatus[1]?'0":" "),
(KeyStatus[2]?'X":" '

} c\ MICROCHIP



%€ Lab1 Touch Buttons

* Result of Touch Key implementation.

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

T COM3 - Tera Term VT — Od x ‘

Window Help Ele Edit Setup Control Window Help

Ele Edit Setup Control Window Help File Edit Setup Control

Ele Edit Setup Control Window Help

(Adjacent Keys Suppression)

¥




%€ Lab1 Touch Buttons

Discuss

* Implement manual Touch Calibration feature.

int main ( void )

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

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

calibrate_node(1);
calibrate_node(2);

}

if( measurement_done_touch == 1 )

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

}

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

LED2_Set();  break;
LED2_Clear(); break;
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%€ Lab2 Touch Slider

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

B | Touch Configuration

E¢ Create Configure Tune Summary

@ == O B e

Configure as Low Power Important Motes o

Create Lump Sensor Self-Cap

A

e

B | Touch Configuration

Create

@ == O B e

Configure as Low Power Impaortant Notes o

Create Lump Sensor

A

Self-Cap ™

-
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%€ Lab2 Touch Slider

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

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

z@ch Configuration - O x

Create Configure Tune Summary -

5@ == O I

N

B | Touch Configuration

Configure as Low Power Important Notes [ 0 ]

Create Lump Sensor Self-Cap ™ Information

Sliders The clock for CPU and peripherals are set

creation.

Go to configure > Sensor Pins to change.
v Ok

@ and Sensor pins are auto assigned on

|
Segments 3 [B

B Touch Configuration
t Add Create Configure Tune Summary

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

- ﬁ\ MICROCHIP




%€ Lab2 Touch Slider

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

* Slider O (Signals) : Y8 (PB02)
* Slider O (Signals) : Y2 (PAO4)
* Slider O (Signals) : Y3 (PAO5)

PB02/AIN10/YS
ﬁ; P‘.A.O’—l." ‘.A.IN"'I'." E 4-‘& 2 | P‘_ADz
- PAD3

PAOS/AINS/EINTS/Y3 AN —

B | Touch Coation

Create Configure Tune Summary
Sensor Pins

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

)

Y8 (PB02) |Y8 (PB02)

Slider 0 @ Y2 (PAD4) | Y2 (PAO4)

& & &

13 (PADS) 1v3 (PA0S)

Sensor Pins

Sensor Parameters
Common Parameters
Driven Shield

I Boost Mode
Frequency Hop / AFA
Functional Safety

Self Test (BIST)

PADI

Driven Shield

73
. I 1
GND| >
PA18(TC3) —AAA——

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

B Touch Coiwyon

Create Configure Tune Summary

Sensor Parameters

PTC Clock Frequency Info

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

Prescalar
4
GCLK / CLKPER 8
4.0000 MHz
16
32

Sensors Dlgltal Filter Digital F”tE.“ Analog Gain Series Resistor PTC Clock (MHz)
Gain Oversampling
® = - 2 ® @)
® ® ® © ? _
~ Slider 0 Scroller Resolution  8Bit »  Scroller Deadband 10 Percent ~  Scroller Position Hysterisis 8
51 1 16 samples 1 Mo resistor 1.0000
S2 1 16 samples 1 No resistor 1.0000
53 1 16 samples 1 Mo resistor 1.0000

Sensaor Pins

Sensor Parameters

Common Parameters

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

Scroller Detect threshold = 20 n

20 25% No AKS m Contact support
@ Change device
20 25 % No AKS
Change technology
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* In Configure Tab, Click on Driven Shield and configure Dirven Shield as below.
* Enable Dedicated Dirven Shield PB02/AIN10/YS
. . «© PAOL AINVEINTAN S VY,V PADI
* Select Dedicated Timer : TC3 SIS S EREIAAA S ngg
* Select Timer Pin : PA18E_TC3_WOO —

E Driven Shield
iy |

B | Touch C ﬁ ation — O >

Z:B |
Create Configure Tune Summary GND I

Driven Shield Q PA18(TC3) —A\ AN~
Apply Sensor Pins

2 —

2

To improve noise D?rfﬂ rmance and water ] # ] Components auto-activation % NVMCTRL Device Family Pack (DFP) EVSYS
tolerance, driven shield can be enabled on self-capacitance Sensor Parameters Paripharal Library Peripheral Library
sensors, Driven shield can be enabled either on adjacent LB
sensors only or additionally using a dedicated shield sensor. Commaon Paramete Confirmation 0 SERCOMS
More information can be found Microchip Developer Help ) ) e
i ) i B ; Driven Shield
page. In this device, PWM signalgan be used as Driven Shield. 1 -

} . - X TC2 Touch Library
Enabllng driven shield will usd C/ch)f DMA and Event I Boost Mode TC3 (tc3) RTC Peripheral Library Peripheral Touch Controller(PTC)
system. Are you sure you want to these TMR T™MR

TMR

TMR

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

Functional Sz WRLCIUN AUCIH
Lab, the dialog
box will not be
Host Interfa displayed

Acq_Engine
Yes ELE

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

TC3 V.
<R

onfirm Attachment Auto-Connect?

For new start project only

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

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

=(Y) &(N)

TC3

N

Select Timer Pin

st 1cswoo | PALBE_TC3_WOO

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

B | Touch Configuration

Create Configure

Project Information

Device
Technology

Total Sensor Count

Sensor Information

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

Mumber of Lumps

Tune

IR

Summary

ATSAMDZ21G18A
Self cap

1

O

pat

A

Option Information

Driven Shield

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

Low Power

Gestures

Modules and Versions

Keys

Binding Layer

Scroller

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

Acquisition Manual

Acquisition Autotune

Enabled

Disabled

Disabled

Disabled

Disabled

Disabled

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

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

47 z:i@ FPBOZ

Order: Fins “ Table Wiew Easy View
Pin Fin [D Custom MName Function Mode Direction Latch  Full Up  Fall Dirive
Mumber
Tl Strenoth
)\ e — — —
g I$I PAD4 PTC_Y2 131 vl Analog 231 igh Impedance nfa NORMAL
10 PADS PTC_Y3 | Analog igh Impedance nfa NORMAL v
PTC_ Y8 E¢3 | Analog ]@Iigh Impedance - néa MORMAL
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* Configure LEDs and Buttons in Plugin Pin Configuration of Project Graph as below.

Eit Window = | wtart Fage = | Froject Graph = | Fin Diagram = | Fin Tabkle = | Fin Settings l'€| [D](3
Order: Fins o Table View Easy Wiew For new start project only
;1111]]1]}81' Fin [D Custom MName Function Mode Direction Latch  Full Up Eilim g’[?;]fgth
22 | PA13 Available v | Digital High Impedance ~ | Low |:| |:| MORMAL
23 gﬁ PA14 @ BT1 GPIO w| Digital | In w|  Lomr [] [] | NORMAL
24 JIX PAIS LY T2 GPIO v| Digital | 1n v| Low [] [] | norRmAL -~
25 l PA1G :\ AuailabEL | Digital | High Impedance ~| Low [ [] | NORMAL
26 Ij:l PALT &I;IZ LED3 GPIO Z\lglj | Digital Dutil:é | Low 1¢I NORMAL
27 PA18 Available w| Digital | HighImpedance ~| Low [] [] | mORMAL -
28 PA19 Available e Digital High Impedance -~ | Lowr |:| |:| MORMAL -
29 @ PAZ0 @ LED1 GPIO | Dagital Out w | Low MORMAL -~
30 MK PA2 LY  LED2 P10 LI | Digital | out )L X v| Low JI(X NORMAL
31 PAZZ - .ﬁ.uailablev e Dirital High Ir|"|'|:|edance w | Lowr |:| |:| MORMAL
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* Check Harmony Graph to see the difference after added Driven Shield.

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

Eit Window XI =tart Fage XI Froject Graph XI Fin Diagram XI Fin Table XI Fin Settings XI KID|Q)E)

MCC v5.4.1

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

¥ Libraries
¥ Harmony
» Packs
¥ Peripherals
» EVSYS
> NVMCTRL
¥ RTC
O RTC
» SERCOM
¥ 1C
BO Tc3 @
¥ Touch
w3 O pTC
0 Touch Library
¥ System

O System

) 4 |Iﬂ N3N ¥ K, |IEI |P'lugins: w Frofiles: Main v Wiew: Root v

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

SERCOMS
Peripheral Library
I2c _
TC3 ' Touch Library
Peripheral Library Peripheral Touch Controller{PTC)

Peripheral Library TMR _ T™MR

TMR T™MR

Acqg_Engine

For new start project only
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%€ Lab2 Touch Slider

API functions in Touch.c

uint8_t measurement_done_touch

touch_process ()

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

Touch acquisition done flag
Main processing function of touch library.

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

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

Get sensor node aquiction signals.

Update sensor node aquiction signals.

Get sensor node channel reference.

Update sensor node channel reference.

Get sensor node compansation capacitor value.

Update sensor node compansation capacitor value.

Get sensor node state

Update sensor node state

Sensor node calibration

Get scroller sensor state

Get scroller position

API functions in driven_shield.c

drivenshield_configure ()

linitialization Driven Shield for Touch in touch_init()

ﬁ\ MICROCHIP



%€ Lab2 Touch Slider

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

#include "touch_example.h"

= - — touch_process();
Projects = | Files Services Resourc

void touch_mainloop_example(void){

/* call touch process function */

=@ Labl QTouch Buttons if(measurement_done_touch ==
ﬁ Header Files ¢ measurement_done_touch = @u;
ﬁ- Important Files // process touch data
-3 Linker Files } )
El[aﬁ sonrce Files
EP[Eﬂ config
= default scroller_status = get_scroller_state(Q);

""" &) exceptions.c

scroller_position = get_scroller_position(0);
//Example: 8 bit scroller resolution. Modify as

""" ] initialization.c scroller_position = scroller_position
..... L //LED_OFF
& mterrupts.c if ( @u != scroller_status) {
""" & libe_syscalls.c switch (scroller_position) {
ra i : case O:
- peripheral //LED@_ON
----- B startup_xcI2oo break;
ra i : case 1:
HHEE stdio //LED1_ON
Ei[aﬂ tonch break;
EI driven_shield.c te
?m@ﬂ tonch.o case 7:
(T //LED7_ON
| onch_example.c break:
..... =] main.c default:
//LED_OFF
break;

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

sensors
Input : none
Output : none
Notes none

void touch_status_display(void)

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

@ MICROCHIP




%€ Lab2 Touch Slider

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

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

extern volatile uint8_t measurement_done_touch;

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

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

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

if ((len > @) && (len < SYS_CONSOLE_PRINT_BUFFER_SIZE))

consolePrintBuffer[len] = '\0@';
SERCOM5_USART_Write((uint8_t*)consolePrintBuffer, len);
while (SERCOM5_USART_WriteIsBusy());

}
}
int main ( void )
{

SYS_Initialize ( NULL );

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

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

myprintf(" )s

@ MICROCHIP



%€ Lab2 Touch Slider

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

int main ( void )
uintl6_t ScrollPos, PreScrollPos=256;

SYS_Initialize ( NULL );

while ( true )

touch_process();

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

measurement_done touch = 0;
ScrollPos = S
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 = %03d", ScrollPos);

switch( ScrollPos*4/255 )

case O: 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
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* 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(0);

calibrate_node(1);
calibrate_node(2);

if( measurement_done_touch==1 && (EEtHSCrollerNstate(0) & KEY_TOUCHED MASK) )

measurement done touch = 9;
ScrollPos = (9);
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 ©: 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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* Result of Touch Slider(Scroller) implementation.

T COMS - Tera Term VT — ] >

File Edit Setup Control Window Help

ﬁ\ MICROCHIP
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%€ Lab3 Data Visualizer for Touch

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

B9 MPLAB X IDE v6.00 - Lab3_QTouch_DataVisualizer : default
File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

18 B TE b L BR QO

| [ MPLAB Data Visnalizer = Start Page = |™ MFLAB ¥ Store = Project Graph* Tench Confi : &) main.c

&) PC: 020 How do 17

0 Documentation

Workspace: [ Clear 2 Load.. [Hsave [ s [ Time Plot al Dash

N - @ New... ‘i, Import... [;‘\1} Auto-configure Time Plot X rDashboard x
\f,f‘ % Lab3 QT h D Vi li . . - EasicData I Graph I AdvanceData I AllData
4 = . .
ey fx lo e e e ] v QTouch Modular Library U v.microchip.com
. S B | COM3 on COM3 ¥ Glossary: www.microchip.com
2 Button Data Slider & Wheel Data
I g ) FrameCounter Channel ID Sensor Type State Delta Threshold Sensor State | SW Delta SW Threshold |
é, % k2|~ 0 Slider 0[0] 0 1 20 Slider 0 1 l 217 20 |
& g Signalo 1 Slider 0[1] 1 141 20
= E x) ~ W 2 Slider 0[2] 1 79 20
v
& Sensor Data Debug Data
5 I x) ReferenceD Channel ID Sensor Type Signal Reference Delta Compensation pF | {FrameCounter on Lab3_QTouch_DataVisualizer 74
= (x,
= é’ (S 0 Slider 0[0] 513 512 1 19.75725 QTouchLibError on Lab3_QTouch_DataVisualizer 0
3 = 1 Slider 0[1] 650 509 141 20.76975 Counter for datastreamer packets. Missing count indicate packet drop
Delta0
of
218 x eta W 2 slider 0[2] 591 512 79 23.06475 Indicates library error state. Zero: n error. Refer "Error Code" section in User Guide
2 v
E ‘Efompensaﬁnn: Represents PTC compensation circuit value which is equivalent to sensor capacitance :
= Camnancatinnil 7 |"Compensation” value can be used to check whether sensor is saturated. Refer to User Guide

Lab3_QTouch_DataVisualizer Options
* Vertial Zooms Cirl Key + Mouse Scroll (uncheck ~Automatically fit ¥~ option).

Auto-config enabled: . ] . . * Horizontal Zoom: Left-Shift Key + Mouse Scroll.
; n * Click on “Legend™ fo enable or disable plot.
¥ Auto-config f i \ A [ | ]

Config ID: 03EBO0000000000000AAS501
Search path:
Ci\Exercises_SAM2002ADV\Lab3_QTouch_DataVisualizer\firmware\src g O

Recursive search:
Maximize dashboard:
= P Statistics
8
7082s
»
P News Censele [ Output N 535:11
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* Before use Data Visualizer for touch tuning, it’s need install extra Touch plugin firstly.

&

B2 Plugins

Check for P°
MPLAB Touch |

Updates (1) Avalable Fluging (37 Downloaded Installed (2113 Settings

Search:

o

Install Wa n’Ie

Category

Sonrce

A

MPLAB Touch

X IDE

M  MFLAE Touch MFPLAE Dat...
[ ] Arduine Import Plugin MFPLAE IDE WiCommunity Contributed Plugin
[ ] ELFViewer MFLAE IDE...
[] Power Monitor MFLAE Flugin g Version: 2.2 1
I:' ECAN Bit Rate Calculator MFLAE Flugin ‘ﬁﬁ‘ Author: Microchip Technology Ine,
[[] PCLint MFLAE Flugin g Diates 202340419
[] DMCI MFLAR Plugin  jip Source: Microchip Flugins
[ ] Halt Notifier {Trial) MFLAE Flogin i Homepage:
[[] ERemote USB Debugging (Tr... MPLAB Flugin hitps:ifmicrochipdeveloper. comftouchintroduction to-tonch -plusin
[] Plugin Update Services MFLAE Flugin g
[ ] USB Tool Connection Diag... MFLAB Flugin i . o
[[] Doxwgen Integrator MFLAE Flugin iy Plugin Description
[] App Launcher MPLAE Plugin  §fp
[] MemorvStarterkit MFLAE Flogin i The Touch Plugin allows nser to wisualize touch tuning data within
[[] Code Profiling (Trial Version) MPLAB Flugin MPLAB Data Visualizer. The plugin supports two-way communication
[] dsPICWorks MFLAE Flugin g throngh which nser can modify the toveh confipuration withont having o
m o N L P :
[nstall 1 plugin selected, IMB
Close Help

-
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%€ Lab3 Data Visualizer for Touch

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

B | Touch Configuration — O X

Create Configure Tune Summary

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

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

flash/RAM footprint..
o | Enable Touch Tuning Data connection |

Touch Tuning (bidirectional, requires UART Tx and Rx)

Enable Touch Tuning Data connection

Eﬁg o Touch Visualization (unidirectional, requires UART Tx) [ Touch Visualization (unidirectional, requires UART TX) ]

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

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

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

 Assign PLIB SERCOMS5 to UART interface of Touch Library.

Eit Window XI Start Page XI Frogect Graph XI ‘
b 4 | wl Eaf § K, | = |P1ugins: v Frofil... Main w Wiew: Ko

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

SERCOMS

Peripheral Library
Touch Library

Paripheral Touch Controller{ PTC)

Touch_sercom (JAET)
[nzatisfied Direct Dependency

Satisfiers
SERCOMO (sercom0)
SERCOMT (sercomT)
SERCOM_Z2 (sercomZ)
SERCOM3 (sercom3)
SERCOMA4 (sercom4)

SERCOMS (sercoms) ﬁ\ MICROCHIP




%€ Lab3 Data Visualizer for Touch

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

TC3 Touch Library

Acqg_Engine

SERCOMS | Peripheral Library Peripheral Touch Controller(PTC)
PTC TMR - @ =

E+-SERCOMS
= Select SERCOM Operation Mode |[USART with internal Clock -
- - Operating Maode Elocking maode v .
For new start project only reveie Enabie {{use Biocking Mode |
~Transmit Enable
~Frame Format TSART frame v
Pin Pin ID Custom Name Function ----E-au.d Rate in Hz 1}5’200 v
Number - Parity Made Mo Panity
@ SERCOMS_PAD2 - (Character Size 2 Bits
S a SERCOMS_PAD3 v - 5top Bit Mode Cne Stop Bit -~
|@ - Receive Pinout SERCOM PAD[3] iz used for data reception -~
-~ Transmit Pinout FAD[Z] = TxD; PAD[3] = ¥CK v
- Enahle Bun in Standby |:|
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%€ Lab3 Data Visualizer for Touch

* Modify myprintf() to use TransmitComplete() function of SERCOM Blocking Mode.
e 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 ) @Mu:nol:mp



%€ Lab3 Data Visualizer for Touch

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

-
Eile Edit

Jag=

=

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

Connections

s Mavigater  Touch_DataVisualizer - Dashbeard

P Motifications [MCC]

Wews (i) Motifications Cutput O, Search Results

@) 80:10 |

Bd MPLAB X IDE v6.15 - Lab3_Touch_DataVisualizer : default — O X
Double Click br Production Debug Team Tools Window Help (:m |Q~ Search (Cirl+I) |
. i - - - . LB L . : : T H =Tel :
to enlarge window | 313‘13 B->-T QU TQ 2w [@Fcod e
S r— _—
[ Eit Windew X] Start Page X]@MPLAB Data Visnalizer Xl Project Graph X] main.c Xl (DIEE =
o
Workspace:  [1) Clear 23 Load.. [F)Save *+¢  Views: B TimePlot [ Ter @ tocols: B DVRT Session g
=)
.'l Messages e' Help Dark Theme %.
i p— o~
- Serial Ports v ——— g
| Marker Time Asis g
COM2 to 3 4 les 0s 10s »
Data values
200+ In;a # Mark
COM3 ﬁ > |i| Snapshot
Data Axis
COM1 ﬁ [ ] 0 Auto adjus = 512 ¢
Mo
T T T T | Source e ﬁ > ‘
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* In Connections Tab, click on the UART COM Port you to output debug message from
SERCOMS5 and configure to 115200-n-8-1.

| Eit Window J'=| =tart Fage x|@MP‘LAE Diata Visvalizer J'=| Froject Graph x|main.-:: x|
Workspace: D Clear a Load... B Save *** | Views: ¥ TimePlot [=] Terminal *** | Protc
S - Serial Ports v I
E | Marker
5 COM2 'ﬁ' > Jo3s
© 300 | Data values
£ n
COM3 ¢| COM3 Settings
| Baud Rate: 115200 @
COMT ﬁ Char Length: 8 bits -
Parity: MNone *
- Touch ‘ Stop Bits: 1 bit
-mn-[ ! @Mlcnocmp




%€ Lab3 Data Visualizer for Touch

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

[ Eit Window xl Start Page  x l main.c X I@ MFLAE Data Visnalizer xl

Workspace: D Clear a Load... B Save e 5. B Time Plot E Terminal ®e** Protocols: E DWRT Session .‘. Messag
A
'@ New... &, Import... @ Auto-configure Time Plot X
P Auto-configure S o O i":]as”‘e’
In,’a

'[Q|: ~ l 200

No Source

Touch Session on Touch

COM1

“ariable Streamers X
(=]
|

com2

COMS3 l T T T T T T T T T 1
“ 0s 1= 25 3s 4s bs 65 Ts os 9= 10z
Auto-configure Options

Auto-config enabled:

¥ Auto-config

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

Search path: ...b3_Touch_DataVisualizer.X P.'- O 1. Select COM port in Connections tab
2. Update BAUD rate in COM Settings
3. Start COM port streaming

s dhE e Select COM port for Touch

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

Recursive search:




%€ Lab3 Data Visualizer for Touch

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

[ Eit Window xl Start Page  x l main.c X Im MFLAE Data Visnalizer xl
Workspace: D Clear a Load... B Save *** | Views: B TimePlot [Z) Terminal <= | Protocols: [ES DVRT Session .‘. Messag
'@ New... &, Import... @ Auto-configure Time Plot X
fi Auto-configure S op i":}:d‘er
COM3 +* -]:I- [ 3 ﬁ Data values
U e
X 200
il
o
E
13}
e
(0]
= 0
m
&
>
r T T T T T T T T T 1
Os 1s 25 Is 4s bs 65 Ts s 9s 10¢
Auto-configure Options
Auto-config enabled:
¥ Auto-config
- L [Mlssmg config flles]
A Missing config files Procedure for selecting COM port for Touch
Config ID: 03EBO00000O00C00000AASS01 ) i
1. Select COM port in Connections tab
Search path: ...b3_Touch_DataVisualizer.X f'.'- O 2. Update BAUD rate in CQM Settings
3. Start COM port streaming
Maximize dashboard: Select COM port for Touch
b Statistics 1. Select Touch in Connections tab N
2. Choose COM port as data source @ MICRDCHIP




%€ Lab3 Data Visualizer for Touch

* The default Auto-configuration Options Search Path is wrong, please click on Icon =
to change folder to \firmware\src then click * again.

[ Eit Window xl Start Page  x l %) main.e x I@ MFLAE Data Visnalizer xl

Workspace: D Clear Jj Load... ﬁ Save *** | Views: B TimePlot [Z) Terminal <= | Protocols: [ES DVRT Session .‘. Messag
@ New... &, Import... @ Auto-configure Time Plot X
P Auto-configure S o O i":]as”‘e’
coms v $F > Data values
@ In,’a
x 200
il
o
E
8
[}
L 0
fw] .
= ¥4 Edit search path
g
- &5 (1) firmwrare v 5 ER-
9s 10¢
R Lab2_Touch_DataVisualizer.X

Auto-configure Options
Auto-config enabled:

¥ Auto-config

A\ Missing config files Pro %ﬁi *E%%*ﬁm}
Config ID: 03EBOOO0OCO0000000AAS501 = 1| .
¢ re: *E‘WDQEE:(T}
Search path: ...b3_Touch_DataVisualizer.X F'i
B TEECEETIIIL [ Wrong SearCh path ] Select COM port for Touch
b Statistics

%i&?_ﬁﬁﬁ [ \firmware\src ]

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

S

Directory

b

FABY

BWiH
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* If all configuration are correctly, you will see a Touch Dashboard to start up.
* Click on Icon ¢35 to enlarge Dashboard window.

[ Kit Window X] Start Page = ] = main.c x]'@'MPLAB Data Wisualizer X]

B Time Plot

Workspace: [ Clear 2 load.. [ save e*¢ | Views:
@ New... &, Import... E% Auto-configure

Variable Streamers X

Lab3_Touch_DataVisualizer ¢ © p* 10
coM3 v Lk W

fx

(x) Variables M

FrameCounter
(x)

) Signal0

) Reference0

) Delta0

.., Compensation0

E Terminal =e*

Dashboard X

BasicData | Graph | AdvanceData | AllData

Protacols:

B2 DVRT Session

2

Lab3_Touch_DataVisualizer Options

Auto-config enabled:

¥ Auto-config

Config ID: 03EB0O0000000000000AASS01
Search path: S — O

Recursive search:

Maximize dashboard:

S Edit 24
Button Data {hj
| Toggle fullscreen (f)
Channel ID Sensor Type State Delta Threshold )
0 Slider 0[0] 0 1 20
1 Slider O[1] 0 0 20
2 Slider 0[2] 0 0 20
Debug Data
FrameCounter on Lab3| 180 Counter for datastreamer packets. Missing count indicate packet drop
QTouchLibError on Lab 0 Indicates library error state. Zero: no error. Refer "Error Code" section in User Guide
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e Basic Data window of Touch Dashboard.

TR

| BasicData I Graph I AdvanceData I AllData |

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

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

1 Slider 0[1] 1 226 20

2 Slider 0[21] 0 2 20

Debug Data

FrameCounter on Lab3] 128 Counter for datastreamer packets. Missing count indicate packet drop
QTouchLibErrcr on Lab 0 Indicates library error state. Zero: no error. Refer "Error Code” section in User Guide
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* Graph window of Touch Dashboard.

T T T T
1361s 1362s 1363s 1364s

TR CU I - SRPIT-T
Signatz-ontab3—fouch—Bataiisuatize
Deltal on Lab3_Touch_DataVisualizer

SWDeltad on Lab3_Touch_DataVisualizer

* Vertial Zoom: Ctrl Key + Mouse Scroll (uncheck "Automatically fit Y" option). * Horizontal Zoom: Left-Shift Key + Mouse Scroll. * Click on "Legend” to enable or disable plot.
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 Advance Data window of Touch Dashboard.

TR

BasicData | Graph Advan\c’eData I AllData

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

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

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

Frequency Hop Data

CurrentFrequencyon Yy 10 |HopFrequencyOonlah 9 HopFrequencyl on Labl 10 |HopFrequency? on Lab 0

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

EA
[
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e All Data window of Touch Dashboard.

7

BasicData | Graph

AdvanceData I Al IE)ata

QTouch Modular Library User Guide: www.microchip.com

Glossary: www.microchip.com

Button Data

Channel ID

Sensor Type

State

Glossary: www.microchip.com

Slider & Wheel Data

SW Threshold

nnnnnn

Button Data
Sensor Type State | Deita
Shider 0[0]
1 Slider 0[1] 0 0
Stider 0[2]

Slider 0[0]

0

Slider 0[1]

0

Slider 0[2]

* Vertial Zoom: Cirl Key + Mouse Scroll (uncheck "Automatically fit ¥" option).

* Herizontal Zoom: Left-Shift Key + Mouse Seroil

Sensor Data
Channel ID Sensor Type signal Reference Delta c on pF
Slider 0[]
1 Slider 0111 308 508
slider 0121
Represents PTC it value which is oquivalent to sensor capacitance
“Compensation” value can be used ta check whether sensar Is saturated. Refer ta User Gulde
Frequency Hop Data
CurrentFrequency o | G |-1.‘y-\uu,"'--,w‘:-\|..'q 6 HopFrequencionief 2 |Ho 1
Displayed frequencies are auto-tuned by QTouch Library based on nois
Debug Data
c . Missing packet drop
ror state. Zero: no error. Refer “Error et

* Click on “Legend” to enable or disable plot.
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* Load a customized Dashboard Lab3 Touch DataVisualizer.dvws from \DV older of
project to show compact All Data.

Kit Windew x| Start Page = -:: x | [ MPLAB Data Visualizer x

Workspace:  [1) Clear 2 Load. H Save ees | Views: B TimePlot [2] Term I@I »+ | Protocols: [E5 DVRT Session

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

Lab3 Touch_DataVisualizer # © '

coM3 v ¢ W £ Load..

. LEED: L I e e
(x) Variables AW & =5 B
B Lab3_Touch_DataVisualizer.

) FrameCounter siRtEE
TEEESTBEMD:  Lab3_Touch DataVisualizer.dvwrs

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

0 ReferenceQ

ashboard Widgets X Ivan'able Streamers X Icnnnectlnns

) Delta0
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%€ Lab3 Data Visualizer for Touch

* The customized All Data of Dashboard

BasicData | Graph | AdvanceData | AllData 3
|QTouch .ﬂ'loduiarll.ibrary Usel!' Guide:‘wwmmicmchip.com Hvee 88 DA H
Glossary: www.microchip.com
Button Data Sensor Data
Channel ID Sensor Type State Delta Threshold Channel ID | Sensor Type Signal Reference Delta Compensation pF
0 Slider 0[0] 1 26 20 0 Slider 0[0] 534 508 26 17.46225
1 Slider 0[1] 1 145 20 1 Slider 0[1] 655 510 145 17.86725
2 Slider 0[2] 0 1 20 2 Slider 0[2] 512 51 1 21.71475
Slider & Wheel Data : Compensation: Represents PTC compensation circuit value which is equivalent to sensor capacitance
Sensor State SW Delta | SW Threshold ‘ Position "Compensation” value can be used to check whether sensor is saturated. Refer to User Guide
Slider 0 1 168 | 20 | 104 Erequency Hop Data.
Debl;_;g Data CurrentFrequency on Lab3_Touch_DataVisualizer 10
FrameCounter on Lab3_Touch_DataVisualizer 46 HopFrequency0 on Lab3 Touch DataVisualizer 8
QTouchLibError on Lab3_Touch_DataVisualizer 0 HopFrequencyl on Lab3_Touch_DataVisualizer 10
Counter for datastreamer packets. Missing count indicate packet drop : {HopFrequency2 on Lab3_Touch_DataVisualizer 5
Indicates library error state. Zero: no error. Refer "Error Code” section in User Guide Displayed frequencies are auto-tuned by QTouch Library based on noise levels
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Horizontal Zoom: Left-5hift Key + Mouse Scroil. i* Click on "Legend” to enable or disable plot.

Vertial Zoom: Ctrl Key + Mouse Scroll (uncheck “"Automatically fit Y" option).




USB Fundamentals
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USB, Universal Serial Bus

* USB was co-developed by a group of companies, Compagq, 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 i
* E.g. Keyboard, mouse, ICD4 =

¢ USB HUB l Keyboard l 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)
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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. AL
* Up to 127 devices at bus. [_é'ﬁ
» 100 mA Guaranteed for un-configuration pesker

device, bus powered up to 500 mA [_hnte,

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 500mA, 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:

Vs 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
* If the device pull-up D-, the host recognizes that a “Low speed” device has been

connected.

Host

28-440)

’ A A n 28-440Q
15KQ

D+ 28-440 A A A ‘
% Ground

Device/Peripheral

3.3V

1.5KQ
28-440)
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Attached : Full/High-Speed

* |f 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

Ground

Device/Peripheral

3.3V
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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”.

-
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Enumeration Process

o POWERED

A
Power
S~

@

N
Bus Reset
N

/

I
Get Device

Descriptor
¥

Cable Connected

T

} p

™~

Get more

Descriptors @
.
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Descriptors

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

 Configuration Descriptor String 1 ]
* The details of the device, Power mode and needs ?, Num of Interface ? [ ]
String 2
* Interface Descriptor :

* Function Detail,
Num of Endpoint ?

* Endpoint Descriptor
* Transfer Type

* String Descriptor

* Driver Class Specific

* Many more...

[ String n ]

Device

Configuration 1

Interface O

Interface 1

Endpoint n

Endpoint n Endpoint m

Endpoint 0 Endpoint p
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Configuration Descriptor Example

* Device Configuration 1 | Device | [ String 0 ]
* Keyboard with Mouse Set 1 al [ i ]
* Device Configuration 2

¢ Keyboard onIy [ String 2 ]
—Interface 0

Endpoint n

Endpoint

Keyboard
Interface ouT

Interface

Endpoint

Endpoint

Mouse IN .
Interface Endpoint
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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 | . —
Tvoe all transfers of | (Max# transactions per frame | Integrity
~vpe this type @ Max Ep Size)"
Interrupt Fixed, Periodic 10 64 (1x64) Yes
Isochronous | Fixed, Periodic 90 1 ’023 (1x1023) 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 =) . :

| 1ms

SOF
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USB Transactions

* Specification defined maximum packet size for endpoint.

Read a nKB chunk of a file

5 U RHRRE RER -

SOF
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USB Transactions - Require Data

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIiIHHHHHHHHIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Handshake
Packet*

Token Packet Data Packet*
Here is the
data

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 el
Packet

IN ACK

ouT NACK
SETUP STALL
PING NYET

IN : Require Data ERR

OUT : Send Data
SETUP : Control Operation ACK : Accept data
PING : Confirm Device Ready (2.0) NACK : Canet 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

Handshake

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

Handshake

ﬁ\ MICROCHIP

Token Packet




USB Transactions - Send Data, OUT - NACK

Handshake

ouT <Data% NACK
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Token Packet




USB Transactions - Send Data, PING - NYET

Transaction

Handshake
Token Packet
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
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USB Device Library Architecture

[ User Application ]
) )
——m eV o — - —— Y
(" CDC Object 0 cpCObject1 Y [ HID Object0 HID Object1 ( Vendor Object 0 Vendor Object 1
| |
CDC HID ] Vendor |
Instance 0 Instance 1 Instance 0 Instance 1 : Instance 0 Instance 1 :
\_ J J < _ s v
‘I‘_‘|’ r 0
4

f USB Device Object 0 ) USB Device Object 1 )
USB Device Layer

L Instance O Instance 1 )

f USBHS/FS Object 0 . USBHS/FS Object 1 )
USB FS/HS Driver

L Instance 0 Instance 1 )

y
@ USB1

y
@ USB2
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USB Stack Abstraction Model - Initialize & Open

g b Initialize( ) ( 1
)l User Application
initialization.c
APP_Initialize( ); Ready | A
Function Layer 1 Function Layer 2
Harmony </ J
System
Module e
Initialize .
9. { USB Device Layer ]
initialization.c
/* Initialize the USB device layer */ Ready
sysObj.usbDevObject0 = USB DEVICE |Initialize();
Initialize . ‘
0 f 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

r N )
Task . .
9, { User Application
task.c
APP=Tasks( ); Ready ) (~ A
Function Layer 1 Function Layer 2
Harmony </ J
System
Module
Task .
9, { USB Device Layer ]
task.c
/* USB Device layer tasks routine */ Ready
USB DEVICE Tasks(sysObj.usbDevObject0);
Task . ‘
0 | USB FS/HS Driver
. J l J
A
task.c
/* USB FS Driver Task Routine */ Ready @ USB1
DRV USBFSV1 Tasks(sysObj.drvUSBFSV10bject);

@ MICROCHIP



USB Stack Abstraction Model - Initialize & Open

~ ) ‘
Task() { User Application
r )
Open()  Function Layer 1 W Function Layer 2
% Open the device | /
* t &3
Harmony app[g)g?a.ugbs\é\'/(ﬁaﬁé/fer = USB_DEVICE_Open(); - ’
System
Module
Task() { USB Device Layer ]
Open( ) *Auto
Task() Al USB FS/HS Driver
- S L A
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USB Stack Abstraction Model - Register Device Event Handler

Harmony
System
Module

Task - .. ‘
ask() { User Application
N [ )
Function Layer 1 Register DeviceEventHandler( )
[ -
app.c
J \ /* Register a callback with device ... */
USB DEVICE EventHandlerSet();
Task .
U { USB Device Layer ]
Task . ‘
L) { USB FS/HS Driver
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USB Stack Abstraction Model - Powered

Harmony
System
Module

Task() il

1 User Application

app.c
vold APP_USBDeviceEventHandler( )

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

Function Layer 2

[
I Callback Event

I
Task( ) \l

1 USB Device Layer

I Power Detected

USB FS/HS Driver

ra

Task() il
L
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USB Stack Abstraction Model - Attach

Harmony
System
Module

Task() { User Application
N )
USB_DEVICE_Attach( );
Function Layer 1 Function Ilayer 2
J U <
Task() { USB Device Layer ]
Enable D+ Pull-Up
Task() { USB FS/HS Driver

A
@ USB1

ﬁ\ MICROCHIP



USB Stack Abstraction Model — Control Transfer

r ) |
Task() { User Application
- N )
Function Layer 1 Function Layer 2
Harmony S - ’
System
Module
Task() { USB Device Layer ]
Control Transfer (EPO)
Task() Al USB FS/HS Driver
- S L A
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USB Stack Abstraction Model - Set Configuration

" ) |
Task() { User Application
- N )
Function Layer 1 Function Layer 2
Harmony S 7 ’
System
Module
Task() { USB Device Layer ]
Set Conf|iguration
Task() Al USB FS/HS Driver
- S L A
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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 \
Initialize() Initialize()
Task( ) { USB Device Layer
Task() { USB FS/HS Driver
() ussl
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USB Stack Abstraction Model - Function Initialize & Open

Harmony
System
Module

Task() { User Application

A4

Function Layer 1 Function Layer 2
J \\
0 0
TasKD) Tad)
Task( ) { USB Device Layer
Task() { USB FS/HS Driver
() ussl
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USB Stack Abstraction Model - Register Function Event Handler

4 ™ )
Task . .
9, { User Application
app.c )
vold APP_USBDeviceEventHandler( )
case USB_DEVICE_EVENT_CONFIGURED: Function Layer 2
USB_DEVICE_CDC_EventHandlerSet( );
Harmony < T 7 7 <
System ! Callbai:k Event Taslk() Taslk()
Module
Task .
9, { USB Device Layer ]
Task() ‘

USB FS/HS Driver

A 4
i
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USB Stack Abstraction Model - Register Function Event Handler

Harmony
System
Module

Task() { User Application
N [ )
Register FunctionEventHandler()

Function Layer 1 Function Layer 2
J \\ /
0 o
Taslk( ) Task( )

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
(:) USB1
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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

EP ReaIdNVrite Task() Task()
Task() [ USB Device Layer ]
EPJT:/O
Tusk() [ USB FS/HS Driver
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USB Stack Abstraction Model - Functionally Read/Write

Harmony
System
Module

Task() [ User Application ]

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() [ USB Device Layer ]

I Transfer Completed

Task() [ USB FS/HS Driver
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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( );

Functon Layer 1

Function Layer 2

Task() Task()

USB Device Layer ]

Task( ) [

USB FS/HS Driver

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

Harmony
System
Module

Task() [ User Application ]

app.c
APP_USBDeviceEventHandler ()

case USB_DEVICE_EVENT _ENDPOINT READ COMPLETE:
case USB_DEVICE_EVENT_ENDPOINT_WRITE_COMPLETE: | o Layer 2
| € J
I Callback Event Task( ) Task()
|
Task .
ask() [ USB Device Layer ]

I Transfer Completed

Task() [ USB FS/HS Driver
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USB Stack Abstraction Model - Power Removed

Harmony
System
Module

User Application

Task() [

app.c
vold 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

e )
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

r ) :
Task() [ User Application ]
USB_DEVICE_Detach();
Function Layer 1 Function Layer 2
Harmony
System
Module
Task() [ USB Device Layer ]
Disable D+ Pull-Up
Task() [ USB FS/HS Driver
\_ J A

A
@ USB1

ﬁ\ MICROCHIP



USB Stack Abstraction Model - Disconnection

Harmony
System
Module

Task()

Task( )

Task( )

User Application

Function Layer 1

Function Layer 2

USB Device Layer

USB FS/HS Driver
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USB Libraries Maintain at
Microchip Harmony 3
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USB Libraries at MH3

* USB Libraries must be preparation, before develop the USB application.

* Select suitable version of “Harmony 3 - USB solutions” at
MCC Content Manager & Apply it.

B4 MCC Content Manager - Editor - O *

((DEHE
1, Load Manifest & Select Latest Version(; l + Apply al X cancel [y {7 BH
J | Show Local Content Only
Q Type to Search Globally “ Changed Content Summary ( 4) 'v

MCC Content Manager x

- Current Selected
MCC Core Versions Component Category ) )
0 APy Ui Aanmuny 1 Version Version

TraTTOTyY & - TeetwaT ¥ STSCR ol SOIoTonTS
Harmeny 3 - USB

usb e - v3.14.0
solutions

Harmony 3 - USB solutions

(1) usb MPLAB Harmomy license

core Harmony 3 - Core - v313.5

(1) ush_apps device -- A MPLAB Harmeny license
bs Harmeny 3 - Core - v3.20.1

(@0 usb_apps_dual_role -- w cvisis MPLAB Harmeny license
e arm CMSIS - v105.1

- FreeRTOS

(1) usb_apps_host -- ~ MPLAB Harm

(1) usb_apps_multi_controller -- v Apply MPLAB Harmony license

Hamony 3 - Wireless §02.15.4 MAC solutions

license

Hamony 3 - Wireless solutions
Hamony 3 - Wireless RMBD
Hamony 3 - Aeraspace solutions
Hammony 3 - Audio sclutions
Hamony 3 - Cryptography solutions

Hamony 3 - Core

(@ netxduo -- v

Hamony 3 - Micrium uCOS Il port
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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

B4 MPLAB X IDE v6.20 - Labd_USBDevice Devicelayerhnitialize : default - O X
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help [Q Seah (CaeTy
Ralalt L e L —— R T R R A e T et Ty 20@

Configuration Options | =l

Projcts | Files | Sorvices | Resource Mana % | &1 | [ Kit Window = | StartPoge x| FuojectGragh | NEO
MCCv3.5.0 el Yol LY Profilss: View: [Root | |EH

Project Res...| Gen... ” LE | = |£‘ |@ =H-USE Device Laver

¥ Libraries . _ ~Number of Functions =
¥ Harmony peripheral Library Harmm::g:i oo - Number of Endpoints =
¥ Core MEMORY & RTOS (- Special Events
= Core Core Service © - Special Features
» Packs -Endpoint 0 Buffer Size 64w
»_Peripherals -\endor 1D (04D8 |
Ad US; o T — ~Product 1D Selection Enter Product ID V|
¥ Device Stacl Product ID 00000
& USE Device Layer & Core Service Manufacturer String Microchip Technology [ne.
¥ Drivers DRV_USB C Product String Selection Labd_UISBDevice_DeviceLayerlnitialize
gh_L1SE Full Speed Briver | USB Device Layer Add Device Serial Number [
v SystE’:‘. ot & DRV_USB - USE Device Configuration
= cystem USB_DEVICE G
Device Resources ‘ (% Content Manager
¥ Libraries

» & Harmony

Navigator | eviceLayerlnitialize - Dushboard x | o
33 Labd_TEEDevice_DeviceLayerlnitialize ~
H '8 Project Type: Application - Configuration: defau
Device

‘ ATRAMDZIG1E4

4 Checksum: Blank, no code loaded

CRC32: 0x8B6417FE

- Pocks

- SAMDZ1_DFE (3.6.144)

& CMSIS (5.4

gl PEOB nemo (1.13.715)

= ? Compiler Toolchain

H 'ﬁh EC32 (w4.40) [CAProgram FilesMicrochiphs
Y Prodnction Image: Optimization: gee O1 gH
Y’ Device support information: $4MD31_DFP
'ﬁh License: Workstation - cpp - HPAT125 day
() Memory

- (53 Data 32,768 (%2000} bytes

]
€
o]
i

] Data sed: 840 (1x348) Free: 31,928 (1:
< >

@

[=2] QSeamhRewhs EOutpm News Notifications [MCC] *
A%\ MicrocHip




Harmony USB Device - Device Layer Configurator

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

PinTable = (O
Package: [TUFF4E " o Blalolg = o
.............................. olo|le|lelslalalal % Blalg 5 E 5 % 8
2222|222 2|8|EB|g|e|g|g|2[2]2][&]¢8
Moduls Functinn 25 |26 |27 |28 |20 | 30 | 51 | 32|33 |34 |35 36|37 |38 | o 0| a1 42|22
JLEL ) ~
TCC0
TCCO_W04
TCCO_WOS
TCCO_WOE
TCCO_WO7
TCC1_WoD
TCC1_WOl
TCCt
TCC1_Wo2
TCC1_W03
TCCZ_WOO R
TCC2
TCCZ_Wol
USB_DM
TSR TEE_DP
USB_SOF_IKHZ "
2
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Harmony USB Device - Device Layer Configurator

Confirm & Enable GCLK for USB Module

Peripheral Clack Configuration Ed
Peripheral Enable Source Peripheral Clock Frequency
SERCOM2_CORE O GCLED w - ~
SERCOM3_CORE O GCLED w -
SERCOM4_CORE O GCLED w -
SERCOMS_CORE O GCLED w -
SYSCTRL_DFLL4G O GCLED w -
SYSCTRL_FDPLL O GCLED e -
SYSCTRL_FDPLL32K O GCLED e -
TC3, TCC2 O GCLED = _
TC4, TC5 O GCLED “ -
TCLU, TOLT T T_LLd [ —
USB GCLED “ 48,000,000 Hz
WO 1 GCTEND .
L = 1 — 1 1 w
......... o e—

@ MICROCHIP



USB Device API

API functions in usb_device.c

USB_DEVICE_Initialize( )
USB_DEVICE_Deinitialize( )
USB_DEVICE_Tasks( )

USB_DEVICE_Open( )
USB_DEVICE_Close( )

USB_DEVICE_Status( )
USB_DEVICE_ClientStatusGet( )
USB_DEVICE_StateGet( )

USB_DEVICE_Attach( )
USB_DEVICE_Detach()
USB_DEVICE_ActiveSpeedGet( )

USB_DEVICE_PowerStateSet()
USB_DEVICE_ActiveConfigurationGet( )

USB_DEVICE_EventHandlerSet( )

Creates and initializes an instance of the USB device layer
De-initializes the specified instance of the USB device layer
USB Device layer calls all other function driver tasks in this function

Opens the specified USB device layer instance and returns a handle to it
Closes an opened handle to an instance of the USB device layer

Provides the current status of the USB device layer

Gets the current client-specific status of the USB device layer
Returns the current state of the USB device

This function will attach the device to the USB

This function will detach the device from the USB

Informs the client of the current operation speed of the USB bus

Sets the power state of the device
Informs the client of the current USB device configuration set by the USB

Sets up the callback function that will be called from the USB device layer
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USB Device API cont.

API functions in usb_device.c
USB_DEVICE_IsSuspended( )

USB_DEVICE_RemoteWakeupStatusGet( )
void USB_DEVICE_RemoteWakeupStart( )
void USB_DEVICE_RemoteWakeupStop( )
void USB_DEVICE_RemoteWakeupStartTimed ()

USB_DEVICE_ControlSend( );
USB_DEVICE_ControlReceive( );
USB_DEVICE_ControlStatus( );

USB_DEVICE_EndpointStall( );
USB_DEVICE_EndpointStaliClear( );

Returns true if the device is in a suspended state

This function returns the status of remote wakeup capability of the device
This function will start the resume signalling

This function will stop the resume signalling

This function will start a self timed Remote Wake-up

Sends data stage of the control transfer from device to host
Receives data stage of the control transfer from host to device

Initiates status stage of the control transfer

This function stalls an endpoint in the specified direction
This function clears the stall on an endpoint in the specified direction
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USB Device API - Device Handler Register

// Register the Device Driver Layer event handler.
void USB_DEVICE_EventHandlerSet
(
USB_DEVICE_HANDLE usbDeviceHandle,
const USB_DEVICE_EVENT_HANDLER callBackFunc,
uintptr_t context

);

e.g.:

USB_DEVICE_EventHandlerSet

(
appData.usbDevHandle,
APP_USBDeviceEventHandler,
0

);
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USB CDC - Events of Device Layer Event Handler ws wicen

USB_DEVICE_EVENT_RESPONSE APP_USBDeviceEventHandle (USB_DEVICE_EVENTevent , void *pData , uintptr_t context)

{

}

switch(event)

}

case USB_DEVICE_EVENT_POWER_DETECTED : break;

case USB_DEVICE_EVENT_POWER_REMOVED : break;

case USB_DEVICE_EVENT_SUSPENDED : break;

case USB_DEVICE_EVENT_SOF : break;

case USB_DEVICE_EVENT_RESET : break;

case USB_DEVICE_EVENT_DECONFIGURED : break;

case USB_DEVICE_EVENT_ERROR : break;

case USB_DEVICE_EVENT_CONFIGURED : break;

case USB_DEVICE_EVENT_RESUMED : break;

case USB_DEVICE_EVENT_CONTROL_TRANSFER_SETUP_REQUEST : break;
case USB_DEVICE_EVENT_CONTROL_TRANSFER_DATA_RECEIVED : break;
case USB_DEVICE_EVENT_CONTROL_TRANSFER_DATA_SENT : break;
case USB_DEVICE_EVENT_CONTROL_TRANSFER_ABORTED : break;

case USB_DEVICE_EVENT_ENDPOINT_READ_COMPLETE : break;

case USB_DEVICE_EVENT_ENDPOINT_WRITE_COMPLETE : break;

case USB_DEVICE_EVENT_SET_DESCRIPTOR : break;

case USB_DEVICE_EVENT_SYNCH_FRAME : break;

default : break;

returnUSB_DEVICE_EVENT_RESPONSE_NONE;
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USB CDC - Events of Device Layer Event Handler

« USB_DEVICE_EVENT_POWER_DETECTED
* USB_DEVICE_EVENT_POWER_REMOVED
* USB Attach & Detach

* USB_DEVICE_EVENT_CONFIGURED
* USB Configured

 USB_DEVICE_EVENT_CONTROL_TRANSFER_SETUP_REQUEST
« USB_DEVICE_EVENT_CONTROL_TRANSFER_DATA_RECEIVED
* Control Transfer Data Require & Received
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%€ Lab4 USB Device Device Layer Initialize

* Create a new project and add USB FS Driver & USB Device Layer in MHC.
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%€ Lab4 USB Device Device Layer Initialize

 Uncheck “Enable VBUS Sense”
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%€ Lab4 USB Device Device Layer Initialize

* Change “Product String Selection” to “Lab4_USBDevice _Devicelayerlnitialize”
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% Lab4 USB Device Device Layer Initialize

* Code Implementation state

USB DEVICE Initial
TODO 4.01 - TODO 4.03

v

Register USB Device Event Handler
TODO 4.04

v

Implement Device Event Handler
TODO 4.05 - TODO 4.06

v

Implement Response for USB Device Events
TODO 4.07 - TODO 4.10
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% Lab4 USB Device Device Layer Initialize

* Implement below function at app.h.

#tinclude <stdint.h>

#include <stdbool.h>

#include <stddef.h>

#include <stdlib.h>

#include "configuration.h"

#include "config/default/usb/usb_device.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 4.02
bool devicelIsConfigured;
} APP_DATA;
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% Lab4 USB Device Device Layer Initialize

* Implement below function at app.c.

#include "app.h"
#include "usb/usb_device.h"
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 4.03
appData.usbDevHandle = USB_DEVICE_Open(USB_DEVICE_INDEX_©, 0);

appInitialized &= (appData.usbDevHandle != USB_DEVICE_HANDLE_INVALID);
if (appInitialized)
// TODO 4.04

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

break;

case APP_STATE_SERVICE_TASKS:
break;

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

* Implement below function at app.c.

(To copy “APP_USBDeviceEventHandler” callback function form usb_device.h to app.c)
/* TODO: Add any necessary callback functions.
*/

// TODO 4.05
USB_DEVICE_EVENT _RESPONSE APP_USBDeviceEventHandler (USB_DEVICE_EVENT event, void * pData, uintptr_t context)
{

uint8_t activeConfiguration;

intle_t frameNumber;

USB_SPEED attachSpeed;

USB_SETUP_PACKET * setupEventData;

// 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. The application can now call
// USB_DEVICE_Attach() function to enable D+/D- pull up
// resistors.
break;
case USB_DEVICE_EVENT_POWER_REMOVED:
// This means the device is not attached to the USB.
// The application should now call the USB_DEVICE_Detach()
// function.
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.

(remove all code segment at “APP_USBDeviceEventHandler”)
/* TODO: Add any necessary callback functions.
*/

// TODO 4.05

// TODO 4.06

USB_DEVICE_EVENT RESPONSE APP_USBDeviceEventHandler(USB_DEVICE_EVENT event, void * pData, uintptr_t context)
{

uint8_t activeConfiguration;
EY L. - £
IIZD_:I‘!EEI‘\ aﬁ—hf:e;ﬁ# .
LR ETXLID D |l ol miabyviantD
= —PACKET—*—setupbventbDatas

// Handling of each event
switch (event)

case USB_DEVICE_EVENT POWER_DETECTED:

13d VRBLS vald: =
SEE== S

break;
case USB_DEVICE_EVENT_POWER_REMOVED:
H—Fhis—means—the—device—isnet—attached—to—theUSB

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;

} @ MICROCHIP



% Lab4 USB Device Device Layer Initialize

* Implement below function at app.c.

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:
// 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 4.08
USB_DEVICE_Detach(appData.usbDevHandle);
appData.devicelIsConfigured = false;
break;

case USB_DEVICE_EVENT_CONFIGURED:
// TODO 4.09
activeConfiguration = ((USB_DEVICE_EVENT_DATA_CONFIGURED *) (pData))-»>configurationValue;

if (activeConfiguration == 1)
appData.deviceIsConfigured = true;
break;

case USB_DEVICE_EVENT_CONTROL_TRANSFER_DATA_RECEIVED:
// TODO 4.10
USB_DEVICE_ControlStatus(appData.usbDevHandle, USB_DEVICE_CONTROL_STATUS_OK);
break;

return USB_DEVICE EVENT RESPONSE_NONE; g
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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

J

[ User Application
A A A A s
(" CDC Object 0 CDCObjectl ) [  HID Object0 )
CDC HID
Instance O Instance 1 Instance 0
\_ J \_ J
I
[ USB Device Object 0 . h
USB Device Layer
Q Instance 0 )
f USBHS/FS Object 0 ] )
USB FS/HS Driver
L Instance 0 )

l

A

A

(" CDC Object 0 cpcobjectl1 Y [ HIDObjecto
Instance O Instance 1 Instance O
. J L J
T

USB Device Object 0

Instance 0

USB Device Layer

y
@ USB1

USBHS/FS Object 0

Instance 0

USB FS/HS Driver

@ USB1
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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
01h Direct Line Centrol Model [USBPSTN1.2]
02h Abstract Control Model [USBPSTN1.2]
03h Telephone Control Model [USBPSTN1.2]
04h Multi-Channel Control Model [USBISDN1.2]
05h CAPI Control Model [USBISDN1.2]
D6h Ethernet Networking Control Model [USBECM1.2]
07h ATM Networking Control Model [USBATM1.2]
08h Wireless Handset Control Model [USBWMC1.1]
0Sh Device Management [USBWMC1.1]
0Ah Mobile Direct Line Model [USBWMC1.1]
0Bh OBEX [USBWMC1.1]
0Ch Ethemet Emulation Model [USBEEM1.0]
0Dh Network Control Model USBMNCM1.0]
0Dh-7Fh 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 3GPP 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 Class Interface

Data Compression

Y

v

Error Correction

) USB Device
" . Control

Carrier Modulation

Y

v

Y

Data Access Arrangement
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USB CDC Abstraction Model

User Application

CDC Read/Write

l

CDC Function Events

e

.

N
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

@ MICROCHIP



USB CDC ACM Configuration Descriptor Example

usb_device_init_data.c

const uint8_t fullSpeedConfigurationDescriptor[] =

{
/* Configuration Descriptor */
0x09, // Size of this descriptor in bytes
USB_DESCRIPTOR_CONFIGURATION, // Descriptor Type
USB_DEVICE_16bitTo8bitArrange(67), //(67 Bytes)Size
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

of the Configuration descriptor

// Attributes

usb_device init_data.c
const uint8_t fullSpeedConfigurationDescriptor[] =

{

/* Interface Descriptor */

Ox09, // Size of this descriptor in bytes
USB_DESCRIPTOR_INTERFACE, // Descriptor Type is Int
@0, // Interface Number

0x00, // Alternate Setting Number

0x01, // 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 */

0x09, // Size of this descriptor in bytes
USB_DESCRIPTOR_INTERFACE, // INTERFACE descriptor type
1, // Interface Number

0x00, // 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

@ MICROCHIP



Review USB Stack Abstraction Model

* |deally, 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

|
Taski} User Application ]
Function Layer 1 Function Layer 2 ]
armony USB Stack Abstraction Model - Function Initialize & Open
System
Module —_—
i USB Device Layer ] L2 User Application ]
Ser O r.l.rlg WITen
| Function Layer 1 Function Layer 2
Rl USB FS/HS Driver ] [ ] [ ]
—_— Harmony T T
System In r'rr'nllr';ef ) In J'rr'ullr'::’f ]
n Module Tasiy |
] USB Device Layer ]
et 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*/

e

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

[ b Initialize( ) ( ]
>l User Application
r ™
Function Layer
Harmony \ /
System Initialize( )
I
Module e
Initialize .
9, { USB Device Layer ]
initialization.c
/* Initialize the USB device layer */ Ready
sysObj.usbDevObject0 = USB DEVICE Initialize(, & usbDevlInitData );
Initialize() usb_device_init_data.c z
const USB_DEVICE_INIT usbDevinitData =
L 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 . .. 1
ask() { User Application
app.c )
voild APP_USBDeviceEventHandler( )
case USB_DEVICE_EVENT _CONFIGURED: Function Layer
USB_DEVICE_CDC_EventHandlerSet( );
! < y,
0
I Callback Event Task()
| I
Task .
9 { USB Device Layer ]
Task - ‘
9, { USB FS/HS Driver
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USB Stack Abstraction Model - Register Function Event Handler

e N\
Task() { User Application
- N
Register FunctionEventHandler( )
CDC Function Layer
Harmony S T] ’
System Taslki)
Module
Task() { USB Device Layer ]
Task() il USB FS/HS Driver
L y l A
@ USB1
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USB CDC API

API functions in usb_device cdc.c

_USB_DEVICE_CDC_Globallnitialize( )
_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
@SEe
case
case
@SEe
case
case
@SEe
case

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 ﬁggifggg'gtgsate;
* Line coding set & get. iggtttgpt/tf”’
} usgfggﬁjtxﬁgiggg%ﬁéé

* 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 :8;

} 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
@Mlcnocmp



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_O,
&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_O,
&appData.writeTransferHandle,
appData.CDCtxDataBuffer, sizeof( appData.CDCtxDataBuffer ),
USB_DEVICE_TRANSFER_FLAGS_DATA_COMPLETE

);
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%€ 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.

°Let’s go !
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 Basic on Lab4 and add CDC Function Layer in MHC.

%€ Lab5 USB Device CDC Class - Basic TX and RX
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%€ Lab5 USB Device CDC Class - Basic TX RX

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

ﬁ MPLAB X |DE v6.20 - Lab5_USBDevice_CDCClass_Basic_TX_RX : default — [m] x

File Edit View Navigate Source Refactor Production Debug Team Toals Window Help Q- fearch (Tl
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%€ Lab5 USB Device CDC Class - Basic TX RX

e Set LEDs and BTs in Pin Settings

EA Pin Settings - Editor x
Pin Seftings  x (EO
Table View Eazy View
IPiIi:Jlmher Pin ID Cugtom Name Function Mode Direction Latch FullTp  Full Down Duive Strength
18 PE10 Available Diigital High Impedance Low O O NORMAL
20 PB11 Available Diigital High Impedance Low ] ] NORMAL
21 PA1Z Available Diigital High Impedance Low O O NORMAL
27 , DA% Anmil=hkl= Thdenital ui:.l-. Tm:—..=.-l=..-..:e et Lowe D |:| MNORMAL
23 PAL4 BT1 GPIO Digitsl | In '-\7w O [] | NORMAL
24 PALS BT2 GPIO Digitl || In {\Aw O [0 | NORMAL
25 p=———r—= === == = Dii— mgimpesee | Lov O ] | NORMAL
28 PA1T LED3 GPIO Digital Qut w Low MNORMAL
7 PA13 Available Diigital High Impedancz Low O O NORMAL
23 PA1S Available Digital High Impedanc|= $ u ] 0 NORMAL
29 PA20 LED1 GPIO Diigital Qut Vv W MNORMAL
30 PAa21 LED2 GPIO Digital Qut v Low NORMAL
31 \—fA23 Auailable Lligital Highdmpedapde | Low O] [ NORMAL
32 PA23 Available Digital High Impedance -~ | Low O O NORMAL
33 PA24 USB_DM Diigital High Impedance A ] ] NORMAL
34 PA25 USE_DP Diigital High Impedance A O O NORMAL
35 GMDIO Drigital High Impedance Low MNORMAL
36 VDDIO Drigital High Impedance Low NORMAL
37 PEZ2 Available Digital High Impedance Low ] 0 NORMAL
33 PB23 Available Diigital High Impedance Low O O NORMAL
39 PAIT Availahle Diizital Hinh Tmnedance Lo 1 1 NORMAI
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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

v

CDC Data Read
TODO 5.15 - TODO 5.19

v

CDC Data Write
TODO 5.20 - TODO 5.23

v

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

* Register USB Device CDC Event Handler

(To copy “APP_USBDeviceEventHandler” callback function form usb_device_cdc.h to app.c)

// TODO 5.01

// TODO 5.02

//uint16_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

S

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

typedef struct
{

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

// TODO 5.03

uint16_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)

{

éé;e 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;

@ MICROCHIP



%€ 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, ©);

//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;
Iy
default:
{

break;
b
¥
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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;
TR (ETETR S ) 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[@])
{

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);

e
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%€ Lab5 USB Device CDC Class - Basic TX RX

e CDC Data Write

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 5.20 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;
TR (ETETR S ) 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;

//TODO 5.23

break;
’ #include <stdio.h>

e

} void APP_Tasks(void)

{
switch (appData.state)

case APP_STATE_SERVICE_TASKS:

//TODO 5.22
if (appData.cdcWriteCompleted)

if (!BT1_Get())
{

static uintil6_t i = 9;

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);

e
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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)

{

éé;e 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.cdcWriteCompleted = 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 [F7Il:

M sEeEs — O X
BEE BFEQ BBV HBER)
as 78 B RX®

P BAERIIERHHES S
¢ ERRIIEREE
v §@ i#81%18 (COM 1 LPT)

@ Curiosity Virtual COM Port (COM11)
i@ USB F3I#EE (COM16)
R F 88 s L 60B 4 EZ 5l (COMR)
W EBEFRENEERF (COMY)

o SR FERFH

@ s

@ BRRHEMtERER

P Bt

O =

[

- DETRBE

v @ @R EF

[ Bluetooth Device (Personal Area Network)
I3 Cisco AnyConnect Secure Mobility Client\
¥ Intel(R) Ethernet Connection (7) 1219-V
¥ Intel(R) Wi-Fi 6 AX200 160MHz
& Kaspersky VPN
@ WAN Miniport (IKEv2)

svice CDC_Basic TX&RX

= B (COMN)” After configured.

x HE
KECRE
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%€ Lab5 USB Device CDC Class - Basic TX RX

 VID/PID: 04D8/0000
* Product String Selection : “Lab5_USBDevice_CDC_Basic_ TX&RX"

= USB F5I COM18) - RE USB F5I COM18) - RE
t"': %EEE% S O X FIIEE ( ) - RE X FIIEE ( ) - RE X

BEE B @®HEV)  HBN) - mmens EBEL HEEH =g - mmens EBEL HEEH =g
= @ E R B EX® i

— : P P
! gﬁjfiﬁj[?gﬁ}#&%ﬂ%g A RERARE : T T ‘
¢ BRERIERHIRE
v @ @S (COMFLPT)
@ Curiosity Virtual COM Port (COM11)
i@ USB 255 E (COM16)
P BBEFEGOMERFS (COM3)
P EBETBENIZERT (COMY)
o SREERFEH
O B
0 ERERHEMtEEER
P EH
0 =
m ERE
- DEERDE
v @ @R EF
[? Bluetooth Device (Personal Area Network)
I3 Cisco AnyConnect Secure Mobility Client \
¥ Intel(R) Ethernet Connection (7) 1219-V
I? Intel(R) Wi-Fi 6 AX200 160MHz
3 Kaspersky VPN
¥ WAN Miniport (IKEv2) v

USB F3II#E (COM16) ~ USB F3II#E (COM16)

Lr=TAYAY BN

h USB\VID_{MDB&PID_OOOO\G&EFBQM-O]'&1 &3 l Lab5_USBDevice_CDC_Basic_TX&RX l

| 04D8,0000 | | Lab5_USBDevice_CDC_Basic_TX&RX |
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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 ‘

Eile Edit Setup Control Wipfow Help
1 (00001)

LED1~3 toggle when key-in ‘1’,’2’ and ‘3’
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USB Device HID Class
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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,
OxA1l,
ox19,
0x29,
ox15,
ox25,
0x75,
0x95,
ox81,

0x19,
0x29,
ox91,

OxCo
i

0x00,
oxe1,
oxe1,
oxe1,
ox40,
ox01,
ox40,
ox08,
ox40,
0x00,

ox01,
0x40,
0x00,

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

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

// Usage (Vendor Usage 1)
Colsslection (Application)
Usage Minimum
Usage Maximum //64 input usages total (©x01 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 (©0x01 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.

0x00)
OX00FF = 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

\

Task . .. ‘
ask() { User Application
app.c )
voild APP_USBDeviceEventHandler( )
case USB_DEVICE_EVENT CONFIGURED: HID Function Layer
USB_DEVICE_HID_EventHandlerSet ( );
} - J
0
I Callback Event Task()
| I
Task .
9 { USB Device Layer ]
Task . )
9, { USB FS/HS Driver
A g
@ USB1
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USB Stack Abstraction Model - Register Function Event Handler

Harmony
System
Module

Task() { User Application

HID Event Response( )

HID Function Layer

.
0
Task()
Task( ) { USB Device Layer
Task() { USB FS/HS Driver
@ USB1
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USB HID API

API functions in usb_device_hid.c

_USB_DEVICE_HID_Globallnitialize( )
_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_0,

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)

case
case
case
case
case
case
case
case
case
case
CRASE

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

);

ﬁ\ MICROCHIP



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_O,
&appData.writeTransferHandle,
appData.HIDtxDataBuffer, 64

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

@ MICROCHIP



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.

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

/— Check VID/PID (04D8, 003F)

#g Form1 — O X

Togele LED(s)

3
AdJ Get Pushbution St | Syate: Unknown




PC Application - Generic HID Simple Demo.exe

Toggle LED, (OUT Report)

a5 Form1 - O hd
Togzle LED(3) T OXSO 500

Get Pushbution tate: Tnknown




PC Application - Generic HID Simple Demo.exe

o5 Form1 — O *

Toggle LED{s)

(et Pushbutton State ‘Snte:UTﬂmwm\’

Py

Get Push Button State (OUT Report)

\[ox81

(IN Report)

Ox81|| BT




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

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

a IMPLAB X IDE v6.20 - Lab6_USBDevice_HID_Basic_TX_RX : default — [m] x

Fle Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (CalT)
75 B 5@ | - DS ER Howdo I? T @-@-g.g@m

Projcts | Fiks | Services | Resurce Mo x| B[ @ appe x| @|apph x| Kit Window x| ShrtPaze x| ProjectGumph [ V|[=)(E) | Configuration Uptions | [=]
MECvs.3.0 x ‘E REARE4$ »F’l\xgms v Proflles:  Mein o View: Root || =) B
Project Re... [gen | im |l (@@ HID Function Driver
¥ Libraries
v Harmony NVMCTRL Device Family Pack (DFP) Core
v Come Peripheral Library Harmony Core Service
MEMORY < RTOS
» Packs

» Peripherals =2 ©

v UsE
e
# HID Function Driver || I USE Full Speed Driver HID Function Driver
% USB Device Layer @ Core Service © USB_DEVICE
» Drivers LA L) - Instances — =+
» System USB Device Layer Instance 0
USB_DEVICE_HID
@ DRV_USB S
USB_DEVICE ©
Device Resources | {Z Content Manager
¥ Libraries

» & Harmony

Navigator T vice HID Basic TX_RX - Dashboard x | =
2% Vg Lab6_USEDevice HID_Besic_TH_RX ~
- %g Project Type: Application - Configuration: def:

&

@ - Device
= -

=

@ ATEAMD21G184

4 Checksum: Blank, no code loaded

= B CRC32:0:32D19EAL

@ @ Packs

&8 SAMD21_DFP (36.144)

& CMELE (54.0)

- PEOB nano (1.13715)

=-F Compdler Toolshain

- HC32Z (vd 400 [CoProgrom FilesMicrochy
% Produstion Image: Optimizstion: ges 01 &
Dewice support informabion: SAMD21_DE
% Licenss: Workstation - opp - HPAT125 d:

B Moo v
< >

=

P Q, Search Results 5 Ontput  Notifications [MCC] @) 11 | s
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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”

ﬁ MPLAB X IDE w6.20 - Lab8_USBDevice_HID_Basic_TX_RX : default — [m] x
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (i)
PEES D@ o] BB - - D - -G - Q) HR - o) Bovaer T w200

Projects | Fikes | Services | ResowrceMa x| & ape % B opph x| Kit Warlow = | StrtPoge % | Project Guoph = [ |(=) (3] | Configuration Options x | [=]
MCCv5.5.0 x ||j [ §al § X JE3 IPlug:ns: ~ Profils: | Main view: [Root |
Project Re... | Gen. || Im. || E \£| |@ E-LUSE Device Layer
w Libraries . _ Number of Functions Lz
¥ Harmony per:::::‘-r:tmw Harmm::;:; e Number of Endpaints 13

y Core MEMORY __CMSIS Eack #-Special Events

» Packs B Special Features

» Peripherals Endpaint 0 Buffer Size 64

v use vendor 1D 0:4D8

¥ Device Stack ) ) - _ _ Product ID Selection hid_basic_demo ~
» & HID Function Driver UsB Full SDEE_d Driver HID Function Driver I —
& USB Device Layer O ETosIE @ USB_DEVICE Manufacturer String Microchip Technology Inc
» Drivers DRV_USB M |\ tances — -1 Product String Selaction|  Lab6_USEDevise HID Basic_TX_RX
» System m Instance 0 Add Device Serial Numbdr [
USB_DEVICE_HID .
< DRV_USB N, | [ USB Device Configuration
USB_DEVICE
0x04D8, 0x003F
Device Resources ‘ ( Content Manager H H
" i Lab6_USBDevice_HID_Basic_TX_RX
— — — — —

» & Harmony

MNavigator r viee HID Basic TX RX - Dashboard x| =
% ‘B Lab6_USBEDevice_HID Basic TX_RX A
) 38 Project Type: Application - Configuration: def:
(=1 @ Device
= @ ATZAMDI1018A
-@ -4 Checksum: Blank, no code loaded

— E CRC32: 0x32D19EAT
© | g packs
- SAMDZ1_DFF (36.144)

W CMEIE 54D
“ i PKOB nano (1.13715)
o Compiler Toolohain
- EC32 (v 40) [C:\Program Files'Microchiy
% Produotion Imags: Optimization: gec 01 g
- Device support information: SAMDZ1_DE
| Lisense: Workstation - cpp - HPAT125 ¢

2 Wemnry b
< >

o Q Search Results [} Outpnt  Notifications [MCC] [69]] 11 | s
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%€ Lab6 USB Device HID Class - Basic TX and RX

* Change Report Type to “Custom”

ﬁ MPLAB X IDE w6.20 - Lab8_USBDevice_HID_Basic_TX_RX : default — [m] x

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Sk Caliy |
PSS D E e CE-E - D-R-R-QEH B TE Qe =208

Projcts | Files | Services | ResourceMas x| 2 | (B appe % | Elapph x| Kit Window = | StutPage x| ProjeciGrph  x [nQEEe Options x | [E]
MCCv5.5.0 x ||j RERE 4= IPlug:ns: o Profiles: | Main View [Reot | =B
Project Re... ‘GLHL‘ E \£| |§ E-HID Function Driver
w Libraries . _ - Start Interface Number 02
¥ Harmony per:::::‘-r:tmw Harmm::;:; Service - Mumber of Interfaces
» Core T i~ Select Report Type
» Packs - HID Report Receive Queue Size i
» Peripherals ~~HID Report Send Queue Size 1 cu sto m
v UsE < Interrupt IN Endpoint Nurber 1
¥ Device Stack . - - - Interrupt OUT Endpoint Mumber 1
v ® HID Function Driver USB Full Speed Driver HID Function Driver
% HID Function Driver_Instanc... & Core Service < USB_DEVICE
£ USE Device Layer DRV_USE OBl | .o nc o
» Drivers m Instance 0
b System USB_DEVICE_HID
< DRV_USB B
USB_DEVICE
Device Resources ‘ (% Content Manager
¥ Libraries

» & Harmony

MNavigator [ vice_HID Basic TX_RX - Dashboard x| =
2z Vg Lab6i_USEDevice HID Basic_TE RX A
) ?g Pmisot Type: Application - Configuration: def:
=

(=1 @ Device

‘ ATEAMDIIGIBA
-4 Checksum: Blank, no code loaded

E CRC32: 0x32D19EAT

© | g packs

- SAMDZ1_DFF (36.144)

@ CMSIS GAM

- PKOB nano (1.13715)

o Compiler Toolohain

'ﬁ: EC32 (w4 A0) [CAProgram FilesMicrochiy
% Prodnotion Imags: Optimization: gee O1 ¢
'ﬁa Device support informetion: SAMD21_DF
|9 Lisense: Workstation - cpp - HPA7125 de

2 Wemnry b
< >

W Pack updates available for installod packs

Install Pack Updates
o Q Search Results [} Outpnt  Notifications [MCC] @| 11 | s
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%€ Lab6 USB Device HID Class - Basic TX and RX

e Set LEDs and BTs in Pin Settings

EA Pin Settings - Editor — | x
Ripise i e (EE
Table View Eazy View

IPiIl:Jlmher Fin ID Cuztom Name Function Miode Directiomn Latch PullTTlp  Pull Down  Diwive Strength
19 PE10 Available ~|  Digitsl High Impedance ~ | Low O O NORMAL  ~ A
20 PE11 Available w Digital High Impedance - Low ] ] NORMAL  ~
21 PA1Z Available w | Digital High Impedance Low O O NORMAL =
22 , DA17 #umilzhl= . T zital Hich Tmpedance Low O] | NORMAL
23 PA14 ET1 GPIO ~v|  Digital In '-\7\# O O MORMAL -
24 PA1S BT2 GPIO ~v|  Digital In {\Aw O] | MORMAL
25 p=———r—= === == = DR mchtpesee v | Lov O O |mnormaL
5 PALT LED3 GPIO w | Digital Cut v || Low MORMAL
27 PA18 Available w Digital High Impedancfz Low O O NORMAL  ~
23 PA1S Available w | Digital High Impedanc|= $ u ] 0 NORMAL
29 PAZD LED1 GPIO w | Digital Out W NORMAL
30 PAZ1 LEDZ GPIO w | Digital Cut ST MORMAL
31 -5 Auailable seetl Dligtal Highlmpadanée ~ | Low O] O MORMAL  ~
32 PA23 Available ~ Diigital High Impedance Low O O NORMAL  ~
33 PAZ4 USB_DM s || Dagatal High Impedance nfa O] | NORMAL
34 PA25 USE_DP - Drigital High Impedance A O O NORMAL  ~
35 GMDIO Drigital High Impedance Low NORMAL
36 VDDIO Drigital High Impedance Low NORMAL
37 PEZ2 Available w | Digital High Impedance Low ] 0 NORMAL
33 PE23 Available w |  Digital High Impedance -~ |  Low O [ NORMAL  ~
39 PAIT Availahle Diizital Hinh Tmnedance Lo 1 1 NORMAI h
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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_©, USBDeviceHIDEventHandler, 0);
appData.deviceIsConfigured = true;

break;

;é%urn 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, ©);

//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;
Iy
default:
{

break;
b
¥
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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_ O, &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);

e
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4 Lab6 USB Device HID Class - Basic TX and RX

* HID Sent Report

typedef struct

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

// TODO 6.15

volatile bool HIDReportSent;

USB_DEVICE_HID_TRANSFER_HANDLE SentTransferHandle;

uint8_t HIDSentDataBuffer[64] _ attribute__((aligned(32)));

} APP_DATA;

void APP_Tasks(void)

switch (appData.state)

case APP_STATE_SERVICE_TASKS:

e

// TODO 6.14
if (appData.HIDReportReceived)
{

switch (appData.HIDReceivedDataBuffer[0])
{

case 0x80: LED1 Toggle();

USB_DEVICE_CDC_EVENT_RESPONSE USBDeviceHIDEventHandler

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

)
{ .
switch (event)
case USB_DEVICE_HID_EVENT_REPORT_SENT:
// TODO 6.16
appData.HIDReportSent = true;
break;
}
return USB_DEVICE_HID_EVENT_RESPONSE_NONE;
¥

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

break;
// TODO 6.17
case 0x81:
{
LED2_Toggle();
appData.HIDReportSent = false;
appData.HIDSentDataBuffer[0] = 0x81;
appData.HIDSentDataBuffer[1] = BT1_Get() & 0Ox01;
}
break;
}

appData.HIDReportReceived = false;
USB_DEVICE_HID ReportReceive

(USB_DEVICE_HID_INDEX @, &appData.ReceivedTransferHandle, appData.HIDReceivedDataBuffer, 64);
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Lab6 USB Device HID Class - Basic TX and RX

 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)

{

éé;e 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;

@ MICROCHIP



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

* The device list at Device Manager, Named “& & HID 12 M EERIEE" After
configured.

A sEgES -
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s @ E B ERXE

v & AdamSyu-P1

& HID SENEBEREE - A8
—f  EBEL FAAN S

Fas HE HID RENEEEREE

§ Microchip Tools iﬁgm
, § USB@EmEES
v R ABENERE EV
M HID-compIiant device HID\VID_04D8&P|D_003F\9&150EF8E0&0&0000
R USB BARE
i USB MARE
o USB MARE
R USB MARE

W S HID RERNRZIEHIR
ff & HID RERNHEEEHIEE

Bl 235 LUD A58 #E 54 35 T 2 o0 )| At
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e EF HID £
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§ cosamans
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Su TRUEHIS
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[P Etes

® fais

q 5% RARESLHS

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

* 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.

o5 Form1

Togzle LED(s)
(Get Pushbution State

State: Unknown

Shows BT1 status when BT1 be pressed

LED1 toggle by click ‘Toggle LED(s)’
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