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Soft Request In this Course

® MPLAB® X IDE V6.20 https://www.microchip.com/mplab/mplab-x-ide

¢ MPLAB® XC32 V4-45 https://www.microchip.com/mplab/compilers

* MPLAB® Code Configu rator V5.5.1(|nstal| in MPLAB X IDE Plug-in)
 SAMD21 DFP v3.6.144 (Device Family Pack download from X IDE \Tools\Packs)
e CMSIS v6.1.0 (Common Microcontroller Software Interface Standard)
* MCC Core v5.7.1 (MCC Content Manager)

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

Csp

3.19.6

* harmony-services 1.5.0

* quick_docs

CMSIS_5

5.9.0
1.7.0

° Optional Content (Manual select in Content Manager)

wireless_wifi v3.11.1 filex

net v3.12.3 littlefs

usbh v3.14.0 zlib

dev_packs  v3.18.1 Wolfss|
wolfMQTT vl.11.1 CMSIS-FreeRTOS
crypto v3.8.2 bsp

core v3.13.5

v6.4.0 rel
v2.9.3
v1.3.1
v5.7.0
v10.5.1
v3.20.1

(Lasted Update : 2024/10/31)
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SAMD21 EVB
APP045 v4.2 ES.e Introduction
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APP045 v4.2 ES.e Features

* On board SAMD21G18A 32Bit ARM Cortex MO0+ Microcontroller
* Support plugged MPLAB SNAP external programmer/debugger
* Onboard USB CDC Virtual COM Port and Power Current Monitor
* Multiple Power Supply Source
* Li-on Battery, boost/charger supported (Optlon)

* 2 x Buttons, 3 x LEDs g
*1 x 12C Temperature Sensor

*1 x 12C EEPROM with Unique ID

*1 x 12C Accelerometer

* 1 x MicroSD Socket (SPI interface)

*1 x SPI OLED (128 x 64, SSD1306 Compliant) L=
* 1 x Potentiometer, Analog Temperature Sensor and Buzzer

1 x Capacitive QTouch® Slider & Buttons with Driven Shield

*1 x mikroBUS™ Click Board Socket

* 1 x Arduino® Shield Socket (Arduino MO Pro board Compliant)

13e9C5- 2!
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APP045 v4.2 ES.e Overview

SD Card Socket Li-Polymer Battery
Reset Buttor [McPo800AS (1201
SWD / ICD / ICSP {24AA025E64 (12€) |
UART to USB CDC ,
USB Virtual COM - G-Sensor
OLED (128x64) |~ (414 & NI | SERCOM Switch
PAC1720 S = Wl L omsem . QN m& 35;8%2:;30%5 [ sAMD21G18A
Current monitor | e : 2&%@9‘-“ = T
Y =T xzb%‘a . Buzzer
LEDS ‘ S n 7 - »
Native USB ’
DC Jack (9~12V)
MIC287I7 1 mikroBUS Shield
290sHHEEY ato] 1 Arduino Shield
MIC29300
LDO Regulator User Buttons
MCP1826S |__Driven shield |
LDO Regulator 1 MCP9700A
Potentiometer { 32K Crystal
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APPO045 v4.2 ES.e Programmer and Debugger

| MPLAB PICkit4 | MPLAB SNAP
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APPO045 v4.2 ES.e Block Diagram

CDC USB ( _
PL.NIPS .| UART to USB CDC OLED Micro SD
>~ L(Virtual COM Port) 128x64 Card Socket
9~12V 1 1 1
" MIC29300 [ MIC2877 } 12C | . 33ve UART SP! 12¢
3.0A LDO Boost PAC1720 =
__ Regulator Regulator [ Power RZi:;iir 5[ / \
Monitor /<
 MCP1826S T sense |
LDO Resistor VBAT ¢ SAMD21G18A
(__ Regulator ) —{ =2} 1 ARM Cortex-MO0+
; 'ADC
—~ _ R
< @ < >
o’ \_ /
Native USB USB ™
lPTC 1 GPIO 1 PWM
LEDs Buzzer
Buttons

MCP9700A
Temperature
Sensor

-

J

VR
Potentiometer
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SAMD21 EVB
APP045 v4.2 ES.d Introduction
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APP045 v4.2 ES.d Features

* On board SAMD21G18A 32Bit ARM Cortex M0+ Microcontroller
* Support plugged MPLAB SNAP external programmer/debugger
* Onboard USB CDC Virtual COM Port and Power Current Monitor
* Multiple Power Supply Source

* Support Li-on Battery, boost and charger

* 2 X Buttons, 3 x LEDs

*1 x 12C Temperature Sensor

*1 x 12C EEPROM with Unique ID

*1 x 12C Accelerometer

* 1 x MicroSD Socket (SPI interface)

*1 x SPI OLED (128 x 64, SSD1306 Compliant)
* 1 x Potentiometer, Analog Temperature Sensor and Buzzer

1 x Capacitive QTouch® Slider & Buttons with Driven Shield

*1 x mikroBUS™ Click Board Socket

* 1 x Arduino® Shield Socket (Arduino MO Pro board Compliant)
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APP045 v4.2 ES.d Overview

SD Card Socket Li-Polymer Battery
Reset Button
SWD /ICD /ICSP |
PIC16F1455
USB Virtual COM G-Sensor
OLED (128x64) | SERCOM Switch
PAC1720 { SAMD21G18A
Current monitor e EEEAS B | Buzzer
LEDs S RN : i mg,gsgosrgtam ﬁ f&‘ ¥ R gl = MCP73831T
Native USB S = ‘ b - 0? : e Battery Charger
DC Jack (9~12V) : ; = AU [ mikroBUS Shield
MIC2877 1 Arduino Shield
Boost Regulator
= User Buttons
LDO Regulator _
MCP1826S 1 MCP9700A
LDO Regulator | 32K Crystal
Power Switch
Potentiometer _
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APPO045 v4.2 ES.d Programmer and Debugger

|_MPLAB PICkit4 | MPLAB SNAP Li-on AA Battery

\MPLAB |
Pl <iT 4

AV CEINE LT O L

Noo®oOoOOO °

A MicrocHIP 52 3
32 =

doocoo0oOm

ALEENLAN

MICROCHIP u
APPD45S v1 20 e

T

Mn

@ MICROCHIP



APPO045 v4.2 ES.d Block Diagram

CDC USB
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MPLAB® Harmony
Key Concept

MASTERs 19 DEVS8 referenced
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MPLAB® MCC Harmony Key Concept

Architecture
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MPLAB® MCC Harmony Key Concept

Modularity and Compatibility

* Implements a single functionality

* A module has an interface and an implementation =
* Hides implementation from the user HY

 Modules interact through interface ~

* No access to internal data

y f

y |

4 I
/ v

* Modules are compatible
* Adding new modules does not break existing functionality

 State machine ready for RTOS

= pLB&
\\ DRIVER
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MPLAB® MCC Harmony Key Concept

Compatible State Machines

* Modules interact with each other through Interface Functions.

* Effectively Independent.
* No assumptions of sequence or timing between modaules.

<L APICalls

ﬁ Calls Back

Peripheral
Library

(PLIB)
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MPLAB® MCC Harmony Key Concept
Configurability and Flexibility ml

* Single-client or multi-client

* Bare-metal or RTOS W
» Blocking or Non-blocking i W
- DMA or Non-DMA M

e Other library specific options

Driver * Use only PLIBs or combination of drivers and PLIBs
* Porting the project from one folder/machine to another
* Modular download
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Harmony System Service
Introduction

Manage the Common and Shared Resources
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Harmony System Service Introduction

Manage the Common and Shared Resources

* Provides common functionality required by different drivers or library modules.

* Manages shared resources.
* Eliminates potential conflicts.
* Keeps the requests separate.

Application DIIVETS]

FILE
SyStem SENVICE

NIME COMMAND

System| Service System iSenvice

DEBUG

System  Service

CONSOLE

System SEnVice
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Harmony System Service Introduction

* TIME System Service

* CONSOLE System Service

 DEBUG System Service

* COMMAND processor system service
* FILE SYSTEM service
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TIME System Service

Harmony System Service
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TIME System Service

* Introduction

The Time System Service Library can provide periodic or one-shot alarm and delays to
the user.

It uses a hardware timer peripheral library for providing its timing services.
* Key Features:

* Periodic notifications

* One-shot/single notification

* Delays

* Support for both tick-based and tick-less modes

* Tick-less mode:

Instead of getting interrupted from the hardware timer periodically, the Time System Service

manages the hardware timer so as to generate an interrupt only when required and at appropriate
times.

* Tick-based mode:

A periodic interrupt is generated by the hardware timer. The tick-rate is configurable by the user and
defines the resolution for all the timers.
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TIME System Service

/—-\

Periodic
Timer
Callback

Application
Client

TIME

System Service

LUNE 4T

Tick-less and Tick-based

O Request for periodic or non-periodic timeouts
O Set next compare match value (tick-less)
ﬁ Timer Compare Interrupt (tick-less)

ﬁ Timer Period Interrupt (tick-based)

0 Application Callback (from interrupt context)
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TIME System Service

 Harmony Configuration

Configuration Options =-=]

=] [+

=-TIME

- se Systick?

- PLIB Used
~MHumber of Clients
- Jperating Mode
= Tick Rate (ms)

TC3
Paripheral Library
TMR

[
TC3

T
TICK BASED

=

- Ise Floating Point Calculations? |:|
x | -~achievable Tick Rate Resolution {ms):1.0ms

sws_time (3= TIMED
Generic Capability

Current Consumers
Available Consumers

Configuration Options X]

=l #

E-TIME
i’""USE Systick? |:|
- PLIB Used TC3
%----Number of Clients V)=

-Operating Mode | TICKLESS

AmazonHWInterface (AmazonHWiInterface)
SD Card (SPI) (drv_sdspi)

External Controller (gfx_driver_external)
ILI9488 (gfx_driver_ili9488)

SSD1309 (gfx_driver_ssd1309)

SSD1963 (ghx_driver_ssd1963)

LE External Controller (le_gfx_driver_external)
LE ILI9488 (le_gfx_driver_ili9488)

LE SSD1963 (le_gfx_driver_ssd1963)
wolfCrypt Library (lib_wolfcrypt)

TCPIP CORE (tcpipStack)

Host Layer (usb_host)
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TIME System Service

API functions of the Time System Service library.

e System Functions
SYS_TIME_Initialize
SYS_TIME_Status
SYS_TIME_Deinitialize

* Timer Functions
SYS_TIME_TimerCreate
SYS_TIME_TimerDestroy
SYS_TIME_TimerStart
SYS_TIME_TimerStop
SYS_TIME_TimerCounterGet
SYS_TIME_TimerPeriodHasExpired
SYS_TIME_TimerReload

e Callback and Delay Functions
SYS_TIME_CallbackRegisterMS

SYS_TIME_CallbackRegisterUsS

SYS_TIME_DelayMS
SYS_TIME_DelayUs
SYS_TIME_DelaylsComplete

Initializes the System Time modaule.
Returns System Time status.
Deinitializes the specific module instance of the SYS TIMER module

Creates and initializes a new 32-bit software timer instance.
Destroys/deallocates a software timer instance.

Starts a software timer running.

Stops a running software timer.

Gets the elapsed counter value of a software timer.

Reports whether or not the current period of a software timer has expired.
Reloads (or reinitializes) the software timer instance.

Registers a function with the time system service to be called back when the
requested number of milliseconds has expired (either once or repeatedly).

Registers a function with the time system service to be called back when the

requested number of microseconds have expired (either once or repeatedly).

This function is used to generate a delay of a given number of milliseconds.
This function is used to generate a delay of a given number of microseconds.
Determines if the given delay timer has completed.
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TIME System Service

API functions of the Time System Service library. (cont.)

* Counter and Conversion Functions

SYS_TIME_Counter64Get
SYS_TIME_CounterGet
SYS_TIME_CounterSet
SYS_TIME_CountToMS
SYS_TIME_CountToUS
SYS_TIME_MSToCount
SYS_TIME_USToCount
SYS_TIME_FrequencyGet

* Data Types and Constants
SYS_TIME_INIT
SYS_TIME_CALLBACK
SYS_TIME_CALLBACK_TYPE
SYS_TIME_RESULT
SYS_TIME_HANDLE_INVALID
SYS_TIME_HANDLE

Get the common 64-bit system counter value.

Get the common 32-bit system counter value.

Sets the common 32-bit system counter value.

Converts a counter value to time interval in milliseconds.

Converts a counter value to time interval in microseconds.

Convert the given time interval in milliseconds to an equivalent counter value.

Convert the given time interval in microseconds to an equivalent counter value.

Gets the frequency at which the hardwaer timer counts.

Defines the data required to initialize the TIME System Service
Pointer to a time system service callback function.

Identifies the type of callback requested (single or periodic).
Result of a time service client interface operation.

Invalid handle value to a software timer instance.

Handle to a software timer instance.

Detail in \[Your HarmonyFramework Directory]\core\doc\help_harmony_core.chm
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TIME System Service

* No periodic timer tick, reduces overhead of periodically servicing interrupt.

* Provide time resolution in terms of hardware time clock.
* CPU can stay in low power and wakeup only when its time to act.

Client Request

Timer Linked List

Timer Compare

Compare = 160 —»

Compare = 130 —»

Compare= 75 —»

Compare = 35 —»

A

ClientA: 130ms | 130 Compare = 130
ClientB:160ms | 130 [ 30 Compare = 130, 160
ClientC: 35ms 35 95 30 Compare = 35, 130, 160

55 | 30 Compare = 35, 75,130, 160

[

Client A Callbackw._ Client B Callbackw_.

4—

35

55 ><

30

—

»
»
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TIME System Service

Periodic
Timer
Callback ] ] _
Application
Periodic
Timer
Callback

Application

Register Callback

Callback

Request Delay

“Application”
Client-3
(34ms)

Polling Status

Booo
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TIME System Service

Timerl
Callback

Timer2
Callback

Application
Client-2

Timer1Callback
Timer2Callback
null

void TimerlCallback(..)

TimerlExpired = true;

void Timer2Callback(..)

Timer2Expired = true;

void Appl_Task()
SYS_TIME_CallbackRegisterMS(TimerliCallback, ©, 85,

SYS_TIME_PERIODIC);
}

void App2_Task()
SYS_TIME_CallbackRegisterMS(Timer2Callback, @, 20,

SYS_TIME_PERIODIC);
}

void App3_Task()
! SYS_TIME_HANDLE tmrHandle;
SYS_TIME_DelayMS(34, &tmrHandle);
while(1)
if( SYS_TIME_DelayIsComplete(tmrHandle) == true )
state = APP_DELAY_COMPLETE;
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A New MCC Harmony Project
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A New MCC Harmony Project

* Create a new 32 bits MCC Harmony Project

B4 MPLAB X IDE v6.20

File Edit View Navigate

[©) Newrrojet. |
—A

)

Open Project...
Open Recent Project

Import

Source Refactor Prod

Ctrl+Shift+N
Ctrl+N

Ctrl+Shift+0O

OR

B4 MPLAB X IDE v6.20

File Edit View Navigate Source Refactor Prog

ﬁ H @
Projects

Not hint for,this'stepfanymore after,Labl
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A New MCC Harmony Project

* Categories : Microchip Embedded
* Projects : Application Project(s)

4 New Project

Steps Choose Project

l. Choose Project
2.

EJ Library Froject

Description:

Creates a new application project. It nses an [DE-generated makefile to build vour
project.

< Back Finish Cancel Help .
AN A8\ MicrocHiP




A New MCC Harmony Project

* Family
* Device
* Tool

: 32-bit MCUs (PIC32C/SAM)

- ATSAMD21G18A <Please do not miss any character of your part number

: Snap-SN:BURXXXXXXXXX

B4 New Project

Steps Select Device
l. Choose Froject
2. Select Device . : -
3. Zelect Header Family: 32-bit MCUs (PIC32C/5AM) ~ < Optional |
4, Zelect Flugin Board .
5. Select Compiler Device: | ATSAMDZ1G18A o Type in correct part number
6, Select Froject Name and
Folder Tool: | Snap-SMNBUR1S3076017 | [ Show All Select Debugger if connected
7. {Dptional) Add Frogect

-

< Back Add Another Project Finish Cancel Help
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A New MCC Harmony Project

Select latest XC32 Compiler.

* XC32

* XC32 (v4.45) [C:\Program File\Microchip\xc32\..)

B4 New Project

Steps

Select Compiler

Choose Froject

select Device

select Header

=elect Flugin Board
Select Compiler

select Froject Name and
Folder

iptional) Add Frogect

-1 S bn Bl D =

Compiler Toolchatns

Select latest XC32 compiler

< Back

Add Another Project |

. ‘ .'

Finish

Cancel

Help
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A New MCC Harmony Project

* Project Name

: Lab1l_SYS TIME_Delay

* Project Location : C:\Exercises\Lab1l SYS TIME_Delay

* Project Folder

. C:\Exercises\Lab1l_SYS_TIME_Delay\ Labl_SYS_TIME_Delay.X

B4 New Project

Steps

>

Select Project Name and Folder

Choose Froject

select Device

select Header

=elect Flugin Board
zelect Compiler

Select Project Name and

= R

Folder
7. {Dptional) Add Frogect

MPLAB
X IDE
w

Project Name:

Labl SYS_TIME Delay
ChExercises\labl SYS TIME Delay

Project Name will be the Folder name

Project Location: ‘ Browse. ..

Project Folder: Y5 TIME Delavilabl SYS TIME Delay. X

Craerwirite existin STRTE

Alzo delete sources,

Set as main project

L[] Open MCC on Finish Check this will open MCC after Finish

[ ] Use project location as the project folder

Encoding: [5C-8850-1 v

< Back

Add Another Project Mext =

C o o] o
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New Download of
MCC Harmony Framework

MPLAB Code Configurator(MCC) Plugin v5.4.x above
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A New MCC Harmony Project

New Download of MCC Harmony Framework

* Lunching the m in MCC Content Manager to download Required Content.
» Default required Modules : csp, harmony-services, CMSIS 5 and quick_docs.

Start Page = | MCC Content Manager = ‘ 4w

=

Content Download Required - -
Some of the required content is not available locally. Following content will be downloaded: It Wl" ta ke abOUt 10 mins to download

To change content versions later, access the Content Manager from Device Resources.

Start Page x| MCC Content Manager = (rv@
v Required Content - P
Import

Content download is in progress. [ Please expand the table rows to check the individual download status.

Component Tl Version Update progress Description

To change content versions later, access the Content Manager from Device Resources.

* Harmony 3 - Chip Support Package

* Harmony 3 - Harmony Services
harmony-services v1.5.0 Defa u It M od u Ies
N required for new projects

(=)
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A New MCC Harmony Project

New Download of MCC Harmony Framework

* Lunching the

z contentManager | jn “Device Resources” window of MCC Harmony.

Projects | Files | Services | Resource Management [MCC] x |  |[ StartPage x| Kit Window x| Project Graph x| [« >1(=)@)[ Configuration Options * | =
MCCv5.4.1 = . - .
- x|l3 REERE *|~EI> P’lugms: w Profiles: Mam -~ View: Root
Project Resources | Generate || Import... | Export | @ || @
v 1 .
Libraries NVMCTRL
» Harmony Periphersl Library Device Family Pack (DFP)
v Syst MEMORY
em
ys - CMSIS Pack
2 System
Device Resources (Z Content Manager
¥ Libraries “
© Harmony =
Search Results | Output | Notifications | News = | Notifications [MCC] | =
. . . . ~
[o 1. [December 06, 2023] cecl73x_soteria_lib v3.3.0 update is now available ]
[ﬂ 2. [Movember 09, 2023] PIC32CXBZ3/WBZ35 Wireless ZigBee and BLE stack v6.0.0, BLE v1.2.0, Application v1.0.0 Release ]
[o 3. [October 18, 2023] wireless Application for PIC32MZW 1/WFI32 v3.8.0 Update ]
[ﬂ 4, [October 18, 2023]  Wireless System for PIC32MZW 1/WFI32 v3.8.0 Update ] v

o () Mavigator Labl_SYS_TIME_Delay - Dashboard
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A New MCC Harmony Project
New Download of MCC Harmony Framework

* Input “wireless_wifi” in search window.
* Under “Harmony 3 — Wireless solution” > “wireless_wifi” select to “v3.11.1".

Start Fage x| Froject Graph x| MCC Content Manager x| 4 p wil

10
Select Export/Import Option | T, Load Manifest [ Select Latest Version(s) ~" Apply b X Cancel Y 9 4:?}

" Device Content Type Show Local Content Only
wireless_wifi ( 1 '
Q - c v | ATSAMDZ1G18A X v | | HARMONY X v |

Component Tl Version Status Update progress Description License Agreement

“ Harmony 3 - Wireless solutions

() wireless_wifi MPLAB Harmony license
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A New MCC Harmony Project

New Download of MCC Harmony Framework

* In Content Manager, it will automatically select necessary dependences modules.

Start Fage = | Froject Graph = | MCC Content Manager = |

Select Export/Import Option ‘

Component 1!

~ Harmony 3 - Wireless solutions . -
wireless_wifi

() wireless_wifi

net
usb

wolfMQTT

crypto

core

Category

Harmony 3 - Wireless
solutions

Harmony 3 - Metworking
Stack and Solutions

Harmony 3 - USB solutions

Harmaony 3 - WolfS5L
solutions

Harmony 3 - Cryptoegraphy
solutions

Harmony 3 - Core

Q  wirel “ Changed Content Summary (10 )

Current Selected
Version Version

- v3.11.1

- v3.12.3

-- v3.14.0

-- v1.11.1

- v3.8.2

- v3.13.5

LR g

X Cancel [ 9 ﬁ!}

Show Local Content Only

License Agreement

MPLAB Harmaony license
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A New MCC Harmony Project

New Download of MCC Harmony Framework

* Lunching the in MCC Content Manager to download Optional Content.

Start Fage = | Froject Graph = | MCC Content Manager = |

Select Export/Import Option ‘

Q  wirel

Component 1!

~ Harmony 3 - Wireless solutions . -
wireless_wifi

() wireless_wifi

net

usb

wolfMQTT

crypto

core

“ Changed Content Summary (10 )

1, Load Manifest

Category

[ Select Latest Version(s)

v

LR g

X Cancel [ 9 ﬁ!}

Show Local Content Only

It will take about 15 mins to download

Harmony 3 - Wireless
solutions

Harmony 3 - Metworking
Stack and Solutions

Harmony 3 - USB solutions

Harmaony 3 - WolfS5L
solutions

Harmony 3 - Cryptoegraphy
solutions

Harmony 3 - Core

version

Version

v3.11.1

v3.12.3

v3.14.0

v1.11.1

v3.8.2

v3.13.5

License Agreement

MPLAB Harmaony license
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A New MCC Harmony Project
New Download of MCC Harmony Framework

* MCC Harmony Configurator Interface.

3 MPLAB X IDE — O %
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help |Q~ Search (Ctel+1) |
ﬁ % E@ @ default ~ - ? '%' D --- -@ E@' mi"- i‘ﬁ-' IPC:O)(Ul How do 17
Projects IFilcs IScrviocs [Rfmuroc Management [MCC] x] = || Kit Window x] Start Page xl Froject Graph xl O Configuration Options "1 =
MCCv5.3.0 x ||i EAEE 4 ‘EI lP]ugms: +| View: [Reet ~|| 2
Project Resources ‘ Generate H Import... | Export | [7] || @ = System
R . Device & Project Configuration
¥ Libraries
NVMCTRL Cortex-M0+ Configuration
¥ Harmony Beriphars| Library Ports
MEMORY
P Packs Clack
¥ Peripherals riterrupts (NVIC)
DM (DMAC)
¥ EVSYS
o WDT
 EVSYS PaC
¥ NVMCTRL : :
O NVMCTRL E==n)
¥ System
O system
Device Resources Content Manager
¥ Libraries
¥ Harmony
Core
Drivers
Libraries
Peripherals

>
>
»
>
» System Services
»
>
»
»

Third Party Libraries Output | Search Results | Notifications [MCC] | News x| el
Tools [o 1. [March 10, 2023] 10BASE-T1S package v1.2.0 and v1.2.1 Update J ~
Yy
-~ use [o 2. [March 10, 2023] Met Applications for SAMA7GS package v3.0.0 and SAM9X75 package v3.0.0 are now available _]
Wireless
[o 3. [March 10, 2023] Net Package v3.9.1 Update J
delay - Dashl 1 =
LIS LS L2 board | Navigator x| [0 4. [March 10, 2023] Wireless Application for WINC1500 v3.7.0 Update J
<MNo View Available= ( v
F .
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* Labl Delay based LED toggle

*Try add TIME System Service to create a delay for toggle LED1 in one second period.
*The LED1 is high active on pin PA20.
* Select PLIB TC3 as timer source of your TIME System Service.

( ”//
J_Q | FDN337N
PA20/PWM(TCCO.6)
BSI1
L a RSL_A A LOOK RS2 100K
A
i
3 3v|—LED2 H Green RS6 A 470 oa\ — |GND
FDN337N
PA21/PWM(TCCO.7)
BSI12
*A
v/
3 3y |LERS H Green RSO aa A 470 L — |GND
J_Q | FDN337N
PA17/SCK._SCL(S1.1)/PWM(TCC2.1, TCCO.7)
BS13
aD RS7T A ALK LRSS AAAALOK 4o
*A
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* Labl Delay based LED toggle

* MCC Harmony Configuration (Add TIME System Service)

Not hint for,this step B Components auto-activation
Re— * - | RMOTTETILS dUlLU - UL LY ><
anymore after
Confirmation o
Device Resources Content Manager
‘ . . P
Libraries Core (HarmonyCore)
¥ Harmony Are you sure you want to activate these
» Core components?
o e
» Libraries '
» (0 Peripherals
mC ents auto-activa X
¥ System Services
' COMMAND _ _
- Confirmation o
) CONSOLE
©) DEBUG
7 FILE SYSTEM FreeRTOS (FreeRTOS)
= Are you sure you want to activate these
O TIME - f
) | components? Select to “No”
» Third Party Libraries — '
- | Yes | ’ No ’
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* Labl Delay based LED toggle

* Harmony Configuration (Add TIME System Service)

¥ Harmony
» Core
» Packs
» Peripherals

¥ System Services

Proj- | Files | Serv-- | x| &=
MCCv5.2.0

Pro...| Ge.. | I... | |0 || @
¥ Libraries

O TIME
¥ System
O System

Project Graph XI

x|a-...*|*lil*|l}lugins: iy

Device Family Pack (DFP)
Peripheral Libr
EESS CMSIS Pack

MNVMCTEL
Peripheral Library
MEMORY

Harmony Core Service
o RTOS

Core Service O

TIME
System Service
TC3 2 Core Service
Peripheral Library SYs_TIME ©

TMR .- TMR

Select TC3 as Timer Source
of TIME System Service
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* Labl Delay based LED toggle

* Harmony Configuration

Froject Graph XI

x|ﬁﬁ@3*|'@*|1}1ugins: -

EVSYS Device Family Pack (DFP)
Peripheral Lib
e CMSIS Pack

Core

MVYMCTEL
Peripheral Library

Harmony Core Service

o RTOS

Core Service O

MEMORY

TIME
System Service

Z Core Service
SYS_TIME ©
TMR

TC3
Peripheral Library
TMR

Number of Clients to depend on your usage
Make sure it always enough for

System Service and your APP

Configuration Options "‘]

(=] [+

=-TC3
~Counter Mode  Counter in 16-bit mode -
~Select Prescaler |Frescaler: GZLE_TC r
- *EEETImer resolution is 20.8333333333 nSHH**
=+ Operating Mode | Timer v
I*;}--Timer
%----Enahle Crne-Shot Mode |:|
%----Timer Period Unit millisecond
%----Enahle Timer Period Interrupt [

%----Enahle Tirmer Compare Interrupt

E-Events
%----Enable Timer Period Overflow Event |:|
“.-Enable Timer Input Event |:|

E-Sleep Configurations
e Run during Standby |:|

Configuration Options XI

(=] [+]

=-TIME
~Use Systick? ]

?----Numher of Clients

~-Operating Mode
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* Labl Delay based LED toggle

* Harmony Configuration (Setup GPIO)

Froject Graph XI

NVMCTRL
Peripheral Library
MEMORY

TC3
Peripheral Library

T™MR

Core

X TRERBE 4| &Pl M

EVSYS
Peripheral Library

I‘\I“JIC Configuration
_ CM|Clock Configuration

Event Swstem Configurats

ChAA Confionration

Harmony Core SoSURREIVELTE T

TMR

o RTOS
Core Service <
TIME
System Service
= Core Service
S5Ys_TIME ©

Fromect Graph#* Fin Settings * | Fin Diagram "‘] Fin Table *

Configure PA20 as
GPI10 output

Custom Name to LED1
Latch'is LOW.

Order:  Ports v TableView | []Basy View
Pin Fin IT Custom MName Function bode Direction Latch  Full Up  Full Cirive
Humber

28 PA19
I N TR

Tlearn Ctranth
Available s [

gh Impedance . NORMAL _ ~
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* Labl Delay based LED toggle

 Harmony Configuration (Generate Code)

E4 MPLAB X IDE v6.20 - Labl_SYS_TIME_Delay:default w Loading.. O %

File Edit View Navigate Source Refactor Production Debug Tea .

5 % @ @& default v v ':Er v% - . MCC Generating

Projects | Files | Services | Resource Management [MCC] x | =
MCCv5.2.0 |

. Output = | Se s ifications »NA
Project Resources | Generate || Import.. | Export | | @ ut | Search Results | Notifications [MOC] | New| g

Snap * MPLAB® Code Configurator *  Spap-Labl SYS MWl«f Delay *  Scripting *  Snap-SYS SERVICE = SYS |
¥ Libraries 14:11:59.279  INFO: ..\src\packs\ATSAMD21G18A DFP\instance\wdt.h Success. New file.

14:11:598.279 INFO: ..\srchpacks\ATSAMD21G18A DFP\pio\samd21gl8a.h Success. Mew file.

v lﬁarﬁu)ny . , 14:11:59.279 INFO: ..\srchpacks\ATSAMD21G18A_DFP\samd21gl8a.h Success. Mew file.
N Ot h I nt fo I th 1S Step 14:11:59.2790 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. Mew file.

P Core > - 14:11:59.279 INFO: ...rchpacks\CMSISA\CMSIS\Core\Includehcmsis_armcc.h Success. New file.
14:11:598.279 INFO: ...packs\CMSIS\CMSIS\CoreZIncludehcmsis armclang.h Success. New file.

» Packs an ym O re a-fter L ab 1 14:11:58.279 INFO: ...s\CMSISACMSISACore\Include\cmsis_armclang_ltm.h Success. MNew file.
. 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\CoreZIncludehcmsis_compiler.h Success. Mew file.

» PEF“)thﬂLS 14:11:59.288 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\ecmsis gcec.h  Success. Mew file.
. 14:11:59.280 INFO: ...c\packs\CHMSIS\CMSIS\Core\Includelcmsis_iccarm.h Success. MNew file.

v Systern Services 14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.
— 14:11:59.288 INFO: ...ch\packs\CMSISA\CMSIS\Core\Includehcore_cmBplus.h Success. New file.

XA TIME 14:11:59.288 INFO: ..\srchpacks\CMSISNCMSISYWCore\Includelmpu armv7?.h Success. New file.

14:11:59.462 INFO: {Harmony}<MHC>[Info]: Executing generate hook

¥ System 14:11:59.473  INFO:
— 14:11:59.473 INFO: Generation complete (total time: 1995 milliseconds)
'/ System

14:11:59.473 INFO:
e

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:58.572 INFO: {Harmony}<Harmony Database» -»> interfaceValidationEvent
14:11:59.572 INFO: {Harmonyl}<Harmony Database» -»> processDataModel
14:11:58.572 INFO: {Harmony}<Harmony Database> -> postFinalProcessing
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* Labl Delay based LED toggle

* Configure your new project

Not hint for,this'step

-— .
anymore after

B ' ﬂ_.l ChECksum: E'].El]].k, ] ----- 2 File Inclusion/Exclusion
)| P : = © Conf: [default]

= 0 EE CRC3Z2: Hex filewy

2 Loading

2 Libraries

2 Building

= 2 XC32 (Global Cptions)

@ Stmulator

----- O we3Z-as
----- 9 x¢32-gee
----- 0 xe32-g++
----- o we32-ld

Manage Configurations...

mainQ-- | Availa-- | E :
""" '8 Project Type: Application - "
E E]u@ Diewvice B4 Project Properties - Labl_SYS_TIME_Delay X
E -¢ ﬂTSﬂMDElG 18& c?-%iori;:neral con;;g;:?;ion Dievice:

All Families w ATSAMDZ2IG18A v

Connected Hardware Tool: Snpported Debug Header:

‘Snap-SN:BUR 183076017 v []Show Al Mone

Packs:

B gpedddB2d=RET A

Compiler Toolchain:
[ENGEr
(G (v4.45) [C:\Program Biles
AR

The device cn the kit does not match the device selected

' Cancel Apply Unlock Help

correct
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* Labl Delay based LED toggle

* Modify your main.c as below

#include <stddef.h> // Defines NULL

#include <stdbool.h> // Defines true

#include <stdlib.h> // Defines EXIT_FAILURE
#include "definitions.h" // SYS function prototypes

SYS_TIME_HANDLE tmrHandle;
int main( void )
SYS_Initialize(NULL);
SYS_TIME_DelayMS (1000, &tmrHandle);
while( true )
if( SYS_TIME_DelayIsComplete(tmrHandle) == true )

LED1_Toggle();
SYS_TIME_DelayMS (1000, &tmrHandle);

}

/* Maintain state machines of all polled MPLAB Harmony modules. */

SYS Tasks();

/* Execution should not come here during normal operation */

return ( EXIT_FAILURE);
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* Labl Delay based LED toggle

* Compiler and programming your project to EVB

Not hint for,this'step’anymore after

Notifications I Search Results I Ouiput "‘T Console I News l
Eits * Simulator * Trace/Profiling * EDBG * Labl SYS TIME Delay (Build, Load. ...) *

Erasing...

The following memory area(s) will be programmed:
program memory: start address = 0x0, end address = Ox1{ff

configuration memory

Programming complete
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% Lab 2
Callback based LED toggle

TIME System Service
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% Lab2 Callback based LED toggle

* Try use TIME System Service to create two Periodic Callback for toggle LED2 in 500ms
period and toggle LED3 in 250ms.

* The LED2 is high active on pin PA21.
* The LED3 is high active on pin PA17.

ﬂ’// = /"'_“\
3 3vj—LERL H Green  RS3 A A 470 A |GND

PA20/PWM(TCCO.6)
Bs11

R51
aD— AN
v/
AN

100K RS2 A A a 100K IG}TD

470

5 3vp—LER2 H Green _ R56 470
AVAVAY,
*A
2
J_Q | FDN337N
BS13

/:\ I~
i<t = |GND
FDN337TN
PA21/PWM(TCCO.7)
BS12
G'D RS54 100K RS5S '\/\f\{ 100K :GT\—D
A\
PA17/SCK SCL(S1.1)PWM(TCC2.1. TC‘C.‘O.?)
" *A
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* Lab2 Callback based LED toggle

* Harmony Configuration (Setup GPIO)

Froject Graph XI

x|lﬂ..-.*|ililr|1:’lugins | ™

Event Svstem Configurats
EVSYS
Peripheral Library

I‘\I“JIC Configuration
Clock Cenfiguration

NVMCTRL
Peripheral Library

Core ChAA Confionration
MEMORY

PA21 as GPIO output
PA17,38 GPIO output
4 R ——

PA21 Custom Name to LED2

Harmony Core SoSURREIVELTE T
o RTOS
Core Service ©

TIME
System Service
Z Core Service
SYS_TIME ©

PA17 Custom Name to LED3
PA21 Latch |s S Low
PA17 Latch 1S Low

TC3
Peripheral Library
TMR

Froject Graph* Fin Settings = Pin Diagram XI Pin Table =
Crder: | |

Table Wiew Easy View

Fin
Mumber

I 2 - - 0 I O =

{2 [ . pao [ 1ep1  fepio el Tuoi. Jout o~ Low [ . [ | NORMAL |

S O 7 s o 2 [ (PP

P ID Custom Name Function Mode Direction Latch  Pull Up Pull Drrive




* Lab2 Callback based LED toggle

* Modify your main.c as below

#include <stddef.h> // Defines NULL

#include <stdbool.h> // Defines true

#include <stdlib.h> // Defines EXIT_FAILURE
#include "definitions.h" // SYS function prototypes

SYS_TIME_HANDLE tmrHandle;
void LED2Callback(uintptr_t context)

y LED2_Toggle();

void LED3Callback(uintptr_t context)

) LED3_Toggle();

int main( void )
{
SYS_Initialize(NULL);
SYS_TIME DelayMS (1000, &tmrHandle);

SYS_TIME_CallbackRegisterMS(LED2Callback, ©, 500, SYS_TIME_PERIODIC
SYS_TIME_CallbackRegisterMs LED3Ca11back 0, 250 SYS_TIME_PERIODIC

while( true )
if( SYS_TIME DelayIsComplete(tmrHandle) == true )
LED1 _Toggle();
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* Lab2 Callback based LED toggle

* Result

vvvvv

ﬂmwm@mxgﬂ

L
/--——//
e

LED1 LED2 LED3

(1000ms) (500ms) (250ms)
0 0 0

RlRr|l~,r|R,r|lo|lo| o
Rr|lrr|lololr|r|o
Rrlo|lrRr|Oo|lrRr|O| R
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* Lab2 Callback based LED toggle

Discuss 1

* What's the effect if change Callback Type to SYS TIME_SINGLE ?

SYS_TIME_CallbackRegisterMS(LED2Callback, ©, 500, SYS_TIME_SINGLE);
SYS_TIME_CallbackRegisterMs(LED3Callback, @, 250, SYS_TIME_PERIODIC);

* What’s happen if change Number of Client from5to 2 ?

Configuration Options Help
= #H
=-TIME

PLIB Used |TC3

! E?I]

(%----Numher af Clients

“Operating Mode | TICKLESS s

SYS_TIME_DelayMs (1000, &tmrHandle);
SYS_TIME_CallbackRegisterMS(LED2Callback, ©, 500, SYS_TIME_PERIODIC);
SYS_TIME_CallbackRegisterMs(LED3Callback, @, 250, SYS_TIME_PERIODIC);
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* Lab2 Callback based LED toggle

Discuss 2

* How about to enable Use Systick? in TIME System Service ?

Prodect Ciraph L« +|(=)(@) | Configuration Options x| Configuration Options x |
X| T mE B E [ Plging: [ ] View: |5 H =&
EI--TEIME = System
Tl e ?----Use Systick? g B Device & Project Configuration
?----PLIE‘. Used 3 B Cortex-M0O+ Configuration
Peripheral Library é----Number of Clients b= B SysTick
MEMORY “-0operating Mmode | TICKLESE Y “-Enable SysTick
BF-Parts
B Clock
B Interrupts (NWIC)
B1-DMA (DMAC)
E-WOT 7 AL &
Peripheral Library -, - -
MR S 24bit timer,clocked
— - .JL - Y. .
Configuration Options | Configuration Options x| b y ..C L K:C FlU N
=l = & ~—_——
Cortex-MO+
=+ TIME E-System
-lJse Systick? || --Deviu:e 2 Project Configuration
~Murmber of Clients 3 - Cortex-MO+ Configuration
Peripheral Library . - Dperating Mode ‘ | B SysTick
MEMORY -Tick Rate (ms) S5 TIME is wsing SysTick for Timehase
-se Floating Point Calculations? |:| Iél--Enable SysTick
- &chievable Tick Rate Resolution (ms):1.0ms é--SysTick Configuration
?----Enable Interrupt
?----SvsTick Clock Processor clock
E~----S\,r5tick Period(Milliseconds) =
i pars A8\ MicrocHiP
B Clock




* Lab2 Callback based LED toggle

Discuss 3

 What’s the Achievable Tick Rate Resolution (ms) in TIME System Service means ?

Frogpect Graph = l

EE

EVSYS
Peripheral Library

MNYMCTREL
Paripheral Library
MEMORY

TC3
Peripheral Library
TMR

X|E HERBE f|IEI P:’lugins:

w | Wiewr:

Device Family Pack (DFP)
CMSIS Pack

TIME
Systemn Service
O Core Service
SYsS_TIME <

TMR

Configuration Options x]
=
= TIME
~se Systick? []
~PLIB Used T3
~Murnber of Clients S

- Dperating Mode
~Tick Rate (ms)
~Use Floating Point Caleulations? ||

tﬂ«chievable Tick Rate Resolution {msh: 1.36531250194m5]

Configuration Options "‘]

(=] [+
=-TIME
! = Jse Systick? |:|
~PLIB Used TC3
- MNumber of Clients Nl =

TICKE BASED -~

- Operating Mode .
Tk Rats (o) .
~Use Floating Point Calculations? ||

-&chievable Tick Rate Resolution (ms):1.2000000042ms

rhe maximum period of
16 bitSTC3'@ 48MHz is
65535 X (1148 MHZz) =

Yo <) AL il R
11/00012='833'33333 "™ Hz

Trycatﬁh%??gi mal,
that's}1"/ 833.33333 =
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* Lab2 Callback based LED toggle

Discuss 4

 How about to enable Use Floating Point Calculations? in TIME System Service ?

Configuration Options = Configuration Options =
(=] [# (=] [#
=+ TIME =+ TIME
~IJse Systick? ~IJse Systick?
~Mumber of Clients M= ~Mumber of Clients =
- Operating Mode TICK BAZED - Operating Mode TICE BASED
-Tick Rate (ms) 1.2 -Tick Rate (ms) 1.2
- Jse Floating Point Calculations? ‘E[ - UUse Floating Point Calculations?
—Achievable Tick Rate Resolution (ms):1.2000000042ms —Achievable Tick Rate Resolution (ms):1.2000000042ms
#define SYS_TIME_TICK_FREQ_IN_HZ (833.33333) #define SYS_TIME_TICK_FREQ_IN_HZ (833.33333)
uint32_t hwTimerTickFreq; float hwTimerTickFreq;
counterObj->hwTimerTickFreq = (uint32_t)SYS_TIME_TICK_FREQ_IN_HZ; counterObj->hwTimerTickFreq = SYS_TIME_TICK_FREQ_IN_HZ;
uint32_t SYS_TIME_USToCount ( uint32_t us ) uint32_t SYS_TIME_USToCount ( uint32_t us)
uint32_t count = (((uint64_t)us * gSystemCounterObj.hwTimerTickFreq) / 1000000); ¢ float count = ((us * gSystemCounterObj.hwTimerTickFreq) / 1000000);
return count; return (uint32_t) ((uint32_t)count + ((count - (uint32_t)count) > 0));
uint32_t SYS_TIME_MSToCount ( uint32_t ms ) uint32_t SYS_TIME_MSToCount ( uint32_tms )
uint32_t count = (((uint64_t)ms * gSystemCounterObj.hwTimerTickFreq) / 1000); float count = ((ms * gSystemCounterObj.hwTimerTickFreq) / 1000);
return count; | return (uint32_t) ((uint32_t)count + ((count - (uint32_t)count) > 0));
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CONSOLE System Service

Harmony System Service
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CONSOLE System Service

* Introduction

The Console System Service routes data or message traffic between a console device and a middleware layer or
application. The most common use of the Console Service is to route debug or error messages to a terminal program
on a host development system.

The Console System Service consists of a core_layer and a console device_layer. The core_layer handles module
initialization and system functions. It provides a common API for use by applications and middleware libraries to send
and receive data to and from one or more console devices. The Console System core layer_maintains the status and
device descriptor information for each console instance that has been initialized.

The console device layer_contains the functional implementation of the core layer_APIs. Each console device may have
a different implementation, but the behavior of the APl should be uniform across different devices. The console device
layer_interacts with the peripheral libraries or drivers or middle-wares to send and receive data to and from the
hardware peripheral. The details of the data transaction are abstracted by the console device layer.

The console implementation is non-blocking in nature. For console write requests, the application data is copied into
the ring buffer maintained by the console device layer and the call returns immediately. The return value of the API
indicates the number of bytes actually copied. If the return value is less than the requested bytes, the application must
retry after some time. The data transfer is controlled by a state machine implemented in the console device_layer.

Similarly, for console read requests, the received data is copied to the application buffer from the internal receive ring
buffer maintained by the console device layer. The return value indicates the number of bytes actually copied to the
application buffer. Application must try reading again after some time, if the number of read bytes copied (indicated by

the return value) is less than the bytes requested.

The size of the transmit and receive ring buffers is configurable in MHC. QMlcnocmp



CONSOLE System Service

 Harmony Configuration

Configuration Options "l =
(=] [+

E-COMSOLE

%----Numher of Instances Using UART 2 )
%----Numher of Instances Using USE
I - Consale Print Buffer Size (128-8192) 200 -

Configuration Options "] =
(=] [#
EHCOMSOLE

%----Device Used |[SERCCHMS

i---TH;"Rx Ring Buffers must be configured in the attached PLIE

x AR E R E 4| = Plugns: iy

CONSOLE
Systemn Service

. 2 Core Service
USE Full Speed Driver

. SERCOMS5 Instances — = 1+
S EITEAE Peripheral Library -
DRV _USB UART {} UART
USBE Device Layer USB_DEVICE CDC
o DRV_USB SERCOM?2 SYS_CONSOLE [}
USB_DEVICE < Peripheral Library (™. Tnstance 1
UART < 7% UART
CDC Function Driver USB DEVICE CDC
2 USB _DEVICE 5YS_ _CONSOLE
Instances —————+ Instance 2
Instance 0 UART
USB DEVICE CDC B DEVICE_CDC

SYS_CONSOLE

= SERCOMS
=-Select SERCOM Operation Mode  U/SART with internal Clock -
- Operating Mode Ring buffer mode  ~

E%}--Cunfigure Ring Buffer Size-
T Ring Buffer Size 128 :
L Rx Ring Buffer Size 128 %

sye_console (57 CONSOLE)
Multi-Connect Capability COMMAND (sys_command)

DEBUG (sys_debug)

Consumers
TCPIP CORE (tcpipStack)
B DE s ) > s
pporteac 0 0
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CONSOLE System Service

API functions of the Console System Service library.

e System Functions
SYS_CONSOLE_Initialize

SYS_CONSOLE_Status
SYS_CONSOLE_Tasks

e Core Functions
SYS_CONSOLE_DeviceGet
SYS_CONSOLE_HandleGet
SYS_CONSOLE_Read
SYS_CONSOLE_ReadCountGet
SYS_CONSOLE_ReadFreeBufferCountGet
SYS_CONSOLE_Write
SYS_CONSOLE_WriteCountGet
SYS_CONSOLE_WriteFreeBufferCountGet
SYS_CONSOLE_Flush
SYS_CONSOLE_Message
SYS_CONSOLE_Print

Initializes the console instance module and opens or initializes the specific

module instance to which it is associated.
Returns status of the specific instance of the Console module.
Maintains the console's state machine.

Returns the device type for a given console instance

Returns a handle to the requested console instance

Reads data from the console device.

Returns number of unread bytes available in the receive buffer.

Returns the amount of free space in bytes available in the receive buffer.
Writes data to the console device.

Returns the number of bytes pending for transmission in the buffer.
Returns the amount of free space in bytes in the transmit buffer.

Flushes the read and write queues for the given console instance.

Prints a message to the console

Formats and prints a message with a variable number of arguments to
the console

Detail in \[Your HarmonyFramework Directory]\core\doc\help_harmony_core.chm
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CONSOLE System Service

API functions of the Console System Service library. (cont.)

* Data Types and Constants
STDERR_FILENO
STDIN_FILENO
STDOUT_FILENO
SYS_CONSOLE_DEVICE
SYS_CONSOLE_HANDLE
SYS_CONSOLE_MESSAGE
SYS_CONSOLE_PRINT
SYS_CONSOLE_DEFAULT_INSTANCE
SYS_CONSOLE_HANDLE_INVALID
SYS_CONSOLE_STATUS

Detail in \[Your HarmonyFramework Directory]\core\doc\help_harmony_core.chm

This is macro STDERR_FILENO.

These are in unistd.h

This is macro STDOUT_FILENO.

Lists the available console devices.

Handle to an instance of the console system service.
Print message on the default console instance

Print formatted message on the default console instance
This is macro SYS_CONSOLE_DEFAULT_INSTANCE.

Invalid console handle

This is type SYS_CONSOLE_STATUS.

Q MICROCHIP



CONSOLE System Service

Application
Client-1

Application ‘
Client-2 . E> SYS_CONSOLE_Write

(index_1)

C:l SYS CONSOLE_Read
0\ SYS CONSOLE Instance 0

SERCOM5 B > (1 SYS_CONSOLE_Instance 1
UART

SERCOM2
UART

c\ MICROCHIP



CONSOLE System Service

Application
Client-2
(index_1)

| am Console 1

PLIB

SERCOMS
UART

SERCOM2
UART

void Appl_Task()

SYS_CONSOLE_HANDLE consoleHandleo©;
consoleHandle® = SYS_CONSOLE_HandleGet (
SYS_CONSOLE_INDEX 0 );
SYS_CONSOLE Write( consoleHandle®,
"I am Console O\r\n", 16 );

}
void App2_Task()

SYS_CONSOLE_HANDLE consoleHandlel;
consoleHandlel = SYS_CONSOLE_HandleGet(
SYS_CONSOLE_INDEX_1 );
SYS_CONSOLE_Write( consoleHandlel,
"I am Console 1\r\n", 16 );

M COMS3 - Tera Term VT M COMZ232 - Tera Te.. —

File Edit

I am Console ©

Setup Control Wirgl Eile Edit

Setup Control Win
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€ Lab 3
UART Console

CONSOLE System Service
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%€ Lab3 UART Console

* Try add CONSOLE System Service to create a UART console.
* Select SERCOMS5 PLIB as Instance 0 of UART Console.

e OQutput “Hello World!” to UART console.

* Receive console input X and print it out as “Receive : X”

— -~ :_-c .
— — - el
/ (s W'a E :} v
Wy = S? 2
/| 42 = ol
o S 2l
= g 5|
1 ) Pt 1] I BS3 P16F-TX
I I B 1 [ Bss EIB P16F-RX
] [u'e N TN (T A

—l
4
["‘-\.\.
1 (s 36
35
PAO2 %
PAO3 PA24 =
—— GNDANA PA23 —<
—~— VDDANA PA2 =~
—— PBOS PA2l —=
——| PB0O PA20 —5=
T PAN4 PALO —5=
T PAOS PAIS =5
=— PA06 PA17 —==
CDC USB RX SERCOMS5 PAD2 2] 507 N AT 35
CDC Bridge SAMD21 e -—QQS-NnT 0
SESSSERRSsER
TX SERCOMS PAD3
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%€ Lab3 UART Console

* Harmony Configuration (Add CONSOLE System Service)

Froject Graph* qd b v
X | CRERE+ | = |P1ugins: R View: Root v

Device Family Pack (DFP)
i | Libr
Eephes Ly CMSIS Pack

NVMCTRL on
Peripheral Library - Searvice
ME Y = Core Service
SERCOMS - Instances =+
Device Resources Content Manager Peripheral Library — Instance 0
UART < UART
¥ Libraries - ' USB_DEVICE_CDC
¥ Harmony SYS_CONSOLE :
» Drivers
P Libraries |
Console Instance O
» Peripherals
. Connect to
¥ System Services
B COMMAND SERCOMS5 PLIB
E3 © CONSOLE
) DEBUG

O FILE SYSTEM ,
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%€ Lab3 UART Console

* Harmony Configuration (CONSOLE and PLIB SERCOMS5 config)

Froject Graph*

x | Y | RnE4 | 1) |P1ugins: bl View: ERoot

4 b wi

Configuration Options 3-E]

T
Peripheral Library

NVMCTRL s

(=] [+

Peripheral Library E--QDNSDLE

MEMORY

: = USB _DEVICE_CDC
Configuration Options XI

%----Number of Instances Using UART
%----Number of Instances Using LISE
‘- Caonsale Print Buffer Size (128- 8192}

Print buffer.size’ should

I sys_consoLe | W Configuration Options |
A - =
= SERCOMS
E}--Slelect SERCOM Operation Mode |USART with internal Clock

E-COMNS0LE

depend to proper,size of
SERCOMRiF\'ﬁ'Buffer Size

~Enable Rumnin Andoy

E~----Tb-<,-‘Rb-f: Fing Buffers must be configured in the attached PLIB

- Operating Mode Ring buffer mode - ;
[i}-CDnﬁgure Ring Buffer Size- ?INDEWEE Used SERCDMS
TX Ring Buffer Size 12815
LRy Ring Buffer Size 12815
~Receive Enable i
~Transmit Enable
~Frame Format USART frame ™
~Baud Rate in Hz 11520015
- Parity Mode Mo Panty
-~ Character Size & Bits ~
- 5top Bit Mode Cne Stop Bt~
e becsion oot [ Recelve Pinout : SERCOM PADI3]
Receive Pinout SERCOM FAD[3] 1s nsed for data reception -"‘
e i PAD[Z] = ToaD: PADI S XCK Tr ansmi t Pinout: SE RCO M PAD [ 2]
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%€ Lab3 UART Console

* Harmony Configuration (Setup PLIB SERCOMS5 pads)

Froject Graph*® Fin Diagram "‘] Fin Table a Fin Settinos "‘l_
Table View Easy View
Iifmber Fin ID Custom Name Function Mode Direction Latch  Full Up lli:lilim Eii:ﬁeﬂm
a7 PE2Z SERCOMS_PADZ E)lgltal Higiﬁ Impeu:ianu:e -]1,-"3 |:| |:| MORMAL  ~
33 PE23 SERCOM5 PAD3 [l Digital | High Impedance nta [] [] | m~NORMAL -~
Froect Graph* ]Pin Ciagram a Fin Table x[F‘in Settings "l lIZlEm
Package: | TOFP48 ~ 2‘23124 25|26 |27 |22 (2013031 (32|33 (34|20 |41 |45|46 (47148 7 | 8 | 19|20 37|38
A B
Module Function 3| 14] 15| 16| 17| 18|19 20|21 |22 23|28 25|27 | 26|20 31 [ 2| 3| 8| o |10] 11 22|23
SERCOMS_FADD
SERCOMS_PADI
SR SERCOMS_PADZ
SERCOMS_PADZ
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%€ Lab3 UART Console

* Modify your main.c as below

#include "definitions.h" // SYS function prototypes
#include <stdio.h>
#include <string.h>

SYS_TIME_HANDLE tmrHandle;
SYS_CONSOLE_HANDLE consoleHandlePLIB;
char UartWriteBuf[30];

char UartReadBuf[10];

void LED2Callback(uintptr_t context) {...}
void LED3Callback(uintptr_t context) {...}

int main( void )
‘ SYS Initialize(NULL);
consoleHandlePLIB = SYS_CONSOLE_HandleGet( SYS_CONSOLE_INDEX © );
sprintf(UartWriteBuf, "Hello world !(PLIB)\r\n");
SYS_CONSOLE_Write(consoleHandlePLIB UartWriteBuf, strlen(UartWriteBuf));
SYS _TIME DelayMS(1000, &tmrHandle);
while ( true )
if( SYS_TIME DelayIsComplete(tmrHandle) == true ) {...}
if( SYS_CONSOLE_Read(consoleHandlePLIB, UartReadBuf, 1) > 0 )

sprintf(UartWriteBuf, "Receive : %s (PLIB)\r\n", UartReadBuf);
SYS_CONSOLE_Write(consoleHandlePLIB, UartWriteBuf, strlen(UartWriteBuf));

}
SYS Tasks ( );
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% Lab3 UART Console

* Compiler and programming your project to EVB.

* Open COM Port terminal console 115200-n-8-1.

* Check the UART output in console.

* Type any character in console and check the response.

Tl COM4 - Tera Term VT

File Edit Setup Control Window Help
Hello world !(PLIB) USB €DIC flor UART consols
Receive : m (PLIB)
Receive : c¢ (PLIB)
Receive : h (PLIB)
Receive : p (PLIB)
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%€ Lab3 UART Console

Discuss 1

* Try to implement multi-Instance consoles of CONSOLE system service.
* You can plug a USB UART click EVB for second instance of CONSOLE.

MikroBUS
mn.wg Project Graph* | Pin Settings = I Pin Diagram x] Fin Table xl 1 A I 16
Orders [Boris™™ ™ T T — e View - 1 ] —
@S UART @n@k ..................................... ¥ j %T 1'1_;}('[' —i‘: §i:é’§§
Pin Fin I Cnstom Mame Function 5 SCK T.X 1-3 .
Mumber = MISO SCL 11
15 PA1D SERCOM2_PAD2 | SERCOM2_PAD2 — MOSI SDA —5
Froject Graph* é 3.3V V5
— ‘ . 16 PAll SERCOMZ_PAD3 SERCOM2_PAD3 R GND GND IG_.\_D
X ||_3 HEENRE4 |IEI |P1ug1ns:

CONSOLE

Systemn Servica VI COM4 - Tera Term VT
Z Core Service

i COMS -TeraTerm VT
Edit

File Edit Setup Control File Setup Control

SERCOMS Instances =|—[* = SERCOMZ . ..
Peripheral Library Instance O ; . Hello world ! EPLIB@J Hello world ! (pLIBI)
UART UART = Select SERCOM Operation Mode ) »
Y USB DEVICE cDC ~Enahle Interrupts ? RECE]_-VE : {FLIE‘l:J ’ Receive : 1 (PLIBO)
SYS CONSOLE - Raceive Enable Receive : (PLIB1) Recelve : 2 (PLIBO)
paspi:c:}iﬂj — ~Transmit Enahle Receive : (PLIB1) Receive : 3 (PLIBO)
ARt instance 1 +-Enable Ring Buffer 7 Receive : (PLIBlj Receive : 4 (PLIBO)

UART UART

"' USB DEVICE CDC ~Enahle Run in Standby [ ]
S;'S CONS_OLE ~Receive Pinout SERCOM FAD[3] 15 used for data reception

FPAD[Z] = TxD; FAD[3] = XCK v

-~ Transmit Pinout
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%€ Lab3 UART Console

Discuss 2

* The CONSOLE System Service could support the USB Device CDC Library to develop
another USB COM Port through the native USB interface of SAMD21, you could
practice the Labé6 firstly after you finish Lab3.

* To go to Lab6 — USB Device CDC with CONSOLE System Service

Froject Graph*

X|E R EE f|IEI |P1ugins:

Device Family Pack (DFP)
Peripheral Library CMSIS Pack
Caore

Harmomy Core Service
o RTOS

USE Full Speed Driver -
Core Service | Core Service USE Device Layer
DRV_USB )< DRV_USB CDC Function Driver
USB DEVICE C |\ USB_DEVICE
Instances —|— |+

‘ . - UART
USB_DEVICE_CDC ?—0 USB _DEVICE _cDC

“r v

V WView: Eoot e

COMSOLE
Systermn Service
o Core Service

Instances -
Instance 0

Instance 0
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DEBUG System Service

Harmony System Service
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DEBUG System Service

* Introduction
The Debug System Service provides a convenient mechanism for the application developer to
send formatted or unformatted messages to a system console.

The Debug System Service provides a set of functions that allow the developer to output debug

and/or error messages based on a global error level.
The messages are sent to the System Console Service, where they are routed to a console device.

The Debug System Service maintains a global error level, which may be set during initialization and
changed dynamically at run-time. Both formatted and unformatted messages can be output or not,

depending on the current global error level.

Detail in \[Your HarmonyFramework Directory]\core\doc\help_harmony_core.chm @MICROCH"’



DEBUG System Service

Configuration Options XI

(=] [
E-DEBRUG
Proroct Ciranh # - Device Used SYS_CONSOLE_l |
roject Grap ‘ _ %----Debug Level =T _ERRCE_DEBUG !
x |E RERE ’ |EI |P1ugms. | “-Use Consale far Debug 7 |[=Y¥5_ERROR_FATAL

7S _ERROR_ERRCE

=1 e _BERRORE_WAENING
=1 e BERERCOE_INEC
SYS_ERRCR_DEBRUG

SERCOMS

Peripheral Library Instance 0
UART UART

Use _DEVICE CDC

Debug Error,Level

SERCOM2 SYS_CONSOLE .. .. CB.Ul a fC‘E)-ﬁfl Q-I FM HC

Peripheral Library Instance 1
UART UART

USB_DEVICE_CDC the Interface Function

SYS_CONSOLE > SYS_CONSOLE

SYSYDEBUGYEITOrLevelSet()

DEBUG System Service
N | —
must depend to

CONSOLE System Service
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DEBUG System Service

API functions of the Debug System Service library.

e System Functions

SYS_DEBUG_Initialize Initializes the global error level and specific module instance.
SYS_DEBUG_Status Returns status of the specific instance of the debug service module.
SYS_DEBUG_BreakPoint Inserts a software breakpoint instruction when building in Debug mode.

* Changing System Error Level Functions
SYS_DEBUG_ErrorLevelGet Returns the global system Error reporting level.
SYS_DEBUG_ErrorLevelSet Sets the global system error reporting level.

* Data Types and Constants

SYS_ERROR_LEVEL System error message priority levels.

SYS_DEBUG_INDEX_x This is macro SYS_DEBUG_INDEX_x.

SYS_DEBUG_MESSAGE Macro of _SYS_DEBUG_MESSAGE.

SYS_DEBUG_PRINT Macro of _SYS_DEBUG_PRINT.

_SYS_DEBUG_MESSAGE Prints a debug message if the specified level is < global system error level.
_SYS_DEBUG_PRINT Format prints a debug message if the specified level is < global system error level.

e Other Functions

SYS_DEBUG_Redirect Allows re-direction of debug system service to another console instance
SYS_DEBUG_ConsolelnstanceGet This is function SYS_DEBUG_ConsolelnstanceGet.

Detail in \[Your HarmonyFramework Directory]\core\doc\help_harmony_core.chm
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DEBUG System Service

(index_0)

=, SYS_CONSOLE_MESSAGE
=/ SYS_CONSOLE_PRINT

SYS_DEBUG_MESSAGE
SYS_DEBUG_PRINT

Application
Client-2

(index_1) r
v 3
CONSOLE

System Service

1\ SYS_CONSOLE_Instance 1

Error
Level
Control

DEBUG

System Service

DEBUG System Service
has supported output only

PLIB

SERCOM2
UART
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DEBUG System Service

E-DEBUG
- Device Used SYS_CONSOLE_L
i-l-Debug Level
%----Debug Print Buffer Size (128-8192) 2005

\{IOid Appz_TaSk( )"' E‘----Use Consale for Debug ?

int EL = SYS_DEBUG_ErrorLevelGet();

SYS_CONSOLE_MESSAGE ("Message to Console 1\r\n");

SYS_CONSOLE_PRINT("Current Error Level: %d\r\n", EL );

SYS_DEBUG_MESSAGE(SYS_ERROR_DEBUG, "dErrlv 4\r\n");

Application
Client-2

SYS_DEBUG_PRINT(SYS_ERROR_WARNING, "pErrlv %d\r\n", EL);
SYS_CONSOLE_MESSAGE("Set Error Level to WARNING\r\n");
SYS_DEBUG_ErrorLevelSet(SYS_ERROR_WARNING);
SYS_DEBUG_MESSAGE (SYS_ERROR_DEBUG, "dErrlv 4\r\n"); @

EL = SYS_DEBUG_ErrorLevelGet();
SYS_DEBUG_PRINT(SYS_ERROR_WARNING, "pErrlv %d\r\n", EL);

} T COM24 - Tera Term VT
Eile Edit Setup Control Window Name Lv
Message to Console 1 FATAL )
Current Error Level: 4 ERROR 1
WARNING| 2
SERCOM? dErrly 4 B
UART pErrlv 4 DEBUG 4

Set Error Level to WARNING

pErrlv 2
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% Lab 4
Debug Message Control

DEBUG System Service
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* Lab4 Debug Message Control

* Try add DEBUG System Service and output message through UART to use previous
added CONSOLE System Service.

* Use CONSOLE System Service Macro to output “Hello world !” and “Receive : X"
message.

* Input number ‘0’, ‘1’, ‘2’, ‘3’, ‘4’ in UART console and use
DEBUG System Service to show error-level controlled message “Change Error Level to
#” (the #is input number) and then change the correspond Error Level could control
five different Error Level debug message output as below.
“Error Level O - Fatal”
“Error Level 1 - Error”
“Error Level 2 - Warning”
“Error Level 3 - Info”
“Error Level 4 - Debug”
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* Lab4 Debug Message Control

 Harmony Configuration (Add DEBUG System Service)

Froject Graph#

x||3-.-. f|*lil*|P1ugins: w

Device Family Pack (DFP)
CMSIS Pack

EVSYS
Peripheral Library

MNVMCTEL
Peripheral Library
MEMORY

CONSOLE
Systermn Service
o Core Service

SERCOMS Instances
Peripheral Library Instance 0
JAR Q—l UART

‘ uUss_DEVICE _CDC
SYS_CONSOLE

-+

Device Resources | Content Manager

- ) - SYS_CONSOLE
¥ Libraries '

¥ Harmony

> Libraries to CONSOLE System Service
U Peripherals Instance O

¥ System Services

- &4 C cCOMMAND
8O DEBUG
O FILE SYSTEM

> Drivers DEBUG System Service connect

c\ MICROCHIP



* Lab4 Debug Message Control

 Harmony Configuration (DEBUG System Service config)

Froject Graph#

x||3-.-. f|*lil*|P1ugins: w

EVS Device Family Pack (DFF)
Peripheral Library
WM

YS
= - CMSIS Pack
NVMCTRL
Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

CONSOLE
Systermn Service
o Core Service

Instances -—+

Instance 0
UART

uUss_DEVICE _CDC
SYS_CONSOLE

Configuration Options x]
= [+

E-DEBRUG

%----Device Used [SYS_CONSCLE 0 a
~Debug Level SYS_ERROR_DERUG Default Error Level
--Use Console for Debug ? =To_ERROR_FATAL el

2vS ERROR_ERROR CcCOou Id Conflg N MHC

— =1 ERRCE WAENING
Use Console for, Debuq JEg s

m 5YS_ERROR_DEBUG
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* Lab4 Debug Message Control

* Modify your main.c as below

Comment out

int

{

//
//
//

main( void )

consoleHandlePLIB = SYS_CONSOLE_HandleGet( SYS CONSOLE_INDEX 0 );
sprintf(UartWriteBuf, "Hello world !(PLIB)\r\n");

SYS _CONSOLE Write(consoleHandlePLIB, UartWriteBuf, strlen(UartWriteBuf));
SYS_CONSOLE_MESSAGE("Hello world !(PLIB)\r\n"); ' .

while ( true )

i%i SYS_CONSOLE_Read(consoleHandlePLIB, UartReadBuf, 1) > @ )

{
// sprintf(UartWriteBuf, “Receive : %s (PLIB)\r\n", UartReadBuf);

// SYS_CONSOLE Write(consoleHandlePLIB, UartWriteBuf, strlen(UartWriteBuf));
SYS_CONSOLE_PRINT("\r\nReceive : %s (PLIB)\r\n", UartReadBuf);

if(UartReadBuf[@]>="0"' && UartReadBuf[0]<='4")
int ErrorLevel = UartReadBuf[@]-'0@"';

SYS_DEBUG_ErrorLevelSet(ErrorLevel);
SYS_DEBUG_PRINT(SYS_ERROR_FATAL, "Change Error Level to %d\r\n",
SYS_DEBUG_ErrorLevelGet());

Fatal\r\n"g;
Error\r\n");
Warning\r\n");
Info\r\n");
Debug\r\n");

}

SYS_DEBUG_MESSAGE (SYS_ERROR_FATAL, "Error Level 0
SYS_DEBUG_MESSAGE (SYS_ERROR_ERROR, "Error Level 1
SYS_DEBUG_MESSAGE (SYS_ERROR_WARNING, "Error Level 2
SYS_DEBUG_MESSAGE (SYS_ERROR_INFO, "Error Level 3
SYS_DEBUG_MESSAGE (SYS_ERROR_DEBUG, "Error Level 4
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* Lab4 Debug Message Control

* Compiler and programming your project to EVB.
* Type ‘0’, ‘'1’, ‘2°, ‘3’, ‘4’, ‘@’, ‘b’ in console to check the difference.

1 COM4 - Tera Ter... — ] X 1 COM4 - Tera Ter... — ] > M COM4 - Tera Ter... — ] X
File Edit Setup Control Window Help File Edit Setup Control Window Help File Edit Setup Control Window Help
Hello world !(PLIB)

Receive : 3 (PLIB) : a (PLIB)
Receive : @ (PLIB) Change Error Level to 3
Change Error Level to © Error Level © - Fatal
Error Level @ - Fatal Error Level 1 - Error
Error Level 2 - Warning
Receive : 1 (PLIB) Error Level 3

Change Error Level to 1 Receive : 4 (PLIB)

- Fatal

- Error
Warning

- Info

PLIB)

- Fatal

Error

Error Level @& - Fatal Change Error Level to 4
Error Level 1 - Error Error Level © - Fatal
Warning
Info

Error Level 1 - Error
Receive : 2 (PLIB) Error Level 2 - Warning
Change Error Level to 2 Error Level 3

Error Level ® - Fatal
Error Level 1 - Error
Error Level 2 - Warning

B lUWUMNMEO~hAWNE®D
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 Why DEBUG print cannot finish output ?

. COMA4 - Tera Ter... — O
Edit

Receive

Setup Control
3 (PLIB)
Change Error Level to 3

File

Error Level @ - Fatal

Error

Error
Receive

Window

X
Help

* Lab4 Debug Message Control

= SERCOMS
= Select SERCOM Operation Made  USART with internal

~Enahble Interrupts ?
-~ Receive Enable
~Transmit Enable
= Enable Ring Buffer 7

Sliz2 [s 128 By

TX Ring Burier

Level 1 - Error %----TXRing Buffer Size 12815
Error Level 2 - Warning --R¥ Ring Buffer Size 128/ =
Level 3 -~ Frame Format USART frame

4 (PLIB) ~Enable Run in Standby [ ]

@ 91 62 @3 @4 85 06 @7 88 @9 A OB @C 8D OE OF ©123456789ABCDEF
00|52 65 63 65 69 76 65 20 3A 20 33 20 28 50 4C 49| |[Receive 3 (PLI
10|42 29 @D @A 43 68 61 6E 67 65 20 45 72 72 6F 72| |B)..Change Error
20128 AC 65 76 65 6C 20 74 6F 20 33 @D 0A 45 72 72 Level to 3..Err
30 |6F 72 20 4C 65 76 65 6C 20 30 20 2D 20 46 61 74| lor Level ® - Fat
40161 6C 60D @A 45 72 72 6F 72 20 4C 65 76 65 6C 20| |al..Error Level
50 |31 20 2D 20 45 72 72 6F 72 @D 0A 45 72 72 6F 72 |1 - Error..Error
6@ |28 4AC 65 76 65 6C 20 32 20 2D 20 57 61 72 6E 69 Level 2 - Warni
7O |6E 67 @D @A 45 72 72 6F 72 20 AC 65 76 65 6C 20| [ng..Error Level

53] E
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* Lab4 Debug Message Control

 Please increase TX Ring Buffer Size to 256 or
add a wait write finish condition after mass message to output.

YT - J— e o o
COM4 - Tera Ter.. - X SYS_DEBUG_MESSAGE (SYS_ERROR_FATAL, "Error Level 0O - Fatal\r\n"g;
File Edit Setup Control Window Help SYS DEBUG_MESSAGE (SYS _ERROR_ERROR, "Error Level 1 - Error\r\n");
- - - - — - SYS_DEBUG_MESSAGE (SYS_ERROR_WARNING, "Error Level 2 - Warning\r\n");
Receive : 3 (PLIB) SYS_DEBUG_MESSAGE (SYS_ERROR_INFO,  "Error Level 3 - Info\r\n");

Change Error Level to 3
Error Level @ - Fatal

SYS DEBUG_MESSAGE (SYS_ERROR_DEBUG, "Error Level 4 - Debug\r\n");
whiIe( SYS CONSOLE WriteCountGet(SYS_CONSOLE_DEFAULT_INSTANCE)

3

Error Level 1 - Error
Eccor Level 2 Warnipe Configuration Options =
Error Level 3 = &
. . = SERICOMS

Receive : 4 (PLIB) ; _ ;
ch - . 1 to 4 =-Select SERCOM Operation Mode | UTEAET with internal Clock

ange Error Leve ') :
- & . 10 Fatal -~ Operating Mode Eing buffer mode

rror Level ® - Fata
1 - - Configure Ring Buffer Size-

Error Leve _ - Er\r‘or_ﬁ ----- T Ring Buffer Size 206 =
Error Level - Warning R¥ Ring Buffer size [o8=
Error Level 3 - Info - Receive Enable
Error Level 4 - Debug Transmit Enable
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* Lab4 Debug Message Control

Discuss 1

 What’s the effect if insert a SYS DEBUG_BreakPoint() while debugging ?

if(UartReadBuf[@]>="0" && Ua

if(UartReadBuf[@]>='0"' && UartReadBuf[0]<='4")

int ErrorLevel = UartReadBuf[0]-'0’;
SYS_DEBUG_BreakPoint();
SYS_DEBUG_ErrorLevelSet(ErrorLevel);

* What'’s the effect if change Debug Level configure in MHC ?

=- DEEU G
%----Deuice W=y (SYS_CONSOLE_D
273 _ERROE_ERRCE -

&= D EBLUIG
Device Usad (=Y s _CONSCOLE_O
~-Debug Level | SYS_ERROR_DEBUG v

1 COM4 - Tera Ter... - L] X
File Edit Setup Control Window Help

Receive : m (PLIB)
Error Level € Fatal
Error Level Error
Error Level . Warning
Error Level Info

Error Level Debug

20
57
58

o

H()

{

int ErrorLevel = UartRea
| SYS_DEBUG_BreakPoint();
SYS_DEBUG_ErrorLevelSet(

%----Dehug Level

VI COM4 - Tera Ter...

Fle Edit

Receive

Error
Error

Level & -
Level 1 -

— [

Setup Control Window

m (PLIB)

Fatal
Error

X
Help
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COMMAND Processor System Service

Harmony System Service

@ MICROCHIP



COMMAND Processor System Service

* Introduction

This library provides an abstraction of the Command Processor System Service Library with a
convenient C language interface. It provides the framework for a command console that can
support commands from multiple client sources.

The Command Processor System Service provides the developer with simple APIs to

implement a command console.
The console may support commands from one or more client software modules.

ﬁ\ MICROCHIP



COMMAND Processor

System Service

Configuration Options "l

(=] [+]

= COMMARD
- Device Used
- Command Print Buffer Size (512-819Z2)

- Maximum Command Groups

Fromect Graph#

- Maximum Arguments Per Command

X|E-... +|*Iil*|1:"1ugins: |

- Maximum Length Per Command

COMNSCLE
Systern Service

o Core Service

SERCOMS
Peripheral Library
UART

Instances

Instance 0
UART

SERCOM2

(=

uss_DEVICE _CDC

Peripheral Library Instance 1

UART

USB_DEVICE_CDC

|37 _CONSCLE_ 0

1,0242
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COMMAND Processor System Service

API functions of the Command Processor System Service library.

e System Interaction Functions

SYS_CMD_ADDGRP Allows clients to add command process to the Command Processor System Service.

SYS_CMD_DELETE Removes CMDIO parameters from the Command Processor System Service console.

SYS_CMD_MESSAGE Outputs a message to the Command Processor System Service console.

SYS_CMD_PRINT Outputs a printout to the Command Processor System Service console.

SYS_CMD_READY_TO_READ Allows upper layer application to confirm that the command module is ready to

accept command input
SYS_CMD_READY_TO_WRITE Allows upper layer application to confirm that the command module is ready to
write output to the Console System Service.

SYS_CMD_Tasks Maintains the Command Processor System Service's internal state machine.

SYS_CMD_lInitialize Initializes data for the instance of the Command Processor module. = COMMAND
 Device Used 5YS_CONSOLE_O

 Command I/0 Functions - Command Print Buffer Size (512-8152) 1,024/

SYS_CMDIO_GET_HANDLE Gets the CMDIO Handle base via index. +~Maximum Command Groups 8%
?----Maximum Arguments Per Command g2
“-Maximum Length Per Command 802

e Data Types and Constants

COMMAND_HISTORY_DEPTH Maximum Depth of Command History. (Up to 4 defined in sys_command.h)

MAX_CMD_ARGS Maximum Number of Argument definitions. (MIHC configurable, default is 8 and defined in sys_command.h)

MAX_CMD_GROUP Maximum Number of Command Group definitions. (MHC configurable, default is 8 and defined in sys_command.h)

SYS_CMD_MAX_LENGTH Command Buffer Maximum Length definition. (MHC configurable, Up to 80 bytes defined in sys_command.h)

SYS_CMD_READ_BUFFER_SIZE Read Buffer Size definition. (Up to 128 bytes defined in sys_command.h)

SYS_CMD_DEVICE_NODE Defines the data structure to store each command instance.
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COMMAND Processor System Service

API functions of the Command Processor System Service library. (cont.)

* Data Types and Constants (cont.)

SYS_CMD_DEVICE_NODE Defines the data structure to store each command instance.

SYS_CMD_API Identifies the Command API structure.

SYS_CMD_DATA_RDY_FNC Identifies a data available function API.

SYS_CMD_DESCRIPTOR A simple command descriptor

SYS_CMD_FNC Identifies the command process function API.

SYS_CMD_GETC_FNC Identifies a get single character function API.

SYS_CMD_HANDLE Identifies a particular Command 1/0 instance.

SYS_CMD_MSG_FNC Identifies a message function API.

SYS_CMD_PRINT_FNC Identifies a print function API.

SYS_CMD_PUTC_FNC Identifies a single character print function API.

SYS_CMD_READC_FNC Identifies a read single character function API.

SYS_CMD_CallbackFunction Command Callback Function Handle.

SYS_CMD_CONSOLE_IO_PARAM Defines whether the command modaule is single character or full command read
SYS_CMD_EVENT Identifies the Command Event Types

SYS_CMD_INIT Identifies the system command initialize structure.
SYS_CMD_DEVICE_MAX_INSTANCES This is macro SYS_CMD_DEVICE_MAX_INSTANCES.

SYS_CMD_MESSAGE This is macro SYS_CMD_MESSAGE.

SYS_CMD_PRINT This is macro SYS_CMD_PRINT.

SYS_CMD_BUFFER_DMA_READY Define this for PIC32MX / PIC32MZ

SYS_CMDIO_ADD Adds CMDIO parameters to the Command Processor System Service console.

Detail in \[Your HarmonyFramework Directory]\core\doc\help_harmony_core.chm
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COMMAND Processor System Service

“Application
Client-1

N SYS_CMD_MESSAGE

AP

Client-2 1 | SYS_CMD_PRINT

(iIndex_1) .
@ Execute Command Function

COMMAND

System Service

0\ SYS CONSOLE_Instance 0
PLIB

SERCOMS
UART

CONSOLE

System Service
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COMMAND Processor System Service

“Application

CommandHello
MyCmdTbl

SERCOMS

System Service

void CommandHello(SYS_CMD_DEVICE_NODE* pCmdIO,
int argc, char** argv)

SYS_CMD_MESSAGE("\r\n- Hello !");
SYS_CMD_PRINT("\r\n-parameter count : %d\r\n", argc);
}

static const SYS_CMD_DESCRIPTOR MyCmdTbl[]=

{ "hello", CommandHello,
}s

void Appl_Task()
{

": Hello!" },

SYS_CMD_ADDGRP (MyCmdTbl, 1, "MYCMD", ": My Commands");

}

T COM24 - Tera Term VT

>hello
- Hello !

- parameter count

Supported command groups

#%*%¥ MYCMD: My Commands **%*

>help MYCMD

#%% hello: Hello! **=*
5
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% Lab5
Custom Command Console

COMMAND Processor System Service
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%€ Lab5 Custom Command Console

* Try add COMMAND processor system service and communicate through UART to use previous
added CONSOLE System Service.

* In this Lab, you might create a new main.c to continue.

* Build your custom command to have below activity :

hello : Print “Hello world !” on console.

led #on  : Light LED #.

led # off :Dark LED #.

errlv # : Change Ddebug Error Level to # and output message
“Change Error Level to #” then control five different
Error Level debug message output as below.
“Error Level O - Fatal”
“Error Level 1 - Error”
“Error Level 2 - Warning”
“Error Level 3 - Info”

“Error Level 4 - Debug” QM
ICROCHIP



%€ Lab5 Custom Command Console

* Right click on main.c and rename it to main_Lab1-4

Projects x| Files | Services | Active Co»+ |
Elﬁ Labd 3¥35 COMMAND CustomCommandConsole
-- Header Files
ﬁ' Important Files
-3 Linker Files
=) Source Files
B app. B4 Rename e
ﬁ config

M [Hew Mame: nmain_Lab1-:1r l

- Libs Open

El"ﬁ' Leae . | e—— )
Cut Ui ....canCEI.... '
Copy
Paste

Exclude file(s) from current confi
Compile File

Remove From Project

Rename... l
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%€ Lab5 Custom Command Console

* Right click on main_Lab1-4.c and exclude it from current project

* The new main.c will auto generate while next [Generate] Code to be executed.

[l

Projects = | Files @ Services | Active Co--- =]
Elﬁ Labo_ 5% 5 _COMMAND CustomCommandConsole 70)
-[F Header Files N

ﬁ' Important Files — ]
f-E Linker Files
EI" Sonrce Files

..... I'IEI__.“I app.c
Fi config

-8 Librarie

(|

H-BF Loadabl

------ matn_Labl-4.¢

Open

Cut C
Copy C
Paste Ct

Exclude file(s) from current configuration
Compile File

Projects = | Fileg Servi

=63 Lab5_SYS_COMMAND_

" Header Files
ﬁ‘ Important Files
- Linker Files

31

El sonrce Files

W nain Labl-4.c

Libraries

31

7-EF Loadables
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%€ Lab5 Custom Command Console

* Harmony Configuration (Add COMMAND System Service)

Froect Graph#

Peripheral Library

MNVMCTREL
Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

Device Resources | Content Manager

x|@-.-- f|*lil*|P1ugins: -

Device Family Pack (DFF)

CMSIS Pack

Instance 0
UART

‘ Us8 _DEVICE_CDC
SYS_CONSOLE |

¥ Libraries
¥ Harmony
» Drivers
» Libraries
» _ Peripherals
¥ System Services
- @O COMMAND
O FILE SYSTEM

-~ 8YS_CONSOLE

COMMAND _ System Service
connect to, CONSOLE System

Service Instance 0
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%€ Lab5 Custom Command Console

* Harmony Configuration (COMMAND System Service config)

Froect Graph#

Peripheral Library

MNVMCTREL
Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

x|@ HEERE f|l§l |P1ugins:

DEBUG

Systermn Service
T Core Service
5YS_DEBUG ©

SYS_CONSOLE

Instance 0
UART

‘ Usg _DEVICE _CDC
S5Y5_CONSOLE

Configuration Options XI

COMMAND

~Maximum Length Per Command

(=] [

E+COoMMAND
- Dievice Used ;SYS_CDNSDLE_D
~Comrmand Print Buffer Size (512-8192) | 1,024@_
- Maximum Cormmand Groups ' SE
- Maximum Argurnents Per Comrmand SE

System Service
O Core Service
SYS_COMMAND ©

» SYS_CONSOLE
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%€ Lab5 Custom Command Console

* Modify your new main.c as below

#tinclude <stddef.h>
#tinclude <stdbool.h>
#tinclude <stdlib.h>
#tinclude "definitions.h"
#include <stdio.h>
#include <string.h>

void CommandHello(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)

) SYS_CMD_MESSAGE("Hello world !\r\n");

static const SYS_CMD_DESCRIPTOR MyCmdTbl[]=
{ "hello", CommandHello, ": Say Hello" },

3

int main( void )

{
SYS_Initialize(NULL);
SYS_CMD_ADDGRP(MyCmdTbl, 1, "MYCMD", ": My Commands");
while( true )
SYS Tasks();
return ( EXIT_FAILURE);
}
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%€ Lab5 Custom Command Console

* Compiler and programming your project to EVB.

* Type ‘help’ + [Enter] will show system command help.
* Type ‘help MYCMD’ + [Enter] will show custom MYCMD help.
* Type ‘hello’ + [Enter] will execute hello command function.

T COM24 - Tera Term VT — O

File Edit Setup Cantrol Window Help

Supported command groups
%% MYCMD: My Commands ***
Built in commands
*** reset: Reset host ***
***¥ q: quit command processor **%*
¥*%* help: help ***

Use key [1] and [|] could
show history of command.

>

¥l COM24 - Tera Te... — ] >

File Edit Setup Control Window Help
help MYCMD

*** hello: Say Hello ***%

2

1 COM24 -TeraTe.. — ] X
File Edit Setup Control Window Help

>
>hello

Hello world !

>
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%€ Lab5 Custom Command Console

* Modify your main.c as below
void CommandHello(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv) { ... }

void CommandLED(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)
if(argc == 3)
int Led, OnOff = 0O;
if(!strcmp( argv[2], "on" ))
onoff = 1;

Led = atoi(argv[1l]);
switch(Led)

case 1: (OnOff ? LED1_Set : LED1_Clear()); break;
case 2: (OnOff ? LED2 Set : LED2_Clear()); break;

case 3: (OnOff ? LED3_ Set : LED3_Clear()); break;
) }
}
static const SYS _CMD DESCRIPTOR MyCmdTbl[ ]=
{

{ "hello", CommandHello, ": Say Hello" },
{ "led", CommandLED, ": led # on[off]" },

int main( void )
SYS_Initialize(NULL);
SYS_CMD_ADDGRP(MyCmdTbl, 2, "MYCMD", ": My Commands");
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%€ Lab5 Custom Command Console

* Compiler and programming your project to EVB.

* Type ‘help MYCMD’ + [Enter] will show custom MYCMD help.
* Type ‘led 1 on’ + [Enter] to light LED1, ‘led 1 off’ to dark LED1.
e Same control command to LED2 and LED3.

7 COM24-TeraTe.. — O X Use'command to control LED.

File Edit Setup Control Window Help

) MYCMD LED Light / Dtk

hello: Say Hello ***
led: led # on[off] ***

on

off

on

off
on
off

Q MICROCHIP



%€ Lab5 Custom Command Console

* Modify your main.c as below

void CommandHello(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv) { ... }
void CommandLED(SYS_CMD DEVICE_NODE* pCmdIO, int argc, char** argv% { ...}
void CommandErrLv(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)

if(argc == 2)
{

int ErrorLevel = atoi(argv[1]);
if(ErrorLevel>=0 && ErrorLevel<=4 )

SYS_DEBUG_ErrorLevelSet(ErrorLevel);
SYS_CMD_PRINT("Change Error Level to %d\r\n", SYS DEBUG_ErrorLevelGet());

}

SYS_DEBUG_MESSAGE (SYS_ERROR_FATAL, "Error Level ©
SYS_DEBUG_MESSAGE (SYS_ERROR_ERROR, "Error Level 1
SYS_DEBUG_MESSAGE (SYS_ERROR_WARNING, "Error Level 2
SYS_DEBUG_MESSAGE (SYS_ERROR_INFO, "Error Level 3
SYS_DEBUG_MESSAGE (SYS_ERROR_DEBUG, "Error Level 4

Fatal\r\n"g;
Error\r\n");
Warning\r\n");
Info\r\n");
Debug\r\n");

}
static const SYS _CMD DESCRIPTOR MyCmdTbl[ ]=

{ "hello", CommandHello, ": Say Hello" },
{ "led", CommandLED, ": led # on[off]" 1,
{ "errlv", CommandErrLv, ": errlv #" },

5
int main( void )
SYS_Initialize(NULL);

SYS_CMD_ADDGRP(MyCmdTbl, 3, "MYCMD", ": My Commands");
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%€ Lab5 Custom Command Console

* Compiler and programming your project to EVB.

* Type ‘help MYCMD’ + [Enter] will show custom MYCMD help.

* Type ‘errlv’ + [Enter] to show five error level debug messages.

* Type ‘errlv 3’ + [Enter] change error level to 3 and show only error level <=3 debug

messages, ‘errlv 1’ change error level to 1.

M COMZ24 - Tera Te..

File Edit Setup Control Window Help
help MYCMD

*** hello: Say Hello ***
#%% led: led # on[off] ***
errlv # ***

X% o

»errlv
Error
Error
Error
Error
Error
b

rrlv:

Level

Level

Level
Level
Level

— O

Fatal
Error
Warning
Info
Debug

¥ COMZ24 - Tera Te.. — O >
File Edit Setup Control Window Help
errlv 3
Change Error Level to 3
Error Level © - Fatal
Error Level 1 - Error
Error Level 2 - Warning
Error Level 3 - Info
»errlv 1
Change Error Level to 1
Error Level @ - Fatal
Error Level 1 - Error
>
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%€ Lab5 Custom Command Console

Discuss 1

* Try implement two Instance of CONSOLE System Service to separate
DEBUG and COMMAND console.

Froject Graph*

SERCOMS
Peripharal Library
UART

SERCOMZ
Peripheral Library
UART

X ZIRERE4

]

Flugins:

CONSOLE
Systemn Service

O Core Service

Instances =|—[+

Instance 0
UART

Usg _DEVICE_CDC

SYS_CONSOLE

Instance 1
UART

. USB_DEVICE_CDC
SYS_CONSOLE

DEBUG

Systern Service

o Core Service
SYS_DEBUG ©
SYS_CONSOLE

COMMAMND
Systermn Service
Z Core Service

SYS_COMMAND ©
SYS5_CONSOLE

T COMZ24 - Tera Te.. — ] >

File Edit Setup Control Window Help
DEBUG console here!

Error Level ® - Fatal

Error Level - Error

Error Level Warning
Error Level 3 Info

¥ COMS3O0 - Tera Te... — O X
File Edit Setup Control Window Help
COMMAND console here!

>led 1 on
»errlv 3

Change Error Level to 3

>
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USB Device CDC Library

Harmony Device Library
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USB Device CDC Library

* Introduction

The MPLAB Harmony USB Communications Device Class (CDC) Device Library (also
referred to as the CDC function driver or library) provides functions and methods that
allow application designers to implement a USB Device CDC. The current version of the
library supports the Abstract Control Model (ACM) of the CDC specification revision 1.2
and specifically implements a subset of the AT250 command set. This library must be used
in conjunction with the MPLAB Harmony USB Device Layer.
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USB Device CDC Library

Project Graph*

X R E R E 4| & |Flugns | v

Device Family Pack (DFP)
Paripharal Library CMSIS Pack

| USB Full Speed Driver
Core Service ©|| © Core Service USB Device Layer
DRV USB = | T DRV_USB CDC Function Driver
USB DEVICE | o USB_DEVICE

COMNSOLE
Systern Service
 Core Service

Instances =+

Instances

= Instance 0
Instance O A
USB_DEVICE_CD( §=} \ISB_DEVICE_CDC

svs_console USE DEVICE CDC dependency (UZE DEVICE CDC
| Unsatisfied Durect Dependency

Satisfiers

CDC Function Driver (usb_device_cdc)

USB CDC Function Driver supported by
CONSOLE SystemSerwce
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USB Device CDC Library

API functions of the USB Device CDC library.

Functions
USB_DEVICE_CDC_EventHandlerSet This function registers an event handler for the specified CDC driver instance.
USB_DEVICE_CDC_Read This function requests a data read from the USB Device CDC Function Driver Layer.
USB_DEVICE_CDC_Write This function requests a data write to the USB Device CDC Function Driver Layer.
USB_DEVICE_CDC_SerialStateNotificationSend This function schedules a request to send serial state notification to the host.

Data Types and Constants

USB_DEVICE_CDC_EVENT_DATA_READ_COMPLETE USB Device CDC Function Driver Read and Write Complete Event Data.
USB_DEVICE_CDC_EVENT_DATA_SERIAL_STATE_NOTIFICATION_COMPLETE USB Device CDC Function Driver Read and Write Complete Event Data.
USB_DEVICE_CDC_EVENT_DATA_WRITE_COMPLETE USB Device CDC Function Driver Read and Write Complete Event Data.
USB_DEVICE_CDC_INIT USB Device CDC Function Driver Initialization Data Structure
USB_DEVICE_CDC_EVENT_DATA_SEND_BREAK USB Device CDC Function Driver Send Break Event Data
USB_DEVICE_CDC_EVENT USB Device CDC Function Driver Events
USB_DEVICE_CDC_EVENT_HANDLER USB Device CDC Event Handler Function Pointer Type.
USB_DEVICE_CDC_EVENT_RESPONSE USB Device CDC Function Driver Event Callback Response Type
USB_DEVICE_CDC_INDEX USB Device CDC Function Driver Index

USB_DEVICE_CDC_RESULT USB Device CDC Function Driver USB Device CDC Result enumeration.
USB_DEVICE_CDC_TRANSFER_FLAGS USB Device CDC Function Driver Transfer Flags
USB_DEVICE_CDC_TRANSFER_HANDLE USB Device CDC Function Driver Transfer Handle Definition.
USB_DEVICE_CDC_EVENT_RESPONSE_NONE USB Device CDC Function Driver Event Handler Response Type None.
USB_DEVICE_CDC_TRANSFER_HANDLE_INVALID USB Device CDC Function Driver Invalid Transfer Handle Definition.
USB_DEVICE_CDC_FUNCTION_DRIVER USB Device CDC Function Driver Function pointer
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USB Device CDC Library

API functions of the USB Device CDC library. (cont.)

Data Types and Constants

USB_CDC_LINESTATE_CARRIER Bit code information in line state
USB_CDC_LINESTATE_DTR Bit code information in line state
USB_CDC_DESCRIPTOR_TYPE Identifies the descriptor types in the CDC.
USB_CDC_INF_PROTOCOL Identifies the protocol codes.

USB_CDC_INTERFACE_TYPE Identifies the CDC interface type.
USB_CDC_NOTIFICATION Identifies the notification codes available for CDC.
USB_CDC_REQUEST Identifies the CDC specific request codes.
USB_CDC_FUNCTIONAL_DESCRIPTOR Identifies the CDC function header type.
USB_CDC_SUBCLASS Identifies the subclass codes for communication interface.
USB_CDC_UNION_FUNCTIONAL_DESCRIPTOR_SUBORDINATE This is type USB_CDC_UNION_FUNCTIONAL_DESCRIPTOR_SUBORDINATE.
CS_INTERFACE This is a macro.

USB_CDC_ACM_SUPPORT_BREAK This is a macro.
USB_CDC_ACM_SUPPORT_COMM_FEATURE This is a macro.
USB_CDC_ACM_SUPPORT_LINE_CODING_LINE_STATE_AND_NOTIFICATION This is a macro.
USB_CDC_ACM_SUPPORT_NETWORK_NOTIFICATION This is a macro.

USB_CDC_ACM_SUPPORT_NONE Identifies the CDC ACM sub-class capabilities.
USB_CDC_CLASS_CODE Identifies the CDC Interface Class, Subclass and protocol constants.
USB_CDC_COMMUNICATIONS_INTERFACE_CLASS_CODE This is a macro.

USB_CDC_DATA_INTERFACE_CLASS_CODE his is a macro.

USB_CDC_DATA_INTERFACE_PROTOCOL This is a macro.
USB_CDC_DATA_INTERFACE_SUBCLASS_CODE This is a macro.
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USB Device CDC Library

API functions of the USB Device CDC library. (cont.)

Data Types and Constants
USB_CDC_REQUEST_CLASS_SPECIFIC
USB_CDC_SUBCLASS_CODE
USB_DEVICE_CDC_INDEX_O
USB_DEVICE_CDC_INDEX_1
USB_DEVICE_CDC_INDEX_2
USB_DEVICE_CDC_INDEX_3
USB_DEVICE_CDC_INDEX_4
USB_DEVICE_CDC_INDEX_5
USB_DEVICE_CDC_INDEX_6
USB_DEVICE_CDC_INDEX_7

CDC specific request

This is a macro.

Use this to specify CDC Function Driver Instance 0
Use this to specify CDC Function Driver Instance 1
Use this to specify CDC Function Driver Instance 2
Use this to specify CDC Function Driver Instance 3
Use this to specify CDC Function Driver Instance 4
Use this to specify CDC Function Driver Instance 5
Use this to specify CDC Function Driver Instance 6
Use this to specify CDC Function Driver Instance 7

Detail in \[Your HarmonyFramework Directory]\usb\doc\help_harmony_usb.chm
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* Lab 6
USB Device CDC with CONSOLE System Service

USB Device Library
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€ Lab6 USB Device CDC with CONSOLE System Service

* This Lab related to Lab3 of CONSOLE System Service, please start from the solution project
Lab3 SYS CONSOLE_UartConsole.zip

* Add another Instance 1 of CONSOLE System Service.
* Connect USB Device CDC to Instance 1 of CONSOLE System Service,

the Device Layer and USB Full Speed Driver will notice to add together.

* Config PA24/PA25 as USB DM/DP pins.

Config PAO2 as GPIO input and custom name to USB_VBUS SENSE.
Output “Hello World! (PLIB)” and “Hello World! (USB)” to two consoles.
Receive console input X and print “Receive : X” to opposite console.
“Receive : X (PLIB)” (Receive in PLIB console and output to USB console)
“Receive : X (USB)” (Receive in USB console and output to PLIB console)

Native USB in Device role

1 i

VBUS e S PA (D2 USB_VBUS_SENSE

(GPIO Input)

SAMD21

USB DM

D+ ﬁ USB DP
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€ Lab6 USB Device CDC with CONSOLE System Service

 Add USB CDC Function Driver and USB Device modules.

Froject Graph®

X|E-...f|'lil*|l—"1ugins: iy
EAE
Peripharal Library

NVMCTREL
Peripheral Library
MEMORY

B | Components auto-activation X

Confirmation o

USB Device Layer (usb_device)
Are you sure you want to activate these
components?

COMNSOLE
Systern Service
o Core Service

Instances =
Instance 0

USB Device Layer
o DRV_USB
UsSB_DEVICE =

Instance 0
UsSB_DEVICE_CDC

USB Full Speed Driver ® | Components auto-activation

o Core Service
DRV_USB ©

Confirmation

Connect CDC Functlon DI’IVGI‘ to USB Full Speed Driver (drv_usbfs_v1)

Are you sure you want to activate these

Instancel[of fCONSOLE System'Service components?
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€ Lab6 USB Device CDC with CONSOLE System Service

* Harmony Configuration of CONSOLE and CDC Function Driver.

FProject Graph* |

x|@GE@E f|*lil*|P1ugins: -

Device Family Pack (DFF)
CMSIS Pack

Core
Harmormy Core Service
2 RTOS

Core Service O

el X *Rx Buffer
S S ot D' in CONSOLE

- COMSOLE
%----Device Lsed
%----TraHSmit Buffer Size (1-409a6)
--Receive Buffer Size (1-40985)

EVSYS
Peripheral Library

MVYMCTEL
Peripheral Library
MEMORY

CONSOLE
Systemn Service

USE _DEVICE CDC 0

Z Core Service

SERCOMS
Peripheral Library
UART

Instances e

Instance 0
UART

‘ usg _DEVICE CDC
SYS_CONSOLE

CDC Function Driver
2 USB_DEVICE

Configuration Options "‘]
=l H

LUSBE Device Layer
o DRV_USB

Instances = [F Instance 1 E-CDC Function Driver

USBE _DEVICE © UART =
Instance 0 - Start Interface Mumber 0z
USE Full Speed Driver USB_DEVICE_CDC UsSB _DEVICE_CDC —MNumber of Interfaces o :

Z Core Service SLEL L TS ~Use Interface Association Descriptor [
DRV_USB © ~CDC Read Queue Size =
USB CDC C f t - CDC Write Queue Size =
on Ig uration - CDC Serial Notification Queue Size =
~Interrupt Endpoint Number =
- Bulk OUT Endpaint Mumber =
~Bull IN Endpoint Mumber A=
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% Lab6 USB Device CDC with CONSOLE System Service

* Harmony Configuration of USB Device Layer and Full Speed Driver.

ProjectGraph* .Setup yOUI’LUSB‘V|DA/LF2|D
X|JHMERE 4| |Phgns: v sOr.use MicrochipDemoPID

= LUSE Device Layer

EVSYS Device Family Pack (DFP) e B e =
Peripheral Library =
CMSIS Pack ~Mumber of Endpaints 2

NVMCTRL CONSOLE

¥l

i Special Events Cd C_CO m_p (@) rt_S | n g | e_d emo

Pa'|p|’:l|";;:y Core SisimiSanias #-Special Features
Harmony Core Sarvice 1 . .
o RIOS LSlEaE s ~Endpoint 0 Buffer Size |64 |
SERCOMS Core Service O Instances -+ +vendor ID (04008
i - ore Service T : I
Peripheral Library Instance 0 4 Product ID Selection cde_com_port single_demeo «
UART UART ~ v
: . +Product 1D O 000A
CDC Function Driver $ USB_DEVICE_CDC
: = = L ' Microchip Technology Inc.
USE Device Layer o USB_DEVICE SYS_CONSOLE Manufacturer String . r . g5
& DRV_USB +Product String Selection  =imple CDC Device Deme
S

Instance 1
UART

USB_DEVICE_CDC
SYS_CONSOLE

Instances

Instance 0
UsSB_DEVICE_cCDC

USB _DEVICE O -&dd Device Serial MNumber ||

ia\/|1D;:0x04D8 @PID:0x000A
Simple,CDC Device Demo

*1

USE Full Speed Driver
& Core Service
DRV _USB ©

Enable the VBUS Sense feature oSk Full Speed Drvee® TR
Could auto . emulate,CDC EFunction = USB Mode Selection De v
z 3 =Enable WBLUIS Sense | |+«
while, USB cable,to plugged-in L BUS SENSE Pin N.ame TS5 VEUS SENGE)
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€ Lab6 USB Device CDC with CONSOLE System Service

* Setup USB pads D-/D+ to PA24/PA25 and VBUS Sense GPIO PA02 to USB_VBUS_SENSE

Fin Sethings = l

Order: IPorts | Table Wiew Easy View
Fin . . o .
P ID Custom MName Function Mode Direction Latch  Pull Up Pull Dirive
Mumber
T Stren oth
3 PAD2 USB_VBLS_SENSE Digital Lowr NORMAL
oo | 0 O

33 PAZ4 USE_DM High Impedance - nfa [] [] | m~NORMAL -~
34 PAZS USE_DP " | Digital | High Impedance - nfa [] [] |m~NORMAL -~

Fin Table =

Package: | TOFP4S © 3[40 woft1]12]13|14]15[16]|21(22 23|24 2526|2728 |20 30]31]32] 33 34|
A
Module Function || 2 ]3[4 [5[6[7[e|o[w[ul]wz[w|sw]im]ie|w]o]2]z2]23]2]25]
GPIC GPIC D r-’-'
USB_DM
ISR ISE_DF
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€ Lab6 USB Device CDC with CONSOLE System Service

* Modify your main.c as below

SYS_TIME_HANDLE tmrHandle;
SYS_TIME_HANDLE tmrHandle_USB_hello;
SYS_CONSOLE_HANDLE consoleHandle|gdmi:i;
SYS_CONSOLE_HANDLE consoleHandle[l§}:;
char UartWriteBuf[30];

char UartReadBuf[10];

int main( void )

{

SYS_TIME_DelayMs(1000, &tmrHandle);
SYS_TIME DelayMs(100@, &tmrHandle USB_hello);

consoleHandle[yd®y: = SYS CONSOLE_HandleGet SYS_CONSOLE_INDEX_@ );
sprintf(UartWriteBuf, "Hello world ! \r\n");
SYS _CONSOLE Write(consoleHandleld®®:, UartWriteBuf, strlen(UartWriteBuf));
consoleHand1ellli = SYS_CONSOLE_HandleGet( SYS_CONSOLE_INDEX_fl );
while ( true )

if( SYS _TIME DelayIsComplete(tmrHandle) == true ) {...}

if( SYS_TIME_DelayIsComplete(tmrHandle_USB_hello) == true )

sprintf(UartWriteBuf, "Hello world ![{US:3]\r\n");
SYS_CONSOLE Write( consoleHandle@, UartWriteBuf, strlen(UartWriteBuf));

}
if( SYS_CONSOLE_Read(consoleHandlePLIB, UartReadBuf, 1) > 0 ) {...}
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€ Lab6 USB Device CDC with CONSOLE System Service

* Modify your main.c as below

int main( void )

Modify this line

{

consoleHandlePLIB = SYS_CONSOLE_HandleGet( SYS_CONSOLE_INDEX © );
sprintf(UartWriteBuf, "Hello world !(PLIB)\r\n");
SYS_CONSOLE_Write(consoleHandlePLIB, UartWriteBuf, strlen(UartWriteBuf));
consoleHandleUSB = SYS_CONSOLE HandleGet( SYS_CONSOLE_INDEX 1 );

while ( true )

i%i SYS _TIME DelayIsComplete(tmrHandle USB hello) == true )

{
sprintf(UartWriteBuf, "Hello world !(USB)\r\n");

SYS _CONSOLE Write(consoleHandlePLIB, UartWriteBuf, strlen(UartWriteBuf));
if( SYS_CONSOLE Read(consoleHandle[d®i:, UartReadBuf, 1) > 0 )
sprintf(UartWriteBuf, "Receive : %s [(d®E}]\r\n", UartReadBuf);
SYS_CONSOLE_Write(consoleHandlelfJ§ , UartWriteBuf, strlen(UartWriteBuf));
if( SYS_CONSOLE_Read(consoleHandlels, UartReadBuf, 1) > 0 )
sprintf(UartWriteBuf, "Receive : %s [(¥S:)]\r\n", UartReadBuf);
SYS_CONSOLE_Write(consoleHandle/d®i:, UartWriteBuf, strlen(UartWriteBuf));

SYS Tasks ( );
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% Lab6 USB Device CDC with CONSOLE System Service

* Compiler and programming your project to EVB.
e Connect both two USB to your PC.

* The Device manager will detect a new USB CDC device.

* You can check the new COM Port properties.

SEEES - O
BEP BEA) EHN FHBEMH)
&= @ HE B X e

v @ #EIEE (COM FLPT)
@ USB F3IEE (COM4)
W USB FIIEE (COMS)

Configuration Options =

M 1E(P)
FRHEAREE

BW)

— -
EIEEHEL(P)

ERAEKE((D)
BEREEREEU)

FHEREBEA)
AE(R)

USB\VID_04D8&PID_000A\6&1CD333CA&2&3

w1 (P)
B e pr s S a0 s B i

B\

Simple CDC Device Demo

=l [+

E-USE Device Layer
- Mumber of Functions =
- MNumber of Endpoints =

I+l

H-Special Events

I3l

H-Special Features

~Endpoint 0 Buffer Size 64

fvendor 1D 0x04D8

4 Product ID Selection ede_com_port_single_demo -
+Product 1D (000 A

+ Manufacturer String Microchip Technology Inc.
-fru:uduu:t String Selection  |Simple CDC Device Demo

~Add Device Serial Number ||
F-USE Device Configuration

HEOMAE
'USB FFAlEEE (COMDS)' &
Rrol A -

IEFERERE
#HAIEFESRE "Simple CDC Device
Demo'’ -
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% Lab6 USB Device CDC with CONSOLE System Service

* If you are using Windows 7 or previous version, please install USB CDC driver from the

example APP in Harmony Framework path.
<Harmony Framework Path>\usb apps_device\apps\cdc_com port _single\inf\
 Or Download the INF file directly from GitHub.

https://github.com/Microchip-MPLAB-Harmony/usb_apps_device/tree/master/apps/cdc_com_port_single/inf

B E#EHE - USB 753 HE (COMS)
EANEIE LR REEFHET
FHUEESEHELD:

[ \usb_apps_device\apps\cdc_com_port_single\inf\ 7 HARR...

2B FENE®
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€ Lab6 USB Device CDC with CONSOLE System Service

* Open two COM Port terminal console 115200-n-8-1.
* Press [Reset] button on EVB and check the ‘Hello world!(xxx)’ to know which one is
from PLIB or from USB.

* Type-in in one console will echo message to another one.
1 COMS - Tera Ter... — O X

W COM4 - Tera Ter.. — ] |Fle Edit Setup Control Window Help

File Edit Setup Control WindovESRESIENGISIEREEEIEY:)

Hello world !(PLIB) Receive : a (PLIB)

: _ : Receive : b (PLIB)
RECE%UE ) (U%BJ Receive : (PLIB)
Receive : (USB)

SLVe _ Receive : (PLIB)
Receive : (usB) <::] Receive : (PLIB)

Receive : (USB)
Receive : (USB)
Receive : (USB)

Receive :

RS
A ATATE
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€ Lab6 USB Device CDC with CONSOLE System Service

Discuss 1

* How many USB device CDC instance could support by SAMD21 ?

* USB CDC Device is a collection of the following Interfaces and Endpoints
* Communication Interface (Device Management) on Endpoint 0.
* Communication Interface (Notification) on an Interrupt(IN) Endpoint.
* Data Interface on a Bulk(IN/OUT) Endpoint.

* SAMD21 USB device mode can support up to 8 endpoints (IN/OUT),
the first CDC instance will consume three endpoints,

and subsequent instances will consume two.

SERCOMS
Peripheral Library
UART

USB Device Layer

= DRV_UsSB o]
UsSB_DEVICE ©

CDC Function Driver
USB_DEVICE

Instances =+
USBE Full Speed Driver

& Core Service

Instance 0 432 l, ).

DRV_USB ©

Instanc
Instance 0

USB_DEVICE HID ?

HID Function Driver
 USB_DEVICE
Gy | N

CONSOLE
Systermn Service

2 Core Service

Instances =+

Instance O
vart (OB
‘ USB _DEVICE_CDC
S5YS_CONSOLE

Instance 1

ZcoMa

‘ USB_DEVICE_CDC

Instance 2

LMCONI5

USB_DEVICE CDC
SYS_CONSOLE

l SYS_CONSOLE

Instance 3

varT (O3

. USB_DEVICE CDC

SYS_CONSOLE

v [ EiEE (COM 1 LPT)

=L

£

SB Device Layer
~Murmber of Functions

~MNumber of Endpaoints

F-Special Events
E

-Special Features

%----Enahle advanced String Descriptor Table |:|
“-Enable BOS Descriptor Support: |:|

- Endpoint 0 Buffer Size
~Wendor 1D

~Product ID Selection
~Product ID

- Manufacturer String
~PBroduct String Selection

~Add Device Serial Number [ ]

- USE Device Configuration

b4
Qx40
Enter Product 1D “

L (BIRIRIN [
Microchip Technology Inc.
Enter Product string here

W USB EFHE (COM4) PLIB SERCOMS
W USB B3 E (COMS5) EDC InsEnea ©
i USB E33E (coMe) EDC InsEnes i
@ USB E3I#HE (CcoM7) CDC Insanes 2

v () BEEREMIEEEE

@ HID-compliant mouse I lasiames ®
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% Lab6 USB Device CDC with CONSOLE System Service

Discuss 2

* If it possible to implement a USB device CDC console without CONSOLE System service?

* Yes, but you will need to implement the USB Device and USB Device CDC Event Handler by
yourself through the API functions of USB Device Layer and USB Device CDC library.

.'
] | g—————- o o o o o e e ~
UsbCdcDeviceEventHandler B [ I API Functions :
| INIT ] I ]
: T :[APP_USBCDC_ReadBytes] :
| 1 |
|
UsbDeviceEventHandler <-E—[ WAIT_FOR_CONFIGURATION ] :[ APP USBCDC Printf ] :
, _ -
: v R ———— y
I

|

- USB_DEVICE_CDC_Read }«+— SCHEDULE_READ ]_l I
T I

|

USB_DEVICE_CDC_Write)«.- —{ SCHEDULE_WRITE |»| ERROR |

5 _ §F B B B B B B B B B B B B B B B B B B B B B B N B B B B B B J
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FILE System Service

Harmony System Service
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FILE System Service

* Introduction
The File System Service provides an

application programming interface (API) -

through which a utility or user program k Application ]

requests services of a file system. The File . A

System service is really a framework File System Service (sys_fs) 5 Virtual File System
2
5
2

designed to support multiple native file

system and multiple media in the same ‘ Others
application. Examples of native file systems

are FAT12,FAT16, FAT32, and the Microchip

File System (MPFS) among others. Each of [
these native file systems have a common set

of APIs that can be used to access the files of ‘ use Media driver
that particular native file system. The File

System Service abstracts the native file

system calls and provides a common
interface to the user/application_layer.

Native File System

»
o

File System Media Manager Media manager

I HardwarelInde

7
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FILE System Service (DRV_MEDIA)

Configuration Options XI
= [+

E-FILE SYSTEM
=-File Syster settings

- Maximum Simultaneous File Access =
~Size Of Block al2 2
- 5ize Of Media Manager Buffer 2048 %

Fl L E SYSTEM SeI‘VICe ~IUse File System Auto Mount Feature? []

~Total Mumber Of Media =

COUla Sfupp,ort Couple type ~Total Number Of valumes =
of Media Content ~Medial

~File System Types =

= FAT File System
: FaT File System Version v, 14h
frpipsbCanh xl %----Make FAT File System Read-only |:|
x | ARERE ¢ | = |P1ugins: DEM code page to be used 1I.:E, v

~-Enahle exFAT File System Support [

- Micrachip File System |:|
- LittleFS File System []
—~Enable Long File Name Support
~File name length in bytes PN

-~ Current working directory scratch buffer length in bytes

SD
Card

svs_fs DEV MEDIA dependency (DEV _MEDIA)
Multi-Connect Dependency

Satisfiers

MEMORY (drv_memory)
SD Card (SPI) (drv_sdspi)
MSD Client Driver (usb_host_msd)

o m
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FILE System Service (SD Card)

T MEMORY (drv_memory)
sD SD Card (SPI) (drv_sdspi)
Card MSD Client Driver (usb_host_msd)

Froject Graph Xl

X|E-E-. f|*lil*|P1ugins: w

TIME

Systemn Service

- Y Three Timer Clients
Peripheral Library SYS_TIME © Requested

SD Card (SPI)
Dirivier
o Core Service
o SYS_TIME

Peripheral Library Instance 0 Instances .= —F FILE SYSTEM

SPI SPI Instance 0 = SE—“D_E
DRV _SPI DRV_SPI © Core Service
" spr SYS_F5 ©

DRV_M EDIA - SD Card l DRV_MEDIA ~ DRV_MEDIA

SERCOM1 Instance 1
Peripheral Library DRV_SPI
5PI SPI

DRV_MEDIA
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FILE System Service (MSD Client Driver)

MEMORY (drv_memory)
SD Card (SPI) (drv_sdspi)
MSD Client Driver (usb_host_msd)

USB
MSD

Project Graph "‘l
X|E-E..f|*lil*|1:’lugins: w

TIME
Systemn Service

= & Core Service One Timer Client
Peripheral Library SYS_TIME © Requested

TMR ™R

USB Full Speed Driver

& Core Service Host Layer " FILE SYSTEM |
DRV_USB << DRV_USB Systern Service

o 8YS_TIME MSD Client Driver & Core Service
USB HOST O\ & USB_HOST SYS_FS ©
DRV_MEDIA DRV_MEDIA

DRV_MEDIA — MSD Client Driver

c\ MICROCHIP



FILE System Service (MEMORY Client Driver)

MEMORY (drv_memory) |

SD Card (SPI) (drv_sdspi)
Frogect Graph XI ‘

MSD Client Driver (usb_host_msd)
X|E-E..f|*lil*|1:’lugins: w

gerial Flash and Internal NVM

sTs_F5_MEDIA_TYFE_MNWVM V
T s _Fs _MEDIA_TYFE_RAM
sTe_Fs_MEDIA_TYFE_SFIFLASH v

MEMORY

Driver

SERCOM1 Driver < Core Service | FILE SYSTEM |

) : : 5 Servi
Peripheral Library n ces = ystemn I'ELF—‘
sSPr 2 Core Service
Instance O

MEMORY SYS_F§s ©

NVMCTRL DRV_MEDIA zZ DRV_MEDIA

Paripharal Library Instance 1
MEMORY MEMORY

DRV_MEDIA
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FILE System Service

API functions of the File System Service library.

* File and Directory Operation Functions

SYS_FS_FileOpen
SYS_FS_FileClose

SYS_FS_FileCharacterPut

SYS_FS_FileEOF
SYS_FS_FileError
SYS_FS_FileNameGet
SYS_FS_FilePrintf
SYS_FS_FileRead
SYS_FS_FileSeek
SYS_FS_FileSize
SYS_FS_FileStat
SYS_FS_FileStringGet
SYS_FS_FileStringPut
SYS_FS_FileSync
SYS_FS_FileTell
SYS_FS_FileTestError
SYS_FS_FileTruncate
SYS_FS_FileWrite

SYS_FS_DirectoryMake

SYS_FS_DirOpen
SYS_FS_DirClose

Opens a file.

Closes a file.

Writes a character to a file.

Checks for end of file.

Returns the file specific error.

Reads the file name.

Writes a formatted string into a file.
Read data from the file.

Moves the file pointer by the requested offset.
Returns the size of the file in bytes.

Gets file status.

Reads a string from the file into a buffer.
Writes a string to a file.

Flushes the cached information when writing to a file.

Obtains the file pointer position.
Checks for errors in the file.
Truncates a file

Writes data to the file.

Makes a directory.

Open a directory

Closes an opened directory.
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FILE System Service

API functions of the File System Service library. (cont.)

* File and Directory Operation Functions (cont.)

SYS_FS_DirRead
SYS_FS_DirRewind
SYS_FS_DirSearch
SYS_FS_DirectoryChange

SYS_FS_CurrentWorkingDirectoryGet

SYS_FS_FileDirectoryModeSet
SYS_FS_FileDirectoryRemove
SYS_FS_FileDirectoryRenameMove
SYS_FS_FileDirectoryTimeSet
SYS_FS_Error

* General Operation Functions
SYS_FS_Initialize

SYS_FS_Tasks

SYS_FS_Mount

SYS_FS_Unmount
SYS_FS_CurrentDriveGet
SYS_FS_CurrentDriveSet
SYS_FS_DrivelLabelGet
SYS_FS_DrivelabelSet
SYS_FS_DriveFormat

Reads the files and directories of the specified directory.

Rewinds to the beginning of the directory.
Searches for a file or directory.

Changes to the directory specified.

Gets the current working directory

Sets the mode for the file or directory.
Removes a file or directory.

Renames or moves a file or directory.

Sets or changes the time for a file or directory.
Returns the last error.

Initializes the file system abstraction layer (sys_fs layer).

Maintains the File System tasks and functionalities.
Mounts the file system.

Unmounts the file system.

Gets the current drive

Sets the drive.

Gets the drive label.

Sets the drive label

Formats a drive.
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FILE System Service

API functions of the File System Service library. (cont.)

* General Operation Functions (cont.)

SYS_FS_DrivePartition Partitions a physical drive (media).
SYS_FS_DriveSectorGet Obtains total number of sectors and number of free sectors for the specified drive.
SYS_FS_EventHandlerSet Allows a client to identify an event handling function for the file system to

call back when mount/unmount operation has completed.
Functions active when SYS_FS_AUTOMOUNT_ENABLE is true.

* Media Manager Functions
SYS_FS_MEDIA_MANAGER_Tasks
SYS_FS_MEDIA_MANAGER_TransferTask
SYS_FS_MEDIA_MANAGER_Read
SYS_FS_MEDIA_MANAGER_SectorRead
SYS_FS_MEDIA_MANAGER_SectorWrite
SYS_FS_MEDIA_MANAGER_Register
SYS_FS_MEDIA_MANAGER_RegisterTransferHandler
SYS_FS_MEDIA_MANAGER_DeRegister
SYS_FS_MEDIA_MANAGER_AddressGet
SYS_FS_MEDIA_MANAGER_MediaStatusGet
SYS_FS_MEDIA_MANAGER_VolumePropertyGet
SYS_FS_MEDIA_MANAGER_CommandStatusGet
SYS_FS_MEDIA_MANAGER_GetMediaGeometry
SYS_FS_MEDIA_MANAGER_EventHandlerSet
_SYS_FS_MountVolume

Media manager task function.

Media manager transfer task function.

Gets data from a specific media address.

Reads a specified media sector.

Writes a sector to the specified media.

Function to register media drivers with the media manager.
Register the event handler for data transfer events.
Function called by a media to deregister itself.

Gets the starting media address based on a disk number.
Gets the media status.

Gets the volume property.

Gets the command status.

Gets the media geometry information.

Register the event handler for Mount/Un-Mount events.
Mount the volume when AUTOMOUNT feature is enabled.
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FILE System Service

API functions of the File System Service library. (cont.)

* File System Data Types and Constants

SYS_FS_ERROR
SYS_FS_FILE_SEEK_CONTROL
SYS_FS_FSTAT
SYS_FS_FUNCTIONS
SYS_FS_REGISTRATION_TABLE

SYS_FS_RESULT
SYS_FS_FILE_OPEN_ATTRIBUTES
FAT_FS_MAX_LFN
FAT_FS_MAX_SS
FAT_FS_USE_LFN
SYS_FS_FILE_SYSTEM_TYPE
SYS_FS_HANDLE
SYS_FS_HANDLE_INVALID
SYS_FS_FILE_DIR_ATTR
SYS_FS_TIME
SYS_FS_FORMAT
SYS_FS_EVENT
SYS_FS_EVENT_HANDLER

SYS_FS_MEDIA_BLOCK_COMMAND_HANDLE_INVALID Defines the invalid media block command handle.

Lists the various error cases.

Lists the various modes of file seek.

File System status

SYS FS Function signature structure for native file systems.

The sys_fs layer has to be initialized by passing this structure with
suitably initialized members.

Lists the various results of a file operation.

Lists the various attributes (modes) in which a file can be opened.
Maximum length of the Long File Name.

Lists the definitions for FAT file system sector size.

Lists the definitions for FAT file system LFN selection.

Enumerated data type identifying native file systems supported.
This type defines the file handle.

Invalid file handle

Enumerated data type identifying the various attributes for file/directory.
The structure to specify the time for a file or directory.

Specifies the partitioning rule.

Identifies the possible file system events.

Pointer to the File system Handler function.

SYS_FS_MEDIA_HANDLE_INVALID Defines the invalid media handle.
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FILE System Service

API functions of the File System Service library. (cont.)

* File System Data Types and Constants (cont.)

_SYS_FS_VOLUME_PROPERTY
SYS_FS_MEDIA_BLOCK_EVENT
SYS_FS_MEDIA_COMMAND_STATUS
SYS_FS_MEDIA_FUNCTIONS
SYS_FS_MEDIA_MOUNT_DATA
SYS_FS_MEDIA_PROPERTY
SYS_FS_MEDIA_STATE
SYS_FS_MEDIA_STATUS
SYS_FS_MEDIA_TYPE
SYS_FS_MEDIA_BLOCK_COMMAND_HANDLE
SYS_FS_MEDIA_EVENT_HANDLER
SYS_FS_MEDIA_GEOMETRY
SYS_FS_MEDIA_HANDLE
SYS_FS_MEDIA_REGION_GEOMETRY
SYS_FS_VOLUME_PROPERTY

Structure to obtain the property of volume

Identifies the possible events that can result from a request.
The enumeration for status of buffer

Structure of function pointers for media driver

Structure to obtain the device and mount name of media
Contains information of property of a media.

The enumeration for state of media.

The state of media.

The enumeration for type of media.

Handle identifying block commands of the media.

Pointer to the Media Event Handler function.

Contains all the geometrical information of a media device.
Handle identifying the media registered with the media manager.
Contains information of a sys media region.

Structure to obtain the property of volume

Detail in \[Your HarmonyFramework Directory]\core\doc\help_harmony_core.chm
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FILE System Service

DRVAMEDIA

SD,card (SPI)

Application
Client

EILE SYSTEM
System Service

PLIB

SERCOM SPI

DRVAMEDIA
USB MSD, Client

Application

FILE SYSTEM

System Service

Host Layer
Library

DRVAMEDIA
MEMORY,
Application

Client

FILE SYSTEM
System Service

PLIB
NVMCTRL

SERCOM SPI !
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FILE System Service

* The standard names for volumes (devName) used in the MPLAB Harmony file system is as follows:

NVM Internal Flash: nvm [media number] [volume number]
SD card : mmcblk [media number] [volume number]
USB Mass Stroage : sd [media number] [volume number]
External SPI Flash : mtd [media number] [volume number]
Internal SRAM ; ram [media number] [volume number]

* [media number] is a, b, c... depends on the number of connected media.
* [volume number]is1, 2, 3... depends on the number partitions of media.

* |f a SD card with four partitions is attached to the system, the devNames will be
mmcblka1, mmcblka2, mmcblka3, mmcblka4

* If a NVM media with one partition attached, the devName will be nvman.

* If 2nd SD card with one partition attached, the devName will be mmcblkb1.

* Finally, there will be six devNames which are available for the application to be mounted and used for the file
system. (mmcblka1, mmcblka2, mmcblka3, mmcblka4 , nvma1, mmcblkb1)

* The media devName must be preceded by the string "/dev/“, the devName should use Harmony naming rule.
/dev/mmcblka1

* The drive mount name must be preceded by the string "/mnt/“, the mount name is customable.
/mnt/myDrive1
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FILE System Service (SD Card)

#define SDCARD_DEV_NAME "/dev/mmcblkal”
#define SDCARD_MOUNT_NAME "/mnt/myDrivel™
DRVAMEDIA #define FILE_CONTENT "Test Content to Write"
— SYS_FS_HANDLE fHandle = SYS_FS_HANDLE_INVALID;
char readBuffer[30];

void CommandSDCard(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)

{
S (SDCARD_DEV_NAME, SDCARD_MOUNT_NAME, FAT, @, NULL);
SISV IR Ye (SDCARD_MOUNT_NAME ) ;
fHandle = EREREFN ) a0 (argv[1], SYS_FS_FILE_OPEN_WRITE_PLUS);
SYS_CMD_PRINT("- Create File : %s\r\n", argv[1l] );
BTN e R 1 (fHandle, FILE_CONTENT, sizeof(FILE_CONTENT));
SYS_CMD_PRINT("- Write [%s] to File\r\n", FILE_CONTENT );
SN (fHandle, @, SYS_FS_SEEK_SET);
SERFMFAE Y (fHandle, (void *)readBuffer, 30);
SYS_CMD_PRINT("- Read content : [%s]\r\n", readBuffer );

SEM G (fHandle) ;

}
static const SYS_CMD_DESCRIPTOR MyCmdTbl[]=
{
{ "sdcard", CommandSDCard, ": SD Card Test" },
}s

M COMA - Tera Term VT
»>sdcard test.txt
- Create File : test.txt

Write [Test Content to Write] to File

PLIB
SERCOM SPI

W3
[T ',
SD
Card

Read content : [Test Content to Write]
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Client
=

EILE SYSTEM
System Service

il fHand1le |

Host Layer
er Library

System Service

BRES

‘n

Test Content to Write

FILE System Service (USB Mass Storage)

#define USBMSD_DEV_NAME "/dev/sdal"

#define USBMSD_MOUNT_NAME "/mnt/myDrive2"

#define FILE_CONTENT "Test Content to Write"
SYS_FS_HANDLE fHandle = SYS_FS HANDLE_ INVALID;
char readBuffer[30];

void CommandUsbMSD(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)
{
USB_HOST_BusEnable(9);

SYS_FS_Mount(USBMSD_DEV_NAME, USBMSD_MOUNT_NAME, FAT, ©, NULL);
SYS_FS_CurrentDriveSet(USBMSD_MOUNT_NAME) ;

fHandle = SYS_FS_FileOpen(argv[1l], SYS_FS_FILE_OPEN_WRITE_PLUS);
SYS_CMD_PRINT("- Create File : %s\r\n", argv[1l] );
SYS_FS_FileWrite(fHandle, FILE_CONTENT, sizeof(FILE_CONTENT));
SYS_CMD_PRINT("- Write [%s] to File\r\n", FILE_CONTENT );
SYS_FS_FileSeek(fHandle, @, SYS_FS_SEEK_SET);

SYS _FS_FileRead(fHandle, (void *)readBuffer, 30);

SYS _CMD_PRINT("- Read content : [%s]\r\n", readBuffer );

SYS FS FileClose(fHandle);

¥
static const SYS_CMD_DESCRIPTOR MyCmdTbl[ ]=
{
{ "usbmsd", CommandUsbMSD, ": USB Mass Storage Test" },

};
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FILE System Service (MEMORY-NVM)

System Service

fHandle [P

VIENO@RY?
Driver

PLIB
. NVMCTRL

Internal ?,

Flash
(NVM)

Test Content to Write

#define MEMNVM_DEV_NAME "/dev/nvmal"

#define MEMNVM_MOUNT_NAME "/mnt/myDrive3"
#define FILE_CONTENT "Test Content to Write"
SYS_FS_HANDLE fHandle = SYS_FS HANDLE_ INVALID;
char readBuffer[30];

void CommandMemNVM(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)
{

SYS_FS_FORMAT_PARAM opt = {SYS_FS_FORMAT_FAT, @, 1, 0, 1 };

uint8_t CACHE_ALIGN work[512];

SYS_FS_Mount(MEMNVM_DEV_NAME, MEMNVM_MOUNT_NAME, FAT, ©, NULL);
SYS_FS_CurrentDriveSet(MEMNVM_MOUNT_NAME) ;

SYS_FS_DriveFormat ([QSN\/ Ml ml\I\ilS, &opt, (void *)work, 512);

fHandle = SYS_FS_FileOpen(argv[1], SYS_FS_FILE_OPEN_WRITE_PLUS);
SYS_CMD_PRINT("- Create File : %s\r\n", argv[1l] );
SYS_FS_FileWrite(fHandle, FILE_CONTENT, sizeof(FILE_CONTENT));
SYS_CMD_PRINT("- Write [%s] to File\r\n", FILE_CONTENT );
SYS_FS_FileSeek(fHandle, @, SYS_FS_SEEK_SET);

SYS _FS_FileRead(fHandle, (void *)readBuffer, 30);

SYS _CMD_PRINT("- Read content : [%s]\r\n", readBuffer );

SYS _FS FileClose(fHandle);

}
static const SYS_CMD_DESCRIPTOR MyCmdTbl[ ]=
{
{ "memnvm", CommandMemNVM, ": Internal Flash (NVM) Test" },
}s
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% Lab 7
SD Card with File System

FILE System Service
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%€ Lab7 SD Card with File System

e Continue this Lab from Lab5.
* Try add FILE System Service and select SPI SD Card as media.
* The SERCOMO-SPI as the hardware interface of SD card socket.
* Build custom command to access SD card as below :
mount : Mount the SD card.
open S :Openfile S, if not exist then create a new file.
write S : Write string S to opened file.
read # : Seek to start and Read # character from file.

close : Close opened file. = I SD1
~l &~ ~ MicroSD
— - 1
— 2
SAMD21 PAVO SS(S0.) 2] oD

PAOG/MOSI(S0.2) 3 CMD(SDI)

GPIO Output PAQ9 SD_CS ® & L V;C‘C

SERCOMOPAD2 PAOE MOS| PA07/SCK(S0.3) g CLK(SCK)

SERCOMO PAD3 PAQ7 SCK PAOS/MISO(S0.0) 7] o
SERCOMO PADO PAQ8 MISO 8 B‘g?(SDO)
GPIO Input PBO3 SD_CD 4 PBO3 ) —— Card Detect

— 1 GND
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%€ Lab7 SD Card with File System

* Harmony Configuration (Add FILE System Service and SD Card)
 Select PLIB SERCOMO for SD Card (SPI) Driver.

Device Resources | Content Manager

¥ Libraries
¥ Harmony
» Drivers
» Libraries
» Peripherals

¥ System Services

B2 O FILE SYSTEM

Device Resources | Content Manager

¥ Libraries

¥/ Harmony

¥ Drivers
O 2c
» 12C EEPROM
s ' MEMORY
¥ SDCARD

> sD Card (SPI)

ra"

Device Family Pack (DFP) ||| CMSIS Pack

EVSYS TIME
Paripheral Library

System Service
7 2 Core Service
TC3
Paripheral Library

SYS _TIME ©

Care

Harmony Core Service

o RTOS
Core Service O
TMR | e TMR

MNVMCTRL
Peripheral Library
MEMORY

SD Card (SFPI)
Diriver

& Core Service
2 SYS_TIME

FILE SYSTEM
Systemn Service

Instances = —+

Instance 0
DRV_SPI

sPr
DRV_MEDIA

o Core Service
SYS F§ O
- DRV_MEDIA

| SERCOMO
Peripheral Library

SPT

SD Card (SPI) Driver

Connect to SERCOMO PLIB

Project Graph | heylIME System Service,is
di=L Ll L Rt necessary,for,SD,Card Driver
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%€ Lab7 SD Card with File System

* Harmony Configuration (FILE System Service configuration)

Configuration Options "l
(=] [+
[=+FILE SYSTEM

El File System settings

- Maximum Simultaneous File Access =
Project Graph x| - Size Of Block SI2/=

||§ C af ¥ K IR |P1ugins: iy ~5ize Of Media Manager Buffer 2,048 2
~lse File System Auto Mount Feature? U

Device Family Pack (DFP CMSIS Pack S stem . ) ' -
i [ ) ~Total Number Of Media 1

TIME
EVSYS Core _ - Total Mumber Of Wolumes 15
Paripheral Library Harmony Core Service ZEiET iEEE . .

et ~Medial
es o RTOS o et -~ File System Types 1=
Paripheral Library Core Service O SYS TIME © -

E-FAT File Systemn v
TMR TMR ) ! .
- FAT File System Wersion v, 14b
NVMCTRL %----Make FAT File System Read-only [ ]
Peripheral Library SD Card (SPI) - 0EM code page to be used ., .

MEMORY S
o Core Service
o SYS_TIME

i----EnahIe exFAT File System Support |:|
-~ Microchip File System
- LittleFs File System
-~Enahle Long File Mame Support

FILE SYSTEM
Systemn Service

RICIO

Instances - ——+
SERCOMO Instance 0

Peripheral Library DRV_SPI
SPI SPI SYS_FS ©

DRV_MEDIA - DRV_MEDIA

- Filewg@ame |engilein byte

g Keep the default settings!
The Auto Mount Feature is disabled

Z Core Service
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%€ Lab7 SD Card with File System

 Harmony Configuration (PLIB SERCOMO config)

Configuration Options =

CE DOMon¥PAD[2 1H(MOST)
E-SERCOMO
= Select SERCOM Operation Made 5P haster m PAD ['2] (SC_K)
%----Enable Interrupts ? m m PAD [ 0] (MISO)
Proje %----Enable operation in Standby mode [ ]
x | -5PI Data Cut Pad Do on FPAD[Z], 3CE on PAD[Z] and 55 on PAD[1] v“
1 SPI Data In Pad Selection SERCOM PAD[O] ~
_De ~5SPI Data Order 'Wt v
-5PI Speed in Hz 1,000,000
EEN ~5PI Data Character Size 8 bits
~SPI Clack Phase The data 15 sampled on a leading SCE edge and changed on a tratling SCE edga -
-SRI Clock Polarity SCK 15 low when 1dle
~Enable SPI Master Hardware Slave Selact
-5PI Receiver Enable
- **EGPR] Transfer Mode 0 is Selectad*** SAM DZ 1

2 Core Service SERCOMO PAD2
o 8YS_TIME

SERCOMO PAD3
SERCOMO PADO

FILE SYSTEM
Systemn Service

Instances - ——+

Instance 0
DRV_SPI

sPI
DRV_MEDIA

SERCOMO
Peripheral Library
S5PI

Z Core Service
SYS F5 O
DRV_MEDIA

!
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SAMD21

GPIO Output

Do I

s

Peripheral Library Harmony Core Service System Se

TC3 O RTOS  Core Se

Paripheral Library Core Service O 5Ys T1
TMR TMR

MNVMCTRL
Paripheral Library
MEMORY

SD Card (SPI)

Diriver

o Core Service
o SYS_TIME

Instances - ——

Instance 0
DRV_SPI
DRV_MEDIA

SERCOMO
Peripheral Library
S5PI

%€ Lab7 SD Card with File System

* Harmony Configuration (SD Card configuration)

Configuration Options =

(=] [+]

FILE SYSTEM
Systemn Service

=50 Card (SPI)

Z Core Service
SYS F5 O
DRV_MEDIA

~File system for SOSPI Driver Enabled
~Chip Select Pin

=11l Configure the Chip Select pin as GPID output under Pin Settings. 11!
~Lgse Write Protect Pin (Active High)?
~se DMA for Transmit and Receive ?
-~ DMA& Channel For Transmit

-~ DM& Channel For Receive

-1l Mote: Far each instance of SDSPI, conneck either SPI PLIB or SPI Driver 1

~PLIB Used SERCOMO
~MNumber of Clients =
-50 Card Speed (Hz) 5,000,000 -2
~Transfer Queue Size 42
«Card Detection Methad Use Folling
- Palling Interval {ms) 1,000 =

PA® ]

[

0%
15

Set Chlp Select plr] to PAO9
and Enable DMA

@ MICROCHIP



%€ Lab7 SD Card with File System

 Harmony Configuration (TIME System Service configuration)

Configuration Options XI

Project Graph XI = [#
4 ||§ REERE+4 |IEI |P1ugins: ~ = TIME
Device Family Pack (DFF) | System | é’""USE Systick? []
A —— L-PLIB Lsed TC3

o core o Mumber of Client 7l
Paripheral Library Harmony Core Service System Service urmoer o 1ents =
i £

TC3 o “Operating Mode | TICELESS

Paripheral Library
TMR

MNVMCTRL
Paripheral Library SD Card (SPI)

SD Card Driver,requires at least

MEMORY Driver
o Core Service
o SYS_TIME

ey, g .
Threelimer,Clients
Please make sure it’s enough
e e T
for,Driver,and your,other Applications

FILE SYSTEM
Instances = —+ _
SERCOMO l System Servics

Instance 0

Peripheral Library DRV_SPI & Core Service

SPT SPI SYS_F5 ©
DRV_MEDIA DRV_MEDIA
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%€ Lab7 SD Card with File System

* Harmony Configuration (Setup SERCOMO pads and GPIO pins)
« SERCOMO on PA06, PAO7, PAO8 ; GPIO on PA09(Out), PBO3(In).

. =50 Card (SPI)
Pin Settings = Pin Table XI Fin Diagram XI Project Graph* l ~Number of Clients 12

Order: | Ports | Table Wiew Easy View - 5D Card Speed (Hz) 5,000,000 =
- Transfer Queue Size . 4=
i | o = T |
Pin Fin IO Custom Mame Function Mode ~Card Detection Method Uze Folling
IMumber : , —5
» . . — - Polling Interval (ms) 1,000
1 PADS SERCOMD_PAD2 | Digital - File system for SDSPI Driver Enabled
12 PADT SERCOMO_PAD3 o Digital §Chir:| calect Pin PADD -
13 PADS SERCOMO_PADD v | -
14 . GPIO_PAD9
43 PEO3 GPIO._PEO3

Fin Settings x{ Pin Table 4 Pin Diagram x] Project Graph* I
Package: | TOFP4S | | 0| 11]12]13]14]15| 1621|2223 24| 25| 26 | 27

A SAMD21

1121131411516 17 18 GPIO Output

Iodule Function
m GPIO
| SERCOMO_PADO |
SERCOMO_PADI 1
SERCOMO_PADZ ]

SERCOMO_FADS3

SERCOMO
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%€ Lab7 SD Card with File System

* Modify your main.c as below
void CommandErrLv(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv) { ... }

SYS_FS_HANDLE fHandle = SYS_FS_HANDLE_INVALID;

SYS_FS_RESULT fResult;

char fMedia[20] = "/dev/mmcblkal";

char fDrive[20] = "/mnt/myDrivel”;

void CommandMount(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)

fResult = SYS_FS_Mount(fMedia, fDrive, FAT, ©, NULL);
if(fResult == SYS_FS_RES_SUCCESS)

fResult = SYS_FS_CurrentDriveSet(fDrive);
if(fResult == SYS_FS_RES_SUCCESS)

SYS_CMD_PRINT("Mount %s success!\r\n", fMedia);
SYS_CMD_PRINT("Current Drive is %s\r\n", fDrive);
return;

}

) SYS_CMD_PRINT("Mount %s failure!\r\n", fMedia);

static const SYS _CMD DESCRIPTOR MyCmdTbl[ ]=

{.Gerrlv", CommandErrLv, ": errlv #" }

; { "mount", CommandMount, ": Mount Media" }, Auto calculate

int main( void ) Commandglable’counts?

SYS_CMD_ADDGRP (MyCmdTbl, sizeof(MyCmdTbl)/sizeof(SYS_CMD DESCRIPTOR),

"MYCMD", ": My Commands");
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%€ Lab7 SD Card with File System

* Compiler and programming your project to EVB.
 Remove SD card firstly.

* Type-in ‘mount’ to execute SD card mount operation.
e Put in SD card.

* Type-in ‘mount’ again to see the resulit.

T COM4 - Tera Term VT — L] >

File Edit Setup Control Window Help MicroSD

>mount
Mount /dev/mmcblkal failure!

>

>mount

Mount /dev/mmcblkal success!
Current Drive 1is /mnt/myDrivel
>

ﬁ\ MICROCHIP



%€ Lab7 SD Card with File System

* Modify your main.c as below

void CommandMount(SYS_CMD_DEVICE NODE* pCmdIO, int argc, char** argv) { ... }

void CommandOpen(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)

fHandle = SYS_FS_FileOpen(argv[1], SYS_FS_FILE_OPEN_APPEND_PLUS);
if(fHandle !="SYS_FS_HANDLE_INVALID)

SYS_CMD_PRINT("File [%s] opened!\r\n", argv[1l] );
else

SYS_CMD_MESSAGE ("Open failure!\r\n");

}
void CommandWrite(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)
int fWriteSize = 0;
fWriteSize = SYS_FS_FileWrite(fHandle, argv[1], strlen(argv[1]));
if(fWriteSize != -1)
SYS_CMD_PRINT("Write [%s](%d) to File!\r\n", argv[1l], fWriteSize );

else
SYS_CMD_MESSAGE("Write failure!\r\n");

static const SYS _CMD DESCRIPTOR MyCmdTbl[ ]=

{ ce
{ "mount", CommandMount, ": Mount Media" },
{ "open", CommandOpen, ": open $" },
{ "write", CommandWrite, ": write $" },

int main( void ) { ... }
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%€ Lab7 SD Card with File System

* The attribute SYS_FS_FILE_OPEN_APPEND_PLUS of file open operation could open
target file or to create a new file if target file not exist and allow append bytes from

the end of file.

void CommandOpen(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)
fHandle = SYS_FS_FileOpen(argv[1], SYS_FS_FILE_OPEN_APPEND_PLUS);

}

SYS_FS_FILE_OPEN_ File exist (Open) Read Read Write Write
or from from from from
Not exist (Create) beginning theend Beginning the end

READ Open / -------- v

WRITE Open / Create v

APPEND Open / Create v

READ_PLUS Open [/ -------- v v

WRITE_PLUS Open / Create

APPEND_PLUS Open / Create
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%€ Lab7 SD Card with File System

* Compiler and programming your project to EVB.

e Put in SD Card and type-in ‘mount’ to mount the SD card.

* Type-in ‘open test.txt’ to execute file open operation,
if ‘test.txt’ not exist then create a new file for write and read.
if ‘test.txt’ already exist then to open it for write and read.

* Type-in ‘ write “Hello World” ’ to execute write operation.

* Remove SD Card and check ‘test.txt’ in the SD card on your PC.

M COM4-TeraTermVT  — O X Why,not thing in test.txty?

File Edit Setup Control Window Help

>mount Sie > SDHC (D)

Mount /dev/mmcblkal success!
Current Drive is /mnt/myDrivel

> | testxt - BEXR — O X
BEE) HEE HX(Q) BRN) A

=| testixt

>open test.txt

File [test.txt] opened!

>

>write "Hello World”

Write [Hello World](11) to File!
>

ﬁ\ MICROCHIP



%€ Lab7 SD Card with File System

* Modify your main.c as below
void CommandMount(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv) { ...

void CommandOpen(SYS_CMD DEVICE NODE* pCmdIO, int argc, char** argv) { ... }

void CommandWrite(SYS_CMD _DEVICE NODE* pCmdIO, int argc, char** argv) { ...
void CommandRead(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)

{

}

int fReadSize = 0;
char fReadBuf[50] = ""; |Hello World |
Ae———

SYS_FS_FileSeek(fHandle, @, SYS_FS_SEEK_SET);
fReadSize = SYS_FS F11eRead(fHandle, (void *)fReadBuf, atoi(argv[1]));
if(fReadSize != -1)

SYS_CMD_PRINT("Read [%s](%d) from File!\r\n", fReadBuf, fReadSize );
else

SYS_CMD_MESSAGE("Read failure!\r\n");

void CommandClose(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)

SYS_FS_FileClose(fHandle);
SYS_CMD_MESSAGE("File Closed!\r\n");

}

static const SYS _CMD DESCRIPTOR MyCmdTbl[ ]=

{ ce
{ "mount", CommandMount, ": Mount SD Card" },
{ "open", CommandOpen, ": open $" },
{ "write", CommandWrite, ": write $" },
{ "read", CommandRead, ": read #" },

) { "close", CommandClose, ": Close f11e" }»

J

int main( void ) { ... }
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%€ Lab7 SD Card with File System

* Compiler and programming your project to EVB.

* Run ‘mount’, ‘open test.txt’ and ‘ write “Hello World” ’ as previous.
* Type-in ‘read 20’ command to read 20 bytes from file.

* Type-in ‘close’ command to close file then check SD Card again.

T COM3 - Tera Term VT — O x 7 He”O WOI’|d ” m

File Edit Setup Control Window Help

>mount

Mount /dev/mmcblkal success!
Current Drive is /mnt/myDrivel
>

>open test.txt 5| testixt
File [test.txt] opened!
>

>write "Hello World" | testixt - ERELE — O X
Write [Hello World](11) to File! BEE E8BE BT(Q) BBV 2E

>
sread 20 Hello World

Read [Hello World](11) from File!
b

>close

File Closed!

A ﬁ\ MICROCHIP
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* Lab 8
FILE System Auto Mount Feature

FILE System Service
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%€ Lab8 FILE System Auto Mount Feature

 Harmony FILE system provide the Auto Mount Feature.
It’s helpful to attach or detach media automatically.

Device Family Pack (DFP) |
System [ CMSIS Pack |

SD Card (SPI)
Driver
O Core Service
O SYS_TIME

Instances - ——+ —

Instance 0
- DRV_SPI

SPI
DRV_MEDIA

FILE SYSTEM
System Service

© Core Service

SYS_FS

O

- DRV_MEDIA

Configuration Options "‘l

= [+

[=-FILE SYSTEM
- File System settings
- Maximum Simultaneous File Access

15

~Media Mount Mame I.-"mntz"mgrDri'-.rel

-Size Of Black ) A
-Size Of Media Manager Buffer 2048 =
- lse File System Auto Mount Feature?
~Total Humber Of Media 1=
-Total Mumber File System Clients =
= Medial
I*;}--Media configuration =
%----Media Type ‘HSYS_FS_MEDIP;_TYPE_SD_CP&RD v] |
File System Type lbal |
%----Numher Of volumes =
E-violumnen
I'él--VﬂJLLEDEJﬂDﬂguratinnD
-~ Device Name \fdevimmeblkal

- File System Types
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%€ Lab8 FILE System Auto Mount Feature

* Code difference after enable the Auto Mount Feature.

Use File System Auto Mount Feature? [ || Configu ration.h
#define SYS_FS_AUTOMOUNT_ENABLE false

LIse File System Auto Mount Feature? I
#define SYS_FS_AUTOMOUNT_ENABLE true
#define SYS_FS_CLIENT_NUMBER 1U
&C.léfine SYS_FS_MEDIA_TYPE_IDXO SYS_FS_MEDIA_TYPE_SD_CARD
#define SYS_FS_TYPE_IDXO FAT

| #define SYS_FS_MEDIA_IDXO_MOUNT_NAME_VOLUME_IDXO "/mnt/myDrivel”

#define SYS_FS_MEDIA IDX0 DEVICE_NAME_VOLUME_IDX@ "/dev/mmcblkal™

Use File System Auto Mount Feature? [ initialization.c

.
3

const SYS_FS_MEDIA_MOUNT DATA sysfsMountTable[SYS_FS_VOLUME_NUMBER]

{NULL}

IUse File System &uto Mount Feature? I

};

{

}s

const SYS_FS_MEDIA_MOUNT_DATA sysfsMountTable[SYS_FS_VOLUME_NUMBER]

.mountName = SYS_FS_MEDIA_IDX@_MOUNT_NAME_VOLUME_IDXe@,
.devName = SYS_FS_MEDIA_IDXQ DEVICE_NAME_VOLUME IDXO
.mediaType = SYS_FS_MEDIA_TYPE_IDXO,

.fsType = SYS_FS_TYPE_IDX®

Q MICROCHIP



%€ Lab8 FILE System Auto Mount Feature

APl is available when SYS_FS_ AUTOMOUNT_ENABLE has set to true.

Lse File Systerm Auto Mount Feature? | SyS_‘FS .C

void SYS_FS_EventHandlerSet ( const void * eventHandler, const uintptr_t context )

{
SYS_FS_MEDIA_MANAGER_EventHandlerSet( eventHandler, context );

}

Summary:
Allows a client to identify an event handling function for the file system to call back when mount/unmount
operation has completed.

Description:

This function allows a client to identify an event handling function for the File System to call back when
mount/unmount operation has completed.

The file system will pass mount name back to the client by calling "eventHandler" when AutoMount feature is
enabled for File system.

Parameters:

eventHandler - Pointer to the event handler function implemented by the user.

context - The value of parameter will be passed back to the client unchanged, when the eventHandler

function is called. It can be used to identify any client specific data object that identifies the instance of the
client module (for example, it may be a pointer to the client module's state structure).

Q MICROCHIP



%€ Lab8 FILE System Auto Mount Feature

* Modify your main.c as below

configuration.h
#define SYS_FS_MEDIA_IDX©_MOUNT_NAME_VOLUME_IDXO "/mnt/myDrivel”
#define SYS_FS_MEDIA IDX0 DEVICE_NAME_VOLUME_IDX@ "/dev/mmcblkal"
main.c
¥oid AutoMountEventHandler( SYS_FS_EVENT event,void* eventData, uintptr_t context )
switch(event)
case SYS_FS_EVENT_MOUNT:
case SYS_FS_EVENT_MOUNT_WITH _NO FILESYSTEM:
if(strecmp((const char *)eventData, SYS_FS_MEDIA IDXO MOUNT_NAME_VOLUME_IDXQ) == )
SYS_CMD_MESSAGE("Mount SD card success!\r\n");
break;
case SYS_FS_EVENT_UNMOUNT:
if(strcmp((const char *)eventData, SYS_FS_MEDIA_IDXO_MOUNT_NAME_VOLUME_IDXO) == )
SYS_CMD_MESSAGE("Unmount SD card!\r\n");
break;
case SYS_FS_EVENT_ERROR:
break;
}
int main( void )
{

SYS_Initialize(NULL);
SYS_FS_EventHandlerSet (AutoMountEventHandler, (uintptr_t)NULL); @ MICROCHIP



%€ Lab8 FILE System Auto Mount Feature

* Compiler and programming your project to EVB.
 Remove SD card firstly.
* Put in SD card and Remove it to check the output message.

T COMS3 - Tera Term VT — O X

File Edit Setup Control Window Help

»Mount SD card success!

>Unmount SD card!

>Mount SD card success!

MicroSD

>open test.txt

File [test.txt] opened!

>
>read 20

Read [Hello World](11) from File!

>

>close
File Closed!

ol
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%€ Lab8 FILE System Auto Mount Feature

Discuss 1

* How to use the SPI Master Hardware Slave Select (CS) but not use a GPIO to control ?
* The SPI Master Hardware Slave Select need SPI Driver to support, and SPI SD Card must

connect the Chip Select pin to a correct SERCOM pad.

SPI SD Card (SPI)

Diriver Crriver
2 Core Service o Core Service
SERCOMO Instances =+ < SYS_TIME
Peripheral Library Instance 0 Instances —=—F FILE SYSTEM
SPI Instance 0 S SMIE_E
DRV_SPI 2 Core Service
" spr SYS_FS ©
DRV_MEDIA DRV_MEDIA
~| o« <= SD1
SAMDZ]. 2l 2 2 MicroSD
1
- A—=— DAT2 __
PA09/SS(S0.1 % CD/DAT3(CS)
SERCOMO PAD1 = T CMD(SDI)
- PA0T/SCK(S03) 1 — e
SERCOMO PAD2 =1 : : 6 CLK(SCK)
— GND
SERCOMO PAD3 —_—
— PAO8/MISO(S0.0) g DATO(SDO)
SERCOMO PADO — PRO3 5| DATl
- * 10 Card Detect
T— GND
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%€ Lab8 FILE System Auto Mount Feature

Discuss 1

* The changes in modules if to use the SPI Master Hardware Slave Select (CS).

SD Card (SPI)

Enable SPI Master
Hardware Slave Select
in SERCOM

SERCOMO
Peripheral Library

E-SERCOMO
=-Select SERCOM Operation Mode  SFI Master
- Enable Interrupts ?
- Enable operation in Standby mode
~5PI Data Out Pad
-8RI Data In Pad Selection
~SPI Data Order
-~ 5SPI Speed in Hz
~5PI Data Character Size
- SPI Clock Phase
- SPI Clock Polarity

-~ 5SPI Receiver Enable
- *®*EEP] Transfer Mode 0 is Selected***

—Enable SPI Master Hardware Slave Select

[]
DO

SER
TR

&by

The
SICT

Z Core Service

- PLIB Used

SPI

Crriver

Instances - ——+
Instance 0

~MHumber of Clients

~Transfer QueLle Size _

- lsg DMA for Transmit and Receive? _
- DMa Channel For Transmit [
- DM& Channel For Receive

Ciriver

o Core Service
o 8YS_TIME

Instances - ——+

Instance 0
DRV_SPI ﬁ—i DRV_SPI

|
L - SPI

o Core Service
SYS_FS ©

’ DRV_MEDIA

== Nable DMA'In SPI Driver

SERCOMD

DRV_MEDIA

FILE SYSTEM
Systemn Service

Keep default settlng of

Config PA09,to SERCOMORPAD1

=50 Card (SPI)
- GPI Driver Instance Used ]
~Mumber of Clients =
-S0 Card Speed (Hz) 2,000,000 -2
~Transfer Queue Size 4=
- Card Detection Method Use Polling
-Polling Interval {ms) 1,000
--File system for SDSPI Driver Enabled
- Chip Select Pin FAOD -
-1 Configure the Chip Select pin as GPIO output under
- lse Write Protect Pin (Active High)? |:|
- Il Mote: For each instance of SDSPI, connect either SP

11 PADG SERCOMO_PADZ D1g1ta1
12 PADT SERCOMO_PAD3 ~ | Dugital
13 PADS SERCOMO_PADO ~ | Dhgital
14 PADD SERCOMO_PADL [ Duoital
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*® Lab 9
USB Host Mass Storage with File System

FILE System Service
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* Lab9 USB Host Mass Storage with File System

* This Lab to introduce how to use Harmony FILE system
Auto Mount Feature to attach a USB pen drive in few steps.

* Try add the USB MSD as second media of FILE System Service .

e Configure VBUS voltage output control :
* If use USB OTG dongle, the UID pin will tie to GND and VBUS will output.
* |f control by Driver, set PA28 as GPIO output and named to VBUS_AH.

* Add USB MSD mount status in Auto Mount Event Handler.
* Build a command could change active media as below :

e media % :Set active media to % for operation.
* % =SD for SD card.

=
o 0O — .
% = USB for USB pen drive. A :’}/ - VBUS PAZBUSUS A
\s /,/ UID SAMD21
D- {PA24 usB DM
m D+ {PA25 usBDP

USB OTG Dongle Native USB in Host role w
A8\ MicrocHiP



* Lab9 USB Host Mass Storage with File System

e Attach media USB MSD Client Driver to FILE System Service.

Froject Graph XI

X|Eﬁ :3p W | +|IEI |P1ugins:

Device Family Pack (DFP)

EVSYS
Peripheral Library

MNVMCTRL
Peripheral Library
MEMORY

Peripheral Library
SPr

| USB Full Speed Driver
Z Core Service
DRV_USB O

Systemn Service
 Core Service
SYS_TIME ©

Host Layer
2 DRV_USB
2 8SYS_TIME

USB _HOST ©

The TIME System Service is
necessary for USB Driver

SD Card (SFI)
Diriver
2 Core Service
o SYS_TIME
FILE 5YSTEM
Systemn Service

Instances - =—|—+

Instance 0
DRV_SPI

sPr
DRV_MEDIA

o Core Service
SYS_F§ O
DRV_MEDIA

MSD Client Driver
o USB_HOST

B | Components auto-activation X

Confirmation

Host Layer (usb_host)
Are you sure you want to activate these
components?

B | Components auto-activation

Confirmation

USB Full Speed Driver (drv_usbfs_v1)
Are you sure you want to activate these
components?

Yes

MEMORY (drv_memory)
SD Card (SPI) (drv_sdspi)

DRV_MEDIA

MSD Client Driver (usb_host_msd)
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* Lab9 USB Host Mass Storage with File System

* Configure FILE SYSTEM service for 2" Media

|P1'oject Graph XI

Configuration Options XI

(=] [+

=+ FILE SYSTEM

Ii:l--FiIe System sethings
-Maximum Simultaneous File Access
-Size Of Black
-5Size Of Media Manager Buffer
-IJse File System Auto Mount Feature?
- Total Mumber Of Media
-Taotal Mumber File System Clients
+-Medial
=-Medial
Iél--r'-ﬂedia configurationl

%---Media e ISYS PR TYPE D =
%----File System Type  FAT o]

%----Number Of walumes =

5-Volumen

=Evolume configuration

%---Device MName f.-’dev.-’sdal

IMedia Mount Name /mnt/myDrive2

~FileSystem Types
E-FAT File System

Use Auto Mount Feature

Modify Mount Name,to
/mnt/myDrive2
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* Lab9 USB Host Mass Storage with File System

* Configure USB Full Speed Driver without VBUS output control.

Froject Graph XI

X|Eﬁ :3p W | +|IEI |P1ugins:

Device Family Pack (DFP)

EVSYS
Peripheral Library
MNVMCTRL
Peripheral Library
MEMORY

Systemn Service
 Core Service
SYS_TIME ©

TC3
Peripheral Library

SERCOMO
Peripheral Library
SPr

Host Layer
2 DRV_USB
o SYS_TIME

USB _HOST ©

USB Full Speed Driver

Z Core Service
DRV_USB O

Configuration Options XI

(=] [+

SD Card (SPI)

Instances - =—|—+

DRV_MEDIA

MSD Client Driver
o us

B_HOST |
DRV _MEDIA

- USE Full Speed Driver
= USE Mode Selection  Host o
é--Generate WBIIS Enable Function
~ \BUS Enable Pin Name VBUS_AH
%----ﬂttach De-bounce Duration (mSec) 002

--Reset Duration (mSec)

Do not enable VBUS Function

el if you use the USB OTG dongle

o 8SYS_TIME

FILE 5YSTEM
Systemn Service
2 Core Service
SYS_F§ O

DRV_MEDIA
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* Lab9 USB Host Mass Storage with File System

* Configure TIME System Service.

Configuration Options "l

Froject Graph XI =]
x | E E E E + | ‘@‘ |P1'ngi]'15: E-TIME
Device Family Pack (DFP) USE Systick? []
~-PLIB Used T3

EVSYS
Peripheral Library
MNVMCTREL

%----Numher of Clients I

--Operating Mode | TICKLESS -~

MEMORY

One Timer Client
Please make sure it’s enough

Systemn Service

SD Card (SPI)

Diriver

 Core Service
SYS_TIME ©
{: TMR

TC3
Peripheral Library
TMR

& Core Service
2 SYS_TIME

Instances -|——+

Instance 0
DRV_SPI

sPr
DRV_MEDIA

MSD Client Driver
¢ USB_HOST |4
DRV_MEDIA |

SERCOMO
Peripheral Library
SPr

DRV_MEDIA

Host Layer
2 DRV_USB
o SYS_TIME

USB _HOST ©

USB Full Speed Driver
Z Core Service
DRV_USB O

perigheral Likrary USB MSD Driver requires at |east

for Driver and your other Applications:
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* Lab9 USB Host Mass Storage with File System

* Configure USB D-/D+ on PA24/PA25
* Do not configure the VBUS_AH pin if no VBUS Enable Function.

= USE Full Speed Driver

USB_SOF_IKHZ |

= USB Mode Selection Host v|
Proiect Graph* l Pin Di l Pin Tabl Pin Sott E%}-Gfenerate WBLIS Enable Function @

roject Grap i Diagram .111 able 111. etlings BUS Enable Pin Name |VBUS._

Order: | Ports > Table View Easy View %----Attan:h De-bounce Duration {mSec) 2002
Pin --Reset Duration (mSec) 1o
Numb Fin ID Custom Mame Function Mo

tHRBEL T Stren eth
33 PAZ4 USE_DM ~|| Digital | High Impedance - nfa [] [] | mnNormAL -~
34 PAZS | USB_DP v; Digital | High Impedance nfa [] [] | m~NomRMAL -~
Project Graph* l Pin Diagram = [ Pin Table =] Pin Settings =
Package: | TOFP48 411516 |21 |22 23|24 |25 |26 |27 |28 29 30| 31| 32 i 33 i 34 1 39014114546 | 47 | 4
A
Module 1 Function QU012 13141516 17 1812|2021 2223 | 24 ] 20 ‘2'.7' Za130031| 2
JSE_Dh
ISE IISE_LCF
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* Lab9 USB Host Mass Storage with File System

e Add USB MSD mount status in Auto Mount Event Handler.

static const SYS_CMD DESCRIPTOR MyCmdTbl[]= { ... };
void AutoMountEventHandler( SYS_FS_EVENT event, void* eventData, uintptr_t context )
{
switch(event)
case SYS_FS_EVENT_MOUNT:
if(strcmp((const char *)eventData, SYS_FS MEDIA IDX@ MOUNT_NAME_VOLUME_IDX@) == 0)
SYS_CMD_MESSAGE("Mount SD card success!\r\n");
}
if(strcmp((const char *)eventData, SYS_FS_MEDIA_IDX1_MOUNT_NAME_VOLUME_IDX@) == 0)
SYS_CMD_MESSAGE("Mount USB Mass Storage success!\r\n");
break;
case SYS_FS_EVENT_UNMOUNT :
if(strcmp((const char *)eventData, SYS_FS_MEDIA IDX@ MOUNT_NAME_VOLUME_IDXOQ) == O)
SYS _CMD_MESSAGE("Unmount SD card!\r\n");
}
if(strcmp((const char *)eventData, SYS_FS_MEDIA_IDX1_MOUNT_NAME_VOLUME_IDX@) == 0)
SYS_CMD_MESSAGE("Unmount USB Mass Storage!\r\n");
break;
case SYS_FS_EVENT_ERROR:
break;
}
}
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* Lab9 USB Host Mass Storage with File System

* Add a new command “media” to select active Drive of Media.
void CommandClose(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv) { ... }

void CommandMedia(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)
if(!strcmp( argv[1], "SD"))

strcpy(fMedia, SYS_FS_MEDIA_IDX©®_ DEVICE_NAME_VOLUME_IDX®);
strcpy(fDrive, SYS_FS_MEDIA_IDXO_MOUNT_NAME_VOLUME_IDX®);

if(!strcmp( argv[1], "USB"))
strcpy(fMedia, SYS_FS_MEDIA_IDX1_DEVICE_NAME_VOLUME_IDXO);
strcpyngrlve, SYS_FS_MEDIA_IDX1 MOUNT_NAME_VOLUME_IDXO);
SYS_CMD_PRINT("Set media to %s\r\n", fMedia);
if(SYS_FS_CurrentDriveSet(fDrive) != SYS_FS_RES_SUCCESS)
SYS_CMD_PRINT("Drive %s not mounted!\r\n", fDrive);

return;

SYS_CMD_PRINT("Set drive to %s\r\n", fDrive);
}

static const SYS _CMD DESCRIPTOR MyCmdTbl[ ]=

{.;close", CommandClose, ": Close file" },
{ "media", CommandMedia, ": media %" },

}.
void AutoMountEventHandler( SYS_FS _EVENT event,void* eventData, uintptr_t context ) { ... }
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* Lab9 USB Host Mass Storage with File System

* Register the Host Event Handler and enable USB Host Bus.

void AutoMountEventHandler( SYS_FS_EVENT event,void* eventData, uintptr_t context ) { ... }

USB_HOST_EVENT_RESPONSE USBHostEventHandler (USB_HOST_EVENT event,
void * eventData, uintptr_t context)

{
switch (event)
case USB_HOST_EVENT_DEVICE_REJECTED_INSUFFICIENT_POWER: break;
case USB_HOST_EVENT_DEVICE _UNSUPPORTED: break;
case USB_HOST_EVENT_HUB_TIER_LEVEL_EXCEEDED: break;
. case USB_HOST_EVENT_PORT_OVERCURRENT DETECTED: break;
\ return(USB_HOST_EVENT_RESPONSE_NONE) ;
int main( void )
{

SYS Initialize(NULL);
SYS_FS_EventHandlerSet (AutoMountEventHandler, (uintptr t)NULL);

SYS_CMD_ADDGRP(MyCmdTbl, sizeof(MyCmdTbl)/sizeof(SYS_CMD DESCRIPTOR),
"MYCMD", ": My Commands");

USB_HOST_EventHandlerSet(USBHostEventHandler, (uintptr_t)NULL);
USB_HOST_BusEnable(9);
while( true ) { ... }
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* Lab9 USB Host Mass Storage with File System

* Remove SD card and USB pen drive firstly.
* Compiler and programming your project to EVB.

* The USB Host Layer debug message will output after reset, that is because the
SYS DEBUGE been used in USB stack and the error level is SYS ERROR_INFO (3).

* We could execute the command “errlv 2” to stop USB stack debug message.

SYS_MODULE_OBJ USB_HOST Initialize(const SYS_MODULE_INIT * initData ) (" usb_host.c ]}
{

result =SYS_MODULE_OBJ_INVALID;
SYS_DEBUG_MESSAGE (SYS_ERROR_INFO, "\r\nUSB Host Layer: Entering USB_HOST_Initialize().");

v COM4 - Tera Term VT — O X

File Edit Setup Control Window Help

Layer: Entering USB HOST Initialize().

Layer: Exiting USB_HOST Initialize() successfully.
Layer: Bus © About to Open Root Hub Driver.

Layer: Bus @ Root Hub Driver Opened.

Layer: Bus © Enabling Root Hub operation

Change Error Level to 2
Error Level @ - Fatal
Error Level 1 - Error
Error Level 2 - Warning
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* Lab9 USB Host Mass Storage with File System

* Put in SD card and USB pen drive individually.

* Command “media USB” change active media to USB pen drive.
* Try file operation as below and check content in USB pen drive.

T COM4 - Tera Term VT — U X

File Edit Setup Control Window Help

Mount SD card success!

Mount USB Mass Storage success!

>media USB

Set media to /dev/sdal

Set drive to /mnt/myDrive2

>

>open USB.txt

File [USB.txt] opened!

>write "Hello World USB"

Write [Hello World USB](15) to File!
>close

File Closed!
>

| USBbxt - 528 — O s

BEF HBEE H=(0O =\ =R
Hello World USB
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* Lab9 USB Host Mass Storage with File System

 Command “media SD” to change active media to SD Card.
* Try file operation as below and check the content in SD card.
* Remove SD card and USB pen drive individually.

- - Crret Media 5

i COM4 - Tera Term VT — n X | F

File Edit Setup Control Window Help
>media SD

Set media to /dev/mmcblkal
Set drive to /mnt/myDrivel

>

>open SD.txt

File [SD.txt] opened!

>

>write "Hello World SD”

MicroSD

Write [Hello World SD](14) to File!
>

>close

File Closed!

>Unmount SD card!

Unmount USB Mass Storage!

SDbt-ESFE - O X

BEF) J/EE #BQ BBV HE
Hello World SD
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* Lab9 USB Host Mass Storage with File System

Discuss 1

 How about if generate VBUS Enable Function in USB Full Speed Driver for VBUS output

control by USB driver ?

SD Card (SPI)

Crriver
= Core Service
T SYS_TIME

FILE SYSTEM
System Service

Instances - =|—+
SERCCMO l Instance 0

DRV_SPI Z Core Senvice
SYS F§ ©
 DRV_MEDIA

Peripheral Library
s5PI sSPI

DRV_MEDIA
Host Layer

0 DRV_USB MSD dlient Driver 88 USB Full Speed Driver
o SYS_TIME o USB_HOST |88 o core Service
USB_HOST © DRV_MEDIA < DRV _USB ©

Configuration Options "‘l

=] [+
- USE Full Speed Driver
£ USB Mode Selection | Host v
I:%}--Generate VBLS Enable Function
~ VBUS Enable Pin Name [VBUS_AH ]
%----ﬂttach De-bounce Duration {mSec) | 500'?"
- Reset Duration (mSec) 1002
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* Lab9 USB Host Mass Storage with File System

Discuss 1

* The VBUS control pin on GPIO PA28, Custom Name to VBUS_AH as the name you set in
previous page, direction is Output and Latch to High. (VBUS output is Low active)

* Configure this only when you to generate VBUS Enable Function.

E-USE Full Speed Driver

Froject Graph* ] Fin Diagram x] Fin Table = ] Fin Settings = E*"L{SE' Mode Selection  Host d——
Order:  |Ports e Table View Easy View E?}--G:enerate VB Enalble FUREoNn ‘
- WBUS Enable Pin Name | VBUS_AH
Pin . . --pttach De-bounce Duration (mSec o002
Fin ID Custom MName Function I its _ ( ) =
Number “Reset Duration (mSec) 100
33 PA24 USE_DM | Dhgl
34 PAZ5 USB_DP w| Digital | High Impedance nfa [] [] | mnorRMAL -~
41 PAZE VEUS_AH GFIO vl Digital ] Out w | High
Native USB in Host role

UID f SAMD21

usB DM
USB DP

28 VBUS_AH
% VBUS 44? PA 8(GPI00utput)
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* Lab9 USB Host Mass Storage with File System

Discuss 1

* Add two VBUS power control functions in \Source Files\config\default\initialization.c,
That are VBUS_AH_PowerEnable() and VBUS_AH_PowerDisable().

/****************************************************** [initialization.c]

* USB Driver Initialization
******************************************************/

void VBUS_AH_PowerEnable( void )

VBUS_AH_Clear();
}

void VBUS_AH_PowerDisable( void )

VBUS_AH_Set();
}

void _DRV_USB_VBUSPowerEnable(uint8_ t port, bool enable)
{

/* Note: When operating in Host mode, the application can specify a Root

ﬂééd for enabling VBUS */
if (enable == true)

E-USE Full Speed Driver

/* Enable the VBUS */ £ USE Mode Selection  Host v
} L L e R iR O L‘%}--Generate YRS Enable Funchion
else . “VBUS Enable Pin Name |VBUS_AH
%----ﬂttan:h De-bounce Duration {mSec) =

/* Disable the VBUS */ 5 , =
VBUS_AH_PowerDisable(); ~Reset Duration (mSec) 10
¥

} ﬁ\ MICROCHIP




* Lab9 USB Host Mass Storage with File System

Discuss 2

* How to use SD Card / USB pen drive larger than 32GB under Windows ?

* Windows operating systems create new FAT32 volumes only up to 32 GB in size. You could use

Disk Manager to partition the storage to several 32GB drives.
* microchipdeveloper.com/faq:999

Currently, the MPLAB® Harmony implementation of the FAT File System has been tested up to 32 GB SD
cards. The limit for the file system is 2 TB at 512 byte/sector. At this time, the upper size limit has not

been tested.

BEE BfFR) wHR\)  FHEBH)
as 7 HE =

| File System [ Status | Free Sp... | % Free
== YWindows (C:)
= FIgHEERE (D)

— FSHERE (E)

= Run

—J

.

===  Type the name of a program, folder, document, or Internet
resource, and Windows will open it for you.

- FEEIFE (F)
- HIRHITE (G)

I D D | ——
TigMiRE (D)
32,00 GB FAT32

SHWIRE (E)
32.00 GB FAT32

FISHRE (F)
32.00 GB FAT32

MIBWIRE (G)
22.00 GB FAT32

RiF (FERRSE | R (TEMERSE | R (TEMEERIE | RiF EEERHE
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€ Lab 10
NVMCTRL Internal Flash with File System

FILE System Service
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* Lab10 NVMCTRL Internal Flash with File System

* This Lab to introduce how to use Harmony FILE system to attach the internal NVM
Flash as a FILE system drive.

* Try add the MEMORY driver as 3rd media of FILE System Service .

* Choose NVMCTRL as satisfiers of MEMORY driver.

. .:/Idd I.\|VM flash mo“unt sjca’t’us in Auto Moun.t Event HandI.er. SAMD21

* Modify command “media” to support media NVM Flash :

media % : Set active media to % for operation.

° % =SD forSD card.
* % =USB for USB pen drive.
° % =NVM for NVM flash. Program

* Build a new command could format active media as below : ey
format : Format current media in default FAT configuration.

NVM Flash
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* Lab10 NVMCTRL Internal Flash with File System

* Attach MEMORY Driver + PLIB NVMCTRL to FILE System Service .

Froject Graph xl
x|a.ﬁ..’|*@*|l—-’lugin5: iy

| Device Family Pack (DFF)

EVSYS
Peripheral Library

NVMCTREL
Peripheral Library
MEMORY <

AT24 (drv_at24)

MEMORY to NVMCTRL

—' I|II
‘ AT25DF (drv_at25df) .
i al Libr
e SST26 (drv_sst26)
INVMCTRL (nvmctrl) §l© SYS_TIME

RAM (ram) Instances |=—|+
SERCOMO Instance 0
Peripheral Library DRV_SPI
SPr SPr

DRV_MEDIA I DRV_MEDIA
Host Layer .

: — 'MEMORY (drv_memo
USB Full Speed Driver o DRV USB MSD Client Driver =
. . l SD Card (SPI) (drv_sdspi)
2 Core Service 2 SYS_TIME Z USB_HOST

DRV _USB © USB_HOST © DRV _MEDIA < D RV_|\/| EDIA to MEMORY
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% Lab10 NVMCTRL Internal Flash with File System

* Configuration of PLIB NVMCTRL and Instance of MEMORY Driver

Froject Graph xl m
X CCREEE ¢ |Phs: - =

Device Family Pack (DFP) |

CMSIS Pack SKE NVM Drive
sens (128Kbyte)
Peripheral Library
Ox00020000
NVMCTRL Instances = —+
Peripheral Library | Instance 0
MEMORY MEMORY QKR .
TIME DRV_MEDIA | t:
Systern Service < 0
i Card (SPI) 0x00000000
Co 018 - A oleld> Diriver
= * Service
s emory.bDe 2 pe.la
B NYMCT] NVM Medla S'Ze (K B) Configuration 1
~NUMCTRL Read Mode NO MISS PENALTY | [ = # DIA -
-\ ait States = = MEMORY
--Power Reduction Mode During Sleep | WAKEUF ON ACCESS —Mumber of Clients =
-~ Write Policy MANUAL ~ ~File system Enabled for Memary Driver
~Enable Instruction Cache? - Buffer QJueue Size =
~Enable Interrupt? ~Memory Device Type BYS FS MEDIA TYPE NVM L
-~ MNWM Media Start Address 20000 ~Memory Device Used MVICTRL ' }
- MW Media Size (KB) 1282 o Canfigure Memory Device in MWMCTRL Configurations ***
rase Buffer Size <
- FEFE Choyld be equal to Row Erase Size ***
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* Lab10 NVMCTRL Internal Flash with File System

« SAMD21G18A has 256KB flash, the page size is 64 Bytes then total have 4096 pages.
* The NVM Erase Buffer Size should be equal to Row Erase Size of memory organization.

Page(n*4)+3 8k Page(n*4)+2 4l Page(n*4)+1

One Row =4 Pages = 4 x 64 Bytes = 256 Bytes.

The NVM has a row-erase granularity, while the write granularity is by
page. In other words, a single row erase, will erase all four pages in the
row, while four write operations are used to write the complete row.

Page(n*4)+0

Row n

Configuration Options* ] Help
= H
EH WM CTRL
~MNWMCTRL Read Maode MO MISS FEMALTY
-4 ait States =
~Pawer Reduction Mode During Sleep | WAKEUF ON ACCESS -
-\rite Palicy MARTTAL ~
~Enable Instruction Cache?
~Enable Interrupt? []
- MWM Media Start Address 20000
-~ [y Media Size (KB) 128 =
MM Erase Buffer Size 200
- FEFE Choyld be equal to Row Erase Size ***

NVM Drive 12.8KB
(128Kbyte) |
Program 128KB
memory |
0x00000000

Erase buffer,Size should
BOCIEND 256 (D
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% Lab10 NVMCTRL Internal Flash with File System

 Configure FILE SYSTEM service for 3" Media

Configuration Options XI

=

B

.....

.....

=+ FILE 5Y'STEM

Ié}--File System settings
- Maximum Simultaneous File Access
-Size Of Black

- Size Of Media Manager Buffer (=] Ch OOSE 3rd Med I a. Type tO
~IJse File System Auto Mount Feature? ] DeV| ce Nam e wli I I be

-Total Number Of Media
-Total Mumber File System Clients
+-Medial

+ edial — Modify Mount Name to

= Media?

~FlleSystem Type
5+ FAT File System

Make FAT File Systerm Read-only |:|

/dev/invmal

/mnt/myDrive3

Media configuration?
%----Media Type 8YS_FS_MEDIA_TYPE_NVM v|
%----File System Type FAT v
- Create FAT1Z in NvM [

%----Number Of Wolumes 15

E-volumeD

é}--vnlume configurationa
?---bevice Name \Hdevinvmal

“AMedia Mount Mame fmnt/myDirive

FAT File System Wersion vl 14
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% Lab10 NVMCTRL Internal Flash with File System

* Let’s check current Volume configuration of all Media.

= Median
=+ Media configurationO

:»----Media Type SYS5_Fs MEDIA_TYPE_SD_CAED -
%----File System Type FAT o
%----Number of Yolumes =
=-volumen
Ié}--vulume configurationO
?----Device Mame Mevimmeblkal
“-Media Mount Name |/mat/myDrivel
= Medial
Ié}--Media configuration1
?----Media Type SY5_Fs MEDIA_TYPE_MSD w
§>----File System Type FAT o
i»---l'\.lumber of Yolumes =
é}--vulumeﬂ
é}--vulume configurationO
?----Device Mame Mevisdal
- Media Mount Name |/mnt/myDrive2
= Media2

=+ Media configuration?2

E-wolume configurationO

Device Mame HMevinvinal

‘- Media Mount Name /matfmyDrive3

:»----Media Type SY5 FS_MEDIA_TYPE_NWVM w
§>----File System Type FAT Y

- Create FAT12 in NwM [ ]

%----Number of Yolumes =

Ié}--vulumelj

dev/mmeblkai

/m

nty/myDrived

Medi'a2
devysdal

y/m

n/myDrive2

Medi'a2!
dev/invmad!

y/m

nt¥/myDrive3

MicroSD

)|
=

-

SAMD21

NVN Flash

Program
memory
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* Lab10 NVMCTRL Internal Flash with File System

* Let’s change the default Debug Error Level to “SYS_ERROR_WARNING” in DEBUG
system Service for disabled information message from USB Host Layer.

Froject Graph XI

X|QGEEEf|@*|PIugms: w

EVSYS Device Family Pack (DFF)
Peripheral Library CMSIS Pack

Core
Harmomy Core Service
o RTOS
Core Service &

CONSOLE
Systermn Service

Configuration Options XI
=l [+

TIME
Systemn Service = E!EE'UG
O Core Service - Device Used SYS_CONSOLE_O

TC3
Peripharal Library
TMR

{Debug Level SYS_ERROR_WARNING |

“-Use Consale far Debug 7

SYS_TIME ©

DEBUG
Systemn Service

o Core Service

COMMAND
Systermn Service

SERCOMS5
Peripheral Library
UART

Instances e

Instance O
UART

USB_DEVICE_cDC |
SYS_CONSOLE | !

o Core Service
SYS_DEBUG O
SYS_CONSOLE

o Core Service
SYS_COMMAND

S¥YS_CONSOLE
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* Lab10 NVMCTRL Internal Flash with File System

* Add NVM Flash mount status in Auto Mount Event Handler.

static const SYS_CMD DESCRIPTOR MyCmdTbl[]= { ... };
void AutoMountEventHandler( SYS_FS_EVENT event, void* eventData, uintptr_t context )
switch(event)

case SYS_FS_EVENT_MOUNT:
if(strcmp((const char *)eventData, SYS_FS_MEDIA_ IDX@ MOUNT_NAME_VOLUME_IDXOQ) == 0)

SYS_CMD_MESSAGE("Mount SD card success!\r\n");

%F(strcmp((const char *)eventData, SYS_FS MEDIA IDX1 MOUNT_NAME_VOLUME IDX@) == @)
SYS_CMD_MESSAGE("Mount USB Mass Storage success!\r\n");

%f(strcmp((const char *)eventData, SYS_FS_MEDIA IDX2_MOUNT_NAME_VOLUME_IDXQ) == O)
SYS_CMD_MESSAGE("Mount NVM Flash success!\r\n");

break;

case SYS_FS_EVENT_UNMOUNT:
if(strcmp((const char *)eventData, SYS_FS_MEDIA IDX@ MOUNT_NAME_VOLUME_IDX®Q) == 0)

SYS _CMD_MESSAGE ("Unmount SD card!\r\n");
}
if(strcmp((const char *)eventData, SYS_FS MEDIA IDX1 MOUNT_NAME_VOLUME_IDXQ) == @)

SYS_CMD_MESSAGE ("Unmount USB Mass Storage!\r\n");

}
BN /M JF1'ashRdoesngtiineedRtheflunmounifimessage
A8\ MicrocHiP



* Lab10 NVMCTRL Internal Flash with File System

* Modify command “media” to add NVM Flash support.

void CommandClose(SYS _CMD DEVICE NODE* pCmdIO, int argc, char** argv) { ... }
void CommandMedia(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)
if(!strcmp( argv[1], "SD"))

strcpy(fMedia, SYS_FS_MEDIA IDX@ DEVICE_NAME_VOLUME_IDX®);
strcpy(fDrive, SYS_FS MEDIA IDX@ MOUNT_NAME_VOLUME_IDX®);

if(!strcmp( argv[1], "USB"))

strcpy(fMedia, SYS_FS_MEDIA IDX1 DEVICE_NAME_VOLUME_IDX®);
strcpy(fDrive, SYS_FS MEDIA IDX1 MOUNT_NAME_VOLUME_IDX®);

if(!strcmp( argv[1l], "NVM"))
strcpy(fMedia, SYS_FS_MEDIA IDX2_ DEVICE_NAME_VOLUME_IDXO);
strcpyngrlve, SYS FS MEDIA IDX2 MOUNT NAME VOLUME IDXO),

SYS _CMD_PRINT("Set media to %s\r\n", fMedia);

if(SYS_FS _CurrentDriveSet(fDrive) != SYS _FS RES SUCCESS)
SYS_CMD_PRINT("Drive %s not mounted!\r\n", fDrive);

return;
}
SYS _CMD_PRINT("Set drive to %s\r\n", fDrive);
}
static const SYS CMD DESCRIPTOR MyCmdTbl[]= { ... };
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* Lab10 NVMCTRL Internal Flash with File System

* Add a new command “format” to format active Drive as FAT16.
void CommandMedia(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv) { ... }

void CommandFormat(SYS_CMD _DEVICE_NODE* pCmdIO, int argc, char** argv)

SYS_FS_FORMAT_PARAM opt = { © };
uint8_t CACHE_ALIGN work[512];

SYS_FS_CurrentDriveGet( fDrive );
opt.fmt = SYS_FS_FORMAT_FAT;
opt.au_size = 0;

opt.n_fat = 1;
opt.align = 0;
opt.n_root = 1;

fResult = SYS_FS_DriveFormat(fDrive, &opt, (void *)work, 512);
if(fResult == SYS_FS_RES_SUCCESS)

SYS_CMD_PRINT("Format %s success!\r\n", fDrive);
else
SYS_CMD_PRINT("Format %s failure!\r\n", fDrive);
}
static const SYS _CMD DESCRIPTOR MyCmdTbl[ ]=
{.;close", CommandClose, ": Close file" },

{ "media", CommandMedia, ": media %" },
{ "format",CommandFormat,": Format Media" },

}s5
void AutoMountEventHandler( SYS_FS_EVENT event,void* eventData, uintptr t context ) { ... }
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* Lab10 NVMCTRL Internal Flash with File System

* Remove SD card and USB pen drive firstly.

* Compiler and programming your project to EVB.

* The NVM should mount automatically while reboot.

* Command “media NVM” to change active media to NVM Flash.

« Command “open NVM.txt” try to create a new file in NVM Flash.
* Command “format” to format NVM Flash drive to default FAT.

* Try “open NVM.txt” again to check the different.

Wl COM4 - Tera Term VT — [l
File Edit Setup Control Window Help
Mount NVM Flash success!

>media NVM

Set media to /dev/nvmal
Set drive to /mnt/myDrive3
}

>open NVM.txt

Open failure!
>

Wl COM4 - Tera Term VT — U x

File Edit Setup Control Window Help

>format

Format /mnt/myDrive3 success!
>

>open NVM.txt

File [NVM.txt] opened!
>
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* Lab10 NVMCTRL Internal Flash with File System

* Press the Reset button on EVB.

* Try open “NVM.txt” and write “Hello World NVIM” to file in NVM Flash.
* Press the Reset button on EVB.

* Try open “NVM.txt” and read the content we wrote from file in NVM Flash.

T COM4 - Tera Term VT M COM4 - Tera Term VT

File Edit Setup Control Window Help File Edit Setup Control Window Help

Mount NVM Flash success! Mount NVM Flash success!

>open NVM.txt >open NVM.txt

File [NVM.txt] opened! File [NVM.txt] opened!
> >

>write "Hello World NVM" >read 30

Write [Hello World NVM](15) to File! Read [Hello World NVM](15) from File!
> >

>close >close

File Closed! File Closed!

> >
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* Lab10 NVMCTRL Internal Flash with File System

* Put in SD Card and USB pen drive to EVB, the last drive that Auto Mount success to
mount is current active media.

* Execute ‘media SD’, ‘open SD.txt’, ‘read 20’ , ‘close’
e Execute ‘media NVM’, ‘open NVM.txt’ , ‘read 20’ , ‘close’
* Execute ‘media USB’, ‘open USB.txt’, ‘read 20’ , ‘close’

¥ COMS3 - Tera Term VT

File Edit Setup Control Window Help

Mount NVM Flash success!
Mount SD card success!
Mount USB Mass Storage success!

>media SD

Set media to /dev/mmcblkal

Set drive to /mnt/myDrivel

»>open SD.txt

File [SD.txt] opened!

>read 20

Read [Hello World SD](14) from File!
>close

File Closed!

>

>media USB

Set media to /dev/sdal

Set drive to /mnt/myDrive2
>open USB.txt

File [USB.txt] opened!

>media NVM

Set media to /dev/nvmal
Set drive to /mnt/myDrive3
>open NVM.txt

File [NVM.txt] opened!

>read 20

Read [Hello World USB](15) from File!
>close

File Closed!

>

>read 20

Read [Hello World NVM](15) from File!
>close

File Closed!

>
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* Lab10 NVMCTRL Internal Flash with File System

Discuss 1

* How to Format SD Card / USB pen drive ?
* The FAT(FAT12) support up to 32MBytes, it’s suitable for the NVM Flash drive.
* The FAT32 support up to 2TB drive(4GB per file), will be proper for a SD Card or USB pen drive.

void CommandFormat(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)

{
SYS_FS_FORMAT_PARAM opt = { 0 };

uint8_t CACHE_ALIGN work[512];

M COM4 - TeraTerm VT  — [ X
SYS_FS_CurrentDriveGet( fDrive );
if(!strcmp( fDrive, "/mnt/myDrive3"))

NVM Flash y ¢ opt.fmt = SYS_FS_FORMAT_[JNi;

SYS_CMD_PRINT("Format as FAT12!\r\n");
} Format as FAT12!

File Edit Setup Control Window Help

Mount NVM Flash success!
>format

else Format /mnt/myDrive3 success!
: ¢ .fmt = SYS_FS_FORMAT_[J§NEF; >
SD/ USB drive /] g% CMD _PRINT("Format as FAT32!\r\n"); sMount SD card success !
} >format
_ .@5 Format as FAT32!

opt.au_size
opt.n_fat =

Format /mnt/myDrivel success!

opt.align ;
opt.n_root = 1;

fResult = SYS FS DriveFormat(fDrive, &opt, (void *)work, 512);
if(fResult == SYS_FS_RES_SUCCESS)

SYS_CMD_PRINT("Format %s success!\r\n", fDrive); QMERQCH“D
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dsPIC® Digital Signal Controllers (DSCs)

dsPIC Logo

dsPICDEM™ board

dsPICDEM.net™

Dynamic Averaged Matching™ architecture

(DAM™)

ECAN™ technology, solution

Espresso T15™ device

EtherGREEN™ platform, technology, family

EtherSynch® platform, technology, family US Only

EyeOpen™ cable compensation

Flashtec® controller, products, family US Only

flexPWR® technology

Frequency on Demand® Registered in

othercountries

(not US)

Gestic® technology. sensing, controllers

GridTime™ device, time server, GNSS time server

HELDO® family, regulators

Hyper Speed Controf® family, architecture US Only

HyperLight Load® mode US Only

ICSP™ or In-Circuit Serial programming capability

Programming ™

IdealBridge ™ rectifier, dual MOSFET-bridge rectifier

1GaT™ board, demonstration board

1GLOO® FPGAs, family, devices, series

INIChet™ technology, sniffer

Intelligent Paralleling™ technology

InteliMOS ™ family, power stage family US Only

Inter-Chip Connectivity™ technology

JitterBlocker™ family, attenuators

JukeBlox® technology, platform

NOTE: "Always check with the Legal Department for the mos! current

Trademarks on/Appropriate N Notes

SAMHICE™ emulator

SenGenuity® sensors, products

Serial Quad VO™ or SQI™ family, flash device, product

Silicen Storage Technology® Japan only

simpleNAP ™ protocol

SimpliPHY ™ Tamily, products, devices

SmartBuffer™ devices, ICs

SmartFusion® FPGA, evaluation kit, S0C, System-on-Chip, US Only

SmartHLS ™ IDE, compiler software, compiler, software:

SMART-LS ™ technology

SpyNIC® device:

SST®

SST Logo .

storClad™ encryption technology, teshnology

SuperFlash® technalogy. kit, macro, device, memory

SuperSwitcher™ family, regulator, buck regulator

SuperSwitcher I™ family

Switchtec™ technology, family, switch(es), product line

Symmeom® China only

®

SynchroPHY ™ family, products, devices

SyncServer® server, instrument, clock, oscillator, device

SyncWerld® timing, Ecosystem Program US only

Tachyor® praducts, family, controllers, platform, technology

The Embedded Control MarCom Use Only

Solutions Company®

TimeCesium® products, primary frequency reference US only

TimeHuE® platiorm, system US only

TimePictra® US only

software suite, platform, Synchronization
System

NOTE: "Always check with the

Legal Department for the most current trademarks.

NOTE: *Always check with the

Legal Department for the most current

Trademarks
JukeBlox with design

Description/Appropriate Nouns

Registered word mark JukeBlox with a design

jukeblai

Notes

Image is not
registered; this
is a graphic
treatment with
the word mark

KeeLoa®

security ICs, protocol, technology

Kiger®

technology

Kieer with design

Registered word mark Kleer with a design

SKLEER

Image is not
registered; this
is a graphic
treatment with
the word mark

Knob-on-Display ™ KoD ™

technalogy, solution, HMII, user interface, touch
controller, family, devices, Widget Configurator,
Knob Designer, Position Wizerd

Trademarks Description/Appropriate Nouns Notes
Mindi ™ analog simulator, analog simulator tool
MiVi™ wireless networking protocol, protocol, network,
stack, software, applications, mesh, coordinator
MOST® technology, NetServices, evaluation kit, board,
system, device, product, network, specification,
platform, cooperation, design
MOST Logo
‘motorBench® Development Suite US Only
MPASM™ assembler
MPF™ products, devices
MPLAB® Integrated Development Envirnment, In-circuit
Debugger, In-Circuit Emulator, IDE, ICD, REAL
ICE™ in-circuit emulator, starter kit, compiler, XC
compiler, C compiler, Harmany, Integrated Pro-
gramming Environment, IPE, Xpress, Code Config-
urator, development ecosystem, PICKit™, server,
library, Snap, Connect Configurator, Network
Creator, Analog Designer, Discover, Mindi ™,
Analysis Tool Suite, Discover, Universal Device
Programmer, Machine Learning Development
Suite, PTG, Programmer-to-Go, Programmer-to-Go
Mobil App, SiC Power Simulator
MPLAB Certified Logo N
MPLAB’
CERTIFIED
MPLIB™ object librarian or librarian
MPLINK™ object linker or linker
mSic™ MOSFETs, dicdes, producls, gate drivers, modules,
re die, technology, solutions
‘mTouch® soltion, sensing solution, evaluation i, US Only
kit, library
MultiTRAK™ technology
NetDetach™ technology

Omniscient Code
Generation™ (OCG)

compilation technology

OptoLyzer®

toal, netwark analysis tool, Studio

Pic®

microcontroller, MCU, device(s), assembler

NOTE: *Always check with the Legal Department for the most current trademarks.

LANCheck® online design review, online review, review
Libero® SoC Design Siite, tools, software, design files, IDE, | US registration
designer
LinkMD® cable diagnostics, technology. family, diagnostics
engine
MarginLink™ signal integrity testing
maxCrypto™ controlier-based encryption, encryption
maXStylus® solution
maXTouch® touchscreen controllers, technology, studio, family
maxView™ storage manager, tools, drivers
MediaLB® bus, controller, device
megaAvR® devices, MCUs
memBrain™ neuromorphic memory product, product, solution,
technology
Microchip Logo :
Microchip Name and Logo
MicrocHIP
Microsemi Logo
Microsem®
NOTE: *Always check with the Legal Department for the most current trademarks.
Trademan Description/Appropriate Nouns [
TimeProvider® series, server, clock, products, grandmaster, US onl
€PRTC, enhanced PRTC
TimeSource® Enhanced PRTC
linyAVR® crocontroller, MCU
Total Endurance ™ software model
Trusted Time ™ technology
TSHARC™ touch screen controller, controller
Turing™ hardware securily module, programmer
UNIO® memory chips, bus, hardware port, communication
protocol, firmware
USBCheck™ design review
VariSense™ technology
VectorBlox™ ‘acceleralor, software development kil, SDK, intel-
lectual property, IP, solution, platform, t0ols, tool
chain, tool flow
Vectron®
VeriPHY™ cable diagnostics algorithm, cable diagnostics soft-
‘ware suite
ViewSpan™ technology
WiperLock™ technology
XMEGA® mierocantroller, MCU, devices, Custom Logic
(XCL), family, series
XpressConnect™ retimer
software, analyzer or wireless adapter
z®
NOTE: *Always check with the Legal Department for the most current trademarks.
Microchip Technology Inc. Servicemarks*
Trademarks Description/Appropriate Nouns Notes

saTps*

Serial Quick Turn Programming capability

|NOTE: *Always check with the

Legal Department for the most current servicemarks,

MICROCHIP RESERVES THE RIGHT TO CHANGE THESE GUIDELINES

SOLELY AT ITS DISCRETION.

@ MICROCHIP
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