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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 Harmony v3.

* 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® Harmony Key Concept
* Harmony System Service introduction

* TIME System Service
HLabl — Delay based LED toggle
HLab2 - Callback based LED toggle
* CONSOLE System Service
ELab3 —UART Console
* DEBUG System Service
ELab4 —Debug Message Control
* COMMAND Processor System Service
ZLab5 —Custom Command Console
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Major Course (2/s

* USB Device CDC Library
S Lab6 — USB Device CDC with CONSOLE System Service
* FILE System Service
HLab7 -SD Card with file system
= Lab8 —FILE System Auto Mount Feature
S Lab9 —USB Host Mass Storage with file system
=Lab10 -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
* 12C Driver APl and Usage Example
* Driver Execution Model
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Major Course (/s

* USART Driver Library
HLab11 - Single-Client UART Communication
ELab12 — Multi-Instance UART Communication
* 12C Driver Library
HLab13 - Single-Client 12C Digital Temperature Sensor
ZLab14 — Multi-Client 12C Serial EEPROM
HLab15 — Multi-Instance 12C G-Sensor
EAdvanced 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
HLab18 — Manage SPI SD card without File System
* MEMORY Driver Library
HLab19 — Manage NVM Flash without File System
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Soft Request In this Course

 MPLAB® X IDE 6.00 https://www.microchip.com/mplab/mplab-x-ide
 MPLAB® XC32 v4.01 https://www.microchip.com/mplab/compilers
 MPLAB® Harmony 3 Launcher v3.6.4 (From X IDE plugin)

* MPLAB® Harmony Framework (From X IDE Harmony 3 Content Manager)
core v3.10.0

csp v3.11.0

mhc v3.8.3

dev_packsv3.11.1

usb v3.8.1

* wireless_wifi v3.6.1

 SAMD21 DFP v3.5.132 (Device Firmware Pack) (From X IDE \Tools\Packs)
* CMSIS v5.8.0 (Common Microcontroller Software Interface Standard)

(Lasted Update : 2022/03/03)
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https://www.microchip.com/mplab/mplab-x-ide
https://www.microchip.com/mplab/compilers

SAMD21 EVB APP045 v4
Introduction
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APPO045 v4 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 Overview

SD Card Socket /——— Li-Polymer Battery
Reset Button [MCP9800AS (120
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APPO045 v4 Programmer and Debugger
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APPO045 v4 Block Diagram

CDC USB
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MPLAB® Harmony
Key Concept

MASTERs 19 DEVS8 referenced
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MPLAB® Harmony Key Concept

Architecture

-"I -1
#1939 S System ) Drivar

(Third-Party) A S erces I >

Drivar Drivar Drivar Drivar Drivar

Configuration Configuration ]

figurator (MHC)

YIloMmaweld aI/em)os

c
<)
O
>
c
o
£
S
(T

@ MICROCHIP



MPLAB® 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

 State machine ready for RTOS

* Adding new modules does not break existing functionality
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MPLAB® 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® Harmony Key Concept
Configurability and Flexibility ml

e Single-client or multi-client

* Bare-metal or RTOS W
* Blocking or Non-blocking e ’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

@ MICROCHIP



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* | Help |

(=] [+

=-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* [He]p ]

=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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¥ Lab 1
Delay based LED toggle

TIME System Service
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APP045 [v2 Ov3 Mv4

%€ 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

* Create a new project of Harmony v3

Framework Path :
Location :
Folder :
Target Device :

ATSAMD21G18A

C:\HarmonyFramework
C:\Exercises\Lab1l_SYS TIME_Delay
Lab1l_SYS_TIME_Delay

B4 MPLAB X IDEV5.50

Steps

¥ New Project

Choose Project

File
il

Edit View Navigate Source Refaq

Ctrl+Shift+ N
Ctrl+N

2

MNew Project...
¥ MNew File...

2 Configuration Database Setup x

Configure Device Family and Ch3I3 Pack Paths:

Choose Project

Q, Filter:

) Microchip Embedded

& Existing MPLAB IDE v8 Proteef
&3 Prebuilt (Hex, Loadable Image)

(& User Makefile Project

(& Library Project /
& Imp-eTanT i

& Impq £3 New Pro), d

Steps

Description:

MPLAB® Harmony Project Wizard

Manage Framework

1. Choose Project

2. Framework Selection

3. Project Settings

4. Configuration Setiings '

Use the Content Manager tool to download or configure a local framework.

Lannch Content Manager l

DFP: Mev_packs\WMicrochipS AMD21_DFP\3.2.84%amd2 latatdf\A TSAMD21G 194, atdf

8

CMSIS:

Mev_packstarm\CMSISW.6.0

O

Cancel

—

. Choose Project

1
2, Framework Selection Name: default
3. Progect Settings
4. Comfiguration
Settings Device Family: | All ~  Target Device: ATSAMDZIGISA
Device Filter: | ATSAMDZIGI8A

Show Wisual Help

Framework Path: C:\HarmonyFramework

Convert to Relative Path for Configuration

Name and Location

Einish Cancel

Help

hoose Project

2 mework Selection Location: C:\Exercises\Labl_SYS_TIME_Delay ;‘
roject Seitings . L'
onfiguration Settings bR Labl_SYS_TI ME—Delay

Name: Labl SYS_TIME_Delay

Path: C:\Exercises\Labl_SYS_TIME_Delay \firmware\ Labl_SYS_

‘ Show Visual Help

< Back

Mext = \ Cancel Help

Finish Cancel Help
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%€ Lab1 Delay based LED toggle

* Harmony Configuration (Add TIME system service)

Not hint for this‘s'tep
anymore after,L’abl

Confirm Component Auto-Activation? ot

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

Core (HarmonyCore)

Labl SYS--- | Nawvipator Available ---

Are you sure you want to activate these components?

o

Harmony

Core

-- Drivers

- Harmony Networking
E- System Services

----- COMMAND

----- CONSOLE

""" FILE SYSTEM

Confirm Component Auto-Activation? X

'a The database is requesting auto-activation of the following components:
FreeRTOS (FreeRTOS)

Are you sure you want to activate these components?
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%€ Lab1 Delay based LED toggle

* Harmony Configuration (Add TIME system service)

Pro-- | Files | Ser—- | | = Froject Graph* l

X omEm+ X CRERE4|s 0|

| CMSIS Pack
Core Paripheral Library

----- Device Family Pack (DFP) =

..... EVSYS Peripheral Library Harmony Core Service

----- NVMCTRL MEMORY o RTOS

..... S'-,rstem Core Service O
TIME

TIME
System Service

TC3 2 Core Service

Peripheral Library SYs_TIME ©
TMR - TMR

SelectC3 as
rimer,Source of

Labl --- IHaviEa"' Iﬂvail"' l =l
+
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%€ Lab1 Delay based LED toggle

* Harmony Configuration

Configuration Options* IHe]p ]

=]
l E-TC3
i * . -
Project Graph ~Counter Mode  Connter 1n 16-bit mode -
x |E REEE4+ |EI =l | —Select Prescaler |Prescaler: GCLE_TC r
EVSYS Device Family Pack (DFP) Timer resolution is 208333333333 nS
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* IHe]p ]

Number of Clients to depend on your usage Rk
Make sure it always enough for s [
System Service and your APP e T

-Mumber of Clients

§~----liZil[:uer.Eltir'lg Mode
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APP045 Ov2 Ov3 Mva

%€ Lab1 Delay based LED toggle

* Harmony Configuration (Setup GPIO)

File Edit|MHC‘Uiew Navigate Source Refactor Production Debug 1

- Save Configuration - T P
Projects Import = || Project Graph ] Fin e

] Export
X | Yy P Crder:  |Pins “

""" CMS Preferences P
..... 1]1 1
EZE Generate Code Humber Fin I Cu Stom Name tO LED1
..... 4 | DANN
""" EVS”“ Tools b Clock Configuration L atc h I S L O,
""" NVM o DMA Configuration
Utilities k . .
----- SYEt Event System Configuration
----- TC3 Exit NVIC Configuration
""" TIME ﬁmgumtmn

FProject Graph* JPin cettings  *| Fin Diagram "‘] Fin Table *

Order: | Ports b I I Table Wiew Easy View
Pin Fun D Custom Mame Function Mode Direction Latch  Pull Up Pull Drrive
Number

Tmrn QH'n:m rrth

PA1S Available

“m——--—

I S T 7 0 A3\ MicRocHIp



%€ Lab1 Delay based LED toggle

* Harmony Configuration (GenCode)

2 Generate Project X

-

1. Confizure Generation Sethings

2 Generate Settings
Merge Strategy U=ERE_ALL w|[?

Mdonse over a property for detailed help)

2. Wiew Warnings

| Twoe Description

2 Generating Project... X
Task Type Remaining Total
File Markup 0 sl
File Cop 43 il
Libraries 0 0
ettings 4 4
ource Paths 0 0

V(ript 15 added te the project. Disable it for the project that require custom linker script.

Cancel
Generating file: ChmicrochiptHarmonyFramework_3.6.0_20200201'dev_packsWMicrochip\SAMD21_DFF\3.2. 84samd21akinclude'componentipac.h -
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%€ Lab1 Delay based LED toggle

* Configure your new project

2@ Loading
@ Libraries
@ Building
B o X032 (Global Options)
----- @ xe32-as
----- @ xe32-pee
----- o we3Z-gt++
----- @ %3214
----- @ we32ar
e o Code Coverage

Manage Configurations...

- 18-L bl| gﬂin?m;;raila'" = Double’confirm the

a elay . — 1 (-
T Device ATSAMD21G18A
0 E} »@ Dievica 3 Project Properties - Lab1_SYS_TIME_Delay X
= @ ATSAMDR| o e ot
= . 8 Checksom: B 9 Fils Inclusion/Exclusion All Families v |ATSAMD21GISA v
(&) BB CRCI: Hex o o W Connected Hardware Tool: Shspestad] Db B

‘Snap-SN:BUR 183076017 o v []chow Al |Mone

Packs:
E} CMEIS ~
H 5 4 B

o

Compiler Toolchain:
E} XCBZ
E:[CE0 (3,000 [C:\Program FilesWWicrochipluc3zhe 3,004,

The device on the kit does not match the device selected

Cancel Apply Unlock Help

APP045 Ov2 Mv3 Mva
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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)

l-z-mmm——|

File Edit|MHC‘Uiew Navigate Source Refactor Production Debug 1
- Save Configuration - T P

Projects ::_rxnp;]: = || Project Graph ] Fin Ze PA21 as GPIO OUtlet
X5 g Otor: [Pins PA17 85 GPIOou outp

""" CcM Pref

..... cord Pin A PA21 \Custom Nw LED2

MNomb —— -

----- Deyi  CenerateCode N P 17 Custom Name to LED3
""" EVS!  Tools ) Clock Configuration PAZ]_ILatCh |S LOW

""" NVM i i ‘

Utiltes s e PA17,7atch is L'ow

""" Sys Event System Configuration

""" TC3 Exit NVIC Configuration

""" TIME ~ Pin Configuration :

Froject Graph* J Fin Settings 3'=| Pin Diagram XI Pin Table XI

Order: Ports T~ | Table View | [/]Easy View

Ili}in P ID Custom Name Function Mode Direction Latch  Pull Up Pull Drrive
wmber
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% 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

1 —
: -&

e

Toggle in binary countfng !

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
! ! ! ﬁ\ MICROCHIP



% Lab2 Callback based LED toggle

* Discuss

* 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 from 5to 2 ?

Configuration Options | Help

=1 [+

=-TIME
- PLIB Used | TC3
~Number of Clients '

25

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

e & | Froject Graph | 4 b * || Configuration Options [ Help ] Configuration Options* I Help ]
x|@@@@ﬁf|@»|‘u’iew: Raot vl | =&
=+ TIME [=-System
é----Use Syshick? @ F-Device & Project Configuration
é----PLIB Used =) F-Cortex-MO+ Configuration
Peripheral Library é----Numher of Clients = = SysTick
MEMORY “~0Operating Mode | TICKLESS “Enable SysTick
B-Ports
B Clack
B Interrupts (MWIC)
B DMA (DMAC) . ”
e Uiy Frwor he SysTick is a

TMR

24bit timer.clocked
by,CLUK¥CRU in

&) main.c | Project Graph* | 4'» v @ Configuration Options* | Help Configuration Options* | Help |
B = ‘Bl [View: Root ~|||E] H = # -
ISR = TiMe o Cortex-MO+
ystem
~IJse Systick? | --Deviu:e 2 Project Configuration

Core

Peripheral Library

-~Mumber of Clients
- Operating Mode

5
=0 ]
- Tick Rate (ms)

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

B Cortex-M0+ Configuration
I'él--S\,fsTiu:k

SY'S TIME Is using SysTick for Timebase
é}--Enable SysTick
Ié--S\,rsTick Configuration
?----Enable Interrupt
?----SvsTiu:k Clock
E‘----S\,rstick Period(Milliseconds)
B-Ports
B Clock

Frocessor clock -

=
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% Lab2 Callback based LED toggle

bl

bitSTC3"@"48MHZ IS

* Discuss

* What’s the Achievable Tick Rate Resolution (ms) in TIME System Service means ?
®1 main.c = | Project Graph* | 4 » v @ Configuration Options* | Help |

X|Iﬂﬁﬁﬂﬁf|@r|¥iew: Root ~|[(= H

EVSYS = THE
~Jse Systick? []
UMCTRL 14 LI Used TC3
~Mumber of Clients N =

Peripheral Library
MEMORY

TIME
Systemn Service

TC3 2 Core Service
Peripheral Library SYS_TIME ©
TMR TMR

=H-TIME

- Dperating Mode
-Tick Rate (ms)

Configuration Options* IHe]p ]

(=] [+

- lse Systick?

~PLIE Used

~Mumber of Clients

- Dperating Mode

-Tick Rate (ms)

-IUse Floating Point Calculations?

-Achievable Tick Rate Resolution (ms):1.2000000042ms

65535 X (L1/48'MHZ)'=

36531250194 M
DesiredTick Rate*l‘.'S ms
is not reachable

DesiredLTick Rate 1'2 ms

is17/0.0012= 83: 3‘.'§_§ 3;:_3.:_3'!Hz
Truncate the decimal.

g = = = =

33333 =

that's1//,833:3

12000000048 ms
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% Lab2 Callback based LED toggle

* Discuss

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

Configuration Options* Help

E-TIME

~Ise Systick?

~MHumber of Clients =
- Operating Maode TICE BASED
~Tick Rate {ms) l.21=

- lge Floating Point Calculations? @
—Achievable Tick Rate Resolution (ms):1.2000000042ms

#define SYS_TIME_TICK_FREQ_IN_HZ (833.33333)

uint32_t hwTimerTickFreq;

counterObj->hwTimerTickFreq = (uint32_t)SYS_TIME_TICK_FREQ_IN_HzZ;
uint32_t SYS_TIME_USToCount ( uint32_t us )

uint32_t count = (((uint64_t)us * gSystemCounterObj.hwTimerTickFreq) / 1000000);

return count;

uint32_t SYS_TIME_MSToCount ( uint32_t ms)

uint32_t count = (((uint64_t)ms * gSystemCounterObj.hwTimerTickFreq) / 1000);

return count;

Configuration Options* Help
=l
=+ TIME
- Llge Systick?
~MHumber of Clients =
- Operating Maode TICE BASED
~Tick Rate {ms) l.21=
- lse Floating Point Calculations?
—Achievable Tick Rate Resolution (ms):1.2000000042ms

#define SYS_TIME_TICK_FREQ_IN_HZ (833.33333)
float hwTimerTickFreq;
counterObj->hwTimerTickFreq = SYS_TIME_TICK_FREQ_IN_HZ;
uint32_t SYS_TIME_USToCount ( uint32_t us )
float count = ((us * gSystemCounterObj.hwTimerTickFreq) / 1000000);
return (uint32_t) ((uint32_t)count + ((count - (uint32_t)count) > 0));

uint32_t SYS_TIME_MSToCount ( uint32_t ms)
float count = ((ms * gSystemCounterObj.hwTimerTickFreq) / 1000);
} 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* [Help ]

(=] [+

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

- Console Print Buffer Size (125-8192)

X EREIER4$ =

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* | Help | =

=+

=+ 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
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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.
Select SERCOMS5 PLIB as Instance 0 of UART Console.
Output “Hello World!” to UART console.

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

— pa
o — -
el Z 2%
/ iy Zlelc ==
b B3 21812 ale
= b 5 A7 5l
ol = ;"*l F: BS3 P16F-TX
t:J E E-I b, BS4 P16F-RX
=o L72| - [an] [an] | 4
= fa' N 0 P (T = I :_;3 o A

7P

7%}
=)

w e
h

Lo
~

751 (71
] %)

%)
—

VDDANA PA22

%)
[=]

——| PBOS PA21 =5

—— PBOO PA20 —=

T PAM4 PALO =

= PAO3 PAIS ——

O ————— 11 26

CDC USB P16F-RX SERCOM5 PAD2 P 5283 R ?ﬂ; (5
PIC16F1455 SAMD21 88282853232
ZEZEZC0REEEZEEE

P16F-TX | SERCOMS5 PAD3

ﬁlﬂ-l.nlclhlm foa] Ll o Dot ] Eng] bzl
####### (] k][] Ll [
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%€ Lab3 UART Console

* Harmony Configuration (Add CONSOLE system service)

(] Froject Graph
X TREORE ¢ | &| Vi

Device Family Pack (DFP)
Peri | Libr

e CMSIS Pack
MNVMCTEL

Peripheral Library
MEMORY

COMNSOLE
Systern Service
o Core Service

7

SERCOMS5
Peripheral Library
UART

- Instances =|—|*

— Instance 0
UART

USB_DEVICE_CDC
SYS_CONSOLE :

CONSOL-- | Mavigator | Available ---

+
= Harmony A
% Drivers Console Instance 0
% Harmony Networking Connect to

= System Services SERCOMS5 PLIB
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%€ Lab3 UART Console

 Harmony Configuration (CONSOLE and PLIB SERCOMS5 config)

(] Project Graph
X EREmE 4

cI:l:j»

Vi

Device Family Pack (DFP)

CMSIS Pack

(] Configuration Cpticns
= [+

EVSYS
Peripheral Library

Core Service ©

Peripheral Library
UART

instance O

UART

NVMCTRL
; . CONSOLE = COMNSOLE
ittt Cor System Servi : :
MEMORY = Gl = ~-Mumber of Instances Using UART =l
Harmony Core Service < Core Service DT =
O RTOS ~~Mumber of Instances Using USB =
SERCOMS Instances =) “-Consale Print Buffer Size (128-8192) | 20012

Print buffer.size should
proper,size of

. T USB_DEVICE_CDC
Confipuration Options
E‘—WE i SYS_CONSOLE | g depend to
b 4 L Sl
B SERCOMS .
= Select SERCOM Operation Mode  [USART with internal Clock E-CONSOLE S E RCO M RI 1 g B 2 ffer <=
e — T Devis e [SERCOLS |
Tx Ring Buffer Size 128/% i~----T>-C;’Ft>-¢ Ring Buffers must be configured in the attached PLIE
LR Ring Buffer Size 1287
~Receive Enable E
~Transmit Enable
- Frame Farmat USART frame e
~Baud Rate in Hz 11520075
~Parity Mode No Parity  ~
~Character Size 8 Bits ~
b Bit Mode (I op. B 1 1 o
Recsvepnout | SERCOM PADLS s wed or dta recepton ) WNAASANAI, H%SERCPM PADI3]
Transmit Pinout PAD[Z] = TxD; PADD] = XCK pd I I o | !
I 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));
}
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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) USB CDC ffor UART eomnsele
Receive : m (PLIB)
Receive : c¢ (PLIB)
Receive : h (PLIB)
Receive : p (PLIB)
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%€ Lab3 UART Console

* Discuss
* Try to implement multi-Instance consoles as lecture .
You can plug a USB UART click EVB for second instance of CONSOLE. OB
OISR o o L aN PWM 2
mikreBUS L & Sy [14_PAIIRX
Jrder:  Ports v Table View Easy View 4 _ 13 PAIQ/TX
USB UART ellieik 5| ¢k X
Pin : , - MISO SCL T
Number Fin ID Custom MName Function > MOSI SDA 3
: 15 PA1D SERCOM2_PAD?2 | SERCOMZ PAD2 é 33V SV 5
(] Project Graph 16 PA11 SERCOMZ2_PAD3 SERCOM2_PAD3 GND GND GND

X CROIRE 4| e
" CONSOLE

Systermn Service T COM4 - Tera Term VT
o Core Service

vl COMS -TeraTerm VT

File Edit File Edit
Hello world !(PLIB®@) ’ Hello world !(PLIB1)

Setup Control

Setup Control

SERCOMS Instances =[Sl =+ SERCOMZ
Peripheral Libr : i
ipheral Library Instance 0 - Select SERCOM Operation Mode

UART ) UART ~Enable Interrupts ? Receive : m {F’LIE‘:I;}I “MMReceive : 1 (PLIBO)
i i Recsive Enable Receive : ¢ (PLIB1) V4Receive : 2 (PLIB®)

SYS_CONSOLE : , : :
pji:r?ﬂ; - Transmit Enahle Receive : h (PLIB1) Receive : 3 (PLIBO)
ipheral Library Instance 1 B Enable Ring Buffer 2 Receive : p (PLIB1) Receive : 4 (PLIBO)

UART UART

~Enahble Run in Standby [ ]
SERCOM FAD[3] 15 used for data reception

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

. - USB_DEVICE_cCDC

SYS CONSOLE -~ Receive Pinout
" -~ Transmit Pinout
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%€ Lab3 UART Console

* Discuss

* The CONSOLE System Service could support the USB Device CDC Library to develop another USB
COM Port through the native USB interface of SAMD?21, you could practice the Lab6 firstly after
you finish Lab3.

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

Froject Graph* l

X ICTREORE | &

Device Family Pack (DFP)
Peripheral Library CMSIS Pack

Core
Harmomy Core Service
o RTOS

Instances - |
Instance 0

Instance 0 ‘ » - UART
UsB_DEVICE_CDC ?—0 USB _DEVICE_CDC

USE Full Speed Driver .
: CONSOLE
Core Service C|| @ Core Service USE Device Layer For— Fooos
DRV_USB )T DRV_USB CDC Function Driver o Core Service
UsB DEVICE )< USB_DEVICE
Instances =—I*
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DEBUG System Service

Harmony System Service
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DEBUG System Service

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

The Debug System Service provides a set of functions that allow the developer to output debug
and/or error messages based on a global error level.
The messages are sent to the System Console Service, where they are routed to a console device.

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

depending on the current global error level.

@ MICROCHIP
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DEBUG System Service

(] Confignration Options = B ]
[
= DEBUG
& Do é----Device Used SYS_CONSCLE_| ]
) | Debug Level SYS_ERROR_DERUG |~
) 4 | CREERE4 | = | View: Use Console for Debug 7 [SYS_ERROR_FATAL

=1 _ERROE_ERRCE
s cms:m =12 _ERROR_WARNING
& Core Service =1 _ERROE_INFG
sT o ERROE_DERUG
SERCOMS Instances [=— %

Peripheral Library Instance 0
UART UART

UsB_DEVICE CDC
SYS_CONSOLE

SERCOMZ2
Peripheral Library Instance 1
UART UART

 USB_DEVICE CpC - the Interface Function
SYS_CONSOLE I_ E SYS_CONSOLE | i

SYSYDEBUGYErTorLevelSat()

DEBUG System Service
e
must depend to

CONSOLE System service
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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.

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

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

* Harmony Configuration (Add DEBUG system service)

(] Froject Graph

X ERIRE 4| &

Device Family Pack (DFP)
S

NVMCTRL

Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

UART
‘ UsB_DEVICE CDC

_CONSOL--- | Navigator | Available -+ | =

e

= Harmony ~ :
§ = Drivers DEBUG system service connect

- Harmony Networking to CONSOLE system service

= System Services Instance O
-~ COMMAND

- FILE SYSTEM

~ SYS_CONSOLE

@ MICROCHIP



* Lab4 Debug Message Control

* Harmony Configuration (DEBUG system service config)

(] Froject Graph
X CRORE ¢ o

Device Family Pack (DFP)
Peripheral Library CMSIS Pack
NVMCTRL

Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

Instance 0
UART

‘ UsB _DEVICE CDC
SYS_CONSOLE

~ SYS_CONSOLE

(] Cenfignration Options
=l
E-DEBLUIG
- Device Used |SYS_CONSCLE O
Debug Level == BEREROE_DEBRUG o

--Use Consale for Debug 7 []| [57S_ERROR_FATAL
5 s_ERROE_ERROCR

— =1 e _BEERCOE_WAENING
Use Console for;Debuq Iy

m 5YS_ERROR_DEBUG

@ MICROCHIP



* 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.

SYS_DEBUG_MESSAGE
SYS_DEBUG_MESSAGE
SYS_DEBUG_MESSAGE
SYS_DEBUG_MESSAGE
SYS_DEBUG_MESSAGE

whiIe( SYS_CONSOLE WriteCountGet(SYS_CONSOLE_DEFAULT_ INSTANCE) ; ;

SYS_ERROR_FATAL, "Error Level ©
SYS_ERROR_ERROR, "Error Level 1
SYS_ERROR_WARNING, "Error Level 2
SYS_ERROR_INFO, "Error Level 3
SYS ERROR_DEBUG, "Error Level 4

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

J

I

1 COM4 - Tera Ter... — [
File Edit Setup Control Window
Receive : 3 (PLIB)

Change Error Level to 3
Error Level @ - Fatal
Error Level 1 - Error
Error Level 2 - Warning
Error Level 3

Receive : 4 (PLIB)
Change Error Level to 4
Error Level 8 - Fatal
Error Level 1 - Error
Error Level 2 - Warning
Error Level - Info

Error Level 4 - Debug

X
Help

(] Configuration Cpticns
=]

E-SERCOMS
~ Select SERCOM Operation Mode USART w
~Enahle Interrupts ?
~Receive Enable
~Transmit Enable

= Enahle Ring Buffer ?
Tx Ring Buffer Size 206 =
“-R¥ Ring Buffer Size 1281
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* Lab4 Debug Message Control

* Discuss

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

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

SYS_DEBUG_BreakPoint();

SYS_DEBUG_ErrorLevelSet(ErrorLevel);

56 if(UartReadBuf[@]>="2" && Ua
57 {

58 int ErrorLevel = UartRea
o | SYS_DEBUG_BreakPoint();
60 SYS_DEBUG_ErrorLevelSet(

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

=-DERUG
%----Device Lsed

%----Debug Level

s1s _CONSOLE_O

s1s_ERROR_DEBUG

M COM4 - Tera Ter...

File Edit Setup Control

— O

Receive : m (PLIB)

Error Level
Error Level
Error Level
Error Level
Error Level

Fatal
Error
Warning
Info
Debug

Window

p

Help

E-DEBLIG

VT COM4 - Tera Ter...

File Edit Setup Control

Receive : m (PLIB)

Error Level © -
Error Level 1 -

Fatal
Error

%----Deuice Used |SY5_COMNSOLE_D
--Debug Level | SYS_ERROR_ERRCR v

H

Window

p

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 [Hclp ]

= [+

[ COMMAND
- Devica Used 1575 CONSOLE 0
%----Cummand Print Buffer Size (512-8192) 1,024 EJ

ot Ciranh - Magzimum Command Groups 8@
i) SLeier e Mazimum Arguments Per Command SE

X ECmERE | |

SERCOMS . SERCOM Ring BUffer,size

Peripheral Library Instance 0
UART UART

USB_DEVICE_CDC

SERCOM2
Peripheral Library
UART

Instance 1
UART

uss_ _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 Allows clients to add command process to the Command Processor System Service.
SYS_CMD_DELETE Removes CMDIO parameters from the Command Processor System Service console.
SYS_CMD_MESSAGE Outputs a message to the Command Processor System Service console.
SYS_CMD_PRINT Outputs a printout to the Command Processor System Service console.
SYS_CMD_READY_TO_READ Allows upper layer application to confirm that the command module is ready to
accept command input
SYS_CMD_READY_TO_WRITE Allows upper layer application to confirm that the command module is ready to
write output to the Console System Service.
SYS_CMD_Tasks Maintains the Command Processor System Service's internal state machine.
SYS_CMD _Initialize Initializes data for the instance of the Command Processor module.
= COMMAND
. Command 1/O Functions g----nemce Used 5Y5_COMSOLE]
SYS_CMDIO_GET_HANDLE Gets the CMDIO Handle base via index. ~Command Print Buffer Size (312-6192) g L0242
~-Maximum Cammand Graups 8
- Data Types and Constants - Masimum Arguments Per Cormmand . 815
COMMAND_HISTORY_DEPTH Maximum Depth of Command History. (Up to 4 defined in sys_command.h)
MAX_CMD_ARGS Maximum Number of Argument definitions. (MIHC configurable, default is 8 and defined in sys_command.h)
MAX CMD_GROUP Maximum Number of Command Group definitions. (MHC configurable, default is 8 and defined in sys_command.h)
SYS_CMD_MAX_LENGTH Command Buffer Maximum Length definition. (Up to 80 bytes defined in sys_command.h)
SYS_CMD_READ_BUFFER_SIZE Read Buffer Size definition. (Up to 128 bytes defined in sys_command.h)
SYS_CMD_DEVICE_NODE Defines the data structure to store each command instance.
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COMMAND Processor System Service

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

* Data Types and Constants (cont.)

SYS_CMD_DEVICE_NODE Defines the data structure to store each command instance.

SYS_CMD_API Identifies the Command API structure.

SYS_CMD_DATA_RDY_FNC Identifies a data available function API.

SYS_CMD_DESCRIPTOR A simple command descriptor

SYS_CMD_FNC Identifies the command process function API.

SYS_CMD_GETC_FNC Identifies a get single character function API.

SYS_CMD_HANDLE Identifies a particular Command 1/0 instance.

SYS_CMD_MSG_FNC Identifies a message function API.

SYS_CMD_PRINT_FNC Identifies a print function API.

SYS_CMD_PUTC_FNC Identifies a single character print function API.

SYS_CMD_READC_FNC Identifies a read single character function API.

SYS_CMD_CallbackFunction Command Callback Function Handle.

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

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

SYS_CMD_MESSAGE This is macro SYS_CMD_MESSAGE.

SYS_CMD_PRINT This is macro SYS_CMD_PRINT.

SYS_CMD_BUFFER_DMA_READY Define this for PIC32MX / PIC32MZ

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

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

Application
Client-1

, 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 GenCode 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)

Project Graph* l

X CRERE4 | 5|

- Device Family Pack (DFF)
Peri | Libr
R CMSIS Pack
MNYMCTEL

Peripheral Library
MEMORY

%

COMNSOLE
Systern Service
 Core Service

SERCOMS
Peripheral Library
UART

Instances -—[+

Instance 0
UART

‘ UsB_DEVICE CDC
SYS_CONSOLE |

CustomCom--+ | Navigator | Available C--- | &
4=

= Harmony ~
-- Drivers

-- Harmony Networking

=5 System Services

- FILE SYSTEM

service Instance O

System Service
I © Core Service
SYS_COMMAND ©
. SYS_CONSOLE

View: FKoot

COMMAND system service
connect to CONSOLE system
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4 Lab5 Custom Command Console

* Harmony Configuration (COMMAND system service config)

Froject Graph* l E
X|@l‘ll1‘|lﬂlfl| View: Koot

- Device Family Pack (DFF)
Peri | Libr
R QMSIS Pack
MNYMCTEL

Peripheral Library
MEMORY

E

COMNSOLE
Systern Service
 Core Service

SERCOMS
Peripheral Library
UART

Instances -—[+

Instance 0
UART

‘ UsB_DEVICE CDC

SYS_CONSOLE

(] Configuration Options

=] [+

- CoMmMAND
- Device Used 15YS_CONSCLE 0
- Command Print Buffer Size (S12-8192) | I,DQAE‘

~ SYS_CONSOLE

.l : - . :
Print buffer size could Config in MHC, but it should increase

size of SERCOM Ring Buffer
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4 Lab5 Custom Command Console

* Modify your 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");
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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");
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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

* Try implement two Instance of CONSOLE system service to separate DEBUG and COMMAND

console.

(] Froject Graph
X TmERE4

CONSOLE
Systemn Service
O Core Service

SERCOMS Instances =l—I*
Peripheral Library Instance O
UART UART

‘ Usg8 _DEVICE_CDC
SERCOM? SYS_CONSOLE

Peripheral Library

Instance 1
UART UART

. USB_DEVICE_CDC
SYS_CONSOLE

View: Root

DEBUG
Systern Service

o Core Service
SYS_DEBUG ©

SYS5_CONSOLE

COMMAMND
Systern Service
Z Core Service

SYS_COMMAND ©
SYS5_CONSOLE

= O

M COMZ24 - Tera Te.. — O pod

Eile Edit Setup Control Window Help
DEBUG console here!

Error Level ® - Fatal

Error Level - Error

Error Level Warning
Error Level 3 Info

¥ COM30 - Tera Te.. — ] >

File Edit Setup Control Window Help
COMMAND console here!

>led 1 on
»errlv 3

Change Error Level to 3

>

@ MICROCHIP



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.

@ MICROCHIP



USB Device CDC Library

Froject Graph* l

XCREIRE4S| |

Device Family Pack (DFP)
Peripheral Library CMSIS Pack

USE Full Speed Driver
- CONSOLE
Core Service ©|||C Core Service USE Device Layer Systern Service
DRV_USBE < |2 DRV_USB COC Function Driver 1 Core Service
UsB DEVICE | < USB_DEVICE

Instances =

Instances [—|—[+ Instance O
Instance O ——j
USB_DEVICE_CD¢ ﬁ:} \/ISB_DEVICE_CDC

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

Satisfiers
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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
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% Lab 6
USB Device CDC with
CONSOLE System Service

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

* This Lab related to Lab3 of CONSOLE System Service, please start from the solution project
Lab3_SYS CONSOLE_UartConsole.zip

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

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

* Config PA24/PA25 as USB 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.

(7] Froject Graph -
x | RE4 = View: |Root . .
| = Must /Activation

EVSYS :
USB Device Layer
e CONSOLE USB Full Speed Driver

Systern Service
MEMORY o Core Service

Confirm Component Auto-Activation? >

Instances =
Instance 0

Ie The database is requesting auto-activation of the following components:

USB Device Layer (usb_device)

Are you sure you want to activate these components?

 USB Device Layer
= DRV_USB
UsSB_DEVICE =

Instance 0
UsSB_DEVICE_CDC

Confirm Component Auto-Activation? X

' USB Full Speed Driver
o Core Service
DRV_USB ©

'e_-\ The database is requesting auto-activation of the following components:

USB Full Speed Driver (drv_usbfs_v1)

Are you sure you want to activate these components?

Connect CDC Function Driver to

Instancel[of fCONSOL'E System Service
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%€ Lab6 USB Device CDC with CONSOLE System Service

* Harmony Configuration of CONSOLE and CDC Function Driver.

(] Froject Graph
X|@GEEE0|E| YView: Root

et X *Rx Buffer

= -

e L e Setup IN CONSOLE
e = CONSOLE

%----Device Used

CONSOLE
Systemn Service : i :
MEMO Harmony Core Service My R ;----Trar‘|5m|t Buffer Size (1-4096)

RY
o RTOS --Receive Buffer Size {1-4006)
SERCOMS . Instances =|—[+
Peviphes=d Likx=y Core Service O Instance O
UART UART

CDC Function Driver ‘ USB DEVICE CDC (] Configuration Cptions

& USB_DEVICE SYS_CONSOLE = [H
© DRV _USB l o CDC Fumction D
- Unctian Driver

USB_DEVICE © e

=] — [+ Instance 1
Instance 0 UART - 5tart Interface Mumber o0z
USE Full Speed Driver USB_DEVICE_CDC UsSB_DEVICE_CDC - Number of Interfaces o :
OLE

\USE_DEVICE _CDC_0

| 1282
1282

Peripheral Library Caore

USE Device Layer

 Core Service SLELL B ~Use Interface Association Descriptor [
DRV_USB < - CDC Read Queue Size =
- . - COC Write Queue Size =
USB CDC CO nfl g u ratl on - CDC Serial Motification Queue Size =
~Interrupt Endpoint Number =
- Bulk OUT Endpaint Mumber =
- Bull IN Endpoint Mumber A=
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%€ Lab6 USB Device CDC with CONSOLE System Service

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

7 Propet Graph ¥ Setup.your,USB VID /,PID
X TRERE4$| = s Or.use MlcrochlpDemoPID

E-USE Device Layer

ﬁE:F:YSbr ikl vk SR - Mumber of Functions =
Peri al Library _ -
CMSIS Pack - Mumber of Endpoints =
MNVWMCTREL
CONSCOLE F-Special Events
s Core oy Srce O agigllcdc¥com¥port¥single¥demo
Harmony Core Servi e
DHRT{]S = e © Core Se ~Endpoint 0 Buffer Size LS
SERCOMS Core Service & Instances ——+ +vendor ID 0x04D8
Peripheral Library Instance O +Product ID Selection ede_com_port_single_demo
UART UART [ r
(D Funchion Dri ‘ 1 Product ID 000 A
USE Device L SneRen T USB_DEVICE_CDC Manufact Stri Microchip Technology Ine
avice Layer o USB_DEVICE SYS_CONSOLE anufacturer Stnng ; b . Z¥ .
> DRV_USB -fru:nduu:t String Selection Simple CDC Device Demo
USB_DEVICE © Instances = Instance 1 -Add Device Serial Mumber ||
= ' Instance 0 UART

USB_DEVICE_CDC

UISE Full Speed Driver UsSB_DEVICE_cCDC

SYS5_CONSOLE

aa\/|1D;:0x04D8 PID Ox000A
SimplelCDC DeviceDemo:

USB -VB US'SENSE GPIO pln I

2 Core Service
DRV _USB <

e ——

Enable the VBUS Sense feature 5 USe Full Spead Driver T
Could auto emulate CDC/Eunction EUSB Made Selection v
E Enable VBUS Sense
whilelUSB'cable to plugged N ' BUS SENSE Pin Name | USB_VBUS. SENSE
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%€ Lab6 USB Device CDC with CONSOLE System Service

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

(] Fin Settings

Order: ’Ports | Table Wiew Easy View
Pin P ID Custom MName Function Mode Direction Latch  Pull Up  Pull Dirive
Mumber
Tevwrn Streneth
To o Daw n i | OO O [rowa v
101 High Impedance | 1n/a [] [] MORMAL
High Impedance - nfa |:| |:| MORMAL  ~

PA02 as GPIO,input and nameas\USBRVBUSYSENSE

flgurePA24asUSBDM

(] Fin Table = B ]
Package: | TQFP48 304 Wiz 13413162122 23|24 23|26 |27 | 28129 30| 3132 33 34|
A
Module Function 23 s|el7[e]oftoftt]2]3|a]s]e]17[]1o]20]21]22]23f24]25]]
GEID GFIC D
USE_DM
ISR ISE_DF
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%€ Lab6 USB Device CDC with CONSOLE System Service

* Modify your main.c as below

SYS_TIME _HANDLE tmrHandle;
SYS_TIME_HANDLE tmrHandle_USB_hello;
SYS_CONSOLE_HANDLE consoleHandle|gdmi:i;
SYS_CONSOLE_HANDLE 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));
}
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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* | Help

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 =
- MNumber of Endpoints 2=

I+l

H-Special Events

I3l

H-Special Features

~Endpoint 0 Buffer Size 64

g f

+vendar 1D OxD4DE

+ Product 1D Selection cde_com_port single demo

| Product ID (0004
+ 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)
EENEE L2REFHEL

it BB ER RS
T ' HRR...
D BEFENK()
> FRUEER Ao HEEELEE PHEEE()
LA AR BESNIBENEDS U BRELEERENRNMEEHER
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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

Edit Setup Control WindovwENRESENGTRIT BREQILY:)

File

Hello world !(PLIB) Receive : (PLIB)

: _ , Receive : (PLIB)
EECE%UE - 1 (U?BJ Receive : (PLIB)
Receive : (USB)

=1Ve : Receive : (PLIB)
R?fE%UE : (USB? <::] Receive : (PLIB)
RELE‘J..UE - (USB:] Receive : (PLIB)
Receive : (USB) —

Receive : (USB)
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%€ Lab6 USB Device CDC with CONSOLE System Service

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

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

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

endpoints, and subsequent instances will consume two.

CONSOLE
Systern Service
1 Core Service

SERCOMS5 Instances =i L m E{ﬁi% I:CDM m |_FT:|

Paripharal Library Instance O

ot peve e # USB EFI#HE (COM4)
SYS_CONSOLE

USB Device Layer CDC Function Driver ' USE E El.lﬁ E {CDMS}

Inst 1
< DRV_USB © USB_DEVICE UATHEC /il

uss_vevice ol o0 W Lo SOV § USBFFIXE (COMS)
VS Ful e e Z‘I . @ USB F5|#E (COM7)

< Core Service Instance 2

SEUE SN P 5‘;;;)5_ w u AHEEMNETRER

HID Function Driver J SYS_CONSOLE

O USB_DEVICE e HID-compliant mouse
InstaM ——= | a \( UART (O] \VII5 m F'

Instance 0 UsSB_DEVICE_CDC

USB_DEVICE_HID ? SYS_CONSOLE

PUIE SERCOMS
Instancelo
InsEneEs i
InsEnes 2
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%€ Lab6 USB Device CDC with CONSOLE System Service

* Discuss
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.

[
: o= S —— ~
UsbCdcDeviceEventHandler B [ ] API Functions :
I INIT ] I
: - i[APP_USBCDC_ReadBytes] |
I 1 |
|
UsbDeviceEventHandler nammms [ WAIT_FOR_CONFIGURATION ] :[ APP USBCDC Printf ] |
I | - -
: v Mharerererere et ;
I

|

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

|

USB_DEVICE_CDC_Write|«— SCHEDULE_WRITE H ERROR ] i
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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* | Help |
[=] [+
=+ FILE SYSTEM

Ii:l--FiIe System settings

- Maximum Simultaneous File Access =

-~ 5ize Of Block ol2 s
FILE SYSTEM SerVICG -Size Of Media Manager Buffer 2,048 =
- - ~lse File System Auto Mount Feature? |:|
; \ ~Tatal Mumber Of Media =
Of 7M é‘dil a'éo-ntent ~Tatal Mumber Of Yolumes =
- Medial
-File System Types 1
=-FAT File System
Froject Graph* FAT File System Wersion v, 14a
x | ey N:af 3§ N | = 5] | %----Make FAT File System Read-only  []
OEM code page to be used s, w

--Enable exFAT File System Support [

-Microchip File System |:|
-Enable Long File Name Support
-File name length in bytes 2001=

- Current working directory scratch buffer length in bytes

svs_fs DRV _MEDIA dependency (DEV_MEDIA)
Multi-Connect Dependency

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

MSD Client Driver (usb_host_msd)

SD
Card

USB

mSD ﬁ\ MICROCHIP



FILE System Service (SD Card)

T MEMORY (drv_memory)

sD SD Card (SPI) (drv_sdspi)
Card

MSD Client Driver (usb_host_msd)

Froject Graph* l

X TREORE | |

DRV_MEDIA - SD Card

SD Card (SPI)
Diriviar
 Core Service

2 8SYS_TIME

Instances = —+
Instance 0
DRV_SPr

sPI

DRV_MEDIA DRV_MEDIA

Instance 1
Peripheral Library DRV_SPr
sPrI sPI
DRV_MEDIA

@ MICROCHIP



FILE System Service (MSD Client Driver)

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

MSD MSD Client Driver (usb_host_msd)

Froject Graph* l

X ETREIRE 4| =]

TIME
System Service
TC3 2 Core Service
Peripheral Library SYS_TIME ©
T™MR T™MR

USB Full Speed Driver
Z Core Service Host Layer
DRV_USEB > DRV_USB

o 8YS_TIME MSD Client Driver i
USB HOST O = USB HOST =
DRV_MEDIA DRV_MEDIA

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

MEMORY (drv_memory)

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

Project Graph*

l

X ITREORE | |

SERCOM1
Peripheral Library
SPI

Peripheral Library
MEMORY

DRV_MEDIA — MEMORY could support
Serial Flash and Internal NVM

sTe_Fs_MEDIA_TYPE MV
T s _Fs _MEDIA_TYFPE_RAM
sTe_Fs MEDIA_TYPE_SFIFLASH v

MEMORY
Driver

o Core Service

Instances -\——+

Instance 0
MEMORY

DRV_MEDIA

Instance 1
MEMORY

DRV_MEDIA

@ MICROCHIP



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

SPCENETH))

Applicatioh
Client

4

FILE SYSTEM
System Service

PLIB
SERCOM SPI

DRVAMEDIA
USB MSD. Client
Application

Client

FILE SYSTEM
System Service

Host Layer
Library

TIME r

System Service NS

USBTES
Driver

DRVAMEDIA
MEMORY,
Application

Client

EILE SYSTEM
System Service

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
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FILE System Service (SD Card)

#define SDCARD_DEV_NAME "/dev/mmcblkal"”
#define SDCARD_MOUNT_NAME "/mnt/myDrivel™

DRVAMEDIA #define FILE CONTENT "Test Content to Write"
= SYS_FS_HANDLE fHandle = SYS_FS_HANDLE_INVALID;
@ﬁ]m 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] @
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
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% Lab7 SD Card with file system

e Continue this Lab from Lab5.

* Try add FILE system service and select SPI SD Card as media.
* The SERCOMO-SPI as the hardware interface of SD card socket.
* Build custom command to access SD card as below :

mount : Mount the SD card.

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.

SAMD21

GPIO Output PAQ9 SD_CS
SERCOMO PAD2 PAO6 MOSI

SERCOMO PAD3 PAO7 SCK
SERCOMO PADO PAOS8 MISO
GPIO Input PB03 SD_CD

N I SD1
| ~| = MicroSD
1
— 2
PA09/SS(S0.1) 7 ES/T[;ATSC(TS)
PA0G/MOSI(S0.2) =— CMD(SDI)
Ty & VCC
PA07/SCK(S0.3) ; CLK(SCK)
GND
PAOS/MISO(S0.0) ; DATO(SDO)
] DAT1
PB03 ® 13 Card Detect
— GND
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% Lab7 SD Card with file system

* Harmony Configuration (Add FILE system service and SD Card)

 Select PLIB SERCOMO for SD Card (SPI) Driver.

Froject Graph* l

X TRERE4 & 5|
Device Family Pack

CMSIS Pack

o SYS_TIME

Instances - ——+

Instance 0
DRV_SPI

SPI
DRV_MEDIA - DRV_MEDIA

SD Card (SPI) Driver
Connect to SERCOMO PLIB

S_FS_SDC-- | Navigator | Available -

T

= Harmony

# Drivers

+ Harmony Networking
Er Svstem Services

i FILE SYSTEM

S_FS_SDC-- | Navigator | Available -

4

= Harmony
- & Drivers
- SDCARD

¥ SD Card (SPI)|
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% Lab7 SD Card with file system

 Harmony Configuration (FILE system service configuration)

Configuration Options I Help ]
=l #
E+FILE SYSTEM

I'é}--FiIe System settings

--Maximum Simultaneaus File Access =
- Gize Of Block ala s
’ Project Graph* , --Gize Of Media Manager Buffer 2,048 %

tx ‘ 1.3 5 E @ * ‘ '@. B ‘ -se File System Auto Mount Feature?

-Taotal Murmber Of Madia =
Device Family Pack (DFP) | -Total Mumber Of WYolumes
~Medial

_System | CMSIS Pack

--File System Types =

NVMCTRL

EH-FAT File System »/
Peripheral Library Core > .
| : - FAT File System Wersion vl 14
MEMORY Harmony Core Service Make FAT File Syst Read-on| D
) =-Make Ile Systerm Fead-on
O RTOS i !
-~ 0OEM code page to be used 1.3, w

Core Service © '
. 0 . Enable exFaT File System Suppaort [ ]

- Microchip File System |:|

SD @.d (SPD) -Enable Long File Mame Support
Satve -File name length in bytes 205k
© Core Service - Current working directory scratch buffer length in bytes 1,024 =

O SYS_TIME

Instances - =—+ —

Instance 0
DRV_SPI

SPI
DRV_MEDIA

Keep the default settings

SERCOMO
Peripheral Library
SPI

Mount Featureis disabled

~ DRV_MEDIA
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% Lab7 SD Card with file system

 Harmony Configuration (PLIB SERCOMO config)

Configuration Options*

=l [+

= SERCOMO
- Select SERCOM Operation Mode  SFT Master

SERCOMO
Peripheral Library
SPI <

%----Enahle Interrupts 7

—

DOMoniPAD[2]H(MOST)

Sckfon]PAD[3 1J(SCK)

DIfRon]PAD[0]§(MISO)

?----Enable operation in Standby mode
| SPI Data Out Pad
1 SPI Data In Pad Selection

L2 on PAD[Z], 5CK

SERCOM FAD[O]

-SPI Data Crder

- SPI Speead in Hz

-SPI Data Character Size
-5PI Clock Phase

-~SPI Clock Polarity
~Enable SPI Master Hardware Slave Selact
- SPI Receiver Enable

- ##¥EPI Transfer Mode 0 s Selected***

O Core Service
O SYS_TIME

Instances = —+ —

Instance 0 —
DRV_SPI

spPr
DRV_MEDIA |

-

FILE SYSTEM |
Systemn Service

O Core Service
SYS_FS O

DRV_MEDIA

on PAD[3] and 55 on PAD[1] vq

MSE is transferred first

1,000,000 -2
8hbits

The data 15 sampled on a leading SCK edge and changed on a tratling SCK edge -

=CE 12 low when 1dle

¥

SAMD21

SERCOMO PAD2

SERCOMO PAD3
SERCOMO PADO
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% Lab7 SD Card with file system

 Harmony Configuration (SD Card configuration)

SAMD21

GPIO Output

MEMORY

O RTOS

SD Card (SPI)
Driver

O Core Service

O SYS_TIME

SERCOMO
Peripheral Library
SPI

DRV_SPI
SPI

| QMSIS Pack |

Harmony Core Service

Core Service © - Ise DMA for Transmit and Receive ?

DRV_MEDIA |

Configuration Options* ] Help
= #

=50 Card (SPI)

~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 system for SDSPI Driver Enabled
- iZhip Select Pin FADD -
-1 Configure the Chip Select pin as GPIO output under Pin Settings.1 1!

- Lgse Write Protect Pin (Active High)? |:|

- DM& Channel Far Transmit W=
- DMA& Channel For Receive =
-1l Mote: Far each instance of SDSPI, connect either SPI PLIB or SPI Driver 111

FILE SYSTEM

Systemn Service

Core Service
SYS_FS ©

- DRV_MEDIA

Set Chip Select pin to PAO9
and Enable'DMA

@ MICROCHIP



% 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 10 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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SERCOMO PAD3
SERCOMO PADO PA
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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", CommandErrLyv, 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");

@ MICROCHIP



% 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 ) { ... }

@ MICROCHIP



% 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 HelloWorld’ 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.

@ COM4-TeraTermVT — — O X HelloWorId

File Edit Setup Cantrol Window Help

>mount e * SDHC (D)

Mount /dev/mmcblkal success! .

Current Drive is /mnt/myDrivel &

? =| testixt

>open test.txt

File [test.txt] opened!

> | testbt - 2FE — O X
>wr.*1te HelloWorld | . RE@D €8O #BI(0Q) BEV) 26
Write [HelloWorld](1©) to File! HelloWrold

>
>read 20

Read [HelloWorld](10) from File!

>

>close

File Closed! @Mlcnocmp




* Lab 8
FILE System Auto Mount Feature

FILE System Service

@ MICROCHIP



% 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* | Help |
=1 ¥

[=-FILE SYSTEM
= File System settings

Device Family Pack (DFP) |

[MI [MJ - Maximum Simultaneous File Access =
~Size Of Black 22
-Size Of Media Manager Buffer 2,048 =
- lse File System Auto Mount Feature? |
~Total Number Of Media =
-~ Total Mumber File System Clients =

SD Card (SPI) |
Driver
QO Core Service
© SYS_TIME

= Medial

Iél--r'-ﬂedia configuration
~Media Typs 3YS_FS_MEDIA_TYPE SD CARD
%----File System Type FAT .

FILE SYSTEM :
Instances - = —+ ;»---Number Of Wolurmes =

System Service
Instance 0
. DRV_SPI © Core Service

sPI SYS_FS O
DRV_MEDIA ~ DRV_MEDIA

5-Valumen
é""-.{EIJ.LLEELE_ED.DﬂgIJrHﬂnnI'I

- Dievice Name fdevimmeblkal

- Media Mount Mame /mnt/myDrive ]

- Fila 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 SYS_FS_MEDIA_TYPE_IDXO SYS_FS_MEDIA_TYPE_SD_CARD
#define SYS_FS_TYPE_IDX® FAT

#define SYS_FS_MEDIA_IDXO MOUNT_NAME_VOLUME_IDXO "/mnt/myDrivel”

#define SYS_FS_MEDIA_ IDXO DEVICE_NAME_VOLUME_IDXO "/dev/mmcblkal”

Use File System Auto Mount Feature? [ initialization.c
const SYS_FS_MEDIA MOUNT_DATA sysfsMountTable[SYS_FS_VOLUME_NUMBER] =

{NULL}

.
3

IUse File System Auto Mount Feature? |

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
3
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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_IDX® "/dev/mmcblkal"

void 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 IDX0_MOUNT_NAME_VOLUME_IDX@) ==

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

case SYS FS EVENT UNMOUNT:

if(strcmp((const char *)eventData, SYS_FS_MEDIA IDX0@_MOUNT_NAME_VOLUME_IDX@) ==

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);

0)

0)
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%€ 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.

¥ COM4 - Tera Term VT — U X

File Edit Setup Control Window Help

>Mount SD card success!

"
| T
>Unmount SD card!
|

»Mount SD card success! MiCl’OSD
>open test.txt —
File [test.txt] opened!

[

>
»read 20

Read [HelloWrold](10) from File!
b
>close

File Closed!
’
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% Lab8 FILE System Auto Mount Feature

* Discuss

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 had connected the chip
select pin to a correct SERCOM pad. (Example in use APP045v4)

SERCOMO
Paripharal Library

SPI ‘ SD Card (SPI)

Diriver Crriver

o Core Service
o 5YS5_TIME

o Core Service

Instances -|——+
Instance 0 Instances = —+

Instance 0
DRV_SPI

‘ spPr

DRV_MEDIA

2

FILE SYSTEM
Systemn Service
o Core Service

SYs_F5 O
DRV_MEDIA

SAMD21

SERCOMO PAD1
SERCOMO PAD2
SERCOMO PAD3

SERCOMO PADO

(] Fin Table
_ 5588
FPackage: | TQFF42 E E E E
M
] (] L] L]
badule Function 1111213114
SERCOMOD _FADO
SERCOMO FADI m
SERCOMO

SERCOMO_FADZ

SERCOMO_FPADS

R57

PA09/SS(S0.1

- -

R58
R 59

SD1
MicroSD

PA0T/SCR(S03) |

PAQ8/MISO(S0.0)

PB03

—
O\DOOHJO\U\JAUJI\.?F_

:

DAT?2 _
CD/DAT3(CS)
CMD(SDI)
vcc
CLK(SCK)
GND
DAT0(SDO)
DAT1

Card Detect
GND
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% Lab8 FILE System Auto Mount Feature

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

Enable SPI Master
Hardware Slave Select

SPI ' SD Card (SPI)

Diriver Drriver
O Core Service o Core Service

o 8YS TIME
Instances |——+ -

Instance O

DRV_SPI 1—4‘ DRV_SPI
" SPI

FILE 5¥STEM
Systemn Service
& Core Service
SYS F§ O

DRV_MEDIA

in SERCOM
E}--S_ERCDMEI

= Select SERCOM Operation Mode  SF1 Master
-~ Enahble Interrupts ?

-Enable operation in Standby mode

-~SPI Data Cut Pad

-~SPI Data In Pad Selection

~SPI Data Crder

- 5SPI Speed in Hz

~SPI Data Character Size

8P Clack Phase

- SPI Clock Polarity

- 5PI Receiver Enahle
- *EEERT Transfer Mode O is Selected***

[]
DO

SER
M

3 b
The
ST

—~Enable SPI Master Hardware Slave Select

=+ 5PI
~PLIR Used =ERCOMO
~Mumber of Clients =
~Transfer Queue Size 4=

~llsa OMA for Transmit and Receive?

- DM& Channel Far Transmit =
- DMa& Channel For Receive =

Enable DMA'In SPI Driver

E-SD Card (SPI)
~5PI Driver Instance Used ]
~Mumber of Clients =
-S5O Card Speed (Hz) 2,000,000 -2
~Transfer Queue Size 4=
~Card Detection Method se Folling
-Polling Interval {ms) 1,000
-File system for SDSPI Driver Enabled
-Chip Select Pin FADD -
=11 Canfigure the Chip Select pin as GPIO output under
~Ise Write Protect Pin (Active High)? |:|
-1l 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?/ kx- VBUS PA2BUUS A
\‘ UID SAMD21
L o
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 to FILE system service.

- i
Project Graph® l Confirm Component Auto-Activation? x
X CREIRE 4| |

Are you sure you want to activate these components?
-ThegTIME system service is oD

o nemcessary for USB Drlver Confirm Component Auto-Activation? X
|

I.e_" The database is requesting auto-activation of the following components:

Host Layer (usb_host)

I.e_" The database is requesting auto-activation of the following components:
TIME ’

Systemn Service

USB Full Speed Driver (drv_usbfs_w1)

SD Card (SFI)

Diriver

Z Core Service
SYS_TIME ©

TC3
Peripheral Library

Are you sure you want to activate these components?

1 =

o Core Service
2 8SYS_TIME

Instances -|=—+

Instance 0
DRV_SPI

sPI
DRV_MEDIA

SERCOMO
Peripheral Library
SPr

DRV_MEDIA
S /EMORY (drv_memory)
SD Card (SPI) (drv_sdspi)
[MSD Client Driver (usb_host_msd)

Host Layer
2 DRV_USB
o SYS_TIME
USB_HOST

- MSD Client Driver

o UsB_HOST
DRV_MEDIA

| UsE Full Speed Driver

o Core Service
DRV_USB ©
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* Lab9 USB Host Mass Storage with file system

* Configure FILE SYSTEM service for 2" Media

Froject Graph* l
X CREIRE 4| =

(] Configui’ation Options =

=l

E-FILE SYSTEM
E}-File System setfings

Choose 2" Media Type to
~Maximum Simultaneous File Access ; DeVICe Name Wi ” be
~Size Of Block /d eV/Sd al

-Size Of Media Manager Buffer

~lJse File System .ﬁ.utD.MDUﬂt Feature? | MOd |fy MO u nt Nam e to
-~ Tatal Humber Of Media /'m nT/myDI‘IVGZ

- Taotal Mumber File System Clients
+-Medial
=-Medial

. FILE SYSTEM

Ié}--Media configurationl .
' '8YS FS MEDIA TYPE MSD ’ ) e
g---Mecha Type I ——1 - = el & Core Service
Fie SystemTyps  [PAT ] svs_rs o
Number Ofvolumes | 1= DRV_MEDIA
=-WalumeD VA

E-valume configuration

%---[Devil::e Name devisdal
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* Lab9 USB Host Mass Storage with file system

* Configure USB Full Speed Driver without VBUS output control.

Froject Graph* l

X CRERE®| &|

- USE Full Speed Driver
= 1JSB Mode Selection  Host o
E}--Gerwerate WBLS Enable Function

EVSYS
Peripheral Li
MNVMCTEL

%----ﬂttach De-bounce Duration (mSec)

--Reset Duration (mSec)

USB Full Speed Driver
o Core Service
DRV_USEB ©

MSD dient Driver
o USB_HOST |4
DRV_MEDIA |

Configuration Options* | Help | g j
= ¥

-YBUS Enable Pin Mame VBUS_AH

500 4
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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!

MicroSD

Mount USB Mass Storage success!

>media USB

Set media to /dev/sdal

Set drive to /mnt/myDrive2
>

>open USB.txt

File [USB.txt] opened! p

>write HelloWorld USB

Write [HelloWorld USB](14) to File!
>close

File Closed!
>

| USBbxt - 528 — O s

BEE HKBEE #BH(O) R\ RE
HelloWorld 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 HelloWorld SD

Write [HelloWorld SD](13) to File!

>close

File Closed!

>Unmount SD card!

Unmount USB Mass Storage!

| SDAxt - 5B K -

BEE REE HHOQ B8R
HelloWorld_SD
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* Lab9 USB Host Mass Storage with file system

* Discuss

* How about if generate VBUS Enable Function in USB Full Speed Driver for VBUS output control by
USB driver ?

(] Froject Graph
X|EQE@E’|E| Wiewr:

EVSYS Device Family Pack (DFP)
Peripheral Library CMSIS Pack

Core
Harmomy Core Service
= RTOS

Core Service T

NYMCTRL
Peripheral Library
MEMORY

DEBUG
Systemn Service

2 Core Service

SYS_DEBUG ©

SYS_CONSOLE

TIME
System Service

2 Core Service
SYS_TIME ©
TMR

TC3
Peripheral Library
TMR

SERCOMS
Peripheral Library
UART

SD Card (SPI)

Driver

o Core Service

o SYS_TIME

(=] [+]

FILE SYSTEM

Instances - ——+ .
: E-USE Full Speed Driver
SERCOMO Instance 0 SRR : H _
Foirieel sy DRV_SPI 2 Core Service El--L.!SE. Mode Selection Host v

SYS_Fs O
DRV_MEDIA

sPr SPI

DRV_MEDIA

MSD Client Driver g----f—‘«ttan:h De-bounce Duration (mSec)

o USB HOST & Core Service
DRV_MEDIA DRV USB ©

USBE Full Speed Driver

‘- Reset Duration (mSec)

~WBLS Enable Pin Wame |YBUS_AH

E}--Generate WVBUS Enable Function :
500~

100/
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* Lab9 USB Host Mass Storage with file system

* 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
=SB Mode Selection  Host e ‘
E}--Generate WBLS Enable Funckion

T l —— l — ] oy . “\BUS Enable Pin Mame |[YBLUS_AH
t x o th x =
oS Rl ikl tiall _ L 2anE A ~aftach De-bounce Duration (mSec) =
Order:  Ports w Table Wiew Easy Wiew - Reset Duration (mSec) 100 =
Pin Fin ID Custom Name Function blode Direction Latch  Full Up  Full Cirive
Humber
Thawrn Streneth
33 PA24 LISE_DM vl Digital High Impedance nfa [] [] MORMAL
34 PAZS USE_DP w| Digital | High Impedance nfa [] [] | NORMAL
41 PAZS VEUS_AH GPIO I Dioital ] Out ~| High
Native USB in Host role

PA28 vBUS_AH

(GPIO Output)

5V

UD —t

D- e
D+ ——|

SAMD21

USB DM
USB DP
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€ Lab9 USB Host Mass Storage with file system

* 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

User must use the MHC pin configuration utility to configure the pin

used for enabling VBUS
if (enable == true)

/* Enable the VBUS */
VBUS_AH_PowerEnable();

}
else
/* Disable the VBUS */
VBUS_AH_PowerDisable();
}

E-USE Full Speed Driver
5 USE Mode Selection  Host >
é}--Generate WBIIS Enable Function
j BUS Enable Pin Name | VBUS_AH
%----ﬂttan:h De-bounce Duration (mSec) =
i----F{ESEt Duration (mSec) 1002
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* Lab9 USB Host Mass Storage with file system

* Discuss
* 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 R - O X
BEPE HBH{FA) @R SHEAMH)
as m HE @

Volume | Layout | Type | File System [ Status | Capacity I Free Sp... | % Free
= Windows (C)) i =% NTFS (B ... BT (fF.. 474.92 GB 670GB 1%
= fTigtiir & (D) (L] =% FAT32 RiF (F£.. 31.99GB 31.99GB 100%
— FriSHE (B) B 22X FAT32 B4 (£2.. 31.99GB 31.99GBE  100%
- — FIEHIEE (F) fa B A FAT32 Bif (EZE.. 31.99GB 3199GE 100%
/A e ™. - FEHRE (G) i HA FAT32 BiF (@88, 21.99 GB 21.99GB  100%

< >

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

®
Open: d ] S k |||g||| I ° |||S( z HaEIL WISHEEE () @ MISEBE D) | WEERE (F) MISHIRE (G)
118.00GB 32.00GBFAT32 ||32.00GBFAT32 |/32.00GBFAT32 | 22.00GB FAT32

i RiF (EERRAE || RYF (ZEWRTE | RIF (ZEEERSE

R (EEEE
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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

@ MICROCHIP



* Lab10 NVMCTRL Internal Flash with file system

e Attach MEMORY Driver + PLIB NVMCTRL to FILE system service.

Project Graph* l
X TRERE 4| &
Evovs - AT24 (drv_at24)
' ice [l AT25 (drv_at25)
NVMCTRL L ] AT25DF (drv_at25df)

Peripheral Library 'NVMCTRL (nvmctri)
MEMORY < ——

MEMORY to NVMCTRL

Systemn Service

TC3 > Core Sernvice

Peripheral Library SYS_TIME ©
TMR TMR
o 8YS_TIME
Instances = —+ ! s S"'STE_M
SERCOMO \ System Service

Instance 0 ) _
Peripheral Library DRV_SPI W & Core Service

SPI SPI SYS_FS ©

DRV_MEDIA I DRV_MEDIA
Host Layer £

- . : 'MEMORY (drv_memo
USE Full Speed Driver o DBV _USB MSD Client Driver -
. . - SD Card (SPI) (drv_sdspi)
& Core Service o SYS_TIME o USB_HOST
DRV _USB © USB_HOST © DRV _MEDIA < DRV MEDIA to MEM O RY
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* Lab10 NVMCTRL Internal Flash with file system

* Configuration of PLIB NVMCTRL and Instance of MEMORY Driver

Project Graph* l

XITCRERE4| &
' _ 128KB NVM Drive

28Kyt
Peri al Library

NVMCTRL
Peripheral Library
MEMORY

0x00020000
Instances -|——+

"’ Instance 0
MEMORY
DRV HEDI;TFI L22KE Program
- I

memory

— SN ©_Care Sens D Card (SPI) 8§ 0x00000000

= NVM:Media Start Add ess e
e N/ IV Media Size (KB Confionetion On _Sjet MgmoryDewce-Type to

~NVMCTRL Read Mods NO MISS PENALTY | [ = & YS'FS'MED|A‘TYPE' NV|V|
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 NMVMCTRL Configuratians ***
- MNUM Erase Buffer Size Ele

- #*%% Should be equal to Row Erase Size *** i
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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* | Help |
= H
=+ FILE 5YSTEM

Ié}--File System settings

-~ Maximum Simultaneous File Access
- Size Of Block
- Size Of Media Manager Buffer

~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
: ety Modify Mount Name to
—-Me 132 /'mnT/myDrlveg

=-Media configuration2

%----Media Type !SYS_FS_MEDIA_TYPE_NVM v|

%----File System Type FAT |

- Create FAT1Z in Nut [ B | FILE SYSTEM

%----Numher of volurmes 1 E System Service

=-volumen © Core Service

é}--vnlume canfigurationd SYS_FS ©

Device Name  [/dev/nvmal \ DRV_MEDIA

“IMedia Mount Name |/mnt/mylrive
]z

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 disable information message from USB Host Layer.

Froject Graph* ] L]

X|EGEEEf|E| View: Koot

Device Family Pack (DFP)
CMSIS Pack
(=

Cor
Harmomy Core Service
o RTOS

Core Service &

EVSYS
Peripheral Library

Help [ Configuration Options* ]
= H

= 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
Systemn Service

SERCOMS5
Peripheral Library
UART

Instances e

Instance 0
UART

USB_DEVICE_cDC |
SYS_CONSOLE | !

o Core Service
SYS_DEBUG O
SYS_CONSOLE

2 Core Service
SYS_COMMAND O

SY¥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
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* 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 again “open NVM.txt” 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 “HelloWorld _NVM” 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 HelloWorld NVM >read 30

Write [HelloWorld NVM](14) to File! Read [HelloWorld NVM](14) from File!
> p

»close >close

File Closed! File Closed!

b >
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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’

I COMS -TeraTerm VT
File Edit Setup Control Window Help

Mount NVM Flash success!
Mount SD card success!
Mount USB Mass Storage success!

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

>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!

>open SD.txt

File [SD.txt] opened!

>read 20

Read [HelloWorld SD](13) from File!
>close

File Closed!

>

>read 20

Read [HelloWorld USB](14) from File!
>close

File Closed!

>

[HelloWorld NVM](14) from File!
>close
File Closed!
>
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* Lab10 NVMCTRL Internal Flash with file system

* Discuss

* 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 proper for a SD Card or USB pen drive.

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

{

NVM Flash ’ ¢

{
SD/ USB drive .

SYS_FS_FORMAT_PARAM opt = { @ };
uint8 T CACHE_ALIGN work[512];

SYS_FS_CurrentDriveGet( fDrive );
if(!strcmp( fDrive, "/mnt/myDrive3"))

opt.fmt = SYS_FS_FORMAT_[JN;
SYS_CMD_PRINT("Format as FAT12|\r\n“),
}

else

opt.fmt = SYS_FS_FORMAT
SYS_CMD_PRINT("Format as FAT32|\r‘\n“),

}

opt.au_size
opt.n_fat = 1;
opt.align = 9;
opt.n_root = 1;

q COM4 - Tera Term VT — ] 4
File Edit Setup Control Window Help
Mount NVM Flash success!
>format
Format as FAT12!

Format /mnt/myDrive3 success!
>

>*Mount SD card success!
>format

Format as FAT32!
Format /mnt/myDrivel success!

fResult = SYS_FS DriveFormat(fDrive, &opt, (void *)work, 512);

if(fResult == SYS_FS_RES_SUCCESS)

SYS _CMD_PRINT("Format %s success!\r\n", fDrive);
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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'!
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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* |
X CRERE®| = 5|

Core
Harmony Core Service

2 RTOS
Core Service

SEensor-A EEPROM
Task Task

Sensor-B

Task
Client-0
Object

Instance-0 Instance-1

NVMCTRL
Paripheral Library
MEMORY

Device Family Pack (DFF)
CMSIS Pack

Client-0 Client-1
Object Object

EVSYS
Peripheral Library

12€ Driver

SERCOMO
Peripheral Library

I2c

SERCOM1
Peripheral Library

I2c

Instance 1

r2c

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

@ MICROCHIP



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; e O 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

@ MICROCHIP



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;

}
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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

Project Graph* l |

X CRERE4 & 5|

Device Family Pack (DFP)
Per | Libr
b o QMSIS Pack

MNVMCTEL
Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

DRV_USART 4r

Configuration Options* [He]p ]

=1 [+

- Core
[i}-Generate Harrmony Application Files
é}--ﬁpplicatiuﬂ Configuration

%----Numher of Applications =

Iél--ﬂ:uplicatiun 0 Configuration

- application Mame  |app_drv_nsart]

-AEEE Aaplication name must be valid C-Langu
-~ Generate Harmony Driver Common Files

- @Eenerate Harmony System Service Corrmon Files

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

Configuration Options* THe]p ]

(=] [+

= USART
~PLIB Used SERCOMS
~Murmber of Clients

-~ Transfer Queuea Size
~Ise DMA 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
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% 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 project of Harmony v3

Framework Path : C:\HarmonyFramework

Location :  C:\Exercises\Lab11l DRV_USART SingleClient
Folder : Labl1l _DRV_USART _SingleClient

Target Device : ATSAMD21G18A

B4 MPLAB X IDEV5.50

¥ New Project

Steps Choose Project

Choose Project Q, Filter:

File Edit View Navigate Source Refag

¥ | New Project.. Ctrl+Shift+N
¥ MNew File... Ctrl+N

) Microchip Embedded
& Existing MPLAB IDE v8 Proteef
&3 Prebuilt (Hex, Loadable Image)
(& User Makefile Project
(& Library Project
Iimpe

& Impd €3 New Pro),

Description:

MPLAB® Harmony Project Wizard

Steps Manage Framework

2 Configuration Database Setup X Choose Project

L.

2. Framework Selection Use the Content Manager tool to download or configure a local framework.
3. Project Settings

4. Configuration Setiings '

Configure Device Family and Ch3I3 Pack Paths:

Lannch Content Manager l

DFP: Mev_packs\WMicrochipS AMD21_DFP\3.2.84%amd2 latatdf\A TSAMD21G 194, atdf

8

CMESIS: Mev_packstarm\CMSISW.6.0

O

Framework Path: C:\HarmonyFramework

Convert to Relative Path for Configuration

—

Cancel

Name and Location

Choose Project

Finish Cancel Help

1
2, Framework Selection Name: default hoose Project " " :
i zrojefc_t Settngs amework Selection Location: C:\Exercises\Lab1l_DRV_USART_SingleClient
. Configuration roject Settings N -
Settings Device Family: |All v TargsiDevics: ATSAMDZIGISA v onfigustion Settings el Labll DRV_USART_SingleClient
Device Filter:  |ATSAMDZIG18A Mame: Lab1l_DRV_USART_SingleClient

Path: C:\Exercises\Lab1l_DRV_USART_SingleClient\firmware\La

‘ Show Visual Help

Show Wisual Help
< Back Mext = I Cancel Help

Finish Cancel Help
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% Lab11 Single-Client

UART Communication

 Harmony Configuration (Add TIME system service)

AddTIME system service as we did in Labl

Confirm Component Auto-Activation? ot

Ia The database is requesting auto-activation of the following components:

Labl SYS--- | Nawvigator Available

o

Core (HarmonyCore)

|= Harmony
- Core

Are you sure you want to activate these components?

-- Drivers
- Harmony Networking
= System Services

""" COMMAND
""" CONSOLE

""" FILE SYSTEM

Confirm Component Auto-Activation? >

Ia The database is requesting auto-activation of the following components:

FreeRTOS (FreeRTOS)

Are you sure you want to activate these components?
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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.

Projects [Aﬂive Components* ]

» 4l=f Yal K

""" CMSIS Pack

Froject Graph* l

X CREORE ||

TIME
Systemn Service

i i

[ TC3 2 Core Service

Peripheral Library SYS_TIME ©
™ y

@ MICROCHIP



% Lab11 Single-Client UART Communication

 Add USART driver and attach PLIB SERCOMS5 UART.

e | V_USART--  Command-- | Available: | &
X CTRERE 4| ©| +
Sl :
Svors
- _ = Drivers
i +- Crypto
Peripheral Library - EtherCAT Driver
TMR - External Ethernet Controller
..... IZC
Peripheral Library : # I2C EEPROM
MEMORY <gillc coreservice | NN | MEMORY
SERCOMS M Instances -——+ [N || MIIM Driver
paimmu::;v J #- PHY Driver
- SDCARD
..... SFII
#- SPI EEPROM

USART Driver Instance O
Connect to

5l

+ SPI FLASH

SERCOMS5 PLIB SR USB Full Speed Driver
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% Lab11 Single-Client UART Communication

* Configuration of USART driver and PLIB SERCOM5

Froeet Gr:
X |2n
Device F

EVS
Pariphearal
TC
Peripheral

Configuration Options* IHe]p ]

(=] [+]

NVMCTRL
Peripheral Library
MEMORY

= USART

Configuration Options

Drlver Will always select to

~PLIB Used SERCOMS

(=] [+

EENON bloCcking mode

=
IE

- Murmber of Clients

-~Transfer Queue Size

~Use DMA for Transmit 2 [
~Use DMA for Receive 7 [ ]

USART

Driver

o Core Senvice

SERCOMS5
Peripheral Library
UART

Instances - ——+

Instance 0
UART
DRV_USART

DMA to be option of Driver

<. B SERCOMS
= Select SERCOM Operation Mode

- Operating Mode
~Receive Enable
~Transmit Enable
- Frame Format
-Baud Rate in Hz
- Parity Mode
~Zharacter Size
- Stop Bit Mode

Recelve P|

~Enahle Run in Standby | |

UZAET with internal Clock -

] Mon-blocking made |

TSART frame "
115,200 %

o Fanty

2 Bits

Cme Stop Bat

nout SERCOI\/I PADI3]

Transmit Pinout: SERCOM PAD[2]
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% Lab11 Single-Client UART Communication

* Pin Configuration of GPIO PA20(LED1) and PLIB SERCOMY5 pads

Fin Dhagram XI Fin Table x
Table Viewr Easy View
Pin P ID Custom Name Function Mode Dhrection Latch  Full Up Full Dirive
Iumber
learn Streneth
» | Pm | o el ol Daal ok o] Low | NORMAL
37 PE22 rSERCDME_P.a.Dz vT Dngital | High Impedance - na [] [[] |mnoRMaL -~
3 P23 | | sercoms Pap3 v || Digital | HighImpedance | nfa [] [] | mormaL ~
— bt
Project Graph* ] Pin Diagram
Package: | TQFP48 | 25|26 |27 |28 | 20| 30| 31| 32|33 |34 |30 | 41| 45| 46| 47 |48 | 7 | 8 | 19| 20| 37] 38
Module Function Bl 17 1192020 |22 |23 |24 |25 27 (28|30 (31 2 3|9 |10)11 )22 23‘
O GFIC

SERCOMS_FPADD

SERCOMS_FADI

SERCOMS

SERCOMS_FADZ

SERCOMS_FADS
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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* l }

XIEGEGE f|@'| Configuration Options* | Help |
EE

EVSYS Core = Core
Peripheral Library Har Core Service = Generate Harmony Application Files

TC3 o RTOS =-application Configuration

Peripheral Library Core Service © ~Mumber of Applications =
TMR é--ﬂpplicatiun 0 Configuration
NVMCTRL USART %----Enable Application 0 Configuration
Peripheral Library e ~application Name app_drv_nsart]

MEMORY O Core Service ko Application name must be valid C-Language i

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
- Enable Systerm DM
-~ Enahble System Reset

Rename the default file name
to “app_drv_usart1” - Enable 0saL

KIS ORI
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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 = Active Components

Configuration Options* | Help

= ﬁ Labll DEY 1TZAET ZimngleClient
EI . Header Files

""" S Slapp drv usartlh

_ . T config

it [E packs

ﬁ' Important Files

- 5 Linker Files

E| . =onrce Files

. . -::vc:-nf1g
T maine
B8 Libraries
-8 Loadables

=] [+

= Care
[i]--Generate Harmony &pplication Files
Ié_}--ﬂupplicatiun Configuration
%----Humher of Applications =
é--ﬂpplicatiun 0 Configuration
%----Enable Application 0 Configuration

%----ﬂpplicatiun MNarme app_div_nsartl

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

KIS ORI
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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

@ MICROCHIP



% 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

o 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:
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% 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* |

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

o Core Senvice

SERCOMS J Instances = —+

Peripheral Library Instance 0 —
UART UART

DRV_USART 1‘
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% Lab11 Single-Client UART Communication

* Additional exercise
* 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 O pen(DRV_USART_INDEX ©, DRV_IO INTENT_READWRITE);

if(u
{

else

{

artlHandle == DRV_ HANDLE _INVALID)
app_drv_usartlData.state = APP_DRV_USART1_STATE_ERROR;

USART1printf("DRV_USART1: Hello world\r\n");

// sprintf(UartlWriteBuf, "DRV_USART1: Hello world\r\n");

// DRV_USART erteBufFePAdd(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
void APP_DRV

void APP_DRV_

void USART1p

//DOM-IGNORE -

app_drv_usartl.h for external reference use.

USART1 Initialize ( void );

Uymﬁ:hﬂs(vdﬂg; : app—drv—usartl'h
rintf( const char *format, ... );

BEGIN
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% Lab11 Single-Client UART Communication

* Discuss
What we did ? If you want implement a UART console, why not just use CONSOLE system service ?

Froject Graph* l |
Eauma+m|
(] Froject Graph EI'I'IIhI’ Pack (DFF |

TS

CONSOLE TC3

= SE—_vicE Peripheral Library
= Core Service TMR

SERCOMS Instances —|—+

NVMCTRL

Peripheral LnI:re-'apr Instance O Peripheral Library

UART - UART
usB_DEVICE_CDC
SYS_CONSOLE

DRV_USART
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€ Lab 12
Multi-Instance UART Communication

USART Driver Library
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%€ 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

echo it to opp05|te console “Receive : X (DRV_ USARTI)”

gsn

kreBUS

; e @S UART cliek CDC USB UARTto oy PB22 sercoms paD2
— USB-CDC

C
z
]
g2
R

MikroBUS Bridge PB23 sercoms pAD3

i SAMD21

X
L1 aN PWM [ :
= RST INT |—=
3 | =— 14 PAIIRX
> ECSK % 17 BREET CDC USB USB UART RX SERCOM2 PAD2
d v )
5 : . 13 i
— MISO SCL |3 Click T SERCOM2 PAD3
— MOSI SDA
7 10
8

33V 5V

- - 9 - o
GND GND ——GND @ MICROCHIP




4 Lab12 Multi-Instance UART Communication

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

Rk Configuration Options | Help |
X CRERE4$| & =l ]

Device Family Pack (DFP) || CMSIS Pack E-SERCOM2

EVSYS =-Select SERCOM Operation Mode USART with internal Clock
Core - :
- _— ~Operating Maode Non-blocking mode
- Receive Enable
T3 < RTOS _
Pevipheral Library — ~Transmit Enable

TMR - Frame Farrat TSART frame

~Baud Rate in Hz 115,200 =
NVMCTRL _ :
Peripheral Library ~Parity Mode Mo F‘antj.r w
MEMORY - Character Size 3 Bits W

Cme Stop Bit

- Stop Bit Mode

SERCOMS
Peripheral Library
UART
SERCOM? DRV_USART

Instances -—
Instance 0

~Enahle Run in Standby | |

Conflguratlon of SERCOM2
Recelve Plnout SERCOM PAD[3]

Peripheral Library
UART

Instance 1

USART Driver Instance 1 Transmlt PanUt SERCOM PAD[Z]
Connectto SERCOM2 PLIB
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4 Lab12 Multi-Instance UART Communication

* Pin configuration of PLIB SERCOM2 pads.

Project Graph* | Fin Diagram x] Fin Table x
Order: || Ports v Table Wiew [v] Easy Wiew
Pin Fiun [D Custom Mame Function bode Direction Latch  Pull Up Full Dirive
Mumber
y ! _ Thevarn. Strem eth
15 ‘ PA1D SERCOMZ_PAD?Z High Impedance | 1/ [] [] | mnNORMAL -~
16 \ PAL1 SERCOMZ_PAD3 [ Digital High Impedance | 1/ [] [] | m~NomrmAL -~
- — — —
Conflgure PAlO as SERCOMZ PAD2
Froject Graph® ]Pin Diagram  =| Fin Table ={ Fin Settings =
Package: [TOFPAS + 1127]3|4]9]10|1]12]13]14]15]16|21|22]|23|24]25]|26| 27|28 |29 3031|223
............... "
Module Function Ol 112131431678 9010(11p1213 1415160171819 |20)21)22]23) 21
SERCOMEZ FADD
SERCOM2 FADI
SERCOMZ = TorRcom2_paD2
SERCOMEZ PADS
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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”.

Froject Graph* l Configuration Options* IHe].p ] |
X CRERE4S| = s§Increase Number.of Application
oo

= Generate Harmony Application Files
EVSYS TIME :
Peripheral Library

Systemn Service
T3

Peripheral Library
TMR

Core E}--ﬁpplicatiun Configuration

Harmomy Core Service
2 RTOS

Core Service O

o Core Service - Mumber of Applications [ 2 -'l

SYS_TIME O
™R

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

MNVMCTREL
Peripharal Library
MEMORY

USART

Driver

-oHEEE Application name must be valid C-Language i

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

~Application Name app_drv_usartZ

-oHEEE Application name must be valid C-Language i

 Core Sernvice

SERCOMS
Peripheral Library
UART

Instances -=——+

Instance 0
UART

DRV_USART

-~ Generate Harmony Driver Common Files
SERCOMZ

- Generate Harmony System Service Common Files

Peripheral Library Instance 1 ) )
- GFenerate Harmony System Media Files
UART UART ¥ =Y [
-~ Enahble System Interrupt

DRV_USART
-Enable System Ports

]
-Enable Systermn DM
L]

- Enahle System Reset

Rename file to “app_drv_usart2”
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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 :-:| Active Components Configuration Options* | Help
: =] #
= ﬁ LablZ DEV_TUSAET Multilnstance —
E:l . HEEldEl' FIIES [i]--Generate Harrmony Application Files

Iél--ﬂpplicatiun Configuration

drv usartl.h
- - Mumber of Applications A

. . -::x:-nf 15

E-a&pplication 0 Configuration

-Enable Application O Configuration
. . DELCLZS ~fpplication Marme app_drv_usartl
: - -oEEEE Application name must be valid C-Language |
[ Important Files L T
! ) _ E-a&application 1 Configuration
- . Ll]'].]:?.EI FIIES -Enable Application 1 Configuration
|E| “onrce Files - Application Mame app_drv_usart2

-oEEEE Application name must be valid C-Language |

- 'EI app div usartl.c
IEI 'll-l-' I-.|111 15 '”.t-_u

-~ Generate Harmony Driver Common Files

- Generate Harmony System Service Common Files

. . -::-::-nf1g - GFenerate Harmony System Media Files |:|

-~Enable System Interrupt v

] maine Y p

: -Enable System Ports |:|
E‘ Libraries  Enable System DMA

E" Loadables ~Enable System Reset []
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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).

Wl COMS3 - Tera Ter... — U X

File Edit
DRV _USART1: Hello world

Setup Control Window Help

T COM4 - Tera Ter.. — O pod

Setup Control

File Edit Window Help
DRV USART2: Hello world A

Fromect Graph*
X THRERE 4| =
Device Family Pack (DFP)

EVSYS
Peripheral Library

TC3
Peripheral Library

MYMCTREL
Peripheral Library

SERCOMS
Peripheral Library
UART

SERCOM2
Peripheral Library

TIME
Systemn Service

Core
Harmomy Core Service

2 RTOS
SYS_TIME ©

o Core Service

Core Service O

USART

Driver

 Core Sernvice

Instances -=——+
Instance 0
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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:

@ 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* |
v di=f ¥ § 1 KJE3

EVSYS TIME
i Core
Periphearal Library System Service

. Harmomy Core Service
2 Core Service
T3 O 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

NVMCTRL T 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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4 Lab12 Multi-Instance UART Communication

* 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
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4 Lab12 Multi-Instance UART Communication

* 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.
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4 Lab12 Multi-Instance UART Communication

* Additional exercise
* To implement a raw bytes write function of USARTZ2 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_WPiteBuFFePAdd(UaPtZHandle, 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;
extern char Uart2ReadBuf[50];
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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* ]
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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.
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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.

[l

i----EnabIe 10-bit Addressing

ientDigitalT--- | Navigator | Available -~ | G Project Graph* |
T X CREIRE S| €
- S
3 'ém i)
- DFIVers
; Ej.. et TIME Core
Cr‘fpto Peripheral Library System Service H Core Servi
SrrmiorTy L= ce
O Core Service
d TC3 Z RTOS
@ 12C EEPROM Peripheral Litrary sys_tive o
----- MEMORY TMR TMR
----- MIIM Driver NVMCTRL 12C Altae
+ PHY Driver Peripheral Library Driver
. » D » '
..... SPI MEMORY 2 Core Service B
+- SPI EEPROM SERCOM3 { Instances = —+- 0 ) C
- SPI FLASH Peripheral Library Instance 0 —,
. I2C I2C
USB Full Speed Driver DRV I2C
Configuration Options* THelp ] .
== Configuration Options* [ Help ]
B+ SERCOM3 =] [+
5-Select SERCOM Operation Mode | 120 haster :
%----Transfer Speed Mode STANDARD AND FAST MODE -~ E"I?C
%----Enable operation in Standby mode [ ~PLIB Used SERCOM3
--5DA Hold Time 50-100ns hold time - -
. — s-Mumber of clients =
--12C Speed in KHz 100+ . =
12(3 Trise in nano seconds 1005 - Transfer Queue Size 2 =
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%€ Lab13 Single-Client 12C Digital Temperature Sensor

* Enable PLIB SERCOMS3 pads of 12C Driver Instance 0.

| SERCOM3 PAD2

Froject Graph* Fin Diagram XI Fin Table XI Fin Settings le
Order: l Table Wiew [v] Easy View
Pin P ID Custom Name Function Mode Direction Latch  PullUp Full Dirive
Humber
Tlomarn Streneth
31 PAZZ SERCOM3_PADD vl: Diigital High Impedance - na [] [] | mnNormMAL ~
32 PA23 SERCOM3_PAD1 v|: Digital High Impedance na [] [] | mnNorRmMAL -~
Configure PA22 as'SERCOM3¥PADO
ConflgurePA23asSERCOM3!PAD1
Froject Graph® lPin Dhagram Pin Table 3*F‘in sethings =
Package: | TOFP48 203041000t 415 162122 23124 25026 | 2728 2020310323334
A
Maodule 1 Funetion L2 31415167 &0 0111201241516 1718|1920 |21 22123 2425
SERCOMNE_FPADD
SERCOME PADI
SERCOME

SERCOM3_PADS
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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 : = = =
- Configuration Options* | Help |
X|CRORE e z "

Increase Number.of Application
u bb

EVSYS
Peripheral Library
TC3

Peripheral Library
TMR

Cor = Generate Harmony Application Files
~ .

Harmomy Core Service
= RTOS

Core Service O

E}--ﬂpplicatiun Configuration

~MNumber of Applications BJ

E-Application 0 Configuration
- Enahle Application 0 Configuration
~application Mame app_drv_usart]

MYMCTEL
Peripheral Library
MEMORY

12C

Driver

-wEEE Annlication name must be valid C-Language i

' Core Service E-Application 1 Configuration

- Enahle Application 1 Configuration
~fpplication Name app_drv_usart2

SERCOMZ
Peripheral Library
I2c

Instances - ——|+

Instance 0
I2c

-wEEE Annlication name must be valid C-Language i

DRV_I2C E-application 2 Configuration

—Enable Application 2 Configuration [v]

~fpplication Name ’ﬂDD_dT"?_iE'Cl

Rename file tO “app_d I"V_i2C1” -k snplication name must be valid C-Language i

- Generate Harmony Driver Common Files

- GFenerate Harmony System Service Comrmon 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* | |
XI_E._ad_éJ t|=|

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

2 Core Service
2 RTOS
F'erlpheral lerar'.-' SYS_TIME © Core Service ©
TMR

MNYMCTRL 12C
Peripheral Library Diriver

MEMORY O Core Service

SERCOM3 - Instances =+
Paripheral Library

r Instance 0 —
12C Temp Sensen

INIT
!
WRITE_READ_9800 ERROR
WAIT_COMPLETE_9800 IDLE

== A8\ MicrocHip



¢ 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 <

@ MICROCHIP



4 Lab14 Multi-Client 12C Serial EEPROM

* Increase “Number of clients” to “2” in 12C Driver Instance 0.

Froject Graph* l

X CREIRE 4| =

| Add Number,of.clients to 2

Configuration Options* [ Help ]
= H
Device Family Pack (DFP) = 12C
EVSYS - PLIB Used SERCOM3
Peripheral Library i :

Nurnber of clients
Peripheral Library —

TMR

Transfer Quele Size

!
A4

Peripheral Library

EEPROM
MEMORY

Task

SERCOMZ i |
Peripheral Library Instance 0
I - T2C

DRV_I2C 1»

SERCOM3
PLIB

MCP9800 24AA025
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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;

@ MICROCHIP



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
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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:
}

@ MICROCHIP



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.

APP045 [v2 Ov3 Mv4

* Check the UART output in console. (To do Power Cycle of the EVB might be necessary to reset the 12C device !)

¥l COM3 - Tera Ter... — O >
12¢

File Edit Setup Control Window Help DrRVEr:

SERCOMS
PLIB
MCP9800

DRV USART1: Hello world
Wrote &x24 to EEPROM 24AA

Temp = 28.5 EEPROM = ox24

Temp Senser

INIT
]
WRITE_READ_9800

WAIT_COMPLETE_9800
|
WRITE_READ_24AA ERROR

WAIT_COMPLETE_24AA IDLE

24AA025

EEPROM

e
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4 Lab14 Multi-Client 12C Serial EEPROM

* Discuss

* How to implement the 12C Driver to given Two different |12C speed properties of two 12C devices
that to shared of the same PLIB SERCOM ?

DRV_I2C_TRANSFER_SETUP TransferSetup;

void I2CiTransferHandler( DRV_I2C_TRANSFER_EVENT event, DRV_I2C_TRANSFER_HANDLE transferHandle, ... )
?witch( event ) ) Tg/nesnfter
case DRV_I2C_TRANSFER_EVENT COMPLETE: Sensor ), """ &
if( transferHandle == I2ClWriteReadHandle 9800 ) I2ClComplete 9800 = true;
if( transferHandle == I2ClWriteReadHandle 24AA ) I2ClComplete 24AA = true; EEPROM
break; 4 Task
}
}
I2C1Handle_ 9888 - DRV_I2C1 Open(DRV_I2C_INDEX_ @, DRV_IO INTENT_ READWRITE
I2C1Handle_24AA = DRV_I2C1 Open DRV IZC INDEX @, DRV _IO INTENT READWRITE
SERCOM3
DRV_I2C_TransferEventHandlerSet?IZClHandle_llll , I2ClTransferHandler, 0;; PLIB
DRV_I2C TransferEventHandlerSet(I2ClHandle_24AA , I2ClTransferHandler, 0); SAAADZS
TransferSetup.clockSpeed = . E%ﬁf
DRV_I2C TransferSetup(I2ClHan , &T ferSetup); MCP9800 -
DRV_I2C_WriteReadTransferAdd( IZC1Handleﬂ, MCP9800 ADDRESS, Speed
I2ClWriteB 9800, 1, I2ClReadBuf 9800, 2, &I2CilWriteReadHandle 9800 ); 400K Hz

TransferSetup.clockSpeed = 100000 ;
DRV_I2C_TransferSetup(I2ClHandle_24AA, &TransferSetup);
DRV_I2C WriteReadTransferAdd( I2Ci1Handle_24AA, MCP24AA ADDRESS,
I2CIWriteBuf 24AA, 1, I2C1ReadBuf 24AA, 1, &I2ClWriteReadHandle 24AA );
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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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%€ Lab15 Multi-Instance 12C G-Sensor

 Harmony Configuration (Add Instance 1 of 12C driver)

(] Configuration Opticns

Frogect Graph®* l | S
. EH12C
E =l ]
X TRERE4$| &  PLIB Used SERCOMI
Device Family Pack (DFP) ||| CMSIS Pack - Number of clients =

EVSYS TIME “Transfer Queue Size A=
Peripheral Librany Systemn Service _ L

TC3 o Core Service
Peripheral Library SYS_TIME ©
TMR

Accel
Sensor

NVMCTEL
Peripheral Library
MEMORY

SERCOM3
Peripheral Library
I2c

Instance-1

SERCOMS SERCOM1
PLIB PLIB
MCP9800
24AA025 @

SERCOM1

Peripheral Library Instance 1
I2C < I2C

DRV_I2C

Attach PLIB SERCOM1
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%€ Lab15 Multi-Instance 12C G-Sensor

* Enable PLIB SERCOM1 pads of 12C Driver Instance 1.

Froject Graph* Fin Diagram XI Fin Table x

Package: TOFP48 -

Crder: Table View | []Easy View
Ilj"qin Fun ID Custom MName Function blode Cirection Latch  Full Up Full Crive
nmber D p
‘ T Strenoth
25 PA1S SERCOM1 PADD = |: Digital || HighImpedance - nda [] [] | mnoRMAL
26 PALT SERCOM1 PADL |: Digital || HighImpedance - nda [] [] |m~NormAL -
—
Configure PA16 as'SERCOMI18PADO
L] - = -
Configu re PA17,a5 SERCOM 18PAD1
Froject Graph*

]Pin Diagram  =| Pin Table =§ Pin Settings =
IT2T 3] 4] 9|w|un]12]13]14]|15]16]21]|22]23|24]25| 26| 27|28 29| 30| 31| 32| 33| 34]

A

Module Franeton o[t]zlz[4]5]6]7 a]aw]n]z]we[wl5]w]rm]|we]w]2]22]z:]2]2s
SERCOM|_PADO i
SERCOMI_PAD!

SR 'SERCOMI_PADZ d

SERCOMN _FADZ
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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”.

i I
Froject Graph* l
- Cnnﬁgurahnn Options* | Help |
XI@GEGE fl@~|

.0f Application
bb

- Care

EVSYS
Peripheral Library
TC3

Peripheral Library
TMR

MYMCTEL
Peripheral Library
MEMORY

SERCOMZ
Peripheral Library
I2c

SERCOM1
Peripheral Library
I2c

Rename file to “app_drv_i2c2”

Core
Harmomy Core Service
= RTOS

Core Service O

12C

Driver

Z Core Service

Instances - ——|+

Instance 0
I2c

DRV_I2C

Instance 1
I2c

DRV_I2C

= Generate Harmony Application Files

E}--ﬂpplicatinn Configuration

%----Numher of &Applications 4;

--ﬂ«pplicatiun 0 Configuration

i Application 1 Configuration
E} Application 2 Configuration

—Enable &Application 2 Configuration
- Application Marme app_drv_12c]
SREEE Application name must be valid C-Language id
El ﬂ«pplmatn:ln 3 Configuration
-~ Enahle Application 2 Configuration [+]
app_drv_12c2 1

wREEE Aaplication name must be valid C-Language ig

- Application Marme

~Generate Harmony Driver Common Files

~Generate Harmony System Service Common Files

- Generate Harmony System Media Files |:|
-~ Enable Systerm Interrupt
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%€ Lab15 Multi-Instance 12C G-Sensor

* 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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%€ Lab15 Multi-Instance 12C G-Sensor

* 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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%€ Lab15 Multi-Instance 12C G-Sensor

* 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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%€ Lab15 Multi-Instance 12C G-Sensor

* 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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%€ Lab15 Multi-Instance 12C G-Sensor

* 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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* 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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* 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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* Compiler and programming your project to EVB.
* Check the UART output in console.

T COMS3 -Tera Term VT — O pd

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 = ( -576, 192, 4144)

I N I

— % e 30l e
INIT as R 2] .
[+ o Feimp Senser .

—{ WRITE_READ_DRDY_T13 }—— TSk )

Not Ready yet
—[WAIT COMPLETE_DRDY_TJ3
v v

—»| WRITE_READ_AXIS_TI3 ]—»[ ERROR — N
x6
MCP9800
—{wAIT_ COMPLETE _AXIS_TJ3 IDLE
24AA025 \ =
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* Advanced Exercise
* 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_TJ3:
if(I2C2Complete TJI3 == true)

I2C2Complete TJ3 = false;

AxisOutByte[AxisOutRegIdx] = I2C2ReadBuf TJ3[0];
if(++ AxisOutRegIdx >= 6)

USART1printf("\t\t\t\tG-Sensor = (%5d, %5d, %5d)\r",
shorté%AxisOutByte[1]<<8 AxisOutByte[@]g,

J

) E

short) (AxisOutByte[3]<<8|AxisOutByte[2]
short) (AxisOutByte[5]<<8|AxisOutByte[4 ]

Insert between this

unsigned char DVBuf[8] { oxe3, )
AxisOutByte[O0], AxisOutByte[1],
AxisOutByte[2], AxisOutByte[3],
AxisOutByte[4], AxisOutByte[5],

OxFC };

USART2write( DVBuf, 8 );

app_drv_i2c2Data.state

break;

APP_DRV_I2C2_STATE_WRITE_READ DRDY T3J3;

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE WRITE READ AXIS TIJ3;

break;

@ MICROCHIP



%€ Lab15 Multi-Instance 12C G-Sensor

* 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

= MPLAB Data Visualizer x| Project Graph¥* Hlapp drv_i2c2c = | Blapp_drv_iZelic = | Elapp_drv_vsart2c = Elapp drv_usart2h = K2
D Clear Workspace a Load Workspace == Views 0 Documentation Use Dark Theme
w Ti Plot X
= @ Mew Variable 4 C:g:;e m;f e E— I
= —_ i ime Axis nput
B T sweamen |o11665s 03 40 10 00 FF 00 03 FC . =
S e \ i 105 I 03 40 10 20 FF 60 03 EC souree: SO
w) » = Data values f l
G-Sensor « ® [0 r f 03 40 10 60 FF 40 03 FC } =
= fx v | s ]lse \ | # Mark T, Snapshot 03 20 10 FO FE EO 02 FC Display As:  HexValuss &
o (SN
g B COM4onCOMA ¥ |-624 '\ 8% ig %8 cg FE ig 8% FC
5 . - cO FE FC Input Filtering:
3 - 2k I?;?k Y '\ Data Axis 03 30 10 EO FE 00 04 FC MR IFIELT
£ X v ! 03 FO OF 60 FF 10 04 FC
o| ™ B 1k :_ 1ﬂ\|, -5k 10k { |03 DO OF DO FE BO 03 FC Sl
= ! L | ﬂhmﬁ . |03 ED OF 10 FE 70 03 FC ) . a
< . &f ‘m\m ‘ﬂ - v 1 03 FO OF EO FD 40 03 FC Newline Character: CR+LF =
) Y [ 0 9 03 00 10 60 FE 10 03 FC V|
- 7 (03 30 10 70 FE EO 02 FC Echo to Screen: v
" | -' \ l A V| xonGsemor & 2 & W 33 20 10 10 FE 30 03 ke
+ L - |03 00 10 60 FE 20 03 FC
(x) 7 (S 2, \. | f i .J f YonGSensor B @& M 03 €0 OF EO EC 40 03 FC Clear Terminal
2k ': \ J l [ . —I03 20 10 FEN EC ED 03 FC
:r. / \ ! 1FI | ZonGSensor § B & (I .
][ | \ || | G-Sensor Properties X
e A \ ‘ Add Plot
\ | \ *NJ'; l|I r'"ur @ “ Variable Streamer G-Sensor
Ak Ly \ M Name:
v WV (@® Add Data Axis
- COMA Settings Framing Mode: Auto ¥
9I11I?BQ11I?8911180911182911I84911‘86911l88§ Baud Bate: 115200 Frame Size: 2b
(Including framing) Ve

Char Length: = 8 bits +

W COM3 - Tera Term VT GETe T | bo el ®
(Frame header is at position 0)
File Edit Setup Control Window Help Parity: None v
X Intig 1 s =
DRV_'_JS;‘:\RT]. Hello world Stop Bits: 1 bit * < W
Wrote @x24 to EEPROM 24AA - — R
- , < M
-Sensor Software Reset Completed
G-Sensor WHO AM I : ©x35 z Intl6 5 /T
G-Sensor Initial Completed
Temp = 26.5 EEPROM = @x24 G-Sensor = ( ; 9; &, Import... Cancel
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 Advanced Exercise

* Auto probe the G-Sensor connection on PLIB SERCOM1 or SERCOM3

* The Switch S3 could choose either one for connection.

BS20A
BS10A g B

BS20B
BS19B aB 4

3.3V

IOVDD GND

ADDR !
L.—é' SDA GND
]
L]

SCL

C45 || 0.1uF :GND
Ul2 GND
KXTJ3-1057 I

A C43

a

2

0.1uF
3.3V

GND

INT

5
Q 6 | -
é|_' GND

s3
WE452403012014
*C| PA23/SCL(S3.1) °
PA22/SDA(S3.0) ] ~0
! (o]
] : * '_T
. oi A
D T o i
= = ::w_l 1
= GNDJ
=
s 33V
b S
3] C46 GND
< 0.1uF
E GND
=5 3 3y }—R64 10K
|z 3.3V] SYAYAY, l
| =] PAOS/AINS/EINTS/Y3 BS21
+F aP—;
77| Accelerometer
§ % *A Two option for KXTI3
== *B PCB open by default
ZIE|l  *csecoms, 12¢
*D SECOM1, 12C

*12€ Address:0x0E

2

GND
3.3V

C44
0.1uF

Option1 : All of 12C devices connected to SERCOM3 include KXTJ3
Option2 : KXTJ3 connected to SERCOM1, others to SERCOM3

#‘&cce'emmeteg

Accel
EEPROM sensor
Task Task

DrVEr,

SERCOMS SERCOM1
RPLIB PLIB

— 6

Accel
Sensor
Task

MEPR9800

DrIVEr
[instance-o | [_instance-1 |

ERCOML

SERCOMS3
PLIB

MCRPYB00

24AA025
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* Increase “Number of clients” to 3 in I12C Driver Instance 0.

Project Graph* l

X CRERE f|'@»|

EVSYS TIME e
brary System Servi
Penph-ral = - Harmony Core Service

© Core Service o RTOS

SYS_TIME ©
e Core Service ©

P-'iphcd Library Driver
MEMORY O Core Service

‘ DRV_I2C T

Add Number,of,clients to

Configuration Options* | Help |

=l [+

E-I2C

-~ PLIB Used SERCCM3

%----Numher of clients ‘E[
{ [
=

“-Transfer Queue Size

Accel
EEPROM Sensor

Task

DriVer

Instance-0| Instance-1

SERCOM3
PLIB

MCP9800

24AA025

3
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 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:

// if(I2C2Handle_TJ3 == DRV_HANDLE_INVALID)

< /7 I2C2wWriteBuf T33[1] = ex8e;
// DRV_I2C_WriteTransferAdd( I2C2Handle TJ3, KXTJ3_ADDRESS,

// 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;

~ // I2C2Handle_T3J3 = DRV_I2C Open(DRV I2C_INDEX_1, DRV_IO_INTENT READNRITE),

/7
// E app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_ERROR;

// break;

8, —-— —— ——

// I2C2WriteBuf_TJ3[@] = OxiD; before Software Reset Message

// I2C2WriteBuf TJ3, 2, &I2C2WriteReadHandle _T33 );
// while( DRV_I2C TransferStatusGet(IZCZerteReadHandle T13) !=
// DRV_I2C TRANSFER_EVENT_COMPLETE) {}
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%€ Lab15 Multi-Instance 12C G-Sensor

* 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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%€ Lab15 Multi-Instance 12C G-Sensor

* 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++ )
{
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 );

Insert between this

DRV_I2C_TRANSFER_EVENT TransferStatus;
do

TransferStatus = DRV_I2C_TransferStatusGet(I2C2WriteReadHandle TJ3);
if( TransferStatus == DRV_I2C_TRANSFER_EVENT_ERROR )

DRV_I2C Close(I2C2Handle_T3J3); Probe failure try next lnsta

break;

}
} 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; .
[ End of For loop [Insert between this B Probe’success exit probe’loop

ce
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%€ Lab15 Multi-Instance 12C G-Sensor

* 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

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 =

— SERCOM3 SERCOM1 i Ll g SERCOM3
PLIB PLIB g PLIB
MCP9I800 MCP9800

24AA025

24AA025
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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* [ Help ]
Froject Graph# l SEd
X TRERE4 5| = Core
[+ 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

- @Eenerate Harmony System Service Corrmon Files

-~ GFenerate Harmony System Media Files |:|
-~Enable System Interrupt
SERCOMA4 Configuration Options* [ Help ]
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]

@ MICROCHIP



€ 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.

Fromect Graph* l

ultilnstance--- = PORT Initi-- | Available -~ | & ‘
stilnsance: | PORTit | 90 ¢ omomm @]
prrr— -
= Drivers EVSYS TIME

[} Cr‘ypto Peripheral Library . Sésbemsﬁa'vm:e

# EtherCAT Driver e oo TrmE o

4 External Ethernet Controller == R N

#-I12C EEPROM

----- e

""" MIIM Driver MEMORBY

# PHY Driver F CERCOMA

EEI. SDCARD Peripheral Library

- SPI

+- SPI EEPROM

# SPI FLASH

----- USB Full Speed Driver
- Harmony Networking
H- System Services v

=1

Attach PLIB SERCOM4
to SPI Driver

==l
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%€ Lab16 Single-Client SPI OLED Display

* Enable DMA of SPI Driver and configure pads of PLIB SERCOMA4.

==

Configuration Options* | Help |

(=] [+

=+ SERCOM<
= Select SERCOM Operation Mode | SEI Master
-~ Enable Interrupts ?
~Enable operation in Standby mode
- 5P Data Out Pad
- 5PI Data In Pad Selection
-SRI Data Order
~5PI Speed in Hz
- 5Pl Data Character Size
- 5PI Clock Phase
- SPI Clock Polarity

~5SPI Receiver Enahle

-~ ***FEP] Transfer Mode 0 is Selected***

NVMCTRL
Peripheral Library
MEMORY

SPI

Driver

& Core Service

SERCOM4
Peripheral Library
sSPI

Instances -——+
Instance O

-

DRV_SPI ?

~Enahble SPI Master Hardware Slave Select | Erﬁb I e

Enable DMA
In SPI Driver

[]
|ilj"ij'5'ﬁ"F'E]j[2]',"'SCK'"E:iii"F'EU'[B]"EﬁH"SS"Ei'ﬁ"lr"ﬁ]j['l']mé v
'SERCOM PAD[O]
MSE 15 transferred first -

1,000,000 %
8 bits
The data 15 sampled on a leading SCKE edoe and changed o
=CK 15 low when dle

Hardware Slave Select

DOon PAD[2]

Configuration Options* | Help |
= [+
- 5PI
~PBLIB Used

~Murmber of Clients

SERCON4

-~Transfer Queue Size

- lse DMA for Transmit and Receive? ||
- DOMA Channel For Transmit
-~ DOMA Channel For Receive
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% 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 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”.

| 2 I
‘ X
;olje%(};pl;j E}E ~TE Configuration Options* LHelp l

Increase Number.of Application
PP

ECore

TIME Core = Generate Harmony &pplication Files
System Service S ; i ; i
yst l. e o Sevica = ﬂtpplmatmn Configuration
© Core Service O RTOS - Number of Applications 5J

SYS_TIME ©
TMR

o]

Core Service --.-’-‘«pplicatil:un 0 Configuration

--ﬂpplicatiun 1 Configuration

NVMCTRL --ﬂpplicatiun 2 Configuration
Peripheral Library

MEMORY

SPI
Driver
O Core Service

--ﬂpplicatiun 3 Configuration

Iél--.&pplicatiu:un 4 Configuration
%----Enable Application 4 Configuration
%----ﬁpplicatinn Mame -app_dw_spil

Instances - = —+—

Instance 0 —
SPI

ek Application name must be valid C-Language if

DRV_SPI - Generate Harmony Driver Common Files

- GFenerate Harmony System Service Comrmon Files

- GFenerate Harmony System Media Files

[]
Rename file to “app_drv_spll” ~Enable System Interrupt

--Enahle System Ports
- Enahle Systern DMA
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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
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% 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
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% 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=127;

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

// 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
void LCM BusWrite( int bus, void *bytes, size_t counts )

{ , OLED_,Bus write function
DRV_SPI_TRANSFER_HANDLE SPIlWriteHandle; - ~A==) -
, Control GPIO.to.choose
if bus==LCM_BUS SSD1306_RS_Clear(); - : -
else i-FE bus==LCM_BUS ; SSD1306_RS_Set(); Command or.Data transfe

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++ )
LCM_SetCursor( sx, sy+y ); Draw Bltmap iImage
LCM_BusWrite( LCM_BUS » (void*)byte, width-sx );
byte+=width;
}
}
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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 )
Ease 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;

} . -
5SD1306_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 —
Keep this li a drv spilData.state = APP DRV I2C1 STATE IDLE;
CSEMImED 2pp_drv._sp _DRV_I2C1_STATE_IDLE; e

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 12C Auto Probe Advanced Exercise from 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

Fromect Graph* l

XICRIRE4®| & |

EVSYS TIME
Peripheral Library Systerm Service

& Core Service

8Y5 _TIME ©
TMR

MNVMCTRL

Peripheral Library
MEMORY
~ SERCOM4
Peripheral Library
sSPr
INIT
SPLASH
SPLASH_WAIT_COMPLETE ERROR
1 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\

Cl@HSHRO LI 51,0 \ree-t/=2 " . -
Toindex the font offset in'bitmap

int LogoX=127;
const uint8_t LcM  InitCMD[] =

oxD3, 0x00, 0x40, 0x8D, 0x14, Ox20, 0x02, OxAl,
oxD9, OxFl, oxDB, 0x40, OxA4, OxA6, OxAF

NN
NN

OXAE, @XDS o0x80, 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.

2 12

niv

INIT

L))

SPLASH

SPLASH_WAIT_COMPLETE

ERROR

:I UPDATE

IDLE

Fromect Graph*

|

XICRIRE4®| & |

EVSYS
Peripheral Library

MNVMCTRL
Peripheral Library
MEMORY

~ SERCOM4
Peripheral Library
sSPr

TIME
Systerm Service
& Core Service
SYS_TIME =

TMR
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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 */
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% 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”.

#include "app_drv_i2c2.h" ( INIT —
#include "app_drv_usartl.h" m > ¥
#include "app_drv_usart2.h" 1 . WRITE_READ_DRDY_TJ3 |—>
#include "app_drv_spil.h" ap p_d 'VASpPI 1'h _,,:!Readyyet
#tinclude "dr‘iver‘/iZc/dr‘v_iZc .h" —[ WAIT_COMPLETE_DRDY_TJ3 P
oo . v ) 4
void APP_DRV_IZCZ_TaSkS ( void ) _’[ WRITE_READ_AXIS_TJ3 H ERROR ]
. . xs
?WltCh ( app_drv_i2c2Data.state ) ——{' WAIT_cOMPLETE_AXis_Ti3 ( IDLE P

case APP_DRV_I2C2 STATE_WAIT COMPLETE_AXIS TJ3:
if(I2C2Complete_T3J3 == true)

I2C2Complete 133 = false;  (GUISEKSHSENINSEVRICEERS 74

AxisOutByte[AxisOutRegIdx] = I2C2ReadBuf TJ3[0];
if(++ AxisOutRegIdx >= 6)

insert between this
LCM I2c2Accel

_ 0] = (short AxisOutByte[1:<<8 AxisOutByte[e] 5
LCM_I2c2Accel[1] = (short)(AxisOutByte|3]|<<8[AxisOutByte[3]);
LCM_I2c2Accel[2] = (short)(AxisOutByte[5]<<8|AxisOutByte[4]);

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]

bl

)i

unsigned char DVBuUf[8] = { 0x03,
AxisOutByte[0], AxisOutByte[1l],
AxisOutByte[2], AxisOutByte[3],
AxisOutByte[4], AxisOutByte[5],

app_drv_i2c2.c

@ MICROCHIP



% Lab16 Single-Client SPI OLED Display

* Compiler and programming your project to EVB.
* The OLED will output the data that we collect from Driver.

2 12
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ERROR
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IDLE
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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.

#include "app_drv_i2c2.h"
#include "app_drv_usartl.h"
#include ' app drv_usart2.h"
#include "app_drv_spil.h"
#include "driver/i2c/drv_i2c.h"

void APP_DRV_I2C2 Tasks ( void )

?witch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2_ STATE_WAIT_COMPLETE_AXIS_TJ3:
F(12C2Conplete 195" == tre) Comment out]

I2C2Complete TJ3 = false; USART prlntf and USARTZwrite

AxisOutByte[AxisOutRegIdx] = I2C2ReadBuf TJ3[0];
if(++ AxisOutRegIdx >= 6)
LCM_I2c2Accel[Q] short) (AxisOutByte[1]<<8
LCM_I2c2Accel[1]

B short) (AxisOutByte[3]«<«8
LCM I2c2Accel[22

AxisOutByte[3]

J

AxisOutByte[@]%;

short) (AxisOutByte[5]<<8

J

{
AxisOutByte[4]
// USART1lprintf("\t\t\t\tG-Sensor = (%5d, %5d, %5d
// short Ax1sOutByte[1]<<8 Ax1sOutByte[@] 5
// short) (AxisOutByte[3]<<8[AxisOutByte[2]),
// short) (AxisOutByte[5]<<8|AxisOutByte[4]));

// unsigned char DVBuf[8] = { ©0x03,
// Ax1sOutByte[@ , AxisOutByte[1],
// AxisOutByte[2], AxisOutByte[3],

AxisOutByte[4], AxisOutByte[5],

/
// USART2write( DVBuf, 8 );

app_drv_i2c2.c
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%€ Lab16 Single-Client SPI OLED Display

* Discuss
* Try use GPIO for SPI Driver controlled Software Chip Select pin of OLED.

Configuration Options* [ Help ]
(=] [+
=+ SERCOM4
= Select SERCOM Operation Mode | SFI Master w
- Enable Interrupts ?
- Enable operation in Standby mode |:|
Project Graph -5PI Data Out Pad 0 e PADI], SCK o PAD(3] and
» 4i=] §a8 § K J¥ ~SPI Data In Pad Selection SERCOM FAD[0]
. . - 5PI Data Order MSE 15 transferred first -
~5PI Speed in Hz 1,000,000 =
~5PI Data Character Size 8 hits -~
Peripheral Library sve ~5PI Clock Phase The data 15 sampled on a leading SCE edge and changed o
TC3 < - 5PI Clock Polarity SCK 15 low when 1dle -«
Peripheral Library =Y ~Enable SPI Master Hardware Slave Select |:|
- 5PI Receiver Enable
NVMCTEL -~ **4op] Transfer Mode 0 is Selected***

Peripheral Library Diriver

MEMORY <8 & core Service Without Hardware ,Slave, Select
krtace B F In case ,we have not connect the
Slave Select pin to, SERCOM PADJ[1]

sPI

DRV_5SPI T

SERCOM4
Peripheral Library
sSPI 1

|
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% Lab16 Single-Client SPI OLED Display

* Change [#2%E! to GPIO output, Latch High and Custom name as ERIREDSeCY.

Project Graph* Fin Diagram XI Pin Table = LPin cettings Xl

Orders | Pins Table Wiew Easy View
Pin . . o _
P I Custom MName Function Mode Direction Latch Full Up Full Dirive
Mumber
__ Cinarn Strenoth
19 PE10 SERCOM4 PAD2 ~| Dhigital High Impedance nfa [] [] | mormMAL -~
0 PB11 SERCOM4 PAD3 ~ | Dhigital High Impedance nfa [] [] MORMAL v
21 PA12 5s501306_RS GPIO ~ | Dnpital Out ~+| High MORMAL
22 PA13 5501306 _CS GPIO “ 121t Out 1z NORMAL
39 PAZT 5501306 RESET GPIO ~ | Dngital Cut ~| High MORMAL

PA12 as GPIO output,fcustom name _SSD1306 8RS Latch to High
PA27;as GPIO outputfcustom hame SSD1306 RESETLatchtongh

Configure;PB10"/,PB11fas SERCOM4XPAD2",PAD3
PA13'as GPIO, outputfcustom name SSD1306¥CS™fatch'to High

; GND/AQ
CS

MOSI/‘SDA
SCK/SCL
RST

GPIO output

GPIO output

SAMD21

SERCOMA4 PAD2

SERCOMA4 PAD3

PA27 GPIO output
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% Lab16 Single-Client SPI OLED Display

* Do SPI Transfer setup could assign Software Chip Select GPIO Pin in state INIT
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;

o At SSD1306! CSIE

DRV_SPI_TRANSFER_SETUP SPIisetup; KSIpIILEMRIEPCEITONIRSIERE Chlp Select
SPI1Setup.baudRateInHz 1000000,

SPI1Setup.chipSelect (SYS_PORT PIN)SSD1366 CS_PIN;
SPI1Setup.csPolarity DRV_SPI_CS_POLARITY ACTIVE LOW
DRV_SPI TransferSetup(SPI1Handle, &SPI1Setup);

5SD1306 RESET Set();

LCM_BusWrite( LCM_BUS_CMD, (void*)LCM_InitCMD, sizeof(LCM_InitCMD) );

SPI1Setup.clockPhase = DRV_SPI_CLOCK_PHASE_VALID LEADING_EDGE;
SPI1Setup.clockPolarity = DRV SPI CLOCK POLARITY IDLE LOW;
SPI1Setup.dataBits = DRV_SPI DATA BITS 8;

app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;
break;

case APP_DRV_SPI1 STATE_SPLASH:
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% Lab16 Single-Client SPI OLED Display

* Compiler and programming your project to EVB.
* It’s work fine even we use a GPIO for SPI Driver controlled Software Chip Select.

[>T

niv

> o GND/AD
CS

MOSI /|SDA
SCK/SCL
RST

L5

Fromect Graph* l

X CTREIRE 4| =

» EVSYS TIME
: Core
Peripheral Library Systern Service

. Harmomny Core Service
2 Core Service

TC3 o RTOS
48 Peripheral Library SYS_TIME ©

TMR TMR

Core Service O

NVMCTRL SPI
Peripheral Library
MEMORY

Driver

i Core Service

GPIO output

SERCOM4 Instances - = —+
Peripheral Library Instance 0
SPI sPI

DRV_SPI

GPIO output

SAMD21

SERCOM4 PAD2

SERCOMA4 PAD3

PA27 GPIO output
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SPI Driver —
Wi-Fi WINC Driver Library

Harmony Driver
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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 :

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 :

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

e Basic WINC Driver

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.

Application

context

context

context

context

WINC Firmware Driver

WINC ASIC Ethernet Mode

WINC ASIC Socket Mode

@ MICROCHIP



SPI Driver — Wi-Fi WINC Driver Library

* MAC WINC Driver

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\“ihﬁblinaitii H
() (T T T T socket  ETRETREDR
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 (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

Froject Graph#® l W
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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.

@ MICROCHIP



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.

@ MICROCHIP
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* 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
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* 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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AP scan application of

SPI Wi-Fi Module
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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 EXINT4 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

(WINC1500)

mikroBUS
socket

SAMD21
Pin Configure (Custom Name)

SAMD21
Pin MUX

SDI MOSI PA16 SERCOM1-PADO

SCK SCK PA17 SERCOM1-PAD1

CS cs PA18 SERCOM1-PAD2

SDO MISO PA19 SERCOM1-PAD3

INT INT PAO4 EXINT4, 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
SENSor

‘ \i\“.i| i

ns
SERCOMS SERCOM1
PLIB PLIB

S3.t0 SERCOM3
for,G sensory
SERCOM1

12C Auto Probe must implement
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%€ Lab17 AP scan application of SPI Wi-Fi Module

* Disconnect SERCOM1 from I12C driver Instancel and delete Instance 1.

Accelerometer
- RLSU —

Project Graph* l | I -
X CRERE 4|

EVSYS TIME
Peripheral Library Systern Service

TC3 o Core Service
Peripheral Library SYS_TIME ©

TMR
NVMCTRL EEPROM 7
Peripheral Library ; Task
MEMORY . Emp Accel

Rem ove Sensor % sensor
Task Task

14¢

SERCOM3

Peripheral Library 1 Instance 1
f2¢ of 12C Driver

| SERCOM1
Peripheral Library

SERCOM3

PLIB
MCP9800
24AA025

SERCOM1
PLIB
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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 TEERE4®| &

TIME
Peripheral Library Systemn Service

EVSYS
TC3 o 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*

=L L L |ME system service s necessary forgWINC Driver

EVSYS
Peripheral Library Harmomy Core Service

TGS - RTOS
Peripheral Library — T T o
™ :
NVMCTRL Add WINC Driver

Peripharal Library
MEMORY

OIFED!
s ke

SERCOM4 SERCOM1

Peripheral Librs
DRV_SPI

WINC
| Instance 1
SPI WDRV_WINC ©
DRV_SPI 1 DRV _SPI

Connect WINC Driver to
SPI Driver Instance 1

PLIB PLIB @
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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* | Help |

=] [+
E-SERCOML
=-Select SERCOM Operation Mode  SFI Master
- Enable Interrupts ?
! - Enable operation in Standby mode |:|
’ ~5PI Data Out Pad D on FAD[D], SCK on FAD[1] and 35 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 -2
- GPI Data Character Size 2 bits
-5PI Clock Phase The data 15 sampled on a leading SCK edge and changed d
-5PI Clock Polarity SCKE 15 low when idle -
—Enable SPI Master Hardware Slave Select | Erﬁb | e Hardware SI ave Sel eCt
- 5PI Receiver Enable W Help

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

SERCOM4 Instances =+
Peripheral Library Instance 0 EIC - PBLIB Used

spr sSPI Paripharal Library ~Murmber of Clients
SERCOM1 DRV_SPI WInG
Peripharal Library Instance 1 ~Jse DMA for Transmit and Receive?

WDRV_WINC © . -
- DM& Channel Far Transmit 2=
DRV_SPI 4 DRV_SPI - DMA& Channel For Receive

~Transfer Queues Size
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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* [Help ]

= &
— Configuration Options* | Help |
(=] [#
~Mon Maskable Interrupt Control [ ]
~Enahle EIC Channeld [] E-WINC
~WiFi Device WINCLS00
-~Enakble EIC Ch 1
Franie EIC chamnen % Enable EIC|Channel 4 (I hnoneiig -
~Enable anne p— an 000000 T T AN
-Enable EIC Channel3 [] Enable’Interru pt ~SPI Driver drv_spi_1
=-Enable EIC Channel4 = Interrupt Source | EIC

EIC Channel 4 Of WINC Drlvel‘

- HHRETC channel mustheconfigured in EIC compone

~Firmsware Version (| 196, 1 -

- Driver Made [Socket Mode

| 11IMust select to Correct Firmware

&EIC Channel4 Configuration
-~Enable Interrupt

-Enahble Event Output

-~ Enahle Wakeup on Channeld

(<]

-~ External Interruptd Edge Selection
- Enable filter

e B BT ITE Wi 1500 MBSy Do
s lpgiml Lim“ of,the,WIN1500,Module you;touse
SERCOM1 DRV_SPI . I ,
Peripheral Library Instance 1 WING 3 ,’ J! Wf . )
<pI Spr WDRV_WINC © i } N StTMod e

DRV_SPI - DRV_SPT
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% Lab17 AP scan application of SPI Wi-Fi Module

e Configure SERCOM1-SPI pads, EXINT4 and custom name 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;forgsSERCOM:SPI
INT INT PAO4 EXINT4, Falling Edge Detect
RST RST PA0O3 (WDRV_WINC_RESETN) GPIO output, Latch High Reset pin GPIO 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* l

X CRERE 4

'@D

Device Family Pack (DFP)

EVSYS
Peripheral Library

j <]
Peripheral Library
TMR

NVMCTRL
Peripheral Library
MEMORY <

SERCOM1
Peripheral Library
SPI

TIME
System Service
O Core Service

SYS_TIME ©
TMR

SPI
Driver

O Core Service

- Instances - —— +
Instance 0

SPI
DRV_SPI “

Instance 1
SPI

DRV_SPI

Core

Harmony Core Service
O RTOS

Core Service ©

WINC
WDRV_WINC ©
DRV_SPI

Rename file to “app_drv_winc”

Configuration Options* LHelp ]
Increase Number.of Application

[FCare

= Generate Harmony Application Files

E}--ﬂpplicatiun Configuration

~Number of Applications EJ

--ﬂpplicatiun 0 Configuration

--ﬂpplicatiun 1 Configuration

--ﬂpplicatiun 2 Configuration

--.-’-‘«pplicatil:un 3 Configuration

--ﬂpplicatiun 4 Configuration

él--ﬂpplicatiun 5 Configuration
%----Enable Spplication 5 Configuration
%----ﬁ«pplicatinn Marne app_drv_winc

. Spplication name must be valid C-Language i
- @Fenerate Harmony Oriver Common Files
- Generate Harmony System Service Common Files
- Generate Harmony System Media Files |:|
- Enahle System Interrupt
-~ Enahle Systern 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;
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% 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;
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%€ 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)
| Keep this line 28

break;

case APP_DRV_WINC_STATE_CONNECTING:
break;
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% Lab17 AP scan application of SPI Wi-Fi

* 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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%€ Lab17 AP scan application of SPI Wi-Fi Module

* 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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% Lab17 AP scan application of SPI Wi-Fi Module

* Modify 12C auto probe count to disable Instance 1 of DRV _12C in “app_drv_i2c2.c “

void APP_DRV_I2C2 Tasks ( void )
switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2 STATE_INIT:

// SYS_TIME_HANDLE TimeHandle; Change to. DRVAI2ZCRINDEX%0

// SYS_TIME DelayMS(10, &TimeHandle );
// while(!SYS_TIME DelayIsComplete(TimeHandle)) {}

for( int Inst = DRV_I2C_INDEX © ; Inst <= DRV_I2C_INDEX @ ; Inst++ )

{
I2C2Handle_T3J3 = DRV_I2C_Open(Inst, DRV_IO_INTENT_READWRITE);
if(I2C2Handle_T3J3 == DRV_HANDLE_INVALID)
{
app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_ERROR;
return;
}
I2C2WriteBuf _TJ3[0@] = ox1D;
I2C2WriteBuf _TJ3[1] = ©x80;
DRV_I2C_WriteTransferAdd( I2C2Handle_T3J3, KXTJ3_ADDRESS,
I2C2WriteBuf_TJ3, 2, & I2C2WriteReadHandle_T3J3 );
}

USART1printf("G-Sensor Software Reset Completed\r\n");

I2C2WriteBuf TJ3[@] = OxOF;
DRV_I2C_WriteReadTransferAdd( I2C2Handle_T3J3, KXTJ3_ADDRESS,
I2C2WriteBuf TJ3, 1, I2C2ReadBuf TJ3, 1, &I2C2WriteReadHandle TJ13 );

while( DRV_I2C TransferStatusGet(I2C2WriteReadHandle T3J3) !=
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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
found: RSSI: -73 Leedarson®3
found: RSSI: -48 MLI_WiFi

found: RSSI: -47 MLI CHTWiFi
found: RSSI: -48 MLI _WiFi_ OTP
found: RSSI: -41 rovingl

found: RSSI: -76 TP-Link E13A

... odts
I

Core Service

O Core Service

SERCOM4
Peripheral Library
SPI

- Instances - = —+ —

Instance 0 ——
l_;PI

EIC
Peripheral Library

DRV_SPI

found: RSSI: -48 SERCOM1 TR
. Peripheral Library —
Target AP found, trying to connect e “;_S}I;;Stmcel DR e o

Connected

. ) DRV_SPI
IP address is 192.168.4.134

4

DRV_SPI |
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%€ Lab17 AP scan application of SPI Wi-Fi Module

* Discuss
How to setup the SPI Software Slave Select pin in WINC SPI Driver ?
You can apply a Custom GPIO via Transfer Setup in WDRV_WINC_SPlInitialize() of “wdrv_winc_spi.c”

\{/oid WDRV_WINC_SPIInitialize(void) Setup software Slave Select pin

WDRV/ WINCI CS

%f (DRV_HANDLE_INVALID == spiHandle) N WDRV_WINC_ letlalize()

spiHandle = DRV_SPI_Open (WDRVIWINC SPI INDEX, DRV IO INTENT READWRITE | ...

%f (DRV_HANDLE_INVALID == spiHandle) =63 Labl? DEV_WINC_WiFi AP Scan
WDRV_DBG_ERROR_PRINT("SPI init failed\r\n"); EI (& Source Files

}

DRV_SPI_TRANSFER_SETUP setup; | E config

setup.baudRateInAz = 1000000; B ) default

setup.clockPhase = DRV_SPI_CLOCK_PHASE_VALID LEADING_EDGE;

setup.clockPolarity = DRV_SPI_CLOCK_POLARITY_IDLE_LOW; E driver

setup.dataBits = DRV_SPI DATA_BITS_8; P § =__ -

setup.chipSelect - (SYS_PORT PIN)WDRV WINC_CS_PIN; = WG

setup.csPolarity = DRV_SPI_CS_POLARITY_ACTIVE_LOW; =" . dw

if(DRV_SPI_TransferSetup(spiHandle, &setup) = false) P E =
WDRV_DBG_ERROR_PRINT("SPI setup failed\r\n");

¥

DRV_SPI TransferEventHandlerSet( spiHandle, WDRV_WINC SPITransferEventHandler, 0);
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% Lab17 AP scan application of SPI Wi-Fi Module

* Discuss
What’s difference of WINC and WINC (Lite) ?
=6 Memory
=F1 5-WINC -5 Data 32,768 (0x8000) bytes
EIc o ~WiFi Device WINCIS00 H 4%

o Core Service

Peripheral Library
-~ Driver Log Level  MNone e

SERCOM4
Paripharal Library

Instances - = —+

Instance 0
sPI

~ SPI Driver devspr T

- Interrupt Source  EIC

onT

Available Co-- DRV _SPI WINC “EIC Channel 4
+ — 2 SYS_DEBUG - #HHEIC channel must he_cunfigured in EIC component far interrupt source™**
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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

Connect PLIB. SERCOM

Connect PLIB . SERCOM:
through SPI Driver
O/

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

Froject Graph*

X CRERE4| & 5|

EVSYS
Peripheral Library

NVMCTRL
Peripheral Library
MEMORY

SERCOMO
Peripheral Library
SPr

Drriver

o Core Service

Instances -|——+

Instance 0
sPI

DRV_SPI

SD Card (SPI)
Diriver
o Core Service
o SYS_TIME

Instances -|——+

Instance 0
DRV_SPr

sPr
DRV_MEDIA

LCreate’an'Application for

=13 | _ i
e D1VEI,State Machine

= Generate Harmony Application Files
Iél--ﬂppliu:atiu:un Configuration
%----Number of applications =

Ié}--ﬂ:uplicatiun 0 Configuration

|- Application Name app_drv_sdcard

L Application name must be valid C-Langu

Configuration Options* [He]p ]

DRV_MEDIA |||

=l [+

E-50 Card (SPI)
~MHumber of Clients =
-S5O Card Speed (Hz) 2,000,000 =
~Transfer Queue Size 4=

~Card Detection Method Uze Folling -

~Polling Interval {ms) 1,000
- File system for SOSPI Driver Enabled |
| Chip Select Pin IPADQ w

-1 Configure the Chip Select pin as GPIO output under
~Jse Write Protect Pin (&ctive High)? |:|
~ 11l Mote: For each instance of SDSPI, 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 0x40000

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 CRERE 4| =

Add Instance 2 of SPI Driver

@CED)
ljasks

NVMCTRL ' SPI Core
Peripheral Library Diriver Harmorny 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 Peripheral 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 R SSD1306 SD Card
: DRV_SPT DRV_SPI

sPI

Attach PLIB SERCOMO | orv_me1A
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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* | Help Configuration Options* _ | Hels
- e ol Drrd haridilre i |
E & - - - l
Enable DMA'in SPI Driver Set Chip_Select pin to'PAOY
= 5PI 50 Card (SPI)
) ~PLIB Used SERCOMO ~5PI Driver Instance Used 2
Fropgct G : = : _
~Mumber of Clients = ~Mumber of Clients 15
X | C3 ~Transfer Queue Size 1 5D Card Speed (Hz) 5,000,000 =
~Use DM& for Transmit and Receive? ~Transfer Queue Size 4%
EV - DMa& Channel For Transmit 43 ~Card Detection Method Use Polling
Pevipther - DMA Channel For Receive = ~polling Interval (ms) 1,000
NVMCTRL ' P Core ~File system for SDSPI Driver Enabled
Peripheral Library Driver Harrmomy Core Service ~Chip Select Pin \PAOS
MEMORY & Core Service o RTOS - Configure the Chip Select pin as GPIO output unde
SERCOM4 Instances =+ Core Service O - lse Write Protect Pin (Active High)? |:|
Peripheral Library rr=een T - Il Wote: For each instance of SDSPI, connect either SH

EIC

SPI Peripheral Library

SPI

DRV_SPI

S0 Card (SPI)
Driver

WDRV_WINC |8 & Core Service
DRV_SPr 2 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

@ MICROCHIP



* Lab18 Manage SPI SD card without File System

e Configure SERCOMO SPI pads and disable hardware Slave Select.

Configuration Options* ] Help

SAMD21 - ggp DO MonPAD[2]H(MOST)]

= SERCOMO _
SERCOMO PAD2 = Selact SERCOM Operation Mode  SFI Master @ PAD [2] (§-C—K.)
SERCOMO PAD3 -Enable Interrupts ? m m PAD [ e] (MISO)
L

SERCOMO PADO _--;-Enahle operation in Standby mode
| SPI Data Out Pad DG on FADZ], SCK on PAD[A] and =5 on FAD[1]: -

|-5PI Data In Pad Selection SERCOM PAD[0] ~
; e — T
-SPI Data Order M=E 15 transferred first -

NVMCTREL . -

| _ SP1 -SPI Speed in Hz 1,000,000

Peripheral Library Diriver _ b
MEMORY o Core Ses - 5PI Data Character Size 1ts v. |

-5PI Clock Phase The data 15 sampled on a leading SCK edge and changed o

SER 4 e~ -SPI Clock Polarity 2K 13 low when 1dle

Peripheral Library
SPI

SFI‘;stmce -Enable SPI Master Hardware Slave Select m
DRV | - SPI Receiver Enable
wkap] Transfar Maode O e Soloctad®** Hardware Slave Select

SERCOM1

Peripheral Library Instance
SPI SPI | WDRV_WINC <80 Core Service
S ETEE T DRV _SPI DRV _SPI o SYS_TIME

Peripheral Library
SPI

Instance 2

Instances - ——+
SPI Instance 0
DRV_SPr DRV_SPr
sSPI

DRV_MEDIA
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* Lab18 Manage SPI SD card without File System

* Configure SERCOMO pads, PAO6(PAD2), PAO7(PAD3), PAO8(PADO).
e Configure GPIOs : PA0O9(Output, Latch High, Custom Name is optional), PBO3(Input).

E-50 Card (SPI)
- GPI Driver Instance Used 2
Fin Settings = [ Fin Table XI Fin Dhagram XI Frosect Graph# l ~Mumber of Clients =
Order: Ports w Table View Easy View 5D Card Speed (Hz) 3,000,000 3
~Transfer Queue Size | 4 =
;11_]:]]1]3.91- Pin ID Custom Name Function Mode - -CarFl Detection Method :USE Folling i
_ | , ~Polling Interval {ms) 1,000 =
11 PADS SERCOMOD_PADZ ~File system for SDSPI Driver Enabled
12 PADT SERCOMO_PADS L 1 Chip select Pin
13 PADB SERCOMO_PADOD o
' NORMAL
P e So-cD ez . = [ |normar ~
Fin Settings xw Fin Table x{ Fin Dhiagram 4 Froject Graph* I |IE|
Package: TQFP4S [0 11]12]13]14]15| 16|21 |22{23 |24 ] 25| 26 | 27 | 2ccckauuis i 45 | 46 | 47 | 48 7
| " SAMD21 :
Module Function I T | 1121341161718 GPIO Output 03124308
GPIO GPIo L SERCOMO PAD2
‘ SERCOMO_FADO ‘ SERCOMO PAD3
=
- - GPIO Input
SERCOMOFADI || 1 | [ | | ] | | | | | | |
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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 | Help |

Project Graph* | Increase'Number.,of Application
X CTRERE T = = Core -
_ : =+ Generate Harmaony Application Files
w—————
EV5YS %----Number of Applications ?ﬂ
Peripheral Library --ﬂpplicatiun 0 Configuration
NVMCTRL SPI “ Core ' --.ﬂ.pplicatiur‘l 1 Configuration

Periphersl Library Driver Harmany Core Service --ﬂpplicatiun 2 Configuration
MEMORY & Core Service o RTOS :

--f—‘-.pplin:atil:un 3 Configuration R m 1
SERCOM4 = Core Service © N , , ename flle (0
Instances + | #-Application 4 Configuration

. : — _ 1; ”
Peripheral Library Instance O EIC - application 5 Configuration ap p_d rV_Sdcard
SPI sPr Peripheral Library '

If_}--ﬁ.pplicatiun & Configuration
%----Enable Application & Configuration

SERCOM1 DRV_SPI

Peripheral Library Instance 1 . .
- - WDRV_WINC o8 & g----ﬂppllcatmn Marme {aDD_dW_SdC&Id

Lok peelication name must be valid C-Language i
SERCOMO DRV_SPr DRV_SPr

- Generate Harmony Driver Common Files
Sz aE Instance 2 In

sPI SPI
DRV_SPI * L
5

- Generate Harmony System Service Common Files
- Fenerate Harmony System Media Files
- Enahble System Interrupt

[
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* Lab18 Manage SPI SD card without File System

* Increase Heap Size to 1024 bytes in System to reserve more memory for string process.

Froject Graph* Configuration Options® T Help l

XICRERE4| = (| = &

= [ System

CTR ore Device Family Pack (DFP : . . . .

N:M b Harmony Core Service Y (DFP) El-Device 2 Project Configuration

Peripheral Library r ] : . . .
o RTOS . CMSIS Pack F-ATSAMDZ21G18A Device Configuration

MEMORY

E}--Pruject Configuration
--Generate Main Source File
--Generate System Source Files
Ié}"TI:ID| Chain Selections
%----Cumpiler HKCIZ W

Core Service ©

B4 Project Properties - Lab18_DRV_SDCARD_wo_FileSystem

Categories: Ontions for xe321d (42,50 X032 Global Options
______ phions for Koa-1a (v, Eo .
@ General | | | Sl INCrease Heap Size 10,1024
@ File Inelusion/Exclusion COrption categories: | (Jeneral ~ = General
- © Conf: [default] : 1 i 1,024 2
o g eap size (bytes) 1024 Heap Size (bytes) =
nap B Symbols & Macros

- @ Loading timum stack size (bytes

@ Libraries Allow overlapped sections []

@ Buildin . Remove nnused sections
= o XC32 (Global Options) [Tse response file to link []
----- Xodd-as

“Write Start Linear Address record || ]

..... [ :(CBE-- o . . -
..... o _g Additional driver options N PI’OJ eCt PI’O p el‘t Ies

----- @ Flace code in data init template (/A
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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
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* 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);

MIKORE
// WDRV_WINC_Tasks(sysObj.drviifiWinc); WE] 7 CLICK
/* Maintain Middleware & Other Libraries */ LT3 E-Sensor

oo, MR e b

/* Maintain the application's state machine. */ =
[ N

(XU

§ o oomm C

);.Call Application task APP_DRV_I2C1. */
APP_DRV_I2C1 Tasks();

3
]
3
S
5
=

“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

@ MICROCHIP



* Lab18 Manage SPI SD card without File System

* Compiler warning if in use of XC32 v4.0.

B4 MPLAB X IDE v6.00 - Lab18_DRV_SDCARD_wo_FileSystem : default
File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

- X
[Qr Search (Cul+l)

7 o By ) @ [defaut CE-FCE-PR-R RO CEY B 2 e @ P00 Houwdo I7
Projects * | Files | Services | Active == | = || Start Page [ Project Graph |l maine x| [ V(=)@ Configuration Options | Help =
E}?%ﬂb}lﬁ ?R\FflSDCARD_wo_FﬂeSystem Sourcs | History ‘ =] "ﬂ o 5 R Bx|{F> N D|¢, i@ m ‘ Ty &
Dﬁl‘” 9;1;51 e /********************************** S o o oK o o o K o o o K o o o KR o o R oK R R R R R A
mporiant Files .
% D Linker Files 2 Main Source File
=] . Source Files 3
] app_div_iZel.c -
E app_drv_12c2.c 4 Company :
5 :ﬁi‘jx—iﬁrjc 5 Microchip Technology Inc.
] app_drv_nsartl.c §)
; 3] app_drv_usartZ.c 7 File Name:
] app_drv_winc.c ! R "
config 3 main.c
7] main.c 9
#F Libraries -
1 (6 Loadables 10 Summary :
11 This file contains the "main" function for a project.
12
13 Description:
14 This file contains the "main" function for a project. The .
SDCARD -+ | Navigator | Available-- | &= < >
+ Scarch Results | Output = | Console | News =]
Harmeny B Configuration Loading Errer x  MPLAB® Code Configurator = LabI8 DRV SDCARD wo_FileSystem (Clean, Build, ...)
- Libraries | LURLALL 1 LTS I UL LA S VT U UL WAL STEULLTAT T TA L TU THAPL ULSSSUL TA LA S UL UA UL UL STULULLS SIUALATSTULIULLS T L TLUUTUUILIUL T L S L s
Peripherals "C:\Program Files\Microchip\xc32\v4.00\bin\xc32-gec.exe" -g -x ¢ -c -mprocessor=ATSAMD21G18A -ffunction-sections -fdata-sections -O1 -fno-common -1"../src" -1".. /s
#- Third Party Libraries "C:\Program Files\Microchip\xc32\v4.00\bin\xc32-gcc.exe" -mprocessor=ATSAMD21G18A -mno-device-startup-code -o dist/default/production/Lab18_DRV_SDCARD_wo,
Tools "C:\Program Files\Microchip\xc32\v4.00\bin"\ \xc32-binZhex dist/default/production/Lab18_DRV_SDCARD_wo_FileSystem.X.production.elf
Wireless ma.ke[ ]: Leaving dJ.rectory 'C: /Exermses SAM2002/SAM2002v1.00_Labs, APPO45V4/Lab18 DRV_SDCARD_wo FJ.leSystem APPO45V4/ﬁ.rmwa.re/Lab18 DRV_SDCARD_wo_| FJl
- BT ESyste —
c: \progrm ﬁles\mlcrochlp\chQ\v4 OO\bm\bm\ A \hb\gcc\chSQc\S 3. IRV R \bm\bm/plcSQc ld.exe: c: /progrm ﬁles/mlcrochlp/xeSQ[V-’l OO/bm/bm/ / /hb/gcc/
/data01/build /bamboo /xml-data/build-dir/M32DEV-BGT38-J0B1/src/xc32-musl-stdlib/musl /musl-1.1.18 /sre/unistd /mchp/readv.c: 14: warning: read is not implementec
Info: Loading file: ./..\src\config\default \ATSAMD21G18A.1d
BUILD SUCCESSFUL (total time: 4s)
Loading code from C:/Exercises_SAM2002/SAM2002v1.00_Labs_APP045v4/Labl18_DRV_SDCARD_wo_FileSystem APP045v4 /firmware /Lab18_DRV_SDCARD_wo_FileSystem
Program loaded with pack,SAMD21_DFP,3.5.132,Microchip
Loading completed
v
< 202253798
@ 2m= g
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* Lab18 Manage SPI SD card without File System

* Please ignore this warning before new release of Harmony framework
https://www.microchip.com/forums/m1196152.aspx

* If you want to patch this warning before our next release, please add below code
slices in XC32_monitor.c

Pro_jcc[s = | Files Services
(- Linker Files
-8 Source Files

E

----- & app_drv_iZel.c
----- & app_drv_i2c2.c
""" & app_drv_sdeard.c
""" & app_drv_spil.c
""" ] app_drv_nsartl.c
""" & app_drv_usart®.c
""" & app_drv_winc.c
E—]E config

=) defanlt

-5 driver

""" ) exceptions.c
""" 3] initialization.c
""" ] interrpts.c
""" B libe_syacalls.c

-5 peripheral
----- B startup_xc32.c

Active ==+

#ifdef _arm_

/* Declaration of these functions are missing in stdio.h for ARM parts*/
int _mon_getc(int canblock);

void _mon_putc(char c);

#endif //_arm__

int read( int handle, void *buffer, unsigned int len )

// stub implementation to prevent warning in XC32 v4.00

return 0;
}
int _mon_getc(int canblock)
(void)canblock;
return 0;

}

void _mon_putc(char c)

(void)c;
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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

@ MICROCHIP



* Lab18 Manage SPI SD card without File System

* Discuss

* Remove SD Card firstly and press Reset button on the EVB then put SD Card in.
Why cannot to detect SD Card successfully even we to use Polling Method for SD Card Detect ?

» The SERCOMA4-SPI to share with OLED and we to use 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. £ = aisierororeraros =

void APP_DRV_SPI1 Tasks ( void )

switch ( app_drv_spilData.state )

I3
1
0
[

niv

case APP_DRV_SPI1_STATE_SPLASH WAIT COMPLETE: :
if( SYS_TIME DelayIsComplete(SplashTimerHandle) == true )

LCM_Clear();

[

[
i )

SYS_TIME_DelayMS(200, &SplashTimerHandle); ( =
app_drv_spilData.state = APP_DRV_SPI1 STATE_ UPDATE;

INIT

break;

SPLASH

case APP_DRV_SPI1_STATE_UPDATE:

if( gYS_EIME_DelayIsComplete(SplashTimerHandle) == false ) SPLASH WAIT COMPLETE ERROR
reak; _WAIT_

SYS_TIME_DelayMS (200, &SplashTimerHandle); m —

sprintf( OutString, "LCM: Hello World" ); . ;
- app_drv_spil.c A8\ MicrocHip



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
X IRERE4|

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 & 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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* Lab19 Manage NVM Flash without File System

* Add MEMORY Driver and connect PLIB NVMCTRL to Driver.

Add MEMORY;Driver

(] Available Components = E O
.:ﬂ-

=+ Harmony
~ Drivers
- I12C EEPROM

#- SPI EEPROM

+- SPI FLASH

----- USB Full Speed Driver
+- System Services

+ Libraries

+ Peripherals

+ Third Party Libraries

e . |

(|

Froject Graph* l

X CRERE 4| =

EVSYS
Peripheral Library

Peripheral Library
TMR

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.

(7] Configuration Cpticns
Froject Graph* l = &
X TEERE4| | B MEMORY
~MNumber of Client =
Device Family Pack (DFF) umber of Ehents

EVSYS TIME
Peripheral Library System Saervice

~File system Enabled for Memory Driver

- Buffer Queues Size =
- Memory Device Used MNYWIMCTEL

=*FE Configure Memaory Device in NYMCTEL Configurations ***

' Core Service
SYS_TIME <

TC3
Peripheral Library

MEMORY

Driver

(] Configuration Options
= [+

E-MVMCTRL

o Core Service

NVMCTRL Instances =+

Peripheral Library Instance 0 - MVMCTRL Read Mode NO MISS PENALTY
-~ W ait States =
~Power Reduction Made During Sleep |WAREUP G ACCESS
~\Write Policy MANUAL "
- Enable Instruction Cache?
-~ Enable Interrupt? |:|
-~ MM Media Start Address 20000
- MM Media Size (KB) 12812
- MWl Erase Buffer Size N

- *EE 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 >
(0)%0]e[020[0]0]0]
[ bAOyIES ] bAby1ES H bAibytes [ bANbytes)
128KB
(] Configuration Cptions
- =
JACx 00020000
- =+ MWWMETRL
- NVMCTRL Read Mode NO MISE PENALTY -
- W ait States =
128K8 Program ~Power Reduction Mode During Sleep | WAKEUP ON ACCESS
4 memory ~\Write Policy MANUAL v
~Enable Instruction Cache?
~Enable Interrupt? |:|
» - MWM Media Start Address
 MNYM Media Size (KB)
- MWk Erase Buffer Size
Read operate N Byte —**+ Shoyld he equal to Row Erase Size ***

Write operate in'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”.

Configuration Options | Help |
Increase'Number.of Application
E-Core

I_‘iJ--Generate Harmaony &pplication Files

Froject Graph* l
X CRERE4| =

EVSYS TIME ' Core
Peripheral Library Systemn Service Harmony Core Service

o Core Service o RTOS
SYs_TIME = Core Service O
TMR

E}--ﬂpplicatiun Configuration

~Number of Applications Sﬂ

--ﬂpplicatiun 0 Configuration

TC3
Peripheral Library
TMR

--ﬁpplicatiun 1 Configuration

MEMORY

Driver

--ﬂpplicatiun 2 Configuration

--f—‘-.pplin:atil:un 3 Configuration
2 Core Service :

--ﬂpplicatiun 4 Configuration

NVMCTREL
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 MName 'app drv_memory

Lok annlication name must be valid C-Lang
. 13 7 | |
Rename flle 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

* Increase Heap Size to 1024 bytes in System to reserve more memory for string process,
if you have not configured this before.

Configuration Options® T Help l
Froject Graph* =l [+

X|@GEEE *|E| E|| E?"S:'g."StEITI

- - £ Device & Project Configuration
NVMCTRL Core Device Family Pack (DFP) :
Peripheral Library Harmony Core Service 3 .
System
& oo . system [ CMSIS Pack

--ﬂTSﬂ«MDElG 184 Device Configuration
E}--Pruject Configuration
Core Service © --Generate Main Source File

EVSYS --Generate System Source Files

MEMORY

Ié}"TI:ID| Chain Selections
%----Cumpiler K32 o~

B4 Project Properties - Lab18_DRV_SDCARD_wo_FileSystem

Categories: Ontions for xe321d (42,50 X032 Global Options
______ phions for Koa-1a (v, Eo .
@ General | | | Sl INCrease Heap Size 10,1024
@ File Inelusion/Exclusion COrption categories: | (Jeneral ~ = General
= 2 Conf: [default : 1 i 1,024 =
- [ ] eap size (byles) 1024 Heap Size (bytes) : =
fap E-Symbols & Macros
@ Loading nimum stack size (bites
@ Libraries Allow overlapped sections []

@ Buildin . Remove nnused sections
= o XC32 (Global Options) [Tse response file to link []
----- Xodd-as

“Write Start Linear Address record || ]

..... [ :(CBE-- o . . -
..... o _g Additional driver options N PI’OJ eCt PI’O p el‘t Ies

----- @ Flace code in data init template (/A
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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 warning if in use of XC32 v4.0.

B4 MPLAB X IDE v6.00 - Lab18_DRV_SDCARD_wo_FileSystem : default
File Edit MHC View Navigate Source Refactor Production Debug Team Tools Window Help

- X
[Qr Search (Cul+l)

7 o By ) @ [defaut CE-FCE-PR-R RO CEY B 2 e @ P00 Houwdo I7
Projects * | Files | Services | Active == | = || Start Page [ Project Graph |l maine x| [ V(=)@ Configuration Options | Help =
E}?%ﬂb}lﬁ ?R\FflSDCARD_wo_FﬂeSystem Sourcs | History ‘ =] "ﬂ o 5 R Bx|{F> N D|¢, i@ m ‘ Ty &
Dﬁl‘” 9;1;51 e /********************************** S o o oK o o o K o o o K o o o KR o o R oK R R R R R A
mporiant Files .
% D Linker Files 2 Main Source File
=] . Source Files 3
] app_div_iZel.c -
E app_drv_12c2.c 4 Company :
5 :ﬁi‘jx—iﬁrjc 5 Microchip Technology Inc.
] app_drv_nsartl.c §)
; 3] app_drv_usartZ.c 7 File Name:
] app_drv_winc.c ! R "
config 3 main.c
7] main.c 9
#F Libraries -
1 (6 Loadables 10 Summary :
11 This file contains the "main" function for a project.
12
13 Description:
14 This file contains the "main" function for a project. The .
SDCARD -+ | Navigator | Available-- | &= < >
+ Scarch Results | Output = | Console | News =]
Harmeny B Configuration Loading Errer x  MPLAB® Code Configurator = LabI8 DRV SDCARD wo_FileSystem (Clean, Build, ...)
- Libraries | LURLALL 1 LTS I UL LA S VT U UL WAL STEULLTAT T TA L TU THAPL ULSSSUL TA LA S UL UA UL UL STULULLS SIUALATSTULIULLS T L TLUUTUUILIUL T L S L s
Peripherals "C:\Program Files\Microchip\xc32\v4.00\bin\xc32-gec.exe" -g -x ¢ -c -mprocessor=ATSAMD21G18A -ffunction-sections -fdata-sections -O1 -fno-common -1"../src" -1".. /s
#- Third Party Libraries "C:\Program Files\Microchip\xc32\v4.00\bin\xc32-gcc.exe" -mprocessor=ATSAMD21G18A -mno-device-startup-code -o dist/default/production/Lab18_DRV_SDCARD_wo,
Tools "C:\Program Files\Microchip\xc32\v4.00\bin"\ \xc32-binZhex dist/default/production/Lab18_DRV_SDCARD_wo_FileSystem.X.production.elf
Wireless ma.ke[ ]: Leaving dJ.rectory 'C: /Exermses SAM2002/SAM2002v1.00_Labs, APPO45V4/Lab18 DRV_SDCARD_wo FJ.leSystem APPO45V4/ﬁ.rmwa.re/Lab18 DRV_SDCARD_wo_| FJl
- BT ESyste —
c: \progrm ﬁles\mlcrochlp\chQ\v4 OO\bm\bm\ A \hb\gcc\chSQc\S 3. IRV R \bm\bm/plcSQc ld.exe: c: /progrm ﬁles/mlcrochlp/xeSQ[V-’l OO/bm/bm/ / /hb/gcc/
/data01/build /bamboo /xml-data/build-dir/M32DEV-BGT38-J0B1/src/xc32-musl-stdlib/musl /musl-1.1.18 /sre/unistd /mchp/readv.c: 14: warning: read is not implementec
Info: Loading file: ./..\src\config\default \ATSAMD21G18A.1d
BUILD SUCCESSFUL (total time: 4s)
Loading code from C:/Exercises_SAM2002/SAM2002v1.00_Labs_APP045v4/Labl18_DRV_SDCARD_wo_FileSystem APP045v4 /firmware /Lab18_DRV_SDCARD_wo_FileSystem
Program loaded with pack,SAMD21_DFP,3.5.132,Microchip
Loading completed
v
< 202253798
@ 2m= g
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* Lab19 Manage NVM Flash without File System

* Please ignore this warning before new release of Harmony framework
https://www.microchip.com/forums/m1196152.aspx

* If you want to patch this warning before our next release, please add below code
slices in XC32_monitor.c

Projects = | Files Services Active ==+

(- Linker Files
-8 Source Files
----- & app_drv_iZel.c

----- & app_drv_i2c2.c

""" & app_drv_sdeard.c

""" & app_drv_spil.c

""" ] app_drv_nsartl.c

""" & app_drv_usart®.c

""" & app_drv_winc.c
E—]E config

=) defanlt

Eﬂ--ﬁ driver

""" ) exceptions.c
""" 3] initialization.c
""" B interrupts.c

""" & libe_swscalls.c
Eﬂ--ﬁ peripheral

""" B startup_xc32.c
—+laE stdio

Il

wedd_monitor.c

#ifdef _arm_

/* Declaration of these functions are missing in stdio.h for ARM parts*/
int _mon_getc(int canblock);

void _mon_putc(char c);
#endif //__arm__

int read( int handle, void *buffer, unsigned int len )

// stub implementation to prevent warning in XC32 v4.00

return 0;
}
int _mon_getc(int canblock)
(void)canblock;
return 0;

}

void _mon_putc(char c)

(void)c;
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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

* 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: [defanlt]

Snap
Loading

Libraries

Building

HC32 (Global Cptions)

R =T = T )

B3 Project Properties - Lab19_DRV_MEMORY_NVMFlash

Cptions for Snap

Option categories: | Memories to Program

e

Feset

Auto select memories and ranges

banually select memories and ranges

Confignration Memory
D
Frogram Memory
Program Memory Range(s)ithex) 0-3ffff
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* Lab19 Manage NVM Flash without File System

* Read whole SAMD21 NVM Flash memory by click| 5

e |

Output - Snap-Lab19 DRV_MEMORY_NVMFlash =
The following memory area(s) will be read:
program memory: start address = 0x0, end address = Ox3fiff
configuration memory
User Id Memory

I EY R
 Read Device Memory (Project Lab19_DRV_MEMORY_NVMFlash)
Discrete Multi-Partition Read Operation

Read Device Memory to File...

Read EE/Flash Data Memory to File..

Read complete

* Open “Execution Memory” interface in “Target Memory Views”.
* Choose Format to “Data” for show raw content of NVM Flash.

= Execution Memory =
Tools| Window| Help —
Address 00 02 04 06 08 OA OC OE ASCII
%ﬂ MPLAB® Code Configurator v3 7§ (78 HowdoI7 &7 | IFLASH Memory
Kit Window 0000_0000 [TFFO [2000 (0701 [0001 [DCSF (0000 E3AF [0000 [-O. -eev _.venn-.
- Ctrl+1 "% [Do0o_0010 (0000 (0000 (0000 (0000 (0000 (0000 [0000 [0000 [+vsvesns 2neeses
Y . § |0000_0020 [0000 0000 (0000 [0000 (0000 (0000 [D757 [0000 [+eevesns -..- W. ..
Target Memory Views 3 Execution Memory — |0000_0030 [0000 [0000 [0000 (0000 [D757 (0000 D757 (0000 |- ... ... W...W. .
Simulator o ke Data Memory Memory Execution Mem... ~ Format Data v

Code
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* Lab19 Manage NVM Flash without File System

o Click | ¥

and enter Hex Address 0x0002_0000 to find the content we wrote to NVM Flash.

Lddress
0001 FFEO

oo
FFFF

og 0n ac

0E

FEFE

FFFF |FFFF

FEFE

Bl GoTo

7o To What:

Memory Eegion

s

Enter Hex Address

00002 _0000) |

Qo001 FFFO

ooo2 oolo

FFFF

Firke

FFFF [FFFF

FrkE

Fa3

2074

3h4D (3520 0000

aooo

oooo

oooo

Qooo |0o0o

oooo

0002 0020

oooo

oooo

Qooon |0o0o

oooo

o002 0030

Qooo

aooo

Qooo (oo

aooo

0002 0040

aaoo

aooo

Qooo (Qooo

aooo

0002 0030

oooo

oooo

Qoo0 |0o0o

oooo

0002 _00s0

oooo

o002 0070

Qooo

oo

0002 0080

aaoo

o0g

0002 0080

oooo

V_VgJo Wrote s

0002 _00AD

oooo

aooo

he:256;Bytes:

e |

oooo

oooo

aooo

oooo Maa loooo

aooo

oooo

aooo

oooo

0002 _ooBO

Qooo

aooo

aooo

aooo

aooo

0002 _0ocCo

aaoo

aaoo

aooo

aooo

aooo

0002 _00Do

oooo

aooo

oooo

aooo

oooo

0002 _00ED

oooo

aooo

oooo

aooo

oooo

0002 _00Fo

Qooo

aooo

aooo

aooo

aooo

0002 0100

FFFF

FFFF

FFFF

FFFF [FEFFF |FEFF

FFFF
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Microchip Trademarks

Overview

Microchip Technology Incorporated’s products are marketed and sold under one or more of the following trademarks belonging to Microchip or one of Microchip’s subsidiaries.
Questions regarding use of these trademarks should be addressed to the Microchip’s Legal Department via email: legal.department@microchip.com.

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

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

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

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

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

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

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

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

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