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Class Objectives

e Before this class:

* Please study SAM2001 firstly to familiar with usage of MPLAB X IDE and PLIB
implementation of MCC Harmony.

* When you finish this course, you will be able to:

* Familiar with Harmony Core System Service usage.

* Familiar with Harmony Driver based peripheral usage.
* There have two level course included.

* Major course : General study of basic features.
* Appendix : Advance features and appendix.
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Major Course (/s

» Software Request

« SAMD21 EVB APP045 EVB Introduction
« MPLAB® MCC Harmony Key Concept
 Harmony System Service introduction

* TIME System Service
EA New MCC Harmony Project
EHLab1l - Delay based LED toggle
ELab2 - Callback based LED toggle
* CONSOLE System Service
ELab3 —-UART Console
* DEBUG System Service
ELab4 —-Debug Message Control
* COMMAND Processor System Service
ELab5 —Custom Command Console
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Major Course (2/s

* USB Device CDC Library
ELab6 — USB Device CDC with CONSOLE System Service
* FILE System Service
ELab7 —SD Card with File System
ELab8 —FILE System Auto Mount Feature
ELab9 —USB Host Mass Storage with File System
ELab10 -NVMCTRL Internal Flash with File System
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Major Course (z/s

 Harmony Drivers introduction
* PLIB Limitation
* Driver Advantage
 Driver Usage Models
* How to use Driver in Harmony?
* Transfer Request Callback Restriction
* |2C Driver APl and Usage Example
* Driver Execution Model

* USART Driver Library
ELab11 - Single-Client UART Communication
ELab12 — Multi-Instance UART Communication

@ MICROCHIP



Major Course (/s

* 12C Driver Library
ELab13 - Single-Client 12C Digital Temperature Sensor
ELab14 — Multi-Client 12C Serial EEPROM
ELab15 — Multi-Instance 12C G-Sensor
E Advanced Exercise : MPLAB Data Visualizer
E Advanced Exercise : 12C Device Auto Probe
* SPI Driver Library
ELab16 — Single-Client SPI OLED Display
* SPI Driver - Wi-Fi WINC Driver Library
ELab17 — AP scan application of SPI Wi-Fi Module
* SPI Driver - SD Card Driver Library
ELab18 — Manage SPI SD card without File System
* MEMORY Driver Library
ELab19 — Manage NVM Flash without File System
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Soft Request In this Course

¢ MPLAB® X IDE v6.15 https://www.microchip.com/mplab/mplab-x-ide

¢ MPLAB® XC32 v4.35 https://www.microchip.com/mplab/compilers

* MPLAB® Code Configurator v5.4.1 (Install in MPLAB X IDE Plug-in)
 SAMD21 DFP v3.6.144 (Device Family Pack download from X IDE \Tools\Packs)

¢ CMSIS V5.8.0 (Common Microcontroller Software Interface Standard)
* MCC Core v5.6.1 (Install with MPLAB X IDE v6.15)

® MPLAB® MCC Harmony Framework (From X IDE MCC Harmony Content Ma

Required Content (must install)
csp 3.18.1

* harmony-services 1.3.2
CMSIS_55.9.0

* quick_docs 1.6.0

Optional Content (Manual select in Content Manager)

* wireless_wifi v3.9.1 filex v6.2.1_rel
* netv3.10.1 littlefs v2.8.1

* usbv3.11.0 zlib v1.3

* dev_packs v3.18.1 wolfssl v5.4.0

CMSIS-FreeRTOS v10.5.1
bspv3.17.1

* wolfMQTT v1.11.1
* cryptov3.8.1
* corev3.13.1

Component

wireless_wifi

net

ush

dev_packs

wolfMQTT

crypto

core

filex

littlefs

zlib

wolfss|

CMSIS-
FreeRTOS

bsp

Current
Category Version

Harmony 3 - Wireless
solutions

Harmony 3 - Networking
Stack and Solutions

Harmony 3 - USB solutions

Harmony 3 - Chip Support
Package

Harmony 3 - WolfSSL

solutions

Harmony 3 - Cryptography
solutions

Harmony 3 - Core

Harmony 3 - Azure RTOS
solutions

Harmony 3 - littlefs solutions

Harmony 3 - zlib data-
compression library

Harmony 3 - WolfS5L
solutions

arm CM5IS

Harmony 3 - Core

(Lasted Update : 2023/12/20)

Selected
Version

v3.9.1

v3.18.1

v1.11.1

v3.8.1

vB.2.1_rel

v2.8.1

v1.3

v5.4.0

v10.5.1
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https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/compilers

SAMD?21 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 o, WBBE
*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)

w9c5- 2!
(65, D!

@ MICROCHIP



APP045 v4.2 ES.e Overview

SD Card Socket Li-Polymer Battery
Reset Button
SWD/ICD/ICSP |
UART to USB CDC
USB Virtual COM G-Sensor
OLED (128x64) e e | SERCOM Switch
PAC1720 ' il L [ R S o= vl W Sk I 15T {_SAMD21G18A
Current monitor Pt e =o 993;';'2‘3 5;,1 3 fa o/ = : Buzzer
LEDs =, (RERE IR e ) e
Native USB o ’
DC Jack (9~12V)
MIC2877 1 mikroBUS Shield
BAESHUECH atoN 1 Arduino Shield
LD“gllggzsggor 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 ( .
Do < .| UART to USB CDC OLED Micro SD
- L(Virtual COM Port) 128x64 Card Socket
9~12V | 1 |
MIC29300 ) [ MIC2877 } 12C | _ 3sv, UART SPI 12C
3.0A LDO Boost PAC1720 =
__Regulator ) Regulator [ Power Rs;i:;if,r : / \
Monitor /<
[ MCP18265 ) 1 Sense 1
LDO Resistor VEAT ¢ SAMD21G18A
(__Regulator ) —{=2] 1 ARM Cortex-MO0+
; ADC
NP )
< o < >
o~ \_ )
Native USB USe 8
lPTC 1 GPIO | PWM
LEDs Buzzer
Buttons

MCP9700A )

Temperature
Sensor

L

d

VR
Potentiometer

4
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SAMD?21 EVB
APP045 v4.2 ES.d Introduction
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APP045 v4.2 ES.d 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

* 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 - { McP9800AS5 (12¢) |
SWD / ICD /ICSP | - {24AA025E64 (12€) |
PIC16F1455
USB Virtual COM G-Sensor
PAC1720 { SAMD21G18A
Current monitor - E3 | 1 Buzzer
LEDS 4. ) I ) i MICROCHIP ‘Egv & q‘n 5 R e T ;
Mt vm'a%%g, Moo VICP73831T
Native USB g g ‘ AT TR e Battery Charger
DC Jack (9~12V) : mg;imﬂ A ;{._ - g ' 1 mikroBUS Shield
MIC2877 1 Arduino Shield
Boost Regulator
N - % ot : 0 B - , 1 User Buttons
MIC29300
LDO Regulator - {__Driven Shield ]
LDO Regulator 32K Crystal
Power Switch
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APPO045 v4.2 ES.d Programmer and Debugger

[_MPLAB PICkit4 | MPLAB SNAP Li-on AA Battery
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APPO045 v4.2 ES.d Block Diagram

CDC USB
bcuse [ peseriass oo Micro 5o
o’ L r 128x64 Card Socket
Power Monitor
9~12V | 1 |
(MIC29300 )| [ mic2877 ) 12C) . 33ve UART SPI 12€
3.0A LDO Boost PAC1720 = \
\__Regulator \__Regulator [ Power R':i:;if,r% / \
p " - . Monitor /<
MCP1826S MCP7381T T sense |
LDO Battery Resistor VBAT ¢ SAMD21G18A
Regulator Charger =2 1 ARM Cortex-MO0+
. J - J ; AADC
-~ _ 3
< ® < > -
&7 USB - / MCP9700A
Native USB 4
Temperature
Sensor y
PTC 1 GPIO | PWM
-
LEDs Buzzer VR
Buttons Potentiometer
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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

Interface

* Implements a single functionality
* A module has an interface and an implementation o4

[IMPIEMET
* Hides implementation from the user L\
 Modules interact through interface ~
. SN
* No access to internal data
HARMONY
-

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

 State machine ready for RTOS
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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 modules.

<L APICalls

ﬁ Calls Back

J A
A

Peripheral
Library

(PLIB) ) Middleware
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MPLAB® MCC Harmony Key Concept

Configurability and Flexibility
i)
e Single-client or multi-client

* Bare-metal or RTOS W
* Blocking or Non-blocking b ’V'eta' ﬁ

* DMA or Non-DMA Blockmg
e Other library specific options

Drjver * 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 Drivars

EISE

System Senvice

TIME COMMAND

System SEenvice System Service

DEBUG

System Senvice

CONSOLE

Systemi 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

g -

Periodic
Timer
Callback

Application
Client

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)

ﬁ Application Callback (from interrupt context)
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TIME System Service

* Harmony Configuration

Configuration Options "]

(=] [+

=-TIME

-~ lse Systick?
~PLIB Lsed
~Mumber of Clients
- Operating Mode
-~ Tick Rate (ms)

TC3
Paripheral Library
TMR

]
TC3

S
TICK BASED -

=

- lse Floating Point Calculations? |:|
x | —achievahle Tick Rate Resolution (ms):1.0ms

svs_tme (7= TIME)
Creneric Capability

Current Consumers
Available Consumers

Configuration Options X]

=l &

=+ TIME
i’""USE Systick? |:|
-~ PLIB Used TC3
%----Number of Clients 5]

--Operating Mode | TICKLESS

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

External Controller (gfx_driver_external)
ILI9488 (gfx_driver_ili9488)

SSD1309 (gfx_driver_ssd1309)

SSD1963 (gfx_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.

* 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_CallbackRegisterUS

SYS_TIME_DelayMS
SYS_TIME_DelayUs
SYS_TIME_DelaylsComplete

Initializes the System Time module.
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

A

Compare = 160 —»

Compare = 130 —»

Compare= 75 —»

Compare = 35 —»

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_.

—

35

55 > <

30

—

»
»
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TIME System Service

“Application”
Client-3
(34ms)

Polling Status

Periodic
Timer
Callback ) )
| Application
Periodic Client-1
Timer
Callback : :
Application
Client-2 |:> Register Callback
¢ Callback
|':> Request Delay
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TIME System Service

Timerl
Callback

Ppr———

Timer2
Callback

Application
Client-2

Timer1Callback
Timer2Callback
null

void TimerlCallback(..)

TimerlExpired = true;

void Timer2Callback(...)

Timer2Expired = true;

void Appl_Task()

SYS_TIME_CallbackRegisterMS(TimeriCallback, ©, 85,
SYS_TIME_PERIODIC);
}

void App2_Task()
SYS_TIME_CallbackRegisterMS(Timer2Callback, 0, 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

¥4 MPLAB X IDE v6.05

File Edit View Navigate

¢ Newprojec. |
N

1 New File.. “‘

Open Project...
Open Recent Project

Import

Source Refactor Prod

Ctrl+Shift+N
Ctrl+N

Ctrl+Shift+0O

OR

B4 MPLAB X IDE v6.05

File Edit View Navigate Source Refactor Prog

‘E H @
Projects

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

e Categories : Microchip Embedded
* Projects : 32-bit MCC Harmony Project

B3 New Project X
Steps Choose Project

I. Choose Project Q. Filter:

20

. #0 Samples ﬁ PIEbmlt {He:-: Loadable Image} Frogect
""" I Generic B User Makefila Project

e Library Project

B4 Import START MPLAB Froject

&4 Import Atmel Studio Project

Description:
MPLAB® MCC Harmony Froject Wizard

< Back Finish Cancel Help )
3 A8\ MicrocHip




A New MCC Harmony Project

* Given the directory path of your MCC Harmony Framework.
* We will download MCC Harmony Framework later.

Ed New Project

X
sSteps Manage Framework
1. Choose Project Harmony Framework Repository Cloud Server Select
2.  Framework Selection : : :
3. Project Settings Harmony Repository; | hitps:github.comMicrochip-MPLAB-Harmony -~
4, Configuration Settings

Framework Path: C:\MCC_HarmonyFramework

onvert to Relative Fath for Configuration

I Optional !

Not to use Relative Path for Configuration
could move your project file more flexibility

< Back ‘ ‘ Finish Cancel Help )
v A8\ MicrocHip




A New MCC Harmony Project

* Location : C:\Exercises\Lab1l SYS TIME_Delay
* Folder : Lab1l SYS TIME_Delay (It will be your Project Name)

B3 New Project

e

Steps MName and Location
1. Choose Project - : -
5 Framewerk Selection Location: C:\Exercises\Labl SYS TIME_Delay
3. Project Settings Folder:
4, Confignration Settings older: Labl_SYS TIME_Delay Folder name will be the Project Name

MName: Labl_SYS_TIME_Delay

Fath: C:\Exercises\Labl_SYS_TIME_Delay\firmware\Labl_SYS TIME_Delay.X

Show Wisual Help

= Bacl ‘ Finish Cancel Help
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A New MCC Harmony Project

* Device Filter : ATSAMD21G18A
* Please do not miss any character of your part number.

B4 New Project X

Steps Configuration Settings

1. Choose Froject

2. Framework Selection Wame: defanlt
3. Project Settings

4. Configuration Settings

Device Famils:  All w Target Dewvice: || ATSAMD21G18A
Device Filier:  [[ATSAMD21GLBA

Show Wisnal Help

Install Devica Pacl:

= Baclk Iext = Cancel Help

Gl
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New Download of
MCC Harmony Framework

MPLAB Code Configurator(MCC) Plugin after v5.4.x
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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 Xl Eit Window Xl MCC Content Manager 4 HEE

[=Joo

Content Download Required

Some of the required content is not available locally. Following content will be downloaded:
To change content versions later, access the Content Manager from Device Resources.

‘tart Page x| Kit Window x Manager x
oo
“ Required Content
Content download is in progress. Please expand the table rows to check the individual download status.

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

Component Tl Version Update progress Description
“ Harmony 3 - Chip Support Package
csp v3.18.1 Component 11 Version Update progress Description
“ Harmony 3 - Harmony Services “ Harmony 3 - Chip Support Package
Default Modules
harmony-services v1.3.2

“ Harmony 3 - Harmony Services

harmony-services vi32 100% Complete
' arm CMSIS
| CMSIS 5 590 87% Step &: Checking out files
~ Harmony 3 - Reference Apps
quick_docs vi6.0 100% Complete

v arm cusis required for new projects

CMsIS_S 5.9.0

“ Harmony 3 - Reference Apps

quick_docs v1.6.0
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A New MCC Harmony Project

New Download of MCC Harmony Framework

* Lunching the | % contentManager |in “Device Resources” window of MCC Harmony.

Projects | Files | Services | Resource Management [MCC] x | E |[ StartPage x| Kit Window x| Project Graph x| [« 2](=) @[ Configuration Options * | =
MCCv3.4.1 x|lﬂ EERBE *|EI> P’lugms: ~ Profiles: Main -~ View: Root

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

¥ Libraries

NVMCTRL
» Harmony reipizl Wy
v System MEMORY
-
) System

Device Resources

¥ Libraries

(% Content Manager

‘4 Harmony

Search Results | Output | Notifications | News x| Notifications [MCC] |

> |0

[o 1. [December 06, 2023] cecl73x_soteria_lib v3.3.0 update is now available

[ﬂ 2. [November 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

—

[° 4, [October 18, 2023] Wireless System for PIC32MZW1/WFI32 v3.8.0 Update

o
= () Navigator Labl_SYS_TIME_Delay - Dashboard | @ MICRDCHIP




A New MCC Harmony Project
New Download of MCC Harmony Framework

* In “Harmony 3 — Wireless solution”, find “wireless_wifi” then select to “v3.9.1".

& | Start Page Xl Eit Window XI Project Graph Xl MCC Content Manager x] Do =3
< o
—_— =
= : ! =
E Select Export/lmport Option ‘ .1, Load Manifest Z Select Latest Version(s) 0 {§} 5
=1
=] L ] g
=
5 | Lol S N T R MCC Core Versions "__%
= | g
= 1 -
=
c% ‘ Q Type to Search Globally... |
53 Harmon - Graphi clution -~
3
Al Harmony 3 - Wireless solutions
b ) ) Eclipse Distribution
= @ paho.mqtt.embedded-c | - N | License
Eclipse Public License
a
2 -7- |
2 @ wireless_apps_pic32mzw1_wfi32e01 | - N | MPLAB Harmony license
& JE—
@ wireless_apps_winc1500 | - N | MPLAB Harmony license
@ wireless_apps_winc3400 | - N | MPLAB Harmony license
@ wireless_system_pic32mzw1_wfi32e01 | - N | MPLAB Harmony license
MPLAB Harmony license
> Harmony 3 - Wireless RNBD
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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 Page Xl Eit Window XI Project Graph Xl MCC Content Manager x]

LEE =

‘ Select Export/Import Option ‘

MCC Core Versions

‘ Q Type to Search Globally...

2 Harmony 3 - Graphics solutions

“ Harmony 3 - Wireless solutions

@ paho.mqtt.embedded-c

@ wireless_apps_pic32mzw1_wfi32e01

i Projects (S Files offf Services Resource Management [MCC] h

@ wireless_apps_winc1500
@ wireless_apps_winc3400
@ wireless_system_pic32Zmzw1_wfi32e01

(1) wireless_wifi

2 Harmony 3 - Wireless RNED

% Changed Content Summary (13)

Selected
Version

Component

wireless_wifi

net

usb

dev_packs

wolfMQTT

crypto

Category

Harmony 3 - Wireless
salutions

Harmony 3 - Networking
Stack and Solutions

Harmony 3 - USB solutions

Harmony 3 - Chip Support
Package

Harmony 3 - Wolf55L
solutions

Harmony 3 - Cryptography

calutinne

.1, Load Manifest E| Select Latest Version(s)

Current
Version

v3.9.1

v3.10.1

v3.11.0

v3.18.1

v1.11.1

v3.8.1

» Cancel 9 {§}

suond() uoneINSuo)

dipse Distribution

cense

dipse Public License

PLAB Harmony license

PLAB Harmony licenss

PLAB Harmony licenss

PLAB Harmony licenss

PLAB Harmony licenss
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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.

* Def

i Projects (S Files offf Services Resource Management [MCC] h

Start Page Xl Eit Window XI Project Graph Xl MCC Content Manager x]

‘ Select Export/Import Option ‘

MCC Core Versions

‘ Q Type to Search Globally...

> Harmony 3 - Graphics sclutions

“ Harmony 3 - Wireless solutions

@ paho.mqtt.embedded-c

@ wireless_apps_pic32mzw1_wfi32e01
@ wireless_apps_winc1500

@ wireless_apps_winc3400

@ wireless_system_pic32Zmzw1_wfi32e01

(1) wireless_wifi

> Harmony 3 - Wireless RNBD

Component

wireless_wifi

net

usb

dev_packs

wolfMQTT

crypto

Category

Harmony 3 - Wireless
salutions

Harmony 3 - Networking
Stack and Solutions

Harmony 3 - USB solutions

Harmony 3 - Chip Support
Package

Harmony 3 - Wolf55L
solutions

Harmony 3 - Cryptography

calutinne

Current
Version

Selected
Version

v3.9.1

v3.10.1

v3.11.0

v3.18.1

v1.11.1

v3.8.1

(DIEE =

@)

=]

E

.1, Load Manifest E| Select Latest Version(s) X Cancel 0 {§} Ué

5

% Changed Content Summary (13) g'

dipse Distribution

cense

dipse Public License

PLAB Harmony license

PLAB Harmony licenss

PLAB Harmony licenss

PLAB Harmony licenss

PLAB Harmony licenss
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New Download of
MCC Harmony Framework

MPLAB Code Configurator(MCC) Plugin before v5.4.x
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A New MCC Harmony Project wcceuen berore vs.ax

New Download of MCC Harmony Framework

Select MPLAB Harmony

* Lunching the

in MCC Content Manager Wizard.

3 MPLAB X IDEv6.10 Lab_Oximeter : default - ] X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctrl+)
PEES D@ BT B DR B RO B S W e men
Projects = | Files | Services & || Kit Window x| StartPage x| MCC Content Manager x G
=@ Lab_Oximeter
(#+[® Header Files import [ 7 K3
= Important Files
(-3 Linker Files -
88 Sowcs Fils MCC Content Manager Wizard
[ Libraries
[ Loadables PP
Select a Content Type
(7] (7] (7]
Embedded Software Development
Framework for 32-bit Microcontrollers and
Microprocessors
Release notes and supported devices Release notes and supported devices
Library support may be a key factor in your choice of MCC flavor:
> MCC Melody and MCC Classic - Library Summary » MPLAB Harmony - Library Summary
Labi) Fire Prezoy] LOM FndW-- > | BT Still unsure which content type is right for your project?
<No View Available> Oulpul x| Search Results =
Snap *x MPLAB® Code Configurator >
11:53:55.696 INFO: Fetching list of available libraries. ~
11:53:56.014 INFO: Download Complete: C:\Users\Libra\.mcc\mcc_libraries.xml
11:53:56.695  INFO: Start MCC v5.3.0 v
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A New MCC Harmony Project wcceuen berore vs.ax

New Download of MCC Harmony Framework

* Required Content of MCC Content Manager Wizard.
* Default required Modules : csp, dev_packs, quick_docs and harmony-services.

Eit Window K] Start Page K] MCC Content Manager * ane

Import 0{:?}

MCC Content Manager Wizard
1. Content Type 2. Required Device Content
Required Content

Some required content must be downloaded. The following content will be downloaded when you click on "Finish”.

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

v Required Content

Component Tl Version Update progress Description

Default Modules required for new projects

“ Harmony 3 - Chip Support Package
csp
dev_packs
“ Harmony 3 - Reference Apps
quick_docs
“ Harmony 3 - Harmony Services

harmony-services

@ MICROCHIP



A New MCC Harmony Project wcceuen berore vs.ax

New Download of MCC Harmony Framework

* Optional Content of MCC Content Manager Wizard.
* User need to manual add below Modules.
* usb 3.10.0
e core 3.13.0

* wireless_wifi 3.8.0

Eit Window "I Start Page xl MCC Content Manager xl W=

Optional Content

Select optional content to be made available in Device Resources for selection

“ Optional Content

Component T.L Version Description

' E| Harmony 3 - USB solutions
¥ usb 3.10.0

' E| Harmony 3 Core

W core
v B%\y Wireless solutions

a wireless_wifi

User need to manual add these Modules
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A New MCC Harmony Project wcceuen berore vs.ax

New Download of MCC Harmony Framework

* Finial Required Content of MCC Content Manager Wizard, click BiliZi8 to continue .

Start Page = | MCC Content Manager

Component Tl

csp

dev_packs

quick_docs

wireless_wifi

harmony-services
Harmon: y 3 - USB solutions

usb

Harmony 3 - Core

Harmony 3 - Reference Apps

x|

[

Harmony 3 - Wireless solutions

Harmony 3 - Harmony Services

MCC Content Manager Wizard

1. Content Type 2. Required Device Content
Required Content

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

Vers

Harmony 3 - Chip Support Package

3.17.0

3.17.0

1.5.0

3.8.0

V1.3.0

3.10.0

3.13.0

ion Update progress

csp
dev_packs
quick_docs
wireless_wifi
harmony-services
usb

core

o T

Some required content must be downloaded. The following content will be downloaded when you click on "Finish".

“ Required Content

3.17.0
3.17.0
1.5.0
3.8.0 |
v1.3.0 |
3.10.0
3.13.0
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A New MCC Harmony Project wcceuen berore vs.ax

New Download of MCC Harmony Framework

* Wait MCC Harmony Framework modules download finished.

Start Page = | MCC Content Manager x}

[

Component Tl

“ Harmony 3 - Chip Support Package
csp
dev_packs

“ Harmony 3 - Reference Apps
quick_docs

" Harmony 3 - Wireless solutions
wireless_wifi

“ Harmony 3 - Harmony Services
harmony-services

" Harmony 3 - USB solutions
ush

“ Harmony 3 - Core

core

Content download is in progress.

MCC Content Manager Wizard

1. Content Type 2. Required Device Content

Required Content

Version Update progress

3.17.0 g Step 4: Receiving objects
3.17.0 u Step 4: Receiving objects
1510 Step 4: Receiving objects
3.8.0 Step 4: Receiving objects
v13.0 Complete

3.10.0 Step 4: Receiving objects
3.13.0 66% Step 4: Receiving objects

Please expand the table rows to check the individual download status.

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

“ Required Content

Description

oL
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Import Existed
MCC Harmony Framework
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A New MCC Harmony Project

Import Existed MCC Harmony Framework

* Lunching the

Import

in MCC Content Manager Wizard.

£ MPLAB X IDEV6.10 Lab_Oximeter : default - a

=@ Lab_Oximeter
Header Files
[ Important Files

[E® Linker Files

3 Sonrce Files

[ Libraries

[ Loadables

MCC Content Manager Wizard

Select a Content Type
(2] o

Embedded Software Development
Framework for 32-bit Microcontrollers and
Microprocessors

Select MPLAB Harmony

Release notes and supported devices Release notes and supported devices

Release notes and supported devices

Library support may be a key factor in your choice of MCC flavor:

> MCC Melody and MCC Classic - Library Summary » MPLAB Harmony - Library Summary

<Mo View Availables

Lab0_First Pr-- | LCM BusW-- x| &

Still unsure which content type is right for your project?

See More Details

X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctel+])
FEES D @ &l YE-T-EDRR-R-QQ- @ 2y [P_C:Oxo] HomlooI
Projects < | Files | Services = | Kit Window x| StartPage x| MCC Content Manager x nol)

QOutput x| Search Results

=
Snap *x MPLAB® Code Configurator >
11:53:55.696 INFO: Fetching list of available libraries. ~
11:53:56.014 INFO: Download Complete: C:\Users\Libra\.mcc\mcc_libraries.xml
11:53:56.695 INFO: Start MCC v5.3.@ v

@ MICROCHIP



A New MCC Harmony Project
Import Existed MCC Harmony Framework

* Select to previous Exported Harmony Framework Zip file and wait it to load finished.

= ER X

a1 MCC HarmonvwFramework o £ Ed-

g—ﬁ TEFEE M export.zip el
B BN (e » A

¢ | MCC Content Manager =

1. Content Type

Select a Content Type

Embedded Software Development Framework for 32-
bit Microcontrollers and Microprocessors

Select MPLAB Harmony

Release notes and supported devices Release notes and supported devices Release notes and supported devices

@ MICROCHIP




A New MCC Harmony Project

Import Existed MCC Harmony Framework

* Lunching the

SRS in MCC Content Manager Wizard.

3 MPLAB X IDEv6.10 Lab_Oximeter : default - ] X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctel+])

E—I W % @ @ default

JB-T-B 022 B2 O 2w oo mmen

Projects < | Files | Services

B || KitWindow x| StartPage x| MCC Content Manager x| EE
=@ Lab_Oximeter
Header Files import [ 7 K3
[ Important Files
[E® Linker Files -
2 Sonc Fils MCC Content Manager Wizard
(5 Libraries
[EF Loadables .
Select a Content Type
(7] (7] (7]
Embedded Software Development
Framework for 32-bit Microcontrollers and
Microprocessors
Release notes and supported devices Release notes and supported devices
Library support may be a key factor in your choice of MCC flavor:
> MCC Melody and MCC Classic - Library Summary » MPLAB Harmony - Library Summary
Labi) Fire Prezoy] LOM FndW-- > | BT Still unsure which content type is right for your project?
<No View Available> Output x| Search Results | 5

Snap *x MPLAB® Code Configurator >

11:53:55.696 INFO: Fetching list of available libraries. ~
11:53:56.014 INFO: Download Complete: C:\Users\Libra\.mcc\mcc_libraries.xml
11:53:56.695 INFO: Start MCC v5.3.@

@ MICROCHIP



A New MCC Harmony Project
Import Existed MCC Harmony Framework

* All Requires Content is available locally on you machine, Click il to continue.
StartPage x| MCC Content Managsr x| Do

MCC Content Manager Wizard

1. Content Type 2. Required Device Content
Required Content

All required content is available locally on your machine. No other download is needed to get started.
To change content versions later, access the Content Manager from Device Resources.

Optional Content

Select optional content to be made available in Device Resources for selection

v Optional Content

Component Tl Version Description
v I:I Harmony 3 - Wireless BLE solutions
0
1.2.0
wireless_apps_pic32cxbz2_whz45
[ ] wireless ble 1.0.0
I:I wireless_pic32exbz_whz 1.1.0

I:I wireless_system_pic32cxbz_wbz 1.2.0

vy |:| Harmony 3 - Bootloader solutions
[ ] bootloader 3.60
I:I bootloader_apps_can 3.1.0
I:I bootloader_apps_ethernet 3.20

[ bootloader_apps._i2c 3.2.0 @ MICRDCHIP




A New MCC Harmony Project

 MCC Harmony Configurator Interface.

4 MPLAB X IDEV6.05 - Labl_SYS_TIME_Delay : default — O X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help [Q- Search [Cul+D)
A D@ JE-T W PR R BT T - Pou b
Projects IFilcs IScrviccs', IRt‘murcc Management [MCC) X\ E || Kit Window x] Start Page x] Project Graph xl DGO Configuration Options "\ =
MCCv3.2.0 x|lﬁ REERE 4 = lPlugins: v| View: [Root +|||=H
Project Resources | Generate H Import... | Export ‘ @ H @ E-System
. . F-Device & Project Configuration
¥ Libraries
NVMCTRL - Cortex-MO+ Configuration
¥ Harmony Paripheral Library & Ports
MEMORY
» Packs B Clock
¥ Peripherals Interrupts (NVIC)
- DMA (DMAC)
¥ EVSYS
— - WDT
- BVsYS B PAC
¥ NVMCTRL _ _
O NVMCTRL
v System
O System
Device Resources Content Manager
¥ Libraries
¥ Harmony
» Core
» Drivers
» Libraries
» Peripherals
P System Services
» Third Party Libraries Output | Search Results | Notifications [MCC] | News x| =)
» Tools [o 1. [March 10, 2023] 10BASE-T1S package v1.2.0 and v1.2.1 Update ] ~
[
Use [0 2. [March 10, 2023] Net Applications for SAMA7GS package v3.0.0 and SAMSX75 package v3.0.0 are now available ]
» Wireless
[o 3. [March 10, 2023] Net Package v3.9.1 Update ]
Labl_SYS TIME Delay - Dashboard | Navigator x| = [0 4. [March 10, 2023] Wireless Application for WINC1500 v3.7.0 Update ]
<o WView Available> C v @
S ' MICROCHIP



¥ Lab 1
Delay based LED toggle

TIME System Service
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%€ Lab1 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.

& 3v] LEDI ’I Green  RS3 A A 210 /"'?\ — |GND
J_Ql FDN337N
PA20/PWM(TCCO0.6)
BS11
A a RSL_A A ALO0K RS2 100Kt
A
.
3.3 LED2 H Green  RS6 A 470 = [GND
FDN337N
PA2 I/PWM(TCCO.7)
BSI12
*A
./
3.3v] LED3 H Green RS9 ,\M470 |GND
J_Ql :F:D\m'N
PA17/SCK.SCL(S1.1)/PWM(TCC2.1. TCCO.7)
BS13
*A
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%€ Lab1 Delay based LED toggle

* MCC Harmony Configuration (Add TIME System Service)

Not hint for,this'step

- -

Device Resources Content Manager

¥ Libraries
¥ Harmony
» Core
» Drivers
» Libraries
» (0 Peripherals
¥ System Services
) COMMAND
C) CONSOLE

) DEBUG
) FILE SYSTEM
B O TIME

» Third Party Libraries

Pl

B | Components auto-acti

Confirmation

Core (HarmonyCore)

ration pod

Are you sure you want to activate these

components?

o)

Confirmation

FreeRTOS (FreeRTQOS)

Are you sure you want to activate these

components?

N

@ MICROCHIP



%€ Lab1 Delay based LED toggle

* Harmony Configuration (Add TIME System Service)

Proj--

- | Files | Serv- |

MCCv5.3.0

x] =l | Project Graph XI

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

Pro...

Gew | 1 | ..

C2IKE

b

¥ Libraries

Harmony

» Core

» Packs

» Peripherals

¥ System Services

Device Family Pack (DFP)
Peripheral Libr
EESS CMSIS Pack

MNVMCTEL
Peripheral Library
MEMORY

Harmony Core Service
o RTOS

Core Service O

System Service

B4 TIME

¥ System

O System

[ TC3 2 Core Service
Peripheral Library SYs_TIME ©

T™R .- TMR

Select TC3 as Timer Source
of TIME System Service
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%€ Lab1 Delay based LED toggle

* Harmony Configuration

Configuration Options "‘]

=]
_ | = TC3
Froject Graph ~Counter Mode  Connter 1 16-bit mode -
x | g mE4+ | = |P1ugms: > —Select Prescaler |Prescaler: GCLE_TC v
EVSYS Device Family Pack (DFP) ~HEEETImer resolution is 208333333333 ngH
Peripheral Lib =+ Operating Mode | Timer o
Tt CMSIS Pack PEratng
E-Timer
MNVMCTREL Core
Peripheral Library ~Enable One-Shot Mode I:I

Harmony Cora Service ) ] ] —
~Timer Period Unit millizecond

- Enable Timer Period Interrupt |:|
- Enable Timer Compare Interrupt
TIME EhEvents
S Enable Timer Period Overflow Evert [ |
TC3 ® Core Service i----EnabIe Timer Input Event |:|
Periphessl Libeany SYs _TIME &

T™MR < TMR

MEMORY

o RTOS

Core Service O

E-Sleep Configurations
- Run during Standby |:|

Configuration Options "l
(=] [+
E-TIME
i*""USE Systick? |:|

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

System Service and your APP

?----Numher of Clients

~-Operating Mode
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%€ Lab1 Delay based LED toggle

* Harmony Configuration (Setup GPIO)

Froject Graph XI

X|Iﬂ-...*|*lilr|1:"1ugins | | 2

Event Svstem Conﬁgurau
EVSYS
Peripheral Library

I‘\I“JIC Configuration
Clock Cenfiguration

NVMCTRL
Peripheral Library

Core ChAA Confionration
MEMORY

Harmony Core SoSURREIVELTE T
2 RTOS
Core Service O

TIME
System Service
o Core Service
SYS_TIME ©

TMR

TC3
Peripheral Library
TMR

GPIO ouput

custom Name to LED1
Uatch'is Low.

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

rder: lPorts “ | Table Wiew [v| Easy View

Fin

Fin ID Custom MName Function baode Direction Latch
Iu mber

PA19 Available !

“m———--—
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%€ Lab1 Delay based LED toggle

 Harmony Configuration (Generate Code)

4 MPLAB X IDE v6.05 - Labl_SYS_TIME_Delay:default w Loading.. O %

File Edit View Navigate Source Refactor Production Debug Tea .

4 % @ @& default v v Dﬁ v% - . MCC Generating

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

- Output = | Se alts ificati 711
Project Resources ’ Generate || Import.. | Export | | @ utput | Scarch Results | Notficatons [MCC]_| New 1.1

Snap * MPLAB® Code Configurator *  Spap-Labl SYS ']..AE DLla}r *x  Scripiing *  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 Iﬁarnu:ny 14:11:59.279 INFO: ..\srchpacks\ATSAMD21G18A_DFP\samd21gl8a.h Success. Mew file.
Not h I nt fo r th IS Step 14:11:598.2790 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. MNew file.

P Core *'If 14:11:59.279 INFO: ...rchpacks\CMSISACMSIS\Core\Includehcmsis_armcc.h Success. New file.
14:11:598.279 INFO: ...packs\CMSIS\CMSIS\CoreZIncludehcmsis armclang.h Success. New file.

» Packs an y m O re after 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\CoreZIncludeh\cmsis_compiler.h Success. MNew file.

» IDer“)hefals 14:11:59.288 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis gcec.h  Success. Mew file.
. 14:11:59.28@ INFO: ...c\packs\CHMSIS\CMSIS\Core\Includelcmsis_iccarm.h Success. MNew file.

v Syﬂtern Services 14:11:59.2886 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.
— 14:11:59.288 INFO: ...ch\packs\CHMSISA\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:
14:11:58.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:598.572 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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%€ Lab1 Delay based LED toggle

* Configure your new project

! mainQ-- | Availa-- | B Double'confirm the
'a Labl_SYS_TIME_Delay ~ TSAMDO1 .

78 Project Type: Application - C

Device :"ATSAMD21G18A

E E}@ Dieyice B3 Project Properties - Labl_SYS_TIME_Delay x

g WRATSAMDZIGISA e o - Select correct

| Checksum: Blank, 1| ¢ File hcusion/Bxclusion 2 Familes »

g | ) &< Conf: [default]
ﬁ ' CECBE: HE:‘: fl].E 1] < Simulator Ceonnected Hardware Tool: Supported Debug Header:
- @ Loading e ol _
o Libarie LSnap SN:BUR 183076917 .~ []&how Al Mene De b u g g er
2 Building
= @ XC32 (Global Cptions) Packs:
""" o weldPas B i SHIETS ~
..... @ KC32_gCC B “?P\I DFP C M S I S 5 L] 8 L] O
e 0 geB2ptt T — — v ey v~
----- O we32-ld & DFP 3.6.144
=0 xe3Rar 5

Compiler Toolchain:

N Ot h I n t fo r tql’]—IFS at % p __H (v4.35) [C:\Program Files [NOER [ m

anymore after

. . The device on the kit does net match the device selected
Manage Configurations...

Cancel Apply Unlock Help
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%€ Lab1 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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%€ Lab1 Delay based LED toggle

* Compiler and programming your project to EVB

Not hint for,this'step anymore after,'ab1

Notifications I Search Results I Ouiput "‘[ 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.

< Lo
3 3vj—LERL H Green  RS3 A A 470 » — |GND
J_f | FDN337N
PA20/PWM(TCCO0.6)
BSI1
aD RS1_A A ALO0K R52_AAAASK oo
*A
v
J_Q | FDN337N
PA21/PWM(TCCO.7)
BSI12
aD R54 A A ALOOK RSS AAAALE o
*A
2
3 3y —LEDS H Green RSO na A 470 Loa\ — |GND
J_Q | FDN337N
PA17/SCK._SCL(S1.1)PWM(TCC2.1. TCCO.7)
BSI3
*A
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% Lab2 Callback based LED toggle

 Harmony Configuration (Setup GPIO)

Froject Graph XI

X|Iﬂ-...+|*lilr|1:’lugins | | 2

Event Svstem Conﬁgurau
EVSYS
Peripheral Library

I‘\I“JIC Configuration
Clock Configuration

NVMCTREL
Peripheral Library

Core ChAA Confionration
MEMORY

PA21'as GPIO output
PA1_7‘asGPIO output
PA21 CustomName to LED2

Harmony Core SoSURREIVELTE T
2 RTOS
Core Service O

TIME
System Service
o Core Service
SYS_TIME ©

PA17 CustomName toLED3
BAZl Latch |§fLow
PA17,latchis Low

TC3
Peripheral Library

Frogect Graph* Fin Settings = Pin Diagram XI Pin Table =
Order: " Table View Easy View
Irillt?mbm P ID Custom Name Function Mode Direction Latch  Pull Up Pull Drrive
“—__--I
| 2 | pPax [ tepi G0 ol Dioi fouwt ol Tow | | [ NORMAL |

I T - 2 T . N e -5 [P PV



% Lab2 Callback based LED toggle

* Modify your main.c as below

#tinclude
#tinclude
#tinclude
#tinclude

SYS_TIME_
void LED2Callback(uintptr_t context)

<stddef.h>
<stdbool.h>
<stdlib.h>
"definitions.h"

HANDLE tmrHandle;

LED2_Toggle();

void LED3Callback(uintptr_t context)

LED3_Toggle();

}

int main( void )

{

SYS_Initialize(NULL);

SYS_TIME_DelayMS(1000, &tmrHandle);

SYS_TIME_CallbackRegisterMs
SYS_TIME_CallbackRegisterMs

while( true )

LED1_Toggle();

// Defines NULL

// Defines true

// Defines EXIT_FAILURE

// SYS function prototypes

LED2Callback, ©, 500, SYS_TIME_PERIODIC
LED3Callback @, 250, SYS_TIME_PERIODIC

if( SYS_TIME_DelayIsComplete(tmrHandle) == true )
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% Lab2 Callback based LED toggle

* Result

LED1 LED2 LED3
(1000ms) (500ms) (250ms)
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
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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
~Number of Clients '

Ei"L

“Dperating Mode  TICKLESS ik

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 ?

Project Graph

EE

EVSYS
Paripheral Library

Paripheral Library
MEMORY

Peripheral Library
TMR

X|E [ N:a § o f||i| lPlugins:

| Wiewrn:

Device Family Pack (DFF)

Configuration Options >=|

=l H

=+ TIME
%----Use Systick?
%----F‘LIB Used
%----Number of Clients

i----Operating Mode

2

TICELESS

Sl

R

Peripheral Library
MEMORY

Configuration Options XI

=] [#

=H-TIME

~IJse Systick?
~Nurber of Clients
- 0perating Mode
-Tick Rate (ms)

-se Floating Point Calculations? D
- &chievable Tick Rate Resolution (ms):1.0ms

=

Configuration Options X]

= ¥

= System
B-Device & Project Configuration
E- Cortex-M0O+ Configuration
Iél--S\,fsTick
E‘----Enahle SysTick
H-Ports
H- Clock
H-Interrupts (MWIC)
H- DA, (DMAC)
H- WO
H- PAC

s OO e OO e BOORN s OO ey SO s

The SysTickisa
W, g -
24bit tlmeLcIocked

Configuration Options XI

by,CLKECRU in

=] &

El-System

--Deviu:e % Project Configuration
- Cortex-MO+ Configuration
I'él--S\,fsTiu:k

Cortex-Mo+

é}--Enable SysTick
Ié--S\,rsTick Configuration
?----Enable Interrupt
?----SvsTiu:k Clack

- Ports
B Clock

SYS TIME is using SysTick for Timebase

‘. Systick Period(Milliseconds) =

Frocessor clock -
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% Lab2 Callback based LED toggle

Discuss 3

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

Froject Graph = l

EE

EVSYS
Peripheral Library

NVMCTRL
Peripheral Library
MEMORY

TC3
Peripheral Library
TMR

X|E - Eap ¥ "||E| F’lugins:

w | Wiewr:

Device Family Pack (DFF)
CMSIS Pack

Core
Harmonmy Core Service
o RTOS
Core Service

TIME
Systemn Service
Z Core Service
SYS_TIME ©

TMR

=H-TIME

Configuration Options x]
=]
= TIME
~lse Systick? L]
~PLIB Used TC3
~Murnber of Clients S5

- Qperating Mode
-~ Tick Rate (ms)
~I)se Floating Point Caleulations? | |

il--ﬂchiewable Tick Rate Resolution {ms): 1.36531250194m5|

Configuration Options "‘]
=l [+

- lse Systick?

~PLIB Lsed

~Mumber of Clients

- Operating Mode

- Tick Rate (ms)

- lse Floating Point Calculations?
-&chievable Tick Rate Resolution (ms):1.2000000042ms

rhe maximum period of
6 bit§'Lc3“@‘48MHz iS

65535 X (11/48 MHZ) =

s

:36531250194'ms
Desired Tick Rate#lTS ms
is'not reachable

D7e§ire_d LTick‘Rate‘l.ng
1'/ 0.0012 = 833.33333 ™ Hz
Truncate the decimal|

oy - = =

33333

that'Sy17,833
12000000048 ms
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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 =
(=] [# (=] [#
E-TIME E-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? @ ~Use 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_HzZ; 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_t ms )
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. @Mlcnocmp



CONSOLE System Service

* Harmony Configuration

Configuration Options "l

(=] [+

= COMSOLE
%----Numher of Instances Lsing UART
%----Numher of Instances Using LISB

- Console Print Buffer Size (125-8192)

x IR R W 4| = Plogns:

USE Full Speed Driver

o Core Service SERCOMS
Peripharal Library
DRV _USB o UART
LSE Device Layer
o DRV_USEB SERCOM?Z
USB DEVICE =& Peripheral Library
UART

CDC Function Driver
o USB_DEVICE

Instances ———|=|—|+

Instance O
USB_DEVICE_CDC

Configuration Options "‘] =

=+

=+ COMNSOLE
%----Device Used |SERCOMS
i---Tfox Ring Buffers must be configured in the attached PLIB

CONSOLE
Systemn Service

o Core Service

Instances ——|=- [+

’| UART
USB_DEVICE_CDC
SYS_CONSOLE |[|

— Instance 1
UART
UsSB _DEVICE CDC
SYS_CONSOLE

Instance 2
UART

B_DEVICE_CDC
SYS_CONSOLE

E-5ERCOMS

= Select SERCOM Operation Mode  UUSART with internal Clock -
' Ring buffer mode  ~
E%}--Cunfigure Ring Buffer Size-

E>----T>-f: Fing Buffer Size 128 :
L Rx Ring Buffer Size 1285

%----Dperating Mode

sys_console (57 CONSOLE)
bulti-Connect Capability

COMMAND (sys_command)
DEBUG (sys_debug)

Consumers
TCPIP CORE (tcpipStack)
5 DE s D) O s
pDportec 0 0
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CONSOLE System Service

API functions of the Console System Service library.

* 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

@ MICROCHIP



CONSOLE System Service

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

e 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.
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CONSOLE System Service

“Application
Client-1

Application .
Client-2 = |:> SYS_CONSOLE_Write

(index_1) <&
e \
& CONSOLE

<:| SYS_CONSOLE_Read
(0 SYS_CONSOLE_Instance 0

SERCOM5 r (1T SYS_CONSOLE_Instance_1

UART
PLIB

SERCOM2
UART
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CONSOLE System Service

Application
Client-2
(index_1)

| am Console 1

PLIB

SERCOMb5
UART

SERCOM2
UART

void Appl_Task()

SYS_CONSOLE_HANDLE consoleHandle®;
consoleHandle® = SYS_CONSOLE_HandleGet(
SYS_CONSOLE_INDEX O );
SYS_CONSOLE Write( consoleHandle®,
) "I am Console @\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 );

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

Eile Edit

I am Console ©

Setup Control Wirgl Eile Edit

Setup Control Win
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€ Lab3
UART Console

CONSOLE System Service
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APP045 Ov2 Ov3 Mva

%€ Lab3 UART Console

* Try add CONSOLE System Service to create a UART console.
e Select SERCOMS5 PLIB as Instance 0 of UART Console.
e Output “Hello World!” to UART console.

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

e — oo
o — -
S Z g2
4 ) 21l 2
B g1zl ] 1
= b 2017 5l
ol = ;"*l F: BS3 P16F-TX
t:"J t E-I b, BS4 P16F-RX
o 1701 B of [an] [anl =] 4
=M [u’a I o [ o =l [ :_;3 o A

7P

7%}
=)

w e
h

Lo
~

751 (71
] %)

%)
—

VDDANA PA22

%)
[=]

——| PBOS PA21 =5
—— PBOO PA20 —=
T PAG4 PALO —5=
T PAOS PAIS ==
CDC USB RX SERCOMS PAD2 2] pase R pAls |2
CDC Bridge SAMD21 88282853232
<< Zoncc <<
X & SERCOMS PAD3 plnininiebiblntale
ﬁlﬂ-l.nlclhlo‘: foa] Ll o Dot ] Eng] bzl
####### (o8] Lo ] Can] [ ]
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%€ Lab3 UART Console

* Harmony Configuration (Add CONSOLE System Service)

Froject Graph*

Device Resources Content Manager

N

¥ Libraries
¥ Harmony
» Drivers
» Libraries
» Peripherals
¥ System Services
- B3O commanD
3O CONSOLE

- B2 O DEBUG
0 FILE SYSTEM

b 4 |E EEREE4+ |IE| |P1ugins:

EVSYS
Peripheral Library

MNVMCTEL
Peripheral Library
MEMORY

~ SERCOMS
Peripheral Library
UART <

f

4 b v

o View: ERoot e

—

COMNSOLE
Systermn Service
Z Core Service

Instances

Instance 0
UART

USB_DEVICE_CDC

-+

SY5_CONSOLE ;

Console Instance O
Connect to
SERCOMS PLIB
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%€ Lab3 UART Console

 Harmony Configuration (CONSOLE and PLIB SERCOMS5 config)

Frogect Graph* 1rwi
4 | wl I B K, | = |P1ugins: i Wiew: Koot >
EVSYS Device Family Pack (DFP’ - - '
Seeran iom Contstion Opions =
= CMSIS Pack = &
NVMCTRL g
T e = CONSOLE |
MEMORY ?----Numher of Instances Using UART | =
- MNumber of Instances Using USB - 03]
- Console Print Buffer Size (128-2192) =

Configuration Options X]

Print buffer.size’ should

o B Configuration Options "l

= [+

EHSERCOMS

5 Select SERCOM Operation Mode |[USART with internal Clock -

. - COMSOLE
?----Operating Mode Fing buffer mode -

depend to proper,size of
SERCOM Riﬁ'g"Buffer Size

%----Dewce Used SERCOMS

E}--Configure Ring Buffer Size-

SERCOM FPAD[3] 15 used for data recepts
PAD[] = T BADE ST

4 Recaive Pinout

:I'ransmit Pinout

~~Enable Run in Standby

“TwfR¥ Eing Buffers must be configured in the attached PLIB

T:( Ring Buffer Size 12815

LR Ring Buffer Size 12815
~Recelve Enable ~i
~Transmit Enahble
~Frame Format USART frame ™
~Baud Rate in Hz 11520015
- Parity Mode Mo Parity ~
~Character Size 8 Bits
~Stop Bit Mode Cme Stop Bit

R Recelve Pinout SERCOM PADI[3]

Transmit Pinout. SERCOM PAD[2]
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%€ Lab3 UART Console

 Harmony Configuration (Setup PLIB SERCOMS5 pads)

Frogect Graph#® Fin Diagram "] Fin Table :"J Fin Settings "‘L
Table Wiew Easy Wiew
Ilf'}l;lmber Fiun ID Custom Name Function Mode Cirection Latch  Full Up f\ilim Eii:ﬁeﬂm
a7 PE2Z SERCOMS_PAD2  ~ Ehgﬂ;al Higi‘n Impecianl:e -]1,-";:_[ |:| |:| MORMAL  ~~
38 PE23 SERCOM5_PAD3 |l Digita]l | High Impedance nfa [] [] MORMAL -
Froject Graph* ]Pin Diagram "_] Fin Table "LPin settings "l lIZlE]['
Package: TOFP48 ~ 212312/4 25|26 |27 |28 (203031 (32|33 |34 |20 |41 |45|46 (47148 7 | 8 | 19|20 37|38
A E
Module Function Bl 1411516 17| 18|19 |20 |21 | 22|23 | 24| 25|27 |28 30|31 | 2|3 |8 | 9 |10|11f22)23
SERCOMS_PADD
SERCOMS_PADI
SRR 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[30];

void LED2Callback(uintptr_t context ce
void LED3Callback(uintptr_t context

int main( void )

{
SYS Initialize(NULL);
consoleHandlePLIB = SYS_CONSOLE_HandleGet( SYS_CONSOLE_INDEX 0 );
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) > @ )
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.

. COM4 - Tera Term VT

File Edit Setup Control Window Help
Hello world !(PLIB)
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.

Sy MikroBUS
E mﬁ.@g Froject Graph* ____________ B P 1n Settings  x [ Pin Diagram XI Fin Table XI }, e —_ 15
> Order:  |[Ports RV Table View Easy View = RST INT —m2—
S @S UART @]H@k 3 TS rx |14 PAIIRX
g Pin | | r Do o [ ratoTx
ey Fin ID Custom MName Function 5 _ 12
(] Mumber 5 MISO SCL 11
15 PA1D SERCOM2_PAD2 | SERCOM2_PAD2 — MOSI SDA —5
Froject Graph# é 33V 5V -
16 PA11 SERCOM2_PAD3 SERCOM2_PAD3 — = JoxD

X ||_E HEENRE4 |IEI |P1ugins:

VI COMS -TeraTerm VT
File Edit File Edit

Hello world ![F’LIB@]’ Hello world !(PLIB1)
Receive : m (PLIB1) ’ Receive : 1 (PLIBO)

Systemn Servica VI COM4 - Tera Term VT
o Core Service

Setup Control Setup Control

SERCOMS Instances =|—I+ = SERCOMZ

Peripheral Libr : .
pheral Library Instance 0 E-Select SERCOM Operation Mode

UART UART
-~Enable Interrupts ?

.~ USB_DEVICE_CDC . | 4

SYS CONSOLE -Receive Enable Receive : ¢ {.‘PLIBI'::I receive : 2 (PLIBO)

paspiz?}iﬂf_ — ~Transmit Enahle Receive : h (PLIB1) Receive : 3 (PLIBO)
ARt ey % Enable Ring Buffer ? Receive : p (PLIB1) Receive : 4 (PLIB®)

UART UART

~Enahble Run in Standby [ ]
SERCOM FAD[3] 15 used for data reception
FAD[Z] = TxD; FPAD[3] = ¥CK e

. - USB_DEVICE_cCDC

SYS CONSOLE -~ Receive Pinout
" -~ 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

Project Graph* d ) wi
p ¢ | FRERE 4 | = |P1ugins: v View: FEoot w

Device Family Pack (DFP)
Peripheral Library CMSIS Pack

Core
Harmony Core Service

Instances -+

&1 RTOS USE Full Speed Driver i
: CONSOLE
Core Service <|||< Core Service USE Device Layer T
DRV_USB 2|2 DRV_USB CDC Function Driver o Core Service
USB DEVICE C\ 2 USB_DEVICE
Instances =—*

Instance 0

Instance 0 ‘ y . UART
UsSB_DEVICE_CDC ?—0 UsSB _DEVICE_CDC
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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.

@ MICROCHIP
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DEBUG System Service

Configuration Options "l

CONSOLE
Systemn Service
o Core Service

SERCOM3S Instances (=l
Peripheral Library Instance 0
UART UART
UsSB _DEVICE_CDC
8YS _CONSOLE

SERCOM2

Peripheral Library Instance 1
UART UART

uUsB_DEVICE CDC

SYS_CONSOLE > SYS_CONSOLE

DEBUG System Service
e
must depend to

CONSOLE System service

[=] [#
=+ DERUG
Proroct Ciranh # - Device Used SY5_CONSOLE_I |
roject Lrap ‘ _ %----Debug Level =T _ERRCE_DEBUG s
x | ARERE ’ | = |P1ugms. | “.Use Consale far Debug 7 |[=¥5_ERROR_FATAL

SYS_ERROR_ERROR
SYS_ERROR_WARNING
SYS_ERRCR_INFO
5YS_ERROR_DEBUG

the Interface Function

S

SYSYDEBUGYErTorLevelSat()
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DEBUG System Service

API functions of the Debug System Service library.

* 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.

e 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

\., SYS_CONSOLE_MESSAGE
—/ SYS_CONSOLE_PRINT

SYS_DEBUG_MESSAGE

p SYS DEBUG PRINT
SN EeME -DEBUG_

System Service

1\ SYS_CONSOLE_lInstance 1

Level
Control

DEBUG System Service

System Service

SERCOM2
UART
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DEBUG System Service

Application
Client-2

(" Error
Level

DEB

UG

SVS ery

/\

SERCOM2
UART

=-DEBLIG
- Device Used SYS_CONSCLE 1
i-l-Debug Level
~~Debug Print Buffer Size (128-8192) 205

\{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");
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);

M COMZ24 - Tera Term VT

File Edit Setup Control Window Name  Lv
Message to Console 1 FATAL 0
Current Error Level: 4 ERROR 1

WARNING| 2
dErrlv 4 INFO ;
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.

e 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)

Project Graph*

x|a-...f|*lil*|l—-"lugins: w

Device Family Pack (DFP)
CMSIS Pack

EVSYS
Peripheral Library

MNVMCTEL
Peripheral Library
MEMORY

COMNSOLE
Systern Service
o Core Service

SERCOMS Instances
Peripheral Library Instance 0
JAR .—l UART

‘ uUss_DEVICE CDC
SYS_CONSOLE

-+

Device Resources | Content Manager

¥ Libraries

¥ Harmony

> Libraries to CONSOLE System Service
> Peripherals InStan ce O

¥ System Services
- E2 O commanD
B8O peBUG |
8 O FILESYSTEM

> Drivers DEBUG System Service connect
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* Lab4 Debug Message Control

 Harmony Configuration (DEBUG System Service config)

Project Graph*

x|a-...f|*lil*|l—-"lugins: w
Peripheral Library
WM
Systern Service

S
=l Li CMSIS Pack
MNVMCTEL
Peripheral Library
MEMORY
o Core Service
SERCOMS Instances
Peripheral Library Instance 0
UART UART

uUss_DEVICE CDC
SYS_CONSOLE

COMNSCLE

-+

Configuration Options "]
= #
EH-DEBRLIG
%----Device Lsed :SYS_CDNSOLE_D

%----Debug Level a1 e BRROE_DERUG e Default Error Level

--Use Consale for Debug ? SYS_ERROR_FATAL 5 # .
' lovS ERROR ERROR could Config in MHC

— =1 e _BEERCOE_WAENING
Use Console for,Debu g Jlsepssesighe

m SYS_ERROR DEBUG
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* Lab4 Debug Message Control

* Modify your main.c as below

int

Comment out

{

//
//
//

main( void )

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

while ( 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_CONSOLE_PRINT("\r\nReceive : %s (PLIB)\r\n", UartReadBuf);

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

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

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

}

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
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* Lab4 Debug Message Control

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

T COM4 - Tera Ter... — O] X 1 COM4 - Tera Ter... — ] et T 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 e D~ o W N e D
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 Why DEBUG print cannot finish output ?

vl COM4 - Tera Ter... — O
Edit

Receive

File

Setup Control
3 (PLIB)
Change Error Level to 3

Error Level 8 - Fatal

Error

Error
Receive

Window

X
Help

* Lab4 Debug Message Control

= SERCOMS
= Select SERCOM Operation Made  USART with internal

-~ Enable Interrupts ?
-~ Receive Enable
~Transmit Enable
=+Enable Ring Buffer ?

M Sizs is 128 By

X Ring Bumniar

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

4 (PLIB) ~Enable Run in Standby [ ]

9 @1 92 93 94 95 06 @7 98 09 OA OB @C @D 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
201280 4C 65 76 65 6C 20 74 6oF 20 33 @D OA 45 72 72 Level to 3..Err
30|6F 72 20 AC 65 76 65 6C 20 30 20 2D 20 46 61 74| |or Level @ - Fat
40 |61 6C @D @A 45 72 72 6F 72 20 AC 65 76 65 6C 28| |al..Error Level
50 |31 20 2D 20 45 72 72 6F 72 @D A 45 72 72 6F 720 |1 - Error..Error
6@ |20 4C 65 76 65 6C 20 32 20 2D 20 57 61 72 6E 69 Level 2 - Warni
70 |6E 67 @D @A 45 72 72 6F 72 20 AC 65 76 65 6C 20| [ng..Error Level

53] £
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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.

- _ _
COM4 - Tera Ter.. 0oox SYS_DEBUG_MESSAGE (SYS_ERROR_FATAL, "Error Level @ - 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
Error Level 1 - Error
Error Level 2 - Warning

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

.
3

Configuration Options =
Error Level 3

= [+
. . - SERCCOMS
Receive : 4 (PLIB) ; _ .
= Select SERCOM Operation Mode  USARET with internal Clock
Change Error Level to 4 _ :
- Dperating Mode Eing buffer mode
Error Level ©® - Fatal \ ) )
1 - - Configure Ring Buffer Size-
Error Leve l - E r\r‘or_ﬁ TX Ring Buffer Size 206 =
Error Level 2 - Warning A ———— 28 =
Error Level 3 - Info - Recsive 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 Used |=YV3 _COMNZCLE O
3YS_ERROR_ERECR

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

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

Receive : m (PLIB)
Error Level € Fatal
Error Level 1 - Error
Error Level 2 - Warning
Error Level - Info

Error Level - Debug

20
57
58

o

H()

{

int ErrorLevel = UartRea
| SYS_DEBUG_BreakPoint();
SYS_DEBUG_ErrorLevelSet(

%----Dehug Level

VT COM4 - Tera Ter...

File Edit

Receive

Error
Error

Level & -
Level 1 -

— O

Setup Control Window

m (PLIB)

Fatal
Error

X
Help
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COMMAND Processor System Service

Harmony System Service
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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.
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COMMAND Processor System Service

Configuration Options "l
[=] [+
EH COMMAND
- Device Usad |SYS_CONSOLE_0
- Cammand Print Buffer Size (512-8192) I,DME
- Maximum Command Groups 8@
Project Graph* - Maximum Arguments Per Commmand SE
b 4 |E RERE4+ |E| |F‘1ugins: | -~ Maximum Length Per Command SUE

CONSOLE
Systern Service

o Core Service

(=

SERCOMS
Peripheral Library
UART

Instances

Instance 0
UART

uUss_ _DEVICE CDC

SERCOMZ
Peripheral Library
UART

Instance 1
UART

USB_DEVICE_CDC
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COMMAND Processor System Service

API functions of the Command Processor System Service library.

e System Interaction Functions

SYS_CMD_ADDGRP
SYS_CMD_DELETE
SYS_CMD_MESSAGE
SYS_CMD_PRINT
SYS_CMD_READY_TO_READ

SYS_CMD_READY_TO_WRITE

SYS_CMD_Tasks
SYS_CMD _Initialize

¢ Command 1/0O Functions
SYS_CMDIO_GET_HANDLE

* Data Types and Constants
COMMAND_HISTORY_DEPTH
MAX_CMD_ARGS
MAX_CMD_GROUP
SYS_CMD_MAX_LENGTH
SYS_CMD_READ_BUFFER_SIZE
SYS_CMD_DEVICE_NODE

Allows clients to add command process to the Command Processor System Service.
Removes CMDIO parameters from the Command Processor System Service console.
Outputs a message to the Command Processor System Service console.
Outputs a printout to the Command Processor System Service console.

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

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

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

Initializes data for the instance of the Command Processor module.

= COMMAND
 Device Used SYS_CONSOLE_O
%----Cummand Print Buffer Size (512-8192) 1,024 12
Gets the CMDIO Handle base via index. ~Maximum Commancd Groups SI2
%----Maximum Arguments Per Command =
E~----r'-'1.5'|><ir|'|ur|'| Length Per Command 803

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

Maximum Number of Argument definitions. (MIHC configurable, default is 8 and defined in sys_command.h)
Maximum Number of Command Group definitions. (MHC configurable, default is 8 and defined in sys_command.h)
Command Buffer Maximum Length definition. (MHC configurable, Up to 80 bytes defined in sys_command.h)
Read Buffer Size definition. (Up to 128 bytes defined in sys_command.h)

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

, sy SYS_CMD_MESSAGE

A\o0)o

Client-2 =9 SYS_CMD_PRINT

(index_1) :
¢ Execute Command Function

COMMAND

System Service

0\ SYS CONSOLE_Instance 0
PLIB

SERCOMb5
UART

CONSOLE

System Service
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COMMAND Processor System Service

“Application

CommandHello
MyCmdTbl

————————————————

SERCOMb5

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, ": Hello!" },
}s

void Appl_Task()
{

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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4 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” @M
ICROCHIP



4 Lab5 Custom Command Console

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

Projects x| Files | Services | Active Co»+ |
E}ﬁ Labd S¥35 COMMAND CustomCommandConsole
" Header Files
ﬁ‘ [mportant Files
f-iF Linker Files
=g Source Files
8 app.c B4 Rename e
E config

L M [Hew Mame: ﬂmain_Labl-ﬂr '

#-@ Lkt Open

Eﬂ"ﬁ' el 0 | & — )
Cut Uit ....camﬂ.... '
Copy
Paste

Exclude file(s) from current confi
Compile File

Remove From Project

Rename... l
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4 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

..... IEI app.c
Fi config

-5 Librarie

(|

H-BF Loadabl

------ matn_Labl-4.¢

Open

Cut C
Copy C
Paste Ct

Exclude file(s) from current configuration

Compile File

Projects = | Files Servi

Elﬁ Lab2_3%= COMMAND
" Header Files
ﬁ‘ Important Files
e Linker Files

El sonrce Files

31 I

7-EF Loadables
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4 Lab5 Custom Command Console

* Harmony Configuration (Add COMMAND System Service)

Froject Graph#

x|a-...’|'lilr|l3'lugins: -

Device Family Pack (DFF)

CMSIS Pack

Peripheral Library

NVMCTREL
Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

Instance 0
UART

‘ Us8 _DEVICE_CDC
SYS_CONSOLE |

Device Resources | Content Manager

¥ Libraries

¥ Harmony

» Drivers |

P Libraries g SYS_CONSOLE

» 0 Peripherals

v SEEtem Services | COMMAN Syt SrVice
€2 © COMMAND connect to,CONSOLE System

&2 O FILE SYSTEM Service Instance 0 @
ﬁ\ MICROCHIP



4 Lab5 Custom Command Console

* Harmony Configuration (COMMAND System Service config)

Froject Graph#

Peripheral Library

NVMCTREL
Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

X|E HERE ’|IEI |Plugins:

Device Family Pack (DFF)

DEBUG

Systermn Service
T Core Service
5YS_DEBUG ©

SYS_CONSOLE

Instance 0
UART

‘ Us8 _DEVICE_CDC
S5Y5_CONSOLE

Configuration Options XI

(=] [+

COMMAND

E-COoOMMAND

- Device Used

- Maximum Cormmand Groups

- Maximum Argurnents Per Comrmand

~Maximum Length Per Command

=Y _CONSCLE 0

-~ Cammand Print Buffer Size (512-2192) |

1,024 2

sk
8]

System Service
O Core Service
SYS_COMMAND ©

.~ SYS_CONSOLE
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4 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" },

J

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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4 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.

>

¥ COM24 - Tera Te.. — 1 e

File Edit Setup Control Window Help
help MYCMD

*** hello: Say Hello ***

|

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

>hello
Hello world !

>
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4 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;

- 3
Led = atoi(argv[1]);
switch(Led)

case 2: (OnOff ? LED2 Set : LED2 Clear ; break;

case 1: (OnOff ? LED1_Set : LED1_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");

@ MICROCHIP



4 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.

T COMZ24 - Tera Te.. — O pod

Use'command to control LED.
File Edit Setup Control Window Help

» MYCMD LED Lighte / Dtk

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

on

oft

on

off
on
off
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4 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 && ErrorlLevel<=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

N 3 Fatal\r\n";;
SYS_DEBUG_ = _

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

| MESSAGE (SYS_ERROR_INFO, "Error Level 3
SYS_DEBUG_MESSAGE (SYS_ERROR_DEBUG, "Error Level 4

}

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

{ "led", CommandLED, ": led # on[offj" 1,
"errlv", CommandErrLv, ": errlv #" },

;
int main( void )
SYS_Initialize(NULL);
SYS_CMD_ADDGRP(MyCmdTbl, 3, "MYCMD", ": My Commands");

@ MICROCHIP



4 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 # ***

%% o

»errlv
Error
Error
Error
Error
Error
2

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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4 Lab5 Custom Command Console

Discuss 1

* Try implement two Instance of CONSOLE System Service to separate

DEBUG and COMMAND console.

Froject Graph*

X CRERE4

‘= |Plugins: r

COMNSOLE
Systern Service DEBUG
O Core Service Systern Service

SERCOMS Instances =1 _[Fs 2 Core Service

Paeripheral Library Instance 0 SYS_DEBUG

UART UART L~ SYS_CONSOLE
USB_DEVICE_cDC ||V

SERCOM? SYS_CONSOLE COMMAND

Systermn Service

Peripheral Library Instance 1 '
UART UART 2 Core Service

$ USB_DEVICE_CDC SY5_COMMAND ©

SYS_CONSOLE SYS5_CONSOLE

M COMZ24 - Tera Te.. — O pod

Eile Edit Setup Control Window Help
DEBUG here!
Error - Fatal

Error - Error

Error 2 - Warning
Error 3 - Info

T COM30 - Tera Te.. — Ol 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 = < DRV_USB CDC Function Driver
USB DEVICE | & USB_DEVICE

Instances =+

Satisfiers

CONSOLE
Systern Service

o Core Service

Instances ==

Instance 0

Instance O _—_—]
USB_DEVICE_CD( §=} \ISB_DEVICE_CDC

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

CDC Function Driver (usb_device_cdc)
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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_0
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

@ MICROCHIP



* 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 DMMI/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 = 2.0 p JVS: RV

(GPIO Input)

SAMD21

USB DM

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

e Add USB CDC Function Driver and USB Device modules.

Froject Graph®

x||3-...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
= DRV_USB
UsSB_DEVICE =

Instance 0
USB_DEVICE_CDC -

USE Full Speed Driver B | Components auto-activation *

o Core Service
DRV_USB ©

Confirmation

Connect CDC FUHCtIOﬂ Drlvel’ to USB Full Speed Driver (drv_usbfs_v1)

Are you sure you want to activate these

Instancel[of 'E System Service components?
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% Lab6 USB Device CDC with CONSOLE System Service

* Harmony Configuration of CONSOLE and CDC Function Driver.

Froe

ct Graph¥

Per

Per

U

o

Peripheral Library

SERCOMS

o DRV_USB
USB_DEVICE ©

LUSE Full Speed Driver

x|@GE@E*|@*|PIugms: -

Device Family Pack (DFF)
CMSIS Pack

EVSYS

MNVWMCTREL
ipheral Library
MEMORY

ipheral Library
UART

SB Device Layer

Core Service
DRV _USB ©

Configuration Optiof] Dl a9 @=LV 1116

CONSCOLE
Systemn Service

Core
Harmony Core Service
2 RTOS

Core Service O

O Core Senvice

Instances -—+
Instance 0

UART

=1 [+

- COMSOLE
%----Device Lsed
%----TraHSmit Buffer Size (1-4096) |
E~----Rec:eive Buffer Size (1-4098)

in"coONSOLE I

\USE_DEVICE _CDC_0

CDC Function Driver

‘ Usg_DEVICE CDC

Configuration Options "‘]

o USB_DEVICE SYS_CONSOLE

(=] [+

l
Instances =

— |+ Instance 1
— Instance O UART
USB_DEVICE_cCDC USB_DEVICE_cCDC
SYS_CONSOLE

USB CDC Configuration

= COC Function Driver

- 8tart Interface Number

~Mumber of Interfaces

~lse Interface Association Descriptor |:|
- CDC Read Queue Size

- CDC Write Queues Size

- CDC Serial Motification Quele Size

~Interrupt Endpoint Mumber
~Bulk CUT Endpoint Mumber
- Bulk IM Endpoint Mumber
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% Lab6 USB Device CDC with CONSOLE System Service

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

Frogect Graph#®
x|@GE@E*|@*|PIugms: -

EVSYS Device Family Pack (DFF)
Peripheral Library CMSIS Pack
MNVWMCTREL

Peripheral Library Care
MEMORY Harmony Core Service

CONSCOLE
Systemn Service

O Core Senvice

o RTOS
SERCOMS B Instances
Peripharal Library ore Se Instance O
UART UART
COC Function Driver ‘ USB DEVICE cDC
O USB _DEVICE
S

SYS_CONSOLE
Instances

Instance 0
USB_DEVICE_cCDC

——*

USE Device Layer
2 DRV_USB
USB_DEVICE ©|

Instance 1
UART

USB_DEVICE_CDC
SYS_CONSOLE

USE Full Speed Driver

2 Core Service
DRV _USB <

Enable the VBUS Sense feature
Could auto emulate CDC,Function
whilelUSB'cabl€e to plugged N

e Setup your,USBVID /,PID
£Or.use Microchip Demo PIDM

E-LUSE Device Layer

E-USE Full Speed Driver

~Mumber of Functions =
- Mumber of Endpaints e

#-Special Events CdC Com port S|ng|e demO

#-Special Features

- Endpoint 0 Buffer Size B4
fvendor 1o D040
+Product ID Selection ::dc_com_port_single_demo y
{ Product ID 0x000A .
+Manufacturer String Microchip Technology Inc,
{Product String Selection | =imple CDC Device Demeo

~Add Device Serial Number ||

s/ 1D;:0x04D8 PID Ox000A
@m@m

— . I S ———

=8 Use Mode Selection  Device r

E Enable WBUS SEHSE
- WBUS SENSE Pin Name.
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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: ’Ports | Table Wiew Easy View
Pin P ID Custom MName Function Mode Direction Latch  Pull Up Pull Dirive
Mumber
Tevwrn Streneth
o o Deal ln il | O O [roww -
101 High Impedance | 1n/a [] [] MORMAL
High Impedance - nfa |:| |:| MORMAL  ~

PA02 as GPIO,input and nameas\USBRVBUSYSENSE
flgurePA24asUSBDM

Fin Table =
Package: TOFP4E 3149|0112 13]|14]15(16)2]1 )22 23|24 20|26 |27 |28 |29 30|31 | 32|33 |34
A
Module Function ol 3|as]e|7|s]ot0ftt]2]3]ta|15]6]17[e]io]20]a1]22]23f24]25]]
GFIO GPIG D
USE_D
1JSE USE_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 consoleHandlelS:;
char UartWriteBuf[30];

char UartReadBuf[30];

int main( void )
{

SYS_TIME_DelayMs(1000, &tmrHandle);
SYS_TIME_DelayMS(1000, &tmrHandle_USB_hello);

consoleHandle[gdmg: = SYS CONSOLE HandleGet SYS_CONSOLE_INDEX_@ )
sprintf(UartWriteBuf, "Hello world ! \r\n");
SYS CONSOLE Write(consoleHandled®i:, 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 ![8&:3]\r\n");
SYS_CONSOLE_Write(consoleHandleUEH, UartWriteBuf, strlen(UartWriteBuf));

}
if( SYS_CONSOLE Read(consoleHandlePLIB, UartReadBuf, 1) > @ ) {...}
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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%& 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[gd®{:, UartReadBuf, 1) > 0 )
sprintf(UartWriteBuf, "Receive : %s [(d®E:}]\r\n", UartReadBuf);
SYS_CONSOLE_Write(consoleHand1el[f§ , UartWriteBuf, strlen(UartWriteBuf));
if( SYS_CONSOLE_Read(consoleHandlefls], UartReadBuf, 1) > 0 )
sprintf(UartWriteBuf, "Receive : %s [(ES33]\r\n", UartReadBuf);
SYS_CONSOLE_Write(consoleHandled®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.

& mETES - O
BEP B{EA BHN)  FHBH)
& @ E HE B BXE

v [ IS (COM FLPT)
@ USB F3IEE (COM4)
W USB FIIEE (COMS)

Configuration Options =

A 1 (P)
FEHARET

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 1=
- MNumber of Endpoints 2=

I+l

H-Special Events

I3l

H-Special Features

~Endpoint 0 Buffer Size 64

fvendor 1D 0x04D8

+ Product ID Selection ede_com_port_single_demo -
+Product 1D Che00 A

+ Manufacturer String Microchip Technology Ine,
-fru:lduu:t String Selection  |Simple CDC Device Demo

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

HEO A
'USB FFAlIEEE (COMS)' &

Rrol A -

IEERERE

#HAIEFERRE '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
below path.
<Harmony Framework Path>\usb_apps_device\apps\cdc_com_port_single\inf\

| SHEHESL - USB FHEHE (COMS)

RN ER R REHRE
i B e SEH R

HER...

B2 FERK®)

» REEBIE L BREEINAEEPIEL)

NS R WEEA 0] BE
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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.

¥l COMS - Tera Ter... — [l >

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

File Edit Setup Control WindovESREEENGISIEBEEEIEY:)

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

, Receive : (PLIB)
(U%BJ Receive : (PLIB)
(UBB) Receive : (PLIB)
(UEB? <::] Receive : (PLIB)
(USB? Receive : (PLIB)
05:)

()

Receive :
Receive :
Receive :
Receive :
Receive :

= W, I <SR W N =

Receive :
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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 [z pevies Laver

*  Communication Interface (Device Management) on Endpoint O. ~Number of Functions 13
.. . . . - Mumber of Endpaints &
* Communication Interface (Notification) on an Interrupt(IN) Endpoint. , g
- Special Events

* 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.

SERCOMS3
Peripheral Library
UART

USB Device Layer

2 DRV_UsSB & USB_DEVICE

USB_DEVICE ©
Instances

USBE Full Speed Driver

& Core Service

CDC Function Driver

DRV_USB ©

Instanc
Instance 0

USB_DEVICE HID ?

HID Function Driver
O USB_DEVICE C o8
*__*_ | e

CONSOLE
Systemn Service

2 Core Service

Instances =+
Instance O
uart  (ON\VE}
‘ USB DEVICE_CDC
S5YS_CONSOLE

Instance 1

uarT (O[]

‘ USB_DEVICE_CDC

J SYS_CONSOLE

Instance 2

LMCONI5

USB_DEVICE_CDC
SYS_CONSOLE

Instance 3

UART C.@ M 6

. USB_DEVICE CDC

SYS_CONSOLE

El-Special Features
%----Enahle advanced String Descriptor Table [ ]

E~----Enah|e BOS Descriptor Support |:|
- Endpoint 0 Buffer Size b4
~endor 1D NS
~Praduct 1D Selection Enter Product ID =
—Praduct ID (CheICICT | .

Microchip Technology Inc.
Enter Product string here

~Manufacturer String
~Product String Selection
~Add Device Serial Number [
- USE Device Configuration

v @@ EEIE (COM f1LPT)
W USB EFHE (COM4) PLIB SERCOMS
W USB FFIEE (COMS) CDC Insianez 0
i USB E53E (CoMe) CDC Insanes d
W USB FFIEE (COM7) CDC InsiEnee 2

v ) BEREMEEEE
@ HID-compliant mouse HIID lasizmes ©
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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.

[
| J— S .
UsbCdcDeviceEventHandler B [ ] API Functions :
i INIT ] i I
| T :[APP_USBCDC_ReadBytes] :
| 1 |
|
UsbDeviceEventHandler 4-:—[ WAIT_FOR_CONFIGURATION ] :[ APP USBCDC Printf ] :
| I - -
: v R ——— y
I

|

- USB_DEVICE_CDC_Read }«+— SCHEDULE_READ I
! 1 i

|

USB_DEVICE_CDC_Writel-— SCHEDULE_WRITE ]—>[ ERROR] :

. r Fr r Fr Fr r Fr rFr r Fr r r rFr r r rFr rr r r r 8 F F §F 2
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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 [

Native File System

o
o

File System Media Manager Media manager

I HardwarelInde

these native file systems have a common set

of APIs that can be used to access the files of ‘ UsB 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.
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FILE System Service (DRV_MEDIA)

Configuration Options XI
=l [+

E-FILE SYSTEM
=-Fila Systern settings

- Maximum Simultaneous File Access =
- 5ize Of Block al2 2
~5ize Of Media Manager Buffer 2,048 2
~se File System Auto Mount Feature? []

~Total Mumber Of Media =

COUId S_u p.‘p_ort COU p | e type - Total Mumber Of Wolumes =
of Media Content - Media0

-File System Types =

FILE SYSTEM service

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

-Enahle exFAT File System Suppaort [

- Micrachip File System |:|
- LittleFs File System []
—Enable Long File Mame Support
- File name length in bytes NN

- 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)
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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 XI
X|E-E..f|*lil*|1:’lugins: w

TIME
Systemn Service

— VIS Three Timer Clients
Peripheral Licary [l SYS_TIME © Requested

SD Card (SPI)
Diriver Diriver
O Core Service & Core Service

2 8SYS_TIME
SERCOMO Instances =+ —

Peripheral Library e T Instances = —F FILE 5YSTEM

SPI SPI Instance 0 = Eﬂ—vicle
DRV_SPT DRV_SPI © Core Service
" spr SYS_FS ©
D RV_M EDIA - SD Card DRV_MEDIA ~ DRV_MEDIA

SERCOM1 Instance 1
Peripharal Library DRV_SPI
SPI SPI

DRV_MEDIA
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FILE System Service (MSD Client Driver)

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

Froject Graph XI
X|E-E..f|*lil*|1:’lugins: w

TIME
Systemn Service

= @ Core Service One Timer Client
Peripheral Lirary |l SYS_TIME © Requested

TMR ™R

USE Full Speed Driver

& Core Service Host Layer " FILE SYSTEM |
DRV_UsSB <\ DRV_USB Systermn Service

o 8SYS_TIME MSD Client Driver o Core Service
USB_HOST O\l USB _HOST SYS_FS ©
DRV_MEDIA DRV_MEDIA

DRV_MEDIA — MSD Client Driver
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FILE System Service (MEMORY Client Driver)

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

Froject Graph = l ‘

X|E-E..f|*lil*|1:’lugins: w

gerial Flash and Internal NVM

sTe_Fs_MEDIA_TYPE MV V
T s _Fs _MEDIA_TYFPE_RAM
sTe_Fs MEDIA_TYPE_SFIFLASH v

MEMORY

Diriver

SERCOM1 Dri & Core Service | FILE SYSTEM |

Pari i . 5 Searvi
ipheral Library In ces = ystemn |r|:\-|=_L
s5PI o Core Service
Instance O

MEMORY SYS_FS ©

NVMCTRL DRV_MEDIA z 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_lInitialize

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

SGENER)

Application
Client

4

Y= FILE SYSTEM

System Service System Service

PLIB
SERCOM SPI

Application
Client

FILE SYSTEM
System Service

Host Layer
Library

DRVAMEDIA
MEMORY,

Application

Client

FILE SYSTEM
System Service

MEMORYA
Driver

PLIB
NVMCTRL
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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: nvim [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, mmcblkad4

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

* 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, mmcblkad4, 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
@ MICROCHIP



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;
@mm char readBuffer[30];

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

YS FS_Mount (SDCARD DEV_NAME, SDCARD_MOUNT_NAME, FAT, ©, NULL);

I I TEAZIFY: (SDCARD_MOUNT_NAME) ;

-FHandle = QRIS (argv[1], SYS_FS_FILE_OPEN_WRITE_PLUS);
SYS_CMD_PRINT("- Create File : %s\r\n", argv[1] );
TR e 1 (fHandle, FILE_CONTENT, sizeof(FILE_CONTENT));
SYS_CMD_PRINT("- Write [%s] to File\r\n", FILE_CONTENT );
SN {(fHandle, @, SYS_FS_SEEK_SET);

SERFMFAEY (fHandle, (void *)readBuffer, 30);
SYS_CMD_PRINT("- Read content : [%s]\r\n", readBuffer );

SYS_FS_FileClose[@i:ELEIDH

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

v COM4A - Tera Term VT
>sdcard test.txt
- Create File : test.txt

- Write [Test Content to Write] to File

- SERCOM SPI

- Read content : [Test Content to Write] a
5 A8\ MicrocHip
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FILE System Service (USB Mass Storage)

Client

VISIDNEITENT:
.

Test Content to Write

“FILE SYSTEM

System Service

#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[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[]=

{
{ "usbmsd", CommandUsbMSD, ": USB Mass Storage Test" },

};
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FILE System Service (MEMORY-NVM)

#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 ([SS\/ Ml 'I\il5, &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);

VIEIVI©RY?
Driver

}

static const SYS_CMD_DESCRIPTOR MyCmdTbl[]=
. NVMCTRL (

i Internal *

Fash { "memnvm", CommandMemNVM, ": Internal Flash (NVM) Test" },

}s
[ Test Content to Write | .
A8\ MicrocHip



¥ Lab 7
SD Card with File System

FILE System Service

@ MICROCHIP



%€ 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.
openS :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. = ==
~l &~ & MicroSD
] , 1
— 2
savp21 S e — Do
~ - =—— CMD(SDI)
GPIO Output PAQ9 SD_CS | ; P & 4 VCC
SERCOMO PAD2 PAOE MIOSI PA07/SCK(S0.3) g CLK(SCK)
SERCOMO PAD3 PAQ7 SCK PA0S/MISO(S0.0) 7 gr,;})o T
SERCOMO PADO PAQ8 MISO 5 part
GPIO Input PB03 SD_CD . PB03 & 18 Card Detect
t— | OD
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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

.
|

€2 O FILE SYSTEM

Device Resources

| Content Manager

¥ Libraries

¥ Harmony

B

¥ Drivers
~EBBO 12
P 12C EEPROM

a8 ' MEMORY

¥ SDCARD

) SD Card (SPI)

ra"

Sl Nt Nl
Device Family Pack (DFP) ||| CMSIS Pack

EVSYS TIME
Peripheral Library

System Service
2 Core Service

TC3
Peripheral Library

SYS _TIME ©

Care

Harmony Core Service

o RTOS
Core Service O
TMR < ! - TMR

MYMCTRL
Peripheral Library
MEMORY

SO Card (SPI)
Diriver

o Core Service
o 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 %] TheTIME System Service.is
4=l Ll LRIy ™ necessary,for,SD,Card Driver
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%€ Lab7 SD Card with File System

* Harmony Configuration (FILE System Service configuration)

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

El File System settings

- Maximum Simultaneous File Access =
Project Giraph x| - Size Of Block FEE
) 4 | ) a2l § X, | & |F‘1ugin5: v ~5ize Of Media Manager Buffer 2,048 2

Device Family Pack (DFP) | | CMSIS Pack || System | ~Use File System Auto Mount Feature? ﬁ
Device Family Pack (DFP CMSIS Pac System | )
- = ~Tatal Number Of Media {

TIME
EVSYS Core ) ~Taotal Number Of Walumes =
Peripheral Library Harmony Core Service System Service .

- Medial
TC3

_ _ -Fila System Types =
Peniphers! L]'r:;w =5 FAT File System
- FAT File System Version v, 14b
NVMCTRL %----Make FAT File Systermn Read-only |:|
Peripheral Library SD Card (SPI) DEM code page to be used 1.z v

MEMORY

Diriviear

--Enable exFAT File System Support []
- Microchip File System
- LittleFs File System

o Core Service
o SYS_TIME

~ FILE SYSTEM )
Instances |——+ -~Enahle Long File Mame Support

RICIO

SERCOMO Instance 0 S

Peripheral Library DRV_SPr
SPI SPI SYS_FS ©

DRV_MEDIA - DRV_MEDIA

- Filgwgame |endilein byte

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

o Core Service
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%€ Lab7 SD Card with File System

 Harmony Configuration (PLIB SERCOMO config)

Configuration Options =

5 E DOMonYPAD[2]H(MOST)
E-SERCOMO
= Select SERCOM Operation Mode P 1 Master m PAD [2] (SCK)
%----Enahle Interrupts 7 m m PAD [ 0] (MISO)
Proje %----Enable operation in Standby mode L]
x | -5PI Data Out Pad D3 on FAD[Z], 3CE on FAD[3] and 55 on PAD[1] vq
1-SPI Data In Pad Selection SERCCM FAD[O] -
_De ~SPI Data Order 'mt |
5Pl Speed in Hz 1,000,000 =
EEN ~5PI Data Character Size 8 bits
-5PI Clock Phase The data 15 sampled on a leading SCK edge and changed on a tratling SCK edge -
-SPI Clock Polarity ZCE 15 low when 1dle

- Enable SPI Master Hardware Slave Select

- SPI Receiver Enable SAM D21

- ##% D] Transfer Mode 0 is Selected***

2 Core Service SERCOMO PAD2
O SYS_TIME

SERCOMO PAD3
SERCOMO PADO

FILE SYSTEM
Systemn Service

Instances - ——+

SERCOMO
Peripheral Library
s5PI

Instance 0
DRV_SPr

sPr
DRV_MEDIA

o Core Service
SYS_F§ ©
DRV_MEDIA
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SAMD21

GPIO Output

== I

s

Peripheral Library Harmony Core Service System Se

TC3 o RTOS  Core Se

Pariphearal Library Core Service O 5Ys T1
TMR TMR

MYMCTRL
Peripheral Library
MEMORY

SD Card (SPI)

Diriviear

o Core Service
o SYS_TIME

Instances - ——

Instance 0
DRV_SPr
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)

o Core Service
SYS_F§ ©
DRV_MEDIA

~PLIB Used SERCOMO
~MNumber of Clients =
-S5O Card Speed (Hz) 2,000,000 -2
~Transfer Queue Size 4=
- Card Detection Method Use Folling

- Palling Interval {ms) 1,000 -2
~File systerm for SDSPI Driver Enabled

- iZhip Select Pin PP&DQ o

-1l Configure the Chip Select pin as GPIO output under Pin Settings.111
- Lge Write Protect Pin (Active High)? |:|
- UUse DMA far Transmit and Receive ? {
- DMA& Channel Far Transrit

- DM& Channel For Receive

-1l Mote: Far each instance of SDSPI, connect either SPI PLIB or SPI Driver 111

0%
15

Set Chip Select p|n to ' PAO9
and Enable DMA
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%€ Lab7 SD Card with File System

 Harmony Configuration (TIME System Service configuration)

Configuration Options XI

Froject Graph XI A &
4 | wy §afl § R, | = |P1ugins: v = TIME
Device Family Pack (DFP) -~Use Systick? L]
T TIME ~~PLIB Used TC3

e core o - Number of Client L 7]
Peripheral Library Harmony Core Service System Service urmoer o 1ents =
i £

“Operating Mode | TICELESS
TC3

Peripheral Library
TMR

MYMCTRL
Peripheral Library SD Card (SPI)

SD Card Driver, requires at least

MEMORY —
o Core Service
o SYS_TIME

ThreeTimerCIients
Please make sure it’s enough
V| ——— —— m—  —
for,Driver,.and your,other Appllcatlons

FILE SYSTEM
Instances -|——+ _
SERCOMO l Systemn Service

Instance 0

Peripheral Library DRV_SPI 2 Core Service

sPr 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, PAOS ; GPIO on PA09(Out), PBO3(In).

' =50 Card (SPI)
Fin Settings = Pin Table XI Fin Ciagram XI Froject Graph* l wMumber of Clients =
Order:  Ports e | Table WView Easy View - 5D Card Speed (Hz) 5,000,000 -2
~Transfer Queue Size | 412
Pin Fin ID Custem Name Function Meode ~Card Detection Method ze Polling
Mumber _ , —
- . y . - Polling Interval (ms) 1,000
1 PADS SERCOMD_PAD2 - - File system for SDSPI Driver Enabled
12 PADY SERCOMO_PADS ot } -Chip Select Pin PADD -
13 FADS SERCOMO_PADOD - f |
14 GPIO_PADS
43 PEO3 GPIO_PBO3 GPIO

Fin Settings xw Pin Table 4 Fin Diagram 4 Project Graph* I

Wiz 16)21|22 23124 20|20 |27

ol i ] 2 101 2] 5] |
1121314151617 18 GPIO Output

Package: | TQFF42 -

Modnle Function

I GFIOD 1 GPIC

| SERCOMO_PADO \
SERCOMO PAD1 1
SERCOMO_PAD2 ]

SERCOMO_PAD3 ]
ﬁ\ MICROCHIP
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%€ Lab7 SD Card with File System

* Modify your main.c as below

Modify this line

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";

¥oid 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][ ]=

i.ﬁerrlv", CommandErrLv, ": errlv #"

) "mount", CommandMount, ": Mount Media" }s Auto calculate
%nt e vesd ) CommandTable 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.
* 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
>

@ 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_rHANDLE INVALID)

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

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

}

¥oid 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 $" },
5
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);
} e o o

SYS_FS_FILE_OPEN_ File exist (Open) Read Read Write

or from from from
Not exist (Create) beginning theend Beginning

READ Open /[ --------
WRITE Open / Create
APPEND Open / Create
READ_PLUS Open / ----—----
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.
* 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 HelloWorld’ to execute write operation.
* Remove SD Card and check ‘test.txt’ in the SD card on your PC.

i COM4 - Tera Term VT — U

File Edit Setup Cantrol Window Help

Current Drive is /mnt/myDrivel
>
>open test.txt

File [test.txt] opened!
3

>write HelloWorld
Write [HelloWorld](1©) to File!
>

Why,not thing in test.txty?

2% > SDHC (D)

=| testixt

| testxt - BEXR — O X
BEER H/EE HBI(Q BB\ =B
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%€ 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) { ... }
¥01d CommandRead(SYS_CMD_DEVICE_NODE* pCmdIO, int argc, char** argv)
int fReadSize = 0;
char fReadBuf[50] = ""; |HelloWorld |
Ae———

SYS_FS F11eSeek('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][ ]=
{ ..
{ "mount", CommandMount, ": Mount SD Card" },
{ "open", CommandOpen, ": open $" },
{ "write", CommandWrite, ": write $" },
"read", CommandRead, ": read #" },
{ "close", CommandClose, ": Close f11e" }»
}s
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.

7 COM3 - Tera Term VT — O X “« He”O WOI’ld ((m

File Edit Setup Control Window Help

>mount S0 5 SDHC (D:

Mount /dev/mmcblkal success! He )

Current Drive is /mnt/myDrivel . ~

N =g =4

>open test.txt 5 testixt

File [test.txt] opened!

>

>write "Hello World" | testxt - ERBE — O X
Write [Hello World](11) to File! WE[F) E8|E HBI(Q) BBV 2E
>

sread 20 Hello Wrold

Read [Hello World](11) from File!

>

>close

File Closed!

> &
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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.

Configuration Options "l
(=] [+

[=FILE SYSTEM
= File System settings

Device Family Pack (DFP) |

[MJ [MJ - Maximum Simultaneous File Access 1=
~5ize Of Block al2 5
-5ize Of Media Manager Buffer 2,048 =
- lse File System Auto Mount Feature? |
-Total Humber Of Media 1=
-Tatal Mumber File System Clients 1=

SD Card (SPI)
Driver
O Core Service
O SYS_TIME

= Medial
= Media configuration

Media Type SYS_FS_MEDIA_TYPE_SD_CARD

File System Type lral e
M :
In C— i - FILE SYSTE

n 50 System Service
. DRV_SPI © Core Service

SPI SYS_FS O
DRV_MEDIA ~ DRV_MEDIA

%----Numher of volurmnes =

E-volumen
=+-yolume configurationd

- Device Mame devimmeblkal

~Media Mount Mame I.-’mnb’mf,rDrivel

- 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? [ | configuration.h
#define SYS_FS_AUTOMOUNT_ENABLE false

Use File System Auto Mount Feature? |
#define SYS_FS_AUTOMOUNT_ENABLE true
#define SYS_FS_CLIENT_NUMBER 1

#define
#define
— | #define
#define

SYS_FS_MEDIA_TYPE_IDXO

SYS_FS_TYPE_IDX®
SYS_FS_MEDIA_IDX® MOUNT NAME_VOLUME_IDXO
SYS_FS_MEDIA_IDXO DEVICE _NAME_VOLUME_IDX®

SYS_FS_MEDIA_TYPE_SD_CARD
FAT

"/mnt/myDrivel”
"/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 Auto Mount Feature? |

{

}s
}s

const SYS_FS_MEDIA_MOUNT DATA sysfsMountTable[SYS_FS_VOLUME_NUMBER]

.mountName = SYS_FS_MEDIA_IDX@_MOUNT_ NAME_VOLUME_IDX®,
.devName = SYS_FS_MEDIA_IDX@_DEVICE_ NAME_VOLUME_IDX®,
.mediaType = SYS_FS_MEDIA_TYPE_IDXO,

.fsType = SYS_FS_TYPE_IDXO
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%€ 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).
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%€ Lab8 FILE System Auto Mount Feature

* Modify your main.c as below

configuration.h
#define SYS_FS_MEDIA_IDXO_ MOUNT_NAME_VOLUME_IDXO "/mnt/myDrivel”
#define SYS_FS_MEDIA IDXO DEVICE_NAME_VOLUME_IDX0 "/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(strcmp((const char *)eventData, SYS_FS_MEDIA_IDXO MOUNT_NAME_VOLUME_IDX@) == 0)
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_IDXQ) == O)
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.

al COM3 - Tera Term VT — O X

File Edit Setup Control Window Help

»Mount SD card success!

)
>Unmount SD card! | |
Mount SD d I
>Moun card success! 4 g
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 SO Card (SPI)
Diriver Crriver
O Core Service o Core Service
SERCOMO Instances =+ © SYS_TIME
Peripheral Library Instance 0 Instances —=—F FILE SYSTEM
SPI Instance 0 System SMIE_E
DRV_SPI 2 Core Service
Y. opr SYS_FS ©
DRV_MEDIA DRV_MEDIA
~| o <= SD1
SAM DZ]_ 2l 2 2 MicroSD
1
i = A= DAT2 __
PA09/SS(S0.1 % CD/DAT3(CS)
SERCOMO PAD1 4 CMD(SDD
== PAOT/SCR(S03) | — e
SERCOMO PAD2 — o 6 CLK(SCK)
— GND
SERCOMO PAD3 —
— PAO8/MISO(S0.0) g DATO(SDO)
SERCOMO PADO — o 5| DATI
= & 10 Card Detect
T— GND

@ MICROCHIP



% Lab8 FILE System Auto Mount Feature

Discuss 1

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

SERCOMO
Peripheral Library
SPr 4'- —— T

Enable SPI Master
Hardware Slave Selec
in SERCOM

= SERCOMO
=-Select SERCOM Cperation Made  SFPI Master

- Enable Interrupts ?

- Enable operation in Standby mode |:|
- GPI Data Out Pad Do
- GPI Data In Pad Selection SER
- SPI Data Order ME
-~ 5SPI Speed in Hz

- GPI Data Character Size 2 bl
- SPI Clock Phase The
~5PI Clock Polarity ST
—Enable SPI Master Hardware Slave Select
- 5PI Receiver Enable

- *®*EEP] Transfer Mode 0 is Selected***

5Pl [ SO Card (SPI)
Ciriver Diriver

o Core Service
o SYS_TIME

& Core Service

Instances - ——+

l DRV_S5PI t—( DRV_SPI
e - S PT

’ DRV_MEDIA

== ENable DMA“In SPI.Driver

~PLIB Used SERCOMO
~Mumber of Clients =
~Transfer Queue Size - 4=
~lse DMA for Transmit and Receive? ||

- DM Channel For Transmit 0z
- DM& Channel Far Receive =

Conflg PAQ09.to SERCOMO PAD1

11 PADG SERCOMO_PADZ ~ | Dugital
12 PADT SERCOMO_PAD3 ~ | Dugital
13 PADS SERCOMO_PADO ~ | Dhgital
14 PADD SERCOMO_PADL [ Duoital

o Core Service
SYS_ F§ ©
DRV_MEDIA

FILE SYSTEM
System Service

Keep default settlng of

=50 Card (SPI)

- GPI Driver Instance Used ]

~Mumber of Clients =
-S0 Card Speed (Hz) 2,000,000 -2
~Transfer Queus Size 4=
- Card Detection Method Use Polling
-Polling Interval {ms) 1,000+

--File system for SDSPI Driver Enabled

- Chip Select Pin FAOD -

- 11 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
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* Lab9
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 .

* Configure VBUS voltage output control :
* |f 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.

* % = USB for USB pen drive. ; UID?/ }I- VBUS PA2BUUS A
\‘ UID SAMD21
| L g
USB OTG Dongle Native USB in Host role
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€ Lab9 USB Host Mass Storage with File System

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

B | Components auto-activation X

Froject Graph "‘l

x | wl B2l § XK. | ] |P1ugins:
_Device Family Pack (DFP) |

| Host Layer (usb_host)

EVSYS Are you sure you want to activate these
i ?
components!

NVMCTEL

Periphersl Library The TIME System Service is
HEHORY . necessary for USB Driver

Systemn Service

Confirmation

B | Components auto-activation

SD Card (SPI)

 Core Service . .
e T Confirmation
Peripherzl Library SYS_TIME © o Core Servi
TMR <
— I e & SYS_ TIME

FILE SYSTEM USB Full Speed Driver (drv_usbfs_v1)

Instances = —+ _ Are you sure you want to activate these
SERCOMO Instance O System = components?

Peripheral Library DRV _SPI 2 Core Service
SPI SPI SYS_FS ©

DRV_MEDIA . DRV_MEDIA

S 11EMORY (drv_memory)

SD Card (SPI) (drv_sdspi)

[MSD Client Driver (usb_host_msd)

Host Layer
| USB Full Speed Driver < DRV_USE - MSD Client Driver
2 Core Service 2 8SYS_TIME o UsSB _HOST
DRV_USB © | USB_HOST © _ DRV_MEDIA
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€ Lab9 USB Host Mass Storage with File System

* Configure FILE SYSTEM service for 2" Media

| Froject Graph XI
Configuration Options XI
(=] [+

EH-FILE SYSTEM
=-File System sethings

-Maximum Simultaneous File Access
-Size Of Black

-5Size Of Media Manager Buffer

-IJse File System Auto Mount Feature?

~Total Number Of Media Use Auto Mount Feature

-Taotal Mumber File System Clients

+ Medial Increase Number,of,Media

Iél--r'-ﬂedia configurationl
}Medla T.!II,':'E ISYS’_FS_MEDIA_TYPE_MSD ..................... = I:II_E sTS.TEﬂ 0
File System Type ~ |FAT | System Service A
%----Number Of Vaolumes 1= © Core Service
E-volumed SYS_F§ ©

E-valume configurationd DRV_MEDIA

- Device Name :.-’dev.-’sdal Mod |fy MO_lJ_nt‘NEm e.to
fMedia Mount Mame | /mnt/myDrive2 /mn '“'myDﬂveZ

E-FAT File System
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€ Lab9 USB Host Mass Storage with File System

* Configure USB Full Speed Driver without VBUS output control.

Configuration Options XI
= #
- USE Full Speed Driver

= 1JSB Mode Selection  Host w
E}--Gerwerate WBLUS Enable Function

Device Family Pack (DFP)

EVSYS
Peripheral Library

Froject Graph "‘l ) -
X THRTEE $| & |Plugis uﬁmio// !

MNVMCTEL :
Peripheral Library LWBLS Enable Pin Mame |[VBUS_AH
MEMORY - Aftach De-bounce Duration (mSec)

--Reset Duration (mSec)

Systemn Service
 Core Service
SYS_TIME ©

SD Card (SPI)

Diriver

TC3
Peripheral Library

o 8YS_TIME

FILE 5YSTEM
Systermn Service

 Core Service
SYS F§ O

DRV_MEDIA

Instances - =|—+

Instance 0
DRV_SPI

sSPr
DRV_MEDIA

SERCOMO
Peripheral Library
SPr

Host Layer
o DRV_USB
2 SYS_TIME
USB _HOST ©

MSD Client Driver

o USB_HOST
DRV_MEDIA

USB Full Speed Driver

o Core Service
DRV_USEB ©

Do not enable VBUS Function
il if you use the USB OTG dongle

7
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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 TC3

EVSYS
Peripheral Library
MNVMCTREL

Paripheral Library USB MSD Driver requires at least
i One Timer Client

Please make sure it’s enough
for Driver and your other Applications!

%----Numher of Clients
“Operating Mode TICELESS e

Systemn Service

SD Card (SPI)

Diriver

 Core Service
SYS_TIME ©

TC3
Peripheral Library
TMR

& Core Service
2 SYS_TIME

FILE SYSTEM
Systermn Service
T Core Service
SYS F§ O

DRV_MEDIA

Instances = —+

Instance 0
DRV_SPI

sSPr
DRV_MEDIA

MSD dient Driver
© USB_HOST |4
DRV_MEDIA - |

SERCOMO
Peripheral Library
SPr

Host Layer
o DRV_USB
2 SYS_TIME

USB _HOST ©

USB Full Speed Driver

o Core Service
DRV_USEB ©
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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.

=-1JSE Full Speed Driver

E}--Generate YBIUS Enable Function
. LWBUS Enable Pin Name VBUS_AH

Froject Graph* ] FPin Diagram x] Pin Table =| Pin Settings =

Order: _[Forts - Table View B el %----Attan:h De-bounce Duration {mSec) 002
Pin --Reset Duration (mSec) 1005
Fin ID Custom Mame Function | fill
Mumber

Thorn Stren eth

33 PAZ4 USE_DM v‘[ Digital | High Impedance - nfa [] [] | mnNormAL -~
34 PAZS USB_DP v[ Digital | High Impedance nfa [] [] | m~NomRMAL -~
Froject Graph* ] Fin Diagram X[ Fin Table = | Fin Settings XI
Package: | TOFP43 < 11516 |21 22| 23| 24| 25| 26|27 | 28| 20 30|31 [ 3233 | 34| 30 | 41 | 45| 46 | 47 4
A
baodule 1 Function QI 120131415 1617 18|19 20| 21 |22 23|24]25‘2'.7" 28130131 2

UsE_Dih
USE_DF
UsE_S0F_1KHZ

UsB
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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");

%f(strcmp((const char *)eventData, SYS_FS_MEDIA_IDX1_ MOUNT_NAME_VOLUME_IDXO) == 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_IDX®Q) == 0)

SYS_CMD_MESSAGE ("Unmount SD card!\r\n");

%f(strcmp((const char *)eventData, SYS_FS_MEDIA_IDX1_ MOUNT_NAME_VOLUME_IDXO) == 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) { ... }

¥oid 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"))
str‘cpyé-FMedia, SYS_FS_MEDIA_IDX1 DEVICE_NAME_VOLUME_IDXO);
strcpy(fDrive, 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_
{

int

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);

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
{ e
result =SYS_MODULE_OBJ_INVALID;

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

v COM4 - Tera Term VT — d 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.

- Current Media N

T COM4 - Tera Term VT — U X

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!
b
>close

File Closed!
>Unmount SD card!
Unmount USB Mass Storage!

SDbt - 88+ - O pd

BERF) J/EE #B/I(Q BBV BB
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 (5PI)

Crriver

o Core Service
= SYS_TIME

Instances = —+
SERCCMO l Instance 0

FILE S¥STEM
System Service
DRV_SPI = Core Service
S5YSs Fs ©

~ DRV_MEDIA

Peripheral Library
sSPI s5Pr

DRV_MEDIA
Haost Layer

Configuration Options "‘l

= [+

0 DRV_USB MSD dlient Driver S8 USB Full Speed Driver
o SYS_TIME o USB_HOST |88 o core Service
USB_HOST © DRV_MEDIA < DRV_USB ©

- USE Full Speed Driver
£ USB Mode Selection | Host v
E%}-Generate VBIS Enable Function ~
~ WBUS Enable Pin Name |VBUS_AH |

—
- fAttach De-bounce Duration (mSec) ' 200

--Raset 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 = EUSE‘ Mode Selection  Host M -
Order:  Forts o Table View Easy Wiew E?}-En:enerate VBUS Enable Function
. “\BUS Enable Pin Name |VBUS_AH
. i ' S00 =
Pin Pin IO Custom Mame Function M Attach De-bounce Duration (mSec) :
Number ~Reset Duration (mSec) 100
33 PA24 USE_DM | Dhigd
34 PAZ5 USB_DP w| Digital | High Impedance nfa [] [] | mnorRMAL -~
41 PAZE VEUS_AH GFID v Digital ] Out w | High
Native USB in Host role >V
PA28 vBUS_AH
VBUS { (GPIO Output)
o $ SAMD21
— USB DM
S USB DP
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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().

/******************************************************

* USB Driver Initialization initialization.c
******************************************************/
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
used for enabling VBUS */
if (enable == true)
E-USE Full Speed Driver
\/I;UEniﬁlg theEVBgi */ £ USE Mode Selection  Host v
} R AURCoNERENEDLEI O L‘%}--Generate WBIIS Enable Function
else . WBUS Enable Pin Name VBUS_AH
/* Disable the VBUS */ ?----ﬂttan:h De—bl.:nunt:e Duration {mSec) SDDE
VBUS_AH_PowerDisable(); - Reset Duration {mSec) 1005
}
}
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€ 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.

o EaeE - 0 X
BEF EFA) ER0 FHEEH)
as @ He O

WVolume | Layout | Type | File System [ Status I Capacity | Free Sp... | % Free

= Windows (C:) fii g B NTFS (28 ... F';z? (Fﬁiij.,. 474.92 GB 6.70GB 1%

- IR E (D) (L] %) FAT32 i (E#E.. 31.99GB 31.99GB 100 %

— FISHERE (E) e ZEX FAT32 ?ﬁf( 2. 31.99GB 31.99GB 100%

— FISHIFE (F) B BEE FAT32 Bif (E£.. 31.99GB 31.99GB 100 %

- iR HRIRE (G:) e B2E FAT32 =3y (ﬂﬁa.,. 21.99GB 21.99GB 100 %
= Typthnmeofpgmfld r, do mt,olt net < >

nd Windows will open ntf y

— g1 I R S | —

R FISHIEE () FISHEE (D) FISHEE (F) MISHBE (G)
118.00 GB 32.00GBFAT32 |[32.00GBFAT32 | 32.00 GB FAT32 22.00 GB FAT32

i RIF (EBERNE | RYF (XEER2E || RIF (EEBEHRSE || RIF CEEBERE
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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.

. AMdd NVM flash mo”unt s’.ca"fus in Auto Moun.t Event Handl.er. SAMD21

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

media % : Set active media to % for operation.
* %=SD for SD card.
°* % =USB for USB pen drive.
* % =NVM for NVM flash. Program

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

NVM Flash
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* Lab10 NVMCTRL Internal Flash with File System

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

Froject Graph "‘l
X|E.@..+|*I§I-|P1ugins: iy
_Device Family Pack (DFP) |

EVSYS
Peripheral Library

MNVMCTRL
Peripheral Library
MEMORY -

AT24 (drv_at24)

EMORY to NVMCTRL

AT25DF (drv_at25df) .

i al Libr |
R!F*H ;";T SST26 (drv_sst26) j
EVMCT RL (nvmctrl) § < SYS_TIME

| FILE SYSTEM |
| Systemn Service
'Y o Core Service

RAM (ram) Instances |=—|+

SERCOMO Instance 0
Peripheral Library DRV_SPI \
SPI SPI Soe e

DRV_MEDIA _' DRV_MEDIA
- : : ﬂ EMORY (drv_memo
USE Full Speed Driver o DRV _USB MSD Client Driver 4
. . SD Card (SPI) (drv_sdspi)
2 Core Service o 8SYS_TIME o USB_HOST

DRV_USB © USB_HOST © DRV_MEDIA % D) RV_I\/l EDIA to MEMORY

Host Layer
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* Lab10 NVMCTRL Internal Flash with File System

* Configuration of PLIB NVMCTRL and Instance of MEMORY Driver

Project Graph = l

X|CREWE ¢S Phs
| Device Family Pack (DFE)

| 128KB NVM Drive

28Ky
Peri al Library

NVMCTRL
Peripheral Library
MEMORY

0x00020000

128KB Program
memory

D Card (SPI) 0x00000000

;ﬂ NVM Medla Start Add' ess
e NVM Media Size (KB

-Set Memory,Deviceglype,to
uration Optiofig = ‘—--#
SIS Y SIESIMEDIASTY PEANVM

~MNWMCTRL Read Maode Mo MISS FEMALTY
W ait States 15 = MEMORY
-Power Reduction Mode During Sleep | WAKEUF ON ACCESS - ~MNumber of Clients =
-~ Write Policy MANUAL ~ ~File system Enabled for Memary Driver
-Enahle Instruction Cache? -~ Buffer Queus Size =
--Enable Interrupt? L ~Memary Device Type SYS Fa MEDU'& TYPE_NVM
- MM Media Start Address ~Memary Device Used MVMCTEL I
- MW Media Size (KB) % Configure Memory Device in MVMCTRL Configuratians ***
- MNUM Erase Buffer Size Ele ‘
- 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.

(0)10]0]0%:10]0]0]0]
SRl Page(n*4)+30IfPage(n#4)+ 28] Page(n*4)+18fPage(n;4)+0 5
One Row =4 Pages =4 x 64 Bytes = 256 Bytes. NVM Driv ’n
2 - 2 . 2 8 1K1
The NVM has a row-erase granularity, while the write granularity is by € 128KB
page. In other words, a single row erase, will erase all four pages in the (128Kbyte)
row, while four write operations are used to write the complete row. v
0x00020000
Configuration Options* ] Help 4
= =
EHMYMCTRL
- MWMCTRL Read Mode Mo WISS FPENALTY - ——
W ait States 1= Mz >
~Pawer Reduction Mode During Sleep | WAKEUFR ON ACCESS - Progra m
~writa Palicy MANUAL memaory
~Enable Instruction Cache? v
~Enahle Interrupt? L] 0Ox00000000
-~ MM Media Start Address 20000
-k Media Size (KB) , 128 = E
AT - S Erase buffergSize should
—*** Should be equal to Row Erase Size ***

belequal tolildbyies R\ MicrocHip



* Lab10 NVMCTRL Internal Flash with File System

 Configure FILE SYSTEM service for 39 Media

Configuration Options XI
=] &
=+ FILE 5YSTEM

Ié}--File System settings

-~ Maximum Simultaneous File Access
- Size Of Block

- Size Of Media Manager Buffer | Ch OOSG 3I'd Med | a Type tO
~IJse File System ﬂ«utD.MDunt Feature? DEVl Ce Nam e Wl | I be
~Total Number Of Media /d evlnvmal

-Total Mumber File System Clients
- Medial

= Mediaz Modify Mount Name to
- Mediaz /mnt/myDrive3

=-Media configuration2
%----Media Type !SYS_FS_MEDIP&_TYPE_NVM v|
%----File Svystem Type FAT |
- Create FAT1Z in Nut [ . FILE SYSTEM
%----Numher of wolumes 1 E I"-.I B
E-volume I"I.I G Core Service
é}--vnlume configurationa I"-.I SYS_F5 ©

i»--l;e'.,ru:e MName !.-"dev.-"nvmal ‘ - DRV_MEDIA
=

e Svsran
=-FAT File System
Fxl'«T File System Wersion v, 14

%----Make F&T File System Read-only |:|
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* Lab10 NVMCTRL Internal Flash with File System

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

[i'_}--MediaEI

Ié}--Media configuration
%----Media Type
?----File System Type
%----Number of Yolumes
Ié}--VDIumeEI

~Devyice Mame

E-Medial

Ié}--Media configuration1
%----Media Type
%----File System Type
%----Number of Wolumes
Ié}--vulumelj

%----Device Marme

E-MediaZ

=+ Media configuration?2
%----Media Type

%----File System Type

i»---l'\.lumber Of Yolumes
E-walumen

-~ Device Name

SYS_Fs MEDIA_TYFE SD_CARD
FAT
1 Y

b

E-yalume configurationo

- Media Mount Name fmnt/myDrivel

E-walume configurationi

.- Media Mount Name | /mat/myDrive2

Mewtmmeblkal
SYS Fs MEDIA TYFE MSD w
FAT -
=
HMeradsdal

Y5 _F5_MEDIA_TYFE_NVM v

FAT

- Create FAT12 in MuM []

E-walume configurationi

Mevinvmal

‘- Media Mount Name /matfmyDrive3

Y/ dev/mmcbil'kad!
/mnt/myDRived

Medi'a2
/dev/,sdal
mnty/myDrive?2

Medi'a2:

dev/nvmall
y mnty/myDrives3

MicroSD

)|
—]

—

L

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

Device Family Pack (DFP)
CMSIS Pack
(=

Cor
Harmomy Core Service
o RTOS

Core Service &

EVSYS
Peripheral Library

Configuration Options XI
=l [+

= DEBLIG
Device Used srs CONSOLE 0

{Debug Level SYS_ERROR_WARNING |

--Use Console for Debug ?

TIME
Systermn Service

Z Core Service
SYS _TIME ¢

TC3
Peripharal Library
TMR

CONSOLE
Systermn Service

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 ©
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_IDX®@) == 0)

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

%f(strcmp((const char *)eventData, SYS_FS MEDIA IDX1 MOUNT_NAME_VOLUME _IDXO) == 0)
SYS_CMD_MESSAGE ("Mount USB Mass Storage success!\r\n");

%f(strcmp((const char *)eventData, SYS_FS_MEDIA_IDX2_MOUNT_NAME_VOLUME_IDXQ) == 0)
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_IDX®@) == 0)
SYS_CMD_MESSAGE ("Unmount USB Mass Storage!\r\n");

}
A NN\ iE1a shifdoesngtlinecdRthefunmountfimessage
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[1l], "SD"))

strcpy(fMedia, SYS_FS_MEDIA_IDX@ DEVICE_NAME_VOLUME_IDX®);
strcpy fDrive SYS_FS_MEDIA_IDX@ MOUNT_NAME_VOLUME_IDXO);

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[1], "NVM"))
strcpy(fMedia, SYS_FS_MEDIA_IDX2_ DEVICE_NAME_VOLUME_IDX®);
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 = 9;

opt.n_fat = 1;

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

fResult = SYS_FS_DriveFormat(fDrive, &opt, (void *)work,
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][ ]=

};

void AutoMountEventHandler( SYS_

{.ﬁclose", CommandClose, ": Close file" },
{ "media", CommandMedia, ": media %" },
"format",CommandFormat,": Format Media" },

512);

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.

W 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!
>

W COM4 - Tera Term VT — | 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

e Put in SD Card and USB pen drive to EVB, the last drive that Auto Mount success to
mount is current active media.

e 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’

1 COM3 - Tera Term VT

Eile 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 = { @ };

uint8_t CACHE_ALIGN work[512];

M COM4 - TeraTerm VT — [ X
SYS_FS_CurrentDriveGet( fDrive );
if(!strcmp( fDrive, "/mnt/myDrive3"))

NVM Flash 2 ¢ 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_[JNEF; >
' (S)\BE CmD _PRINT("Format as FAT32!\r\n"); sMount SD card success!
} >format
9; Format as FAT32!

opt.au_size
opt.n_fat =

Format /mnt/myDrivel success!

opt.align j
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); @MICROCHIP



Harmony Drivers Introduction

Why we to use Driver ?
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PLIB Limitation
Use the Different Peripheral Instance

void my_app(void)

{
// USART1 Write(pTxBuffer, TX BYTES);
// while(USART1_WriteIsBusy() == true);
USART2_Write(pTxBuffer, TX_BYTES);
while(USART2_WriteIsBusy() == true);

}

be'modified forgdifferent

hardware instance

Application
Client

UART-2
Hardware

UARI-L
Hardware
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PLIB Limitation

Use DMA

void USART1_DMA_EventHandler(

{
}

DMAC_TRANSFER_EVENT event,
uintptr_t contextHandle )

void my_app(void)

{

// USART1_Write(pTxBuffer, TX_BYTES);
// while(USART1 WriteIsBusy() == true);

DMAC_ChannelCallbackRegister(CH_O,
USART1_DMA_EventHandler, 0);

DMAC_ChannelTransfer(CH_0, pTxBuffer,
USART1_TRANSMIT_ADDRESS, TX_BYTES);

Application
Client

UARI-1L
Hardware

to'manage DMA'!

@ MICROCHIP



PLIB Limitation

Use Multiple Client

void my_app(void)

{

SPI1_TransferSetup(&sensor_spi_setup, 0);
SENSOR_CS_Clear();

SPI1_WriteRead (txData, 2, rxData, 5);
while(SPI1_IsBusy() == true);
SENSOR_CS_Set();

SPI1 TransferSetup(&eeprom_spi_setup, 0);
EEPROM_CS_Clear();

SPI1_WriteRead (txData, 1, rxData, 3);
while(SPI1_IsBusy() == true);

EEPROM_CS_Set();

Application'needs;to

manage client specific

Application * Application
Client-1 , , Client-2

SPI-1
Hardware

Sensor

CPHA = FALLING CPHA = RISING

COPL =HIGH COPL = HIGH
SPEED =1 MHz SPEED =5 MHz

J
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PLIB Limitation

Transfer Request between peripherals

void my_app(void)

{

SPI1_TransferSetup(&sensor_spi_setup, 0);

SENSOR_CS_Clear();

SPI1_Write (txdatal, 2);
while(SPI1_IsBusy() == true);

EEPROM_CS_Clear();

SPI2_Write (txdata2, 4);
while(SPI2_IsBusy() == true);

EEPROM_CS_Set();

SPI1 WriteRead (txData3, 1, rxData, 8);

while(SPI1_IsBusy() == true);

SENSOR_CS_Set();

Application
Client

2 1
N

SPI-1
PLIB

SPI-2
Hardware

SPI-1
Hardware

E\
A
-
%~

Sensor

Application'needs to
arrange transfer,request!
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PLIB Limitation

Use RTOS

void my_app(void)

{
ThreadCreate( thread 1, "SPI Task 1" );
ThreadCreate( thread 2, "SPI Task 2" );

}

void thread_1(void)

{
SPI1 TransferSetup(&sensor_spi_setup, 0);
SENSOR_CS Clear();
SPI1 WriteRead (txData, 2, rxData, 5);
SENSOR_CS_Set();

}

void thread_2(void)

{
SPI1 _TransferSetup(&eeprom_spi_ setup, 0);
EEPROM_CS_Clear();
SPI1 WriteRead (txData, 1, rxData, 3);
EEPROM_CS_Set();

}

Application | Application
Thread-1 ¥ Thread-2

SPI-1
Hardware

PLIBs are notyThread Safe

under,RTOS!
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Driver Advantage

Harmony drivers provide

* Same API for all the Instances of a Peripheral
Application remains same when the peripheral instance is changed

USART Driver API USART PLIB API

USART1_Write(...)
USART2_Write(...)
USART1_Read(...)
USART2_Read(...)

DRV_USART_WriteBufferAdd(...)

DRV_USART_ReadBufferAdd(...)

Support for DMA Transfer mode

Driver interface/APl remains same with or without DMA transfer mode
Support for Multiple Clients

Seamlessly handles client specific differences

Queue Support
Multiple requests can be queued

RTOS Ready
Thread Safe
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Driver Usage Models
Single Client

Application

Multi{Client
Singlellnstance

~ Application

Application

12€ Diriver
Instance-0]

12C€ Diriver
Instance-0 ]

Sensor

Chip select

Multi{Client
Multi Instance

Single Client
Multi Instance

Application

| AppHcaﬂonk

Application

12€ Diriver
[ Instance-0]

Instance-1 Instance-1

-

Sensor

SNP

Sensor EEPROM EEPROM
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How to use Driver in Harmony?

Harmony Drivers Introduction
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

* Two Transfer Request to use one Callback
* Two Client to use one Callback
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How to use Driver in Harmony?
Add & Configure Using MHC

Project Graph = l

X|EEE@E *|*Iil*|Plugins: -

Device Family Pack (DFF)
CMSIS Pack

SEensor-A EEPROM
Task Task

Sensor-B

Core
Harmony Core Service

2 RTOS
Core Service

Task
Client-0
Object

Instance-0 Instance-1

NVMCTRL
Paripheral Library
MEMORY

Client-0 Client-1
Object Object

EVSYS
Peripheral Library

12€ Driver

SERCOMO
Peripheral Library
I2c

SERCOM1
Peripheral Library
I2c

Instance 1
2c

DRV_I2C SERCOM-0 SERCOM-1

PLIB PLIB

Configuration Options® I Help l Configuration Options® I Help l

= # =] [+

E"'I?C SRS Sensor-A EEPROM
- PLIB Used SERCOMO PLIB Used SERCOMI
%----Number of clients 2° %----Number of clients
“-Transfer Queue Size 25 | “-Transfer Queue Size
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

* Two Transfer Request to use one Callback
* Two Client to use one Callback
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How to use Driver in Harmony?

Initialize Driver

void SYS_Initialize ( void )

{

SERCOMO_I2C_Initialize();
SERCOM1_I2C_Initialize();

sysObj.drvI2CO = DRV_I2C Initialize(

DRV_I2C_INDEX_ O, =
(SYS_MODULE_INIT *)&drvI2C@InitData

)5

sysObj.drvI2C1 = DRV_I2C Initialize(

DRV_I2C_INDEX_1, Instance-1|
(SYS_MODULE_INIT *)&drvI2ClInitData

)5

Initializes 12C Driver,Instance and

associates it with SERCOM PLIB

int main( void )

{

SYS_Initialize();

Client-0 Client-1
Flll Object Object

EEPROM
Task

Client-0
Object
12C€ Diriver

Sl Instance-0

SERCOM-1
PLIB

Sensor-A EEPROM

Sensor-B
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

* Two Transfer Request to use one Callback
* Two Client to use one Callback
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How to use Driver in Harmony?

Open Driver and get Client Handle

void sensorA_Task( void )

{ 2
SR W ETE RS EEY = DRV_I2C_Open (
DRV_I2C_INDEX_O, [ Instance-0 |
DRV_IO_INTENT_ READWRITE

)s Fal object

| |2C Diriver ‘

Instance-0 Instance-1

}

void eeprom_Task( void )

{ 2
IR MG EEREREIE = DRV I2C Open ( S
DRV_I2C_INDEX_O, [ Instance-0 | E E
DRV_IO_INTENT_READWRITE
)
} SERCOM-0 SERCOM-1

PLIB

PLIB

void sensorB_Task( void )

{ 1
LRI MEEE R ENEY = DRV_I2C _Open ( Sensor-A EEPROM Sensor-B
DRV_I2C_INDEX_ 1,

DRV_IO_INTENT_ READ
)s
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

* Two Transfer Request to use one Callback
* Two Client to use one Callback
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How to use Driver in Harmony?

Register and Define Transfer Callback

p—— —
Sensor-A EEPROM

. Event Event
[ 3i:lsensorA EventHandler(@® sy Gdsy
{ SeNnsor-A SENSOr-A EEPROM Sensor-B
sensorA_ReqCompleted = true; fEvEnt @ Task Task Task
andler 3
} 1 1 ;
i lleeprom_EventHandler[@®) jj Client-0 Client-1 Client-0
{ ___ Fll Object Object Object
EEPROM
f— . E 3 - ’
} eeprom_ReqCompleted = true; Lvent I 12€ Drivar

Instance-0 Instance-1
void sensorA_Task( void )
{ —

DRV_I2C_TransferEventHandlerSet (

sensorA_ClientHandle4
sensorA_EventHandlerSN-EHER" SERCOM-0 SERCOM-1

} PLIB PLIB

void eeprom_Task( void )

{ Sensor-A EEPROM SENSOI-B
DRV_I2C_TransferEventHandlerSet (

eeprom_ClientHandle R
eeprom_EventHand1er Q- N u—
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

* Two Transfer Request to use one Callback
* Two Client to use one Callback
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Transfer Request with Queue

DRV_I2C_WriteReadTransferAdd (
sensorA_ClientHandleMiky
SENSOR_A_SLAVE_ADDR,
txBuffer, nBytes,
rxBuffer, nBytes,

JdsensorA_TransferHandl e[
)5

DRV_I2C_WriteTransferAdd (
eeprom_ClientHandlclE]
EEPROM_SLAVE_ADDR,
txBuffer,
nBytes,
Hleepron_TransfertandLejiliel

);

DRV_I2C_ReadTransferAdd (
SensorB_ClientHand]eMl
SENSOR_B_SLAVE_ADDR,
rxBuffer,
nBytes,

1

)

How to use Driver in Harmony?

D ——

Jrmm—" - -
Sensor-A EEPROM

Event Event
Handler Handler

Instance-1

=

SERCOM-0 SERCOM-1
PLIB PLIB

Sensor-A EEPROM Sensor-B
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

* Two Transfer Request to use one Callback
* Two Client to use one Callback
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How to use Driver in Harmony?

Transfer Status Polling operation

. .
SENSOIEAY
Ve

void sensorB_Task( void )

{ b 4 PROM: sensor-B
ey e BT ENERE = DRV_I2C_Open ( ask JTask_
DRV_I2C_INDEX_ 1, T T

DRV_IO_INTENT_READ

_ Client-0 Client-1
Object Object
| 12C€ Dirive

Instance-0

Client-0
Object

Instance-1

)s

DRV_I2C_ReadTransferAdd (

sensorB_ClientHandled

SENSOR_B_SLAVE_ADDR,

IIIIIIIII“IIIIIIIIIIIIII-
EEEEEEEER

Transfer

rxBuffer,
nBytes,
4 Status
: Polling
while( 1 ) { [SERCO)Y-0) SERCOM-1

if( DRV_I2C_TransferStatusGet PLIB

(@sensorB_TransferHandl el

== DRV_I2C_TRANSFER_EVENT_COMPLETE )

{ Sensor‘A X EEPROM Sensor-B
// Do something after read Sensor-B <:L
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

* Two Transfer Request to use one Callback
* Two Client to use one Callback
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How to use Driver in Harmony?

Transfer Status Callback operation
VST lsensorA_EventHandler @)

Sensor-A EEPROM
Event Event
Handler Handler

{ onsor A Sty EEPROM
sensorA_ReqCompleted = true; Event

}

void eeprom_EventHandler(...)

{
eeprom_ReqCompleted = true;

}

Instance-1

void sensorA_Task ( void )

if( sensorA_ReqCompleted ) {
sensorA_ReqCompleted = false; @

} SERCOM-0 SERCOM-1
} PLIB PLIB

void eeprom_Task ( void )

{ . Sensor-A EEPROM Sensor-B
if( eeprom_ReqCompleted ) {

eeprom_ReqCompleted = false;

}

@ MICROCHIP



How to use Driver in Harmony?

AaEEEEEEESESEEEEEEEEEEEER®

Transfer Status Callback operation

Sensor-A EEPROM

. . Event Event

void sensorA_EventHandler(...) - gy &y
{ - SENSOr-A EEPROM Sensor-B

sensorA_ReqCompleted = true; - Task Task Task
}
3. Meeprom_EventHandler[@®) itehl Client-0
{ __ Object Object

EEPROM

} eeprom_ReqCompleted = true; il 12C Diriver

Instance-1
void sensorA_Task ( void )

{ v
if( sensorA_ReqCompleted ) {
sensorA_ReqCompleted = false;

} SERCOM-0 SERCOM-1
} PLIB PLIB

void eeprom_Task ( void )

{

Sensor-A Sensor-B

if( eeprom_ReqCompleted ) {
eeprom_ReqCompleted = false; (#:h
}
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

* Two Transfer Request to use one Callback
* Two Client to use one Callback
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How to use Driver in Harmony?

Two Transfer Request to use one Callback

Transfer

Event

void transfer_Task( void ) godisgf
{ Transfer. Sensor-B
2 EEES TG ETTREEEES = DRV_I2C_Open ( Task Task

¥
™

DRV_I2C_INDEX_O, Instance-0 | 0
DRV_IO_INTENT_READWRITE i

) . Client-0 Client-0
’ Object Object

DRV_I2C_TransferEventHandlerSet ( I |2C Diriver ‘

jgtransfer ClientHandlep

, 0 ); Instance-0 Instance-1
DRV_I2C_ReadTransferAdd ( E
[ §transter_ClientHandiep
SENSOR_A_SLAVE_ADDR, rxBuffer, nBytes, @w-
] SERCOM0 SERCONL
); PLIB PLLIB

DRV_I2C_WriteTransferAdd (

bltransfer ClientHandleR Sensor-A EEPROM Sensor-B

EEPROM_SLAVE_ADDR, txBuffer, nBytes, @w—

“eeprom_TransferHandle

)s
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How to use Driver in Harmony?

Two Transfer Request to use one Callback
QY ransfer_EventHandler

DRV_I2C_TRANSFER_EVENT event,
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

Handler

{
if(event == DRV_I2C_TRANSFER_EVENT_COMPLETE)
{ 4
if(transferHandle == SEETMIEIEIHETIE)
sensorA_ReqCompleted = true;
if(transferHandle == eeprom_TransferHandle )
eeprom_ReqCompleted = true;
}
}
void transfer_Task ( void )
{
if( sensorA_ReqCompleted ) {
sensorA_ReqCompleted = false; @
}
if( eeprom_ReqCompleted ) {
eeprom_ReqCompleted = false;
}
}

v

Transfer

Event
Handler

Transfer. Sensor-B
Tiask Task
L4

T \

Client-0 Client-0
Object Object
I 12C Diriver ‘

Instance-0 Instance-1

SERCOM-0 SERCOM-1
PLIB RILEIB

EEPROM

Sensor-B

Sensor-A
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How to use Driver in Harmony?

Two Transfer Request to use one Callback
QY ransfer_EventHandler

DRV_I2C_TRANSFER_EVENT event,
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

Handler

{
if(event == DRV_I2C_TRANSFER_EVENT_COMPLETE)
{
if(transferHandle == sensorA_TransferHandle)
sensorA_ReqCompleted = true;
(¥ |
<
if(transferHandle == XTI TRIEISTISGELREITE )
eeprom_ReqCompleted = true;
}
}
void transfer_Task ( void )
{
if( sensorA_ReqCompleted ) {
sensorA_ReqCompleted = false;
}
if( eeprom_ReqCompleted ) {
eeprom_ReqCompleted = false; («:i
}
}

Transfer

Event
Handler

Sensor-B
Tiask Task

Client-0 Client-0
Object Object

I |2C Diriver ‘

Transfer.

Instance-0 Instance-1

SERCOM-1
RILEIB

SERCOM-0
PLIB

EEPROM

Sensor-B

Sensor-A
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

* Two Transfer Request to use one Callback
* Two Client to use one Callback
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How to use Driver in Harmony?

Two Client to use one Callback

void sensorA_Task( void ) {

2 BRIy WeEEE T ENEY = DRV_I2C_Open (
DRV_I2C_INDEX 0, [}
DRV_IO_INTENT READWRITE );

DRV_I2C_TransferEventHandlerSet (

fYsensorA_ClientHandlel
transfer_EventHandler MEIBY
DRV_I2C_ReadTransferAdd (
E¥sensorA_ClientHandle N
ISensorA_Transterfandlc i) FRK S
}

\

Transfer

Handler

SEensor-A

Event

EEPROM

| |2C Diriver

Instance-0

void eeprom_Task( void ) {

2 OTIETMEETIGETIE = DRV_I2C_Open (
DRV_I2C_INDEX o, [IESEEd
DRV_IO_INTENT_READWRITE );

DRV_I2C_TransferEventHandlerSet (

k@ ceprom_ClientHandle
transfer_EventHandler BE-EDK

DRV_I2C_WriteTransferAdd (

kgeeprom_ClientHandl e s
“eeprom_TransferHandle ﬂ.); P

—

SERCOM-0

Sensor-A

PLIB

EEPROM

Sensor-B
Task

Client-0
Object

Instance-1

SERCOM-1
RILEIB

Sensor-B
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How to use Driver in Harmony?

Two Client to use one Callback
QY ransfer_EventHandler

DRV_I2C_TRANSFER_EVENT event,
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

Handler

{
if(event == DRV_I2C_TRANSFER_EVENT_COMPLETE)

{ 4
if(transferHandle == I WMIEIEEGENREIE )

sensorA_ReqCompleted = true;
if(transferHandle == eeprom_TransferHandle )
eeprom_ReqCompleted = true;
}
}
void transfer_Task ( void )
{
if( sensorA_ReqCompleted ) {
sensorA_ReqCompleted = false; @
}
if( eeprom_ReqCompleted ) {
eeprom_ReqCompleted = false;
}
}

¥

Transfer
Event
Handler

EEPROM Sensor-B

Task

SEensor-A

x
T

Cllent (0]
Object

Instance-1

SERCOM-0 SERCOM-1
PLIB RILEIB

Sensor-A EEPROM Sensor-B
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How to use Driver in Harmony?

Two Client to use one Callback
V3TN transfer_EventHandler]

DRV_I2C_TRANSFER_EVENT event,
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

Transfer

Event
Handler

{
if(event == DRV_I2C_TRANSFER_EVENT_COMPLETE)
{
if(transferHandle == sensorA_TransferHandle)
sensorA_ReqCompleted = true;
(¥ |
<
if(transferHandle == XTI TIRIEITISGENEIT )
eeprom_ReqCompleted = true;
}
}
void transfer_Task ( void )
{
if( sensorA_ReqCompleted ) {
sensorA_ReqCompleted = false;
}
if( eeprom_ReqCompleted ) {
eeprom_ReqCompleted = false; @
}
}

A

Transfer
Event
Handler

EEPROM
Task
L4 .

a: T

Client-1
Object

|2C Diriver

Sensor-B

SEensor-A
Task

_ Client-0
Object

Instance-0

Task
Client-0
Object

Instance-1

SERCOM-1
RILEIB

SERCOM-0

EEPROM

Sensor-B

Sensor-A
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Transfer Request Callback Restriction

* Must be treated like an ISR.
* Must be short.

* Must not call application functions that are not interrupt safe.
* Must not call other driver’s interface functions.
*Use volatile keyword.

¥ int TransferDone = false;
0 volatile int TransferFinished = false; Transfer

I Btransfer_EventHandler[(ENNNED
¢ Event
Handler

Transfer
¥ TransferDone = true;

. . Handler ===
() TransferFinished = true;

/ ‘Transfer
2 DRV_ReadTransferAdd( ... ); Task

% APP_InterruptNotSafe( ... );
}

@ MICROCHIP



12C Driver APl and Usage Example

void sensorA_Task( void ) Polling method = void BN VNTIEUERTE(...) Callback method
{ {
DRV_I2C Open(..); transferDone = true;
DRV_I2C WriteTransferAdd(..); }
while(1) void sensorA Task( void )
{ {
if( DRV_I2C TransferStatusGet(..) DRV_I2C Open(..);
== DRV_I2C_TRANSFER_EVENT_COMPLETE ) DRV_I2C_TransferEventHandlerSet(.., I NI n At iC I ias s ) 5
{ DRV_I2C WriteTransferAdd(..);
break; while(1)
} {
} if( transferDone ) break;
}
DRV_I2C_Close(..); DRV_I2C Close(..);
} }
I12C Driver Client API list:
* DRV_I2C_Open - Open 12C Driver
 DRV_I2C_Close - Close 12C Driver
* DRV_I2C_ReadTransferAdd - Add a 12C read request
* DRV_I2C_WriteTransferAdd - Add a 12C write request
 DRV_I2C_WriteReadTransferAdd - Add a I12C write followed by read request
* DRV_I2C_TransferStatusGet - Get transfer status

* DRV_I2C_TransferEventHandlerSet - Register Callback with the driver «
A8\ MicrocHip



Driver Execution Model

Let’s review our study :

* main() start

 System Initializes Driver and PLIB
* Application Tasks start

* Application Calls Driver APIs
(Open, Register Callback, Transfer Request)

* Driver Starts Operation

* PLIB execute Transfer Request
* Interrupt Occurs or Polling Complete

* Runs Driver State Machine Pﬁk'
* Driver finishes Operation and Notifies the Application

& Application
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USART Driver Library

Harmony Driver
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USART Driver Library

* Introduction
This driver provides application ready routines to read and write data from/to the USART peripheral.

* The USART driver support the following features:
* Supports multi-instance and multi-client mode.
Provides data transfer events.
Supports blocking and non-blocking operation.
Features thread-safe functions for use in RTOS applications.
Supports DMA transfers.
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USART Driver Library

Configuration Options* [ Help ]

=1 [+

E-Core

= Generate Harmony &pplication Files

E}--ﬁpplicatiuﬂ Configuration

Project Graph XI | %----Number of Applications =
x | ) faf ¥ K., | & |P1ugins: - =-application O Configuration

- application Mame  |app_drv_nsart]

- EVSYS Device Family Pack (DFP) -HEEE AeAlieation name must be valid C-Langu
Peripheral Libr . )
e CMSIS Pack -~Generate Harmony Driver Common Files

NVMCTRL - Generate Harmony System Service Common Files
Peripheral Library

-~ GFenerate Harmony System Media Files

MEMORY —

-~Enable System Interrupt

Configuration Options* T Help ]

(=] [#

EH-USART

- PLIB Used =ERCCNS

- Murnber of Clients

SERCOMS
Peripheral Library
UART

DRV_USART 4r -~ Transfer Queuea Size
- lse DMaA for Transmit 7

-~ se DMA for Receive 7
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USART Driver Library

API functions of the USART Driver library.

* System Functions
DRV_USART _Initialize
DRV_USART_Status

e Core Client Functions
DRV_USART_Open
DRV_USART_Close

e Data Transfer Functions
DRV_USART _SerialSetup
DRV_USART_BufferEventHandlerSet

DRV_USART_ReadBuffer
DRV_USART_ReadBufferAdd
DRV_USART_WriteBuffer
DRV_USART_WriteBufferAdd
DRV_USART_BufferCompletedBytesGet
DRV_USART_BufferStatusGet
DRV_USART_ReadQueuePurge
DRV_USART_WriteQueuePurge
DRV_USART_ErrorGet
DRV_USART_ReadAbort

Initializes the USART instance for the specified driver index.
Gets the current status of the USART driver module.

Opens the specified USART driver instance and returns a handle to it.
Closes an opened-instance of the USART driver.

Sets the USART serial communication settings dynamically.

Allows a client to identify a buffer event handling function for the
driver to call back when queued buffer transfers have finished.

This is a blocking function that reads data over USART.
Queues a read operation.

This is a blocking function that writes data over USART.
Queues a write operation.

Returns the number of bytes that have been processed for the specified buffer request.

Returns the transmit/receive request status.

Removes all buffer requests from the queue for the given client.
Removes all write requests from the queue for the given client.

Gets the USART hardware errors associated with the transfer request.
Aborts an on-going read request
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USART Driver Library

API functions of the USART Driver library. (cont.)

* Data Types and Constants
DRV_USART_INIT
DRV_USART_BUFFER_HANDLE
DRV_USART_BUFFER_EVENT
DRV_USART_BUFFER_EVENT_HANDLER
DRV_USART_ERROR
DRV_USART_BUFFER_HANDLE_INVALID
DRV_USART_SERIAL_SETUP

Defines the data required to initialize the USART driver
Handle identifying a read or write buffer passed to the driver.

Identifies the possible events that can result from a buffer add request.

Pointer to a USART Driver Buffer Event handler function
Defines the different types of errors for USART driver
Definition of an invalid buffer handle.

Defines the data required to dynamically set the serial settings.
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* Lab 11
Single-Client UART Communication

USART Driver Library

@ MICROCHIP



% Lab11 Single-Client UART Communication

* Please create a new project for Harmony Driver exercise.

* Finish the Labl — Delay based LED toggle in main loop for Driver non-block validate.

* Try add USART Driver and attach PLIB SERCOMS5 UART to build a custom driver based
UART Console. (not to use the CONSOLE System Service)

* Implement your UART console state machine in Harmony generated app_drv_usartl.c

* Try use the polling method of Driver to output the message :
“DRV_USART1: Hello World” in Initial state of Driver.

* Try use the callback method of Driver to receive the character X from console input
and echo it as “Receive : X (DRV_USART1)"”

CDC USB UART t0 RX B PB22 SERCOMS5 PAD2
USB-CDC SAMD21

Bridge X B | PB23 sERcOMS PAD3
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% Lab11 Single-Client UART Communication

* Create a new 32 bits MCC Harmony Project

£4 MPLAB X IDE v6.05

File Edit View Navigate Source Refactor Prog

Open Project..
Open Recent Project

Import

Ctrl+Shift+N
Ctrl+N

Ctrl+Shift+0O

OR

B4 MPLAB X IDE v6.05

File Edit View Navigate Source Refactor Prog

‘E% > ¢
Projects
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% Lab11 Single-Client UART Communication

* Categories : Microchip Embedded
* Projects : 32-bit MCC Harmony Project

B3 New Project X
Steps Choose Project

I. Choose Project Q. Filter:

20

. #0 Samples ﬁ PIEbmlt {He:-: Loadable Image} Frogect
""" I Generic B User Makefila Project

e Library Project

B4 Import START MPLAB Froject

&4 Import Atmel Studio Project

Description:
MPLAB® MCC Harmony Froject Wizard

< Back Finish Cancel Help )
3 A8\ MicrocHip




% Lab11 Single-Client UART Communication

* Given the directory path of your MCC Harmony Framework.
* We will download MCC Harmony Framework later.

Ed New Project

X
sSteps Manage Framework
1. Choose Project Harmony Framework Repository Cloud Server Select
2.  Framework Selection : : :
3. Project Settings Harmony Repository: | hitps:fgithub.comMicrochip-MPLAB-Harmony -~
4, Configuration Settings

Framework Path: CHarmonyFramework WCC

onvert to Relative Path for Configuration

I Optional !
Not to use Relative Path for Configuration

could move your project file more flexibility

< Back ‘ ‘ Finish Cancel Help )
v A8\ MicrocHip




% Lab11 Single-Client UART Communication

* Location : C:\Exercises\Lab11l DRV _USART SingleClient
* Folder : Lab11l DRV _USART SingleClient (your Project Name)

B3 New Project

4
Steps MName and Location

1. Choose Frogect - : - - ;

5 Framework Selection Location: C:\Exercises\Lab1l DRV_USART_SingleClient
3. Project Settings
4,

Configuration Settings Folder: Labll DRV_USART Single@alE el ERWIR RGN T EN
Name: Labll DRV_USART_SingleClient
Fath: 11 DRV_USART SingleClient\firmware\Labll DRV_USART _SingleClient.X
Show Wisual Help

= Bacl ‘ Finish Cancel Help
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% Lab11 Single-Client UART Communication

* Device Filter

: ATSAMD21G18A

* Please do not miss any character of your part number.

B4 New Project

Steps

Configuration Settings

s

1. Choose Froject

2. Framework Selection
3. Project Settings

4. Configuration Settings

Mame: defanlt

Device Family:  All

Dievice Filter:

Show Wisnal Help

Install Devica Pacl:

S

Target Device:
ATSAMDZIGIA

= Back

IMext = Cancel

Help

Gl
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% Lab11 Single-Client UART Communication

E3 MPLAB X IDE v6.05 - Lab11l_DRV_USART_SingleClient
File Edit View Navigate Source Refactor Production Debug Team Iools Window Help

AHES D@ b BT B PRI B AP 8w

& - PC:0x0| How do 17

Projects = | Files | Services =l

Kit Window xl Start Page KT MCC Content Manager *]
=+ Labl_SYS_TIME_Delay

- O X

Qr Search (Cirl+D)

JYE0

(- Header Files
& Important Files
Linker Files
- Sonree Files

8 Souce MCC Content Manager Wizard

(B Loadables

1. Content Type

Select a Content Type
2] L)

Microprocessors

Release notes and supported devices

Release notes and supported devices

Library support may be a key factor in your choice of MCC flavor:

> MCC Melody and MCC Classic - Library Summary

Lab0 First Pr--- | LCM_BusW--- x| &

Still unsure which content type is right for your project?

See More Details

Embedded Software Development
Framework for 32-bit Microcontrollers and

| Select MPLAB Harmony I

Release notes and suppl

> MPLAB Harmony - Library Summary

EXR oo

(7]

<No View Available> Output = | Scarch Results o
Snap * MPLAB® Code Configurator =
11:53:55.696 INFO: Fetching list of available libraries. ~
11:53:56.6814 INFO: Download Complete: C:\UsershlLibra\.mccimcc_libraries.xml
11:53:56.695 INFO: Start MCC v5.3.8 v

* Lunching the MPLAB Harmony in MCC Content Manager Wizard.
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% Lab11 Single-Client UART Communication

* Harmony Configuration (Add TIME System Service)

AddTIME System Service

vt B | Components auto-activation X
as wedid in'Labl

Confirmation o

Core (HarmonyCore)
Are you sure you want to activate these

Device Resources Content Manager

Pl

¥ Libraries

¥ Harmony

?

Core components?

=) ~
Libraries

0 Peripherals

4 ¥ v v ¥

System Services

Z COMMAND

O CONSOLE Confirmation o
C DEBUG

' FILE SYSTEM FreeRTOS (FreeRTOS)

B0 TIvE 3 Are you sure you want to activate these

, | components?
» Third Party Libraries

N
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% Lab11 Single-Client UART Communication

* Choose TC3 as Timer source of TIME System Service,

* Use the TIME System Service to create a polling-based delay and toggle LED1 in
main loop for Driver non-block validate.

P Core

¥ Harmony

» Packs
» Peripherals

¥ System Services

¥ System

B4 TIME

O System

X|EEEE f|*lil*|P1ugins:

EVSYS TIME
Peripheral Library Systermn Service

TC3 > Core Service
Peripheral Library SYS_TIME ©
TMR ' TMR

Proj:-- IFihﬂ [&T‘" I x] =1 | Project Graph xl
MCCv5.3.0

Pro...| Ge.. | l... | |0 || @

¥ Libraries

NVMCTEL
Peripheral Library
MEMORY

Select TC3 as Timer Source
of TIME System Service
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% Lab11 Single-Client UART Communication

 Add USART driver and attach PLIB SERCOMS5 UART.

Froject Graph xl

Device Resources | Content Manager % | - :
FRTRE4$ | =l |P1ug1ns: r
¥ Libraries = . .
- Device Family Pack (DFP) N CMSIS Pack
v
2 |
¥ Drivers Peripheral Library
B O 12c TC3

Peripharal Library

» |2C EEPROM MR

a8 ' MEMORY
O spi

> SPIEEPROM

P SPIFLASH

MNVMCTEL USART
Peripharal Library Diriver

MEMORY  Core Service

SERCOMS Instances -——+
Peripheral Library Instance 0
UART - UART

DRV_USART

» SQI Flash
) USART

¥ Libraries

USART Driver Instance 0
Connect to
SERCOMS5 PLIB
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% Lab11 Single-Client UART Communication

* Configuration of USART driver and PLIB SERCOM5

Configuration Options {BAANASINIALL always select to
£ & Non:blocking modc Il

Froject Graph xl

E-SERCOMS
x | CRTRE 4 | = |P1ug1ns: e = Select SERCOM Operation Made USART with internal Clock
Device Family Pack (DFP) (CMSIS Pack - Operating Mode HNon-blocking mode
EVSYS ~Receive Enable
Core ~Transmit Enable
Harmomy Core Service
TC3 o RTOS ~Frame Format USART frame v
Peripheral Library Core Service © ~Baud Rate in Hz 115,2002
™R - Parity Mode Mo Fanity
NVMCTRL USART ~Character Size 2 Bits -~ |
Peripheral Library Ori - 5Stop Bit Mode Cmne Stop Bit
river o 0
MEMORY & Core Sersce 4 Receive Pinout =ERECONM FAD[Z] 15 used for data reception -
- - 4 Transmit Pinout FAD[Z] = TxD; PAD[3] = ¥CK
Instances -=1— Configuration Options "]

~Enahle Run in Standby | |

=1 [+

- LUSART
~PLIB Used SERCOMS
~MHumber of Clients =

~Transfer Queue Size =

‘.
Peripheral Library
UART Recelve Plnout : SERCOM PAD[3]

Instance 0
UART
DRV_USART

Transmit Pinout. SERCOM PAD[2]

~Use DMA for Transmit 7 [ ]
~Use DMA for Receive 2 [ |
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% Lab11 Single-Client UART Communication

* Pin Configuration of GPIO PA20(LED1) and PLIB SERCOMS5 pads

Froject Graph xl
x | FRETRE4$ | =] !Plugins:
| QMSIS PacK

EVSYS
Peripheral Library

Peripheral Library
TMR

Event Swstem Confignrati
Y IC Configuration
Clock Configuration
DA Configuration

PA20 as GPIO output custom name,to LED1

PB22'as SERCOM5YPAD2
PB23'as SERCOM51PAD3

| Pin Diagram x] Fin Table x
‘l Table View Easy View

Custom MName Function Mode Direction Latch  Full Up Full Dirive

e ﬁuﬁn ng

MORMAL  ~

MNVMCTEL
Peripharal Library
MEMORY

SERCOMS
Peripheral Library

[] | MoRMAL
[] |mnNommAL ~

SERCOMS_PAD2 || Digital || High Impedance -

[
[]

[saaccms_mm v[ﬂ[ Digital | HighImpedance | nfa
=
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% Lab11 Single-Client UART Communication

* In Core (Harmony Core Service) to find the default Application Name “app” and
rename to “app_drv_usartl” for our USART Driver state machine implement.

Froject Graph xl ‘

X|@Gfl nE f|‘|§l*|P1ugin5: v Configuration Options |
=l B
Peripheral Library . Harmony Core Service [i]--G_enerate Harmony Application Files
TC2 o RTOS EH-&pplication Configuration
Peripheral Library Core Service © %----Humher of Applications =
T™MR é--ﬂpplicatiun 0 Configuration
MVMCTRL USART %----Enable Application 0 Configuration
Periphersl Library Driver - dpplication Name app_drv_nsart]
MEMORY o Core Service Lo &pplication name must be valid C-Language |
SERCOMS Instances = —F - 3enerate Harmony Driver Common Files
Peripheral Library Instance 0 ~i3enerate Harmony System Service Common Files
UART UART - Generate Harmony System Media Files []
DRV_USART -Enable System Interrupt
-Enable System Ports []
Rename the default file name . E
to “app_drv_usart1” - Enable 0sAL
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% Lab11 Single-Client UART Communication

 Harmony Configuration (Generate Code)

4 MPLAB X IDE v6.05 - Lab11l_DRV_USART_SingleClient:default w Loading.. O %

File Edit View Navigate Source Refactor Production Debug Tea .

4 % @ @& default v v Dﬁ v% - . MCC Generating

Projects | Files | Services | Resource Management [MCC] x | |
MCCv5.2.0 |
. Output | Search Results | Notifications [MCC] | Newf poo”q |
Project Resources ’Generate Import... | Export | | @ ’ ch Resulls | Notifications [M(X] LI
Snap * MPLAB® Code Configurator *  Spap-Labl SYS "Ml«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 Iﬁarnu:ny , , 14:11:59.279 INFO: ..\srchpacks\ATSAMD21G18A_DFP\samd21gl8a.h Success. Mew file.
Not h I nt fo r th 1S Step 14:11:598.2790 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cachell armv7.h Success. MNew file.

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

» Packs an y m O re after L ab 11 14:11:58.279 INFO: ...s\CMSISACMSISACore\Include\cmsis_armclang_ltm.h Success. MNew file.
. 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\CoreZIncludeh\cmsis_compiler.h Success. MNew file.

» IDer“)hefals 14:11:59.288 INFO: ..\src\packs\CMSIS\CMSIS\Core\Include\cmsis gcec.h  Success. Mew file.
. 14:11:59.28@ INFO: ...c\packs\CHMSIS\CMSIS\Core\Includelcmsis_iccarm.h Success. MNew file.

v Syﬂtern Services 14:11:59.2886 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis_version.h Success. New file.
— 14:11:59.288 INFO: ...ch\packs\CHMSISA\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:
| 14:11:59.473  INFO: Generation complete,

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:598.572 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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% Lab11 Single-Client UART Communication

* For Driver based application, most custom implement will finish in the APP file

app_drv_usartl.c but not in main.c, let’s complete your APP state machine step by
step from next page.

Projects x|

Configuration Options =

=& La
EJI

b1l DEY USARET SingleClient
Header Files

S Slapp drv usartlh

@
©
- iE
EJI

T config
[E packs

Important Files
Linker Files
~onrce Files

=
o @

. -::vc:-nf1g
'EI Al o

Libraries
Loadables

=] [+

E-Core
[i]--Generate Harmony Application Files
Ié_}--ﬂupplicatiun Configuration
%----Humher of Applications =
é--ﬂpplicatiun 0 Configuration
%----Enable Application 0 Configuration
- application Nams app_drv_usart]

ko &pplication name must be valid C-Language |
- Generate Harmony Driver Common Files
- Generate Harmony System Service Cormmon Files
- GFenerate Harmony System Media Files

-Enable System Interrupt

-Enable System Ports
- Enable Systerm DM
-~ Enahble System Reset
—~Enable 0OSAL

RIDOOORID
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% Lab11 Single-Client UART Communication

* Configure your new project

mainQ-- | Availa--- [=]
4 Labll_DRV_USART_SingleC ~
= '8 Project Type: Application -

Double confirm the

= 4= - =

Device :"ATSAMD21G18A

EI@ Dievice
G ATSAMDZIG 84 Cssoie

i o @ General
' =_| ChECksum: E'].El]-.l.]:‘:, 1 -2 File Inclusion/Exclusion

. = © Conf: [default]
~EA CRCHZ: Hewfile ni o simtaor

2 Loading
2 Libraries
2 Building
= @ XC32 (Global Cptions)

----- o xc32-gec

----- 0 xc32-gtt
""" o xe32-4

Manage Configurations...

B4 Project Properties - Labll_DRV_USART_SingleClient

Configuration
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% Lab11 Single-Client UART Communication

 Harmony will create a template APP state machine as below.

main() - main.c
b SYS Initialize() - Initialize.c
L APP_DRV_USART1 Initialize() - app_drv_usartl.c

Initialize state iapp pry_usarTL initialize()

main() - main.c
b SYS_Task() - tasks.c
L APP_DRV_USART1_Tasks() - app_drv_usartl.c
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% Lab11 Single-Client UART Communication

* Let’s check the template state machine in “app_drv_usartl.c”.
#include "app_drv_usartl.h"
APP_DRV_USART1_DATA app_drv_usartlData;
void APP_DRV_USART1_Initialize ( void ) e

{ Initialize state ) APP_DRV_USARTL_Initialize()

app_drv_usartlData.state = APP_DRV_USART1 STATE_ INIT,; LR

f----------------

APP_DRV_USART1_Tasks()]

|
void APP_DRV_USART1_Tasks ( void ) |
{ |

switch ( app_drv_usartlData.state ) :

case APP_DRV_USART1_STATE_INIT:
bool appInitialized = true;

if (appInitialized)
app_drv_usartlData.state = APP_DRV_USART1 STATE_ SERVICE_ TASKS;
break;

case APP_DRV_USART1 STATE_SERVICE_TASKS:
break;

R e For,read in clear
: } all comments'has been'removed
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% Lab11 Single-Client UART Communication

* Let’s check the header file declaration “app_drv_usart.h”

#ifndef _APP_DRV_USART1_H
#define _APP_DRV_USART1_H

#include <stdint.h>
#include <stdbool.h>

#include <stddef.h> " tialize state ) APP_DRV_USART1_Initialize()
#include <stdlib.h> -l
#include "configuration.h" P Yy ryep—
I APP_DRV_USART1_Tasks()||
typedef enum :
{
APP_DRV_USART1_STATE_INIT=0, :

APP_DRV_USART1_STATE_SERVICE_TASKS,

} APP_DRV_USART1_STATES;

typedef struct
APP_DRV_USART1_STATES state;

} APP_DRV_USART1_DATA;

For,read in clear
void APP_DRV_USART1 Initialize ( void ); all comments and C++

void APP_DRV_USART1 Tasks( void );
#endif removed
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% Lab11 Single-Client UART Communication

* To check “main.c” and add LED1 toggle as we did in Lab1l

#include <stddef.h> // Defines NULL

#include <stdbool.h> // Defines true

#include <stdlib.h> // Defines EXIT_FAILURE

#include "definitions.h" // SYS function prototypes

D2 [ 2LS it BT L O e state ) APP_ORY_USARTA.niiatize

int main( void )

{

SYS_Initialize(NULL); { APP_DRV_USART1_Initialize() |

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();  (APP_DRV_USARTI Tasks() |

¥

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

return ( EXIT_FAILURE);
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% Lab11 Single-Client UART Communication

* The new state machine we want to implement in “app_drv_usartl.c” as below.

|\ _____ i _____ ’l
kg - e A -PI:_-D R-VjU- sZR-TI_;a:k:(T\
I )| I
() :
\ v ] i
[
i —| READ J 5 i
[ |
|
i | [ READ_wAIT_compLETE ;
: ; , ;
[
| WRITE ERROR ]
[ |
[ |
[ |
\ { wRiTE_WAIT_cOMPLETE [ mml
‘\ /’
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% Lab11 Single-Client UART Communication

 Add more states in “app_drv_usartl.h”.

#ifndef

#define _

#include
#include
#include
#include
#include

APP_DRV_USART1_H
APP_DRV_USART1_H

<stdint.h>
<stdbool.h>
<stddef.h>
<stdlib.h>
"configuration.h"

typedef enum

APP_DRV_USART1_STATE_INIT=0,

Comment out this line W24

APP_DRV_USART1_STATE_READ,
APP_DRV_USART1_STATE_READ_WAIT_COMPLETE,
APP_DRV_USART1_STATE_WRITE,
APP_DRV_USART1_STATE_WRITE_WAIT_COMPLETE,
APP_DRV_USART1_STATE_ERROR,
APP_DRV_USART1_STATE_IDLE,

} APP_DRV_USART1_STATES;

typedef struct

APP_DRV_USART1_STATES state;

} APP_DRV_USART1_DATA;

void APP_

DRV_USART1 Initialize ( void );

You could remove. the

SERVICES&TASKS state
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% Lab11 Single-Client UART Communication

* Construct new states flow of task in “app_drv_usartl.c”.

void APP_DRV_USART1_Tasks ( void )

{

T - Overwrite original example .code
switch ( app_drv_usartlData.state )

{
case APP_DRV_USART1_STATE_INIT:

app_drv_usartlData.state = APP_DRV_USART1_STATE_READ;

break;

case APP_DRV_USART1_STATE_READ:

app_drv_usartlData.state = APP_DRV_USART1_STATE_READ WAIT COMPLETE;

break;

case APP_DRV_USART1_STATE_READ_WAIT_COMPLETE:

app_drv_usartlData.state = APP_DRV_USART1_STATE_WRITE;

break;

case APP_DRV_USART1_STATE_WRITE:

app_drv_usartlData.state = APP_DRV_USART1_STATE_WRITE_WAIT COMPLETE;

break;

case APP_DRV_USART1_STATE_WRITE_WAIT_COMPLETE:
app_drv_usartlData.state = APP_DRV_USART1_STATE_READ;

break;

case APP_DRV_USART1_STATE_ERROR:

app_drv_usartlData.state = APP_DRV_USART1_STATE_IDLE;

break;

case APP_DRV_USART1 STATE_IDLE:
break;
}
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% Lab11 Single-Client UART Communication

* Header include and Global Declarations in “app_drv_usartl.c”.

#include "app_drv_usartl.h"
#include "driver/usart/drv_usart.h"
#include <stdio.h>
#include <string.h>

// >k 5k 3k 3k 5k >k 3k 5k >k 5k >k sk 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k >k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k >k 5k >k k%

>k 3k 3k 3k 5k >k 3k 5k >k 5k >k sk 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k >k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k >k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k >k 5k >k k%

Section: Global Data Definitions
3k 3k 3K 3k 5k 5k 5k 3k 5k ok 5k 3k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk k k

// >k 3k 3k 3k 5k 3k 3k 5k >k 5k >k sk 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k 3k 5k >k sk 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k >k 5k >k k%

DRV_HANDLE UartlHandle;
DRV_USART_BUFFER_HANDLE UartlWriteTransferHandle;
DRV_USART BUFFER_HANDLE UartlReadTransferHandle; You could put the
volatile int UartlWriteComplete = false; N .
volatile int UartlReadComplete = false; global declaration’ in-.comment
s Section: Global Data Definitionsj

NN
NN

char UartlWriteBuf[50];
char UartlReadBuf[50];

// 3k 3k 3k 3k 3k 3k >k 5k sk >k 5k 3k 5k sk >k 5k 3k >k 5k 3k 3k 3k >k 5k Sk >k 5k sk 5k Sk 3k 5k 3k >k 5k 3k 3k 3k >k 5k Sk >k 5k 3k >k 3k sk 5k 3k 3k 5k 3k 3k 3k 3k 5k 3k >k 5k 3k >k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k 3k %k 5k k %k
/* Application Data

Summary:
Holds application data

Description:
This structure holds the application's data.

*/...
APP_DRV_USART1 DATA app_drv_usartlData;
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% Lab11 Single-Client UART Communication

* Add Driver Open, Write and Transfer Status Polling Operation in state INIT.

void APP_DRV_USART1_Tasks ( void )

switch ( app_drv_usartlData.state )

case APP_DRV_USART1_STATE_INIT:
UartIHandle = DRV_USART Open(DRV_USART_INDEX_©, DRV_IO INTENT_ READWRITE);
if(UartlHandle == DRV_HANDLE_INVALID)

app_drv_usartlData.state = APP_DRV_USART1_STATE_ERROR;
else
sprintf(UartlWriteBuf, "DRV_USART1: Hello world\r\n");
DRV_USART erteBuffePAdd(UartlHandle, UartlWriteBuf, strlen(UartlWriteBuf),
&UartilWriteTransferHandle);
while( DRV_USART_BufferStatusGet(UartlWriteTransferHandle)!=
DRV_USART_BUFFER_EVENT_COMPLETE ) {}
app_drv_usartlData.state = APP_DRV_USART1_STATE_READ;
}
break;

case APP_DRV_USART1_STATE_READ:

case APP_DRV_USART1 STATE READ WAIT COMPLETE:

case APP_DRV_USART1 STATE WRITE:

case APP_DRV_USART1 STATE WRITE_WAIT COMPLETE:

case APP_DRV_USART1 STATE ERROR:
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% Lab11 Single-Client UART Communication

* Compiler and programming your project to EVB.
* Test our first Driver implementation and see the USART driver message output from

state APP_DRV_USART1_STATE_INIT.

i COMS3 - Tera Term VT — | X

File Edit Setup Cantrol Window Help
DRV USART1: Hello world

'Vﬁ
READ_WAIT_COMPLETE
k 2

WRITE

Froject Graph = |

Device Family Pack (DFF)

Peripharal Library SYS_TIME <
TMR TMR
MNVMCTEL
Peripheral Library
MEMORY

USART

Driver

& Core Service

Instances -|=|—/+ —
Instance O —

SERCOMS
Peripheral Library

UART UART

DRV_USART <|‘

EVSYS TIME
Peripheral Library System Service

TC3 2 Core Service

Core
Harmonmy Core Service

2 RTOS

Core Service O
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% Lab11 Single-Client UART Communication

* Register and Implement Driver Transfer Status Callback Operation.

// Section: Application Callback Functions
// 3k 3k 3k 3k 3k 3k >k 5k 3k >k 3k 3k 5k 3k >k 5k 3k >k 3k 3k 3k 3k >k 5k Sk >k 5k >k 5k Sk 3k 5k 3k >k 3k 3k 3k 3k >k 5k 3k >k 5k 3k >k 3k sk 5k 3k 3k 5k 3k >k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k %k %k 5k k %k
void UartlTransferHandler( DRV_USART_BUFFER_EVENT event,
DRV_USART_BUFFER_HANDLE bufferHandle, uintptr_t context )

{
et event ) Catch Eventsin
case DRV_USART BUFFER_EVENT PENDING: break;
case DRV _USART BUFFER_EVENT COMPLETE : Transfer,Status Callback
break; -
case DRV_USART BUFFER_EVENT HANDLE_EXPIRED: Function and handle
case DRV_USART BUFFER_EVENT ERROR:
case DRV_USART_BUFFER_EVENT_HANDLE_INVALID: Error,event!
app_drv_usartlData.state = APP_DRV_USART1 STATE_ERROR;
break;
}
}

void APP_DRV_USART1 Tasks ( void )
switch ( app_drv_usartlData.state )
case APP_DRV_USART1_STATE_INIT:
else
Qﬁile( DRV_USART_BufferStatusGet(UartlWriteTransferHandle)!=
DRV_USART_BUFFER_EVENT_COMPLETE ) {}
DRV_USART_BufferEventHandlerSet(UartlHandle, UartlTransferHandler, 0);

app_drv_usartlData.state = APP_DRV_USART1_STATE_READ;
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% Lab11 Single-Client UART Communication

* Implement state READ to read one byte from UART console.

void UartlTransferHandler( DRV_USART_BUFFER_EVENT event,
DRV_USART_BUFFER_HANDLE bufferHandle, uintptr_t context )

Manage Read Complete flag while

switch( event )

{ A — A ——y
case glzv_giART_BUFFER_EVENT_COMPLETE: Read TranSfer Complete Events
if(bufferHandle == UartlReadTransferHandle
UartlReadComplete = true; | G —

break;
case DRV_USART_BUFFER_EVENT_ HANDLE_EXPIRED:

READ_WAIT_COMPLETE
¥
WRITE

}
void APP_DRV_USART1 Tasks ( void )

WRITE_WAIT_COMPLETE

switch ( app_drv_usartlData.state )

case APP_DRV_USART1_STATE_READ:
DRV_USART_ReadBufferAdd(UartlHandle, UartlReadBuf, 1, &UartlReadTransferHandle);
if(UartlReadTransferHandle == DRV_USART_BUFFER_HANDLE_INVALID)

app_drv_usartlData.state = APP_DRV_USART1_STATE_ERROR;

else

{

app_drv_usartlData.state
t}weak;
case APP_DRV_USART1 STATE _READ WAIT COMPLETE:

APP_DRV_USART1_STATE_READ WAIT COMPLETE;
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% Lab11 Single-Client UART Communication

* Implement state READ_WAIT_COMPLETE.
void UartlTransferHandler( DRV_USART_BUFFER_EVENT event,
. DRV_USART_BUFFER_HANDLE bufferHandle, uintptr_t context )
switch( event )

{

case DRV_USART_BUFFER_EVENT COMPLETE:
if(bufferHandle == UartlReadTransferHandle)

UartlReadComplete = true; | INIT |
break;
case DRV_USART_BUFFER_EVENT_HANDLE_ EXPIRED:

}
void APP_DRV_USART1 Tasks ( void )

switch ( app_drv_usartlData.state )
case APP_DRV_USART1 STATE_ READ:

case APP_DRV_USART1_STATE_READ_WAIT_COMPLETE: State non bIOCklng Whlle
%f(Uar‘theadComplete == true) Waiting Read Complete

UartlReadComplete = false;
app_drv_usartlData.state = APP_DRV_USART1_STATE_WRITE;

}
break;

case APP_DRV_USART1_STATE_WRITE:
app_drv_usartlData.state = APP_DRV_USART1_STATE_WRITE_WAIT_COMPLETE;
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% Lab11 Single-Client UART Communication

* Implement state WRITE to output “Received : X” to console.

void UartlTransferHandler( ... )
switch( event )
{ ce
case DRV_USART_BUFFER_EVENT_COMPL
if(bufferHandle == UartlReadT
UartlReadComplete = true;

if(bufferHandle == UartlWrite
UartlWriteComplete = true

break;
}

void APP_DRV_USART1_Tasks ( void )

switch ( app_drv_usartlData.state

case APP_DRV_USART1 STATE_WRITE:
sprintf(UartlWriteBuf, "Recei
DRV_USART_WriteBufferAdd(Uart
if(UartlWriteTransferHandle =

app_drv_usartlData.state

else

{

app_drv_usartlData.state
k}weak;
case APP_DRV_USART1 STATE_WRITE !

Manage Write Complete flag while

ETE:
ransferHandle)

TransferHandle) ( = —

.
3 ¥

READ_WAIT_COMPLETE
¥
WRITE

WRITE_WAIT_COMPLETE

)

ve : %s (DRV_USART1)\r\n", UartlReadBuf);

1Handle, UartlWriteBuf, strlen(UartlWriteBuf),
&UartlWriteTransferHandle);

= DRV_USART_BUFFER_HANDLE_INVALID)

APP_DRV_USART1_STATE_ERROR;

APP_DRV_USART1_STATE_WRITE_WAIT COMPLETE;

WAIT_COMPLETE:

@ MICROCHIP



% Lab11 Single-Client UART Communication

* Implement state WRITE_WAIT_COMPLETE

void UartlTransferHandler( ... )
switch( event )
{ ce
case DRV_USART_BUFFER_EVENT_COMPLETE:

if(bufferHandle == UartlReadTransferHandle)
UartlReadComplete = true;

if(bufferHandle == UartlWriteTransferHandle) }———
UartlWriteComplete = true; { ITT
break;

'Vﬁ
READ_WAIT_COMPLETE
X 2

WRITE

}
void APP_DRV_USART1 Tasks ( void )

switch ( app_drv_usartlData.state )

case APP_DRV_USART1 STATE WRITE:
case APP_DRV_USART1_STATE_WRITE_WAIT COMPLETE: State.non blocking while

el S Waiting Write Complate

UartlWriteComplete = false;
app_drv_usartlData.state = APP_DRV_USART1_STATE_READ;

}
break;
case APP_DRV_USART1_STATE_ERROR:
app_drv_usartlData.state = APP_DRV_USART1_STATE_IDLE;
break;

case APP_DRV_USART1_STATE_IDLE:
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% Lab11 Single-Client UART Communication

* Compiler and programming your project to EVB.

* Check the UART output in console.

* Type any character in console and check the response.

* The LED1 toggle could prove Driver state machine not to block.

W COM3 -TeraTerm VT~ — ] ) Project Graph x|

File Edit Setup Control Window Help
DRV USART1: Hello world
Receive : (DRV_USART1)
Receive : (DRV_USART1)
Receive : (DRV_USART1)
Receive : (DRV _USART1)

Device Family Pack (DFP) [N CMSIS Pack

EV5YS TIME
i Core
Peripheral Library System Service

. Harmony Core Service
= Core Service
U= o RTOS
Peripheral Library SYS_TIME ©

™R ™R

Core Service O

MYMCTREL LISART
Peripheral Library
MEMORY

Driver

 Core Sernvice

SERCOMS J Instances = —+

Peripheral Library Instance 0 —
UART UART

DRV_USART 1‘
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% Lab11 Single-Client UART Communication

* Implement a C STDIO printf() like function to output Lab debug message.
* The polling method is good for implement in easily.

#include <stdio.h> app_drv_usartl.c

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

APP_DRV_USART1_DATA app_drv_usartlData;

¥oid USART1printf( const char *format, ... )

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

va_start( args, format );
len = vsnprintf( UartlWriteBuf, sizeof(UartlWriteBuf), format, args );
va_end( args );

if( len > 0 & & len < sizeof(UartlWriteBuf) )

{
UartlWriteBuf[len] = '\@';
DRV_USART WPlteBufferAdd(UartlHandle, UartlWriteBuf, strlen(UartlWriteBuf),
&UartlWriteTransferHandle);
while( DRV_USART_BufferStatusGet(UartlWriteTransferHandle)!=
DRV_USART_BUFFER_EVENT_COMPLETE ) {}
}
}
void UartlTransferHandler( DRV_USART BUFFER_EVENT event, ... ) { ... }
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% Lab11 Single-Client UART Communication

* Replace “DRV_USART1: Hello World” output by use USART1printf()

switch ( app_drv_usartlData.state ) - -

case APP_DRV_USART1_STATE_INIT:
UartIHandle = DRV_USART Open(DRV_USART_INDEX_ @, DRV_IO INTENT_READWRITE);
if(UartlHandle == DRV_HANDLE_INVALID)

{
app_drv_usartlData.state = APP_DRV_USART1_STATE_ERROR;

?lse
USART1printf("DRV_USART1: Hello world\r\n");
// sprintf(UartlWriteBuf, "DRV_USART1: Hello world\r\n");
// DRV_USART WPlteBuFFerAdd(UartlHandle, UartlWriteBuf, strlen(UartlWriteBuf),
// &UartlWriteTransferHandle);
// while( DRV_USART_BufferStatusGet(UartlWriteTransferHandle)!=
// DRV_USART_BUFFER_EVENT_COMPLETE ) {}
DRV_USART BufferEventHandlerSet(UartlHandle, UartlTransferHandler, 0);
app_drv_usartlData.state = APP_DRV_USART1_STATE_READ;

* Declare prototype in app_drv_usartl.h for external reference use.

void APP_DRV_USART1 Initialize ( void );
void APP DRV _USART1 Tasks( void ); app_drv_usartl.h

void USART1printf( const char *format, ... );
//DOM-IGNORE-BEGIN @ MICROCHIP



% Lab11 Single-Client UART Communication

Discuss 1

e What we did ?
If you want implement a UART console, why not use the CONSOLE System Service ?

Project Graph XI |

Eﬁﬁ@ﬁf“ﬁl“’lugins- iy
Project Graph x| L amily Pack (OFP) | Qw1 pack |

x|@aﬁﬁiﬁ*|@*|ﬂugins:

TC3
Peripheral Library
TMR

MNVMCTEL
Peripheral Library

Peripheral L|I:rer5|r
UART -

DRV_USART
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€ Lab 12
Multi-Instance UART Communication

USART Driver Library
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4 Lab12 Multi-Instance UART Communication

* Try add instance 1 in USART Driver to implement another UART console from

mikroBUS socket through PLIB SERCOM2 UART.
* You can prepare a USB UART Click EVB for UART-CDC bridge.
* Create a new APP state machine app_drv_usart2 in Core Service.
* Try output the message “USART2 Driver: Hello World” while initialize state of new
Driver instance 1.
* Try use the callback method of Driver to receive the character X from one console and
ech:) it to opposite console “Receive : X (DRV_USARTI)”

Gl
= . =
{ E -.
< -

MikroBUS

AN
RST
&
SCK

MISO
MOSI
33V
GND

[==1 ENY L= LY FE (V) [N N

PWM
INT
RX
X
SCL
SDA
5V
GND

186
15
14 PAILRX

13 PAIDITX
12
11
10

2 vD

UART to
CDC USB RX
Bridge TX

CDC USB USB UART RX
)
Click T

PB22 sercoms pAD2

PB23 sercoms pAD3

SAMD21

SERCOM2 PAD2

SERCOM2 PAD3

SERCOM?2

USB UART
ic
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4 Lab12 Multi-Instance UART Communication

* Add Instance 1 in USART Driver and attach PLIB SERCOM2 UART, configure pads of
SERCOM2.

Froject Graph xl | Configuration Options x]
X|I§gﬁmgf|-@*|l—-’lugins: - = [+

Device Family Pack (DFP) ||l CMSIS Pack =+ SERCOM2

B Select SERCOM Operation Mode |USART with internal Clock -

EVSYS _
i e e Savicn ~Operating Mode Non-blocking mode

i -~ Receive Enable e
T3 O RTOS _
Peripheral Library L Core Service © - Transmit Enable
TMR ~Frame Farmat TSART frame v
NVMCTRL - Baud Rate in Hz 115,200 =
Peripheral Library ~Parity Mode Mo F‘ant;:.r v
MEMORY . ~Character Size 2 Bits -

- Stap Bit Mode Cme Stop Bit

SERCOMS Instances -—

Peripheral Library Instance O
UART

~Enahle Run in Standby | |

Conflguratlon of SERCOM2
Recelve Plnout SERCOM PAD[3]

SERCOM? DRV_USART

Peripheral Library Instance 1
UART -

USART Driver Instance 1 Transmlt Plnout SERCOM PAD[2]

ConnecttolSERCOM?2 PLIB
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4 Lab12 Multi-Instance UART Communication

* Pin configuration of PLIB SERCOM2 pads.

Frogect Graph "‘l
X | wy a2l § N, | = !Plugins: ‘ _v|
Event Svstem Confignrats

Device FEITI“\I’ Pack [D'FP] VENL SWslem L_oniigura

Y IC Configuration
EVSYS

Clock Configuration
Peripheral Library DAL Configuration

Peripheral Library

Configure PA10:as SERCOM2¥PAD?2

Cconfigure PA1llas SERCOM2IPAD3

Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

Instances -=— - —— : : .
Instance 0 4 Froect Graph* | Fin Diagram XI Pin Table = Fin Settings =]

et Crder: m Table View Easy View
DRV_USAR

SERCOMZ
Peripheral Library
UART

Instance 1 § Pin Pin I Custom Mame Function Maode Direction Latch  Pull Up  Full Dirive
UART Mumber

| Thevarn. Strem eth

DRV_USAR 15 ‘ PAID SERCOMZ_PADZ [ Digital High Impedance | 1/ [] [] | mnNORMAL -~
16 \ PAL1 SERCOMZ_PAD3 [ Digital High Impedance | 1/ [] [] | m~NomrmAL -~
—_ — —
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4 Lab12 Multi-Instance UART Communication

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “2” and
given the Application Name to “app_drv_usart2”.

Project Graph = l

x||3 _ paal ¥ f|IEI |P1ugins:
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E-Core

[i]--Generate Harmony &pplication Files
Iél--ﬂpplicatiun Configuration

- Mumber of &pplications [ & ,-'l

E-a&pplication 0 Configuration
-Enable Application O Configuration
~application Name app_drv_usartl

-HEEE Application name must be valid C-Language i

E-a&application 1 Configuration
-Enable Application 1 Configuration

~Application Name app_drv_usartZ

-HEEE Application name must be valid C-Language i

- Generate Harmony Driver Common Files

- Generate Harmony System Service Common Files

- GFenerate Harmony System Media Files |:|
-~ Enahble System Interrupt

-Enable System Ports |:|
~Enable System DMA []

- Enahle System Reset
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4 Lab12 Multi-Instance UART Communication

* The new APP file app_drv_usart2.c will use to implement the state machine of

USART Driver instance 1.

Projects x|

Configuration Options =

= ﬁ LablZ2 DEV USAET Multilnstance
El . Header Files

drv usartl h

. . -::x:-nf1g
| B 5 packs
ﬁ' Important Files
*-F Linker Files
E' =ource Files
- "FEI app_drv_usartl.c
| app_drv_usarts.c
. 0 config
) maine
E’ Libraries
H-[EF Loadables

(=] [+

- Core

[i]--Generate Harmony &pplication Files
Iél--ﬂpplicatiun Configuration
-~ Murmber of Applications

E-a&application 0 Configuration

- Application Marme

E-a&application 1 Configuration

- Application Marme

- Generate Harmony Driver Common Files

- GFenerate Harmony System Media Files
-~ Enahble System Interrupt

-Enable System Ports

-Enable Systermn DM

- Enahle System Reset

EA

-

-Enable Application 1 Configuration

-Enable Application O Configuration

app_drv_usartl

-oEEE Application name must be valid C-Language |

app_dw_usart.?,ﬁ

-oEEE Application name must be valid C-Language |

- Generate Harmony System Service Common Files

[]
]

[]
[]
[]
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4 Lab12 Multi-Instance UART Communication

* Refer the state machine of USART1 and change to USART2 in “app_drv_usart2.c”

| 1
;o I_ _________________________ APP_DRV_USARTE. Tasks()\
| )| |
S T a— :
| ! ] i
I
i —>[ READ ] - i
I I
I
i | [ READ_WAIT_compLETE ;
i ; . i
| WRITE ERROR |
I I
I I
I I
' L{ WRITE_WAIT_COMPLETE [ IDm:
‘\ /’
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4 Lab12 Multi-Instance UART Communication

 Add more states in “app_drv_usart2.h”.

#ifndef

#define _

#include
#include
#include
#include
#include

APP_DRV_USART2_H
APP_DRV_USART2_H

<stdint.h>
<stdbool.h>
<stddef.h>
<stdlib.h>
"configuration.h"

typedef enum

APP_DRV_USART2_STATE_INIT=0,

Comment out this line W24

APP_DRV_USART2_STATE_READ,
APP_DRV_USART2_STATE_READ_WAIT_COMPLETE,
APP_DRV_USART2_STATE_WRITE,
APP_DRV_USART2_STATE_WRITE_WAIT_COMPLETE,
APP_DRV_USART2_STATE_ERROR,
APP_DRV_USART2_STATE_IDLE,

} APP_DRV_USART2_STATES;

typedef struct

APP_DRV_USART2_STATES state;

} APP_DRV_USART2_DATA;

void APP_

DRV_USART2 Initialize ( void );

You could remove the

SERVICEATASKS state
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4 Lab12 Multi-Instance UART Communication

* Construct new states flow of task in “app_drv_usart2.c”.

void APP_DRV_USART2_Tasks ( void )

{

T - Overwrite original example code
switch ( app_drv_usart2Data.state )

case APP_DRV_USART2_STATE_INIT:

app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ;

break;

case APP_DRV_USART2_STATE_READ:

app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ WAIT_COMPLETE;

break;

case APP_DRV_USART2_STATE_READ_WAIT_COMPLETE:

app_drv_usart2Data.state = APP_DRV_USART2 STATE_WRITE;

break;

case APP_DRV_USART2_STATE_WRITE:

app_drv_usart2Data.state = APP_DRV_USART2_STATE_WRITE_WAIT_COMPLETE;

break;

case APP_DRV_USART2_STATE_WRITE_WAIT_COMPLETE:
app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ;

break;

case APP_DRV_USART2_STATE_ERROR:

app_drv_usart2Data.state = APP_DRV_USART2_STATE_IDLE;

break;

case APP_DRV_USART2_ STATE_IDLE:
break;
}
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4 Lab12 Multi-Instance UART Communication

* Header include and Global Declarations in “app_drv_usart2.c”.

#include "app_drv_usart2.h"
#include "driver/usart/drv_usart.h"
#include <stdio.h>
#include <string.h>

// 3k 3k 3K 3k 3k 5k 5k 3k Sk ok 5k 3k 3k 5K 3k 5K 3k 5K 3k 5k sk 5k sk 5k sk 5k sk 5k sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5K 3k 5k 3k 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk ko k k
3k 3k 3K 3k 3k 5k 5k 3k Sk ok 5k 3k 3k 5K 3k 5K 3k 5K 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk Sk sk 5k sk Sk 5k sk 5k 3k 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk k k
Section: Global Data Definitions

3k 3k 3K 3k 3k 5k 5k 3k Sk ok 5k 3k sk 5K 3k 5K 3k 5K 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk ok sk 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk Sk 5k 5k 5k 3k 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk %k sk sk sk k k
// 3k 3k 3K 3k 3k 5k 5k 3k Sk ok 5k 3k 3k 5K 3k 5K 3k 5K 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk ok sk 5k sk 5K 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k 5k 5k 3k 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk k k

DRV_HANDLE Uart2Handle;

DRV_USART_BUFFER_HANDLE Uart2WriteTransferHandle;
DRV_USART_BUFFER_HANDLE Uart2ReadTransferHandle;
volatile int Uart2WriteComplete = false;

volatile int Uart2ReadComplete = false;

char Uart2WriteBuf[50];

char Uart2ReadBuf[50];

NN
NN

// 3k 3k 3k 3k 3k 3k 3k 5k >k 5k >k 3k 5k >k 3k 5k 3k 5k >k 3k 5k >k 3k 5k >k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k >k 5k >k 3k 5k >k 3k 5k 3k 5k >k 3k 5k >k 3k 5k >k 5k >k 3k 5k >k 3k 5k 3k 5k %k 3k 5k >k >k 5k >k 5k >k %k k%

/* Application Data

Summary:
Holds application data

Description:
This structure holds the application's data.

*/...
APP_DRV_USART2_DATA app_drv_usart2Data;
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4 Lab12 Multi-Instance UART Communication

* Add Driver Open, Write and Transfer Status Polling Operation.

void APP_DRV_USART2_Tasks ( void )

switch ( app_drv_usart2Data.state )

case APP_DRV_USART2_STATE_INIT:
Uart2Handle = DRV_USART_Open(DRV_USART INDEX 1, DRV_IO_ INTENT_READWRITE);
if(Uart2Handle == DRV_HANDLE_INVALID)

app_drv_usart2Data.state = APP_DRV_USART2_STATE_ERROR;
else
sprintf(Uart2WriteBuf, "DRV_USART2: Hello world\r\n");
DRV_USART erteBufferAdd(UartZHandle, Uart2WriteBuf, strlen(Uart2WriteBuf),
&Uart2WriteTransferHandle);
while( DRV_USART_BufferStatusGet(Uart2WriteTransferHandle)!=
DRV_USART_BUFFER_EVENT_COMPLETE ) {}
} app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ;
break;

case APP_DRV_USART2_STATE_READ:

case APP_DRV_USART2_ STATE READ WAIT COMPLETE:

case APP_DRV_USART2 STATE WRITE:

case APP_DRV_USART2 STATE WRITE_WAIT COMPLETE:

case APP_DRV_USART2_ STATE_ERROR:
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4 Lab12 Multi-Instance UART Communication

* Compiler and programming your project to EVB.

* Open two terminal to check the message output from Driver
Instance 0 (SERCOMS5) and Instance 1 (SERCOM2).

Frogpect Graph = | |

X||__dn_a.__||_& ;'ﬁ}'|*‘*|P1ugin3' v

Wl COMS3 - Tera Ter... — U X

File Edit
JlIDRV_USART1: Hello world

Setup Control Window Help

TIME

Systemn Service
Harmomy Core Service

2 RTOS

Core Service O

o Core Service
SYS_TIME ©

T COM4 - Tera Ter.. — O pod

File Edit
DRV_USART2: Hello world

Setup Control Window Help

MYMCTREL [ LISART
Peripheral Library

Driver

o Core Sernvice

SERCOMS Instances = —+

Peripheral Library Instance O
UART

SERCOM2
Peripheral Library
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4 Lab12 Multi-Instance UART Communication

* Implement Driver Transfer Status Callback Operation.

// Section: Application Callback Functions

// 3k 3k 3k 3k 3k 3k >k 5k 3k >k 3k 3k 5k 3k >k 5k 3k >k 5k 3k 5k 3k >k 5k 3k >k 5k >k 5k 3k 3k 5k 3k >k 5k >k 3k 3k >k 5k 3k >k 5k >k >k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k 3k >k 5k >k >k 3k %k 5k 3k %k 5k %k >k 5k %k 5k %k %k 5k k %k

void Uart2TransferHandler( DRV_USART_BUFFER_EVENT event,

‘ DRV_USART_BUFFER_HANDLE bufferHandle, uintptr_t context )

e e Catch Events in;

case DRV_USART_BUFFER_EVENT_PENDING: break; - - —
case DRV USART BUFFER EVENT COMPLETE
break;

case DRV_USART BUFFER_EVENT HANDLE_EXPIRED: Function and handle

case DRV_USART_BUFFER_EVENT_ERROR:

case DRV_USART_BUFFER_EVENT_HANDLE_INVALID: Error,event;

app_drv_usart2Data.state = APP_DRV_USART2_ STATE_ERROR;
break;

void APP_DRV_USART2_ Tasks ( void )
switch ( app_drv_usart2Data.state )
case APP_DRV_USART2_STATE_INIT:
else
Qﬁile( DRV_USART_BufferStatusGet(Uart2WriteTransferHandle)!=
DRV_USART_BUFFER_EVENT_COMPLETE ) {}
DRV_USART_BufferEventHandlerSet(Uart2Handle, Uart2TransferHandler, 0);

app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ;
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4 Lab12 Multi-Instance UART Communication

* Implement state READ to read one byte from UART console.

void Uart2TransferHandler( DRV_USART_BUFFER_EVENT event,
DRV_USART_BUFFER_HANDLE bufferHandle, uintptr_t context )

Manage Read Complete flag while

switch( event )

{ A A - — vy
case glzv_giART_BUFFER_EVENT_COMPLETE: Read TranSfer Complete Events
if(bufferHandle == Uart2ReadTransferHandle
Uart2ReadComplete = true; | I —

break;
case DRV_USART BUFFER_EVENT_HANDLE_EXPIRED:

READ_WAIT_COMPLETE
¥
WRITE

}
void APP_DRV_USART2_Tasks ( void )

WRITE_WAIT_COMPLETE

switch ( app_drv_usart2Data.state )

case APP_DRV_USART2_STATE_READ:
DRV_USART_ReadBufferAdd(Uart2Handle, Uart2ReadBuf, 1, &Uart2ReadTransferHandle);
if(Uart2ReadTransferHandle == DRV_USART_BUFFER_HANDLE_INVALID)

app_drv_usart2Data.state = APP_DRV_USART2_STATE_ERROR;

else

{

app_drv_usart2Data.state
I:);r‘eak;
case APP_DRV_USART2_STATE_READ_WAIT_COMPLETE:

APP_DRV_USART2_STATE_READ WAIT COMPLETE;
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4 Lab12 Multi-Instance UART Communication

* Implement state READ_WAIT_COMPLETE.
void Uart2TransferHandler( DRV_USART_BUFFER_EVENT event,
. DRV_USART_BUFFER_HANDLE bufferHandle, uintptr_t context )
switch( event )

{

case DRV_USART BUFFER_EVENT COMPLETE:
if(bufferHandle == Uart2ReadTransferHandle)

Uart2ReadComplete = true; | INIT }—
break;
case DRV_USART_BUFFER_EVENT_HANDLE_ EXPIRED:

}
void APP_DRV_USART2_Tasks ( void )

switch ( app_drv_usart2Data.state )
case APP_DRV_USART2_ STATE_ READ:

case APP_DRV_USART2_STATE_READ_WAIT_COMPLETE: State no bIOCIng Whlle
%f(Uar‘tZReadComplete == true) Waiting Read Complete

Uart2ReadComplete = false;
app_drv_usart2Data.state = APP_DRV_USART2_STATE_WRITE;

}
break;

case APP_DRV_USART2_STATE_WRITE:
app_drv_usart2Data.state = APP_DRV_USART2_STATE_WRITE_WAIT_COMPLETE;
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4 Lab12 Multi-Instance UART Communication

* Implement state WRITE to output “Received : X” to console.

void Uart2TransferHandler( ... )
switch( event )
{ ce
case DRV_USART_BUFFER_EVENT_COMPL
if(bufferHandle == Uart2ReadT
Uart2ReadComplete =_true;

if(bufferHandle == Uart2Write
Uart2WriteComplete = true

break;
}

void APP_DRV_USART2_Tasks ( void )

switch ( app_drv_usart2Data.state

case APP_DRV_USART2_ STATE_WRITE:
sprintf(Uart2iWriteBuf, "Recei
DRV_USART_WriteBufferAdd(Uart
if(Uart2WriteTransferHandle =

app_drv_usart2Data.state

else

{

app_drv_usart2Data.state
t}weak;
case APP_DRV_USART2 STATE_WRITE !

e Write Complete flag while

\YERETe

ETE:
ransferHandle)

TransferHandle) ( T —

.
3 ¥

READ_WAIT_COMPLETE
¥
WRITE

WRITE_WAIT_COMPLETE

)

ve : %s (DRV_USART2)\r\n", Uart2ReadBuf);

2Handle, Uart2WriteBuf, strlen(Uart2WriteBuf),
&Uart2WriteTransferHandle);

= DRV_USART_BUFFER_HANDLE_INVALID)

APP_DRV_USART2_STATE_ERROR;

APP_DRV_USART2_STATE_WRITE_WAIT COMPLETE;

WAIT_COMPLETE:
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4 Lab12 Multi-Instance UART Communication

* Implement state WRITE_WAIT_COMPLETE

void Uart2TransferHandler( ... )
switch( event )
{ ce
case DRV_USART_BUFFER_EVENT_COMPLETE:

if(bufferHandle == Uart2ReadTransferHandle)
Uart2ReadComplete = true;

if(bufferHandle == Uart2WriteTransferHandle) }———
Uart2WriteComplete = true; { ITT
break;

'Vﬁ
READ_WAIT_COMPLETE
X 2

WRITE

}
void APP_DRV_USART2_Tasks ( void )

switch ( app_drv_usart2Data.state )
case APP_DRV_USART2 STATE WRITE:

case APP_DRV_USART2_STATE_WRITE_WAIT_COMPLETE: State non blocking,while
%f(Uar‘tZWr‘lteComplete == true) Waiting Write Complete

Uart2WriteComplete = false;
app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ;

}
break;
case APP_DRV_USART2_STATE_ERROR:
app_drv_usart2Data.state = APP_DRV_USART2_STATE_IDLE;
break;

case APP_DRV_USART2_STATE_IDLE:
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4 Lab12 Multi-Instance UART Communication

* Compiler and programming your project to EVB.
* Check the UART output from two console in terminal.
* Type any character in console and check the response.

Froject Graph 3'=|
X||_:-J._d.__|_|j_f: ﬁ}'|*lil*|P1ugins: w

EVSYS TIME
: Core
Periphearal Library System Service

. Harmomy Core Service
2 Core Service
TC3 2 RTOS

Peripheral Library SYS_TIME =

M COMS3 - Tera Ter.. — O pod

File Edit Setup Control
DRV USART1: Hello world
Receive : a (DRV USART1)
Receive : b (DRV_USART1)

Window Help

Core Service O

T COM4 - Tera Ter... — U

File Edit

DRV_USART2: Hello world
Receive : 1 (DRV _USART2)

>

Setup Control Window Help

MVMCTEL ' USART

Peripheral Library Drivar

2 Core Service

Receive : 2 (DRV_USART2)

SERCOMS3 Instances = —|+
Peripheral Library Instance O
UART

Paripheral Library

‘ SERCOMZ
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4 Lab12 Multi-Instance UART Communication

* Let’s consider a state machine that could full fill Lab’s request. To receive one character
from console and echo it to opposite console.

Yo — —ay
| wriTe_waiT_com PLE'@ @RITE_WAIT_COMPLETE ]

| WRITE ] E

L — -
S
=
=
—
m

T APP_DRV USARTI Tasks() HE APP_DRV USARTA Tasks) b
| | | |
: [ INIT ] | [ INIT ] :
| v Lo v |
i [ READ ]4— i i —>[ READ ] i
| | | |
| | | |
: —>[ READ_WAIT COMPLETE | READ_WAIT_COMPLETE ]4— :
[ | L o o o s s o e e e e e e e | |
: e e e e e e e e o e s el s ] e s e s e s :
: * * :
i ) |
| |
| |
| |
| |
| |
| |
\ J

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\
' e
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4 Lab12 Multi-Instance UART Communication

e Extern USART1 state and receive buffer in app drv_usartl.h

#ifndef APP_DRV_USART1 H
#define “APP_DRV_USART1 H Extern USART,

state and variable

void APP_DRV_USART1 Initialize ( void );
void APP_DRV_USART1 Tasks( void );
void USART1lprintf( const char *format, ... );

extern APP_DRV_USART1_DATA app_drv_usartlData;
extern char UartlReadBuf[50];

app_drv_usartl.h
e Extern USART2 state and receive buffer in app drv_usart2.h
idefing ~APP DRV USARTZ M Extern USART?

state and variable

void APP_DRV_USART2 Initialize ( void );
void APP_DRV_USART2 Tasks( void );

extern APP_DRV_USART2_DATA app_drv_usart2Data;
extern char Uart2ReadBuf[50];

app_drv_usart2.h
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4 Lab12 Multi-Instance UART Communication

* Include app_drv_usart2.h in app_drv_usartl.c

#include "app_drv_usartl.h" .
#include "app_drv_usart2.h" Include USART 2 header,file
#include "driver/usart/drv_usart.h" -

#include <stdio.h> to get received byte

#include <string.h> - -

3k 3k 3k 3k 3k 5k 5k 3k 5k ok 5k 3k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk ok sk 5k sk ok sk sk sk sk sk sk sk sk sk sk k
Section: Global Data Definitions

3k 3k 3K 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk ok sk sk sk sk sk sk sk sk sk sk k
3k 3k 3k 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk Sk sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk sk k

DRV_HANDLE UartlHandle;
DRV_USART_BUFFER_HANDLE UartlWriteTransferHandle;

NN
NN

app_drv_usartl.c

* Include app_drv_usartl.h in app_drv_usart2.c

#include "app_drv_usart2.h” .
#include "app_drv_usartl.h" . Include USARTJ1lheader,file
#include "driver/usart/drv_usart.h p —

#include <stdio.h> to get received byte
#include <string.h> - /

3k 5k 3k >k 3k sk 5k 5k 3k sk sk 5k 5k 5k sk sk sk 5k 5k 5k sk sk sk 5k 5k sk sk sk 5k 5k 5k >k sk %k 5k 5k sk sk sk 5k 5k 5k >k >k 5k 5k 5k 5k >k sk 5k 5k 5k 5k >k sk 5k 5k 5k 5k >k %k 5k 5k 5k >k %k %k 5k 5k >k %k %k >k >k k k
Section: Global Data Definitions

3k 5k 3k 3k 3k sk 5k 5k 5k sk sk sk 5k 5k sk sk sk 5k 5k 5k sk sk sk 5k 5k 5k sk sk 5k 5k 5k 5k sk sk 5k 5k 5k 5k sk sk 5k 5k 3k >k 3k sk 5k 5k 3k >k sk %k 5k 5k 5k >k sk 5k 5k 5k >k >k %k 5k 5k 5k >k %k 5k 5k >k 5k %k %k >k 5k k
3k 3k 3K 3k 3k 3k 3k 3k 3k 3k 3k 5k 3k 5k 3k 5k 3k 5k 3k 5k sk 5k sk Sk sk 5k 3k Sk sk sk sk sk ok sk sk sk 5k 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk Sk 5k Sk 5k 3k 5k 3k 5k sk 5k 3k 5k sk 5k 3k 5k sk 5k sk sk >k sk sk sk sk sk k

DRV_HANDLE Uart2Handle;
DRV_USART_BUFFER_HANDLE Uart2WriteTransferHandle;

NS
NN

app_drv_usart2.c
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4 Lab12 Multi-Instance UART Communication

* Modify state READ WAIT_COMPLETE in “app_drv_usartl.c”.

void UartlTransferHandler( DRV_USART_BUFFER_EVENT event,
DRV_USART BUFFER_HANDLE bufferHandle, uintptr_t context )

{
switch( event ) ( T )
v
.o e READ
case DRV_USART BUFFER_EVENT COMPLETE:
if(bufferHandle == UartlReadTransferHandle) 2 LA A
UartlReadComplete = true; Fommmmmmmmm e !
bBESk@SART BUFFER EVENT HANDLE EXPIRED e o
case :
. - - - - - [WRITE_WAIT_COMPLETEP qWRITE_WAIT_COMPLETE]
}
}

void APP_DRV_USART1_Tasks ( void ) State self.to READ
{ ?witch ( app_drv_usartlData.state ) for nhext receve

case APP_DRV_USART1 STATE_ READ:
State]JUSART2;toWRITE
APP_DRV_USART1_STATE_READ WAIT COMPLETE:

Case%F(Uar‘tlﬁeadComﬁlete == true) for message OUtpUt

UartlReadComplete = false

app_drv_usartlData.state
app_drv_usart2Data.state

APP_DRV_USART1_STATE_READ;
APP_DRV_USART2_STATE_WRITE;

Il

break;

case APP_DRV_USART1_STATE_WRITE: app drv usartl.c
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* Modify state READ WAIT_COMPLETE in “app_drv_usart2.c”.

void Uart2TransferHandler( DRV_USART_BUFFER_EVENT event,
DRV_USART_BUFFER_HANDLE bufferHandle, uintptr_t context )

{
switch( event ) ( INIT |
[ ]
P READ
case DRV_USART_BUFFER_EVENT_COMPLETE:
if(bufferHandle == Uart2ReadTransferHandle) o READ_WAIT_COMPLETE
Uart2ReadComplete = true; !
bBE\a/kl;JSART BUFFER_EVENT HANDLE EXPIRED e e ]
case :
e - - - - - [WRITE_WAIT_COMPLETEP qWRITE_WAIT_COMPLETE]
}
}
\{/oid APP_DRV_USART2 Tasks ( void ) State Se|f toREAD
switch ( app_drv_usart2Data.state ) for.next recejve

case APP_DRV_USART2_ STATE_READ:

State USART14to ,WRITE

case APP_DRV _USART2 STATE _READ WAIT COMPLETE:
if(Uart2ReadComplete == true) for Mmessage OUtpUt

Uart2ReadComplete = false

app_drv_usart2Data.state
app_drv_usartlData.state

APP_DRV_USART2_STATE_READ;
APP_DRV_USART1_STATE_WRITE;

Il

break;

case APP_DRV_USART2_STATE_WRITE: app drv usart2.c
@Mlcnocmp
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* Modify state WRITE in “app_drv_usartl.c”.

void UartlTransferHandler( ... )
?witch( event )
case DRV_USART_BUFFER_EVENT COMPLETE: [ — ]
if(bufferHandle == UartlReadTransferHandle) READ
UartlReadComplete = true;
if(bufferHandle == UartlWriteTransferHandle) I Ao R o
UartlWriteComplete = true; !
break; ( WRITE | | WRITE ]

} [WRITE_WAIT_COMPLETEP qWRITE_WAIT_COMPLETE]

void APP_DRV_USART1 Tasks ( void )

received byte

switch ( app_drv_usartlData.state ) - e
{ INUSART,

case APP_DRV_USART1_STATE_WRITE:
sprintf(UartlWriteBuf, "Receive : %s (DRV_USART2)\r\n", Uart2ReadBuf);
DRV_USART WriteBufferAdd(UartlHandle, UartlWriteBuf, strlen(UartlWriteBuf),
&UartlWriteTransferHandle);
if(UartlWriteTransferHandle == DRV_USART_BUFFER_HANDLE_INVALID)

app_drv_usartlData.state = APP_DRV_USART1_STATE_ERROR;

else
: app_drv_usartlData.state = APP_DRV_USART1_STATE_WRITE_WAIT_COMPLETE;
break;
case APP_DRV_USART1_STATE_WRITE_WAIT COMPLETE: app_d rv_usartl.c
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4 Lab12 Multi-Instance UART Communication

* Modify state WRITE in “app_drv_usart2.c”.

void Uart2TransferHandler( ... )

switch( event )

{ e INIT
case DRV_USART_BUFFER_EVENT COMPLETE: I 7 ]
if(bufferHandle == Uart2ReadTransferHandle) ( READ Eﬂ
Uart2ReadComplete = true;
if(bufferHandle == Uart2WriteTransferHandle) e A
Uart2WriteComplete = true; Fmmmmmmmmm s s !
break; | WRITE ] | WRITE )

[WRITE_WAIT_COMPLETEP qWRITE_WAIT_COMPLETE]

}

void APP_DRV_USART2 Tasks ( void ) :
{ , Output USART1}received byte}
switch ( app_drv_usart2Data.state ) S

case APP_DRV_USART2_STATE_WRITE:
sprintf(Uart2WriteBuf, "Receive : %s (DRV_USART1)\r\n", UartlReadBuf);
DRV_USART WriteBufferAdd(Uart2Handle, Uart2WriteBuf, strlen(Uart2WriteBuf),
&Uart2WriteTransferHandle);
if(Uart2WriteTransferHandle == DRV_USART_BUFFER_HANDLE_INVALID)

app_drv_usart2Data.state = APP_DRV_USART2_STATE_ERROR;

else
: app_drv_usart2Data.state = APP_DRV_USART2_STATE_WRITE_WAIT_COMPLETE;
break;
case APP_DRV_USART2_STATE_WRITE_WAIT COMPLETE: app_d rv_usart2.c
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4 Lab12 Multi-Instance UART Communication

* Modify state WRITE_WAIT_COMPLETE in “app_drv_usartl.c”.

void UartlTransferHandler( ... )

switch( event )

{ INIT
case DRV USART_BUFFER_EVENT_COMPLETE: l ¥ ]
if(bufferHandle == UartlReadTransferHandle) READ
UartlReadComplete = true;
if(bufferHandle == UartlWriteTransferHandle) KD AT CovPET

UartlWriteComplete = true;

break; ( WRITE
} (write_warr COMPLETEP
void APP_DRV_USART1 Tasks ( void )
{

switch ( app_drv_usartlData.state )
case APP_DRV_USART1 STATE WRITE:

case APP DRV_USART1 _STATE_WRITE_WAIT_COMPLETE:
if(UartlWriteComplete == true)

UartlWriteComplete = false;

WRITE |

:|WRITE WAIT. COMPLETE]

ALY app_drv _usartlData.state = APP_DRV_USART1_STATE_READ_ WAIT_COMPLETE;

break;

case APP_DRV_USART1_STATE_ERROR:
app_drv_usartlData.state = APP_DRV_USART1 STATE_ IDLE;
break;

case APP_DRV_USART1_STATE_ IDLE: app drv usartl.c
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4 Lab12 Multi-Instance UART Communication

* Modify state WRITE_WAIT_COMPLETE in “app_drv_usart2.c”.

void Uart2TransferHandler( ... )
?witch( event )
case DRV_USART_BUFFER_EVENT_COMPLETE: [ IN&IT ]
if(bufferHandle == Uart2ReadTransferHandle) READ
Uart2ReadComplete = true;
if(bufferHandle == Uart2WriteTransferHandle) I READ_WAIT_COMPLETE
Uart2WriteComplete = true; !
break; | WRITE WRITE )

} (WRITE_wAIT COMPLETEP qWRITE WAIT_COMPLETE|

void APP_DRV_USART2 Tasks ( void )
{

switch ( app_drv_usart2Data.state )

case APP_DRV_USART2_ STATE WRITE:

case APP DRV_USART2_STATE_WRITE_WAIT_COMPLETE:
if(Uart2iWriteComplete == true)

Uart2WriteComplete = false;
LRy app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ_WAIT_COMPLETE;

break;
case APP_DRV_USART2_STATE_ERROR:

app_drv_usart2Data.state = APP_DRV_USART2_ STATE_ IDLE;
break;

case APP_DRV_USART2_STATE_IDLE: app drv usart2.c
A8\ MicrocHip



4 Lab12 Multi-Instance UART Communication

* Compiler and programming your project to EVB.
* Check the UART output from two console in terminal.
* Type any character in console and check the response.

Froject Graph 3'€|
X|n__dn_a.__|._§._;l ﬁ}|*lilr|P1ugins: v

vl COM3 - Tera Ter... — U X

File Edit
DRV USART1: Hello world

Receive : 1 (DRV _USART2)
Receive : 2 (DRV_USART2)

Setup Control Window Help

EVSYS TIME
i Core
Peripheral Library System Service

o Core Service
TC3 o RTOS

Peripheral Library SYS_TIME ©

Harmomy Core Service

Core Service O

v COMA4 - Tera Ter... — U X

Setup Control

File Edit

DRV _USART2: Hello world
Receive : a (DRV USART1)

Window Help

NVMCTRL m USART

Peripheral Library Diriver

& Core Sernvice

Receive : b (DRV_USART1)

SERCOMS Instances = —+

Peripheral Library Instance 0
UART
( INIT ] | INIT )
(3 3
READ READ Peripheral Library
READ_WAIT_COMPLETEE] EREAD_WAIT_COMPLETE
1

________________ )
e e

¥ ¥
WRITE WRITE
(WRITE_WAIT_COMPLETE RITE_WAIT_COMPLETE]
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4 Lab12 Multi-Instance UART Communication

* To implement a raw bytes write function of USART2 in app_drv_usart2.c
* This function is different to the string operation of USART1printf()

app_drv_usart2.c

DRV_HANDLE Uart2Handle;

DRV_USART_BUFFER_HANDLE Uart2WriteTransferHandle;
DRV_USART_BUFFER_HANDLE Uart2ReadTransferHandle;
volatile int Uart2WriteComplete = false;

volatile int Uart2ReadComplete = false;

char Uart2WriteBuf[50];

char Uart2ReadBuf[50];

APP_DRV_USART2_DATA app_drv_usart2Data;
void USART2write( unsigned char *pdata, int len )
if( len > 0 & & len < sizeof(Uart2WriteBuf) )
memcpy (Uart2WriteBuf, pdata, len);

DRV_USART_WriteBufferAdd(Uart2Handle, Uart2WriteBuf,
len, &Uart2WriteTransferHandle);

while( DRV_USART_BufferStatusGet(Uart2WriteTransferHandle)!=
DRV_USART_BUFFER_EVENT_COMPLETE ) {}

}
}

void Uart2TransferHandler( DRV_USART BUFFER_EVENT event, ... ) { ... }
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4 Lab12 Multi-Instance UART Communication

* Replace “DRV_USART2: Hello World” output by use USART2write()

void APP_DRV_USART2 Tasks ( void ) app drv usart2.c

switch ( app _drv_usart2Data.state )

case APP_DRV_USART2_STATE_INIT:
Uart2Handle = DRV_USART Open(DRV_USART INDEX_ 1, DRV_IO INTENT READWRITE);
if(Uart2Handle == DRV_HANDLE_INVALID)

{
app_drv_usart2Data.state = APP_DRV_USART2 STATE ERROR;

?lse
USART2write((unsigned char*)"DRV_USART2: Hello world\r\n", 25);
// sprintf(Uart2WriteBuf, "DRV_USART2: Hello world\r\n");
// DRV_USART_WriteBufferAdd(Uart2Handle, Uart2WriteBuf, strlen(Uart2WriteBuf),
// &Uart2WriteTransferHandle);
// while( DRV_USART_BufferStatusGet(Uart2WriteTransferHandle)!=
// DRV_USART_BUFFER_EVENT _COMPLETE ) {}
DRV_USART BufferEventHandlerSet(Uart2Handle, Uart2TransferHandler, 0);
app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ;

* Declare prototype in app_drv_usart2.h for external reference use.
void APP_DRV_USART2 Tasks( void );

app_drv_usart2.h

void USART2write( unsigned char *pdata, int len );
extern APP_DRV_USART2_DATA app_drv_usart2Data;
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Harmony Driver
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12C Driver Library

* Introduction
This driver library provides application ready routines to read and write data using the [%C
protocol, thus minimizing developer’s awareness of the working of the I°C protocol.

 Supports I1°C master functionality.

* Provides write, read and write-read transfers.

e Support multi-client and multi-instance operation.

* Provides data transfer events.

* Supports Asynchronous and Synchronous modes of operation.
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12C Driver Library

Project Graph x |

Configuration Options X]

=1 [+

4= |Plugins:

y diwd Faf § K
EVSY | Device Family Pack (OFP) |
: | System |

Peripheral Library
MEMORY

Driver,State Machine

- Core
[i}-Generate Harrmony Application Files
é}--ﬁpplicatiuﬂ Configuration
%----Numher of Applications IE
Iél--ﬂ:uplicatiun 0 Configuration
~Application Mame :aDD_dI‘\’_iEC
-AEEE Aaplication name must be valid C-Langu

-~ Generate Harmony Driver Common Files
- @enerate Harmony System Service Corrmon Files

-~ GFenerate Harmony System Media Files |:|
-~Enable System Interrupt

Configuration Options x]

=]

E-T12C
~~PLIB Used SERCOM3
- Numnber of clients 1=
“Transfer Queue Size EE

@ MICROCHIP



12C Driver Library

API functions of the 12C Driver library.

System Functions
DRV_I2C_lInitialize
DRV_I2C_Status

Core Client Functions
DRV_I2C_Open
DRV_I2C_Close
DRV_I2C_TransferSetupSets
DRV_I2C_TransferEventHandlerSet

Data Transfer Functions
DRV_I2C_ReadTransfer
DRV_I2C_ReadTransferAdd
DRV_I2C_WriteTransfer
DRV_I2C_WriteTransferAdd
DRV_I2C_WriteReadTransfer
DRV_I2C_WriteReadTransferAdd
DRV_I2C_TransferStatusGet
DRV_I2C_ForcedWriteTransfer
DRV_I2C_ErrorGet
DRV_I2C_ForcedWriteTransferAdd

Initializes the 12C instance for the specified driver index.
Gets the current status of the 12C driver module.

Opens the specified 12C driver instance and returns a handle to it.
Closes an opened-instance of the 12C driver.
the dynamic transfer setup of the driver.

Allows a client to identify a transfer event handling function for
the driver to call back when queued transfers have finished.

This is a blocking function that performs a 12C read operation.
Queues a read operation.

This is a blocking function that performs a 12C write operation.
Queues a write operation.

A blocking function that performs a 12C write followed by a 12C read operation.

Queues a write followed by read operation.

Returns the status of the write/read/write-read transfer request.

This is a blocking function that performs a 12C write operation.

Gets the 12C hardware errors associated with the the transfer request.
Queues a write operation.
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12C Driver Library

API functions of the 12C Driver library. (cont.)

* Data Types and Constants

DRV_I2C_TRANSFER_HANDLE Handle identifying a read, write or write followed by read transfer
passed to the driver.
DRV_I2C_TRANSFER_EVENT Identifies the possible events that can result from a buffer add request.

DRV_I2C_TRANSFER_EVENT_HANDLER Pointer to a 12C Driver Transfer Event handler function
DRV_I2C_TRANSFER_HANDLE_INVALID Definition of an invalid transfer handle.

@ MICROCHIP



12C Driver Library

PLIB SERCOM I2C pad configurations.

PAD[0] PAD[1] PAD[2] PAD[3] PMUX

SERCOMO

SERCOM1

SERCOM2

SERCOM3

SERCOM4

SERCOM5

O 06 0O 0O 600 n O 600 o O

PAD[O]
PAD[1]
PAD[2]
PAD[3]

Digital I/O  SDA
Digital IO SCL
Digital I/O SDA_OUT (4-wire operation)
Digital /O SCL_OUT (4-wire operation)
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* Lab 13
Single-Client 12C
Digital Temperature Sensor

|2C Driver Library
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% Lab13 Single-Client 12C Digital Temperature Sensor

* Try add 12C Driver through PLIB SERCOM3 I12C to communication the on-board

Digital Temperature Sensor MCP9800AS5T.

* MCP9800 configuration:

SDA connect to PA22 (SERCOM3 PADO)
SCL connect to PA23 (SERCOM3 PAD1)
Slave address is 0x4D.

TA register address is 0x00.

Result

T, = Code x 2—4
Ta = Ambient Temperature (°C)
Code = MCP9800 output in decimal

(TA[©]<<4|TA[1]>>4)/16

Register
Pointer
P1 PO

MSB/
LSB

Bit Assignment

7 6

5

4

3

Ambient Temperature Register (T&)
Bo

00

MSB Sign 2%°C 2°°C 2%C 29°C
LSB 2-1oC 22°C 2-3°C 24C 0

SDA

MCP9800A
SCL

| PA22 sercoms pADO

SAMD21
PA23 sercoms pap1

TA[O]
TA[1]
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

 Add I12C Driver and attach PLIB SERCOMS3 as its hardware.

Device Resources | Content Manager Project Graph x|

¥ Libraries * p_4 ||3 RYERRE4 |*Iil* |P1ugins: -

v ) Harmony
e ————— Peripheral Library Systern Service .
,_\_F} |2C o Core SEML‘E Harmomy Core Service
TC3 2 RTOS
» 12C EEPROM Peripheral Library SYS_TIME © Core Service ©
O MEMORY MR MR
) spl e 12C Attach
Peripheral Library Crriver
b SPI EEPROM | MEMORY o core service LA SIS =1 R{@{O]\Y K]
» SPIFLASH SERCOM3 Instances [ =—F to 12C Driver
> SQI Flash Peripheral Library Instance 0
- 12c <3l 12C
) USART

DRV_I2C

Configuration Options x]

= Configuration Options = |
E}"S.ERCOME E E
E-Selact SERCOM Operation Mode |12 Master “

~Transfer Speed Mode STANDARD_AND_FAST MOCDE -~ =120

?----Enable operation in Standby rmode |:| E*""F‘LIE‘: IUsed SERCOMA
--5DA& Hald Time 50-100ns hold time  ~ .

) = ~~Mumber of clients

~12C Speed in KHz 1005 _

12(: Trise in nhano seconds ool ® | Transfer Queue Size

“-Enable 10-hit Addressing |:|
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* Enable PLIB SERCOMS3 pads of 12C Driver Instance 0.

Project Graph "‘l
X|EIE R R f|*lil*!13'1ugins: _'
Event Svstem Configurats

Device FEI'I'Iihf Pack [D'FP} Vet ~siem LLonlignra

W IC Configuration
Clock Configuration

DA Configuration

Peripheral Library
Peripheral Library

MNVMCTEL
Peripheral Library
MEMORY

Configure PA22 as'SERCOM3%PADO
= - Wﬁ# —
Configure'PA23'as'SERCOM3IPAD1
Fromect Graph* Fin Diagram XI Fin Table =
T Table View Easy"u’i?

Fin

SERCOMZ
Peripheral Library

P ID Custom Mame Function Mode Direction Latch  FPoll Up Full Cirive
IMumber
Tlowrn Streneth
31 PAZ2 SERCOM3_PADD v%l: Digital High Impedance - nda [] [] | m~NORMAL
32 PAZ3 SERCOM3 _PAD1 v}[ Digital High Impedance - nda [] [] |m~NORMAL -~
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “3” and
given the Application Name to “app_drv_i2c1”.

Froject Graph = l

X|@GEEE f|*|il*|P1ugins: iy

Eo e
Peripheral Library o e -
TC3 2 RTOS
Peripheral Library Core Service ©
T™MR e
MVMCTEL [12C
Peripheral Library Diriver
MEMORY o Core Service

SERCOM3 Instances -— —+

Peripheral Library Instance 0
I2C I2c

DRV_I2C

Rename file to “app_drv_i2c1”

Configuration Options "‘]
Increase Number,of Application
= Core

I_‘iJ--Generate Harmany application Files

E}--ﬂpplicatiun Configuration

~MNumber of Applications BJ
E-Application 0 Configuration

-Enahle Application 0 Configuration

- ppplication Name app_drv_usart]

-HEEE Annlication name must be valid C-Language i
E-Application 1 Configuration

- Enahle Application 1 Configuration
- ppplication Name app_drv_usarts

-HEEE Annlication name must be valid C-Language i

E-Application 2 Configuration
—Enable Application 2 Configuration [v]
~fpplication Name ’ﬂDD_dT"?_iE'Cl

-HEEE Annlication name must be valid C-Language i

- Generate Harmony Driver Common Files

- GFenerate Harmony System Service Camrmon Files
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* The state machine we want to implement in “app _drv _i2cl.c” as below.

s Emmm——— \

: Initialize statei APP_DRV_I2C1_Initialize()
T I--------------------------ZP-P-D-R;TZE;'I;;G—()-|

|

| INIT | :
I ) l .
| Y :
| |
: —|  WRITE_READ_9800 ERROR ] |
|
| |
| |
| WAIT_COMPLETE_9800 [ mmi
N e e e e i /
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* Add more states in “app_drv _i2cl1.h”.

#ifndef

#define _

#include
#include
#include
#include
#include

APP_DRV_I2C1 H
APP_DRV_I2C1_H

<stdint.h>
<stdbool.h>
<stddef.h>
<stdlib.h>
"configuration.h"

typedef enum

APP_DRV_I2C1_STATE_INIT=,

Comment out this line W24

APP_DRV_I2C1_STATE

WRITE_READ_9800,

APP_DRV_TI2C1_STATE_WAIT_COMPLETE_9800,

APP_DRV_I2C1_STATE
APP_DRV_I2C1_STATE

ERROR,
IDLE,

} APP_DRV_I2C1_STATES;

typedef struct

APP_DRV_I2C1_STATES state;

} APP_DRV_I2C1 DATA;

void APP_
void APP_

DRV_I2C1 Initialize ( void );
DRV_I2C1 Tasks( void );

You could remove the

SERVICEATASKS’state

| INIT

J—

! 1

WRITE_READ_9800

WAIT_COMPLETE_9800

ERROR

IDLE
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* Construct new states flow of task in “app_drv _i2cl.c”.

/******************************************************************************

Function: : -
“Void APP DRV I2C1 Tasks ( void ) Overwrite original example'code

Remarks:
See prototype in app _drv_i2cl.h.
*/
void APP_DRV_I2C1 Tasks ( void )
{
switch ( app_drv_i2clData.state )
case APP_DRV_I2C1_STATE_INIT:
app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ 9800;
break;
case APP_DRV_I2C1_STATE_WRITE_READ_9800:
app_ drv i2clData.state = APP DRV I2C1_STATE_WAIT_COMPLETE_9800;
break;
case APP_DRV_I2C1_STATE_WAIT_COMPLETE_9800:
app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ_9800;
break;
case APP_DRV_I2C1_STATE_ERROR:
app_drv_i2clData.state = APP_DRV_I2C1_STATE_IDLE;
break;
INIT
case APP_DRV_I2C1_STATE_IDLE: L T ) ]
brea k; WRITE_READ_9800 ERROR
} } WAIT_COMPLETE_9800 IDLE
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* Header include and Global Declarations in “app_drv_i2cl1.c”.

[ETAMYY #include ™ d i2cl.h"
e T e Include app¥drviusart1'h

#include "driver/i2c/drv_i2c.h"
include “driver/i2c/drv_i2c for,debug message output

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

// 3k 3k 3K 3k 5k 5k 5k 3k 5k 5k 5k 5k sk 5K 3k 5k 3k 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk ok sk sk sk sk sk sk sk sk sk sk k
// 3k 3k 3k 3k 3k 5k 5k 3k 5k ok 5k 3k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk ok sk 5k sk ok sk sk sk sk sk sk sk sk sk sk k
// Section: Global Data Definitions

// 3k 3k 3K 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk ok sk sk sk sk sk sk sk sk sk sk k
// 3k 3k 3k 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk Sk sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk sk k

#define MCP9800_ADDRESS 0x4D
#define MCP9800 REG_TA ©x0

DRV_HANDLE I2ClHandle_9800;
DRV_I2C_TRANSFER_HANDLE I2ClWriteReadHandle_ 98600;
volatile int I2ClComplete 9800 = false;

char I2CiWriteBuf_9800[207;

char I2C1ReadBuf_9800[20];

// 3k 3k 3k 3k 3k 3k 3k 5k sk >k 5k 3k 5k sk 3k 5k sk 3k 5k 3k 3k 3k >k 5k Sk >k 5k sk ok Sk 3k 5k Sk 3k 5k 3k 3k 3k >k 5k Sk >k 5k 3k 3k Sk 3k 5k Sk 3k 5k 3k 3k 3k 3k 5k 3k >k 5k 3k >k Sk >k 5k Sk >k 5k 3k >k 3k >k 5k 3k >k 5k k %k
/* Application Data

Summary:
Holds application data

Description:
This structure holds the application's data.

7
APP_DRV_I2C1_DATA app_drv_i2clData;
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* Implement Driver Transfer Handler Callback Function.

APP_DRV_I2C_DATA app_drv_i2clData;

// 3k 3k sk 3k 3k 5k 5k 5k 3k Sk sk sk sk 3k 3k ok 5k 5k Sk sk sk sk 3k 3k 3k 5k 5k 3k Sk sk sk sk 3k 3k 3k 5k 5k Sk sk sk sk sk 3k sk 5k 5k Sk Sk sk sk sk 3k 3k 5k ok 5k 3k Sk sk sk sk 3k >k 5k 5k 5k Sk sk sk sk >k >k >k ok ok ok >k
// 3k sk sk 3k 3k 5k 5k 5k 3k sk sk sk sk 3k 3k 5k 5k 5k 3k sk sk sk 3k 3k 3k 5k 5k 3k sk sk sk 3k 3k 3k 5k 5k 3k sk sk sk sk 3k 3k ok 5k Sk sk sk sk sk sk sk ok 5k 5k sk sk sk sk sk 3k ok ok 5k ok sk sk sk sk sk sk sk sk sk sk sk k
// Section: Application Callback Functions

// 3k 3k 3k 3k 3k 5k 5k 5k 3k Sk Sk 3k 3k 3k 3k ok 5k 5k Sk sk sk 3k 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk sk 3k 3k 5k 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k Sk sk sk >k 3k >k sk ok ok ok >k
// 3k 3k sk 3k 3k 5k 5k 5k 3k sk sk sk sk sk 3k ok ok 5k Sk sk sk 3k 3k 3k 3k ok 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk sk 3k 3k ok 5k Sk Sk sk sk sk 3k 3k ok ok 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k ok sk sk >k 3k >k sk ok ok 5k >k
/o)

id I2C1TransferHandler_9800( DRV_I2C_TRANSFER_EVENT event,
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

switch( event )

{

case DRV_I2C_TRANSFER_EVENT_PENDING: break;

case DRV_I2C_TRANSFER_EVENT_COMPLETE:
I2C1Complete_9800 = true;
break;

case DRV_ IZC _TRANSFER_EVENT_HANDLE_EXPIRED:

case DRV I2C TRANSFER EVENT ERROR:

case DRV I2C TRANSFER EVENT HANDLE_INVALID:
app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;
break;

3k 3k 3k 3k 3k ok 5k 5k Sk sk sk sk sk 3k 3k 5k 5k 5k Sk sk sk sk 3k 3k 3k ok 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk sk 3k 3k ok ok 5k Sk Sk sk sk sk 3k 3k ok ok 5k Sk sk sk >k 3k >k sk ok ok 5k sk
3k 3k sk 3k 3k ok 5k 5k Sk sk sk sk sk 3k sk ok 5k 5k Sk sk sk sk 3k 3k 3k ok 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk sk 3k 3k 5k ok 5k Sk sk sk sk sk 3k 3k 5k ok 5k Sk sk sk >k 3k >k sk ok ok 5k sk
Section: Application Local Functions

3k 3k 3k 3k 3k 5k 5k 5k Sk sk Sk 3k sk 3k sk ok 5k 5k Sk sk sk sk 3k 3k 3k ok 5k Sk Sk sk sk 3k 3k 3k sk 5k 5k Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk sk 3k 3k 5k ok 5k Sk Sk sk sk sk 3k 3k ok 5k 5k Sk sk sk >k 3k >k sk ok ok 5k >k
3k sk sk 3k 3k 5k 5k 5k Sk sk sk sk sk sk sk ok 5k 5k Sk sk sk sk 3k 3k sk ok 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk sk 3k 3k ok 5k 5k Sk Sk sk sk sk 3k 3k 5k ok 5k Sk sk sk >k 3k >k sk ok ok 5k >k

NN
NN
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* Driver Open in state INIT and handling error state message. ERROR
void APP_DRV_I2C1_Tasks ( void )

?witch ( app_drv_i2clData.state ) Open Driver

case APP_DRV_I2C1_STATE_INIT:

I2C1HandIe_9800 = DRV_I2C_Open(DRV_I2C_INDEX_©, DRV_IO_INTENT_READWRITE);
if(I2C1Handle_9800 == DRV_HANDLE_INVALID)
{

app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;

break; T - a ’ Register Callback

DRV_I2C_TransferEventHandlerSet(I2ClHandle_9800, I2ClTransferHandler_9800, 0);

app_drv_i2clData.state = APP_DRV_I2C1 STATE_WRITE_READ 9800;
break;

case APP_DRV_I2C1_STATE_WRITE_READ_9800:

app_ de i2clData.state = APP DRV I2C1_STATE_WAIT _COMPLETE_9800;
break;

case APP DRV I2C1_STATE_WAIT_COMPLETE_9800:

app_ de i2clData.state = APP DRV_ IZCl STATE_WRITE_READ 9800;
break;

case APP_DRV_I2C1 STATE_ERROR: Handling error,state message
USART1printf("DRV_I2C1 error!\r\n");

app_drv_i2clData.state = APP_DRV_I2C1 STATE_IDLE;
break;

| INIT l_l
)

WRITE_READ_9800 ERROR

case APP_DRV_I2C1 STATE_IDLE:
break;

WAIT_COMPLETE_9800 IDLE
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* Driver Write followed by Read in state WRITE_READ 9800

void APP_DRV_I2C1_Tasks ( void )
switch ( app_drv_i2clData.state )
case APP_DRV_I2C1 STATE_INIT:
break;
case APP_DRV_I2C1_STATE_WRITE_READ_ 9800:
I2C1WriteBuf_9800[0] = MCP9800 REG_TA;
DRV_I2C_WriteReadTransferAdd( IZC1Hand1e 9800, MCP9800_ADDRESS,

I2C1WriteBuf_9800, 1, I2C1ReadBuf. _9800, 2, ~8&I2CIWriteReadHandle _9800 );
if(I2CiWriteReadHandle_9800 == DRV I2C_TRANSFER_| HANDLE _INVALID)

{
app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;
break;
}
[ETXAMY app drv_i2clData.state = APP_DRV_I2C1_STATE_WAIT_COMPLETE_9800;
break;

case APP _DRV_TI2C1 STATE_WAIT COMPLETE_9800:
app_ de i2clData.state = APP DRV _ T2C1 _STATE_WRITE_READ_9800;
break;

case APP_DRV_I2C1 STATE ERROR:

Bﬁéak;
INIT
case APP_DRV_I2C1 STATE IDLE: L T ) ]
break 5 WRITE_READ_9800 ERROR
} } WAIT_COMPLETE_9800 IDLE
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% Lab13 Single-Client 12C Digital Temperature Sensor

* Sensor read complete check in state WAIT _COMPLETE_9800

void APP_DRV_I2C1_Tasks ( void )
¢ switch ( app_drv_i2clData.state )
case APP_DRV_I2C1_STATE_INIT:
break;
case APP_DRV_I2C1_STATE_WRITE_READ 9800:

app_drv_i2clData.state = APP_DRV_I2C1 STATE WAIT COMPLETE_9800;
break;

case APP_DRV_I2C1_STATE_WAIT_COMPLETE_9800:
if(I2C1Complete_9800 == true)

I2C1Complete_9800 = false;
USART1printf("Temp = %2.1f\r",
(float) ((I2C1ReadBuf 9800[0]<<4)| (I2C1ReadBuf_9800[1]>>4))/16.0f);
app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ 9800;
k}Jr‘eak;

case APP_DRV_I2C1 _STATE_ERROR:

Bﬁéak;
INIT
case APP_DRV_I2C1 STATE IDLE: L T ) ]
break 5 WRITE_READ_9800 ERROR
} } WAIT_COMPLETE_9800 IDLE
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% Lab13 Single-Client 12C Digital Temperature Sensor

* Compiler and programming your project to EVB.
* Check the UART output in console. (To do Power Cycle of the EVB might be necessary to reset the 12C device !)

Froject Graph ch| |
x|n_:ﬂ.n_a.__|._|_j.j ’-'|}|*IiI~|P1ugins: r

E"U’S"I"S TIME
F'a'lpheral Library Systermn Service

¥ COMS3 - Tera Ter... — ] .

File Edit Setup Control Window Help

DRV _USART1: Hello world
Temp = 28.0

Core

Harmomy Core Service

' Core Service
2 RTOS
F'erlpheral lerar'.-' SYS_TIME © Core Service O
TMR

MNYMCTRL 12C
Peripheral Library Diriver

MEMORY O Core Service

SERCOM3 - Instances =+

Peripheral Library Instance 0 —

INIT
!
WRITE_READ_9800 ERROR
WAIT_COMPLETE_9800 IDLE
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¢ Lab 14
Multi-Client 12C Serial EEPROM

|2C Driver Library
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4 Lab14 Multi-Client 12C Serial EEPROM

* Try add another APP Client of 12C Driver to communication the on-board
Serial EEPROM 24AA025E64.

* Write one byte “0x24“ to target word address 0x00 in state INIT.

 Random Read it back and output to UART console.
e 24AA025E64 configuration:

- SDA connect to PA22 (SERCOM3 PADO) T conto e - s
» SCL connect to PA23 (SERCOM3 PAD1) A S N S
* Slave address is 0x50. o U] 'h"""'h"""'ﬂ
C C C
K
BYTE WRITE
5 S
: SERCOM3 PADO ; Control Word l Control Dat -|S—
R Byte Address (n) R Byte ata (n) Q
24AA025E64 SAMDZ]. A= = T T |f| T T [ |T| T F
H m | [ I I I S m [ [ Y | |E|
‘ SERCOM3 PAD1 A A A N
C C C O
K K K A
RANDOM READ <
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4 Lab14 Multi-Client 12C Serial EEPROM

* Increase “Number of clients” to “2” in 12C Driver Instance 0.

Froject Graph "‘l Citon O l
. ' uration Options =
x|m-ﬁ..f|*@|?1ugms: - EE‘LE

=12C
EVSYS ~PLIB Used SERCCOM3
Peripheral Library [ ;

Nurnber of clients
Peripheral Library —

TMR

| Add Number,of.clients to 2

Transfer Quele Size

!
QL e

Peripheral Library

EEPROM
MEMORY

Task

SERCOMZ i |
Peripheral Library Instance 0
I - T2C

DRV_I2C 1»

SERCOM3
PLIB

MCP9800 24AA025

@ MICROCHIP



4 Lab14 Multi-Client 12C Serial EEPROM

* The state machine we want to modify in “app_drv_i2cl1.c” as below.

|\ _____ i _____ 'l
S 2 APP_DRV _I2C1 Tasks()
I )| I
| [ INIT J :
| ! ] i
1
i —|  WRITE_READ_9800 | R |
1 1
1
i | [ wAIT_compLETE_9800 !
i : ; i
' | [ wriTe_ReaD_24AA || ERROR ]
1 1
I 1
1 1
' { waIT_compLeTe_24AA | | mml
. ,’
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4 Lab14 Multi-Client 12C Serial EEPROM

* Insert two states for EEPROM in “app_drv_i2c1.h”.

#ifndef APP DRV I2C1 H
#define “APP_DRV_I2C1 H

#include <stdint.h>
#include <stdbool.h>
#include <stddef.h>
#include <stdlib.h>
#include "configuration.h"

Eypedef enum

APP_DRV_I2C1 STATE_INIT=0,
// APP_DRV_I2C1_STATE_SERVICE_TASKS,
APP DRV _I2C1 STATE _WRITE_READ 9800,
APP_DRV_I2C1 STATE_WAIT COMPLETE_ 9800,
APP_DRV_I2C1_STATE_WRITE_READ_24AA,
APP_DRV_I2C1_STATE_WAIT_COMPLETE_24AA,
APP_DRV_I2C1_STATE_ERROR,
APP_DRV_I2C1 STATE_IDLE,

} APP_DRV_I2C1_STATES;

typedef struct

APP_DRV_I2C1_STATES state; ( — —

¥
WRITE_READ_9800
'Vﬁ
WAIT_COMPLETE_9800
¥
WRITE_READ_24AA

} APP_DRV_I2C1 DATA;

void APP DRV _I2C1 Initialize ( void );

—

WAIT_COMPLETE_24AA
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4 Lab14 Multi-Client 12C Serial EEPROM

* Construct new states flow of task in “app_drv _i2cl.c”.

void APP_DRV_I2C1 Tasks ( void )

{

switch ( app_drv_i2clData.state )

case APP_DRV_I2C1_STATE_INIT:

Modify this Line
}
break;

case APP_DRV_I2C1_STATE_WRITE_READ 24AA:
app_drv_i2clData.state = APP_DRV_I2C1 STATE_WAIT COMPLETE_24AA;

break;

case APP_DRV_I2C1_STATE_WAIT_COMPLETE_24AA:
app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ 9800;

break;

app_drv_i2clData.state =
break;

case APP DRV I2C1_STATE_WRITE_READ 98600:
app_ de i2clData.state = APP DRV I2C1_STATE_WAIT _COMPLETE_9800;

break;

case APP_DRV_I2C1_STATE_WAIT_COMPLETE_980@:

app_drv_i2clData.state

case APP_DRV_I2C1_STATE_ERROR:

case APP DRV_I2C1 STATE_ IDLE:

}

break;

app_drv_i2clData.state = APP_DRV_I2C1 STATE_IDLE;
break;

APP_DRV_I2C1_STATE_WRITE_READ 9800;

| INIT P

¥
WRITE_READ_9800
'Vﬁ

WAIT_COMPLETE_9800

2

WRITE_READ_24AA

-—

WAIT_COMPLETE_24AA

Change next stateto,WRITESREAD¥24AA

APP_DRV_I2C1 STATE_WRITE_READ 24AA;
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4 Lab14 Multi-Client 12C Serial EEPROM

* Header include and global declarations in “app _drv_i2cl.c”.

#include "app_drv_i2cl.h”
#include "app_drv_usartl.h"

#include "dﬁEVer‘/TZC/dr‘v_iZC.h" |nC|de SyStem Tlme ervice

include - : c.h J _
I oty e for,the'Delay,function

#include <string.h>

// 3k 3k 3k 3k 3k 5k 5k 3k 5k ok 5k 3k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk ok sk 5k sk ok sk sk sk sk sk sk sk sk sk sk k
3k 3k 3K 3k 5k 5k 5k 3k 5k ok 5k 3k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk k k
Section: Global Data Definitions

3k 3k 3k 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk Sk sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk sk k
// 3k 3k 3k 3k 5k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk k k

#define MCP9800 ADDRESS ©x4D
#define MCP9800 REG TA 0x0
#define MCP24AA_ADDRESS 0x560

NN
NN

DRV_HANDLE I2ClHandle 98600;
DRV_I2C_TRANSFER_HANDLE IZClWPlteReadHandle _9800;
volatile int I2CIComplete 9800 = false;

char I2ClWriteBuf_9800[20];

char I2C1ReadBuf_9800[20];

DRV_HANDLE I2ClHandle_24AA;

DRV I2C_TRANSFER_ HANDLE IZC1Wr1teReadHand1e 24AA;
volatile int I2CIComplete 24AA = false;

char I2CiWriteBuf_24AA[207;

char I2C1ReadBuf_24AA[20];

// 3k 3k 3k 3k 3k 3k 3k 5k sk >k ok 3k 5k sk 3k 5k 3k 3k 5k 3k 3k 3k >k 5k sk >k 5k >k 5k Sk 3k 5k 3k >k 5k sk 3k 3k 3k 5k Sk 3k 5k 3k 3k Sk 3k 5k 3k 3k 5k 3k 3k 3k 3k 5k 3k >k 5k 3k >k Sk 3k 5k 3k >k 5k 3k >k 3k >k 5k %k >k 5k k %
/* Application Data
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4 Lab14 Multi-Client 12C Serial EEPROM

* Implement Driver Transfer Handler Callback Function.
APP_DRV_I2C1_DATA app_drv_i2clData;

// 3k 3k sk 3k 3k 5k 5k 5k 3k Sk sk sk sk 3k 3k ok 5k 5k Sk sk sk sk 3k 3k 3k 5k 5k 3k Sk sk sk sk 3k 3k 3k 5k 5k Sk sk sk sk sk 3k sk 5k 5k Sk Sk sk sk sk 3k 3k 5k ok 5k 3k Sk sk sk sk 3k >k 5k 5k 5k Sk sk sk sk >k >k >k ok ok ok >k
// 3k sk sk 3k 3k 5k 5k 5k 3k sk sk sk sk 3k 3k 5k 5k 5k 3k sk sk sk 3k 3k 3k 5k 5k 3k sk sk sk 3k 3k 3k 5k 5k 3k sk sk sk sk 3k 3k ok 5k Sk sk sk sk sk sk sk ok 5k 5k sk sk sk sk sk 3k ok ok 5k ok sk sk sk sk sk sk sk sk sk sk sk k
// Section: Application Callback Functions

// 3k 3k 3k 3k 3k 5k 5k 5k 3k Sk Sk 3k 3k 3k 3k ok 5k 5k Sk sk sk 3k 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk sk 3k 3k 5k 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k Sk sk sk >k 3k >k sk ok ok ok >k
// 3k 3k sk 3k 3k 5k 5k 5k 3k sk sk sk sk sk 3k ok ok 5k Sk sk sk 3k 3k 3k 3k ok 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk sk 3k 3k ok 5k Sk Sk sk sk sk 3k 3k ok ok 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k ok sk sk >k 3k >k sk ok ok 5k >k
\'/o)

id I2C1TransferHandler_9800( DRV_I2C_TRANSFER_EVENT event, ...) {...}

void I2CiTransferHandler_24AA( DRV_I2C_TRANSFER_EVENT event,
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

switch( event )

case DRV_I2C_TRANSFER_EVENT_PENDING: break;

case DRV_I2C TRANSFER_EVENT_COMPLETE:
I2C1Complete_24AA = true;
break;

case DRV_ Izc _TRANSFER_EVENT_HANDLE_EXPIRED:

case DRV_I2C_TRANSFER_EVENT_ERROR:

case DRV_I2C TRANSFER_EVENT_HANDLE_INVALID:
app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;
break;

3k 3k 3k 3k 5k 3k 3k 5k 3k 5k >k sk 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k sk 5k >k k%
3k 3k 3k 3k 5k >k 3k 5k 3k 5k >k sk 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k sk 5k >k >k k

Section: Application Local Functions
3k 3k 3k 3k 3k ok 5k 5k Sk sk Sk 3k 3k 3k sk ok 5k 5k Sk sk sk sk 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 3k sk 5k 5k sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk sk 3k 3k ok ok 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k 5k sk sk >k 3k >k sk ok ok 5k >k

NN
NN
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4 Lab14 Multi-Client 12C Serial EEPROM

e Add Driver Open for EEPROM client in state INIT

void APP_DRV_I2C1_Tasks ( void )

{
switch ( app_drv_i2clData.state )

case APP_DRV_I2C1_STATE_INIT:

I2C1HandIe 9800 = DRV_I2C Open(DRV_I2C INDEX O, DRV_IO INTENT READWRITE);

if(I2C1Handle_9800 == DRV_HANDLE_INVALID)

app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;
break;

}
DRV_I2C TransferEventHandlerSet(I2C1Handle_9800, I2ClTransferHandler_ 98600, 0);

I2C1Handle_24AA = DRV_I2C_Open(DRV_I2C_INDEX ©, DRV_IO INTENT_READWRITE);

if(I2C1Handle_24AA == DRV_HANDLE_INVALID)

{
app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;

break;

}

[ETRED app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ 9800;

break;

case APP_DRV_I2C1 STATE_WRITE_READ 9800:

INIT | ——

3

case APP_DRV_I2C1 STATE WAIT COMPLETE_9800:
case APP_DRV_I2C1 STATE ERROR:

WRITE_|

WAIT_COMPLETE_9800

READ_9800

'Vﬁ

¥

case APP_DRV_I2C1 STATE IDLE:

WRITE_READ_24AA

WAIT_COMPLETE_24AA

—
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4 Lab14 Multi-Client 12C Serial EEPROM

* Driver Write byte 0x24 to EEPROM address 0x0 in state INIT

void APP_DRV_I2C1_Tasks ( void )
switch ( app_drv_i2clData.state )
case APP_DRV_I2C1_STATE_INIT:

I2C1Handle_24AA = DRV_I2C_Open(DRV_I2C_INDEX_ @, DRV_IO INTENT READWRITE);

if(I2C1Handle 24AA == DRV_HANDLE_INVALID)

{
app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;
break;

}

I2C1WriteBuf_24AA[0]
I2C1WriteBuf_24AA[1] ox24;
DRV_I2C WriteTransferAdd( IZC1Hand1e 24AA, MCP24AA_ADDRESS,

IZC1Wr1teBuf 24AA, 2, &IZC1Wr1teReadHand1e 24AA );

while( DRV_I2C TransferStatusGet(IZC1Wr1teReadHand1e 24AA)

DRV_I2C TRANSFER EVENT_COMPLETE) {}

SYS_TIME_HANDLE TimeHandle;

SYS TIME DelayMS(10, &T Handl 3 :
wh11e('SYSeT§%E IgelayIséggpizte?T:)LmeHandle)) A9 EEPROM \Write delay

USART1printf("Wrote ©x24 to EEPROM 24AA\r\n");

DRV_I2C_TransferEventHandlerSet(I2ClHandle_24AA, I2ClTransferHandler_24AA, 0);

0; Polling method of,Write

app_drv_i2clData.state = APP_DRV_I2C1 STATE_WRITE_READ 9800;

break;

case APP_DRV_I2C1_STATE_WRITE_READ_9800: Registerglransfer,Callback

@ MICROCHIP



4 Lab14 Multi-Client 12C Serial EEPROM

* Driver Write followed by Read in state WRITE_READ_ 24AA

void APP_DRV_I2C1_Tasks ( void )

{
switch ( app_drv_i2clData.state )

case APP_DRV_I2C1 STATE INIT:
case APP_DRV_I2C1 STATE _WRITE_READ 9800:
case APP_DRV_I2C1 STATE WAIT COMPLETE_9800:

app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ 24AA;
break;
case APP_DRV_I2C1_STATE_WRITE_READ_24AA:
I2ClWriteBuf_24AA[0T = 0;
DRV_I2C_WriteReadTransferAdd( I2ClHandle_24AA, MCP24AA_ADDRESS,
I2C1WriteBuf_24AA, 1, I2C1ReadBuf_24AA, 1, &I2ClWriteReadHandle 24AA );
if(I2CiWriteReadHandle 24AA == DRV_I2C_TRANSFER_HANDLE_INVALID)

{
app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;
break;
}
LYY app _drv_i2clData.state = APP_DRV_I2C1 STATE WAIT COMPLETE_24AA;
break;
’ | INIT —
case APP_DRV_I2C1 STATE _WAIT_COMPLETE_24AA: 1

WRITE_READ_9800
'Vﬁ
WAIT_COMPLETE_9800
¥
WRITE_READ_24AA

—

WAIT_COMPLETE_24AA

case APP_DRV_I2C1 STATE ERROR:

case APP_DRV_I2C1 STATE IDLE:
}
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4 Lab14 Multi-Client 12C Serial EEPROM

* Read EEPROM complete check in state WAIT_COMPLETE_24AA

void APP_DRV_I2C1_Tasks ( void )

{

break;

switch ( app_drv_i2clData.state )

case APP_DRV_I2C1 STATE INIT:

case APP_DRV_I2C1 STATE _WRITE_READ 9800:
case APP_DRV_I2C1 STATE WAIT COMPLETE_9800:
case APP_DRV_I2C1 STATE WRITE_READ 24AA:

app_drv_i2clData.state = APP_DRV_I2C1 STATE WAIT COMPLETE_24AA;
break;

case APP_DRV_I2C1 STATE_WAIT_COMPLETE_24AA:
if(I2C1Complete_24AA == true)

I2C1Complete_24AA = false;
USART1printf("\t\tEEPROM = Ox%X\r", I2C1ReadBuf_24AA[0]);

app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ 9800;

| INIT

case APP_DRV_I2C_STATE_ERROR: I

WRITE_READ_9800
'Vﬁ
WAIT_COMPLETE_9800
¥

WRITE_READ_24AA

case APP_DRV_I2C_STATE_IDLE:
}

—

WAIT_COMPLETE_24AA
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4 Lab14 Multi-Client 12C Serial EEPROM

* Compiler and programming your project to EVB.
* Check the UART output in console. (To do Power Cycle of the EVB might be

EEPROM
Task

1 COMS3 - Tera Ter... - O >
2¢
File Edit Setup Control Window Help DrRVEr:

DRV USART1: Hello world
SERCOM3
PLIB
MCP9800

Wrote @x24 to EEPROM 24AA
Temp Senserr

Temp = 28.5 EEPROM = ox24

INIT
]
WRITE_READ_9800

WAIT_COMPLETE_9800
|
WRITE_READ_24AA ERROR

WAIT_COMPLETE_24AA IDLE

EEPROM

APP045 [v2 Ov3 Mv4

necessary to reset the 12C device !)
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4 Lab14 Multi-Client 12C Serial EEPROM

Discuss 1

* How to implement the 12C Driver to given Two different I12C speed properties of two
I12C devices that to shared of the same PLIB SERCOM ?

DRV_I2C_TRANSFER_SETUP TransferSetup;
void I2CiTransferHandler( ... )

Transfer
switch( event ) . Event

Handler
Sensor

{

case DRV_I2C_TRANSFER_EVENT_PENDING: break;

case DRV_I2C_TRANSFER_EVENT_COMPLETE: EEPROM

1f£ transferHandle == I2ClWriteReadHandle 9800 ) I2C1Complete_9800 = true;

%f EransferHandle == I2ClWriteReadHandle 24AA ) I2ClComplete_24AA = true;
reak;

}

I2C1Handle_5860
I2C1Handle_24AA

DRV_12C_OpengDRV_IZC_INDEX_O, DRV_IO INTENT READWRITE);
DRV_I2C_Open(DRV_I2C_INDEX_@, DRV_IO_INTENT_READWRITE); SERCOMS

PLIB

24AA025
Speed

TransferSetup.clockSpeed = ; Mcposoo \ 100KHZ
DRV_I2C_TransferSetup(I2ClHan R &IﬁferSetup)
98

DRV_I2C_TransferEventHandlerSet(I2C1Handle 8888 , I2CiTransferHandler, 0);
DRV_I2C TransferEventHandlerSet(I2ClHandle_24AA , I2ClTransferHandler, 0);

)

Speed
400KHz

DRV I2C WriteReadTransferAdd( IZC1Hand1e , MCP9800 ADDRESS,
I2C1WriteB 00, 1 IZClReadBuf 9800, 2, &I2ClWriteReadHandle_9860 );
TransferSetup.clockSpeed = 100000 ;
DRV_I2C_TransferSetup(I2ClHandle_ 24AA &TransferSetup);
DRV I2C WriteReadTransferAdd( IZC1Hand1e 24AA, MCP24AA ADDRESS,
I2C1WriteBuf 24AA, 1, I2C1ReadBuf 24AA, 1, &I2ClWriteReadHandle_ 24AA ); @MICROCHIP




¢ Lab 15
Multi-Instance 12C G-Sensor

|2C Driver Library
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%€ Lab15 Multi-Instance 12C G-Sensor

* Add another Driver Instance 1 of I12C Driver and to generate new Application file app_drv _i2c2 to
communication the on-board Accelerometer KXTJ3.

e KXTJ3 initialize in state INIT:
* Write Software Reset “Ox80“ to Control Register 2 “Ox1D“ and wait 10ms for stable.
* Write follow Read the WHO AM | Register “Ox0OF“ to check the ID is equal to “0x35“ or not.
* Write Initial Command “0xF0“ to Control Register 1 “Ox1B“ for op-mode and resolution.
* KXTJ3 Interrupt Source Register read in state WRITE_READ DRDY_TIJ3:
* Write follow Read the Interrupt Source Register “Ox16*
* KXTJ3 Data Ready Interrupt check in state WAIT _COMPLETE_ DRDY_TJ3:
* Check “Bit 4 DRDY INT” of Interrupt Source Register to make sure data prepared for read.
e KXTJ3 Axis Data Read in state WRITE_READ AXIS_TJ3:
* Write follow Read the Axis Output Register in below sequence to get X, Y, Z data.

0x06 0x07 0x08 0x09 0x0A 0x0B

* KXTJ3 Axis Data Output in state WAIT _COMPLETE_AXIS_TJ3:
* Output X, Y, Z Axis data as format “G-Sensor = (+XXXX, +YYYY, +ZZZZ)"“
* KXTJ3 configuration:

* Switch the S3 to SERCOM1 on EVB 3; . Reselerometar PA16 SERCOM1 PADO
* SDA connect to PA16 (SERCOM1 PADO) B o . SAMD21

* SCL connect to PA17 (SERCOM1 PAD1) 4 f U3 T

» Slave address is OXOE. (ADDR pin tie to GND) = I REBG SCL  PA17 sErcom1 pAD1
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 Harmony Configuration (Add Instance 1 of 12C driver)

{huﬁgummgu{hmgnSXI
: (=] [+
Frogect Graph xl |
. : EHT12C
X THERBE4$|® Plgs v - PLIB Used SERCOMI
%----Numher of clients =
i----TraHSfer Queue Size =

Harmomy Core Service

o RTOS

Accel
Sensor

Paripheral Library
TMR

MNVYMCTEL
Paripharal Library
MEMORY

SERCOM3
Peripheral Library

I2cC
SERCOM1
Peripheral Library Instance 1

Ia2c - Ia2c
DRV _I2C

Instance-1

SERCOMS SERCOM1
PLIB PLIB
MCP9800
24AA025 @

Attach PLIB SERCOM1
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* Enable PLIB SERCOM1 pads of 12C Driver Instance 1.

Project Graph *1 |
X I wl N3l § XK, | = !Plugins: | B2
- - Event Swstem Confignrati
Device Family Pack (DFF) N“JIC Configuration
Clock Configuration
DA Configuration

NVMCTRL
Peripheral Library
MEMORY

Driver

O Core Service

SERCOM3
Peripheral Library
I12C

Instances - — —+

Izlgsta\ce 0— Froject Graph* Fin Diagram XI Fin Table x

DRV_12C { “rder: | Table View [v] Easy View

Instance 1 — '
12C IP‘Ember Fin ID Cnstom Mame Function Maode Direction Latch  Full Up  Full Drrive
Tlewarn
DRV_I2C ‘ —
= 25 PA1S SERCOM1 PADD || Dirital || High Impedance | nf [] [] NORMAL
2 PA1T7 SERCOM1 PADL v}} High Impedance | nfa [] [] | NORMAL ~
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%€ Lab15 Multi-Instance 12C G-Sensor

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “4” and
given the Application Name to “app_drv_i2c2”.

' Project Graph *1,

» diwy Fal § K.

=) IPlugins:

Device Family Pack (DFP)

NVMCTRL
Peripheral Library
MEMORY

SERCOM1
Peripheral Library
I12C

System Service
O Core Service

SYS_TIME ©

TMR

O Core Service

Instances - — — +
Instance 0 —

I2C

Instance 1 —

I2C

Core
Harmony Core Service

O RTOS

Core Service ©

Rename file to “app_drv _i2c?’

Configuration Options "‘]

iiIncrease Number

- Care

.0f Application

= Generate Harmony Application Files

~Generate Harmony Driver Common Files

~Generate Harmony System Service Common Files

- Generate Harmony System Media Files |:|
-~ Enable Systerm Interrupt

E}--ﬂpplicatinn Configuration

~Number of Applications 41

--ﬂ«pplicatiun 0 Configuration

--ﬂpplicatiun 1 Configuration

E%}--ﬂpplicatiun 2 Configuration

—Enable &Application 2 Configuration
app_drv_12cl

- Application Marme

E wREEE Aaplication name must be valid C-Language ig
é}--ﬂpplicatiun 3 Configuration

-~ Enahle Application 2 Configuration [+]
-app_dw_iECE 1

wREEE Aaplication name must be valid C-Language ig

- Application Marme
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* The state machine we want to implement in “app _drv _i2c2.c” as below.

g —————— \

: Initialize state : APP_DRV_I2C2_Initialize()

I 1
,’ --------------- i ------------------------------------ S
F APP_DRV_I2C2 Tasks() '\
| INIT } |
i X! |
I )| I
| —’[ WRITE_READ DRDY_TJ3 ] — :
: Not Ready yet h/ :
| 4[ WAIT_COM PLETE_DRDY_@ i
| ; | |
I i
| —|  WRITE_READ_AXIS_T13  |—{ ERROR |
: X6 h, F i
| 4[ WAlT_COMPLETE_AXIS_TW [ IDLE ?:
\ i i
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* Add more states in “app_drv _i2c2.h".

#ifndef

#define _

#include
#include
#include
#include
#include

APP_DRV_I2C2_H
APP_DRV_I2C2_H

<stdint.h>
<stdbool.h>
<stddef.h>
<stdlib.h>
"configuration.h"

typedef enum

APP_DRV_I2C2_STATE_INIT=0,

Comment out this line W24

APP_DRV_I2C2_STATE_WRITE_READ DRDY_TJ3,

APP_DRV_I2C2
APP_DRV_I2C2
APP_DRV_I2C2
APP_DRV_I2C2
APP_DRV_I2C2

STATE_WAIT_COMPLETE_DRDY_TJ3,
STATE_WRITE_READ_AXIS_TJ3,
STATE_WAIT_COMPLETE_AXIS_T3J3,
STATE_ERROR,

STATE_IDLE,

} APP_DRV_I2C2_ STATES;

typedef struct

APP_DRV_I2C2_STATES state;

} APP_DRV_I2C2 DATA;

void APP_

DRV_I2C2 Initialize ( void );

You could remove the

SERVICEATASKS’state

because we will
not use it anymore!

————> Vv

Not Ready yet
WAIT_COMPLETE_DRDY_TJ3
v

WRITE_READ_DRDY_TI3 |———p

A 4

WAIT_COMPLETE_AXIS_TJ3 P [

I:: WRITE_READ_AXIs_T13  |—»{ ERROR |
X6

I
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* Construct new states flow of task in “app_drv _i2c2.c”.
void APP_DRV_I2C2_Tasks ( void )

?WitCh ( app_drv_i2clibata.state ) Overwrite original example .code

{

case APP_DRV_I2C2 STATE_INIT:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ_DRDY_TJ3;
break;

case APP_DRV_I2C2 STATE_WRITE_READ DRDY_TJ3:
app_ dr‘v i2c2Data.state = APP DRV IZCZ STATE_WAIT_COMPLETE_DRDY_TJ3;
break;

case APP_DRV_I2C2 STATE_WAIT_COMPLETE_DRDY_T3J3:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ_AXIS_TJ3;
break;

case APP_DRV_I2C2 STATE_WRITE_READ_AXIS TJ3:
app_ dr‘v i2c2Data.state = APP DRV IZCZ STATE_WAIT_COMPLETE_AXIS_ T3J3;
break;

case APP_DRV_I2C2 STATE_WAIT_COMPLETE_AXIS_T3J3:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ_DRDY_TJ3;

break;
case APP_DRV_I2C2 STATE_ERROR: INIT }

gggagrv i2c2Data.state = APP_DRV_I2C2 STATE_IDLE; wmnkmoomvnal

3 Not Ready yet
WAIT_ COMPLETE DRDY_TI3

case APP_DRV_I2C2 STATE_IDLE: v

br‘eak; WRITE_READ_AXIS_T13  |—{ ERROR |
} WAIT COMPLETE_AXIS_TI3 l IDLE P
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* Header include and Global Declarations in “app_drv_i2c2.c”.

#include "app_dr‘v_iZcZ.h" mg Ih
#include "app_drv_usartl.h" appx drv 'Usart

#include ' app_drv usart2.h"
#include "driver/i2c/drv_i2c.h"

#includ t t ti h" .
fname AR A sysitime:h for,delay,function

#include <string.h>

// 3k 3k 3K 3k 5k 5k 5k 3k 5k ok 5k 3k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk k k
3k 3k 3K 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk ok sk sk sk sk sk sk sk sk sk sk k
Section: Global Data Definitions

3k 3k 3k 3k 5k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk k k
3k 3k 3k 3k 5k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk k k

#define KXTJ3_ADDRESS OXxOE KXTJ3'ADDR pin tieto GND

DRV_HANDLE 1I2C2Handle T3J3;

DRV_I2C _TRANSFER_ HANDLE IZCZerteReadHandle _T33;
volatile int I2C2Complete TJ3 = false;

char I2C2WriteBuf_T3J3[20];

char I2C2ReadBuf_TJ3[20];

int AxisOutRegIdx = O;
char AxisOutReg[6]
char AxisOutByte[6];

NN
NN

{ ox06, O0x07, 0x08, Ox09, OXxOA, OxOB }; -_l

0x06 0x07 0x08 0x09 0x0A 0x0B

// 3k 3k 3k 3k 3k 3k >k 5k sk >k 5k >k 5k Sk 3k 5k 3k 3k 5k 3k 3k 3k >k 3k Sk >k 5k sk >k 3k >k 5k Sk >k 5k sk >k ok k ok ok k
/* Application Data

Summary:

k) inTAXiSOUtReq[6]

APP_DRV_I2C2_DATA app_drv_i2c2Data;
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* Implement Driver Transfer Handler Callback Function.

APP_DRV_I2C_DATA app_drv_i2c2Data;

// 3k 3k sk 3k 3k 5k 5k 5k 3k Sk sk sk sk 3k 3k ok 5k 5k Sk sk sk sk 3k 3k 3k 5k 5k 3k Sk sk sk sk 3k 3k 3k 5k 5k Sk sk sk sk sk 3k sk 5k 5k Sk Sk sk sk sk 3k 3k 5k ok 5k 3k Sk sk sk sk 3k >k 5k 5k 5k Sk sk sk sk >k >k >k ok ok ok >k
// 3k sk sk 3k 3k 5k 5k 5k 3k sk sk sk sk 3k 3k 5k 5k 5k 3k sk sk sk 3k 3k 3k 5k 5k 3k sk sk sk 3k 3k 3k 5k 5k 3k sk sk sk sk 3k 3k ok 5k Sk sk sk sk sk sk sk ok 5k 5k sk sk sk sk sk 3k ok ok 5k ok sk sk sk sk sk sk sk sk sk sk sk k
// Section: Application Callback Functions

// 3k 3k 3k 3k 3k 5k 5k 5k 3k Sk Sk 3k 3k 3k 3k ok 5k 5k Sk sk sk 3k 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk sk 3k 3k 5k 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k Sk sk sk >k 3k >k sk ok ok ok >k
// 3k 3k sk 3k 3k 5k 5k 5k 3k sk sk sk sk sk 3k ok ok 5k Sk sk sk 3k 3k 3k 3k ok 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk sk 3k 3k ok 5k Sk Sk sk sk sk 3k 3k ok ok 5k Sk Sk sk sk sk 3k 3k 5k 5k 5k ok sk sk >k 3k >k sk ok ok 5k >k
/o)

id I2C2TransferHandler_TJ3( DRV_I2C_TRANSFER_EVENT event,
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

switch( event )

{

case DRV_I2C_TRANSFER_EVENT_PENDING: break;

case DRV_I2C_TRANSFER_EVENT_COMPLETE:
I2C2Complete_TJ3 = true;
break;

case DRV_ IZC _TRANSFER_EVENT_HANDLE_EXPIRED:

case DRV I2C TRANSFER EVENT ERROR:

case DRV I2C TRANSFER EVENT HANDLE_INVALID:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_ERROR;
break;

3k 3k 3k 3k 3k ok 5k 5k Sk sk sk sk sk 3k 3k 5k 5k 5k Sk sk sk sk 3k 3k 3k ok 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk sk 3k 3k ok ok 5k Sk Sk sk sk sk 3k 3k ok ok 5k Sk sk sk >k 3k >k sk ok ok 5k sk
3k 3k sk 3k 3k ok 5k 5k Sk sk sk sk sk 3k sk ok 5k 5k Sk sk sk sk 3k 3k 3k ok 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk sk 3k 3k 5k ok 5k Sk sk sk sk sk 3k 3k 5k ok 5k Sk sk sk >k 3k >k sk ok ok 5k sk
Section: Application Local Functions

3k 3k 3k 3k 3k 5k 5k 5k Sk sk Sk 3k sk 3k sk ok 5k 5k Sk sk sk sk 3k 3k 3k ok 5k Sk Sk sk sk 3k 3k 3k sk 5k 5k Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk sk 3k 3k 5k ok 5k Sk Sk sk sk sk 3k 3k ok 5k 5k Sk sk sk >k 3k >k sk ok ok 5k >k
3k sk sk 3k 3k 5k 5k 5k Sk sk sk sk sk sk sk ok 5k 5k Sk sk sk sk 3k 3k sk ok 5k Sk Sk sk sk 3k 3k 3k 3k 5k 5k Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk sk 3k 3k ok 5k 5k Sk Sk sk sk sk 3k 3k 5k ok 5k Sk sk sk >k 3k >k sk ok ok 5k >k

NN
NN
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%€ Lab15 Multi-Instance 12C G-Sensor

* Driver open and send Software Reset command in state INIT.
void APP_DRV_I2C2_Tasks ( void )

switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2_STATE_INIT:
I2C2Handle_TJ3 = DRV_I2C_Open(DRV_I2C_INDEX 1, DRV_IO_INTENT_READWRITE);
if(I2C2Handle_TJ3 == DRV_HANDLE_INVALID)

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_ERROR;

break;
I2C2WriteBuf_TI3[@] = ox1D; Software Reset

I2C2WriteBuf_TJ3[1] 0x80;
DRV_I2C WriteTransferAdd( IZCZHandle TJ3, KXTJ3_ADDRESS,
T2C2WriteBuf_ TJ3, 2, &IZCZWriteReadHandle T3 );
while( DRV_I2C TransferStatusGet(IZCZerteReadHandle TJ3) 1=
DRV_I2C_TRANSFER_EVENT_COMPLETE) {}

}

SYS_TIME_HANDLE TimeHandle;

SYS_TIME_DelayMS(10, &TimeHandle )

while(!SYS_TIME DelayIsComplete(T1meHand1e)) {}
USART1printf("G-Sensor Software Reset Completed\r\n");

app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_WRITE_READ DRDY T3J3;

br‘eak; " INIT —
Handling error,State' messag e ji=—xz,
. WRITE_READ_DRDY_TJ3 l—>

case APP_DRV_I2C2 STATE_ERROR: M
USART1printf("DRV_I2C2 error!\r\n"); ‘“mmW§L““”3 {
WRITE_READ_AXIS_T13 || ERROR |
app drv i2c2Data.state = APP DRV I2C2 STATE IDLE; E: v.:ﬁp iﬁ
bEFe)E ; - - - - - ’ WAIT_COMPLETE_AXIS_TJ3 [ IDLE
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 Read WHO AM I register to check the ID is equal to “Ox35“ or not in state INIT.

void APP_DRV_I2C2_Tasks ( void ) ( T }——
———>V
switch ( app_drv_i2c2Data.state ) L j—
WAIT_COMPLETE_DRDY_TJ3
case APP_DRV_I2C2_STATE_INIT: 2 v

Keep this line

E: WRITE_READ_AXIS_T13 || ERROR )
6

SYS_TIME_DelayMs(10, &TimeHandle ); x\mmmméﬁi;;?P ( .EF==?
while(!SYS_TIME DelayIsComplete(T1meHand1e)) {} EE—

USART1printf("G-Sensor Software Reset Completed\r\n");

I2C2WriteBuf_TJ3[@] = OxOF;
DRV_I2C_WriteReadTransferAdd( I2C2Handle_T3J3, KXTJ3_ADDRESS,

I2C2WriteBuf_T33, 1, I2C2ReadBuf T313, 1, &IZC2Wr1teReadHand1e T3 );
while( DRV_I2C TransferStatusGet(IzczwrlteReadHandle TJ3) 1=

DRV_I2C_TRANSFER_EVENT_COMPLETE) {}
if( I2C2ReadBuf_TJ3[0] != 0x35 )

{
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_ERROR; Read WHO AM |

break;
}

USART1printf("G-Sensor WHO AM I : Ox%X\r\n", I2C2ReadBuf_TJ3[0]);

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE WRITE_READ DRDY_TJ3;
break;

case APP_DRV_I2C2_STATE_WRITE_READ_DRDY_TJ3:

app_ de i2c2Data.state = APP DRV IZC2 STATE_WAIT_COMPLETE_DRDY_T3J3;
break;

case APP_DRV_I2C2 STATE_WAIT COMPLETE_DRDY_ TJ3:
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* Write Initial Command for operation mode and resolution setup in state INIT.

void APP_DRV_I2C2_Tasks ( void ) ( T }——
———S
switch ( app_drv_i2c2Data.state ) L />
WAIT_COMPLETE_DRDY_TJ3
case APP_DRV_I2C2_STATE_INIT: WWIMZAMTB w %;R l
{ . E: WAIT_COMPLETE_AXIS_TJ3 F I Ih
app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_ERROR; EE—
break;
}

USART1printf("G-Sensor WHO AM I : Ox%X\r\n", I2C2ReadBuf_TJ3[0]);
I2C2WriteBuf_TJ3[0]

ox1B; ; -
T12C2WriteBuf TI3[1] - exFe. Write Initial

DRV_I2C WriteTransferAdd( IZCZHandle TJ3, KXTJ3_ADDRESS,
I2C2WriteBuf TJ3, 2, &I2C2WriteReadHandle TJ3 );
while( DRV_I2C TransferStatusGet(IZCZerteReadHandle TJ3) 1=
DRV_I2C_TRANSFER_EVENT_COMPLETE) {}

USART1printf("G-Sensor Initial Completed\r\n"); Reg|ster Transfer.Callback

DRV_I2C_TransferEventHandlerSet(I2C2Handle_T3J3, I2C2TransferHandler_TJ3, 0);

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE WRITE_READ DRDY_TJ3;
break;

case APP_DRV_I2C2_STATE_WRITE_READ_DRDY_TJ3:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WAIT COMPLETE_DRDY_TJ3;

break;

case APP_DRV_I2C2 STATE_WAIT COMPLETE_DRDY_ TJ3:
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* Read Interrupt Source register to check Data Ready interrupt flag.

void APP_DRV_I2C2_Tasks ( void ) ( T }——
{ - - - —>V
switch ( app_drv_i2c2Data.state ) > IR >
WAIT_COMPLETE_DRDY_TJ3
case APP_DRV_I2C2 STATE_INIT: ... ¥ 4

E: WRITE_READ_AXIS_T13 || ERROR )
6

case APP DRV I2C2 STATE WRITE READ DRDY T33: . WAIT_COMPLETE_AXIS_TBP ( IDLE P
I2C2WriteBuf_TJ3[0] = Ox16; —_—
DRV_I2C WPlteReadTransfePAdd( I2C2Handle_TJ3, KXTJ3_ADDRESS,
I2C2WriteBuf_TJ3, 1, IZCZReadBuf Ti3, 1, &IzczwriteReadHandle_TJ3 );

if(I2C2WriteReadHandle_TJ3 == DRV_I2C_TRANSFER_HANDLE_INVALID)

{
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_ERROR;
break;
}
[Ty app drv_i2c2Data.state = APP_DRV_I2C2 STATE WAIT COMPLETE DRDY_T3J3;
break;

case APP_DRV_TI2C2 STATE_WAIT_COMPLETE_DRDY_T3J3:
app_de_12c2Data state = APP DRV _ IZC2 STATE _WRITE_READ_AXIS T33;
break;

case APP DRV _TI2C2 STATE_WRITE_READ AXIS T3J13:
app_ de i2c2Data.state = APP DRV IZC2 STATE_WAIT_COMPLETE_AXIS T3J3;
break;

case APP_DRV_I2C2_STATE_WAIT_COMPLETE_AXIS_T3J3:

app_ de i2c2Data.state = APP DRV _ IZC2 STATE _WRITE_READ DRDY_T3J3;
break;
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* Check Bit 4 of Interrupt Source register, if Data

void APP_DRV_I2C2_Tasks ( void )

{
switch ( app_drv_i2c2Data.state )
case APP_DRV_I2C2 STATE_INIT:

case APP_DRV_I2C2 STATE_WRITE_READ DRDY TJ3:

Ready for read.

INIT

}————

——>V

WRITE_READ_DRDY_TJ3 |

Not Ready yet
WAIT_COMPLETE_DRDY_TJ3

A 4

1 ERROR )

WRITE_READ_AXIS_TJ3
X6
WAIT_COMPLETE_AXIS_TJ3 I IDLE

e —

case APP_DRV_I2C2_STATE_WAIT_COMPLETE_DRDY TJ3:

if(I2C2Complete_TI3 == true)
: I2C2Complete_TJ3 = false;
if(I2C2ReadBuf TI3[0] & (1<<4))
AxisOutRegIdx = 0O;

app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_WRITE_READ_AXIS_T3J3;

break;

}
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ DRDY TJ3;

}
break;
case APP_DRV_I2C2_STATE_WRITE_READ_AXIS_TJ3:

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WAIT COMPLETE_AXIS T3J3;

break;

case APP_DRV_I2C2_STATE_WAIT_COMPLETE_AXIS_T3J3:

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ DRDY_TJ3;

break;

case APP_DRV_I2C2_ STATE_ERROR:

Reset AXIS Out RegisteryIndex
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* Read Axis Output register in order of AxisOutReg[ | one by one.

void APP_DRV_I2C2_Tasks ( void ) ( T }——
{ - - - ——>V
switch ( app_drv_i2c2Data.state ) >{_wie foo ororrs | >
WAIT_COMPLETE_DRDY_TJ3
case APP_DRV_I2C2 STATE_INIT: ... ¥ 4

X6 < if(12C2WriteReadHandle_TJ3 == DRV_I2C_TRANSFER_HANDLE_INVALID)

I:: WRITE_READ_AXIS_Ti3 || ERROR )
6

X
WAIT_COMPLETE_AXIS_TJ3 P | IDLE P

case APP_DRV_I2C2 STATE_WRITE_READ DRDY TJ3:

e —

case APP_DRV_I2C2 STATE_WAIT COMPLETE_DRDY_ TJ3:

case APP_DRV_I2C2_STATE_WRITE_READ_AXIS TJ3:
— I2C2WriteBuf TJ3[0] = AxisOutReg[AxisOutRegIdx];
DRV_I2C WPlteReadTransfePAdd( I2C2Handle_T3J3, KXTJ3_ADDRESS,
I2C2WriteBuf_TJ3, 1, IZCZReadBuf_TJB, 1, &I2CRWriteReadHandle _TJ3 );

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_ERROR;
break;

-}

char AxisOutReg[6] = { 9x06, Ox07, Ox08, Ox09, OxOA, Ox0B };

app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_WAIT_COMPLETE_AXIS_TJ3;

break;

case APP DRV _TI2C2 STATE_WAIT_COMPLETE_AXIS T3J3:
app_ de i2c2Data.state = APP DRV _ IZC2 STATE _WRITE_READ DRDY_T3J3;
break;

case APP_DRV_I2C2_STATE_ERROR:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_IDLE;
break;
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%€ Lab15 Multi-Instance 12C G-Sensor

* Output gravity of X, Y, Z after to collected 6 bytes of Axis Data.

void APP_DRV_I2C2_Tasks ( void ) ( T ——
{ - - - ——>V
switch ( app_drv_i2c2Data.state ) >{_wie foo ororrs | >
{ WAIT_ COMPLETE DRDY_TJ3
case APP_DRV_I2C2_STATE_INIT: ... -

case APP_DRV_I2C2 STATE WRITE_READ DRDY_TJ3: ... I‘_’: e rvor
case APP_DRV_I2C2 STATE WAIT _COMPLETE_DRDY TJ3: wmv‘ﬁx_ﬁ
case APP_DRV_I2C2 STATE WRITE READ AXIS TJ3:

IDLE

case APP_DRV_I2C2_STATE WAIT COMPLETE_AXIS_T3J3:

JOTE FIEEELRT =5 )
I2C2Complete_TJ3 = false; 0x06 0x07 0x08 0x09 Ox0A 0x0B

AxisOutByte[AxisOutRegIdx] = I2C2ReadBuf_TJ3[0];
if(++ AxisOutRegIdx >= 6)

USART1printf("\t\t\t\tG-Sensor = (%5d, %5d, %5d)\r",
short) (AxisOutByte[1]«<<8|AxisOutByte[0]),
short) (AxisOutByte|3]<<8|AxisOutByte[2]),
short) (AxisOutByte[5]<<8|AxisOutByte[4]));

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ_DRDY_TJ3;
break;

}
app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_WRITE_READ_AXIS_T3J3;
}
break;
case APP_DRV_I2C2_STATE_ERROR:

app_drv_1i2c2Data.state = APP_DRV_I2C2_STATE_IDLE;
break;
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%€ Lab15 Multi-Instance 12C G-Sensor

* Compiler and programming your project to EVB.
* Check the UART output in console. Switch the S3 to
@ COMS3 - Tera Term VT - O X SERCOM1 on EVB

File Edit Setup Control Window Help
DRV USART1: Hello world

Wrote Ox24 to EEPROM 24AA
G-Sensor Software Reset Completed
G-Sensor WHO AM I : 6x35

G-Sensor Initial Completed

Temp = 26.5 EEPROM = ©Ox24 G-Sensor = (
. E-Sensor
EEPROM EEPROMI
INIT l— T Task %

[ ¥ g LEMPIS &ema)r

—>{ WRITE_READ_DRDY_TI3 |——> (e pre?®, T

Not Ready yet er PRss. 5002 - : 3
—{WAIT_COMPLETE_DRDY_TI3 ; ( S

v v 3

—»| wriTE_ReAD_Axis T3 }—»| ERROR |

. Tiges : ceo28 T Ve
/ Y ol | 2 CL 5
6 ' 3 S s A ) SR AR
- "{/ICPQSOO X = B = T
—{waiT_compLETE_Axis_T13}” | IDLE = : '
! 24AA025 z —
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€ Advanced Exercise
MPLAB Data Visualizer

|2C Driver Library
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4 Advanced Exercise : MPLAB Data Visualizer

e Use MPLAB Data Visualizer to draw X, Y, Z gravity from USART2 console.

void APP_DRV_I2C2 Tasks ( void )
switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2 STATE_WAIT COMPLETE_AXIS_T3J3:
if(I2C2Complete TJI3 == true)
{

I2C2Complete TJI3 = false;

AxisOutByte[AxisOutRegIldx] = I2C2ReadBuf_T3J13[0];
if(++ AxisOutRegIdx >= 6)

USART1printf("\t\t\t\tG-Sensor = (%5d, %5d, %5d)\r",

short) (AxisOutByte[1]<<8|AxisOutByte[0]),
short) (AxisOutByte[3]<<8|AxisOutByte[2]),
short) (AxisOutByte[5]<<8|AxisOutByte[4]));

unsigned char DVBuf[8] = { 0x03,
AxisOutByte[@], AxisOutByte[1],
AxisOutByte[2], AxisOutByte[3],
AxisOutByte[4], AxisOutByte[5],
OxFC };

USART2write( DVBuf, 8 );

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ DRDY_T3J3;
break;

app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_WRITE_READ AXIS TJ3;

break;
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4 Advanced Exercise : MPLAB Data Visualizer

e Result on MPLAB Data Visualizer, Create a streamer G-Sensor to have three int16
variable X, Y, Z gravity parser from USART2 115200-8-n-1

Bf MPLAB X IDE v6.05 - Driver : default .
Plot Streaming Data from COM4
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help
R — = . .
7 el & default VE-TC-B-PRR-R-RQ @ Q2 PG Howdo 17 Configure Variable Streamer
5| Kit Window x| Start Page = [0 MPLAB Data Visnalizer Project Graph = | Pin Settings = |Elapp_dI\)_ch.h x 'E‘lapp_dIv_ich.c x 'Elapp_drv_iZth x IE’lapp_d
% Workspace: D Clear ;'uj Load... a Save *e* | Views: P Time Plot E Terminal *** | Protocols: E DVRT Session Varizble Str:amer GSensor
= ame:
Ele . Time Plot X IDashboard x =R Terminal _
EI % E Serial Ports v I — Time Axis TO0 09 Framing Mode: Auto ¥
g]e 6k - Marker 83020 8
= 138883 E A ize:
= § COM2 ‘:1' » I s 5s n e 03 .FrameS.lze. 8 bytes
8 Data values 03 30 0 (Including framing)
E ) " ) .
7 % w164 - AN Mo # Mark T, Snapshot.. 0 06 FC Plot Streaming Data from COM4
“Tol comas Lo | |2 V| ’ f l ! '1 - 680" Variabl T e lEalt
P | | Data Axis 10 80 0 ariable ¥PE .
1 |8 a2y T W) L \ C 03 BO (Frame hea)  Choose Variables to Plot
= CAPTURING| \ \ | gl A . R 50 OF
COM4 S i v ‘¢1V (] | | \ - 84O£C58 X e !
COM4 Settings A L L gt — Variable Streamer.  GSensaor
| N W ! | l.f " ‘l 1 p. =4 X on GSensor v i~ & o c0 03
Baud Rate: | 115200 o J | | Y II, S _ 8318008 v - : Variables to Plot:
El ) v J ." 1 J. L \ _.|' Y on GSensor v | . O m EC 03 All variables
Char Length: | 8 bits I A .‘ \ l f i ”l"l A __ |oa a0 0
ll . J J Wnyl 1. -I‘l Z on GSensor vy i 00O 09850512 7 Int16 5 X: Int16
Parity: N -2k W [/ \ L M| ¢
) one v "‘.\L '.'-‘ 'Jr I'.‘I. \y @ Add Plot gFogch Y- Int16
Stop Bits: \ y ( 10 OF . Int16
Stop Bits: J_ | . | . . | @ ada vt avs okl | ok import.. Z:Int16
139435 139445 139455 139463 139473 _‘—
_ s MCC] G Search Resnlts [ Output. | 20 Wavigator Dinver - Dashboard Checking for external changes I Suspended How to Plot: o New axis per data type (1)
(L] § Mew axis per variable (3)
= M COMS3 - Tera Term VT
ts Add 3 plots to selected axis
. . A
—ﬁ File Edit Setup Control Window Help Add plots manually
~ DRV_I_J‘_&J&R T1: Hel 10 wonr 1 d Tlhegm beddFed am_licationlrlnust send these variables using
o the Stream Format in Variable Streamers.
Wrote 8x24 to EEPROM 24AA See the Data Streamer Library from MCC Melody for examples.
G-Sensor Software Reset Completed 0
G-Sensor WHO AM I : ©x35 &, Import.. =

G-Sensor Initial Completed

= 26.5 EEPROM = ©x24

Temp
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€ Advanced Exercise
12C Device Auto Probe
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4 Advanced Exercise : 12C Device Auto Probe

* Auto probe the G-Sensor connection on PLIB SERCOM1 or SERCOM3

[ J [ (] "
* The Switch S3 could choose either one for connection.
EEPROM SEnsor.
Task Task
BS20A iea : B
Ll e gB ' #‘&cce'eml_ﬂeter
BS20B l ' Driver,
BS19B g B & # lm@ Instance—l
33V oIl : SERCOMS3 SERCOM1
S3 C45 || 0.1uF 'Gl\D === ek 1 RPLIB PLIB
WE452403012014 ' MEP9800 .
*€| Pa2yscrgsan | -
PA22/SDA(S3.0)
—_— & ;":r-c 21 Ul2 GND 24AN025
oi A KXTJ3-1057 I
*D "
: - - 2 e
5 & 0 ) 2 g 10 I o
= L -~y 4
~ GNDJ ADDR S VDD 3.3V
5 Lo—‘; | SDA GND Z GND e
E 33V Ij_ T IOVDD GND 7 GND Task
_ J__ RES A VDD 3.3V
3! I C46 GND z &
S =
£ CN_DO'IUF o Acce'emmeter ‘
= A | w3 : = DrVer
= 0.1uF
= 5 3 3V—REE AN ALK
=\ B l GND GND
2 K PAOS/AINS/EINTS/Y3 BS21_q, SV
Ul= * PLIB
7|Z| Accelerometer B x12¢ address:0x0E
3] % *A Two option for KXTJ3 T
w
] *B PCB open by default Optionl : All of 12C devices connected to SERCOM3 include KXTJ3 2AAA025 ¥
é § *C SECOM3, 12C Option2 : KXTJ3 connected to SERCOM 1, others to SERCOM3 @ MICHDCHIP
*D SECOM1, I12C



4 Advanced Exercise : 12C Device Auto Probe

* Increase “Number of clients” to 3 in 12C Driver Instance 0.

Project Graph *l

XIQ - W:af ¥ f|l§l |Plugins:

Device Family Pack (OFP)

EVSYS
Peripheral Library

NVMCTRL
Peripheral Library
MEMORY
SERCOM3

Peripheral Library
I12C

SERCOM1
Peripheral Library
I2C

TIME
System Service
O Core Service

SYS_TIME ©

Driver

O Core Service

- Instances [l — (]
— Instance 0
. I2C
‘ DRV_I2C 1

I2C |
‘ DRV_I2C T

| Add Number,of.clients to'3

Configuration Options x]

(=] [+]

=120
- PLIE Used SERCOMS3

%----Number of clients ‘E[
‘ -
=2

“Transfer Queue Size

Accel
EEPROM Sensor

Task

Instance-0| Instance-1

SERCOM3
PLIB

MCP9800

24AA025
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4 Advanced Exercise : 12C Device Auto Probe

 Comment out Software Reset in APP_DRV_12C2_Tasks state INIT.

void APP_DRV_I2C2_Tasks ( void )
switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2_STATE_INIT:

~ // I2C2Handle_T3J3 = DRV_I2C Open(DRV I2C_INDEX_1, DRV_IO_INTENT READNRITE),
// if(I2C2Handle_TJ3 == DRV_HANDLE_INVALID)

/7
// E app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_ERROR;

// break;

8, —-— —— ——

// I2C2WriteBuf_TJ3[@] = OxiD; before Software Reset Message

< /7 I2C2wWriteBuf T33[1] = ex8e;
// DRV_I2C_WriteTransferAdd( I2C2Handle TJ3, KXTJ3_ADDRESS,

// I2C2WriteBuf TJ3, 2, &I2C2WriteReadHandle _T33 );
// while( DRV_I2C TransferStatusGet(IZCZerteReadHandle T13) !=
// DRV_I2C TRANSFER_EVENT_COMPLETE) {}

// SYS_TIME_HANDLE TimeHandle;
// SYS_TIME DelayMS(10, &TimeHandle );
. // while(!SYS_TIME DelayIsComplete(T1meHand1e)) {}

USART1printf("G-Sensor Software Reset Completed\r\n");

I2C2WriteBuf _TJ3[0] = OxOF;
DRV_I2C wrlteReadTransFerAdd( I2C2Handle_T3J3, KXTJ3_ADDRESS,
I2C2WriteBuf _T33, 1, I2C2ReadBuf T13, 1, &I2C2WriteReadHandle ~T33 );
while( DRV_I2C TransferStatusGet(IZCZerteReadHandle TJB) I=
DRV_I2C TRANSFER_EVENT COMPLETE) {}

if( I2C2ReadBuf _TJ3[0] != 0@x35 )

{
app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_ERROR;
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4 Advanced Exercise : 12C Device Auto Probe

* Auto Probe loop to find G-Sensor on which Instance of DRV _I2C.

void APP_DRV_I2C2_Tasks ( void )

switch ( app_drv_i2c2Data.state ) Implement 2 |OOp for
Ease APP_DRV_I2C2_STATE_INIT: : nn =

// I2C2WriteBuf_TI3[@] = @x1D;
// I2C2WriteBuf_TJ3[1] 0x80;
// DRV_I2C_WriteTransferAdd( IZC2Hand1e TJ3, KXTJ3_ADDRESS,

// IzczwrlteBuf TJ3, 2, &IZCZerteReadHandle TJ3 );
// while( DRV_I2C TransferStatusGet(IZC2Wr1teReadHand1e T13) !=
// DRV_I2C_TRANSFER_EVENT_COMPLETE) {}

// SYS_TIME_HANDLE TimeHandle;
// SYS_TIME_DelayMsS(10, &TimeHandle );

// while(!SYS_TIME DelayIsComplete(T1meHand1e)) {}
for( int Enst = DRV_I2C_INDEX_0 ; Inst <= DRV_I2C_INDEX 1 ; EInst++ )

I2C2Handle_TJ3 = DRV_I2C_Open(INs¥, DRV_IO_INTENT_READWRITE);
if(I2C2Handle_TJ3 == DRV_HANDLE_INVALID)

! app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_ERROR; EXit INIT; state If Open fall

y return;
I2C2WriteBuf_TJ3[0] = ox1D;
I2C2WriteBuf_TJ3[1] = 0x80;

DRV_I2C WriteTransferAdd( IZC2Hand1e TJ3, KXTJ3_ADDRESS,
IZC2Wr1teBuf T33, 2, & IZCZWriteReadHandle_TJ3 );

}
USART1printf("G-Sensor Software Reset Completed\r\n");
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4 Advanced Exercise : 12C Device Auto Probe

* Check transfer status to decide G-Sensor exist or not on the bus.
case APP_DRV_I2C2_STATE_INIT:

for( int Inst = DRV_I2C_INDEX @ ; Inst <= DRV_I2C_INDEX 1 ; Inst++ )

Start of For loop {

Insert between this

End of For loop }

I2C2Handle_TJ3 = DRV_I2C_Open(Inst, DRV_IO_INTENT_READWRITE);
if(I2C2Handle_TJ3 == DRV_HANDLE INVALID7

{
app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_ERROR;

) return;
I2C2WriteBuf_TJ3[0] = ox1D;
I2C2WriteBuf_TJ3[1] = Ox80;

DRV_I2C WriteTransferAdd( I2C2Handle TJ3, KXTJ3_ADDRESS,
I2C2WriteBuf_TJ3, 2, & I2C2WriteReadHandle_T3J13 );

DRV_I2C_TRANSFER_EVENT TransferStatus;
do

TransferStatus = DRV_I2C_TransferStatusGet(I2C2WriteReadHandle TJ3);
if( TransferStatus == DRV_I2C_TRANSFER_EVENT_ERROR )

PO L LI Pr O b e failure try,next Insta

}
} while( TransferStatus != DRV_I2C_TRANSFER_EVENT_COMPLETE );
SYS_TIME_HANDLE TimeHandle;
SYS_TIME DelayMS(10, &TimeHandle );
while(!SYS_TIME DelayIsComplete(T1meHand1e)) {}

if( TransferStatus == DRV_I2C_TRANSFER_EVENT_ COMPLETE )

break; .
Probe’'success exit probe loop

ce
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4 Advanced Exercise : 12C Device Auto Probe

* Try switch S3 to different connection of G-Sensor to check if the G-Sensor could be
Auto Probed by our implementation.

T COMS3 -Tera Term VT — O e

File Edit Setup Control Window Help
DRV USART1: Hello world

Wrote ©x24 to EEPROM 24AA
G-Sensor Software Reset Completed
G-Sensor WHO AM I : ©x35

G-Sensor Initial Completed
Temp = 26.5 EEPROM = @x24 G-Sensor = ( b 192, 4144)

EEPROM
Task
Temp
Sensor:
SERCOMS3 SERCOM1
PLIB PLIB
MEPO800.

~ Accel
EEPROM Sensor
Task Task

SERCOM3
PLIB
SR MCP9800
24AA025 @ 2AAA025
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SPI Driver Library

Harmony Driver
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SPI Driver Library

* Introduction

The SPI Driver is a multi-client, multi-instance buffer model-based driver interface which
can be used to communicate with various slave devices like EEPROM, ADC etc.

* Key Features of SPI Driver:

* Multi Client:

Each instance of SPI driver can have multiple clients. This means the SPI driver supports multiple slaves
connected to the same SPI bus.

* Multi Instance:
Provides interface to manage multiple instances of SPI peripheral.

* Supports Asynchronous and Synchronous modes of operation.
* Supports Bare Metal and RTOS environments.
* Supports DMA.
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SPI Driver Library

Configuration Options X]
Froject Graph XI HH
x | wl §af § K., | =] |P1ugins: w El--C;u:ure
- Generate Harmony &pplication Files
é}--ﬁpplicatiuﬂ Configuration
%----Numher of applications =

Iél--ﬂ:uplicatiun 0 Configuration

NVMCTEL
Peripheral Library
MEMORY

~Application Mame 'aDD_dW_SDi

-AEEE Aaplication name must be valid C-Langu
-~ Generate Harmony Driver Common Files

- @enerate Harmony System Service Corrmon Files

-~ GFenerate Harmony System Media Files |:|
-~Enable System Interrupt
SERCOM4 Configuration Options x]
Peripheral Library = &
sSPr
= 5PI

~PLIB Used SERCOMA
%----Numher of Clients =
%----Tran5fer Queue Size 4=

(-

-Use DMA for Transmit and Receive? D
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SPI Driver Library

API functions of the SPI Driver library.
* System Functions
DRV_SPI_Initialize Initializes the SPI instance for the specified driver index.

DRV_SPI_Status Gets the current status of the SPI driver module.

* Client Setup Functions

DRV_SPI_Open Opens the specified SPI driver instance and returns a handle to it.

DRV_SPI_Close Closes an opened-instance of the SPI driver.

DRV_SPI_TransferSetup Sets the dynamic configuration of the driver including chip select pin.

DRV_SPI_TransferEventHandlerSet Allows a client to set a transfer event handling function for the driver to call back when queued transfer
has finished.

* Transfer Functions

DRV_SPI_ReadTransfer This is a blocking function that receives data over SPI.
DRV_SPI_WriteTransfer This is a blocking function that transmits data over SPI.
DRV_SPI_WriteReadTransfer This is a blocking function that transmits and receives data over SPI.
DRV_SPI_ReadTransferAdd Queues a read operation.

DRV_SPI_WriteTransferAdd Queues a write operation.

DRV_SPI_WriteReadTransferAdd  Queues a write-read transfer operation.

* Transfer Status Functions
DRV_SPI_TransferStatusGet Returns transfer add request status.
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SPI Driver Library

API functions of the SPI Driver library. (cont.)

* Data Types and Constants

DRV_SPI_CLOCK_PHASE Identifies SPI Clock Phase Options

DRV_SPI_CLOCK_POLARITY Identifies SPI Clock Polarity Options

DRV_SPI_CS_POLARITY Identifies SPI Chip Select Polarity Options

DRV_SPI_DATA_BITS Identifies SPI bits per transfer

DRV_SPI_TRANSFER_SETUP Defines the data required to setup the SPI transfer
DRV_SPI_TRANSFER_EVENT Identifies the possible events that can result from a transfer add request.
DRV_SPI_TRANSFER_HANDLE Handle identifying the transfer request queued.

DRV_SPI_TRANSFER_EVENT_HANDLER Pointer to a SPI Driver Transfer Event handler function
DRV_SPI_TRANSFER_HANDLE_INVALID Definition of an invalid transfer handle.
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SPI Driver Library

PLIB SERCOM SPI pad configurations.

PAD[0] PAD[1] PAD[2] PAD[3] PMUX

SERCOMO

SERCOM1

SERCOM2

SERCOM3

SERCOM4

SERCOM5

O 0O 6 0O 0O 6000 n O 600 n O

CTRLA

SERCOM

DIPO | DOPO PAD[0] PAD[1] PAD[2] PADI[3]

Hardware Chip Select (SS)
0x3 0x0 DO SCK SS DI
0x0 Ox1 DI SS DO SCK
0x0 0x2 DI SCK SS DO
0x2 0x3 DO SS DI SCK
Software Chip Select (GPIO)
Ox1 Ox1 - DI DO SCK
Ox1 0x3 DO DI -- SCK
CTRLA SPI
DIPO DOPO DO SCK SS DI
Hardware Chip Select (SS)
0x3 0x0 PAD[O] | PAD[1] | PAD[2] | PADI[3]
0x0 Ox1 | PAD[2] | PAD[3] | PAD[1] | PAD[O]
0x0 0x2 | PAD[3] | PAD[1] | PAD[2] | PAD[O]
0x2 0x3 PAD[O0] | PAD[3] | PAD[1] | PAD[2]
Software Chip Select (GPIO)
Ox1 Ox1 | PAD[2] | PAD[3] -- PAD[1]
Ox1 0x3 PAD[0] | PAD[3] - PAD[1]
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€ Lab 16
Single-Client SPI OLED Display

SPI Driver Library
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% Lab16 Single-Client SPI OLED Display

* Try add SPI Driver through PLIB SERCOM4 SPI to control the OLED display SSD1306 to show graphic
image and text message.
* A pre-build splash image and text font bitmap will be provided for exercise.

* Please output text result of USART/I2C Driver Labs on OLED display as below.
LCM: Hello World
USART1 RX: [The received byte from USART1 console]

USART2 RX:  [The received byte from USART2 console] M: Hello World ; il

) SARTL R PA13 sercoma paD1
I2C1 Temp: [The temperature from I2C1 device MCP9800AS ] BT 5.0 SAMD21
I2C2 EERPOM: [The byte read from I2C1 device 24AA©24E64] oV HE Y [0 PB10 sercom4 PAD?

»
LRI L)

PB11 sercoma pAD3

PA27 GPIO output

I2C2 AccelX: [The gravity X data from I2C2 device KXTJ13] A
I2C2 AccelY: [The gravity Y data from I2C2 device KXTJ13]
I2C2 AccelZ: [The gravity Z data from I2C2 device KXTJ3]

* OLED display (SSD1306) pin configuration: (SPI Chip Select : SERCOM-SPI Hardware controlled)
GND/AO to PA12 (Custom Name SSD1306_RS, GPIO output, latch High)
CS to PA13 (SERCOM4 PAD1)
MOSI/SDA to PB10 (SERCOM4 PAD?2)
SCK/SCL to PB11 (SERCOM4 PAD3)
RST to PA27 (Custom Name SSD1306_RESET , GPIO output, latch High)
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%€ Lab16 Single-Client SPI OLED Display

 Add SPI Driver and attach PLIB SERCOMA4 as its hardware.

Device Resources

Content Manager

¥ Libraries

¥ Harmony

¥ Drivers

» 12C EEPROM

» SDCARD

' MEMORY

P

& O spi
» SP| EEPROM
> SPI FLASH

» SQI Flash

Project Graph XI

X|I3IEII +|*Iil*|P1ugins:

EVSYS TIME
Peripheral Library System Service

TC3 2 Core Service
Peripheral Library SYS_TIME ©
TMR

MNVYMCTEL
Peripheral Library
MEMORY

~ SERCOM4

Peripheral Library Instance 0
SPr < SPI

DRV_SPI

Attach PLIB SERCOM4
to SPI Driver
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%€ Lab16 Single-Client SPI OLED Display

* Enable DMA of SPI Driver and configure pads of PLIB SERCOMA4.

Configuration Options X]
= #H
Froject Graph XI =+ SERCOM4
X ZTRERBE 4| & Phgs v | © Select SERCOM Operation Mode  SPT Master wEl DO on PAD[Z]
: : - Enable Interrupts ? v
Device Family Pack (DFP) e
-Enable operation in Standby mode |:|
EH'I'IM;. Core . —————— |ilj"ij'"'éiﬁ"Fﬁ;]ﬁ[2]','"SCK'"-':':iHFEﬁ[ETEH&TEE'6']'{"15;35;]:3['1']"'5 =
Pexi Li =lgy] ice | 1
' T; ibrary S Harmony Core Service ~5PI Data In Pad Selection 'SERCQM FAD[O] .v'
© RTOS ~SPI Data Order MEE 15 transferred first -~
Peripheral Library SYS_TIME © Core Service O 5Pl Speed in H 1,000,000 =
TMR MR peed in Hz LU, ¥
--SPI Data Character Size 2 bits
NVMCTRL SPI -5PI Clack Phase The data 15 sampled on a leading SCK edge and changed d
. s _ : :
per@:ﬂ;ﬂ:’f Driver - 5PI Clock Polarity =CK 15 low when 1dle
© Core Service --Enable SPI Master Hardware Slave Select En ab | e SPI MaSteI’
SERCOM4 Instances = —+ ~5PI Receiver Enahle - — R

Peripheral Library
SPI 1 .

Instance 0

e r— klected " * Hardware Slave.Select

(= [#
=+ 5SPI
- PLIE Used
-~ Murmber of Clients

DRV_SPI

SERCON4

LN S

-~ Transfer Queue Size

- Llse DMA for Transmit and Receive?

~DMaA Channel Far Transmit 0z
~DMa Channel For Receive =

Enable DMA
In"SPI Driver
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%€ Lab16 Single-Client SPI OLED Display

* Important!! Latest SPI Driver will not use the SERCOM-SPI Transfer Parameters as

initial value of SPI Driver.

Froject Graph = l

Configuration Options X]

=1 [+

X|Eglﬁmﬁf|@*|ﬂugms: iy

Device Family Pack (DFP) [ cmsIS Pack

EVSYS TIME
Peripheral Library
o Core Service

Systermn Service
TC3 (9]

Peripheral Library SYS_TIME
TMR TMR

Core
Harmomy Core Service

RTOS

Core Service O

MYMCTEL
Peripheral Library
MEMORY

| Instances - —

Peripheral Library

| SERCOM4
SPI <o

=+ SERCOM4
= Select SERCOM Operation Mode  SPI Master
--Enable Interrupts ?
-Enable operation in Standby mode
--SPI Data Cut Pad
-SPI Data In Pad Selection
5P Data Order

L]

56 6n PADT] SR 5w PADI 5nd 55 an PADII] ©
SERCOM PAD[D] -~

MEE 15 transferred first -

o=

- SPI Speed in Hz

- 5SPI Data Character Size
~5SPI Clock Phase

~SPI Clock Polarity

- 5Pl Receiver Enahle
~***ESP] Transfer Mode O is Selected™ ™™

initial value of,SPI Driver.

It’'s’active on *SP| PL'IB'Only

_—
1,000,000 -2

2 bits
The data 15 sampled on a leading SCE edge and changed ¢
=K 15 low when 1dle

--Enable SPI Master Hardware Slave Select

@ MICROCHIP



% Lab16 Single-Client SPI OLED Display

* Configure PA12 as GPIO output, Latch High, Custom named as SSD1306 RS
* Configure PA27 as GPIO output, Latch High, Custom named as SSD1306 RESET

* Enable PLIB SERCOMA4 pads PA13, PB10 and PB11 of SPI Driver Instance 0.

Project Graph* Fin Diagram XI Pin Table =| Pin Settings =
Order: Table Wiew Easy View

Fin

P I Custom MName Function Mode Direction Latch Full Up  Full Dirive
Mumber
- Dirarn Strenoth
19 PE10 SERCOM4 PAD2 ~ | Dhigital High Impedance nfa [] [] | ~ormAL
20 PE11 SERCOM4 PAD3 ~ | Digital High Impedance nfa [] [] | mormaL

PAL2 SO0 s T GPIo | "Dl out | g
| PAa13 | | SERCOM4PAD1I V| High Impedance []

4 ESES RS K

55D1306_RESET - Dugital | out ~| High

PA12:as GRIO,output,fcustom name, SSD1306¥RSHLatch to High
PA2 gas GPIO outputcustomnameSSD1306RESET atch to High

Configure PA13'/,PB10",PB11]as SERCOM44PAD1}/ PAD2'/,PAD3

GPIO output

SERCOMA4 PAD1

SAMD21

SERCOMA4 PAD2

SERCOMA4 PAD3

PA27 6pio output ﬁ\ MICROCHIP




%€ Lab16 Single-Client SPI OLED Display

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “5” and
given the Application Name to“app_drv_spil”.

Project Graph XI |
X|@G5Ef|@*|ﬂugms: iy

EVSYS TIME B
i Core
Peripheral Library Systermn Service

Harmomy Core Servi
o Core Service = = =
TC3 2 RTOS

Peripheral Library SYS_TIME
TMR TMR

Core Service O

MYMCTEL 5Pl
Peripheral Library Diriver

MEMORY o Core Service

SERCOM4 Instances = —+

Peripheral Library Instance 0
sPr spPr

DRV_SPI

Rename file to “app_drv_spi

1”

Configuration Options XI

Increase Number,of Application

= Core
= Geherate Harmony &pplication Files
Iél--ﬂpplicatiun Configuration

%----Number of Applications 5J

--.-’-‘«pplicatil:un 0 Configuration

--ﬂpplicatiun 1 Configuration
--ﬂpplicatiun 2 Configuration
--ﬂpplicatiun 3 Configuration
Iél--.&pplicatiu:un 4 Configuration

%----Enable Apnplication 4 Configuration

%----ﬁpplicatinn Mame app_drv_spil

- Generate Harmony Driver Common Files

- GFenerate Harmony System Service Camrmon Files
- GFenerate Harmony System Media Files

-Enahle System Interrupt

--Enahle System Ports

- Enahle Systern DMA

]

ek Application name must be valid C-Language if
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% Lab16 Single-Client SPI OLED Display

* Copy pre-build bitmap header files to project folder \firmware\src.
* Splash Logo bitmap image “Microchip_Logo.h”.
* Text Font bitmap image “Alphabet Fonts.h”.

* Add two header files to project in MPLAB X IDE.

Projects = Files  Services
=G Lablo_DRV_SPI SingleClient CLED
El . Header Files

Lab16_DRY_SPI_SingleClient_OLED > firmware » src i) | lphabet_Fonts.h

, , ----- B app drv 12cLh
Copy,file.to,\ firmware,\'src ) app drv 224

config
packs b . . = ----- T app_drv_spil.h
® Alphabet_Fonts.h ojects | Files Sgrw-::eg 1 app drv_usartlh
: : 1 = ﬁ Lable DEWV =PI SingleClient OLED e
® Microchip_Logoh & . Header Files - app_drv_usart2.h
app_drv_i2cl.c y @] Alphabet, New . confiy
s app_drv_i2zcih | L L g drv . L 'F'_ﬂ Microchip Logoh
" o a LT | New Logical Folder . packs
app_drv_i2c2c | e S app_drv . . " TP\ F
®app_drv_izcch | T app_drv Add &!St!"9 —— I +-& Important Files e
_— B app_drv Add Existing ltems from Folders..
------ 'FTj app_drv Find...
e

Add EXxisting Item to project
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% Lab16 Single-Client SPI OLED Display

* The state machine to implement in app_drv_spil.c as below.

] I
| S p———— R —— ™ 4
’ I APP_DRV_SPI1_Tasks()

]
)
—
T SPLASH ]
]

WAIT_COMPLETE

. S N SN B BN S B BN B B B B B B e e e

m\

v
F
>
wn
II
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%€ Lab16 Single-Client SPI OLED Display

e Add states in “app_drv_spil.h”.

#ifndef

#define _

#include
#include
#include
#include
#include

APP_DRV_SPI1 H
APP_DRV_SPI1_H

<stdint.h>
<stdbool.h>
<stddef.h>
<stdlib.h>
"configuration.h"

typedef enum

APP_DRV_SPI1 STATE INIT=0,

// APP_DRV_SPI1 STATE_SERVICE_TASKS,
APP_DRV_SPI1 STATE_SPLASH,

APP_DRV_SPI1_STATE_SPLASH_WAIT_COMPLETE,

APP

DRV_SPI1

STATE_UPDATE,

APP_DRV_SPI1_STATE_ERROR,
APP_DRV_SPI1_STATE_IDLE,

} APP_DRV_SPI1_STATES;

typedef struct

APP_DRV_SPI1_STATES state;

} APP_DRV_SPI1 DATA;

void APP

void APP_

DRV_SPI1 Initialize ( void );
DRV_SPI1 Tasks( void );

You could remove the

SERVICEATASKS’state

because we will

| INIT

]—

:I SPLASH

qSPLASH_WAIT_COMPLETE] |

UPDATE

J (

ERROR
IDLE

@ MICROCHIP



% Lab16 Single-Client SPI OLED Display

* Construct new states flow of task in “app_drv_spil.c”.

/******************************************************************************

Function: : -
“Void APP DRV SPI1 Tasks ( void ) Overwrite original example'code

void APP_DRV_SPI1 Tasks ( void )

{
switch ( app_drv_spilData.state )

case APP_DRV_SPI1_STATE_INIT:
app_drv_spilData.state = APP_DRV_SPI1_STATE_SPLASH;
break;

case APP_DRV_SPI1 STATE_SPLASH:
app_drv_spilData.state = APP_DRV_SPI1 STATE_SPLASH WAIT_COMPLETE;
break;

case APP_DRV_SPI1 STATE_SPLASH_WAIT_COMPLETE:
app_drv_spilData.state = APP_DRV_SPI1 STATE_UPDATE;
break;

case APP_DRV_SPI1 STATE_UPDATE:
break;

case APP_DRV_SPI1 STATE_ERROR:
app_drv_spilData.state = APP_DRV_SPI1 STATE_IDLE;

break; - - - ( INIT ——
case APP_DRV_SPI1 STATE_IDLE: i SPLASH ]

} break; q spLasH_WAIT_compLee] | ERROR
} q UPDATE ] |( IDLE

@ MICROCHIP



% Lab16 Single-Client SPI OLED Display

* Header include and Global Declarations in “app_drv_ spi1.c”.

#include "app_drv_spil.h"
#include "app_drv_usartl.h"
#include "driver/spi/drv_spi.h"
#include "system/time/sys_time.h"
#include "peripheral/port/plib_port.h"
#include "Alphabet_Fonts.h"
#include "Microchip_Logo.h"
#include <stdio.h>
#include <string.h>

// 3k 3k 3K sk 3k 5k 5k sk 5k sk 5k 5k 5k 5k sk 5k sk 5k %k 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk ok sk sk sk sk sk ok sk sk k ok * 3k sk 5k 3k 5k 5k 5k >k 5k ok kK 3k 5k %k ok sk ok k
3k 3k 3k 3k 5k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk k k
Section: Global Data Definitions

3k 3k 3k 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk Sk sk 5k sk Sk 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk ok sk sk sk sk sk sk sk sk sk sk k
// 3k 3k 3k 3k 3k 5k 5k 3k 5k 5k 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk ok sk sk sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk 5k 5k sk 5k 3k 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk sk k

#define LCM_WIDTH 128

#define LCM_HEIGHT 64

int LogoX=126;

const uint8_t LCM_InitCMD[] =
OxAE, OxD5, Ox80, OxA8, Ox3F, OxD3, Ox00, 0x40, Ox8D, Ox14, Ox20, Ox02, OxAl,
OxC8, OxDA, Ox12, 0x81, OXCF, OxD9, OxF1l, OxDB, Ox40, OxA4, OxA6, OXAF

NN
NN

OLED.initial commands

}s

enumLéM BUS 0
LCMBUS = OLED,BUS selector

DRV_HANDLE SPIlHandle;
SYS_TIME_HANDLE SplashTimerHandle;

SPIl handle
Delayglimer,handle

// 3k 3k 3k 3k 5k 3k 3k 5k 3k 5k >k sk ok >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k sk 5k >k sk ok
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% Lab16 Single-Client SPI OLED Display

* Implement LCM local function for bus write and draw bitmap.

>k 5k 3k 3k 5k >k 3k 5k >k 5k >k sk ok >k Sk 5k >k 5k >k 3k 5k >k 3k 5k >k 5k >k sk ok >k Sk 5k >k 5k >k 3k 5k >k Sk 5k >k ok >k Sk 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k >k 5k >k Sk 5k >k Sk 5k 3k 5k >k 3k 5k >k ok 5k >k 5k >k >k ok

Section: Application Local Functions
3k 3k sk 3k 3k 5k 5k 5k 3k Sk Sk 3k sk 3k 3k 5k 5k 5k 3k sk sk sk 3k 3k 3k 5k 5k 3k Sk sk sk sk 3k 3k 3k 5k 5k Sk sk sk sk sk 3k sk 5k 5k Sk sk sk sk sk 3k 3k 5k 5k 5k ok Sk sk sk sk 3k 3k 5k 5k 5k Sk sk sk >k >k >k >k ok ok 5k >k

>k 5k 3k 3k 5k >k 3k 5k >k 5k >k sk ok ok Sk ok >k 5k >k 3k 5k ok Sk ok >k 5k >k >k 5k 3k 3k 5k >k ok >k sk ok 5k Sk ok >k Sk 3k >k ok 5k 3k 5k sk ok 5k >k 5k 5k Sk 5k >k Sk >k >k 5k 5k 3k 5k >k ok 5k >k 5k ok >k ok >k %k ok >k ok

< NN
NN

DRV_SPI_TRANSFER_HANDLE SPIlWriteHandle; Control GPlO to choose
if E bus==LCM_BUS g SSD1306_RS_Clear(); Command or,.Data transfe
else if( bus==LCM_BUS SSD1306_RS _Set();

DRV_SPI WriteTransferAdd( SPIl1Handle, bytes, counts, &SPIlWriteHandle );
while( DRV_SPI_TransferStatusGet(SPI1lWriteHandle)!=DRV_SPI_TRANSFER_EVENT_COMPLETE );

}
void LCM SetCursor( uint8_t x, uint8_t y )

uint8_t OUT[3] = { OXOF & X, Ox10 + (X >> 4), OxBO + y }; OLED_ Cursor,Set

) LCM_BusWrite( LCM_BUS_CMD, (void*)OUT, 3 );

void LCM_DrawBitmap( uint8_t sx, uint8_t sy, uint8_t width, uint8_t height,
{

const unsigned char *byte )

for( int y=0; y<(height/8); y++ ) BIEN I ETNINERE

LCM_SetCursor( sx, sy+y );
LCM_BusWrite( LCM_BUS » (void*)byte, width-sx );
byte+=width;

oid LCM_BusWrite( int bus, void *bytes, size_t counts ) (@]M=DN IR YA Nilla Y ileYa)
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% Lab16 Single-Client SPI OLED Display

* Driver Open, OLED Hardware reset, initial in state INIT and handling ERROR state.
id APP_DRV SPI1 Task id
¢ T as S,( void ) OLED,hardware reset by, GPIO
switch ( app_drv_spilData.state )
e APP_DRV_SPI1_STATE_INIT: SPI Driver,Open forgwrite only
SSD1306_RESET Clear();

SPI1Handle = DRV_SPI_Open(DRV_SPI_INDEX @, DRV_IO INTENT_WRITE);
if(SPI1Handle == DRV_HANDLE_INVALID)

{
app_drv_spilData.state = APP_DRV_SPI1_STATE_ERROR;

break;

}
SSD13@6_RESET_Set();

DRV_SPT_TRANSFER SETUP SPT1Setup; Individual SPI Setup for,each SPI Instance

SPI1Setup.baudRateInHz 1000000,

SPI1Setup.clockPhase DRV_SPI_CLOCK_PHASE_VALID LEADING_EDGE;
SPI1Setup.clockPolarity DRV SPI CLOCK POLARITY IDLE LOW;
SPI1Setup.dataBits DRV_SPI DATA_BITS 8;

SPI1Setup.chipSelect
SPI1Setup.csPolarity

(SYS_PORT_PIN)SYS_ PORT PIN_NONE;

DRV SPI CS POLARITY ACTIVE LOW; . . I
DRV_SPI TransferSetup(SPI1Handle, &SPI1Setup); Write OLED initial commands

LCM_BusWrite( LCM_BUS_CMD, (void*)LCM_InitCMD, sizeof(LCM_InitCMD) );
app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;

break; _ [ il ]
Handling error,state messag e i g-reamms
APP_DRV_SPI1 STATE_ERROR: q ERROR
CaseUSARTlpr‘Tntf(“DRV_SEIl error!\r\n"); srussiwar cowriere] | ;1=='==%
<q UPDATE ] |( IDLE

app_drv_spilData.state = APP_DRV_I2C1 STATE_ IDLE;

@ MICROCHIP



% Lab16 Single-Client SPI OLED Display

* Please always execute the correct SPI Transfer Setup for each SPI Driver Client by use
the DRV_SPI_TransferSetup(). = SERCOM4

- Select SERCOM Operation Mode | SFI Master e

~Enable Inter'ty W gFSYSYY settlngs "will'not use forgthe
-~ Enable operation in St

void APP DRV SPI1 Tasks ( void ) - SPI Data Out Pad initial ValuOf PI ...]"md o thnLl
5Pl Data In Pad Seld | ig

sTactive'on SPI PLIB Only

switch ( app_drv_spilData.state )

- 5PI Data Order MEE 15 transferred first -
case APP_DRV_SPI1 STATE_INIT: s : 1,000,000 =
SSD1306_RESET Clear(); ; : . =
SPI1Handle = DRV_SPI Open(DRV_SPI_INDEX_©, DRV j 5°1 Data Character Size 8 bits ~
if(SPI1Handle == DRV_HANDLE INVALID) 1 SPI Clock Phase The data 15 3 ading SCK edge and changed

app_drv_spilData.state = APP_DRV_SPI1 STAT L3bLClock Polarity SR e

break; %----Enable SPI Master Hardware Slave Select
--5PI Receiver Enable

i----***SF‘I Transfer Mode 0 is Selected***
e —

¥
SSD1306_RESET_Set();

DRV_SPI_TRANSFER_SETUP SPIlSetup;
SPI1Setup.baudRateInHz B
SPI1Setup.clockPhase
SPI1Setup.clockPolarity
SPI1Setup.dataBits

DRV_ SPI _CLOCK_PHASE_VALID_LEADING_EDGE;
DRV_SPI_CLOCK_POLARITY_IDLE_LOW;
DRV_SPI_DATA_BITS_8;
SPI1Setup.chipSelect (SYS_PORT_PIN)SYS_ PORT PIN_NONE;
SPI1Setup.csPolarity DRV_SPI_CS_POLARITY_ACTIVE_LOW;

DRV_SPI_TransferSetup(SPI1Handle, &SPI1Setup); SPI Master Hardware Slave ' Select

LCM_BusWrite( LCM_BUS_CMD, (void*)LCM_InitCMD, sizeof(LCM_InitCMD) ); NAYIINRYeYRoMIE N E]1=(0) Chip Select

app_drv_spilData.state = APP_DRV_SPI1 STATE_SPLASH;
break;
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% Lab16 Single-Client SPI OLED Display

* Driver Open, OLED Hardware reset, initial in state INIT and handling ERROR state.
id APP_DRV SPI1 Task id
¢ T as S,( void ) OLED,hardware reset by, GPIO
switch ( app_drv_spilData.state )
éase APP_DRV_SPI1 STATE INIT: SPI Driver,Open forgwrite only
SSD1306_RESET Clear();

SPI1Handle = DRV_SPI Open(DRV_SPI_INDEX_©, DRV_IO INTENT WRITE);
if(SPI1Handle == DRV_HANDLE_INVALID)

{
app_drv_spilData.state = APP_DRV_SPI1_STATE_ERROR;

break;

%SD1306_RESET_Set(); Write OLED.initial commands

LCM_BusWrite( LCM_BUS_CMD, (void*)LCM_InitCMD, sizeof(LCM_InitCMD) );

app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;
break;

case APP_DRV_SPI1 STATE_SPLASH:
app_drv_spilData.state = APP_DRV_SPI1 STATE_SPLASH WAIT COMPLETE;
break;

Handling error,state’ message
case APP_DRV_SPI1 STATE_ERROR:

USART1printf("DRV_SPI1 error!\r\n");
- ( INIT —

app_drv_spilData.state = APP_DRV_I2C1 STATE_ IDLE;
break; ’ q SPLASH )

case APP_DRV_SPI1 STATE_IDLE: s war cownere] ERROR
ce m““ ] |( IDLE
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% Lab16 Single-Client SPI OLED Display

* Draw animated image in state SPLASH and a delay while finish.
void APP_DRV_SPI1 Tasks ( void )

switch ( app_drv_spilData.state )

case APP_DRV_SPI1 STATE_INIT:
LCM_BusWrite( LCM_BUS_CMD, (void*)LCM InitCMD, sizeof(LCM_InitCMD) );
app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;

break; - -
Draw,animated logo_bitmap
case APP_DRV_SPI1 STATE_SPLASH:

LCM_DrawBitmap( LogoX, ©, LCM_WIDTH, LCM_HEIGHT, Microchip_Logo );

LogoX = LogoX-2; .-
%f LogoX<6 ) Setup,one second delay,after,finish}

SYS_TIME DelayMS(1000, &SplashTimerHandle);
app_drv_spilData.state = APP_DRV_SPI1 STATE_SPLASH WAIT_COMPLETE;

}
break;

case APP_DRV_SPI1_STATE_SPLASH_WAIT COMPLETE:
if( SYS_TIME_DelayIsComplete(SplashTimerHandle) == true )

‘ app_drv_spilData.state = APP_DRV_SPI1 STATE_UPDATE; Walt one second delay

}
break; )
case APP DRV_SPI1 STATE_UPDATE: :l SPLASH ]

break; q spLAsH_WAIT_compLeTe] | ERROR
e q UPDATE ] |( IDLE
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% Lab16 Single-Client SPI OLED Display

* Please switch the S3 to Eia:{eel\/ kN,
If you have not implemented the Advanced Exercise : 12C Auto Probe after Lab15.

:{/01d SYS_Tasks ( void ) Task.c
/* Maintain Device Drivers */

/* Maintain Middleware & Other Libraries */

/* Maintain the application's state machine. */
/* Call Application task APP_DRV_USART1. */
APP_DRV_USART1 Tasks();

/* Call Application task APP_DRV_USART2. */
APP_DRV_USART2_Tasks();

/* Call Application task APP_DRV_I2Cl1l. */
APP_DRV_I2C1 Tasks();

/* Call Application task APP_DRV_I2C2. */
APP_DRV_I2C2 Tasks();

/* Call Application task APP_DRV_SPI1. */
APP_DRV_SPI1 Tasks();

@ MICROCHIP



% Lab16 Single-Client SPI OLED Display

* Compiler and programming your project to EVB.
* The OLED will show animated Microchip Logo

Project Graph* ]

X\Qﬁﬂﬁ flEl E’Plugins:

EVSYS TIME
- Core
Peripheral Library System Service

O Core Service

Harmony Core Service
O RTOS

SYS_TIME © 2
Core Service ©
TMR
NVMCTRL il SPI
Peripheral Library Driver
MEMORY O Core Service
Instances - — —+
Instance 0
o=/ SPI
L1y DRV_SPI

SPLASH

SPLASH_WAIT_COMPLETE ERROR

:I UPDATE IDLE
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% Lab16 Single-Client SPI OLED Display

* Let’s continue implement to display the text message.

Insert between this

Insert between this

#include ' app drv_spil.h"

#include "app_drv_usartl.h"

#include "drlver/spl/drv spi.h”
#include "system/time/sys_time.h"
#include "peripheral/port/plib_port.h"
#include "Alphabet Fonts.h"

3k 3k 3K 3k 5k 5k 5k 3k 5k ok 5k 3k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk k k
3k 3k 3K 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk ok sk sk sk sk sk sk sk sk sk sk k
Section: Global Data Definitions

3k 3k 3k 3k 5k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk k k
// 3k 3k 3k 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk sk sk sk 5k sk 5k sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk k k

#define LCM_WIDTH 128
#define LCM _HEIGHT 64
#define FONT_WIDTH 7
#define FONT_HEIGHT 8
char OutString[20];
char LCM_UsartlRx;
char LCM UsartZRx,

Font size (depend to bitmap of,Font)
float LCM_I2c1Temp;
char LCM_I2c1EERPOM;

Data’collect for,OLED,text output
int LCM IZc2Acce1[3],
char Alphabet[95] = "0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz\

~'@#$/"&()[]{} 5,7 " \"eod-*/=2 . -
Toindex the font offset in'bitmap

int LogoX=126;
const uint8_t LcM Blank[1@24],

oxD3, 0x00, 0x40, 0x8D, 0x14, Ox20, 0x02, OxAl,
oxD9, OxFl, oxDB, 0x40, OxA4, OxA6, OxAF

NN
NN

const uint8 t LCM_InitCMD[] =
OXAE, OxD5, Ox80, OxA8, Ox3F,
oxC8, GXDA 0x12, 0x81, OxCF,

g
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% Lab16 Single-Client SPI OLED Display

* Implement LCM clear and draw text string functions.

// >k 5k 3k 3k 5k >k 3k 5k >k 5k >k sk ok >k Sk 5k >k 5k >k 3k 5k >k 3k 5k >k 5k >k sk ok >k Sk 5k >k 5k >k 3k 5k >k Sk 5k >k ok >k Sk 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k >k 5k >k Sk 5k >k Sk 5k 3k 5k >k 3k 5k >k ok 5k >k 5k >k >k ok

// Section: Application Local Functions
3k 3k sk 3k 3k 5k 5k 5k 3k Sk Sk 3k sk 3k 3k 5k 5k 5k 3k sk sk sk 3k 3k 3k 5k 5k 3k Sk sk sk sk 3k 3k 3k 5k 5k Sk sk sk sk sk 3k sk 5k 5k Sk sk sk sk sk 3k 3k 5k 5k 5k ok Sk sk sk sk 3k 3k 5k 5k 5k Sk sk sk >k >k >k >k ok ok 5k >k

// >k 5k 3k 3k 5k >k 3k 5k >k 5k >k sk ok ok Sk ok >k 5k >k 3k 5k ok Sk ok >k 5k >k >k 5k 3k 3k 5k >k ok >k sk ok 5k Sk ok >k Sk 3k >k ok 5k 3k 5k sk ok 5k >k 5k 5k Sk 5k >k Sk >k >k 5k 5k 3k 5k >k ok 5k >k 5k ok >k ok >k %k ok >k ok

void LCM BusWrite( int bus, void *bytes, size t counts ) { ... }
void LCM SetCursor( uint8 t x, uint8 ty ) { . }
void LCM DrawBitmap( uint8 t sx, uint8 t sy, uint8 _t width, uint8 t height, ...) { ... }
¥oid LCM_Clear( void )
unsigned char LCM_Blank[1024];
memset (LCM_Blank, 0, 1024);
s LCM_DrawBitmap(@, @, LCM_WIDTH, LCM HEIGHT, LCM Blank); OLED screen clear
¥oid LCM_DrawFont( uint8_t sx, uint8_t row, char ch )
int chIdx = @; Find offset in font bitmap
while( ch != Alphabetgchldx] IR CECHB I ANd output to target position
LCM SetCursor(sx, row
LCM_BusWrite( LCM BUS_- (void*)(Alphabet_Fonts+(chIdx*FONT_WIDTH)), FONT_WIDTH );
}

void LCM_DrawString( uint8_t sx, uint8_t row, char *str )

for( int x=0 ; x<strlen(str); x++ )

LCM DrawFont( sx+(x*FONT_WIDTH), row, str[x] ); Draw String fonts
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% Lab16 Single-Client SPI OLED Display

* Add OLED screen clear before start splash animation and end of animation.
void APP_DRV_SPI1 Tasks ( void )

switch ( app_drv_spilData.state )
case APP_DRV_SPI1 STATE_INIT:
SSD1306_RESET Set();
LCM_BusWrite( LCM_BUS_CMD, (void*)LCM_InitCMD, sizeof(LCM_InitCMD) );
LCM_Clear();

app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;
break;

case APP_DRV_SPI1 STATE_SPLASH:

case APP_DRV_SPI1_STATE_SPLASH_WAIT COMPLETE:
if( SYS_TIME_DelayIsComplete(SplashTimerHandle) == true )

Insert between this {

LCM_Clear();
app_drv_spilData.state = APP_DRV_SPI1 STATE_ UPDATE;
break;
case APP DRV SPI1 STATE UPDATE:
break; N N | INIT |
| T
case APP_DRV_SPI1 STATE_ERROR:

USART1printf("DRV_SPI1 error!\r\n"); fSPLASH. WAIT_COMPLETE]

UPDATE

ERROR
IDLE
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% Lab16 Single-Client SPI OLED Display

* Output text message to OLED in state UPDATE.

void APP_DRV_SPI1 Tasks ( void )

{
switch ( app_drv_spilData.state )

case APP_DRV_SPI1 STATE_INIT: ...
case APP_DRV_SPI1_STATE_SPLASH: ...
case APP_DRV_SPI1_STATE_SPLASH_WAIT COMPLETE:

case APP_DRV_SPIl_STATE_UPDATE:

sprintf( OutStrlng, "LCM: Hello World" );
LCM_DrawString(@, ©, OutString);
sprintf( OutStrlng, "USART1 RX: %c", LCM_UsartiRx );
LCM DrawString(@, 1, OutString);
sprintf( OutString, "USART2 RX: %c", LCM_Usart2Rx );
LCM_DrawString(@, 2, OutString); E
sprintf( OutString, "I2C1 Temp: %2.1f'C", LCM_I2cliTemp );
LCM_DrawString(@, 3, OutString);
sprintf( OutString, "I2C1 EEPROM: 0x%02X", LCM_I2c1EERPOM ); R
LCM_DrawString(@, 4, OutString); >
sprintf( OutString, "I2C2 AccelX: %5d", LCM_I2c2Accel[Q] ); Eié
LCM_DrawString(@, 5, OutString);
sprintf( OutString, "I2C2 AccelY: %5d", LCM_I2c2Accel[l] );
LCM_DrawString(@, 6, OutString);
sprintf( OutString, "I2C2 AccelZ: %5d", LCM_I2c2Accel[2] );
LCM_DrawString(@, 7, OutString);

break;

case APP_DRV_SPI1 STATE_ERROR: | INIT J—

USART1printf("DRV_SPI1 error!\r\n");
ERROR
IDLE

DI
)
0
)
a
-

JA)

LUE

I
|
1
[TO
-
(5
L)
L)
[y
[

L ()
PN

LTI

|
L))

app_drv_spilData.state = APP_DRV_I2C1 STATE_ IDLE;

{piash war—cowpLere]
break;

UPDATE
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% Lab16 Single-Client SPI OLED Display

* Compiler and programming your project to EVB.
* The OLED will output text message after splash animation.

(5 To

niv

INIT

L))

SPLASH

SPLASH_WAIT_COMPLETE

ERROR

:I UPDATE

IDLE

Project Graph* 1

X‘Qlﬁﬂ@@ flEl EllPlugins:

TIME
EVSYS ' Gire
Peripheral Library System Service

< Harmony Core Service
© Core Service

O RTOS
SYS_TIME © .
Core Service ©

NVMCTRL =

Peripheral Library Driver

MEMORY O Core Service

Instances - — —+

Instance O
SPI

DRV_SPI |
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% Lab16 Single-Client SPI OLED Display

* Extern variables in app_drv_spil.h for collect data from USART and 12C Drivers.

#ifndef _APP_DRV_SPI1 H
#define _APP_DRV_SPI1_H

typedef enum

/* Application's state machine's initial state. */
APP_DRV_SPI1 STATE_INIT=0,

// APP_DRV_SPI1 STATE_SERVICE_TASKS,

APP_DRV_SPI1 STATE_SPLASH,
APP_DRV_SPI1_STATE_SPLASH WAIT_COMPLETE,
APP_DRV_SPI1_STATE_UPDATE,
APP_DRV_SPI1_STATE_ERROR,

APP_DRV_SPI1 STATE_IDLE,

} APP_DRV_SPI1 STATES;

void APP_DRV_SPI1 Initialize ( void );

void APP_DRV_SPI1 Tasks( void );

extern char LCM_UsartilRx;

extern char LCM Usart2Rx; :

extern float LCM I2c1Temp; Extern variables for,collect data
extern char LCM_I2c1EERPOM;

extern int LCM_TI2c2Accel[3];

//DOM- IGNORE -BEGIN

#ifdef _ cplusplus

#tendif
//DOM-IGNORE-END

#endif /* _APP_DRV_SPI1 H */

@ MICROCHIP



% Lab16 Single-Client SPI OLED Display

* Modify state READ WAIT_COMPLETE in “app_drv_usartl.c”.

#tinclude
#tinclude
#tinclude
#include
#include
#include
#include

"app_drv_usartl.h"
"app_drv_usart2.h"
"app_drv_spil.h"
"driver/usart/drv_usart.h"

<stdio.h>
<string.h>
<stdarg.h>

Include;
app¥drvaspilth

void APP_DRV_USART1 Tasks ( void )

( INIT ]
¥
( READ
—{ READ_WAIT_comPLETE
N ,
¥
( WRITE ] ( WRITE ]

[WRITE_WAIT_COMPLETE WRITE_WAIT_COMPLETE]

Insert between this
Insert between this

switch ( app_drv_usartlData.state )
case APP_DRV_USART1 STATE READ:

case APP_DRV_USART1_STATE_READ_WAIT COMPLETE:

%f(UaPtheadComplete == true)

UartlReadComplete = false;
LCM_UsartlRx = UartlReadBuf[0];

app_drv_usartlData.state
app_drv_usart2Data.state

break;

case APP_DRV_USART1_STATE_WRITE:

Collect Uart1ReadBuf[O]

APP_DRV_USART1_STATE_READ;
APP_DRV_USART2_STATE_WRITE;

app_drv_usartl.c
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% Lab16 Single-Client SPI OLED Display

* Modify state READ WAIT_COMPLETE in “app_drv_usart2.c”.

#include "app_drv_usart2.h"
#include "app_drv_usartl.h" [ INIT ]
#include "app_drv_spil.h"

#include "driver/usart/drv_usart.h" READ ]
#tinclude <stdio.h> I}_\‘
#include <string.h> m

#include <stdarg.h> READ‘WA'T.‘COMPLETE]‘_

app¥drvispillh [ i ] [ |

void APP DRV USART2 Tasks ( void ) [WRITE_WAIT_COMPLETEI: :|WRITE_WAIT_COMPLETE]
- —_ -

switch ( app_drv_usart2Data.state )
case APP_DRV_USART2_ STATE_READ:

case APP_DRV_USART2_STATE_READ WAIT_ COMPLETE:
if(Uart2ReadComplete == true)

{

Uart2ReadComplete = false;
LCM_Usart2Rx = Uart2ReadBuf[0]; COIIeCt UartzReadBuf[O]

app_drv_usart2Data.state APP_DRV_USART2_STATE_READ;
app_drv_usartlData.state = APP_DRV_USART1_STATE_WRITE;

break;

case APP_DRV_USART2_STATE_WRITE:
o app_drv_usart2.c
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% Lab16 Single-Client SPI OLED Display

* Modify state WAIT_COMPLETE_9800 and WAIT_ COMPLETE_24AA in “app_drv_i2cl.c”.

#include "app_drv_i2cl.h"
#include "“app_drv_usartl.h" m

#include "app_drv_spil.h" - L
#include "driver/i2c/drv_i2c.h" app_drv_spll.h m(_WRiTe_READ_0500 |
[ waIr_compLere_ss00 P

void APP_DRV_I2C1 Tasks ( void )

switch ( app_drv_i2clData.state )

Case APP_DRV_I2C1_STATE WAIT COMPLETE_9800:
if(I2C1Complete 9800 == true)

{
I2C1Complete 9800 = false;

( INIT —

v

v

[ WRITE_READ_24AA

ERROR

]

—{ wAIT_compLETE_24AA P (

IDLE F

CollectyTemperature result

LCM_I2clTemp = (float)(iIZClReadBuf Qsee[e]<<4g|
I2C1ReadBuf_9800[1]>>4))/16.0F;

USART1printf("Temp = %2.1f\r",

(float)((IZClReadBuf 9800[0]<<4) | (I2C1ReadBuf_9800[1]>>4))/16.0f);

app_ drv_i2clData.state = APP_DRV_I2C1 STATE_WRITE_READ 24AA;

case APP DRV I2C1_STATE WAIT COMPLETE_24AA:
if(I2C1Complete 24AA == true)

{
I2C1Complete 24AA = false;

LCM_I2c1EERPOM = I2C1ReadBuf_24AA[0];

USART1printf("\t\tEEPROM = OX%X\r", I2C1ReadBuf 24AA[0]);

app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ 9800;

app_drv_i2cl.c

Collect EEPROM read byte
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% Lab16 Single-Client SPI OLED Display

* Modify state WAIT_COMPLETE_AXIS TJ3 in “app _drv _i2c2.c”.

#tinclude
#tinclude
#tinclude
#include
#tinclude

"app_drv_i2c2.h"
"app_drv_usartl.h"
"app_drv_usart2.h"
"app_drv_spil.h"
"driver/i2c/drv_i2c.h"

Include]
app¥drvispilih

void APP_DRV_I2C2 Tasks ( void )

?witch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2 STATE_WAIT COMPLETE_AXIS TJ3:
if(I2C2Complete_T3J3 == true)

I2C2Complete_TI3 = false;
AxisOutByte[AxisOutRegIdx] =

if(++ AxisOutRegIdx >= 6)

Insert between this [
Insert between this

LCM_T2c2Accel[©O
LCM_I2c2Accel|1l
LCM_TI2c2Accel[2]

short
short

AxisOutByte

USART1printf("\t\t\t\tG-Sensor =
short) (AxisOutByte[1]<<8
short) (AxisOutByte[3]<«<8
short) (AxisOutByte[5]<<8

1<<8

%short%iAxisOutByte[l'
3
AxisOutByte[5]

[ INIT ]—
>y
—>[ WRITE_READ_DRDY_TJ3 ]—>

Not Ready yet

—[ WAIT_COMPLETE_DRDY_TJ3 P

A

y

_>[

WRITE_READ_AXIS_TJ3

J—

ERROR ]

X6

—[ WAIT_COMPLETE_AXIS_TJ3
|

[ IDLE F

<<8
AxisOutByte[3
AxisOutByte[4]

<<8

(%5d, %5d, %5d)\r",

AxisOutByte[2]
AxisOutByte[4]

bl

AxisOutByte[@]g,
)

AxisOutByte[e]g;
5
5

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ DRDY_ TJ3;

app_drv_i2c2.c

break;

Collect G-Sensor,Gravity,data X3Y,}Z!

I2C2ReadBuf TJ3[0];
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% Lab16 Single-Client SPI OLED Display

* Compiler and programming your project to EVB.
* The OLED will output the data that we collect from Driver.

(5 To

niv

INIT

SPLASH

SPLASH_WAIT_COMPLETE

ERROR

:I UPDATE

IDLE

Project Graph* 1
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% Lab16 Single-Client SPI OLED Display

* Try comment out UART debug message in “app_drv_i2cl.c” to speed-up OLED display.

#include "app_drv_i2cl.h"
#include "app_drv_usartl.h"
#include "app_drv_spil.h"
#include "driver/i2c/drv_i2c.h"
void APP_DRV_I2C1 Tasks ( void )

switch ( app_drv_i2clData.state )

case APP_DRV_I2C1_STATE WAIT COMPLETE_9800:

%f(IZClCOmplete 9800 == true) Comment out USART1printf

I2C1Complete_ 9800 = false;

LCM_I2clTemp = (float)(§I2C1ReadBuF 980@[0]<<4§|
I2C1ReadBuf_9800[1]>>4))/16.0F;

. t out // USART1printf("Temp = %2.1f\r'
ey // (float)((I2C1ReadBuf 9800[0]<<4) | (I2C1ReadBuf 9800[1]>>4))/16.0f);
app drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ_ 24AA;

case APP DRV I2C1_STATE WAIT COMPLETE_24AA:
if(I2C1Complete 24AA == true)

I2C1Complete_24AA = false;

LCM_I2c1EERPOM = I2C1ReadBuf 24AA[0];
EEETYIPN® // USART1printf("\t\tEEPROM = Ox%X\P", I2C1ReadBuf 24AA[0]);

app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ 9800;

app_drv_i2cl.c
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% Lab16 Single-Client SPI OLED Display

* Try comment out UART debug message in “app_drv_i2c2.c” to speed-up OLED display.

#tinclude
#tinclude
#tinclude '
#tinclude '
#tinclude

"app_drv_i2c2.h"

"app_drv_usartl.h"
‘app_drv_usart2.h"
'app_drv_spil.h"

"driver/i2c/drv_i2c.h"

void APP_DRV_I2C2 Tasks ( void )

switch ( app_drv_i2c2Data.state )
{ .

case APP DRV_I2C2_STATE_WAIT_COMPLETE_AXIS_TIJ3:

if(I2C2Complete TJ3 == true)

I2C2Complete_T313 = false;
AxisOutByte[AxisOutRegIdx] =
if(++ AxisOutRegIdx >= 6)
{
LCM_I2c2Accel[2
M // USART1lprintf

// short%
// short
// short

// unsigned char DVBuf[8]

// USART2write( DVBuf, 8

If you have |mplemented
Advanced Exercise : MPLAB Data Vlsuallzer

LCM TI2c2Accel[@] = (short
LCM TI2c2Accel[1l] = (short
= (short

"\t\t\t\tG-Sensor =

USARTlprlntf and USARTZwrite

I2C2ReadBuf TJ3[0];

AxisOutByte[3]«<8
AxisOutByte[5]«<<8
(%5d, %5
gAx1sOutByte[1]<<8

§§AxisOutByte[1]<<8

AxisOutByte[3]«<<8
AxisOutByte[5]<<8

= { 0x03,
Ax1sOutByte[@
AxisOutByte[2]
AxisOutByte[4]

)i

AxisOutByte[3]
AxisOutByte[4]
d, %5d)\r"
Ax1sOutByte[@]§,
)

J

AxisOutByte[@]g;

J

AxisOutByte[2]
AxisOutByte[4]

, AxisOutByte[1],
, AxisOutByte[3],
, AxisOutByte[5],

app_drv_i2c2.c
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% Lab16 Single-Client SPI OLED Display

Discuss 1

* Try use GPIO for SPI Driver controlled Software Chip Select pin of OLED.

Promect Graph*
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% Lab16 Single-Client SPI OLED Display

Discuss 1

* Change [#A¥E] to GPIO output, Latch High and Custom name as [EEIbEEILY.

Fromect Graph# Fin DCiagram XI Fin Table =

Fin Settings 11

T e BB 10 B LI SERCOM:

] =% =1 &

Y fm

MOSI/‘SDA
SCK/SCL
RST

GPIO output
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SERCOMA4 PAD2

PA12 as GEIO outputfcustom name SSD1306¥RSS
PA27/jas GPIO.0
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PA27 GPIO output

Order: Table View | []Easy View
Fin . . L _
Fin ID Custom MName Function bode Direction Latch Full Up  Full Cirive
Iumber
_ Dinarn “tren ath
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% Lab16 Single-Client SPI OLED Display

Discuss 1

* Do SPI Transfer setup could assign Software Chip Select GPIO Pin in state INIT

SPI1Setup.chipSelect

void APP_DRV_SPI1 Tasks ( void )
switch ( app_drv_spilData.state )

case APP_DRV_SPI1 STATE_ INIT:
SSD1306_RESET Clear();

SPI1Handle = DRV_SPI Open(DRV_SPI_INDEX ©, DRV_IO INTENT_WRITE);
if(SPI1Handle == DRV_ HANDLE _INVALID)

{
app_drv_spilData.state = APP_DRV_SPI1 STATE_ ERROR;

resis Atim SSD1306! CSIE

}

DRV_SPI_TRANSFER _SETUP SPI1Setup;
SPI1Setup.baudRateInHz 1000000 ;
SPI1Setup.clockPhase DRV_SPI CLOCK PHASE VALID LEADING_EDGE;
SPI1Setup.clockPolarity DRV_SPI CLOCK POLARITY_IDLE_LOW;
SPI1Setup.dataBits DRV_SPI DATA BITS_8;
(SYS_PORT_PIN)SSDI306_CS_PIN;
SPI1Setup.csPolarity DRV_SPI_CS_POLARITY_ ACTIVE_ LOW;
DRV_SPI_TransferSetup(SPI1Handle, &SPI1Setup);

SSD1306_RESET Set();
LCM_BusWrite( LCM _BUS CMD, (void*)LCM InitCMD, sizeof(LCM InitCMD) );

app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;
break;

case APP_DRV_SPI1 STATE_SPLASH:

SPIlylransfer,Setup fory,Software Chlp Select
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% Lab16 Single-Client SPI OLED Display

Discuss 1

* Compiler and programming your project to EVB.
* It’s work fine even we use a GPIO for SPI Driver controlled Software Chip Select.
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SPI Driver —
Wi-Fi WINC Driver Library

Harmony Driver

@ MICROCHIP



SPI Driver — Wi-Fi WINC Driver Library

* Introduction

The MPLAB Harmony WINC Driver provides a high-level interface to the ATWINC1500 and ATWINC3400 Wi-Fi
network controller modules. The WINC Driver Library, in conjunction with the ATWINC1500 or ATWINC3400 module,
allows an application to:

* Join an existing 802.11 b/g/n 2.4GHz Wi-Fi Infrastructure network.

* Create an 802.11 Wi-Fi Ad Hoc of Soft AP network.

* Scan for other W-Fi devices in an area

* Supports BLE 4.0 provisioning and profiles in central and peripheral mode (ATWINC3400 only)

* Abstraction Model

This library provides an abstraction of the ATWINC1500 and ATWINC3400 network controllers. The library operates in
two forms, a basic driver intended to work solely with an application and a MAC driver intended to work in concert
with the Harmony TCP/IP stack and the application. In either form, the driver provides function to perform the
following:

*  Manage WINC system time

* Manage Wi-Fi associations

* Perform Wi-Fi BSS search operations

* Create and manage Soft AP functionality

* Connect to an existing 802.11 b/g/n infrastructure network

* Control device power save operation

* Manage security profiles

* Configure and control WINC network controllers @MICRDCHIP



SPI Driver — Wi-Fi WINC Driver Library

e ASIC Socket vs Ethernet Mode

The WINC modules are capable of below operating modes:

Socket mode : (Basic Driver)

This mode allows an application running on the host MCU to utilize the TCP/IP stack within the firmware of the
WINC device, as such the host MCU does not need to run its own TCP/IP stack.

Ethernet (bypass) mode : (MAC Driver)

This mode to disables the TCP/IP stack within the firmware of the WINC device, instead the host MCU can only send

and receive Ethernet frames. This mode allows the host MCU to operate its own TCP/IP stack treating the WINC
device as a simple Ethernet controller.

Note: The WINC device may need separate firmware loaded to support a different mode.
* Contexts

The driver uses several contexts to manage complex groupings of information such as authentication, BSS and HTTP
provisioning settings. A context can be created external to the WINC Driver before being passed into the driver as
part of an operation. The WINC Driver may also pass back to the application a context if it is appropriate for the
information being passed. The WINC Driver provides functions to manipulate the contexts and ensure they are valid
before being accepted by the driver.

@ MICROCHIP



SPI Driver — Wi-Fi WINC Driver Library

* Basic WINC Driver (Socket mode)

The Basic WINC Driver is utilized when the host MCU application is the primary client of the WINC Driver. In
this arrangement the host MCU application is either reliant on the TCP/IP stack within the WINC device
firmware or is only interested in sending and receiving basic Ethernet frames.

context

W

context

Application W

context

context

WINC Firmware Driver

WINC ASIC Ethernet Mode
WINC ASIC Socket Mode %\ MICROCHIP




SPI Driver — Wi-Fi WINC Driver Library

 MAC WINC Driver (Ethernet/bypass mode)

The MAC WINC Driver is utilized when the host MCU application is the combined with the Harmony TCP/IP
stack. The Harmony TCP/IP stack is responsible for operating the WINC device as an Ethernet controller while

the application is responsible for managing the Wi-Fi specific functionality such as locating and connecting to
802.11 b/g/n BSSs.

context

context

context

—I\“IAiﬁDI“\'aiAii H
() AU T T T T socket  |ETREYRED
SysTime Soft AP STA Powersave |" Common Mode Mode
)

WINC Firmware Driver

WINC ASIC Ethernet Mode
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SPI Driver — Wi-Fi WINC Driver Library

* MAC WINC Driver (Ethernet/bypass mode) (changes in WINC1500 19.7.x and WINC3400 1.4.2)

The major change in the later WINC architecture is the removal of the ‘stack driver’. Previously there was an extra layer over the WINC driver
APl when the driver was used in bypass mode with the Harmony TCP/IP stack. The application had limited control of the driver through the
WDRV_WINC_MAC* APIs. The APIs had to be wrapped in a WDRV_WINC_MAC version and there was no direct control of
connection/disconnection. The driver now has two interfaces which can be opened, first the normal interface used in non-bypass mode
(called the control interface) and a second interface used by the TCP/IP stack (the MAC interface). In a way, instead of being the MAC
interface on top of the control interface as before they are now side by side.

context

context

context

Powersave Sugies
Mode Mode

WING¥EIrmware Driver

WINC ASIC Ethernet Mode

For the applications there is no change to how things work for non-bypass mode. However, now that same application control can be used in
bypass mode with the TCP/IP stack, the only difference being that the WINC socket API is replaced with the Harmony stack API
(and certain WINC APIs become unavailable as they are based on non-bypass firmware).

The example wifi_winc_sta_bypass has been updated to reflect this change. @ MICROCHIP



SPI Driver — Wi-Fi WINC Driver Library
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SPI Driver — Wi-Fi WINC Driver Library

API functions of the Wi-Fi WINC Driver Library.

* WINC wireless driver System Interface implementation (wdrv_winc.c)

WDRV_WINC_Initialize
WDRV_WINC_Deinitialize
WDRV_WINC_Reinitialize
WDRV_WINC_Status

WDRV_WINC_Tasks

WDRV_WINC_ISR
WDRV_WINC_DebugRegisterCallback
WDRV_WINC_Open

WDRV_WINC_Close
WDRV_WINC_MulticastMACFilterAdd
WDRV_WINC_MulticastMACFilterRemove
WDRV_WINC_EthernetAddressGet
WDRV_WINC_OperatingModeGet
WDRV_WINC_UserHandleSet
WDRV_WINC_UserHandleGet
WDRV_WINC_InfoDriverVersionGet
WDRV_WINC_InfoDeviceFirmwareVersionGet
WDRV_WINC_InfoDevicelDGet
WDRV_WINC_InfoDeviceMACAddressGet
WDRV_WINC_InfoDeviceNameSet
WDRV_WINC_GainTablelndexSet

System interface initialization of the WINC driver.

WINC driver deinitialization function.

WINC driver reinitialization function.

Provides the current status of the WINC driver module.
Maintains the WINC drivers state machine.

WINC interrupt handler.

Register callback for debug serial stream.

Opens an instance of the WINC driver.

Closes an instance of the WINC driver.

Adds an Ethernet address to the multicast filter.

Removes an Ethernet address from the multicast filter.
Returns the current Ethernet address assigned to the WINC.
Returns the current operating mode of the WINC.
Associates a caller supplied handle with the driver instance.
Returns the current user supplied handle associated with the driver.
Returns the drivers version information.

Returns the WINC firmware version information.

Returns the device ID.

Retrieves the MAC address of the WINC.

Sets the WiFi Direct Device Name.

Sets the gain table index.
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SPI Driver — Wi-Fi WINC Driver Library

* WINC wireless driver Socket Mode implementation (wdrv_winc_socket.c)

WDRV_WINC_IPAddressSet
WDRV_WINC_IPAddressGet
WDRV_WINC_IPDNSServerAddressSet
WDRV_WINC_IPDefaultGatewaySet
WDRV_WINC_IPUseDHCPSet
WDRV_WINC_IPUseDHCPGet
WDRV_WINC_IPDHCPServerConfigure
WDRV_WINC_IPLinkActive
WDRV_WINC_ICMPEchoRequest
WDRV_WINC_OTAUpdateFromURL
WDRV_WINC_OTAUpdateAbort
WDRV_WINC_SwitchActiveFirmwarelmage
WDRV_WINC_SocketRegisterEventCallback
WDRV_WINC_SocketRegisterResolverCallback
WDRV_WINC_SwitchActiveFirmwarelmage
WDRV_WINC_SocketRegisterEventCallback
WDRV_WINC_SocketRegisterResolverCallback

Configures an IPv4 address.
Returns the current IPv4 address.
Configures the DNS server address.

Configures the default gateway used by the WINC.

Enables DHCP.

Determine if DHCP is to be used.
Configures the Soft-AP DHCP server.
Indicates state of IP link.

Sends an ICMP echo request.
Perform OTA from URL provided.
Abort an OTA update.

Switch active firmware image to inactive partition.

Register an event callback for socket events.

Register an event callback for DNS resolver events.
Switch active firmware image to inactive partition.

Register an event callback for socket events.

Register an event callback for DNS resolver events.

e WINC wireless driver STA implementation (wdrv_winc_sta.c)

WDRV_WINC_BSSConnect
WDRV_WINC_BSSReconnect
WDRV_WINC_BSSDisconnect
WDRV_WINC_BSSRoamingConfigure

Connects to a BSS in infrastructure station mode.
Reconnects to a BSS using stored credentials.
Disconnects from a BSS.

Configures BSS roaming support.
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SPI Driver — Wi-Fi WINC Driver Library

* WINC wireless driver BSS Scanning implementation (wdrv_winc_bssfind.c)

WDRV_WINC_BSSFindFirst Request a BSS scan is performed by the WINC.
WDRV_WINC_BSSFindNext Request the next scan results be provided.
WDRV_WINC_BSSFindReset Requests the information structure of the current BSS scan result.
WDRV_WINC_BSSFindGetinfo Adds an Ethernet address to the multicast filter.
WDRV_WINC_BSSFindSetScanParameters Configures the scan operation.
WDRV_WINC_BSSFindSetRSSIThreshold Configures the scan RSSI threshold.
WDRV_WINC_BSSFindSetEnabledChannels Configures the channels which can be scanned.
WDRV_WINC_BSSFindGetNumBSSResults Returns the number of BSS scan results found.
WDRV_WINC_BSSFindInProgress Indicates if a BSS scan is in progress.

* WINC wireless driver BSS Context implementation (wdrv_winc_bssctx.c)

WDRV_WINC_BSSCtxIsValid Tests if a BSS context is valid.
WDRV_WINC_BSSCtxSetDefaults Configures a BSS context into a default legal state.
WDRV_WINC_BSSCtxSetSSID Configures the SSID of the BSS context.
WDRV_WINC_BSSCtxSetBSSID Configures the BSSID of the BSS context.
WDRV_WINC_BSSCtxSetChannel Configures the channel of the BSS context.
WDRV_WINC_BSSCtxSetSSIDVisibility Configures the visibility of the BSS context.

* WINC wireless driver Association implementation (wdrv_winc_assoc.c)

WDRV_WINC_AssociationSSIDGet Retrieve the current association SSID.
WDRV_WINC_AssociationPeerAddressGet Retrieve the current association peer device network address.
WDRV_WINC_AssociationAuthTypeGet Retrieve the current association authentication type.
WDRV_WINC_AssociationRSSIGet Retrieve the current association RSSI.

@ MICROCHIP



SPI Driver — Wi-Fi WINC Driver Library

* WINC wireless driver Authentication Context implementation (wdrv_winc_authctx.c)

WDRV_WINC_AuthCtxisValid Tests if an authentication context is valid.

WDRV_WINC_AuthCtxSetDefaults Configures an authentication context into a default state.

WDRV_WINC_AuthCtxSetOpen Configure an authentication context for Open authentication.

WDRV_WINC_AuthCtxSetWEP Configure an authentication context for WEP authentication.

WDRV_WINC_AuthCtxSetWPA Configure an authentication context for WPA-PSK authentication.
WDRV_WINC_AuthCtxSetWPAEnterpriseMSCHAPv2 Configure an authentication context for WPA(2)-Enterprise authentication using MS-CHAPv2.
WDRV_WINC_AuthCtxSetWPAEnterpriseTLS Configure an authentication context for WPA(2)-Enterprise authentication using TLS.

* WINC wireless driver Host File Download implementation (wdrv_winc_host_file.c)

WDRV_WINC_HostFileDownload Request the WINC downloads a file to its internal memory.
WDRV_WINC_HostFileRead Requests to read the data from a downloaded file.
WDRV_WINC_HostFileErase Requests to erase a downloaded file.
WDRV_WINC_HostFileFindByID Maps a file ID to a driver file handle.
WDRV_WINC_HostFileGetSize Retrieves the file size from a file handle.

* WINC wireless driver HTTP Provisioning Context implementation (wdrv_winc_httpprovctx.c)

WDRV_WINC_HTTPProvCtxSetDefaults Initialize provisioning store.
WDRV_WINC_HTTPProvCtxSetDomainName Define the DNS domain name for the provisioning server.
WDRV_WINC_HTTPProvCtxSetURLWildcard Define the use of a wildcard URL check.
WDRV_WINC_HTTPProvCtxSetConnectCallback Defines the connection information callback.
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* WINC wireless driver NVM Access implementation (wdrv_winc_nvm.c)

WDRV_WINC_NVMEraseSector
WDRV_WINC_NVMWrite
WDRV_WINC_NVMRead

Erase a sector within an NVM region.
Writes data to an NVM region.
Reads data from an NVM region.

* WINC wireless driver Power Save implementation (wdrv_winc_powersave.c)

WDRV_WINC_PowerSaveSetMode
WDRV_WINC_PowerSaveGetMode

WDRV_WINC_PowerSaveSetBeaconlinterval

WDRV_WINC_PowerSaveManualSleep

Sets the power save mode.

Returns the current power save mode.
Configures the beacon listening interval.
Manual sleep power save operation.

* WINC wireless driver Soft-AP implementation (wdrv_winc_softap.c)

WDRV_WINC_APStart
WDRV_WINC_APStop
WDRV_WINC_APSetCustIE

Starts an instance of Soft-AP.
Stops an instance of Soft-AP.
Configures the custom IE.

* WINC wireless driver TLS/SSL implementation (wdrv_winc_ssl.c)

WDRV_WINC_SSLCTXDefault
WDRV_WINC_SSLCTXCipherSuitesSet
WDRV_WINC_SSLCTXCipherSuitesGet
WDRV_WINC_SSLActiveCipherSuitesSet
WDRV_WINC_SSLECCHandShakeRsp
WDRV_WINC_SSLRetrieveCert
WDRV_WINC_SSLRetrieveHash
WDRV_WINC_SSLStopRetrieveCert

Initialize an SSL cipher suite context.

Set the cipher suites enabled in a context.
Returns the enabled cipher suites from a context.
Set the active cipher suites.

Handshake Response for ECC cipher suites.

Retrieve the certificate to be verified from the WINC.

Retrieve the certificate hash.
Stop processing the certificate.
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* WINC wireless driver Custom IE implementation (wdrv_winc_custie.c)

WDRV_WINC_CustlIEStoreCtxSetStorage Initialize the custom IE store.
WDRV_WINC_CustIEStoreCtxAddIE Add data to the custom IE store.
WDRV_WINC_CustlEStoreCtxRemovelE Removes data from the custom IE store.

* WINC wireless driver Systime implementation (wdrv_winc_systime.c)

WDRV_WINC_LocalTimeToUTC Convert local system time to UTC time.
WDRV_WINC_UTCToLocalTime Convert UTC time to local system time.
WDRV_WINC_SystemTimeSNTPClientEnable Enable the SNTP client to set system time.
WDRV_WINC_SystemTimeSNTPClientDisable Disable the SNTP client.
WDRV_WINC_SystemTimeSetCurrent Sets the current system time on the WINC.
WDRV_WINC_SystemTimeGetCurrent Requests the current system time from the WINC.

* WINC wireless driver WPS implementation (wdrv_winc_wps.c)

WDRV_WINC_WPSEnrolleeDiscoveryStartPIN Start WPS discovery (PIN).
WDRV_WINC_WPSEnrolleeDiscoveryStartPBC Start WPS discovery (Push Button).
WDRV_WINC_WPSEnrolleeDiscoveryStop Stop WPS discovery.

* WINC wireless driver OS Abstraction Layer implementation (wdrv_winc_oscal.c)
WDRV_MSDelay Performs a delay specified in milli-seconds.

* WINC Driver BLE Implementation (wdrv_winc_ble.c)
WDRV_WINC_BLEIsStarted Determines if BLE has been started.
WDRV_WINC_BLEStart Enables the BLE interface. )
WDRV_WINC_BLEStop Disables the BLE interface. @ MICROCHIP
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%€ Lab17 AP scan application of SPI Wi-Fi Module

* Try implement a Wi-Fi Access Point (AP) scan application.
* Toggle S3 to SERCOMS3 to connect G-Sensor on I12C Driver Instance 0.
* Disconnect SERCOM1 from 12C Driver Instance 1 and then EEE Q) unused Instance 1.

* Add(+) SPI Driver Instancel to be consumed by Wi-Fi WINC Driver.

* Reconnect SERCOML1 to SPI Driver Instance 1 to communicate with
an external “Wi-Fi 7 Click EVB“ that plug on mikroBUS socket.

* The EIC_EXTINT4 need setup for interrupt handling and two extra GPIOs, custom name
to “WDRV_WINC_RESETN” and “WDRV_WINC_CHIP_EN” for Reset and Enable control.

Wi-Fi 7 click mikroBUS

socket

SAMD21

SAMD21
Pin MUX

(WINC1500)
SDI

MOSI

Pin Configure (Custom Name)

PA16

SERCOM1-PADO

SCK

SCK

PA17

SERCOM1-PAD1

CS

CS

PA18

SERCOM1-PAD2

SDO

MISO

PA19

SERCOM1-PAD3

INT

INT

PAO4

EIC_EXTINT4, Falling Edge Detect

RST

RST

PAO3 (WDRV_WINC_RESETN)

GPIO output, Latch High

EN

PWM

PA20 (WDRV_WINC_CHIP_EN)

GPIO output, Latch High

Accel
SEensor
Task

| for,G-Sensory
Eno SERCOM1

12C Auto Probe must implement
A8\ MicrocHip



%€ Lab17 AP scan application of SPI Wi-Fi Module

* Disconnect SERCOM1 from I12C driver Instancel and delete Instance 1.

Accelerometer
| - RLSU —

(L
SERCOM3 KTl il

Frogect Graph®* l
X|EII-I f|*lil*|P1ugins: —

EVSYS TIME
Peripheral Library Systemn Service

o Core Service

TC3
Peripheral Library SYS_TIME ©
TMR
o ;r EEPROM 7
Peripheral Library ’ Task
MEMORY . emp Accel
Remove Sensor ) sensor

Task Task

SERCOM3 12C

Peripheral Library 1 Instance 1
f2¢ of 12C Driver

| SERCOM1
Peripheral Library

SERCOM3

SERCOM1
PLIB

@ MICROCHIP
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%€ Lab17 AP scan application of SPI Wi-Fi Module

 Add SPI Driver Instance 1 and attach SERCOM1-SPI as hardware for Wi-Fi module
connection.

Froject Graph* l |

X|EE@E f|*lil*|P1ugins: —

TIME
Peripheral Library Systemn Service

EVSYS
TC3 = Core Service
Peripheral Library SYS_TIME ©
TMR

MNVMCTREL

OLED

Peripheral Library

Peripheral Library

sSPI
 SERCOM1 =
Peripheral Library Instance 1
SPI < SPI

DRV_SPI

SERCOM4 SERCOM1

PLIB PLIB

OLED
SSD1306

Attach PLIB.SERCOM1 @Mlcnocmp



%€ Lab17 AP scan application of SPI Wi-Fi Module

* Add Wi-Fi WINC Driver and EIC (External Interrupt) will ask to active together.
* The TIME System Service is necessary for WINC Driver.

Froject Graph*

T IME System'Service‘is*necessary foryWINC . Driver

EVSYS Core
Peripheral Library

. Harrmormy Core Service {
e e Core Service © Task
TMR .

MVMCTREL SPI

Peripheral Library Driver -
e Gl P EI(_: will ask to
active together

TIVE

SERCOM4 SERCOM

Instances - ——+

Instance 0 EIC
SPI Perip al Libra

DRV_SPI

| Instance 1
SPI WDRV_WINC ©
DRV_SPI 1 DRV _SPI

Connect WINC Driver to Add WINC Driver
SPI Driver Instance .

PLIB PLIB
OLED
SSD1306
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% Lab17 AP scan application of SPI Wi-Fi Module

* Enable DMA of SPI Driver and configure pads of PLIB SERCOML1.

Configuration Options =-=]

=] [+
E-SERCOML
=-Select SERCOM Operation Mode  SFI Master
- Enable Interrupts ?
! -Enable operation in Standby mode |:|
’ ~5PI Data Out Pad D2 en FAD[D], SCK on FAD[1] and 55 on FAD[Z] -
~5PI Data In Pad Selection SERCOM PAD[3] “
| - 5PI Data Order !MSB 15 transferred first - DI o PAD3
~5PI Speed in Hz 1,000,000 %
- GPI Data Character Size 2 bits
-5PI Clock Phase The data 15 sampled on a leading SCE edge and changed d
-5PI Clock Polarity 2CKE 15 low when 1dle -
—Enable SPI Master Hardware Slave Select | Erﬁb | e Hardware SI ave Sel eCt
- 5PI Receiver Enable Gonfieurstion Notions xl

- *®*EEP] Transfer Mode 0 is Selected***

SERCOM4 Instances =+
Peripheral Library Instance 0 EIC - PBLIB Used SERCOM]
SPI SPI Peripheral Library ~MNumber of Clients =

SERCOM1 DRV_SPI ~Transfar Queue Size 4=
WINC —

Peripheral Library Instance 1 ~IJse DMA for Transmit and Receive?

WDRV_WINC © . -
- DM& Channel Far Transmit 2=
- DMA& Channel For Receive

DRV_SPI < DRV_SPI
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% Lab17 AP scan application of SPI Wi-Fi Module

* Enable interrupt of EIC Channel4 and Falling Edge detection.
e Configure interrupt source of WINC Driver to use EIC Channel4.

Configuration Options XI

= Configuration Options "‘]
=HEIC B &
~Mon Maskable Interrupt Control [ ]
-Enahle EIC Channeld [] E}"WH:”CH Device TTNETSE0 w
prae e cemne ! E Enable EIC/Channel ‘4 1 RGN el Sc|ect EIC Channel 4
~Enabls EIC Channel3 O Enable Interrupt - . as Interrupt Source
£Enable EIC Channeld | - M |4rv—spi| _—

of WINC Driver

= Interrupt Source  EIC
LEIC Channel 4

- *F*¥*FET channel musthe configured in EIC compone

~Firmware Yarsion || 19.6.1 -«

~Driver Mode |_Socket Mode

111IMust select to Correct Firmware

&EIC Channel4 Configuration
-~Enable Interrupt

-Enahble Event Output

-~ Enahle Wakeup on Channeld

(<]

-~ External Interruptd Edge Selection
- Enable filter

‘ Instance 0 l EIC ‘ e il
SPI SPI | periphersl Library | of,the, WIN1500,Module you;to use
SERCOM1 DRV_SPI P ——

WINC
WDRV_WINC ©
. DRV_SPI

Paripharal Library
SPI

Instance 1
sPrI

’J.' ault WII [ r .ma 2)
- Set 10 . et Mode’

DRV_SPI
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% Lab17 AP scan application of SPI Wi-Fi Module

e Configure SERCOM1-SPI pads, EIC_EXTINT4 and custom name WINC GPIOs.

Fin . . o _
Fin ID Custom Name Function bode Cirection Latch Full Up  Full Cirive
Ilumber
TDlowrn Strenoth

4 PAD3 WDRYV_WINC_RESETM | GPIO Digital [ Dut v] Hizh MORMAL
g EIC_EXTINT4 Digital High Impedance nfa [] [] | mnNorMAL
25 PA1G SERCOM1_PADO Digital High Impedance nfa [] [] | mNorMAL -~
SERCOM1_PAD1 Digital High Impedance nfa [] [] | momrmMaL -~
SERCOM1_PADZ Diigital High Impedance nfa [] [] MORMAL
SERCOM1 _PAD3 High Impedance [] [] | mnNorMAL -~
MORMAL v
NORMAL -

Custom PA20 as WDRVAWINCICHIPYJEN

Wi-Fi 7 click mikroBUS SAMD21 SAMD21

(WINC1500) socket Pin Configure (Custom Name) Pin MUX
SDI MOSI PA16 SERCOM1-PADO FAlready,donelin’previous'I2C L'ab]
SCK SCK PA17 SERCOM1-PAD1 FAlready,donelin’previous!I2C L'ab]
cs cs PA18 SERCOM1-PAD2 FAdditionallCSIpin,foORSERCOM.SPI)
SDO MISO PA19 SERCOM1-PAD3 FAdditionalIMISO;pin;for, SERCOM: SPI
INT INT PAO4 EIC_EXTINT4, Falling Edge Detect
RST RST PAO3 (WDRV_WINC_RESETN) GPIO output, Latch High Reset pin GRIO control
EN PWM PA20 (WDRV_WINC_CHIP_EN) GPIO output, Latch High Modify, from/LED)

PA21 (LED2) GPIO output, Latch Low @ MICROCHIP



% Lab17 AP scan application of SPI Wi-Fi Module

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “6” and
given the Application Name to to “app_drv_winc”.

/ Project Graph* ‘ : ]

x l A RERE 4| e Configuration Options =
2 & - —
Increase Number.of Application

Device Family Pack (DFP) o

TIME P - = Generate Harmony Application Files

System Service =N ; ; ; ;
Y Har O Sarvice = ﬂ«:pplmatmn Configuration

TC3 © Core Service o RTOS %----Number of Applications EJ
Peripheral Library SYS_TIME © Core Service & --ﬂpplicatiun 0 Configuration
TMR TMR --ﬂpplicatiun 1 Configuration
NVMCTRL SPI --ﬂpplicatiun 2 Configuration
Peripheral Library Driver --.-’-‘«pplicatil:un 3 Configuration
MEMORY < © Core Service --ﬂpplicatiun 4 Configuration

Plugins:

Iél--ﬂpplicatin:un 5 Configuration

- Instances - — — + :
Instance 0 ~~Enable Application 5 Configuration

SPI %----ﬂpplicatinn Mame app_drv_wing

SERCOM1 DRV_SPI < s R Application name must be valid C-Language i
Peripheral Library Instance 1 - Generate Harmony Driver Common Files

SPI SPI WDRV_WINC ©
DRV_SPI DRV_SPI

- Generate Harmony System Service Common Files
- Generate Harmony System Media Files |:|
- Enahle System Interrupt

Rename file to “app_drv_winc” Enable System Ports
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% Lab17 AP scan application of SPI Wi-Fi Module

* The state machine to implement in app drv winc.c as below

A V_WINC_Tasks() ‘
! <DHCP Address> ( 'NJT ORI
i Event Callback OPEN i
| k |
| CONNECTED ] SCAN_START i
b e I
- ﬁ/w
| \._/Connect Notify [ SCANNING i
; Callback /"3 (SCAN_GET_RESULT |
. ——— |
' DisconnecTED ) <(C_SCAN DONE i
- . 4 i
; {__CONNECTING (CERROR ) |
|
l\ DLE_ ]
N o o o o o o e gl
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%€ Lab17 AP scan application of SPI Wi-Fi Module

* Add states in “app_drv_winc.h”.

#ifndef

#define _

#include
#include
#include
#include
#include

APP_DRV_WINC_H
APP_DRV_WINC_H

<stdint.h>
<stdbool.h>
<stddef.h>
<stdlib.h>
"configuration.h"

typedef enum

APP_DRV_WINC_STATE_INIT=0,

// APP_DRV_WINC_STATE_SERVICE_TASKS,
APP_DRV_WINC_STATE_OPEN,
APP_DRV_WINC_STATE_SCAN_START,
APP_DRV_WINC_STATE_SCANNING,
APP_DRV_WINC_STATE_SCAN_GET RESULT,
APP_DRV_WINC_STATE_SCAN_DONE,
APP_DRV_WINC_STATE_CONNECTING,
APP_DRV_WINC_STATE_CONNECTED,
APP_DRV_WINC_STATE_DISCONNECTED,
APP_DRV_WINC_STATE_ERROR,
APP_DRV_WINC_STATE_IDLE,

} APP_DRV_WINC_STATES;

typedef struct

APP_DRV_WINC_STATES state;

} APP_DRV_WINC_DATA;

You could remove the

SERVICEATASKS’state

-

-

’

CONNECTING _}

Y
: ERROR i
(hLE_F
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% Lab17 AP scan application of SPI Wi-Fi Module

* Construct new states flow of task in “app_drv_winc.c”.

void APP_DRV_WINC_Tasks ( void )

{

switch ( app_drv_wincData.state )
case APP_DRV_WINC_STATE_INIT:
break;

case APP_DRV_WINC_STATE_OPEN:

app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_START;

break;

case APP_DRV_WINC_STATE_SCAN_START:

app_drv_wincData.state = APP_DRV_WINC_STATE_SCANNING;

break;

case APP_DRV_WINC_STATE_SCANNING:

app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_GET RESULT;

break;

case APP_DRV_WINC_STATE_SCAN_GET_RESULT:

app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_DONE;

break;

case APP_DRV_WINC_STATE_SCAN_DONE :

app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING;

break;

case APP_DRV_WINC_STATE_CONNECTING:
break;

Next page to continue

}

}

-

-

’

CONNECTING _}

Overwrite original example:code

app_drv_wincData.state = APP_DRV_WINC_STATE_OPEN;

v
ERROR
IDLE -
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%€ Lab17 AP scan application of SPI Wi-Fi Module

* Construct last four states of task in “app_drv_winc.c”.
void APP_DRV_WINC_Tasks ( void )

: ?witch ( app_drv_wincData.state ) Overwrite original example .code

case APP_DRV_WINC_STATE_INIT:

case APP_DRV_WINC_STATE_OPEN: ...

case APP_DRV_WINC_STATE_SCAN_START:

case APP_DRV_WINC_STATE_SCANNING: ...
case APP_DRV_WINC_STATE_SCAN_GET_RESULT:

case APP_DRV_WINC_STATE_SCAN_DONE :
app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING;
break;

case APP_DRV_WINC_STATE_CONNECTING:

break;

case APP_DRV_WINC_STATE_CONNECTED:
break;

case APP_DRV_WINC_STATE_DISCONNECTED:
app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING;
break;

case APP_DRV_WINC_STATE_ERROR:
app_drv_wincData.state = APP_DRV_WINC_STATE_IDLE;

br‘eak; :| CONNECTED )

case APP_DRV_WINC_STATE_IDLE: - .

break; ~ e

Insert between this —— y
} ERROR

¥ (o P
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% Lab17 AP scan application of SPI Wi-Fi Module

* Header include and Global declarations in “app_drv_winc.c”.
#include "app_drv_winc.h"

#include "app_drv_usartl.h"

#include "driver/spi/drv_spi.h"

#include "driver/winc/include/wdrv_winc_client_api.h"
#include <stdio.h>

#include <string.h>

// >k 3k 3k 3k 5k >k 3k 5k >k 5k >k sk 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k ok 5k >k 5k >k >k k
>k 3k 3k 3k 5k >k 3k 5k >k 5k >k sk 5k >k Sk 5k 3k 5k >k 3k 5k >k 3k 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k ok 5k >k 5k >k >k k

Section: Global Data Definitions
3k 3k 3k 3k 3k 5k 5k 3k 5k ok 5k 5k sk 5K 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k sk sk sk sk 5k sk ok sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk Sk sk 5k sk Sk 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk sk k

NN
NN

// 3k 3k 3k 3k 3k 3k >k 5k sk >k 5k 3k 5k sk >k 5k 3k 3k 5k 3k 3k 3k >k 5k Sk >k 5k >k 5k Sk 3k 5k 3k >k 5k 3k 3k 3k >k 5k 3k 3k 5k 3k >k 3k 3k 5k 3k >k 5k k >k >k >k 5k 3k >k 5k %k >k 3k >k 5k 3k >k 5k >k >k 5k %k >k %k %k 5k k %k
#define WLAN_SSID "RTC_ROOM" SSID ofgTarget AR,to connect
#define WLAN_AUTH_WPA_PSK = E ” -
#define WLAN_PSK "0800717718" The Auth type and Password
WDRV_WINC_AUTH_CONTEXT authCtx;

WDRV_WINC_BSS_CONTEXT bssCtx;

WDRV_WINC_BSS_INFO BSSInfo; Elag,foundBSS to note

bool foundBSS;

Target’/AP,has found

DRV_HANDLE WINCHandle;

// 3k 3k 3k 3k 3k 3k 3k 5k sk >k 5k 3k 5k sk 3k 5k sk 3k 5k 3k 3k 3k >k 5k Sk >k 5k sk ok Sk 3k 5k Sk 3k 5k 3k 3k 3k >k 5k Sk >k 5k 3k 3k Sk 3k 5k Sk 3k 5k 3k 3k 3k 3k 5k 3k >k 5k 3k >k Sk >k 5k Sk >k 5k 3k >k 3k >k 5k 3k >k 5k k %k
/* Application Data

Summary:
Holds application data

Description:
This structure holds the application's data.

Remarks:
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% Lab17 AP scan application of SPI Wi-Fi Module

* The callback functions for DHCP address and connection status.
// Section: Application Callback Functions

>k 5k 3k 3k 5k >k 3k 5k >k 5k >k 3k ok >k Sk 5k >k 5k >k 3k 5k >k 3k 5k >k 5k >k 3k ok >k Sk 5k >k 5k >k 3k 5k >k Sk 5k >k ok >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k >k 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k ok 5k >k 5k >k >k ok
// >k 5k 3k 3k 5k >k 3k 5k >k 5k >k sk ok >k Sk 5k >k 5k >k 3k 5k >k 3k 5k >k 5k >k sk 5k >k Sk 5k >k 5k >k 3k 5k >k Sk 5k >k ok >k Sk 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k >k 5k >k Sk 5k >k Sk 5k 3k 5k >k 3k 5k >k ok 5k >k 5k >k >k ok

void DHCPAddressEventCallback (DRV_HANDLE handle, uint32_t ipAddress)
{

char s[20]; (CallbacksforsDHCRassignedliRfAddress]

USART1printf("IP address is %s\r\n", inet_ntop(AF_INET, &ipAddress, s, sizeof(s)));

void ConnectNotifyCallback(DRV_HANDLE handle, WDRV_WINC_ASSOC_HANDLE assocHandle,
WDRV_WINC_CONN_STATE currentState, WDRV_WINC_CONN_ERROR errorCode)

?witch( currentState ) CallbackiforyConnectionistatusinotify

case WDRV_WINC_CONN_STATE_CONNECTED:
USART1printf("Connected\r\n");

app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTED;
break;

case WDRV_WINC_CONN_STATE_DISCONNECTED:
USART1printf("Disconnected\r\n");

app_drv_wincData.state = APP_DRV_WINC_STATE_DISCONNECTED;
break;

#ifdef WDRV_WINC_DEVICE_BSS_ROAMING
case WDRV_WINC_CONN_STATE_ROAMED:

break;
#endif
SEREN D\ namic stateidepend;torconfiguration
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% Lab17 AP scan application of SPI Wi-Fi Module

* Wait WINC Driver ready in state INIT, Open Driver and handling state ERROR.

void APP_DRV_WINC_Tasks ( void )

switch a dr incData.state - ;
TN Bl ) Wait WINC Driver,ready

case APP_DRV_WINC_STATE_INIT:
if (WDRV_WINC Status?sysObJ drviifiWinc) == SYS_STATUS_READY)

{
app_drv_wincData.state = APP_DRV_WINC_STATE_OPEN;

. S
IRl Open ,WINC Driver,to'get Driver,Handle

case APP_DRV_WINC_STATE_OPEN:
WINCHandIe = WDRV_WINC_Open(@, 0);
if (WINCHandle == DRV_HANDLE_INVALID)

{
app_drv_wincData.state = APP_DRV_WINC_STATE_ERROR;
break;
}
[ETXCHED app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_START;
break;

case APP_DRV_WINC_STATE_SCAN_START:
app_drv_wincData.state = APP_DRV_WINC_ STATE_SCANNING;

break;
Handling error,state message

case APP_DRV_WINC_STATE_ERROR:
USART1printf("DRV_WINC error!\r\n");

app_drv_wincData.state = APP_DRV_WINC STATE_ IDLE;
break;

@ MICROCHIP



% Lab17 AP scan application of SPI Wi-Fi Module

* Register DHCP callback to get IP address and start find AP station

void APP_DRV_WINC_Tasks ( void )
{

the callback function to
{ - retrieval DHCP,IP address
case APP_DRV_WINC_STATE_INIT: ...

case APP_DRV_WINC_STATE_OPEN: ... and try find first AP, station

case APP_DRV_WINC_STATE_SCAN_START:

WDRV_WINC_IPUseDHCPSet( WINCHandle, &DHCPAddressEventcallback );

if( WDRV_WINC_BSSFindFirst(WINCHandle, WDRV_WINC_ALL_ CHANNELS, true, NULL, NULL)

switch ( app_drv_wincData.state )

{ == WDRV_WINC_STATUS_OK )

app_drv_wincData.state = APP_DRV_WINC_STATE_SCANNING;
foundBSS = false;

}
break; Check'if AB,scanning
case APP_DRV_WINC_STATE_SCANNING: ({0) flnlsh or,not
if( WDRV_WINC_BSSFindInProgress(WINCHandle) == false )

USART1printf("Scan complete, %d AP(s) found\r\n",

WDRV_WINC BSSF1ndGetNumBSSResu1ts(wINCHandle)),
app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN GET RESULT;

break;

case APP_DRV_WINC_STATE_SCAN_GET_RESULT:

app_ drv w1ncData state = APP DRV_WINC STATE_SCAN_DONE;
break;

case APP_DRV_WINC_STATE_SCAN_DONE :
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% Lab17 AP scan application of SPI Wi-Fi Module

* List found AP stations and check if Target AP in list or not.

void APP_DRV_WINC_Tasks ( void )

{

switch ( app_drv_wincData.state )

case APP_DRV_WINC_STATE_INIT:

APP_DRV_WINC_STATE OPEN: ...
Case APP DRV WINC STATE TSCAN_ START: List found ‘AP stations‘and check

case APP DRV WINC SCANNING: ... if Target AP,in listor.not

case APP_DRV_WINC_STATE_SCAN_GET_ RESULT:
if( WDRV_WINC BSSFindGetInfo(WINCHandle, &BSSInfo) == WDRV_WINC_STATUS_OK )

USART1printf("AP found: RSSI: %d %s\r\n", BSSInfo.rssi, BSSInfo.ctx.ssid.name);

if( ((sizeof(WLAN_SSID)-1) == BSSInfo.ctx.ssid.length) &&
0 == memcmp(BSSInfo.ctx.ssid.name, WLAN_SSID, BSSInfo.ctx.ssid.length)) )

{ —_—
y foundBSS = true; Set foundBSS,flag if,findgTarget AP

Next page to continue
break;

case APP_DRV_WINC_STATE_SCAN DONE :
app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING;
break;

case APP_DRV_WINC_STATE_CONNECTING:
break;

case APP_DRV_WINC_STATE_CONNECTED:
break;

@ MICROCHIP



%€ Lab17 AP scan application of SPI Wi-Fi Module

* Check if end of AP finding and try connect Target AP if it's existed.

case APP_DRV_WINC_STATE_SCAN_GET RESULT:
if( WDRV_WINC_BSSFindGetInfo(WINCHandle, &BSSInfo) == WDRV_WINC_STATUS_OK )

{
¢ foundBSS = true; . . .
} ’ Check'if.end of AR,finding
switch( WDRV_WINC_BSSFindNext(WINCHandle, NULL) )

EaseOWDRV_WINC_STATUS_BSS FIND_END:
Hi(foundassics tnuen) Try to.connectyTarget’AP

USART1printf("Target AP found, trying to connect\r\n");
app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_DONE;

else

USART1printf("Target BSS not found\r\n");
app_drv_wincData.state = APP_DRV_WINC_STATE_IDLE;

break;
case WDRV_WINC_STATUS_NOT_OPEN:
case WDRV_WINC_STATUS_INVALID_ ARG:
app_drv_wincData.state = APP_DRV_WINC_STATE_ERROR;
break;
default:

break;
}
Insert between this }
b

reak;

Keep this line

CONNECTING _}

case APP_DRV_WINC_STATE_SCAN_DONE :
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% Lab17 AP scan application of SPI Wi-Fi Module

* Start connect to Target AP, the result will return through ConnectNotifyCallback.

void APP_DRV_WINC_Tasks ( void )

switch ( app_drv_wincData.state )

case APP DRV WINC STATE SCAN DONE :
app_drv_wincData.state = APP_DRV_WINC_STATE_ERROR;  tl=ipters] DN FIEITEIVAY >

if( WDRV_WINC_BSSCtxSetDefaults(&bssCtx) != WDRV_WINC_STATUS OK )
{ break; }

if( WDRV_WINC BSSCtxSetSSID(&bssCtx, (uint8_t*)WLAN_SSID, strlen(WLAN_SSID) ) !=
WDRV_WINC_STATUS_OK )
{ break; }

respective function
#if defined (WLAN_AUTH_OPEN)

if( WDRV_WINC_AuthCtxSetOpen(&authCtx) ) != WDRV_WINC_STATUS_OK )
#elif de'Flned(WLAN AUTH_WPA_PSK)
if( WDRV_WINC_AuthCtxSetWPA(&authCtx, (uint8_t*)WLAN_PSK, strlen(WLAN_PSK) ) !
WDRV_WINC STATUS OK )

#tendif .
R Connect'APR,station and register,callback

if( WDRV_WINC_BSSConnect(WINCHandle, &bssCtx, &authCtx, &ConnectNotifyCallback) ==
WDRV_WINC_STATUS_ OK )

app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING; (o i)
}
(G RNINGE break;

case APP_DRV_WINC_STATE_CONNECTING:
break;
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* Active IP link in state CONNECTED and handling disconnect in state DISCONNECTED.

void APP_DRV_WINC_Tasks ( void )
{

switch ( app_drv_wincData.state )

case APP_DRV_WINC_STATE_INIT:

case APP_DRV_WINC_STATE_OPEN: ...
case APP_DRV_WINC_STATE_SCAN_START:
case APP_DRV_WINC_SCANNING: ...
case APP_DRV_WINC_STATE_SCAN_GET_RESULT:
case APP_DRV_WINC_STATE_SCAN_DONE :

case APP_DRV_WINC_STATE_CONNECTING:
break;

case APP_DRV_WINC_STATE_CONNECTED:
WDRV_WINC_IPLinkActive( WINCHandle );

break;
case APP_DRV_WINC_STATE_DISCONNECTED:

if( WDRV_WINC_BSSReconnect(WINCHandle, &ConnectNotifyCallback)

app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING;

}
break;
case APP_DRV_WINC_STATE_ERROR:

Module

| Do not thing inTstate, CONNECTING

WDRV_WINC_STATUS_OK )

USART1printf("DRV_WINC error!\r\n");

app_drv_wincData.state = APP_DRV_WINC_STATE_IDLE;
break;

case APP_DRV_WINC_STATE_IDLE:

CONNECTING _J
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* Use LED2 to instead of removed LED1 in “main.c “ to indicate Driver non-blocking.

SYS_TIME_HANDLE tmrHandle;

// >k 3k 3k 3k 3k 3k 3k >k >k 3k 3k 5k 5k 3k K >k 3k 3k 5k 5k 3k 3k K >k 3k 3k 5k 5k 3k >k %k >k 3k 5k 3k 3k K K >k 3k 3k 5k 5k 5k %k %k >k 3k 5k 5k 5k 5k %k >k 3k 3k 5k 5k >k %k >k %k >k >k >k 5k %k %k %k %k %k >k >k % %k %k %k
// >k 3k 3k 3k 3k 3k 3k 3K >k 3k 3k 3k 3k 3k 3k >k 3k 3k 3k 5k 3k 3k K >k 3k 3k 5k 5k 3k 3k >k >k 3k 3k 3k 5k 3K 3k >k >k 3k 3k 5k 5k 3k 3k >k 3k 3k 3k 5k 3k K >k %k >k 3k 5k 5k 3k K %k >k >k %k 5k 3k 3k %k %k %k %k %k >k k% %

// Section: Main Entry Point

// 3k 3k 3k Sk sk ok 3k 3k sk Sk Sk ok ok sk 3k 3k sk sk ok Sk sk 3k 3k 3k sk Sk sk sk 3k 3k 3k sk Sk Sk sk ok 3k 3k 3k sk Sk ok ok 3k 3k 3k sk Sk Sk sk 3k 3k 3k >k 3k Sk sk 5k 3k 3k >k 3k sk sk ok ok >k >k sk sk Sk k sk 5k >k k k
// >k 3k 3k 3k 3k 5k 3k %k >k 3k 3k 5k 5k 5k %k >k 3k 3k 5k 5k 5k 5k %k %k 3k 3k 5k 5k 5k >k %k >k 3k 5k 5k 5k %k %k >k >k 3k 5k 5k 5k %k %k >k 3k 5k 5k 5k 5k %k >k 3k 3k >k 5k >k %k >k %k >k >k >k >k %k %k %k %k %k >k >k % %k %k %k

int main ( void )

{
/* Initialize all modules */
SYS_Initialize ( NULL );
SYS_TIME_DelayMS(1000, &tmrHandle);
while ( true )
if( SYS_TIME_DelayIsComplete(tmrHandle) == true )
LED2_Toggle(); Change to LED2&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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{

* Modify I12C auto probe count to disable Instance 1 of DRV _12Cin “app_drv_i2c2.c‘
* You must implement the Advanced Exercise : 12C Auto Probe after Lab15.

void APP_DRV_I2C2 Tasks ( void )
switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2_STATE_INIT: Ch an g e to DRV_' 2C_| N DEX_O

}).SYS_TIME_HANDLE TimeHandle;
// SYS_TIME_DelayMS(10, &TimeHandle );
// while(!SYS_TIME_DelayIsComplete(TimeHandle)) {}

for( int Inst = DRV_I2C_INDEX © ; Inst <= DRV_I2C_INDEX @ ; Inst++ )

{
I2C2Handle TJ3 = DRV_I2C Open(Inst, DRV_IO INTENT_READWRITE);
if(I2C2Handle TJ3 == DRV_HANDLE INVALID)
{
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_ERROR;
return;
}
I2C2WriteBuf_TJ3[@] = ©x1D;
I2C2WriteBuf _TJ3[1] = 0x80;
DRV_I2C WriteTransferAdd( I2C2Handle TJ3, KXTJ3_ADDRESS,
I2C2WriteBuf TJ3, 2, & I2C2WriteReadHandle TJ3 );
}

USART1printf("G-Sensor Software Reset Completed\r\n");
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%€ Lab17 AP scan application of SPI Wi-Fi Module

e Compiler error because miss “wdrv_winc_enterprise.h” in wdrv_winc_client_api.h

Output =

Search Results Motifications [MCC] MNews

W Snap = Snap-Driver * MPLAB® Code Configurator * Driver (Clean, Build, ...} =

e WO UEI QG 1 L AT WITEL LT e IJ.I.J AL AL WL L L \'.ﬂLJL_ELL . TAT

In file included from

../srcfapp drv_winc.c:33:

.. /src/config/default/driver/winc/include/wdrv _winc client api.h:86:18: fatal error: wdrv_winc_enterprise.h: No such file or directory

_E L L . = _IIII.JI WL T3 —HA AN LS LJ L oM T MM LANI T I Ll TlUaOQLaTIICoCU oL BT

#include "wdrv_winc_enterprise.h”

—————czanpilation terminated.

mh.;: e laila 20 cocine

mmmmmmmmmmmmmmmmmmmmmmm

ouild-impl' failed

-fdata-secrtinns -fnn

BUILD FAILED (exit walue 2, total time: 2s)

}i;* WiFi WINC Driver Configuration ***/

#tdefine
#tdefine
#tdefine
#tdefine
//

#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine
#tdefine

WDRV_WINC_EIC_SOURCE
WDRV_WINC_NETWORK_MODE_SOCKET
WDRV_WINC_DEVICE_WINC1500
WDRV_WINC_DEVICE_SPLIT_INIT

WDRV_WINC_DEVICE_EXT CONNECT_PARAMS
WDRV_WINC_DEVICE_BSS_ROAMING
WDRV_WINC DEVICE_FLEXIBLE_FLASH_MAP
WDRV_WINC_DEVICE_DYNAMIC_BYPASS_MODE
WDRV_WINC_DEVICE_WPA SOFT_ AP
WDRV_WINC_DEVICE_CONF_NTP_SERVER
WDRV_WINC DEVICE_HOST_FILE_DOWNLOAD
WDRV_WINC_DEVICE_SOFT_AP_EXT

configuration.h

Please.comment out below,code
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% Lab17 AP scan application of SPI Wi-Fi Module

* Compiler and programming your project to EVB.
* Check USART1 debug output to see the result

T COMS - Tera Term VT

File Edit Setup Control Window Help

DRV USART1: Hello world

Wrote Ox24 to EEPROM 24AA

G-Sensor Software Reset Completed

G-5ensor WHO AM I : ©@x35

G-Sensor Initial Completed

Scan complete, 12 AP(s) found
found: RSSI: -66 BravoGroup
found: RSSI: -67 mchp-secure
found: RSSI: -68 mguest
found: RSSI: -55 Taipei RTC ADSL

S3 to SERCOMS3

found: RSSI: -73 Leedarson@3 o A ¢ C.S
found: RSSI: -48 MLI_WiFi ";":M:m:” L. or G-sensor
. . ore Service
found: RSSI: -47 MLI_CHTWiFi —— 12C Auto Probe must implement
found: RSSI: -48 MLI _WiFi_ OTP SERCW4 -‘-InstanceS»-——-l-m:
found: RSSI: -41 rovingl “""““‘L:;V |—s’l’r;stance0 EIC
found: RSSI: -76 TP-Link E13A — _ Peripheral Library
found: RSSI: -48 SERCOM1 - | T
- _ Peripheral Library Instance 1 )
pareet A7 found, trying to connect Py it;PI ——] g [
L
; _ DRV_SPI DRV_SPI
IP address 1s 192.168.4.134 J 4
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% Lab17 AP scan application of SPI Wi-Fi Module

Discuss 1

* How to know the firmware version of WINC modules ?

DRV_HANDLE WINCHandle; _
WDRV_WINC_FIRMWARE_VERSION_INFO FirmwareVersion; i COMS -Tera Term VT

File Edit Setup Control Window Help

void APP_DRV_WINC_ Tasks ( void ) DRV_USART1: Hello world
E switch ( app_drv_wincData.state ) Wrote 0x24 to EEPROM 24AA
&5eAM{DMLWWQ§UUEJNU} G-Sensor Software Reset Completed
o G-Sensor WHO AM I : ©x35
CaSew’iggggggﬂ’j;nggeiﬁfﬁgfggen(@, Vi, G-Sensor Initial Completed
if (WINCHandle == DRV_HANDLE_INVALID : : _
{ | - — Firmware Version : 19.6.1
app_drv_wincData.state = APP_DRV_WINC_STATNgFTal complete, 2 AP(S) found

break;

¥

WDRV_WINC InfoDev1ceF1rmwareVer51onGet( WINCHandle, true, &FirmwareVersion );
USART1printf("Firmware Version : %d.%d.%d\r\n", FirmwareVersion.version.major,
FirmwareVersion.version.minor, FirmwareVersion.version.patch );

app_drv_wincData.state = APP_DRV_WINC_ STATE_SCAN_START;
break;

case APP_DRV_WINC_STATE_SCAN_START:
app_drv_wincData.state = APP_DRV_WINC STATE_ SCANNING;
break;
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Discuss 2

* How to setup the SPI Software Slave Select pin in WINC SPI Driver ?
* You can assign a GPIO via Transfer Setup in WDRV_WINC_SPIOpen() of “wdrv_winc_spi.c”

bool WDRV_WINC_SPIOpen(void) =G Labl7_DRV_WINC_WiFi_AP_Scan
{ N El" Sonrce Files

if (DRV_HANDLE_ INVALID == spiDcpt.spiHandle) E| config

{ 2 defanlt

spiDcpt.spiHandle = DRV_SPI_Open(spiDc Yo (IO I INEICISIEVEISE e ae g S G driver
if (DRV_HANDLE_INVALID == spiDcpt.spiHandle) ~ \WDRW/ WINC! CS 3

WDRV_DBG_ERROR_PRINT("SPI open failedJf§! WIjR\7 W||\|CSP|E)pen

return false;

}
spiTransConf.baudRateInHz = spiDcpt.cfg.baudRatelnHz; éoglgmm"opﬁmx
spiTransConf.chipSelect = (SYS_PORT_PIN)WDRV_WINC_CS_PIN; p—

= Select SERCOM Operation Mode | SPT Master
- Enable Interrupts ?
- Enahle operation in Standby mode D

WDRV_DBG_ERROR_PRINT("SPI transfer setup failed\r\n");
e — - SPI Daka Out Pad DO on PAD[0], SCK on PAD[1] and S5 on FAD[2] ~

PAlE SERCOM1_PADO ~ | Dhigital || High Impedance nfa ST Miata Tk Dad Calarfinn e
— — 15 low when 1dle -
PA17 SERCOM1 PAD1 ~ | Digital | High Impedance nfa
-Enable 5PI Master Hardware Slave SelectD

if (false == DRV_SPI TransferSetup(spiDcpt.spiHandle, &spiTransCag

| PALS WDRY_WINC_CS GPIC ~| Dhgital | out ~ | High I -SPI Recaiver Enable 7
- #EESPT Transfer Mode 0 is Selected® **

FA19 SERCOM1_PADS -~ | Lhgital High Impedance
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% Lab17 AP scan application of SPI Wi-Fi Module

Discuss 3
 What’s difference of WINC and WINC (Lite) ? —
SPI o WING -3 Data 32,768 (0x8000] bytes
- Driver \WiFi Device WINCIS00 A 14%

 Core Service

Paripheral Library
~Driver Log Level | MNone r

SERCOM4
Peripheral Library
sSPT

Instances - ——+

Instance 0
SPI

- SPI Driver gdrv_spi_l

- Interrupt Source  |EIC

WINC EIC Channel 4

o 8YS5_DEBUG

DRV_SPI

v H §

Wireless WDRV_WINC < ~Firmware version 1961 +

¥ Drivers > DRV_SPI ~Driver Mode wocket Mode
' WINC = Memory
:j:} WINC (LItE‘:I E-WIMGC (Lite) Bg Drata 32,708 (Cx20007% btes

o ~WiFi Device WINC1500 14%
» SerialBridge e Driver Log Level E N {
SERCOM4 Instances - = —+ -~ 5PI Driver

Peripheral Library
SPI

Instance 0

F-Interrupt Source
SPr :

-EIC Channel 4

WINC (Lite)
C SYS_DEBUG
WDRV_WINC ©
» DRV_SPI

DRV_SPI

SERCOM1
Peripheral Library
SPI

Instance 1
sPr

~Firmw are Yersion [ _
~Driver Mode |Socket Maode |

DRV_SPI

~Reset assert time {in ms) | D:

B-Enable serial bridge? ! .
%----Suppurt baud rate changes? [_] Su p p 0 rt Serl al B Il d g € @ MICROCHIP

~-5end sync ID before request? []

Serial Bridge Application
o WDRV_WINC
UART

SERCOMS
Peripheral Library
UART




SPI Driver —
SD Card Driver Library

Harmony Driver
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SD Card (SPI) Driver Library

* Introduction

* This driver library provides application ready routines to read and write to the SD Card,
thus minimizing developer’s awareness of working of the SD Card protocol.

» Supports asynchronous (non-blocking) and synchronous (blocking) mode of operation.
* Supports both DMA and non-DMA modes.

* The SDSPI driver is capable of interacting to the SD Card either via SPI PLIB interface or
via SPI Driver interface, selectable in MHC configuration of the SDSPI driver.

* The driver APl interface can be used directly by the application to read/write directly
from the SD Card Or the SDSPI driver can be used with a file system.
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SD Card (SPI) Driver Library

Froject Graph* l

X|E-... f||§| =l |P1ugins:

Device Family Pack (DFP)
Peri | Libr

e e QMISIS Pack
MNVMCTEL

Peripheral Library
MEMORY

Connect PLIB. SERCOM

Connect PLIB . SERCOM:
through SPI Driver
O/

SD Card (SPI)
Diriver Dirivier
o Core Service
o SYS_TIME

o Core Service

SERCOMO Instances -|——+
Peripheral Library Instance 0 Instances |——+

SPI SPI Instance 0
DRV_SPI DRV_SPr
‘ SPI

DRV_MEDIA

Direct to PLIB SERCOM

= SERCOM1
= Select SERCOM Operation Made  SF1 Master

:*----EH.EII'J|E Interrupts ?

E— I e e o Tt Tl et et e | TR A s Pt

__;?----EF‘I Clack Polarty
%----Enahle SPI Master Hardware Slave Select

DRV_MEDIA |||

&U Create an Application for

Sl i Vachinoal

E-Caore
EEJ--Generate Harmony Application Files
é--ﬂpplicatiun Configuration
‘Mumber of applications 1=
B lication 0 Configuration
- ppplication Name app_drv_sdcard

L. SHE Application name must be valid C-Langu

Configuration Options X]

=l

E-50 Card (SPI)
~MHumber of Clients =
-S5O Card Speed (Hz) 2,000,000 =
~Transfer Queue Size 4=
~Card Detection Method Uze Polling -
~Polling Interval {ms) 1,000

—File system for SDSPI Driver Enabled
| Chip Select Pin

P

PAOD

-~ Configure the Chip Select pin as GPIO output under
~lse Write Protect Pin (&ctive High)? |:|
~ 11l Mote: For each instance of SDOSPI, connect either SP

Always to use software .chip select of SPI1 SD,Card Driver
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SD Card (SPI) Driver Library

API functions of the SD Card (SPI) Driver Library.

* System Functions

DRV_SDSPI_Initialize Initializes the SD Card driver.
DRV_SDSPI_Status Provides the current status of the SDSPI driver module.
DRV_SDSPI_Tasks Maintains the driver's state machine.

e Core Client Functions
DRV_SDSPI_Open Opens the specified SD Card driver instance and returns a handle to it.
DRV_SDSPI_Close Closes an opened-instance of the SD Card driver.

DRV_SDSPI_EventHandlerSet Allows a client to identify an event handling function for the driver to call back when queued operation has completed.
For the synchronous SDSPI driver, the event handler is only used by the file system.

e Data Transfer Functions

DRV_SDSPI_AsyncRead Reads blocks of data from the specified block address of the SD Card.
DRV_SDSPI_SyncRead Reads blocks of data from the specified block address of the SD Card.
DRV_SDSPI_Read This routine provides interface to the file system to perform a media read operation in synchronous mode
of the SDSPI driver.
DRV_SDSPI_SyncWrite Writes blocks of data starting at the specified address of the SD Card.
DRV_SDSPI_AsyncWrite Writes blocks of data starting at the specified address of the SD Card.
DRV_SDSPI_Write This routine provides interface to the file system to perform a media operation in synchronous mode of the SDSPI driver.
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SD Card (SPI) Driver Library

API functions of the SD Card (SPI) Driver Library. (cont.)

* Data Transfer Functions
DRV_SDSPI_CommandStatusGet Gets the current status of the command. For synchronous mode,
the command status is only used by the file system.

e Status Functions

DRV_SDSPI_IsAttached Returns the physical attach status of the SD Card.
DRV_SDSPI_IsWriteProtected Returns the write protect status of the SD Card.
DRV_SDSPI_GeometryGet Returns the geometry of the device.

* Data Types and Constants

DRV_SDSPI_COMMAND_HANDLE This is type DRV_SDSPI_COMMAND_HANDLE.
DRV_SDSPI_COMMAND_STATUS This is type DRV_SDSPI_COMMAND_STATUS.
DRV_SDSPI_EVENT Identifies the possible events that can result from a request.
DRV_SDSPI_EVENT_HANDLER Pointer to a SDSPI Driver Event handler function

DRV_SDSPI_COMMAND_HANDLE_INVALID SDSPI Driver's Invalid Command Handle.
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% Lab 18
Manage SPI SD card without File System

SPI Driver - SD Card Driver Library
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* Lab18 Manage SPI SD card without File System

* Add an SPI Driver Instance 2 and attach the SD Card (SPI) Driver and PLIB SERCOMO SPI
to access a SPI SD Card without File System.

* The pins define and configuration are same to Lab7 we did.
* Try store “Count SDCard: #” to block 0x2000 of SD Card , the ‘#’ is count number start
from 1.

* Reset EVB to read “Count SDCard: #” out and increase the count ‘#’ then store it back

to SD Card. Block Size is 512 bytes

Store Block is 0x2000
Start Address is 0x400000

MicroSD
0x400000

SAMD21

GPIO Output

SERCOMO PAD2
SERCOMO PAD3
SERCOMO PADO

GPIO Input PBO3 SD_CD

0x000000
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* Lab18 Manage SPI SD card without File System

* Add SPI Driver Instance 2
 Attach the SD Card (SPI) Driver and PLIB SERCOMO SPI for SPI SD Card communication.

Froject Graph* l |

x|EGEEEf|*@-E||PIung: w

Add Instance 2 of SPI Driver

@CED)
ljasks

NVMCTRL ' SPI Core
Peripheral Library Diriver Harmony Core Service Ad d
MEMORY 2 Core Service o RTOS

SERCOM4 ) instances =+ core Service <R DN OF-10 (SP')

Peripheral Library — Instance 0 EIC Drlver
sPI : SPI Peripharal Library =

SERCOM1 DRV_SPI WING SD Card (SPI)
Peripheral Library — Instance 1 Driver SESE'%NM SEEElng SEESgMO
sSPI - SPT WDRV_WINC <8 & Core Service
SERCOMO | DRV _SPI DRV _SPI o SYS_TIME
Peripheral Library — Instance 2 Instances -——+ OLED SPI
SPI . SPI — SSD1306 SD Card
: DRV_SPT DRV_SPI

sPI

Attach PLIB SERCOMO | orv_mep1a
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* Lab18 Manage SPI SD card without File System

 Set Chip Select pin to GPIO PA09 in SD Card Driver configuration.

Configuration Options = B - Cﬂnﬁuriﬂn li - Py -
=Ll Fnable' DMA'in SPI Driver §Set Chip_Select pin t0.PAQ9
= 5PI E-50 Card (SPI)
Projct G ~PLIR Used =ERCOMO - GPI Driver Instance Used 2
~Number of Clients = ~Mumber of Clients =
x | Cd ~Transfer Queue Size 42 ~50 Card Speed (Hz) 5,000,000 -2
~se DMA for Transmit and Receive? ~Transfer Queue Size 4.2
= - DM& Channel For Transmit 42 ~Card Detection Method Use Polling
Peripher - DM& Channel For Receive = -Paolling Interval {ms) 1,000 -2
NVMCTRL ' SpI Core ~File system far SOSPI Driver Enabled L
Peripheral Library Driver Harmony Core Service ~Chip Select Pin
MEMORY & Core Service o RTOS - Configure the Chip Select pin as GPIO output unde
SERCOM4 Instances =+ Core Service O -se Write Protect Pin (Active High)? |:|
Peripheral Library rr=een T - Il Wote: For each instance of SD5SPI, connect either SH

EIC

SPI Peripheral Library

SPI

DRV_SPI

S0 Card (SPI)
Driver

WDRV_WINC |8 & Core Service
DRV_SPr o SYS_TIME

SERCOM1
Peripheral Library
SPI

SAMD21

GPIO Output

Instance 1
sSPI

DRV_SPI

SERCOMO
Peripheral Library
SPI

Instance 2
sSPI

Instances - ——|+

Instance 0
DRV_SPr

sPI
DRV_MEDIA

DRV_SPI
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* Lab18 Manage SPI SD card without File System

e Configure SERCOMO SPI pads and disable hardware Slave Select.

SAMD21

SERCOMO PAD2
SERCOMO PAD3
SERCOMO PADO

NVMCTRL
Peripheral Library
MEMORY <

Driver

O Core Sel
SERCOM4

Instances -~

Peripheral Library Instance
SPI SPI
SERCOM1 DRV_:

Peripheral Library
SPI
SERCOMO

Instance
SPI

)

Configuration Options =

=+

DO on PAD[-Z]'(MOSI-)]

= SERCOMO
= Select SERCOM Cperation Made  SF1 Master
-Enable Interrupts ?

- Enahle operation in Standby mode

| SPI Data Ot Pad
|- SPI Data In Pad Selection

-SPI Data Qrder

- SPI Speed in Hz

-SPI Data Character Size
-5PI Clock Phase

- SPI Clock Polarity

- SPI Receiver Enable

DRV_SPI

~*** 5P Transfer Mode 0 is Selected***

1

Peripheral Library Instance 2 Instances - — —+
SPI SPI Instance 0
DRV_SPI DRV_SPI

SPI
DRV_MEDIA

-Enable SPI Master Hardware Slave Select |@

WDRV_WINC © B © Core Service
DRV_SPI O SYS_TIME

SCk¥onJPAD[3]1§(SCK)
IDIgmoniPAD[O ] §(MISO)
L

DG on PAD[Z], 5CK on PAD[3] and & on PAD[]} ~
SERCOM FPAD[O]

e T
M=E 15 transferred first -

1,000,000
2 hats
The data 15 sampled on a leading SCK edge and changed o
SCK 15 low when 1dle

Hardware Slave Select
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% Lab18 Manage SP

| SD card without File System

e Configure SERCOMO-SPI pads, PAO6(PAD2), PAO7(PAD3), PAO8(PADO).
* Configure GPIOs : PA09(Output, Latch High, Custom Name is optional), PBO3{tnput)-

E-50 Card (SPI)
- §PI Driver Instance Used 2
Fin Settinge = | Fin Table XI Fin Dhagram XI Frosect Graph# l ~Mumber of Clients =
Crder:  Ports v Table View Easy View ~5D Card Speed (Hz) 3,000,000
~Transfer Queue Size | 4 =
;1]'1 X Pin ID Custom Name Function Mode 4 Card Detection Method IUSE Folling -
dmber | | , ~Polling Interval {ms) 1,000 =
11 PADS SERCOMOD_PADZ ~File system for SDSPI Driver Enabled
12 PADT SERCOMO_PADZ v L chip select Pin
13 ! FAaDs optional SERCOMO_PADOD L ! R——
z IR NORYAL_~
AT | = e ) f"l'\_r"'n F TOT L T T 11T D D NDRI’"‘A.L )
Fin Settings = { Fin Table x{ Fin Dhiagram 4 Froject Graph* I |IE|
Package: | TOFP48 «| [0 11]12]13] 1415|1621 |22{23 |24 ] 25| 26 | 27 | 2ccckamus i 415 | 46 | 47 | 48 7
A SAMD21 B

Module Function

GPIO Output

GFIo GPIO

SERCOMO PAD2

| SERCOMO_PADO \

SERCOMO PAD3

‘ SERCOMO_PAD] }

SERCOMO PADO

Bl ‘ SERCOMO_PAD2 ]

GPIO Input

SERCOMO_FADS

| — —— ———
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* Lab18 Manage SPI SD card without File System

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “7” and
given the Application Name to“app _drv_sdcard”.

Configuration Options "‘]
Increase'Number.of Application

= £ lPlugins: v| |E-Core

' Project Graph* ‘
X ECRERE 4

= = = Generate Harmony Application Files
é}--ﬂpplicatiun Configuration
%----Number of Applications ?ﬂ
B = --ﬂpplicatiun 0 Configuration
NVMCTRL SPI [ Core --.ﬂ.pplicatiur‘l 1 Configuration

Peripheral Library Driver Harmony Core Service
MEMORY < O Core Service O RTOS
Core Service ©

--ﬂpplicatiun 2 Configuration

--f—‘-.pplin:atil:un 3 Configuration Ren ame f| | e to

Instances - ——+ --ﬂpplicatiun 4 Configuration

e ; 1] )
Instance 0 - application 5 Configuration ap p_d rV_Sdcard
SPI Peripheral Library :

If_}--ﬁ.pplicatiun & Configuration
DRV_SPI :

WINC | %----Er‘lable &pplication & Configuration

S‘I";Stmce 1 worv._wine ol o - application Name (&DD_dW_SdCﬂTd

DRV_SPI DRV_SPI Application name must be valid C-Language |

- Generate Harmony Driver Common Files
Instance 2 In

SPI
DRV_SPI ‘
§

- Generate Harmony System Service Common Files
[ - GFenerate Harmony System Media Files
- Enahble System Interrupt

i
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* Lab18 Manage SPI SD card without File System

* The new state machine we whish to complete as below.

" TN EIN ENN EEN EEN BN EEN EEN BN SEN BEN BEN BEN BN BEN BEN BEN BN BEN BNN BEN SN B Dy

APP_DRV_SDCARD_Tasks() \\I

| INIT ] :
—¥ I

'\[/ WAIT_ATTACH } — |
T I

( READ ] > i
— 7 i

q READ_ WAIT COMPLETE ] :
\ 4 |

[ WRITE | ERROR ] |
\i h, I
(WRITE_WAIT COMPLETE }— IDLE —P E

@ MICROCHIP



* Lab18 Manage SPI SD card without File System

* Please comment out the WDRV_WINC Tasks and APP_DRV _WINC Tasks in task.c,
If you have not an external WINC1500 EVB (WiFi 7 Click) from Lab17.

}{/oid SYS_Tasks ( void ) Task.c

/* Maintain Device Drivers */

DRV_SDSPI Tasks(sysObj.drvSDSPIQ);

// WDRV_WINC_ Tasks(sysObj.drviWifiWinc); MIKORE
/* Maintain Middleware & Other Libraries */ WIiFl 7 QLICK

/* Maintain the application's state machine. */

=N

);.Call Application task APP_DRV_I2C1. */
APP_DRV_I2C1 Tasks();

=)
3]
22

§ o oomm C

3
]
S
5
=

4.
“ZIVIS T THAVIS

i

/* Call Application task APP_DRV_I2C2. */
APP_DRV_I2C2_Tasks();

/* Call Application task APP_DRV_SPI1. */
APP_DRV_SPI1 Tasks();

/* Call Application task APP DRV WINC. */
// APP_DRV_WINC_Tasks();

/* Call Application task APP_DRV_SDCARD. */
APP_DRV_SDCARD_Tasks();
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* Lab18 Manage SPI SD card without File System

* Add states in “app_drv_sdcard.h”.

#ifndef _
#define _

#include
#include
#include
#include
#include

APP_DRV_SDCARD_H
APP_DRV_SDCARD_H

<stdint.h>
<stdbool.h>
<stddef.h>
<stdlib.h>
"configuration.h"

typedef enum

APP DRV SDCARD STATE INIT=0,

// APP_DRV_SDCARD STATE_SERVICE_TASKS,
APP_DRV_SDCARD_STATE_WAIT_ ATTACH,
APP_DRV_SDCARD_STATE_READ,
APP_DRV_SDCARD_STATE_READ_WAIT_ COMPLETE,
APP_DRV_SDCARD_STATE_WRITE,
APP_DRV_SDCARD_STATE_WRITE_WAIT_COMPLETE,
APP_DRV_SDCARD_STATE_ERROR,
APP_DRV_SDCARD_STATE_IDLE,

} APP_DRV_SDCARD_STATES;

typedef struct

APP_DRV_SDCARD_STATES state;

} APP_DRV_SDCARD_DATA;

void APP_

DRV_SDCARD Initialize ( void );

You could remove the

SERVICEATASKS’state

| INIT }—
q WAIT_ATTACH —

( REt\D |
q READ_WAIT_COMPLETE |

{ WI:ITE }—{ ErRROR )
q WRITE_WAIT_COMPLETE I—t'_lDﬁ
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* Lab18 Manage SPI SD card without File System

e Construct new states flow of task in “app_drv_sdcard.c”

void APP_DRV_SDCARD Tasks ( void )

{

switch ( app_drv_sdcardData.state )
case APP_DRV_SDCARD_STATE_INIT:

Overwrite original example .code

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WAIT_ATTACH;

break;

case APP_DRV_SDCARD_STATE_WAIT_ATTACH:

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_READ;

break;

case APP_DRV_SDCARD STATE_READ:

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_READ_WAIT_COMPLETE;

break;

case APP_DRV_SDCARD_STATE_READ_WAIT_COMPLETE:

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE;

break;

case APP_DRV_SDCARD_STATE_WRITE:

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE_WAIT_COMPLETE;

break;

case APP_DRV_SDCARD STATE_WRITE_WAIT COMPLETE:

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_IDLE;

break;
case APP_DRV_SDCARD_STATE_ERROR: ' — )

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_IDLE; 9 WAIT_ATTACH }—

break; 3

| READ —

case APP_DRV_SDCARD_STATE_IDLE: <(RMD“;#COMHHE]

break; :

WRITE }—{ ERROR |

:I WRITE_WAIT_COMPLETE I—Pl IDLE F
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* Lab18 Manage SPI SD card without File System

* Header include and Global Declarations in “app_drv_sdcard.c”.

#include "app _drv_sdcard.h"
#include "app_drv_usartl.h"
#include "driver/sdspi/drv_sdspi.h"
#include <stdio.h>
#include <string.h>

// 3k sk 5k sk 5k 5k 5k 5k 5k ok 5k 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk 5k sk sk sk sk sk sk ok sk sk sk 5k sk 5k sk 5k sk Sk sk 5k sk sk sk sk sk sk sk sk ok sk sk sk ok sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk k
// kkkskkkskskskskskskskkskkskkskkskskskskskskskskskskskskskskskskskskkskskskkskskskskskskskskskskkskskskskskskskskskskskkskskskskskskskskkkk
// Section: Global Data Definitions

// 3k 3k 3K 3k 3k 3k 5k 3k Sk 3k 3k 5k sk 5k 3k 5k 3k 5k 3k 5k sk 5k sk Sk sk 5k 3k Sk sk sk 3k sk ok sk sk sk 5k 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk Sk 5k sk 5k sk 5k 3k 5k sk 5k 3k 5k sk 5k 3k 5k sk 5k sk sk >k sk sk sk sk sk k
// 3k 3k 3K 3k 3k 3k 3k 3k Sk 3k 3k 5k 3k 5k 3k 5k sk 5k 3k 5k sk 5k sk Sk sk 5k 3k Sk sk sk sk sk ok sk sk sk 5k 3k 5k sk 5k 3k 5k sk 5k sk 5k 3k Sk sk Sk 5k sk 5k sk 5k 3k 5k sk 5k 3k 5k sk 5k sk 5k sk sk sk sk sk sk sk sk sk sk k

#define SDCARD_BLOCK_START 0Xx2000
#define SDCARD_BUFFER_SIZE (4096U)
#define SDCARD_GEOMETRY TABLE_READ ENTRY (9)
#define SDCARD_GEOMETRY_TABLE_WRITE_ENTRY (1)

#define SDCARD_GEOMETRY_TABLE_ERASE_ENTRY (2) For.SD Card Driver
SYS_MEDIA_GEOMETRY *SDCardGeometry = NULL;

int sDCardReadBlocks; The Geometry,information
int SDCardWriteBlocks; : .
int SDCardEraseBlocks; IS necessary for operation

DRV_HANDLE SDCardHandle;
DRV_SDSPI_COMMAND_HANDLE SDCardReadHandle;
DRV_SDSPI_COMMAND_HANDLE SDCardWriteHandle;
volatile int SDCardWriteComplete = false;
volatile int SDCardReadComplete = false;
char SDCardWriteBuf[SDCARD_BUFFER_SIZE];
char SDCardReadBuf[SDCARD_BUFFER_SIZE];

int SDCardResetCount = 1;

// >k 3k 3k 3k 3k 5k 3k >k >k 3k 3k 5k 5k 5k 3k >k 3k 3k 5k 5k 5k 5k >k >k 3k 3k 5k 5k 3k 3k >k >k 3k 3k 5k 5k 3k >k >k 3k 3k 5k 5k 5k >k %k >k 3k 3k 5k 5k 5k %k >k 3k 3k >k 5k >k >k >k %k 3k >k >k 5k %k %k %k %k %k >k >k %k %k %k %k
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* Lab18 Manage SPI SD card without File System

* Implement Transfer Callback for SD Card Driver Read and Write.

*/
APP_DRV_SDCARD_DATA app_drv_sdcardData;

// 3k 3k 3k 3k 3k 3k Sk ok sk sk 3k sk ok 3k Skook sk Sk 3k sk ok 3k Sk ok sk Sk sk sk ok 3k Sk ok 3k Sk 3k sk 3k 3k Sk ok sk Sk 3k sk ok 3k Sk 3k sk Sk 3k sk sk 3k sk ok >k Sk sk 3k ok 3k sk ok sk Sk 3k sk ok sk koo sk sk sk k ok
// 3k 3k sk 3k 3k 5k 5k 5k 3k 3k sk sk sk 3k 3k 5k 5k 5k 3k sk sk sk sk 3k 3k 5k 5k 3k 3k sk sk sk sk 3k 3k 5k 5k 3k sk sk sk sk sk 3k 5k 5k 3k 3k sk sk sk sk 3k 5k 5k 5k 3k 3k sk sk sk 3k >k 5k 5k 5k 3k sk sk sk sk >k sk ok ok ok 3k
// Section: Application Callback Functions

// 3k 3k 3k 3k 3k 5k 5k 5k Sk sk sk sk 3k sk sk ok 5k 5k Sk sk sk sk 3k sk sk 5k 5k Sk sk sk sk 3k 3k sk sk 5k 5k sk sk sk sk sk 3k sk sk 5k Sk sk sk sk sk 3k sk 5k 5k 5k Sk sk sk sk sk sk sk 5k 5k 5k Sk sk sk >k 3k >k sk ok ok 5k >k
// 3k 3k 3k 3k 3k 5k 5k 5k Sk sk sk sk 3k sk sk 3k 5k 5k Sk sk sk sk 3k sk sk 5k 5k Sk Sk sk sk 3k 3k sk sk 5k 5k sk sk sk sk sk 3k sk 5k 5k Sk sk sk sk sk 3k 3k 5k 5k 5k Sk sk sk sk sk sk sk 5k 5k 5k Sk sk sk >k 3k >k sk ok ok ok >k

void SDCardTransferHandler( SYS_MEDIA_BLOCK_EVENT event,
SYS_MEDIA_ BLOCK_COMMAND_HANDLE commandHandle, uintptr_t context )
{

switch( event )

case SYS_MEDIA EVENT_ BLOCK_COMMAND_ COMPLETE:
if (commandHandle == SDCardReadHandle)
{ SDCardReadComplete = true; }
else if(commandHandle == SDCardWriteHandle)
{ SDCardWriteComplete = true; }
break;

case SYS_MEDIA_EVENT_BLOCK_COMMAND_ERROR:
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
break;

// 3k 3k 3k 3k 3k 3k Sk 3k sk ok sk sk ok 3k Skook sk sk sk sk ok 3k Sksk sk ok sk sk ok 3k Sk ok sk 5k sk sk 3k >k Sk sk sk ok sk sk sk 3k Sk ok sk ok sk sk ok 3k Sk 3k sk ok sk sk sk 3k Sk ok sk ok 3k Sk ok >k sk skook >k skok
// 3k 3k 3k 3k 3k 3k >k 5k 3k >k 5k >k 5k 3k >k 5k 3k >k 5k 3k 3k 3k >k 5k 3k >k 5k >k 5k 3k 3k 5k 3k >k 5k 3k 3k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k 3k >k 5k >k >k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k %k %k 5k k %k
// Section: Application Local Functions

// 3k 3k 3k 3k 3k 3k 3k 5k sk >k ok 3k 5k sk 3k 5k sk 3k 5k 3k 3k 3k >k 5k sk >k 5k sk 3k Sk 3k 5k 3k >k 5k 3k 3k 3k 3k 3k Sk 3k 5k 3k 3k Sk 3k 5k 3k 3k 5k 3k 3k 3k 3k 5k 3k >k 5k sk >k Sk >k 5k 3k >k 5k 3k >k 3k >k 5k 3k >k 5k k %
// 3k 3k 3k 3k 3k 3k Sk 3k sk ok >k sk ok sk Sk ok sk Sk sk sk ok >k Skosk sk sk >k sk ok >k Sk ok sk 3k sk Sk ok >k Sk 3k sk sk >k sk ok >k Sk 5k 3k 3k sk Sk 5k >k Sk 3k sk 5k >k sk ok 3k Sk ok 3k 3k 3k Sk ok >k koK skok >k kok
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* Lab18 Manage SPI SD card without File System

* Open Driver, register callback in state INIT and handling ERROR.

void APP_DRV_SDCARD Tasks ( void )

itch d dcard 5 I
A iR O e SD Card Driver,to get Handle

case APP_DRV_SDCARD STATE_INIT:
SDCardHandle = DRV_SDSPI_Open(DRV_SDSPI_INDEX_©, DRV_IO INTENT READWRITE);
if(sbCardHandle == DRV_HANDLE_INVALID)

{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
break;

} Registerglransfer,Callback

DRV_SDSPI_EventHandlerSet(SDCardHandle, SDCardTransferHandler, 0);

app_drv_sdcardData.state = APP_DRV_SDCARD_ STATE WAIT_ATTACH;
break;

case APP_DRV_SDCARD STATE_WAIT ATTACH:
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE READ;

break; .
Handling Error,State

case APP_DRV_SDCARD STATE_ERROR:

USART1printf("DRV_SDCARD error!\r\n"); ( INIT —
[ETXIAEY app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_IDLE; 1 WAILATTACH =
break; ( READ | —
q READ_WAIT_COMPLETE )
case APP_DRV_SDCARD STATE_IDLE: )
bre ak; | WRITE }—{ ERROR |
:l WRITE_WAIT_COMPLETE I—PI IDLE F
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* Lab18 Manage SPI SD card without File System

* Use the polling method to detect SD Card in state WAIT_ATTACH.

void APP_DRV_SDCARD Tasks ( void )

{
switch ( app_drv_sdcardData.state )
case APP_DRV_SDCARD STATE_INIT: ...
case APP_DRV_SDCARD_STATE_WAIT ATTACH:
if( DRV_SDSPI_IsAttached(SDCardHandle) == false )
break;
USART1printf("\r\nSDCard attached!\r\n"); Get SD,Card Geometry
SDCardGeometry = DRV_SDSPI_GeometryGet(SDCardHandle);
if (SDCardGeometry == NULL)
{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
break;
}
SDCardReadBlocks = (SDCARD_BUFFER_SIZE / \
SDCardGeometry->geometryTable[ SDCARD_GEOMETRY_TABLE_READ_ENTRY].blockSize);
SDCardWriteBlocks = (SDCARD_BUFFER_SIZE / \
SDCardGeometry->geometryTable[ SDCARD_GEOMETRY_TABLE_WRITE_ENTRY].blockSize);
SDCardEraseBlocks = (SDCARD_BUFFER_SIZE / \
SDCardGeometry->geometryTable[ SDCARD_GEOMETRY_TABLE_ERASE_ENTRY].blockSize);
| INIT }—
gﬁgggr.‘v_sdcar‘dData.state = APP_DRV_SDCARD_STATE_ READ; mmw ]
) 2
| READ —
case APP_DRV_SDCARD STATE_READ: q READ_WAdIT_COMPLETE )
case APP_DRV_SDCARD_STATE_READ WAIT COMPLETE: ... | ' - :
case APP_DRV_SDCARD STATE WRITE: ... WRITE ERROR
o oo :l WRITE_WAIT_COMPLETE I—PI IDLE F
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* Lab18 Manage SPI SD card without File System

* Read SDCardReadBlocks from address SDCARD BLOCK START.

void APP_DRV_SDCARD Tasks ( void )

{

switch ( app_drv_sdcardData.state )

case APP_DRV_SDCARD_ STATE_INIT: ...
case APP_DRV_SDCARD_STATE_WAIT ATTACH:

SDCardEraseBlocks = (SDCARD BUFFER_SIZE / \
SDCardGeometry->geometryTable[ SDCARD GEOMETRY_TABLE_ERASE_ENTRY].blockSize);

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_READ;
break;

case APP_DRV_SDCARD_STATE_READ: Read one Block from SD Card

DRV_SDSPI_AsyncRead(SDCardHandle, &SDCardReadHandle,
SDCardReadBuf, SDCARD_BLOCK_START, SDCardReadBlocks);
if(sDCardReadHandle == DRV_SDSPI_COMMAND HANDLE_INVALID)

{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
break;
}
[ETXEEY app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_READ_WAIT_COMPLETE;
break; ( INIT —
case APP_DRV_SDCARD_STATE_READ WAIT_COMPLETE: ... { WAILATTACH =
case APP_DRV_SDCARD_STATE_WRITE: ... ( READ —s
case APP_DRV_SDCARD_STATE_WRITE_WAIT COMPLETE: ... <r;;;;;#COMNHEI
case APP_DRV_SDCARD_STATE_ERROR: ... ¥ l
case APP_DRV_SDCARD STATE_IDLE: ... WRITE J—(ERROR
o oo :l WRITE_WAIT_COMPLETE H IDLE F
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* Lab18 Manage SPI SD card without File System

* Increase "Count" of read content or output SD Card Geometry if it’s first time to write.

void APP_DRV_SDCARD Tasks ( void )
{
switch ( app_drv_sdcardData.state )
case APP_DRV_SDCARD_STATE_INIT: ...
case APP_DRV_SDCARD STATE_WAIT_ATTACH:
case APP_DRV_SDCARD STATE_READ: ...
case APP_DRV_SDCARD_STATE_READ WAIT COMPLETE:
if(SDCardReadComplete == true)
e e = e Output current count and incre
if( !strncmp((char*)sSbCardReadBuf, "Count SDCard: ", 14) )
USART1printf("%s\r\n", SDCardReadBuf);
sscanf(SDCardReadBuf, "Count SDCard: %d", &SDCardResetCount);
SDCardResetCount = (SDCardResetCount+1)%10;
}
else
USART1printf("Geometry SDCard: Buff(%d), R(%d), W(%d), E(%d)\r\n",
SDCARD_BUFFER_SIZE,
SDCardReadBlocks, SDCardWriteBlocks, SDCardEraseBlocks);
} | INIT }—
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE; { WAILATTACH =
} l READ }——
br\eak; :I READ_WAIT_COMPLETE I
¥
case APP_DRV_SDCARD STATE_WRITE: ... WRITE J—{ERROR
o oo :l WRITE_WAIT_COMPLETE I—PI IDLE F
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* Lab18 Manage SPI SD card without File System

* Write back content to target address SDCARD BLOCK START.

void APP_DRV_SDCARD Tasks ( void )

{

switch ( app_drv_sdcardData.state )
case APP_DRV_SDCARD STATE_INIT: ...
case APP_DRV_SDCARD STATE_WAIT ATTACH:
case APP_DRV_SDCARD STATE_READ: ...
case APP_DRV_SDCARD STATE_READ WAIT_ COMPLETE:

break; .

Write count to target Block of SD,Card

case APP_DRV_SDCARD_STATE_WRITE:

sprintf( SDCardWriteBuf, "Count SDCard: %d", SDCardResetCount);

DRV_SDSPI_Asyncerte(SDCardHandle, &SDCardWriteHandle,

SDCardWriteBuf, SDCARD_BLOCK_START, SDCardWriteBlocks);
if(sbCardwWriteHandle == DRV_SDSPI_COMMAND_ HANDLE_INVALID)
{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
else
{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE_WAIT_COMPLETE;
- } | INIT }—
break; e e
2

case APP_DRV_SDCARD STATE_WRITE_WAIT COMPLETE: ... | READ —
case APP_DRV_SDCARD STATE_ERROR: ... (ﬂ
case APP_DRV_SDCARD STATE IDLE: READ WA coMPLere )

break WRITE }—{ ERROR |

:l WRITE_WAIT_COMPLETE H IDLE F
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* Lab18 Manage SPI SD card without File System

* Close handle while write completed and go state IDLE forever.
void APP_DRV_SDCARD Tasks ( void )

{
switch ( app_drv_sdcardData.state )
case APP_DRV_SDCARD_STATE_INIT: ...
case APP_DRV_SDCARD STATE_WAIT_ATTACH:
case APP_DRV_SDCARD STATE_READ: ...
case APP_DRV_SDCARD_STATE_READ WAIT COMPLETE:
case APP_DRV_SDCARD STATE WRITE:
}
else
{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE_WAIT COMPLETE;
break;
case APP_DRV_SDCARD_STATE_WRITE_WAIT COMPLETE:
if(SDCardWriteComplete == true)
AU RLIER IR S A6 Go state IDLE after,finished
DRV_SDSPI_Close( SDCardHandle );
| INIT }—
y app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_IDLE; <f"iﬂﬁjnmm
break; ( READ —
:I READ_WAIT_COMPLETE I
case APP_DRV_SDCARD STATE_ERROR: ... ' - :
case APP_DRV_SDCARD STATE_IDLE: ... WRITE ERROR
o oo :l WRITE_WAIT_COMPLETE l—PI IDLE F
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* Lab18 Manage SPI SD card without File System

e Put in SD Card first 11!

* Compiler and programming your project to EVB.

* Geometry will output while first time to reboot because there has nothing wrote at
Block Start Address 0x400000.

* The “Count” will increase while each time you to press m button on the EVB.

M COMS3 - Tera Term VT

File Edit Setup Control Window Help Block Size is 512 bytes
Store Block is 0x2000
SDCard attached! Start Address is 0x40000

Geometry SDCard: Buffer(4096), R(8), W(8), E(8)

SDCard attached!

[ Reset
Count SDCard: 1

IIEEHIP..

[ Reset

MicroSD

SDCard attached!
Count SDCard: 2

0x400000

(0)0[0[0[0[0]0)

SDCard attached!
Count SDCard: 3
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* Lab18 Manage SPI SD card without File System

 Remove SD Card firstly and press Reset button on the EVB then put SD Card in.
* Why cannot to detect SD Card ? even we to use Polling Method for SD Card Detect.

* The SERCOMA4-SPI share with OLED to use [s][eJd I I-BI:11H =y for GUI update in SPI1 task.
It will affect the SD Card Driver to miss polling of SD Card detection.

* Let’s add 200ms delay between each update in state UPDATE of SPI1 task.

void APP_DRV_SPI1 Tasks ( void )
{ @

as 990000

switch ( app_drv_spilData.state )
LCM: Hello World
RX: A

case APP_DRV_SPI1_STATE_SPLASH_WAIT_COMPLETE:
if( SYS_TIME DelayIsComplete(SplashTimerHandle) == true )

{
LCM Clear();

SYS_TIME_DelayMS(200, &SplashTimerHandle);

app_drv_spilData.state = APP_DRV_SPI1 STATE_UPDATE;

break; INIT
case APP_DRV_SPI1_STATE_UPDATE: p——
if( SYS_TIME_DelayIsComplete(SplashTimerHandle) == false )
break;
SYS_TIME_DelayMs(200, &SplashTimerHandle); SPLASH_WAIT_COMPLETE ERROR

sprintf( OutString, "LCM: Hello World" ); o m IDLE
Rk . : app_drv_spil.c
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MEMORY Driver Library

Harmony Driver
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MEMORY Driver Library

* Introduction
The Memory driver is a multi-client multi-instance buffer model-based block driver
interface which can be used to communicate with various media devices.

* Key Features of Memory Driver:
* |t works in both Asynchronous and Synchronous modes of operation.
It works in both Bare Metal and RTOS environment.
It can be used to communicate with Different Media's via common Media Interface.
Media which can be accessed directly by Peripheral Libraries (NVM).

Media which can be accessed by protocol drivers which in-turn connect to respective peripheral
Libraries (SST26 Driver --> QSPI peripheral library)
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MEMORY Driver Library

Froject Graph* l
x|m-..-f|*lil*|f||l:'lugins: v

EVSYS Device Family Pack (DFP)
Peripheral Library CMSIS Pack

ORY¢D s
0 alla( €
el B -
ar| 3 oMo MEMORY U D K
- - Diriver . ' . a a ' '
-1 110 \ C O Core Service et
all U c o ~ A Instances = —+ — AllU
B 0 Drage
MEMORY
drv_memory MEMOERY dependency MMEMOE DRV_MEDIA
Unsatisfied Direct Dependency v_media (DEV MEDIAY
Multi-Connect Capability
Satisfiers >
- AT24 (drv_at24) R )
AT25DF (drv_at25df) MSD Function Driver (usb_device_msd)
SST26 (drv_sst26)
NVMCTRL (nvmctrl)
L RAM (ram)
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MEMORY Driver Library

API functions of the MEMORY Driver library.

* System Functions
DRV_MEMORY _Initialize
DRV_MEMORY_Status
DRV_MEMORY_Tasks

* Core Client Functions
DRV_MEMORY_Open
DRV_MEMORY_Close
DRV_MEMORY_TransferHandlerSet

* Block Operation Functions
DRV_MEMORY_AsyncErase

DRV_MEMORY_AsyncEraseWrite
DRV_MEMORY_AsyncRead
DRV_MEMORY_AsyncWrite
DRV_MEMORY_SyncErase

DRV_MEMORY_Erase

DRV_MEMORY_SyncEraseWrite

Initializes the Memory instance for the specified driver index
Gets the current status of the Memory driver module.
Maintains the Memory driver's internal state machine.

Opens the specified Memory driver instance and returns a handle to it
Closes an opened-instance of the Memory driver

Allows a client to identify an event handling function for the driver to call back
when queued operation has completed.

Erase the specified number of memory blocks from the specified block start.
Each block is equal to sector size of the memory device attached.

Erase and Write blocks of data in the sectors where the block start belongs.
Reads nblocks of data from the specified block start.
Writes nblocks of data starting at the specified block start.

Erase the specified number of memory blocks from the specified block start.
Each block is equal to sector size of the memory device attached.

This routine provides interface to the file system to perform a media erase operation
in synchronous mode of the Memory driver.

Erase and Write blocks of data in the sectors where the block start belongs.
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MEMORY Driver Library

API functions of the MEMORY Driver library. (cont.)

* Block Operation Functions (cont.)

DRV_MEMORY_EraseWrite This routine provides interface to the file system to perform a media erase-write operation
in synchronous mode of the Memory driver.

DRV_MEMORY_SyncRead Reads nblock of data from the specified block start.

DRV_MEMORY_Read This routine provides interface to the file system to perform a media read operation
in synchronous mode of the Memory driver.

DRV_MEMORY_SyncWrite Writes nblock of data starting at the specified block start.

DRV_MEMORY_Write This routine provides interface to the file system to perform a media write operation
in synchronous mode of the Memory driver.

DRV_MEMORY_CommandStatusGet Gets the current status of the command.

DRV_MEMORY_TransferStatusGet Gets the current status of the transfer request on attached device.

* Media Interface Functions

DRV_MEMORY_AddressGet Returns the Memory media start address
DRV_MEMORY_GeometryGet Returns the geometry of the memory device.
DRV_MEMORY_IsAttached Returns the physical attach status of the Media.
DRV_MEMORY_IsWriteProtected Returns the write protect status of the Memory.
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MEMORY Driver Library

API functions of the MEMORY Driver library. (cont.)

* Data Types and Constants

DRV_MEMORY_COMMAND_HANDLE Handle to identify commands queued in the driver.
DRV_MEMORY_COMMAND_HANDLE_INVALID This value defines the Memory Driver's Invalid Command Handle.
DRV_MEMORY_COMMAND_STATUS Memory Driver command Status
DRV_MEMORY_DEVICE_INTERFACE Memory Device API.

DRV_MEMORY_DEVICE_OPEN Function pointer typedef to open the attached media
DRV_MEMORY_DEVICE_CLOSE Function pointer typedef to close the attached media
DRV_MEMORY_DEVICE_SECTOR_ERASE Function pointer typedef to erase a sector from attached media
DRV_MEMORY_DEVICE_STATUS Function pointer typedef to get the status of the attached media
DRV_MEMORY_DEVICE_READ Function pointer typedef to read from the attached media
DRV_MEMORY_DEVICE_PAGE_WRITE Function pointer typedef to write a page to the attached media
DRV_MEMORY_DEVICE_EVENT_HANDLER_SET Function pointer typedef to set event handler with attached media
DRV_MEMORY_DEVICE_GEOMETRY_GET Function pointer typedef to get the Geometry details
DRV_MEMORY_DEVICE_TRANSFER_STATUS_GET Function pointer typedef to get the transfer Status
DRV_MEMORY_EVENT Identifies the possible events that can result from a request.
DRV_MEMORY_EVENT_HANDLER Function pointer typedef for event handler to be sent to attached media
DRV_MEMORY_INIT Memory Driver Initialization Data
DRV_MEMORY_TRANSFER_HANDLER Pointer to a Memory Driver Event handler function
MEMORY_DEVICE_GEOMETRY Memory Device Geometry Table.
MEMORY_DEVICE_TRANSFER_STATUS Memory Device Transfer Status.
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* Lab 19
Manage NVM Flash without File System

MEMORY Driver Library
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* Lab19 Manage NVM Flash without File System

* Add MEMORY Driver and choose PLIB NVMCTRL as its media.
* The PLIB NVMCTRL already exist in project, please just connect it.
* Try store “Count NVM: #” to Start Address 0x20000 of NVM Flash, the ‘#’ is count

number start from 1.
* Reset EVB to read “Count NVM: #” out and increase the count ‘#’ then store it back to

NVM Flash.

NVNF| as h < Row size : 256 bytes

64 bytes

0x00040000

640y LES

HdBE!
64/bytes

el
6AOYIES

128KB
Figure 22-2. NVM Row Organization

Row n |Page (n*4) + 3| Page (n*4) + 2 | Page (n*4) + 1 | Page (n*4) + 0

(0)00]0)20]0]0]0)
Table 10-3. SAM D21 Flash Memory Parameters

S progam | [N oevcerisn s Numberof pas pegesize

memory SAMD21x18 | 256 Kbytes | 4096 64 bytes

(0)'(0]0]0]0]0]0]0]0)
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Add MEMORY;Driver

Device Resources | Content Manager

ra

¥ Libraries
¥ Harmony
- ¥ Drivers
» |2C EEPROM
- &l & MEMORY
» ' SPIEEPROM
» SPIFLASH
» SQIl Flash
¥ Libraries
O Emulated EEPROM
O 12¢c_BB

» Peripherals

P System Services

* Lab19 Manage NVM Flash without File System

* Add MEMORY Driver and connect PLIB NVMCTRL to Driver.

Froject Graph* l

X|EIIII1-|E| E||P1ugins:

EVSYS TIME
Peripheral Library System Service

TC3
Peripheral Library SYS_TIME ©

TMR (gp TMR T weMoR
Driwver
 Core Sernvice
- NVMCTRL Instances = — |+

O Core Service

Peripheral Library Instance 0
MEMORY j MEMORY

DRV_MEDIA i

Connect PLIB NVMCTRL
to MEMORY Driver
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* Lab19 Manage NVM Flash without File System

* Default configuration of MEMORY Driver and PLIB NVMCTRL.

Frowect Graph#

EVSYS
Peripheral Library

TC3
Peripheral Library

MVMCTEL
Peripheral Library

|

Configuration Options XI

TIME
Systemn Service
o Core Service
SYS_TIME <

X|@@@E f|lil E] |P1ugins:

Core
Harmomy Core Service
o RTOS

Core Service O

MEMORY
Driver

o Core Service

Instances -——+
Instance 0

(=] [+

E-MEMORY

~MHumber of Clients =

~File system Enabled for Memory Driver
- Buffer Queues Size =
- Memory Device Used MNYIMCTEL

- *E* Configure Memory Device in NYMCTRL Configurations ***

Confhiguration Options "‘]

=l [+
= MYMCTRL
- NVMCTRL Read Mode MO MISE PENALTY -
-~ W ait States =
- Power Reduction Made During Sleep |WAREUP G ACCESS
~\Write Policy MANUAL w
- Enable Instruction Cache?
-~ Enable Interrupt? |:|
-~ MM Media Start Address 20000
- MM Media Size (KB) 12812
- MWl Erase Buffer Size N

- *EF Should be equal to Row Erase Size ***
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* Lab19 Manage NVM Flash without File System

* NVM Flash media address and size description.

NVN FI as h < Row size : 256 bytes =
0x00040000 5 5 3 3
b4 bytes b4 bytes 64 bytes balbytes
128KB
Configuration Options B
-~ =l &
mm 0x00020000
- = NWYMCTRL
~NVMCTRL Read Mode NO MISS PENALTY
128KB -~ Wait States 1 %
Program -~ Power Reduction Mode During Sleep IWAKEUP ON ACCESS v
v memory - Write Palicy MANUAL v
0x00000000 ~Enable Instruction Cache?
~Enable Interrupt?
» - NVM Media Start Address
- NVM Media Size (KB)

~NVM Erase Buffer Size
. *** should be equal to Row Erase Size ***

Read operate.in Byte

\Writeloperatelin Page
Erase operatelin Row
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* Lab19 Manage NVM Flash without File System

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “8” and
given the Application Name to “app_drv_memory”.

Ccnﬁguraliﬂn Options "‘]
Increase Number,
EI--QDre

I?J--Generate Harmaony &pplication Files

Project Graph* 1
X[EQE@ "‘[‘@'@‘Plugins: o

5 g
Peripheral Library

Systemn Service Harmony Core Service
O Core Service O RTOS

SYS_TIME © Core Service ©
TMR

of Application

E}--ﬂpplicatiun Configuration

~Number of Applications Sﬂ

--ﬂpplicatiun 0 Configuration

--ﬁpplicatiun 1 Configuration

MEMORY
Driver

O Core Service

--ﬂpplicatiun 2 Configuration

--f—‘-.pplin:atil:un 3 Configuration

--ﬂpplicatiun 4 Configuration

NVMCTRL
Peripheral Library
MEMORY

Instances - ——+

Instance 0
MEMORY

DRV_MEDIA

--ﬁpplicatiun 5 Configuration

--ﬁ.pplicatiun & Configuration

Ié_l--x!-.pplicatiun 7 Configuration
%----Enable Application 7 Configuration
%----ﬁpplicatiun Marme app_drv_memory

Lok annlication name must be valid C-Lang
. 13 7 | |
Rename fl Ie tO ap p d I’V m em O ry Generate Harmony Driver Common Files
=S = --@Eenerate Harmony System Service Common Files

- GFenerate Harmony System Media Files
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* Lab19 Manage NVM Flash without File System

* The new state machine we whish to complete as below.

T T mmEmEmmm—— \

| Initialize state| APP_DRV_MEMORY _initialize()

| 1
JooTTTTTTTTTTTTT I’ T e oRv MEMORY Tasks()
o INIT ) i
I \& :
I
| ( WAIT_ATTACH J — i
: v :
: | READ ] > i
: —a i
l <| READ_WAIT _COMPLETE | i
I
I v I
o WRITE —{ ERROR ] |
I \i k, I

I

I\ qVRITE_WAIT_COMPLETE 1 IDLE ?};
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* Lab19 Manage NVM Flash without File System

e Add states in “app_drv_memory.h”.

#ifndef _
#define _

#include
#include
#include
#include
#include

APP_DRV_MEMORY_H
APP_DRV_MEMORY_H

<stdint.h>
<stdbool.h>
<stddef.h>
<stdlib.h>
"configuration.h"

typedef enum

APP_DRV_MEMORY_STATE_INIT=0,

// APP_DRV_MEMORY STATE_SERVICE_TASKS,
APP_DRV_MEMORY_STATE_WAIT_ATTACH,
APP_DRV_MEMORY_STATE_READ,
APP_DRV_MEMORY_STATE_READ WAIT_COMPLETE,
APP_DRV_MEMORY_STATE_WRITE,

APP_DRV_MEMORY_STATE_WRITE_WAIT_ COMPLETE,

APP_DRV_MEMORY_STATE_ERROR,
APP_DRV_MEMORY_STATE_IDLE,
} APP_DRV_MEMORY_STATES;

typedef struct

APP_DRV_MEMORY_STATES state;

} APP_DRV_MEMORY_DATA;

void APP_

DRV_MEMORY_Initialize ( void );

You could remove the

SERVICEATASKS’state

| INIT }—

q WAIT_ATTACH —

( REt\D |
q READ_WAIT_COMPLETE |

{ WI:ITE }—{ ErRROR )
q WRITE_WAIT_COMPLETE I—t'_lDﬁ
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* Lab19 Manage NVM Flash without File System

* Construct new states flow of task in “app_drv_memory.c”

void APP_DRV_MEMORY_Tasks ( void ) . .-

{ Overwrite original example .code
switch ( app_drv_memoryData.state )
Ease APP_DRV_MEMORY_STATE_INIT:

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WAIT_ATTACH;
break;

case APP_DRV_MEMORY_STATE_WAIT_ATTACH:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ;
break;

case APP_DRV_MEMORY_STATE_READ:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ_WAIT_COMPLETE;
break;

case APP_DRV_MEMORY_STATE_READ_WAIT_COMPLETE:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE;
break;

case APP_DRV_MEMORY_STATE_WRITE:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE_WAIT_COMPLETE;
break;

case APP_DRV_MEMORY_STATE_WRITE_WAIT_COMPLETE:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_IDLE;

break;
case APP_DRV_MEMORY_STATE_ERROR: ' —— )
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_IDLE; 9 WAIT_ATTACH )—
break; 7
| READ —
case APP_DRV_MEMORY_STATE_IDLE: quMD“;#COMHHE]
break; :

WRITE }—{ ERROR |

} :I WRITE_WAIT_COMPLETE I—Pl IDLE F
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* Lab19 Manage NVM Flash without File System

* Header include and Global Declarations in “app_drv_memory.c”.

#include "app _drv_memory.h"
#include "app_drv_usartl.h"
#include "driver/memory/drv_memory.h"
#include <stdio.h>
#include <string.h>

// 3k 3k 3k 3k 3k 3k 5k 5k 3k 3k 3k Sk 5k 5k sk 3k 3k 5k 5k 5k sk 3k 3k 5k 5k 3k 3k 3k 5k 5k 5k 3k 3k sk 5k 5k 3k 3k 3k sk 5k 5k 3k 3k 3k sk 5k 5k 3k 3k 5k 5k 5k 5k 3k 3k 5k 5k 5k >k >k 3k 5k 5k 5k 3k 3k %k 5k 5k >k >k %k 5k 5k >k %k
// 3k 3k 3k 3k 3k 3k 5k 5k sk 3k 3k Sk 5k 5k sk 3k sk 5k 5k 5k sk 3k 3k 5k 5k 3k 3k sk 5k 5k 5k 3k 3k sk 5k 5k 3k 3k 3k sk 5k 5k 3k 3k sk Sk 5k 5k 3k 3k Sk 5k 5k 5k 3k 3k 5k 5k 5k sk >k 3k 5k 5k 5k 3k sk %k 5k 5k >k >k %k 5k 5k >k k
// Section: Global Data Definitions

// 3k 3k 3K 3k 3k 3k 3k 3k 3k 3k 5k 5k 3k 5k 3k 5k 3k 5k 3k 5k 3k 5k sk 5k sk 5k 3k 5k sk sk 5k 3k ok sk sk sk 5k 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k 5k 5k 5k 3k 5k 3k 5k 3k 5k 3k 5k sk 5k 3k 5k sk 5k sk %k >k %k sk sk sk sk k
// 3k 3k 3K 3k 3k 3k 3k 3k 3k 3k 3k 5k 3k 5k 3k 5k 3k 5k 3k 5k sk 5k sk 5k sk 5k 3k Sk sk sk sk 3k ok sk sk sk 5k 3k 5k sk 5k 3k 5k sk 5k sk 5k sk 5k sk 5k 5k 5k 5k 3k 5k 3k 5k 3k 5k 3k 5k sk 5k 3k 5k sk 5k sk 5k >k sk sk sk sk sk k

#define NVM_BLOCK_START 0
#define NVM_BUFFER_SIZE 256
#define NVM_GEOMETRY_TABLE_READ_ENTRY (O)
#define NVM_GEOMETRY_TABLE_WRITE_ENTRY (1)
#define NVM_GEOMETRY_TABLE_ERASE_ENTRY (2)
SYS_MEDIA_GEOMETRY *MemoryGeometry = NULL;
int MemoryReadBlocks;

int MemoryWriteBlocks;

int MemoryEraseBlocks;

The Geometry,information
IS'Tnecessary,for,operation

DRV_HANDLE MemoryHandle;
DRV_MEMORY_COMMAND_HANDLE MemoryReadHandle;
DRV_MEMORY_COMMAND_HANDLE MemoryWriteHandle;
volatile int MemoryWriteComplete = false;
volatile int MemoryReadComplete = false;
char MemoryWriteBuf[NVM_BUFFER_SIZE];

char MemoryReadBuf[NVM_BUFFER_SIZE];

int MemoryResetCount = 1;

// >k 3k 3k 3k 3k 5k 3k >k >k 3k 3k 5k 5k 5k >k >k >k 3k 5k 5k 5k 5k >k >k 3k 3k 5k 5k 5k >k >k >k 3k 3k 5k 5k >k >k >k >k 3k 5k 5k 5k %k %k >k 3k 5k 5k 5k 5k %k >k 3k 3k >k 5k >k >k >k %k 3k >k >k 5k %k %k %k %k >k >k >k %k %k %k %k
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* Lab19 Manage NVM Flash without File System

* Implement Transfer Callback for Memory Driver Read and Write.

*/
APP_DRV_MEMORY_DATA app_drv_memoryData;

// >k 3k 3k 3k 3k 3k 3k 3k 3k 3k Sk 3k 3k 3k 3k >k 3k Sk 3k Sk 3k 3k 3K >k 3k Sk Sk 5k 3k 3k >k >k Sk Sk 3k 3k 3k 3k K >k 3k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k 3k >k >k >k >k 3k 5k 3k 3k >k >k >k 3k 3k 5k 3k 5k %k %k >k >k %k >k k ok %
// >k 3k 3k 3k 3k 3k 3k 3k 3k 3k Sk ok 3k 3k 3k >k 3k Sk ok 3k 3k 3k 3K 3k Sk Sk 3k 3k 3k 3K >k 3k Sk Sk 3k 3k 3K 3K >k 3k Sk 5k 3k 3k 3k 3k >k 3k 3k 5k 3k 3k >k >k 3k Sk ok 5k 3k >k >k >k 3k ok 5k 3k >k >k >k >k Skok sk k %k k k

// Section: Application Callback Functions
// 3k 3k 3k 3k 3k 5k 5k 5k Sk sk sk sk 3k sk sk ok 5k 5k Sk sk sk sk 3k sk sk 5k 5k Sk sk sk sk 3k 3k sk sk 5k 5k sk sk sk sk sk 3k sk sk 5k Sk sk sk sk sk 3k sk 5k 5k 5k Sk sk sk sk sk sk sk 5k 5k 5k Sk sk sk >k 3k >k sk ok ok 5k >k

// 3k 3k 3k 3k 3k >k 3k 5k sk ok >k sk ok >k Sk ok sk Sk >k sk 3k >k Sk ok sk 5k >k sk ok >k Sk ok sk 3k >k Sk 5k >k Sk 5k Sk 5k >k Sk 5k >k Sk 5k 3k 3k >k Sk 5k >k Sk 3k sk 5k >k Sk 5k >k Sk 5k 3k 5k >k Sk ok >k Sk ok skok >k skok

void MemoryTransferHandler( SYS_MEDIA_BLOCK_EVENT event,
SYS_MEDIA_ BLOCK_COMMAND_HANDLE commandHandle, uintptr_t context )
{

switch( event )

case SYS_MEDIA_ EVENT_BLOCK_COMMAND_ COMPLETE:

if (commandHandle == MemoryReadHandle)
{ MemoryReadComplete = true; }

else if(commandHandle == MemoryWriteHandle)
{ MemoryWriteComplete = true; }

break;

case SYS_MEDIA_EVENT_BLOCK_COMMAND_ERROR:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ERROR;
break;

// 3k 3k 3k 3k 3k 3k Sk 3k sk ok sk sk ok 3k Skook sk sk sk sk ok 3k Sksk sk ok sk sk ok 3k Sk ok sk 5k sk sk 3k >k Sk sk sk ok sk sk sk 3k Sk ok sk ok sk sk ok 3k Sk 3k sk ok sk sk sk 3k Sk ok sk ok 3k Sk ok >k sk skook >k skok
// 3k 3k 3k 3k 3k 3k >k 5k 3k >k 5k >k 5k 3k >k 5k 3k >k 5k 3k 3k 3k >k 5k 3k >k 5k >k 5k 3k 3k 5k 3k >k 5k 3k 3k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k 3k >k 5k >k >k 3k >k 5k 3k >k 5k 3k >k 3k >k 5k %k %k 5k k %k
// Section: Application Local Functions

// 3k 3k 3k 3k 3k 3k 3k 5k sk >k ok 3k 5k sk 3k 5k sk 3k 5k 3k 3k 3k >k 5k sk >k 5k sk 3k Sk 3k 5k 3k >k 5k 3k 3k 3k 3k 3k Sk 3k 5k 3k 3k Sk 3k 5k 3k 3k 5k 3k 3k 3k 3k 5k 3k >k 5k sk >k Sk >k 5k 3k >k 5k 3k >k 3k >k 5k 3k >k 5k k %
// 3k 3k 3k sk ok 3k Sk ok sk ok sk skook sk Sk sk Sk sk sk sk sk Skosk sk ok sk sk sk sk Sk ok sk sk sk Sk sk sk Sk sk sk sk sk sk sk sk Sk 3k sk 3k 3k Sk 3k 3k Sk 3k sk ok >k sk sk 3k Sk ok 3k 5k 3k Sk ok >k 3k 5k skok >k sk ok
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* Lab19 Manage NVM Flash without File System

* Open Driver, register callback in state INIT and handling ERROR.

void APP_DRV_MEMORY_Tasks ( void )

Jizal d Data.stat :
?Wl ch ( app_drv_memoryData.state ) Open Memory Driver,to get Handle

case APP_DRV_MEMORY_STATE_INIT:
MemoryHandle = DRV_MEMORY_Open(DRV_MEMORY INDEX_©, DRV_IO INTENT READWRITE);
if(MemoryHandle == DRV_HANDLE_INVALID)

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ERROR;

break; -
} Registerglransfer,Callback
DRV_MEMORY_TransferHandlerSet(MemoryHandle, MemoryTransferHandler, 0);

app_drv_memoryData.state = APP_DRV_MEMORY_STATE WAIT_ATTACH;
break;

case APP_DRV_MEMORY_ STATE_WAIT ATTACH:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ;

break; .
Handling Error,State

case APP_DRV_MEMORY_STATE_ERROR:

USART1printf("DRV_MEMORY error!\r\n"); ( INIT —
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_IDLE; 1 WAILATTACH =
break; ( READ | —
q READ_WAIT_COMPLETE )
case APP_DRV_MEMORY_ STATE_IDLE: )
bre ak; | WRITE }—{ ERROR |
:l WRITE_WAIT_COMPLETE I—PI IDLE F
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* Lab19 Manage NVM Flash without File System

* Get Geometry of NVM Flash in state WAIT_ATTACH.

void APP_DRV_MEMORY_Tasks ( void )
{

switch ( app_drv_memoryData.state )

case APP_DRV_MEMORY_STATE_INIT: ...

case APP_DRV_MEMORY_STATE_WAIT_ATTACH:

if( DRV_MEMORY_IsAttached(MemoryHandle) == false )
break;

USART1printf("\r\nNVM attached!\r\n"); Get NVM Flash Geometry

MemoryGeometry = DRV_MEMORY_GeometryGet(MemoryHandle);
if (MemoryGeometry == NULL)

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ERROR;

break;

¥
MemoryReadBlocks = (NVM_BUFFER_SIZE / \

MemoryGeometry->geometryTable[NVM_GEOMETRY_TABLE_READ_ENTRY].blockSize);

MemoryWriteBlocks = (NVM_BUFFER_SIZE / \

MemoryGeometry->geometryTable[NVM_GEOMETRY_TABLE_WRITE_ENTRY].blockSize);

MemoryEraseBlocks = (NVM_BUFFER_SIZE / \

MemoryGeometry->geometryTable[NVM_GEOMETRY_TABLE_ERASE_ENTRY].blockSize);

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ;
break;

case APP_DRV_MEMORY_STATE_READ:
case APP_DRV_MEMORY_STATE_READ WAIT COMPLETE:
case APP_DRV_MEMORY_STATE_WRITE:

| INIT }—
q WAIT_ATTACH —
| REt\D —
q READ_WAIT_COMPLETE |
WI:ITE }—{ ERROR |
q WRITE_WAIT_COMPLETE I—OI_IDﬁ
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* Lab19 Manage NVM Flash without File System

* Read MemoryReadBlocks from address NVIMI_BLOCK_START.

void APP_DRV_MEMORY_Tasks ( void )
{

switch ( app_drv_memoryData.state )

case APP_DRV_MEMORY_STATE_INIT: ...
case APP_DRV_MEMORY_STATE_WAIT ATTACH:

MemoryEraseBlocks = (NVM_BUFFER_SIZE / \

MemoryGeometry->geometryTable[NVM_GEOMETRY_TABLE_ERASE _ENTRY].blockSize);

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ;
break;

case APP_DRV_MEMORY_STATE_READ: Read one BIOCk from NVM FIaSh

DRV_MEMORY_AsyncRead(MemoryHandle, &MVemoryReadHandle,
MemoryReadBuf, NVM BLOCK START,
if(MemoryReadHandle == DRV_MEMORY COMMAND HANDLE_INVALID)

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ERROR;
break;

}

MemoryReadBlocks) ;

[TXTAED app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ WAIT COMPLETE;

break;

case APP_DRV_MEMORY_ STATE_READ WAIT COMPLETE:
case APP_DRV_MEMORY_STATE_WRITE: ...

case APP_DRV_MEMORY STATE_WRITE_WAIT COMPLETE:
case APP_DRV_MEMORY_STATE_ERROR:

case APP_DRV_MEMORY_ STATE_IDLE:

| INIT }—
q WAIT_ATTACH —
| REt\D —
q READ_WAIT_COMPLETE |
WI:ITE }—{ ERROR |
q WRITE_WAIT_COMPLETE I—.'_IDﬁ
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* Lab19 Manage NVM Flash without File System

* Increase "Count" of read content or output NVM Flash Geometry if first time to write.

void APP_DRV_MEMORY_Tasks ( void )
{
switch ( app_drv_memoryData.state )
case APP_DRV_MEMORY_STATE_INIT: ...
case APP_DRV_MEMORY STATE_WAIT_ATTACH:
case APP_DRV_MEMORY_STATE_READ: ...
case APP_DRV_MEMORY_STATE_READ WAIT COMPLETE:
if(MemoryReadComplete == true)
if( !strncmp((char*)MemoryReadBuf, "Count NVM: ", 11) )
USART1printf("%s\r\n", MemoryReadBuf);
sscanf(MemoryReadBuf, "Count NVM: %d", &MemoryResetCount);
MemoryResetCount = (MemoryResetCount+1)%10;
}
else
USART1printf("Geometry NVM: Buff(%d), R(%d), W(%d), E(%d)\r\n",
NVM_BUFFER_SIZE,
MemoryReadBlocks, MemoryWriteBlocks, MemoryEraseBlocks);
} | INIT }—
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE; { WAILATTACH =
} l READ }——
br‘eak} :I READ_WAIT_COMPLETE I
¥
case APP_DRV_MEMORY_STATE_WRITE: ... WRITE J—{ERROR
o oo :l WRITE_WAIT_COMPLETE l—PI IDLE F
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* Lab19 Manage NVM Flash without File System

* Write back content to target address NVIVI BLOCK START.

void APP_DRV_MEMORY_Tasks ( void )

{
switch ( app_drv_memoryData.state )
case APP_DRV_MEMORY STATE_INIT: ...
case APP_DRV_MEMORY STATE_WAIT_ATTACH:
case APP_DRV_MEMORY STATE READ: ...
case APP_DRV_MEMORY_STATE_READ WAIT COMPLETE:
break; .
Write count to target Block of SD,Card
case APP_DRV_MEMORY_STATE_WRITE:
sprintf( MemoryWriteBuf, "Count NVM: %d", MemoryResetCount);
DRV_MEMORY_AsyncEraseWrite(MemoryHandle, &VemoryWriteHandle,
MemoryWriteBuf, NVM_BLOCK_START, MemoryWriteBlocks);
if(MemoryWriteHandle == DRV_MEMORY_COMMAND_HANDLE_INVALID)
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ERROR;
else
{
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE_WAIT COMPLETE;
- } | INIT }—
break; e e
2
case APP_DRV_MEMORY_STATE_WRITE_WAIT COMPLETE: ... | READ —
case APP_DRV_MEMORY_ STATE_ERROR: ... (ﬂ
case APP_DRV_MEMORY STATE IDLE: READ WA coMPLere )
br‘eak; WRITE }—{ ERROR |
:l WRITE_WAIT_COMPLETE I—PI IDLE F
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* Lab19 Manage NVM Flash without File System

* Close handle while write completed and go state IDLE forever.
void APP_DRV_MEMORY_Tasks ( void )

{
switch ( app_drv_memoryData.state )
case APP_DRV_MEMORY_STATE_INIT: ...
case APP_DRV_MEMORY STATE_WAIT_ATTACH:
case APP_DRV_MEMORY_STATE_READ: ...
case APP_DRV_MEMORY_STATE_READ WAIT COMPLETE:
case APP_DRV_MEMORY STATE WRITE:
}
else
{
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE_WAIT COMPLETE;
break;
case APP_DRV_MEMORY_STATE_WRITE_WAIT COMPLETE:
if(MemoryWriteComplete == true)
Remorylndtecomplete =S talses Go state IDLE after,finished
DRV_MEMORY_Close( MemoryHandle );
| INIT }—
) app_drv_memoryData.state = APP_DRV_MEMORY_STATE_IDLE; <f"iﬂﬁjnmm
break; ( READ F—
:I READ_WAIT_COMPLETE I
case APP_DRV_MEMORY_STATE_ERROR: ... ' - :
case APP_DRV_MEMORY_ STATE_IDLE: ... WRITE ERROR
o oo :l WRITE_WAIT_COMPLETE I—PI IDLE F
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* Lab19 Manage NVM Flash without File System

* Compiler and programming your project to EVB.

* Geometry will output while first time to reboot because there has nothing wrote at
Media Start Address 0x20000.

* The “Count” will increase while each time you to press @ button on the EVB.

< Row size : 256 bytes >

M COM3 - Tera Term VT Page Page Page Page
File Edit Setup Control Window Help 4 0yESH| B2y IESHI N2 YLIESH RoFIOYIES
1st B
[ 1st Boot J FlaSh
NVM attached!
Geometry NVM: Buffer(256), R(256), W(4), E(1) 4
NVM attached! 128¢B
Count NVM: 1 | Count NVM
[ Reset 4
oo 0x00020000
NVM attached! 4
Count NVM: 2
. . . . o Program
NVM attached! ] memory
Count NVM: 3 0x00000000
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* Lab19 Manage NVM Flash without File System

Discuss 1

* How to use MPLAB X IDE to check content of NVM Flash we wrote ?

* The configuration of debugger MPLAB SNAP in
“Memories to Program” -> “Auto select memories and ranges” has default choose to
“Allow SNAP to select Memories”, this option will cause only the areas of MPLAB's memory
that aren't blank to be programmed.

* Let’s choose to “Manually select memories and ranges” for full NVM area.

Categories:

@ General

----- 2 File Inclusion/Exclusion
=+ @ Conf: [default]

SIAD
Loading

Libraries
Euilding
K232 (Global Cptions)

S o @ QD

Crptions for Snap

Crphion categories:

¥4 Project Properties - Lab19_DRV_MEMORY_NVMFlash

Memories to Program

R

Feset

Auto select memortes and ranges blanually select memories and ranges e l]
Configuration Memory

ID

Frogram Memory

Program Memory Range(sithex) 0-3ffff
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* Lab19 Manage NVM Flash without File System

Discuss 1

* Read whole SAMD21 NVM Flash memory by click 5

R N-IEY 1=

Read Device Memory (Project Lab19_DRV_MEMORY_NVMFlash)

Read Device Memory to File...

Discrete Multi-Partition Read Operation

Read EE/Flash Data Memory to File..

Output - Snap-Labl9_DRV_MEMORY_NVMFlash =x
The following memory area(s| will be read:

program memory: start address = 0x0, end address = Ox3ffff

configuration memory

User Id Memory

Read complete

* Open “Execution Memory” interface in “Target Memory Views”,
* Choose Format to “Data” for show raw content of NVM Flash.

Tools

Window| Help

MPLAB® Code Configurator v3
Kit Window

L 1S

Target Memory Views

Simulator

Ctrl+1

7§ (8 HowdoI?

ilﬁ Execution Memory

& Data Memory

Execution Memory =

hddress

DDDD_DDDD

oo

nz

04

g 0z 04

ac

0E

RSCIT
IFLASH Memory

TEED

2000

0701

0001 [DCSE (D000

[EZLF

oooo |.

0000_0o010

oooo

aooo

o000

Q000 (0000 [Qoo0

aoon

(W] n]

0000_0020

oooo

0ooo

oooo

0000 (0000 (Dooo

D757

oooo

X ETe]

0000_0030

(Tl

Q000

(]

0000 [DTST (D000

D757

(] )]

bemory |Execution Mem. ..

L

Format | Data

Code

Mo
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* Lab19 Manage NVM Flash without File System

and enter Hex Address 0x0002_0000 to find the content we wrote to NVM Flash.

Execution Mem x

Discuss 1
* Click | ¥
Bl GoTo ey
(7o To What: Enter Hex Address
O Q00 Q000
Memory Eegion

| |8 %5 2|

Address 00 02 04 06 08 OAR 0OC OE ASCII
0001 FFEOQ |FFFE )
0001 FFFEO [FFFE ) N
Fd3 0000 |Count NV M: S5|...
0002_0010 (0000 0000 [eeeeenne eovnnnna
0002_0020 [0000 0000 [eeeeenne vovnnnns
0002_0030 [0000 0000 [eeeeenne vovnnnns
0002_0040 (0000 0000 [eeeeenne vevnnnna
0002_0050 0000 0000 [eeeeenne vovnnnns
0002_0060 (0000 0000 [eeeeenne vovnnnns
0002_0070 0000 0000 [eeeeenne eoennnna
0002_0080 [0000 0000 [eeeeenne vovnnnns
0002_0090 0000 0000 [eeeeenne vovnnnns
0002_00A0 (0000 0000 [eeeeeene vovnnnnn
0002_00BO (0000 0000 [eeeeenne vovnnnns
0002_00C0 0000 0000 [eeeeenne vovnnnns
0002_00D0 (0000 0000 [eeeeeene vovnnnnn
0002_00ED (0000 0000 [eeeeenne vovnnnns
0002_00FD (0000 0000 [eeeeenne vovnnnns
0002_0100 |FFFE FEFF [ceeennnn vovnnnnn
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