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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);

}

Application needs to

be modified for, different

hardware instance

Application

Client

UART-2
Hardware

UARIT-1
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_0,
USART1_DMA_EventHandler, 0);

DMAC_ChannelTransfer(CH_O, pTxBuffer,
USART1_TRANSMIT_ADDRESS, TX_BYTES);

Application
Client

UART-1
Hardware

Application
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
Client-1

SPI-1
Hardware

-
)

Sensor

CPHA = FALLING

COPL =HIGH
SPEED = 1 MHz

~ Application
Client-2

CPHA = RISING

COPL = HIGH
SPEED = 5 MHz
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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,
while(SPI1_IsBusy() == true);

SENSOR_CS_Set();

8);

Application
Client

Sy i
5 /’ 4

SPI-1
PLIB

SPI-2
Hardware

SPI-1
Hardware

S

.
“~

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 f Thread-2

P

SPI-1
Hardware

LIBs are notylhread 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/API 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
Single Instance

Application ~ Application

12€ Diriver
r

Single Client
Multi Instance

Application

12C€ Driver

Instance-1

EEPROM

Multi Client
Multi Instance

Application " Application

12€ Diriver

Instance-0 Instance-1
g | ¥ |

—

EEPROM
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How to use Driver in Harmony?

Harmony Drivers Introduction
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

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

Add & Configure Using MHC

Project Graph = l

x ||3 | §:aN ¥ *|IEI |Plugins:

Core
Harmony Core Service
2 RTOS

Core Service

NVMCTRL
Paripheral Library
MEMORY

EVSYS
Peripheral Library

SERCOMO
Paripheral Library
I2c

SERCOM1
Peripheral Library
I2c

Device Family Pack (DFF)
CMSIS Pack

St

EEPROM
Task

Sensor-A
Task

Sensor-B
Task

£

Client-0
Object

Client-1
Object

Configuration Options® IHE]D l

=] [+

Configuration Options® [ Help l

=l [+

EHI20C
-~ PLIB Used SERCOMO
%----Number aof clients Z =
- Transfar Dueue Size 2t |

E-12C
~PLIB Used

%----Number of clients

SERCOM

“-Transfer Queue Size

j2¢ r]var

Instance-0 Instance-1

SERCOM-1
PLIB

Sensor-A EEPROM

Sensor-B
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

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

Initialize Driver

void SYS_Initialize ( void )

{

SERCOMO_I2C_Initialize();
SERCOM1_I2C_Initialize();

sysObj.drvI2CO = DRV_I2C_Initialize(
DRV_I2C_INDEX_O,
(SYS_MODULE_INIT *)&drvI2COInitData

)s

sysObj.drvI2C1 = DRV_I2C_Initialize(
DRV_I2C_INDEX_ 1,
(SYS_MODULE_INIT *)&drvI2ClInitData

)5

Initializes 12C Driver,Instance and

associates it with SERCOM PLIB

int main( void )

{

SYS_Initialize();

Client-0
Object

Client-1
Object

12C Diriver

bRl Instance-0

Sensor-A

Client-0
Object

Instance-1 iy

EEPROM

SERCOM-1
PLIB

Sensor-B
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

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

Open Driver and get Client Handle

void sensorA_Task( void )

{
= DRV_I2C Open (
DRV_I2C_INDEX_O, [ Instance-0|
DRV_IO_INTENT_READWRITE
)
}

void eeprom_Task( void )

{
= DRV I2C Open (
DRV_I2C_INDEX_ O, [ Instance-0_
DRV_IO_INTENT READWRITE
)
}
void sensorB_Task( void )
{ i
= DRV_I2C_Open (
DRV_I2C_INDEX_ 1,

DRV_IO_INTENT_READ
);

EEPROM
Task

Instance-0

—

Instance-1

C__J

a—

SERCOM-0
PLIB

Sensor-A EEPROM

SERCOM-1
PLIB

Sensor-B
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

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

Register and Define Transfer Callback

void By WAEARGEREIEL(...)

{ <
sensorA_ReqCompleted = true; S:E”fif{{A >

}

void IS MG ENEIE(...)

{ EE;;OM
eeprom_ReqCompleted = true; Lvent Iy

}

void sensorA_Task( void )

{

DRV_I2C_TransferEventHandlerSet (
sensorA_ClientHandle[gss
sensorA_EventHandler - E R

}
void eeprom_Task( void )
{

DRV_I2C_TransferEventHandlerSet (
eeprom_ClientHandlec[t
eeprom_EventHand1er -l i um—

}

P -
Sensor-A EEPROM

Event Event
Handler Handler

Sensor-A EEPROM
Task Task
Ll -

| | 1
Client-0 Client-1 Client-0
Flll Object Object Object
| 12C Diriver ‘

Instance-0

Sensor-B
Task

Instance-1

]

—

SERCON-1
RLIB

SERCOM-0
PLIB

EEPROM

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

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

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

Transfer Request with Queue

———

A ~
Sensor-A EEPROM

Event Event

DRV_I2C_WriteReadTransferAdd ( i Handler S

sensorA_ClientHandle 4 i EEPROM

SENSOR_A_SLAVE_ADDR, Task
txBuffer, nBytes, ® '
rxBuffer, nBytes,

JdsensorA_TransferHandlejj

)5

DRV_I2C_WriteTransferAdd (

EEPROM_SLAVE_ADDR, ® E§§§§
txBuffer,
nBytes,

Jeeprom_TransferHandlej

)s SERCOM-0 SERCOM-1
PLIB PLIB

DRV_I2C_ReadTransferAdd (
sensorB_ClientHandle s
SENSOR_B_SLAVE_ADDR, Sensor-A EEPROM Sensor-B
rxBuffer, ®
nBytes,

dsensorB_TransferHandl e

)5
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

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

Transfer Status Polling operation

{ EERPROVY
EVent:
Handle

£
FSENSOIEAY

void sensorB_Task( void )

{ prd § SENSOIEA EERPROM Sensor-B
S ELENEE = DRV_I2C_Open ( ask ask Task
DRV_I2C_INDEX_ 1, T

DRV_IO INTENT_READ

)5

DRV_I2C_ReadTransferAdd (

sensorB_ClientHandleg4

SENSOR_B_SLAVE_ADDR,

rxBuffer,
nBytes, —

Client-0 Client-1
J&l Object Object
| 12C€ Drjve

Instance-0

Client-0
Object

Instance-1

IIIIIIIIIHIIIIIIIIIIIIIII
AEEEEEEERESR

Transfer

] Status
: Polling
while( 1 ) { SERCOY-0 SE%E%M&

if( DRV_I2C_TransferStatusGet

(@sensorB_TransferHandl i)

== DRV_I2C_TRANSFER_EVENT_COMPLETE )

{ SENSO-A == pN0)Y Sensor-B
// Do something after read Sensor-B @
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How to use Driver in Harmony?

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

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

Transfer Status Callback operation
VST lsensorA_EventHandler{@h)

{ <
Sensor-A
}

- —- =

Sensor-A EEPROM
Event Event
Handler Handler

Sensor-A EEPROM
Task Task

Client-0 Client-1 Client-0
Fll Object Object Object
| 12C Diriver ‘

Instance-0 Instance-1

]

—

Sensor-B
Task

sensorA_ReqCompleted = true; Event

Handler

void eeprom_EventHandler(..)

{
}

eeprom_ReqCompleted = true;

void sensorA_Task ( void )

if( sensorA_ReqCompleted ) {
sensorA_ReqCompleted = false; @

} SERCOM-0
} PLIB

SERCON-1
RLIB

void eeprom_Task ( void )

{ . Sensor-A EEPROM
if( eeprom_ReqCompleted ) {

eeprom_ReqCompleted = false;

Sensor-B

}
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How to use Driver in Harmony?

Transfer Status Callback operation

void sensorA_EventHandler(..)

{
sensorA_ReqCompleted = true;
}
void IS TEENGEGEIET(...)
{ EE;;OM
eeprom_ReqCompleted = true; NI
}
void sensorA_Task ( void )
{
if( sensorA_ReqCompleted ) {
sensorA_ReqCompleted = false;
}
}
void eeprom_Task ( void )
{
if( eeprom_ReqCompleted ) {
eeprom_ReqCompleted = false; @
}
}

Sensor-A EEPROM
Event Event

Handler Handler
| —

EEPROM
Task

Client-1 Client-0
Object Object

12€ Diriver ‘

Sensor-B
Task

Sensor-A
Task

Client-0
Flll Object

Instance-0

Instance-1

]

—

SERCON-1
RLIB

EEPROM

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

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

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

Two Transfer Request to use one Callback

void transfer_Task( void )

{

2 EEISENEETTREGERNE = DRV_I2C_Open (

DRV_I2C_INDEX_O, [Instance-0
DRV_IO_INTENT_READWRITE

)5

DRV_I2C_TransferEventHandlerSet (

jgtransfer ClientHandlep
transfer_EventHandler BN-EBH

DRV_I2C_ReadTransferAdd (

pftransfer ClientHandlep

SENSOR_A_SLAVE_ADDR, rxBuffer, nBytes, g-

dsensorA_TransferHandlegm
)5

DRV_I2C_WriteTransferAdd (

b@transfer ClientHandlef

EEPROM_SLAVE_ADDR, thuffer, nBytes,
Jeeprom_TransferHandl e

o-

)5

Transfer

Event
Handler

Sensor-B
Task

Transfer
Task

Client-0
Object
I 12C Diriver ‘
Instance-1

]

—

SERCON-1
RLIB

SERCOM-0
PLIB

EEPROM

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

Two Transfer Request to use one Callback
LY cransfer_EventHandler] T

DRV_I2C_TRANSFER_EVENT event,
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

Handler

{
if(event == DRV_I2C_TRANSFER_EVENT_COMPLETE)
{ 2
if(transferHandle == SEIZNIEIEITRELTIE)
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
—

Sensor-B
Task

Transfer
Task
L4

T 1

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

Instance-0

Instance-1

]

—

SERCON-1
RLIB

SERCOM-0
PLIB

EEPROM

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

Two Transfer Request to use one Callback
LY cransfer_EventHandler] T

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

v

Transfer

Event

Handler
—

Sensor-B
Task

Transfer
Task

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

Instance-0

Instance-1

]

—

SERCON-1
RLIB

SERCOM-0
PLIB

EEPROM

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

* Add & Configure Using MHC

* Initialize Driver

* Open Driver and get Client Handle

* Register and Define Transfer Callback

* Transfer Request with Queue

* Transfer Status Polling operation

* Transfer Status Callback operation

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

Two Client to use one Callback

void sensorA_Task( void ) {

1 EEEIY WS ETTREN i = DRV_I2C_Open (
DRV_I2C_INDEX 0, [EorT)
DRV_IO_INTENT_READWRITE );

DRV_I2C_TransferEventHandlerSet (

f¥sensorA_ClientHandlel

transfer_Eventhandler[iCIBY
DRV_I2C_ReadTransferAdd (

kdsensorA_ClientHandle/gurpe

JsensorA_TransferHand1l el
}

Transfer
Event
Handler

Sensor-A EEPROM Sensor-B

Task

i ient- Client-0
Object Object Object
| 12C Diriver ‘

Instance-1

]

—

void eeprom_Task( void ) {

I BT IMEEENGENEIE = DRV_I2C Open (

DRV_I2C_INDEX_O,
DRV_IO_ INTENT_READWRITE );
DRV_I2C_TransferEventHandlerSet (

gaceprom_ClientHandle
transfer_EventHandler RN-EBK

DRV_I2C_WriteTransferAdd (

kdeeprom_ClientHandl e s
“eeprom_TransferHandle i.)3 ®

SERCON-1
RLIB

SERCOM-0
PLIB

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

Two Client to use one Callback
LY cransfer_EventHandler] T

DRV_I2C_TRANSFER_EVENT event, Handler
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

{
if(event == DRV_I2C_TRANSFER_EVENT_COMPLETE)

{ b
if(transferHandle == B WRIEIEEGEREI )

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

Sensor-A EEPROM

Task Task
w -
T |
Client-0 Client-1
Object Object

Instance-0

12C Dirlveir

Sensor-B
Task

Client-0
Object

Instance-1

]

—

SERCOM-0
PLIB

Sensor-A EEPROM

SERCON-1
RLIB

Sensorn-B
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How to use Driver in Harmony?

Two Client to use one Callback
LY cransfer_EventHandler] T

DRV_I2C_TRANSFER_EVENT event, Handler
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

{
if(event == DRV_I2C_TRANSFER_EVENT_COMPLETE)
{
if(transferHandle == sensorA_TransferHandle)
sensorA_ReqCompleted = true;
¥ ]
<
if(transferHandle == [T IIRIENR TS ENEIT )
eeprom_ReqCompleted = true;
}
}
void transfer_Task ( void )
{
if( sensorA_ReqCompleted ) {
sensorA_ReqCompleted = false;
}
if( eeprom_ReqCompleted ) {
eeprom_ReqCompleted = false; @
}
}

\

Transfer
Event
Handler

Sensor-A EEPROM
Task Task
> -

T 1|

Client-0 Client-1

Object Object
Instance-0

12C Dirlveir ‘

Sensor-B
Task

Client-0
Object

Instance-1

]

—

SERCOM-0
PLIB

Sensor-A EEPROM

SERCON-1
RLIB

Sensorn-B
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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

(CECHtransfer_EventHandler[QENNNED
{ Transfer EV e n t
et B Handler

¥ TransferDone = true; il
() TransferFinished = true;

/ Transfer
2 DRV_ReadTransferAdd( ... ); Task

% APP_InterruptNotSafe( ... );
}
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12C Driver APl and Usage Example

void sensorA_Task( void ) Polling method = void YIS INeIENENS(...) 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(.., T T Na I CIn I 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 PEP{TSI
* Driver finishes Operation and Notifies the Application

@ MICROCHIP



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

1o generate anfApplication File
for,Driver,State' Machine

Froject Graph XI

Configuration Options* [He]p ]

=l [+

x|a-@..*|*@*|l—-’lugins: w

Device Family Pack (DFP)
Per | Libr

b o QMSIS Pack
MVMCTEL

Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

DRV_USART 4r

E-Core
[i]--Generate Harmony Application Files
Ii:l--ﬂpplicatinn Configuration

%----Numher of Applications =

Ié}--ﬂa:uplicatiun 0 Configuration

- gpplication Marme  app_drv_usartl

- AREEE Arplication name must be valid C-Langu
- Generate Harmony Oriver Common Files

-~ @enerate Harmony System Service Cormmon Files

~Generate Harmony System Media Files |:|
~Enahble System Interrupt

Configuration Options* THe]p ]

=

EH LISART
~PLIB Used SERCOMD
~Mumber of Clients =
~Transfer Queue Size
~Ise DMA for Transmit 7
- Use DMA for Receive ?
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USART Driver Library

API functions of the USART Driver library.

e System Functions
DRV_USART _Initialize
DRV_USART _Status

* Core Client Functions
DRV_USART_Open
DRV_USART_Close

* 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 SERCOM5 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 to R} ===, pB22 SERCOMS PAD2
USB-CDC SAMD21

Bridge TX B | PB23 SERCOMS PAD3
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* Lab11 Single-Client UART Communication

* Create a new 32 bits MCC Harmony Project

B4 MPLAB X IDE v6.20 B4 MPLAB X IDE v6.20

File Edit View Navigate Source Refactor Prog File Edit View Navigate Source Refactor Prog

Pl New Project.. Ctrl+Shift+N P 5 @
] New File... >‘# Ctrl+N
- L] OR Projects
Open Project... Ctrl+Shift+0
Open Recent Project >
Import >

Not hint for,this'stepfanymore after,Labl

@ MICROCHIP



* Lab11 Single-Client UART Communication

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

4 New Project

Steps Choose Project

l. Choose Project
2.

EJ Library Froject

Description:

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

< Back Finish Cancel Help
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* Lab11 Single-Client UART Communication

* Family
* Device
* Tool

: 32-bit MCUs (PIC32C/SAM)

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

: Snap-SN:BURXXXXXXXXX

B4 New Project

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

-

< Back Add Another Project Finish

Cancel Help
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* Lab11 Single-Client UART Communication

Select latest XC32 Compiler.

* XC32

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

B4 New Project

Steps

Select Compiler

Choose Froject

select Device

select Header

=elect Flugin Board
Select Compiler

select Froject Name and
Folder

iptional) Add Frogect

-1 S bn Bl D =

Compiler Toolchatns

hbin Select latest XC32 compiler

< Back

Add Another Project |

. ‘ .'

Finish

Cancel

Help
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* Lab11 Single-Client UART Communication

* Project Name

* Project Location

* Project Folder

: Lab1l1l DRV_USART_SingleClient

: C:\Exercises\Lab11l DRV_USART_SingleClient

. C:\Exercises\Lab11l_DRV_USART_SingleClient\Lab11_DRV_USART_SingleClient.X

B4 New Project

Steps

Select Project Name and Folder

>

= R

Choose Froject

select Device

select Header

=elect Flugin Board
zelect Compiler

Select Project Name and
Folder

iptional) Add Frogect

MPLAB
X IDE
w

Project Name: Labl 5%¥5 TIME Delaw
Project Location: ChExercises\labl SYS TIME Delay ‘ Browse. ..

Project Folder: Y5 TIME Delavilabl SYS TIME Delay. X

Craerwirite existin STRTE

Alzo delete sources,

Set as main project

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

[ ] Use project location as the project folder

Encoding: [5C-8850-1 v

Project Name will be the Folder name

< Back

Add Another Project Mext = Cancel Help
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* Lab11 Single-Client UART Communication

New Download of MCC Harmony Framework

* Lunching the m in MCC Content Manager to download Required Content.
» Default required Modules : csp, harmony-services, CMSIS_5 and quick_docs.

Start Page = | MCC Content Manager = ‘ 4w

=

Content Download Required - -
Some of the required content is not available locally. Following content will be downloaded: It Wi " ta ke a bOUt 10 mins to down Ioad

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

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

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

Component Tl Version Update progress Description

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

* Harmony 3 - Chip Support Package
csp v3.19.6

* Harmony 3 - Harmony Services
harmony-services v1.5.0 Defa u It M od u Ies
N required for new projects
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* Lab11 Single-Client UART Communication

New Download of MCC Harmony Framework

* Lunching the

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

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

o () Mavigator Labl_SYS_TIME_Delay - Dashboard
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* Lab11 Single-Client UART Communication

New Download of MCC Harmony Framework

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

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

“ Harmony 3 - Wireless solutions

10
Select Export/Import Option | T, Load Manifest [ Select Latest Version(s) ~" Apply b X Cancel Y o {é}
" Device Content Type Show Local Content Only
wireless_wifi
Q - c v | ATSAMDZ21G184 X v | | HARMONY X v |

Component Tl Version Status Update progress Description License Agreement

MPLAEB Harmony licenss

4 b wi

() wireless_wifi
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* Lab11 Single-Client UART Communication

New Download of MCC Harmony Framework

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

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

Select Export/Import Option ‘

Component 1!

~ Harmony 3 - Wireless solutions . -
wireless_wifi

() wireless_wifi

net
usb

wolfMQTT

crypto

core

Category

Harmony 3 - Wireless
solutions

Harmony 3 - Metworking
Stack and Solutions

Harmony 3 - USB solutions

Harmaony 3 - WolfS5L
solutions

Harmony 3 - Cryptoegraphy
solutions

Harmony 3 - Core

Current
Version

Q  wirel “ Changed Content Summary (10 )

Selected
Version

v3.11.1

v3.12.3

v3.14.0

v1.11.1

v3.8.2

v3.13.5

LR g

X Cancel [ 9 ﬁ!}

Show Local Content Only

License Agreement

MPLAB Harmaony license
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* Lab11 Single-Client UART Communication

New Download of MCC Harmony Framework

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

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

Select Export/Import Option ‘

Q  wirel

Component 1!

~ Harmony 3 - Wireless solutions

() wireless_wifi

Component

wireless_wifi

net

usb

wolfMQTT

crypto

core

“ Changed Content Summary (10 )

1, Load Manifest

Category

[ Select Latest Version(s)

]

R

v

LR g

X Cancel [ 9 ﬁ!}

Show Local Content Only

It will take about 15 mins to download

Harmony 3 - Wireless
solutions

Harmony 3 - Metworking
Stack and Solutions

Harmony 3 - USB solutions

Harmaony 3 - WolfS5L
solutions

Harmony 3 - Cryptoegraphy
solutions

Harmony 3 - Core

version

Version

v3.11.1

v3.12.3

v3.14.0

v1.11.1

v3.8.2

v3.13.5

License Agreement

MPLAB Harmaony license
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* Lab11 Single-Client UART Communication

New Download of MCC Harmony Framework

 MCC Harmony Configurator Interface.

£3 MPLAB X IDE — O it
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help |Q~ Search (Ctel+1)
TS D@ e BT PR R RQT V2w poog Hwen
Projects I Files [ Services [ Resource Management [MCC] "I Bl || Kit Window X] Start Page XI Preject Graph XI [«721 (=18 | Configuration Options x El
Mec 330 b 4 |Ii [ §aR ¥ K ‘EI lP]ugms: +| View: [Reet ~|| 2
Project Resources ‘ Generate H Import... | Export | [7] || @ = System
R . Device & Project Configuration
¥ Libraries
NVMCTRL Cortex-M0+ Configuration
¥ Harmony Beriphars| Library Ports
MEMORY
P Packs Clack
¥ Peripherals nterrupts (MWIC)
DM (DMAC)
¥ EVSYS
- WDT
‘' EVSYS __Device Family Pack (DFP) Pac
¥ NVMCTRL ) _
O NVMCTRL | System |
¥ System
O system
Device Resources Content Manager
¥ Libraries
¥ Harmony
» Core
» Drivers
P Libraries
» Peripherals
» System Services
» Third Party Libraries Output | Search Results | Notifications [MCC] | News x| el
» Tools [o 1. [March 10, 2023] 10BASE-T1S package v1.2.0 and v1.2.1 Update ] ~
» O
use [o 2. [March 10, 2023] Met Applications for SAMA7GS package v3.0.0 and SAM9X75 package v3.0.0 are now available J
P Wireless
[o 3. [March 10, 2023] Net Package v3.9.1 Update ]
Labl_SYS TIME Delay - Dashboard | Navigator x| = [0 4. [March 10, 2023] Wireless Application for WINC1500 v3.7.0 Update J
<MNo View Available= ( v Q
- MicrocHIP



* Lab11 Single-Client UART Communication

* Harmony Configuration (Add TIME System Service)

aswedidinlapy

AddTIME System Service

Device Resources Content Manager

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

) DEBUG
) FILE SYSTEM
O TIME

» Third Party Libraries

P

B | Components auto-activation X

Confirmation o

Core (HarmonyCore)

Are you sure you want to activate these
components?

LY

Confirmation o

FreeRTOS (FreeRTQOS)

Are you sure you want to activate these
components?

| Yes H No ’
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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.

Proj-- | Files | Serv--- |

x]|;|

MCCv5.3.0

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

¥ Libraries
¥ Harmony
» Core
» Packs
» Peripherals

¥ System Services

¥ System
O System

B4 TIME

FProject Graph XI

X|EEEE f|*lil*|P1ugins:

EVSYS TIME
Peripheral Library Systern Service

TC3 > Core Sernvice
Peripheral Library SYS_TIME ©
TMR | TMR

NVMCTEL
Peripheral Library
MEMORY

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

 Add USART driver and attach PLIB SERCOM5 UART.

Froject Graph = l

Device Resources | Content Manager % | CREEE 4 | - |P1ugin5' >
¥ Libraries -
Device Family Pack (OF)

v Harmnpy EVSYS
¥ Drivers -naiphaal Library
B O 12C TC3
> 12C EEPROM Peripnes ;::"
) MEMORY
O spi
» SPI EEPROM
» SPIFLASH
» SQI Flash
B O USART |

NVMCTRL ErRT
Paripheral Library Diriver

MEMORY o Core Service

SERCOMS Instances -=—+

Peripheral Library Instance 0
UART ¢ UART

DRV_USART

¥ Libraries

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

* Configuration of USART driver and PLIB SERCOM5

Configuration Options (BARNASINVALL always select to
El & Non-blocking modc Il

=-SERCOMS
& Select SERCOM Operation Mode USART with internal Clock -

- Dperating Mode | on-blocking mode -

Froject Graph XI

X|EEEEE f|*lil*|P1ugins: v

EVSYS ~Raceive Enable
Hamcgi cevice ~Transmit Enable
TC3 o RTOS - Frame Format USART frame v
Peripheral Library Core Service © -~ Baud Rate in Hz 115,200 2
TMR - Parity Mode Mo Farity =
~Character Size 8 Bits ~

MVMCTREL
Peripharal Library
MEMORY

SERCOMS
Peripheral Library
UART -

USART

Driver

- Stap Bit Mode Cme Stop Bit
4 Receive Pinout SERCOM PAD[S] 15 used for data reception -
4 Transmit Pinout FAD[Z] = TxD; PAD[3] = ¥CKE

~Enahle Run in Standby | |

Recelve Plnout : SERCOI\/I PAD[S]

o Core Service

Configuration Options X]
=l [+

= LUSART

~PLIB Used SERCCOMS
~MHumber of Clients =

~Transfer Queue Size =

Instmces -[=|—

Instance 0
UART
DRV_USART

Transmit Pinout. SERCOM PAD[2]

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

\ t @Mlcnocmp



* Lab11 Single-Client UART Communication

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

Froject Graph "‘l
X|EIE RE f|*lil*!13'lugins: _l

Event Svstem Confignrati
veat Sy, Configuia

LW IC Configuration
EVSYS
Peripheral Library

Clock Configuration
DA Configuration
Peripheral Library
TMR

PA20 as GPIO,output and custom name to LED1

PB22"as SERCOMS5IPAD2
PB23'as SERCOM5IPAD3

| Project Graph* Fin Diagram XI Fin Table =
Order: l Table Wiew Easy View

MNVMCTEL
Peripharal Library
MEMORY

SERCOMS
Peripheral Library

Fi1 . . o .
- P ID Custom Name Function Mode Direction Latch  Full Up Full Drrive
Eumber
T &EEH ng
[ED1 o ] Dl o o Low | NORMAL  +
ISEI-T'.CEME_PADE v] Digital | High Impedance ~| nfa [] [] | noRMAL
| sercoms_pAD3 || Digital | HighImpedance | nf [] [] |mnNorRmAL ~
-
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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 XI ‘

= |Plugins: v - -
X|@Gﬁﬁﬁf| i | £ Cﬂnﬁguralmn{]pucns’EI
Device Family Pack (DFP) || cMsIS Pack = &
EVSYS =+ Core
Peripheral Library : Harmony Core Service [i}--G:enerate Harmony Application Files
TC3 < RTOS E-application Configuration
Peripheral Library Core Sendce © %----Numher of Applications =

T™MR Iél--ﬂ«pplicatinn 0 Configuration

MVMCTRL USART %‘""ET‘IEIE”E Application 0 Configuration

Periphersl Library Driver - application Mame |app_drv_usart1

MEMORY o Core Service e Spplication name must be valid C-Language |

SERCOMS Instances = —F ~Generate Harmony Driver Commaon Files
Peripheral Library Instance 0 ~Generate Harmony System Service Common Files
UART UART - GEenerate Harmony System Media Files
DRV_USART -Enable System Interrupt
-Enable System Ports
-~ Enable Systern DM
~Enahle System Reset

to “app_drv_usart1” Enable 0saL

Rename the default file name

RIOOORID
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* Lab11 Single-Client UART Communication

 Harmony Configuration (Generate Code)

E4 MPLAB X IDE v6.20 - Lab11l _DRV_USART_SingleClient:default w Loading.. O %

File Edit View Navigate Source Refactor Production Debug Tea .

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

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

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

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

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

v lﬁarﬁu)ny 14:11:59.279 INFO: ..\srchpacks\ATSAMD21G18A_DFP\samd21gl8a.h Success. Mew file.
14:11:58.279 INFO: ...\packs\CMSIS\CMSIS\Core'\Includehcachell armv7.h Success. MNew file.

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

» Packs 14:11:58.279 INFO: ...s\CMSISACMSISACore\Include\cmsis_armclang_ltm.h Success. MNew file.
. 14:11:59.279 INFO: ...packs\CMSIS\CMSIS\CoreZIncludehcmsis_compiler.h Success. Mew file.

» PEF“)thﬂLS 14:11:59.288 INFO: ..\srchypacks\CMSIS\CMSIS\Core\Include\cmsis pgec.h  Success. New file.
. 14:11:59.280 INFO: ...c\packs\CHMSIS\CMSIS\Core\Includelcmsis_iccarm.h Success. MNew file.

¥ System Services 14:11:59.286 INFO: ...\packs\CMSIS\CMSIS\Core\Include\cmsis version.h Success. MNew file.
— 14:11:59.288 INFO: ...ch\packs\CMSISA\CMSIS\Core\Includehcore_cmBplus.h Success. New file.

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

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

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

14:11:59.473 INFO:
e —

14:11:59.473 INFO: Generation complete.

14:11:59.572 INFO: {Harmony}<Harmony Database> -> preGenerateEvent
14:11:58.572 INFO: {Harmony}<Harmony Database» -»> interfaceValidationEvent
14:11:59.572 INFO: {Harmonyl}<Harmony Database» -»> processDataModel
14:11:58.572 INFO: {Harmony}<Harmony Database> -> postFinalProcessing
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* 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 pag

e.

Projects =

Configuration Options =

EJI

=+ Labll_DRV_USART SingleClient

Header Files

=Sl drv usartlh

@
©
- i
EJI

T config
[ packs

Important Files
Linker Files
~onrce Files

=
o

. -:t:-nf1g
'E"I VEVINS

Libraries
Loadables

(=] [+

E-Caore

[i}--Generate Harmony Application Files

Iél--ﬂpplicatiun Configuration
%----Numher of Applications
Ii:l--ﬂ«pplicaticln 0 Configuration

%----ﬂpplicatiun Mame
- Generate Harmony Driver Commmon Files

- GFenerate Harmony System Media Files

-Enable System Interrupt

-Enable System Ports
-~ Enable Systern DM
~Enahle System Reset
~Enable OSAL

1 .

b

%----Enahle Application 0 Configuration

app_drv_nsartl

e Spplication name must be valid C-Language |

- @enerate Harmony System Service Cormrmon Files

RIOOORID
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* Lab11 Single-Client UART Communication

* Configure your new project

mainQ--- | Availa--- | B ;
’g Labll DRV_USART SingleC D.&uql?ql*e‘cqnfl rr‘n‘th'e
B DT - Device :'ATSAMD21G18A
1§ Progect Type: Application -
E E"@ Deuice B3 Project Properties - Lab11_DRV_USART_SingleClient X
E @ ATSAMDZ1GIEA Cf‘wg"'iés’ 1 Con;ia;lirla;i.on i Select correct
@ % Checksum: Blank, ; | e bosBxcin P 5
= ' CRC32: Hex file ny i @ Si;]1ulawr Connected Hardware Tool: Supported Debug Header:
e Iﬂfﬁf;ﬁi ‘Snap-SN:BURIG3076017 v []Stow Al [None _ Debu gger
é Q gggg’:ﬁélobal Options) Packs: -
2 xc32-as O goAMD2LL ~
D S DFP.3.6.144
2 ¥e32-g++ ﬁ -
;e CMSIS 6.1.0

@ Code Coverage

Compiler Toolchain:

=-XC32
B8 (C32 (v4.35) [C:\Program Files\Microchipixe324v4,35%1a]
-ARM

The device on the kit does not maich the device selected

Manage Configurations...

' Cancel Apply Unlock Help
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* Lab11 Single-Client UART Communication

* Harmony will create a template APP state machine as below.

main() - main.c
L SYS_Initialize() - Initialize.c
> APP_DRV_USART1 Initialize() - app_drv_usartl.c

Initialize state iapp prv_usarT1 Initialize()

main() - main.c
b SYS_Task() - tasks.c
> 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 )
{

app_drv_usartlData.state =

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 =
break;
case APP_DRV_USART1_STATE_SERVICE_T
break;
default:
break;
}
}

APP_DRV_USART1_STATE_INIT;

app_drv_usartl.c |

Initialize state . APP_DRV_USARTI_lnitialize()

r----------------

APP_DRV_USART1_Tasks()]

APP_DRV_USART1_STATE_SERVICE_TASKS;

ASKS:

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_usartl.h”

#ifndef APP_DRV_USART1_H
#define _APP_DRV_USART1_H

#include <stdint.h>
#tinclude <stdbool.h>
#tinclude <stddef.h>
#tinclude <stdlib.h>
#include "configuration.h"
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;

void APP_DRV_USART1 Initialize ( void );
void APP_DRV_USART1 Tasks( void );

#tendif

(app_drv_usarti.h]

For,read in'clear
all comments and C++

compatible.code segment
has been 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 ( main.c J

#include <stdbool.h> // Defines true

#include <stdlib.h> // Defines EXIT_FAILURE

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

SYS_TIME_HANDLE tmrHandle; r -InEa?ze-st:te- ) APp_DRV_USART1_Initialize()

int main( void ) mEm——————
SYS_Initialize(NULL); (APP_DRV_USART1_Initialize() | APP_DRV_USART1. Tasks(

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.

l\ _____ i _____ ’l
S 2 APP_DRV_USARTL Tasks('
I )| I
O T :
l ! ] i
|
i —»[ READ J N i
| |
|
i [ READ_WAIT COMPLETE :
i ! ! i
L WRITE ERROR ]
|
i | Ve :
i —[WRITE WAIT _COMPLETE [ IDLE :
‘\ ____________________________________________________ 'I’

@ MICROCHIP



* Lab11 Single-Client UART Communication

* Add more states in “app_drv_usartl.h”.

#ifndef APP_DRV_USART1_H
#define _APP_DRV_USART1_H

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

typedef enum

APP_DRV_USART1_STATE_INIT=0,

[Comment out this line V&4
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 );

[app_drv_usarti.h ]l

You could remove the

SERVICEKRTASKS'State

not use it anymore:

| INIT

y

[ READ_WAIT_COMPLETE

y

WRITE

ERROR

WRITE_WAIT_COMPLETE

( IDLE

@ MICROCHIP



* Lab11 Single-Client UART Communication

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

{

void APP_DRV_USART1 Tasks ( void ) app_dr‘v_usar‘tl.cl

switch ( app_drv_usartlData.state . e
guitch ( app_drv_ ) Overwrite original example code
case APP_DRV_USART1_STATE_ INIT

gpp ﬂrv usartlData.state = APP_DRV_USART1_STATE_READ;

rea

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_ dr‘v usartilData.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: ( INIT —
app_drv_usartlData.state = APP_DRV_USART1_STATE_IDLE; T
break;

case APP_DRV_USART1_STATE_IDLE: I“AQWA%ﬁ°M”“E

break; ( WRITE _]—-[ ERROR
} —
WRITE_WAIT_compLETE | IDLE

@ MICROCHIP



* Lab11 Single-Client UART Communication

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

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

// 3k 3k 3k 3k 5k 3k 3k 3k 3k 3k >k Sk 5k >k Sk 5k 3k 3k >k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k >k Sk >k sk Sk >k 3k 5k sk Sk 5k sk Sk >k sk ok 5k sk 5k >k Sk 5k 3k ok 5k 3k 5k >k Sk 5k >k Sk 5k >k ok 5k ko sk >k kok %k
3k 3k 3k 3k 5k 3k 3k 3k 3k 3k >k Sk 5k >k Sk 5k 3k 3k >k sk 5k >k 3k 5k >k Sk 5k 3k 5k >k 3k 5k >k Sk 5k >k Sk >k sk Sk >k 3k 5k sk Sk 5k sk Sk >k sk ok 5k sk 5k >k Sk 5k 3k ok 5k 3k 5k >k Sk 5k >k Sk 5k >k ok 5k ko sk >k kok %k

Section: Global Data Definitions
kkkkkskkskskskskskskkskkskkskkskkskkskskskskskskkskskskkskskskskskskskskskskskskskskkskskskskskskkskkskkskkskkskkskskskskskskkskkxk

[ RRFE R K oo K ok ok ook ok o ok sk oK o Kok ok K sk ok o K sk ok o K Sk ok K K R oK sk o R sk Sk R sk ok o K sk ok K sk ok o K sk K sk sk sk o K ok ok ok
DRV_HANDLE UartlHandle;

DRV_USART_BUFFER_HANDLE UartlWriteTransferHandle;
DRV_USART _BUFFER_HANDLE UartlReadTransferHandle; You could put the
volatile int UartlWriteComplete = false; - -
volatile int UartlReadComplete = false; g|0b3.| declaration’'in"comment
s Section: Global Data Definitions

NN
NN

char UartlWriteBuf[50];
char UartlReadBuf[10];

// 3k 3k 3k Sk 3k 3k 3k 3k 3k 3k 3k Skook 3k Sk ok 3k Sk 3k sk 5k 3k sk ok >k Sk 3k sk 5k >k sk ok >k Sk ok sk Sk 3k sk Sk sk sk sk sk Sk ok sk Sk >k sk sk sk sk ok sk Sk ok 3k Sk 3k sk ok >k sk >k Skook sk koK sksk sk skok %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 ) app_dmg}martl.cﬂ

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;

?1se
sprintf(UartlWriteBuf, "DRV_USART1l: Hello world\r\n");
DRV_USART_WriteBufferAdd(UartlHandle, UartlWriteBuf, strlen(UartlWriteBuf),
&UartlWriteTransferHandle);
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:

.. ( INIT —
case APP_DRV_USART1 STATE READ WAIT COMPLETE: 3

case APP_DRV_USART1 STATE WRITE:

[ READ_WAIT_COMPLETE
]
WRITE ERROR

case APP_DRV_USART1 STATE WRITE WAIT COMPLETE:

WRITE_WAIT_COMPLETE [ IDLE

case APP_DRV_USART1 STATE_ERROR:

@ MICROCHIP



* 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.

@ COM3 -TeraTerm VT — — O % Projact Graph x|

File Edit Setup Control Window Help

DRV_USART1: Hello world

EVSYS TIME
. Core
Peripheral Library System Service

Harmonmy Core Service

Z Core Service
TC3 o RTOS
Peripharal Library SLELS @ Core Service
TMR TMR

NVMCTEL USART

l p— Peripheral Library Drivar
MEMORY & Core Service

SERCOMS J Instances = —+—

READ_WAIT_COMPLETE
¥

WRITE

Peripharal Library Instance 0 —
UART UART

DRV_USART <|‘

WRITE_WAIT_COMPLETE
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* Lab11 Single-Client UART Communication

* Register and Implement Driver Transfer Status Callback Operation.

// Section: Application Callback Functions app_drv_usarti.c |
// 3k 3k 3k 3k 3k 3k sk ok sk 3k 5k Sk 3k Sk sk ok sk ok ok sk 3k Sk 3k 3k sk 3k 3k 3k 3k Sk >k 5k 3k 3k 3k 3k 3k Sk >k 3k sk ok Sk 3k ok Sk 3k 3k sk 3k Sk >k 5k 3k 3k 3k 3k 3k 3k >k 5k 3k >k 3k >k 5k sk >k ok sk ok k% — —

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

{
gt event ) Catch Events in;
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 )

Register,Callback
Function in INITgState

Wﬁile( DRV_USART BufferStatusGet(UartlWriteTransferHandle)!=
" DRV_USART BUFFER_EVENT_COMPLETE )

DRV_USART_BufferEventHandlerSet (UartlHandle, UartlTransferHandler, 0);

case APP_DRV_USART1_STATE_INIT:

else

app_drv_usartlData.state = APP_DRV_USART1 STATE READ; @ MICROCHIP




* Lab11 Single-Client UART Communication

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

void UartilTransferHandler( DRV_USART_BUFFER_EVENT event, app_drv_usartil.c |
DRV_USART_BUFFER_ HANDLE bufferHandle,

Manage Read Complete flag while
Readlransfer,Complete Events

switch( event )

case DRV_USART_BUFFER_EVENT_COMPLETE :
if(bufferHandle == UartlReadTransferHandle)

UartlReadComplete = true; INIT ———
break; ’ ' T
case DRV_USART_BUFFER_EVENT_HANDLE_EXPI RED:
j_' ‘ | READ_wAIT_compLETE
} 7
WRITE ERROR
void APP_DRV_USART1 Tasks ( void ) WRITE_WAIT_compLETE ' | IDLE

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
E)r‘eak;
case APP_DRV_USART1_STATE_READ WAIT COMPLETE:

APP_DRV_USART1_STATE_READ WAIT COMPLETE;

@ MICROCHIP



* Lab11 Single-Client UART Communication

* Implement state READ_WAIT_COMPLETE.

void UartlTransferHandler( DRV_USART_BUFFER_EVENT event, app_drv_usarti.c |
DRV_USART_BUFFER_HANDLE bufferHandle, ...
{

switch( event )

case DRV USART BUFFER EVENT COMPLETE:

if(bufferHandle == UartlReadTransferHandle)
UartlReadComplete = true;

( INIT ——
break; T
case DRV_USART_BUFFER_EVENT_HANDLE EXPIRED:
j_ °e [ READ_WAIT_COMPLETE
} v
WRITE ERROR
\{/Old APP_DRV_USARTl_TaSkS ( void ) WRITE_WAIT_COMPLETE [ IDLE

switch ( app_drv_usartlData.state )
case APP_DRV_USART1 STATE READ:

case APP_DRV_USART1_STATE_READ WAIT_COMPLETE: State non bIOCklng Whlle
if(UartlReadComplete == true)

waiting Read Complete

) app_drv_usartlData.state = APP_DRV_USART1_STATE_WRITE;
break;

UartlReadComplete = false;

case APP_DRV_USART1_STATE_WRITE:
app_drv_usartlData.state = APP_DRV_USART1 STATE WRITE_WAIT COMPLETE;

ﬁ\ MICROCHIP



* Lab11 Single-Client UART Communication

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

void UartilTransferHandler( ... ) app_drv_usartl.c |

switch( event )

{ o
case DRV_USART_BUFFER_EVENT_COMPLETE:
if(bufferHandle == UartlReadTransferHandle)
UartlReadComplete = true;
if(bufferHandle == UartlWriteTransferHandle)
UartlWriteComplete = true;

break;
}
void APP_DRV_USART1_Tasks ( void )

T

[ READ_WAIT_COMPLETE
v
WRITE ERROR

switch ( app_drv_usartlData.state )

WRITE_WAIT_COMPLETE [ IDLE

case APP_DRV_USART1_STATE_WRITE:
sprintf(UartlWriteBuf, "Receive : %s (DRV_USART1)\r\n", UartlReadBuf);
DRV_USART WriteBufferAdd(UartiHandle, 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
E)r‘eak;
case APP_DRV_USART1_STATE_WRITE_WAIT COMPLETE:

APP_DRV_USART1_STATE_WRITE_WAIT_COMPLETE;
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* Lab11 Single-Client UART Communication

* Implement state WRITE_WAIT_COMPLETE

void UartlTransferHandler( ... ) app_drv_usartl.c |

switch( event )

{ ce
case DRV_USART_BUFFER_EVENT_COMPLETE:
if(bufferHandle == UartlReadTransferHandle)
UartlReadComplete = true;
if(bufferHandle == UartlWriteTransferHandle)

UartlWriteComplete = true; ( INIT —-
break; T
} [ READ_WAIT_COMPLETE
void APP_DRV_USART1 Tasks ( void ) —= ——
{
switch ( app_drv_usartlData.state ) WRITE_WAIT_comPLETE V| IDLE

case APP_DRV_USART1 STATE WRITE:

case APP_DRV_USART1_STATE_WRITE_WAIT COMPLETE: State_non blocking while
if(UartlWriteComplete == true au -

( P ) waiting Write'.Complete
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.

@ COM3 -TeraTerm VT — — O X Project Graph x|

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

Device Family Pack (DFP) | CMSIS Pack

EVSYS TIME
i Core
Peripheral Library System Service

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

™R ™R

Core Service O

MNVMCTREL LISART
Peripharal Library
MEMORY

Driver

 Core Sernvice

SERCOMS J Instances = —+—

Peripheral Library Instance 0 —
UART UART

DRV_USART 1‘

@ MICROCHIP



* Lab11 Single-Client UART Communication

* Implement a C STDIO printf() like function to output Lab debug message.

app_drv_usartl.cu

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

DRV_HANDLE UartlHandle;
DRV_USART BUFFER HANDLE UartlWriteTransferHandle;
char UartlWriteBuf[50];

APP_DRV_USART1 _DATA app_drv_usartlData;
void USART1lprintf( const char *format, ... )

i t1 =0; . 1 F g g
T T e = T The polling method is'good for;implement in"easily

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

%f( len > © & len < sizeof(UartlWriteBuf) )

UartlWriteBuf[len] = '\0';
DRV_USART erteBufferAdd(UartlHandle, UartlWriteBuf, strlen(UartlWriteBuf),
&UartilWriteTransferHandle);
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()

void APP_DRV_USART1 Tasks ( void ) app_dmg}martl.cﬂ

switch ( app_drv_usartlData.state )

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

app_drv_usartiData.state = APP_DRV_USART1_STATE_ERROR;

?lse
USART1printf("DRV_USART1: Hello world\r\n");
// sprintf(UartlWriteBuf, "DRV_USART1l: Hello world\r\n");
// DRV_USART_WriteBufferAdd(UartlHandle, UartlWriteBuf, strlen(UartlWriteBuf),

// &UartlWriteTransferHandle);
// while( DRV_USART_BufferStatusGet(UartlWriteTransferHandle)!=
// DRV_USART BUFFER_EVENT_COMPLETE ) {}

DRV_USART_ BufferEventHandlerSet(UartlHandle, UartlTransferHandler, 0);
app_drv_usartlData.state = APP_DRV_USART1_STATE_READ;

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

void APP_DRV_USART1 Initialize ( void ); [amxﬁrmeartﬂﬂn
void APP_DRV_USART1 Tasks( void ); o

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



* Lab11 Single-Client UART Communication

Discuss 1

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

Project Graph XI |

Eﬁﬁ@ﬁf“ﬁl“’lugins- iy
Project Graph | | DeVMyEamily Pack (DFP) || GMSIS Pack |

X|EEEEE’|‘@’|P1ugiHS:

TC3
Peripheral Library
TMR

Peripheral Library
UART

= NVMCTREL

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 |t to opposute console “Receive : X (DRV_ USARTl)” ; i

=i ol Tg| NC

= mikreBUS
[‘"gl_ E“ f»z; :
Sedi ﬂ W. USB UART elick CDC usB S:BR-IC-I::)C(): RX PB22 sercoms pPAD2
dp—— -

MikroBUS Bridge TX PB23 sercoms paD3
o o S . SAMD21
— RST INT —= x
j ':5_ RX i: ii:éf% CDC USB USB UART RX SERCOM2 PAD2 UART to I
z SCK TX B = lick USB_dCDC i
5 SCL 3 Clic TX SERCOM2 PAD3 ridge
o sox [
@D e [=—aN A8\ MicrocHiP




%€ Lab12 Multi-Instance UART Communication

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

SERCOM_2.

FProject Graph = l

X|Egﬁﬁgf|'@*|ﬂugins: iy

Device Family Pack (DFP) [ CMSIS Pack

EVSYS
Peripheral Library Harmomy Core Service

TC3 o RTOS
SELIIEE S IEN - Core Service ©
T™MR
NVMCTRL
Peripheral Library
MEMORY

SERCOMS Instances =

Peripheral Library Instance 0
UART

SERCOM?2 DRV_USART

Peripheral Library Instance 1
UART <

DRV_USART

USART Driver Instance 1
ConnecttolSERCOM?2 PLIB

Configuration Options =-=]

(=] [+
E-SERCOMZ
= Select SERCOM Dperation Mode |USAET with internal Clock -

- Operating Mode Mon-blocking mode
~Receive Enable
~Transmit Enable
-~ Frame Farmat ITSART frame w
~Baud Rate in Hz 115,200 2
- Parity Maode Mo Panty
- Character Size 2 Bits -~
- Stop Bit Mode Cme Stop Bit

~Enahle Run in Standby [ ]

Conflguratlon 0of SERCOM2

Recelve Plnout SERCOM PAD[3]
Transmit Pinout. SERCOM PAD[2]
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%€ Lab12 Multi-Instance UART Communication

* Pin configuration of PLIB SERCOM2 pads.

Froject Graph "‘l
X|E-E.. f|*lil*!13'1ugins: ‘ _v]

Event Svstem Confignrati
veat Sy, Configuia

LW IC Configuration
EVSYS

Clock Configuration
Peripheral Library DhAA Configuration

Peripheral Library

Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART

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

UART Order: m Table Wiew Easy View
DRV_USAR

SERCOM2

Peripheral Library Instance 1 Nﬁmber Fin [D Custom Mame Function bAode Direction Latch  Full Up  Full Dirive
UART UART ‘ | ' L ey Strem eth
DRV_USAR 15 PALD SERCOMZ_PADZ v [ Dngital High Impedance | 1/ [] MORMAL

16 PA11 SERCOM2_PAD3 v [ ] | NORMAL

[y

[ Digital High Impedance -~ néa
—
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%€ Lab12 Multi-Instance UART Communication

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

Project Graph Xl

x||3 _ paal ¥ f|IEI |P1ugins:

Device Family Pack (DFP) [ CMSIS Pack

EVSYS
Peripheral Library
TC3
Peripheral Library

TMR

MNVMCTEL
Peripheral Library
MEMORY

SERCOMS
Peripheral Library
UART
SERCOMZ
Peripheral Library
UART

TIME
Systern Service
o Core Service

SYS_TIME <

TMR

USART

Drriver

o Core Service

Instances - ——+

Instance O
UART

DRV_USART

Instance 1
UART

DRV_USART

Core

Harmony Core Service

RTOS

Core Service O

Rename file to “app_drv_usart2”

Configuration Options "l

sIncrease Number,
E}--Q:ure
I?J--Generate Harmony &pplication Files

Iél--ﬁpplicatiun Configuration

of Application

- Murmber of Applications [

2d

E-&pplication 0 Configuration

- Application Marme

E-&pplication 1 Configuration

- Application Marme

- Generate Harmony Driver Common Files

- GFenerate Harmony System Media Files
-~ Enahble System Interrupt

-Enable System Ports

-Enable Systerm DM

-~ Enahle System Reset

-Enable Application O Configuration

app_drv_usartl

-oHEEE Anplication name must be valid C-Language i

-Enable Application 1 Configuration

| app_drv_usart?

-oHEEE Anplication name must be valid C-Language i

- Generate Harmony System Service Commohn Files

[
(]

[]
[]
[]
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%€ 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.

Pro m = | Configuration Options =
=6 Labl2 DRV_USART Multilnstance |
E] . Header Files 5 Generate Harmony Application Files

Iél--ﬁpplicatiun Configuration

drv nsartl.h
- ~Mumber of Applications =

. . -:t:-nf 10

E-&pplication 0 Configuration

-Enable Application O Configuration
. . ]3'3.'131{5 —fpplication Marme app_drv_usartl
: - -oEEEE Anplication name must be valid C-Language |
H-& Important Files o o
! ) _ E-&pplication 1 Configuration
- . Ll]’ll{El' FIIES -Enable Application 1 Configuration
|E| “omnrce Files - fpplication Mame aDD drv US&IQ

SewEE Application name must be xraluj C-Language i

e 'EI app drv usartl.c
IEI 'll-l-' I-.|111 15 _”.t‘_“

- Generate Harmony Driver Common Files

- Generate Harmony System Service Commohn Files

. . -:-::-]1f1g - GFenerate Harmony System Media Files |:|
-~Enable System Interrupt v

] maine Y p
: -Enable System Ports |:|
E‘ Libraries - Enable Systemn DMA ]
E;‘ Loadables ~Enable System Reset []
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%€ 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 ?a:k:()\l
I
S T — :
l ! ] i
I
i —>[ READ ] — i
I I
I
i | [ READ_WAIT_compLETE |
i ; . i
| WRITE ERROR ]
I
i e :
' L{ WRITE_WAIT_COMPLETE [ IDLE l
‘\ /'
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%€ Lab12 Multi-Instance UART Communication

* Add more states in “app_drv_usart2.h”.

#ifndef

APP_DRV_USART2_H

#define _APP_DRV_USART2 H

#include
#include
#include
#include
#include

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

typedef enum

APP_DRV_USART2_STATE_INIT=0,

Comment out this line W44

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 );

| INIT

y

| READ_wAIT_compLETE

y

[app_drv_usart2.h ll

You could remove the
SERVICESTASKS state
because we wi

not use it anymore.

WRITE

ERROR

WRITE_WAIT_COMPLETE

(

IDLE
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%€ Lab12 Multi-Instance UART Communication

* Construct new states flow of task in “app_drv_usart2.c”.
void APP_DRV_USART2 Tasks ( void ) app_dmt}martz.cu

{
o . _ -
switch ( app_drv_usart2Data.state ) Overwrite original example'code

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: ( INIT —
app_drv_usart2Data.state = APP_DRV_USART2 STATE_IDLE; 3
break;

case APP_DRV_USART2_ STATE_IDLE: [ b sl el

break; ( WRITE H ERROR
} —
} WRITE_WAIT_COMPLETE P ( IDLE

@ MICROCHIP



%€ Lab12 Multi-Instance UART Communication

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

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

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

kkkkkskkskkskskskskkskkskkskkskkskkskskskskkskkskkskkskskskkskskskskskskkskkskkskskskskskskkskkskkskkskkskkskskskskkskkskkxk
// kkkskkskkskskskskskskkskkskkskkskkskskskskskskskskkskkskskskskskskskskskskskskskskkskkskskskskskskskskkskkskkskkskkskskkskkskkskkxk

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[10];

NN
NN

// 3k 3K 3k Sk 3k 3k 3k 3K 3k 3k 3k Sk ok 3k Sk 3k 3k Sk >k 3k 3k 3k Sk 3k >k Sk 3k 3k 5k >k 3k 5k >k Sk 3k 3k Sk 3k sk Sk >k sk 5k 3k Sk 3k 3k Sk >k Sk 3k >k sk 5k 3k Sk 5k 3k 3k 3k Sk 3k >k Sk 5k >k Sk 5k >k Sk 3k ki ok >k kok %k
/* Application Data

Summary:
Holds application data

Description:
This structure holds the application's data.

*/...
APP_DRV_USART2 DATA app_drv_usart2Data;

@ MICROCHIP



%€ Lab12 Multi-Instance UART Communication

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

void APP_DRV_USART2_Tasks ( void ) app_dr‘v_usar‘tz.cjl

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_WriteBufferAdd(Uart2Handle, 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:

500 | INIT —
case APP_DRV_USART2_STATE_READ_WAIT_COMPLETE: 3

case APP_DRV_USART2 STATE WRITE:

[ READ_WAIT_COMPLETE
]
WRITE ERROR

case APP_DRV_USART2 STATE WRITE WAIT COMPLETE:

WRITE_WAIT_COMPLETE [ IDLE

case APP_DRV_USART2 STATE_ERROR:

@ MICROCHIP



%€ 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).

¥ COM3 - Tera Ter... — O > Froject Graph 3'=|
X||__.c!.u_a.__||_&._;l ﬁ}|*lil*|l3'1ugins: w

Device Family Pack (DFP) [ CMSIS Pack

EVSYS TIME
. Core
Peripheral Library System Service _
Harmomy Core Service
TC3

= Core Service
< RTOS
W COM4 - Tera Ter..  — = X Peripheral Library SYS_TIME © T e O
T™MR

File Edit Setup Control Window Help
NVMCTRL ‘ USART

Peripheral Library

File Edit Setup Control Window Help
DRV _USART1: Hello world

Driver

o Core Service

SERCOMS Instances = —+
Peripheral Library Instance 0
UART
| INIT } l INIT } >
3 2 SERCOMZ2
READ _] » Peripheral Library
L =
| reap_wair_compLeTE | reap_wair_compLeTE
L 2 L 2
l WRITE _]—-[ ERROR l WRITE _]—.[
— e L -
write_wAIT_compLeTe ' | IDLE wriTE_WAIT_compLeTe | [
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%€ Lab12 Multi-Instance UART Communication

* Implement Driver Transfer Status Callback Operation.

// Section: Application Callback Functions app_drv_usart2.c |
// 3k 3k 3k 3k 3k 3k sk ok sk 3k 5k Sk ok Sk sk ok sk ok 5k sk 3k Sk 3k 3k sk ok Sk 3k 3k Sk 3k 3k sk 3k Sk >k 3k Sk 3k 3k sk ok Sk 3k 5k Sk 3k 3k sk 3k Sk >k 5k 3k 3k Sk 3k 3k Sk 3k 5k 3k >k sk >k 5k sk >k ok sk k sk k = =

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

{
guiten event ) (Catch Events'in’
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_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:
Function in INITgstate

Wﬁile( DRV_USART BufferStatusGet(Uart2WriteTransferHandle)!=
" DRV_USART BUFFER_EVENT _COMPLETE )

DRV_USART_BufferEventHandlerSet (Uart2Handle, Uart2TransferHandler, 0);

else

app_drv_usart2Data.state = APP_DRV_USART2 STATE_ READ; @ MICROCHIP



%€ Lab12 Multi-Instance UART Communication

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

void Uart2TransferHandler( DRV_USART_BUFFER_EVENT event, app_dmh}martz,c”
DRV_USART_BUFFER_ HANDLE bufferHandle,

Manage Read Complete flag while
Readlransfer,Complete Events

switch( event )

case DRV_USART_BUFFER_EVENT_COMPLETE :
if(bufferHandle == Uart2ReadTransferHandle)

. bIﬂealklar‘t2ReadComp1ete = true; ( i ——
case DRV_USART_BUFFER_EVENT_HANDLE_EXPIRED: READ "
j_' ’ | rReap_wair COMPL@
} [ WRITE ok )
void APP_DRV_USART2_Tasks ( void ) MRHEWMTGMM;;5>[ |;:—*4*7>

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
l};reak ;
case APP_DRV_USART2_STATE_READ WAIT COMPLETE:

APP_DRV_USART2_STATE_READ WAIT COMPLETE;

@ MICROCHIP



%€ Lab12 Multi-Instance UART Communication

* Implement state READ_WAIT_COMPLETE.

void Uart2TransferHandler( DRV_USART_BUFFER_EVENT event, app_dmh}martz,c”
DRV_USART_BUFFER_ HANDLE bufferHandle, ...
{
switch( event )

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

Uart2ReadComplete = true; ( INIT —-
casebBESEﬁSART_BUFFER_EVENT_HANDLE_EXPIRED: D —
j_' ’ [ ReaD_warT comm@
¥ ( WR,TE eroR )
zoid APP_DRV_USART2_Tasks ( void )

=
WRITE WAIT COMPLETE [ IDLE

switch ( app_drv_usart2Data.state )
case APP_DRV_USART2 STATE READ:

case APP_DRV_USART2_STATE_READ_WAIT_COMPLETE: State non bIOCklng Whlle
if(Uart2ReadComplete == 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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%€ Lab12 Multi-Instance UART Communication

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

void Uart2TransferHandler( ... )

switch( event )

{
case DRV USART_BUFFER_EVENT_COMPLETE:
if(bufferHandle == Uart2ReadTransferHandle)
Uart2ReadComplete =_true;

app_drv_usart2.c j'

Manage Write. Complete flag while
' Complete Events

if(bufferHandle == Uart2WriteTransferHandle)

Uart2WriteComplete = true; ( INIT —
break; :
. READ _]—»
} [ READ_ WAIT COMPLETE I:
void APP_DRV_USART2_Tasks ( void ) [ i eon )
. —
switch ( app_drv_usart2Data.state ) mmnEWAncomnnEP[ IDLE

case APP_DRV_USART2 STATE_WRITE:

sprintf(Uart2iWriteBuf, "Receive : %s (DRV_USART2)\r\n", Uart2ReadBuf);
DRV_USART WriteBufferAdd(Uart2Handle, Uart2WriteBuf, strlen(Uart2WriteBuf),

&Uart2WriteTransferHandle);

if(Uart2WriteTransferHandle == DRV_USART_BUFFER_HANDLE_INVALID)

app_drv_usart2Data.state
else

{
app_drv_usart2Data.state

E)r‘eak;
case APP_DRV_USART2 STATE WRITE

APP_DRV_USART2_STATE_ERROR;

APP_DRV_USART2_STATE_WRITE_WAIT_COMPLETE;

_WAIT COMPLETE:

@ MICROCHIP



%€ Lab12 Multi-Instance UART Communication

* Implement state WRITE_WAIT_COMPLETE

void Uart2TransferHandler( ... ) app_dmh}martz.cn

switch( event )

{
case DRV USART_BUFFER_EVENT_COMPLETE:
if(bufferHandle == Uart2ReadTransferHandle)
Uart2ReadComplete = true;
if(bufferHandle == Uart2WriteTransferHandle)

Uart2WriteComplete = true; ( INIT —-
break; T
. READ _]—»
} [ READ_ WAIT COMPLETE I:
void APP_DRV_USART2_Tasks ( void ) [ —= eon )
. _
switch ( app_drv_usart2Data.state ) “mngmmncommngpl' IDLE P

case APP_DRV_USART2 STATE WRITE:
case APP_DRV_USART2_STATE_WRITE_WAIT COMPLETE: State non blocking while

if(Uart2WriteComplete == true +u ;
( P ) waiting Write Complete
Uart2WriteComplete = false;

) app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ;

break;
case APP_DRV_USART2_STATE_ERROR:
app_drv_usart2Data.state = APP_DRV_USART2 STATE IDLE;
break;

case APP_DRV_USART2_STATE_IDLE:
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%€ 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.

@ COM3-TeraTer.. — O X Project Graph x|
File Edit Setup Control Window Help X ZTRTOME 4| |Plgs

DRV USART1: Hello world

Receive : a (DRV USART1) TIME Core
Receive : b (DRV_USART1) e e e Eore
TC3

Harmonmy Core Service

& Core Service
2 RTOS
¥ COM4 - Tera Ter... — O Peripheral Library SYS_TIME © Core Service ©
) . - TMR
File Edit Setup Control Window

DRV USART2: Hello world %T:E:T;W | USART
Receive : 1 (DRV USART2)
Receive : 2 (DRV_USART2)

Driver

2 Core Service

SERCOMS Instances = —+
Paripheral Library Instance 0
UART
| INIT }
y y SERCOMZ
READ _]—» . .
— Paripharal Libra
L = p ry
| reap_warr_compLeTE | reap_warr_compLeTE
L 2 L 2
l WRITE _]—-[ ERROR l WRITE _]—’[ ERROR
— e e -
wriTe_wArr_compLeTe | | IDLE wRITE_WAIT_compLeTE | | IDLE
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%€ 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.

Y — —y
| WRITE_WAIT_COMPLE@ @RITE_WAIT_COMPLETE |

g T T NN (R TR TSNS TN (T T TS (WD ———— A g ———— \
i APP_DRV_USART1_Tasks() : : APP_DRV_USARTE Tasks() i
| | | |
: [ INIT ] | [ INIT ] :
| v Lo v I
i [ READ ]4— i i —>[ READ ] i
| | | |
| | |
| —»| READ_WAIT_COMPLETE i i READ_WAIT_COMPLETE Je— |
[ | L o o e o e s o e s e e e e e | |
[ | [ I (R [, |
i | * i
i [ WRITE ] i
| |
| |
| |
| |
| |
| |
\ J

| WRITE ] E

N ——

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\
' e
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%€ Lab12 Multi-Instance UART Communication

* Extern USART1 state and receive buffer in app_drv_usartl.h

#ifndef APP_DRV_USART1_H (app_drv_usarti.h)
#define _APP_DRV_USART1 H

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

ool N T L Ll F X tern USART1state’and yvariable

e Extern USART2 state and receive buffer in app drv _usart2.h

#ifndef APP_DRV_USART2 H [app_drv_usart2.h Il
#define “APP DRV USART2 H

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

SART2_DATA d t2Data; :
sk T Gl I F X tern USART 2 state and variable

@ MICROCHIP



%€ Lab12 Multi-Instance UART Communication

* Include app_drv_usart2.h in app_drv_usartl.c

#include "app_dr‘v_usar‘tl.h" app_drv usartl,cJ
#include "app_drv_usart2.h" —
#include "driver/usart/drv_usart.h"
#include <stdio.h>

#¥include <string.h> Include USART?2 header,file to'get received byte

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

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

DRV_HANDLE UartlHandle;
DRV_USART_BUFFER_HANDLE UartlWriteTransferHandle;

NN
NN

* Include app_drv_usartl.h in app_drv_usart2.c

#tinclude "app_dr‘v_usar‘tz .h" app_drv_usartz,cJ
#include "app_drv_usartl.h"
#include "driver/usart/drv_usart.h"
#include <stdio.h>

#include <string.h> Include USART.1

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

DRV_HANDLE Uart2Handle;
DRV_USART_BUFFER_HANDLE Uart2WriteTransferHandle;

received byte

)k %k k
%k %k k

NN
NN
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%€ 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,

{
switch( event )
ce l INIT )
case DRV_USART_BUFFER_EVENT_COMPLETE: —
if(bufferHandle == UartlReadTransferHandle)
UartlReadComplete = true; READ_WAIT_COMPLETE
break; R
case DRV_USART BUFFER_EVENT_HANDLE_EXPIRED: [
WRITE
} } [WRITE WAIT COMPLETEF
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:
if(UartlReadComplete == true)
UartlReadComplete = false;

app_drv_usartlData.state
app_drv_usart2Data.state

APP_DRV_USART1_STATE_READ;
APP_DRV_USART2_STATE WRITE

break;

case APP_DRV_USART1_STATE_WRITE:

app_drv_usartl.c |

WRITE |

:|WRITE WAIT. COMPLETE]
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%€ Lab12 Multi-Instance UART Communication

* Modify state READ WAIT_COMPLETE in “app_drv_usart2.c”.

void Uart2TransferHandler( DRV_USART_BUFFER_EVENT event, app_dmt}martz,c”
DRV_USART_BUFFER_ HANDLE bufferHandle,

{
switch( event )
.. l INIT |
case DRV_USART_BUFFER_EVENT_COMPLETE: RE;D
if(bufferHandle == Uart2ReadTransferHandle)
Uart2ReadComplete = true; READ_WAIT_COMPLETE
break; pomm—ssmm———mSSSSses !

case DRV_USART_BUFFER_EVENT_HANDLE_EXPIRED:
. - - - - - l WRITE WRITE )|
} } (WRITE_wAIT COMPLETEP qWRITE WAIT_COMPLETE}

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:
if(Uart2ReadComplete == true)

State self,to READ for,next receive
Uart2ReadComplete = false;

app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ;
APP_DRV_USART1_STATE WRITE

app_drv_usartlData.state

t];r‘eak; State USART1,to,WRITE for,message output

case APP_DRV_USART2_STATE_WRITE:

@ MICROCHIP



%€ Lab12 Multi-Instance UART Communication

* Modify state WRITE in “app_drv_usartl.c”.

void UartlTransferHandler( ... ) app_drv_usartl.c |

switch( event )

...
case DRV_USART_BUFFER_EVENT_COMPLETE:

if(bufferHandle == UartlReadTransferHandle) ( L J
UartlReadComplete = true; EAD
if(bufferHandle == UartlWriteTransferHandle) E:,[[=====;—————J
UartlWriteComplete = true; READ_WAIT_COMPLETE
break; e '
} o ( WRITE | l WRITE |

VOid APP_DRV_USARTl_Tasks ( VOid ) [WRITE_WAIT_COMPLETEF :|WRITE_WAIT_COMPLETE]

switch ( app_drv_usartlData.state ) r
i Output USART2 received byte§inl USART.L
case APP _DRV_USART1 STATE WRITE:
sprintf(UartlWriteBuf, "Receive : %s (DRV_USART2)\r\n", Uart2ReadBuf);
DRV_USART WriteBufferAdd(UartlHandle, UartlWriteBuf, strlen(UartlWriteBuf),

&UartlWriteTransferHandle);
if(UartiWriteTransferHandle == 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:
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%€ Lab12 Multi-Instance UART Communication

* Modify state WRITE in “app_drv_usart2.c”.

void Uart2TransferHandler( ... ) app_drv_usart2.c |

switch( event )

{ ce
case DRV_USART_BUFFER_EVENT_COMPLETE:

if(bufferHandle == Uart2ReadTransferHandle) ( oL J
Uart2ReadComplete = true; EnD

if(bufferHandle == Uart2WriteTransferHandle) L—————;:::::;ﬂ
Uart2WriteComplete = true; READ_WAIT_COMPLETE

break;

4
} l WRITE )| | WRITE |

VO id AP P_D RV_U SART2_Ta S k S ( VO 1 d ) [WRITE_WAIT_COMPLETEF :|WRITE_WAIT_COMPLETE]

switch ( app_drv_usart2Data.state ) r
e Output USART1received bytein\USART2!
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:

ﬁ\ MICROCHIP



%€ Lab12 Multi-Instance UART Communication

* Modify state WRITE_WAIT_COMPLETE in “app_drv_usartl.c”.

void UartlTransferHandler( ... )
switch( event )

...
case DRV_USART_BUFFER_EVENT_COMPLETE:

if(bufferHandle == UartlReadTransferHandle) ( = J
UartlReadComplete = true; EnD

if(bufferHandle == UartlWriteTransferHandle) L—————;:::::;ﬂ
UartlWriteComplete = true; READ_WAIT_COMPLETE

break;

l WRITE |

[WRITE_WAIT_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;

break;

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

case APP_DRV_USART1_STATE_IDLE:

for,next receive.complete

YR app drv usartlData.state = APP_DRV_USART1_STATE_READ WAIT COMPLETE;

app_drv_usartl.c |

l WRITE |

qWRITE_WAIT_COMPLETE]
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%€ Lab12 Multi-Instance UART Communication

* Modify state WRITE_WAIT_COMPLETE in “app_drv_usart2.c”.

void Uart2TransferHandler( ... )
switch( event )

{
case DRV USART_BUFFER_EVENT_COMPLETE:
if(bufferHandle == Uart2ReadTransferHandle)
Uart2ReadComplete = true;
if(bufferHandle == Uart2WriteTransferHandle)
Uart2WriteComplete = true;

break; pom————-
} o l WRITE
void APP_DRV_USART2 Tasks ( void ) Nm”EWA”°°M””4

switch ( app_drv_usart2Data.state )
case APP_DRV_USART2 STATE WRITE:

case APP DRV_USART2_STATE_WRITE WAIT_ COMPLETE:
if(Uart2WriteComplete == true)

Uart2WriteComplete = false;

LAy 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 |

l INIT |

L2

READ
READ_WAIT_COMPLETE

WRITE )|

:[V—VRITE WAIT COMPLETE]
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%€ 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.

v COM3 - Tera Ter... — ] e
File Edit
DRV USART1:

Setup Control Window Help

Hello world

1 (DRV_USART2)
2 (DRV_USART2)

Receive
Re

ecelve

1 COM4 - Tera Ter... — Il X
File Edit Setup Control
DRV USART2: Hello world
a (DRV_USART1)
b (DRV_USART1)

Window Help

Receive
Receive

INIT INIT

READ READ
READ WAIT COMPLETE READ, WAIT COMPLETE

__________________

WRITE WRITE )

MRITE WAIT, COMPLET;

@RITE WAIT COMPLETd

Froject Graph = |

 4l=] Yal § N R

TIME
Systemn Service

o Core Service
SYS_TIME ©

EVSYS
Paripharal Library
Peripheral Library

MNVMCTRL
Peripheral Library

SERCOMS5
Peripheral Library
UART

Peripheral Library

| Flugins:

USART

Driver

 Core Service

Instances - ——+
Instance 0

Core
Harmomy Core Service

o RTOS
Core Service O
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%€ Lab12 Multi-Instance UART Communication

* To implement a raw bytes write function of USARTZ2 in app_drv_usart2.c

#include "app_drv_usart2.h" app_dmh}martz.c”
#include "app_drv_usartl.h"

#include "app_drv_spil.h"

#include "driver/usart/drv_usart.h"

#include <stdio.h>

#include <string.h>

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[10];

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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%€ Lab12 Multi-Instance UART Communication

* Replace “DRV_USART2: Hello World” output by use USART2write()

void APP_DRV_USART2 Tasks ( void ) app_drv_usart2.c |

switch ( app_drv_usart2Data.state )

case APP_DRV_USART2_STATE_INIT:
Uart2Handle = DRV_USART Open(DRV_USART_INDEX_ 1, DRV_IO INTENT_ READWRITE);
if(Uart2Handle =="DRV_HANDLE_INVALID)

app_drv_usart2Data.state = APP_DRV_USART2_STATE_ERROR;

?lse
USART2write((unsigned char*)"DRV_USART2: Hello world\r\n", 25);
// sprintf(Uart2WriteBuf, "DRV_USART2: Hello world\r\n");
// DRV_USART_WriteBufferAdd(Uart2Handle, Uart2WriteBuf, strlen(Uart2WriteBuf),

// &Uart2WriteTransferHandle);
// while( DRV_USART_BufferStatusGet(Uart2WriteTransferHandle)!=
// DRV_USART_BUFFER_EVENT_COMPLETE ) {}

DRV_USART_ BufferEventHandlerSet(Uart2Handle, Uart2TransferHandler, 9);
app_drv_usart2Data.state = APP_DRV_USART2_STATE_READ;

e Declare prototype in app_drv_usart2.h for external reference use.
void APP_DRV_USART2 Tasks( void ); [app_dmtpsart2J1m

void USART2write( unsigned char *pdata, int len );
extern APP_DRV_USART2 DATA app_drv_usart2Data;
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|12C Driver Library

Harmony Driver
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12C Driver Library

* Introduction
This driver library provides application ready routines to read and write data using the 1°C
protocol, thus minimizing developer’s awareness of the working of the I°C protocol.

* Supports I°C master functionality.

* Provides write, read and write-read transfers.

e Support multi-client and multi-instance operation.

* Provides data transfer events.

e Supports Asynchronous and Synchronous modes of operation.
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12C Driver Library

Project Graph x |

Configuration Options X]

=] [+

& |Plogins: |

y diwd Faf § K

5 _ Device Family Pack (DFP) |

Peripheral Library
MEMORY

Driver,State Machine

- Core
[i]--Generate Harmony Application Files
é}--hpplicatiun Configuration
%----Number of Applications IE
Iél--ﬁ:uplicatiun 0 Configuration
~&pplication Mame %aDD_dI‘\’_iEC

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

- @enerate Harmony System Service Cormmmon Files

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

Configuration Options x]

=] [+

E-I12C
~PLIB Used SERCOM3
- Number of dients 1=
“-Transfer Queue Size EE
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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

006 O O 6 00 o~ O 6 0 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

12C Driver Library
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* Lab13 Single-Client 12C Digital Temperature Sensor

* Try add 12C Driver through PLIB SERCOMS3 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[9]<<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 2-1°C 22°C 2-3°C 24C 0

SDA
MCP9800A

SCL

PA22 sercoms pADO
SAMD21

PA23 sercoms pap1

TA[O]
TA[1]
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% Lab13 Single-Client 12C Digital Temperature Sensor

 Add I12C Driver and attach PLIB SERCOMS3 as its hardware.

Device Resources | Content Manager Project Graph x|

¥ Libraries * X ||3 RTYERE4 |*Iil* |P1ugins: -

v ' Harmony
= N Peripheral Library System Service _
"\_,} |2C o Core SEML‘E Harmomy Core Service
TC3 o RTOS
» 12C EEPROM Peripheral Library SYS_TIME © Core Service ©
O MEMORY MR MR
0 spl L 12C Attach
Peripheral Library e
b SPIEEPROM | MEMORY o core service MBS = 2{6{0)\Y/ K]
» SPIFLASH SERCOM3 Instances [ =—F to 12C Driver
> 5Q| Flash Peripheral Library Instance O
- 12c <@t 12¢C
) USART

DRV_I2C

Configuration Options x]

== Configuration Options x]
E}"S.ERCOME IE‘ IE'
B Select SERCOM Operation Mode | 127 Master .

-~ Transfer Speed Maode STANDARD_AND _FAST MODE -~ =120

%----Enable operation in Standby mode |:| E*""F‘LIE‘: IUsed SERCOMA
--5DA Hold Time 50-100ns held time  ~ :

) = ~~Mumber of clients

~12C Speed in KHz 1005 _

12(: Trise in hano seconds oo, | Transfer Queue Size

“-Enable 10-hit Addressing |:|
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* Lab13 Single-Client 12C Digital Temperature Sensor

* Enable PLIB SERCOM3 pads of 12C Driver Instance 0.

Froject Graph "‘l
X|E-@..f|*lil*!l—-"1ugins: ™
Event Svstem Confignrati

Device FEI'I'Iihf Pack [D'FP} VENLL ~siem Lonliignra

LW IC Configuration
Clock Configuration

DA Configuration

Peripheral Library
Peripheral Library

MNYMCTEL
Paripheral Library
MEMORY

Configure PA22 as SERCOM3%¥PADO
Configure PA23’as'SERCOM3IPAD1
Proect Graph* Pin Diagram x] Pin Table ch-
Table Wiew Easy View

Fin

SERCOM3
Peripheral Library

Fin ID Custom Name Function Mode Direction Latch  Full Up  Full Drrive
Iumber
Tlomarn Streneth
31 PAZZ SERCOM3_PADD v[ Dipital High Impedance nfa [] [] NORMAL
32 PAZ3 SERCOM3 PAD1 v|: Digital High Impedance - nda [] [] |m~NORMAL
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* Lab13 Single-Client 12C Digital Temperature Sensor

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “3” and
given the Application Name to “app_drv_i2c1”.

Fropect Graph = l

X|EGEE¢E f|*|il*|P1ugins: v

EVSYs e
Peripheral Library o e -
TC3 o RTOS
Peripheral Library Core Service <
TMR <
MVMCTEL 12C
Paripheral Library Diriver
MEMORY o Core Service

SERCOM3 Instances -— —+

Peripheral Library Instance 0
I12C I2C

DRV_I2C

Rename file to “app_drv _i2c1”

Configuration Options "‘]

[FHCare

Increase Number,of Application

= Generate Harmony Application Files
E}--ﬂpplicatiun Configuration

~Mumber of Applications BJ

E-Application 0 Configuration

E-Application 1 Configuration

E-Application 2 Configuration

- Generate Harmony Driver Common Files

- @Fenerate Harmony System Service Comrmon Files

- Enahble Application 0 Configuration
~application Mame app_drv_usart]

-wEEE Anplication name must be valid C-Language i

- Enahble Application 1 Configuration
~application Name app_drv_usart2

-wEEE Anplication name must be valid C-Language i

- Enahble Application 2 Configuration [v]
~application Name IHDD_dW_iE‘Cl

-wEEE Anplication name must be valid C-Language i
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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.

/A A\
: Initialize statei APP_DRV_I2C1_lInitialize()
T I__________________________Zp_p_D_RVTzEfT_as_ks_()-.
I
| INIT | :
i J l i
: : :
I
' —{___WRITE_READ_9800 ERROR ]
: ‘/7 N ?i
I
| —{ WAIT_comPLETE 9800 | | IDLE E
o o o e e e e e e o Pt Pt Bt S S B B B B P o B o o o o o o e /
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% Lab13 Single-Client 12C Digital Temperature Sensor

e Add more states

#ifndef
#tdefine

#include
#include
#include
#include
#include

typedef

APP_

[ Comment out this line &4
APP

APP_
APP_
APP_

in “app_drv_i2cl1.h”.

_APP_DRV_I2C1_H
“APP_DRV_I2C1 _H

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

enum
DRV_I2C1_STATE_INIT=0,

DRV_I2C1_STATE_WRITE_READ_9800,
DRV_I2C1_STATE_WAIT_COMPLETE_9800,
DRV_I2C1_STATE_ERROR,
DRV_I2C1_STATE_IDLE,

} APP_DRV_I2C1_STATES;

typedef
APP_

struct

DRV_I2C1_STATES state;

} APP_DRV_I2C1_DATA;

void APP_DRV_I2C1 Initialize ( void );

void APP_DRV_I2C1 Tasks( void );

[ app_drv_i2ci.h “

You could remove the

SERVICEKRTASKS'State

not use it anymore:

v 3 ——

WRITE_READ_9800 ERROR

WAIT_COMPLETE_9800 [ IDLE
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* Lab13 Single-Client 12C Digital Temperature Sensor

e Construct new states flow of task in “app_drv_i2cl.c”.

3k 3k 3k 3k 3k 3k 3k 5k 3k 3k 3k 3k 5k 3k sk 3k Sk 3k 5k 5k sk sk sk Sk Sk 3k sk 3k sk Sk 5k sk 3k 3k sk Sk 5k 5k >k 3k sk Sk 5k 5k 3k 3k sk 5k 5k 5k 3k 3k sk Sk 5k 5k 3k sk sk 5k 5k 5k 3k 3k ok ok 5k >k 3k >k sk sk 5k k k .
/ app_drv_i2cl.c |

Function:
void APP_DRV_I2C1 Tasks ( void . et
_PRV_12C1_Tasks ( void ) Overwrite original example'code
Remarks:
5 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: [ ) ]

break; 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_i2c1.c”.

#tinclude "a drv i2cl.h" app drv i2cl.c
#include "aBB:dr'v:usartl.h" Include app_d rv_usartl.h PP-ETY- J
#include "driver/i2c/drv_i2c.h"
#include <stdio.h> for,debug message output
#include <string.h>

// kkkskkskkskskskskskskkskkskkskkskkskkskskskskskskkskskskskskskskskskskskskskskskskskskkskskskskskskskskkskkskkskskskskskskskskkskkskkxk
// kkkskkskkskskskskskskkskkskkskkskkskkskskskskskskkskskskskskskskskskskskskskskskskskskkskskskskskskskskskskkskkskskskkskskskskkskkskkxk
// Section: Global Data Definitions

// kkkskkskkskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskkskskskskskskskskskskkskkk
// kkkskkskkskskskskskskskskkskskskkskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskkskskskskskskskskskskkskkk

#define MCP9800_ ADDRESS ©0x4D
#define MCP9800 REG_TA ©x0

DRV_HANDLE I2ClHandle_98600;
DRV_I2C_TRANSFER_HANDLE I2ClWriteReadHandle 98600;
volatile int I2CiComplete 9800 = false;

char I2ClWriteBuf_9800[20];

char I2C1ReadBuf_9800[20];

// 3k 3k 3k Sk 3k 3k 3k 3k 3k 3k 3k Sk ok 3k Sk ok 3k Sk 3k sk 5k 3k sk 3k >k Sk 3k 3k 5k >k sk 5k 3k Sk ok sk Sk 3k sk Sk sk sk sk sk Sk ok sk Sk >k sk sk 3k sk ok 3k Sk ok 3k Sk 3k sk ok sk sk >k Skook sk Sk ok ksk sk skok %k
/* Application Data

Summary:
Holds application data

Description:
This structure holds the application's data.

X/
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; app_drv_i2cl.c

// 3k sk sk sk 3k sk sk ok sk sk sk sk sk sk sk ok ok sk sk sk sk sk sk sk ok sk Sk sk sk sk sk 3k sk ok Sk Sk sk sk sk sk 3k ok 5k sk sk sk sk 3k 3k sk ok Sk sk sk sk sk 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 5k 5k 5k sk sk sk >k >k k 5k
// 3k sk sk sk 3k sk sk ok sk sk sk sk sk sk sk ok 5k sk sk sk sk sk sk sk ok Sk Sk sk sk sk sk 3k sk ok Sk sk sk sk sk sk 3k ok 5k sk sk Sk sk 3k 3k sk ok Sk sk sk sk sk 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 5k 5k 5k sk sk sk >k >k k 5k
// Section: Application Callback Functions

// 3k sk sk sk 3k sk sk ok sk sk sk sk sk sk sk ok 5k Sk sk sk sk sk sk sk ok Sk Sk sk sk sk sk 3k sk ok Sk sk sk sk sk sk sk ok 5k sk sk sk sk 3k 3k sk ok Sk Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk 3k 3k ok 5k 5k sk sk sk >k >k sk 5k
// 3k sk sk sk 3k sk sk ok sk sk sk sk sk sk sk ok 5k sk sk sk sk sk sk sk ok Sk Sk sk sk sk sk 3k sk 5k Sk sk sk sk sk sk sk ok 5k sk sk sk sk 3k 3k sk ok Sk Sk sk sk sk 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 5k 5k 5k sk sk sk >k >k k 5k
Vo

id I2CiTransferHandler_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:
I2Cl1Complete_9800 = true;
break;
case DRV_I2C_TRANSFER_EVENT_HANDLE_EXPIRED:
case DRV_I2C_TRANSFER_EVENT_ERROR:
case DRV_I2C_TRANSFER_EVENT_HANDLE_INVALID:
gpp ﬂrv i2clData.state = APP_DRV_I2C1 STATE_ERROR;
rea

3k 3k 3k Sk 5k 3k 3k 3k 3k 3k 3k Sk 5k >k Sk ok sk Sk >k sk 5k >k Sk 3k >k Sk sk sk 5k >k sk 5k sk Sk ok sk Sk 3k sk sk sk sk ok sk Sk ok sk Sk >k sk sk sk Sk sk >k Sk ok sk Sk 3k Sk 3k >k Sk ok >k sk ok sk ok ok ksk >k skok >k
3k 3k 3k Sk 5k 3k 3k 3k 3k 3k 3k Sk 5k >k Sk ok sk Sk >k sk 5k >k Sk 3k >k Sk sk sk 5k >k sk 5k sk Sk ok sk Sk 3k sk sk sk sk ok sk Sk ok sk Sk >k sk sk sk Sk sk >k Sk ok sk Sk 3k Sk 3k >k Sk ok >k sk ok sk ok ok ksk >k skok >k
Section: Application Local Functions

3k 3k 3k Sk 3k 3k 3k 3k 3k 3k 3k Sk ok 3k Sk ok 3k Sk 3k sk 3k 3k sk ok >k Sk sk sk 3k >k sk ok 3k Skook sk Sk 3k sk Sk 3k sk ok sk Sk 3k sk Sk >k sk sk 3k Sk ok sk Sk ok sk Sk ok sk ok >k Skook sk skook sk ok ok ksk sk skok >k
3k 3k 3k Sk 3k 3k 3k 3k 3k 3k 3k Skook 3k Sk ok 3k Sk 3k sk 3k 3k Sk 3k >k Sk sk sk 5k >k sk ok 3k Sk ok sk Sk 3k sk sk 3k sk sk sk Sk ok sk Sk >k sk sk 3k Sk ok sk Skook sk Sk ok sk ok >k sk sk skook sk koK Sksk sk skok >k

NN
NN

@ MICROCHIP



* Lab13 Single-Client 12C Digital Temperature Sensor

* Driver Open in state INIT and handling error state message. ERROR

void APP_DRV_I2C1 Tasks ( void ) app_drv_i2ci.c “

switch ( app_drv_i2clData.state )

{ S Open Driver
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; B R e ister,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_ dPV 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: Handling error,state message
USART1printf("DRV_I2C1 error!\r\n");
app_drv_i2clData.state = APP_DRV_I2C1 STATE IDLE;

break; ( m” }_______1
case APP_DRV_I2C1_STATE_IDLE: WRITE_READ_9800 }—{ ERROR
break; if'*
} 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 ) app_drv_i2cl.c |
{ - - 4

switch ( app_drv_i2clData.state )

case APP_DRV_I2C1_STATE_INIT:
Bféak;

case APP_DRV_I2C1_STATE_WRITE_READ_9800:
I2C1WriteBuf_9800[0] = MCP9800 REG_TA;
DRV_I2C_WriteReadTransferAdd( T2C1Handle 9800, MCP9800_ ADDRESS,

I2ClWriteBuf_9800, 1, IZC1ReadBuf 9800, 2, &IZClwrlteReadHandle 9800 );
if(I2C1lWriteReadHandle 9800 == DRV I2C_TRANSFER_| HANDLE _INVALID)

app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;
break;

}

app_drv_i2clData.state = APP_DRV_I2C1 STATE WAIT_COMPLETE_9800;
break;

case APP DRV I2C1 STATE WAIT COMPLETE 9800:
app_ dr‘v i2clData.state = APP DRV _ I2C1 STATE_WRITE_READ 9800;
break;

case APP DRV _I2C1 STATE_ERROR:
Bééak;

IMT }———————]
case APP_DRV_I2C1_STATE_IDLE: [

break; B B 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 ) app_drv_i2cil.c
{ - - 4

switch ( app_drv_i2clData.state )
case APP_DRV_I2C1 STATE_INIT:
Bféak;
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(I2C1lComplete_9800 == true)

I2Cl1Complete_9800 = false;
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_ 9800;
break;
case APP_DRV_I2C1_STATE_ERROR:
Bééak;

INIT |—I
case APP_DRV_I2C1_STATE_IDLE: [

break; B B WRITE_ READ 9800 _]—-[ ERROR
} WAIT_ COMPLETE 9800 [ IDLE
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* Lab13 Single-Client 12C Digital Temperature Sensor

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

Froject Graph ch| I
x||_3|_a.__||_a1._;l ﬁ}|*lil*|P1ugins: r

EVSYS TIME
i Core
Peripheral Library Systermn Service

. Harmony Core Service
2 Core Service
TC3 = RTOS

Peripheral Library SYS_TIME ©
TMR TMR

| COMS3 - Tera Ter... — ] .

File Edit Setup Control Window Help

DRV USART1: Hello world
Temp = 28.0

Core Service O

NYMCTRL 12C
Peripheral Library Diriver

MEMORY & Core Service

SERCOM3 - Instances =+

Peripheral Library

r Instance 0 —
I2c

INIT
!
WRITE_READ_9800 ERROR
WAIT_COMPLETE_9800 IDLE
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* Lab13 Single-Client 12C Digital Temperature Sensor

* |f you installed the Microchip UART Click board in the previous Lab, there is another
MCP9800 that will share the same 12C bus.

12C Dcvh: '»

x _n 5
> pera. eJEEPROMSE
ssRcom U'D

- Lm- |cnocmp
l@..l:: ——

“MCPa> WOAA P! &

@ MICROCHIP



€ Lab 14
Multi-Client 12C Serial EEPROM

12C Driver Library
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%€ 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.
* 24AA025E64 configuration:

* SDA connect to PA22 (SERCOM3 PADO) f Condrol Word - S
» SCL connect to PA23 (SERCOM3 PAD1) A G N S
* Slave address is 0x50. o U] 'h"""'A"""'ﬁ
C C C
K
BYTE WRITE ‘
5 5
) SERCOM3 PADO ; Control Word l Control Dat -|S—
R Byte Address (n) R Byte ata (n) 0
24AA025E64 SAMDZ]. A= = TP |J|k| T e [ |T| T F
H m | 1 I I I I | S m [ [ O | |E|
SERCOMS3 PAD1 A A A N
C C C O
K K K A
RANDOM READ <
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% Lab14 Multi-Client 12C Serial EEPROM

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

| Add Number,of,clients to 2

Froject Graph "‘l iton O l
. ' uration Options >
X|E-E..f|*lﬂ|?1ugms: - ElEllE

Device Family Pack (DFP) [N CMSIS Pack o120

i*----F‘LIE- Used [ERCONS
Peripheral Library ; - i :’""NL,IITIEIEI’ aof clients q

“Transfer Queue Size

Peripheral Library
TMR

EEPROM

Paripheral Library Task

MEMORY

SERCOM3 r
Peripheral L||:ril1|r IHI,EI"IEE 0
DR'I.r I2cC

SERCOM3
PLIB am——

MCP9800 24AA025
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%€ Lab14 Multi-Client 12C Serial EEPROM

* The state machine we want to modify in “app_drv_i2c1.c” as below.

|~ _____ i _____ ,l
S 2 APP_DRV_I2C1 Tasks()
I )| I
| [ INIT J |
l I ] i
1
i —|  WRITE_READ_9800 | . |
I 1
1
i | [ wAIT_compLETE_9800 !
; ! ' |
' | | WRITE_READ_24AA | ERROR ] i
1
|  — |
' { waIT_compLeTe_24AA | | IDLE I
. ,’
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%€ Lab14 Multi-Client 12C Serial EEPROM

* Insert two states for EEPROM in “app_drv_i2cl1.h”.

#ifndef APP_DRV_I2C1 H [ app_drv_i2ci.h ]|
#define _APP_DRV_I2C1 H —RA

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

Eypedef enum

APP_DRV_I2C1 STATE_INIT=0,
// BPP_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

| INIT —
APP_DRV_I2C1 STATES state; T

WRITE_READ_9800

} APP_DRV_I2C1_DATA;

| waIT_compLeTE_9800
I
WRITE_READ_24AA ERROR

void APP_DRV_I2C1 Initialize ( void );

WAIT_COMPLETE_24AA [ IDLE

@ MICROCHIP



%€ Lab14 Multi-Client 12C Serial EEPROM

e 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
app_drv_i2clData.state
break;

case APP DRV T2C1 _STATE_WRITE_READ 9800:

app_drv_i2ci.c J'

= APP_DRV_I2C1 _STATE_WRITE_READ 9800;

app_drv_i2clData.state = APP_DRV_I2C1 STATE WAIT_COMPLETE_9800;

break;

case APP_DRV_T2C1_STATE_WAIT_COMPLETE_980:

Modify this Line
}
break;

case APP_DRV_I2C1_STATE_WRITE_READ_ 24AA:

Change next state to , WRITERREADI24AA

app_drv_i2cilData.state = 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;

case APP_DRV_I2C1_STATE_ERROR:

app_drv_i2clData.state = APP_DRV_I2C1 STATE_ IDLE;

break;

case APP DRV_I2C1 STATE_ IDLE:
break;

}

| INIT
¥
WRITE_READ_9800

]—

| wair_compLeTe_9800
I
WRITE_READ_24AA ERROR

WAIT_COMPLETE_24AA [ IDLE
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%€ Lab14 Multi-Client 12C Serial EEPROM

* Header include and global declarations in “app_drv_i2cl.c”.

#include "app_drv_i2cl.h* app_drv_i2cl.c |
#include "app_drv_usartl.h" -

#include |driver/isc/drv i2c.h” Include Systemjlime service

1ud syatemétlme/sys_tlme.h"
#1i <stdio.h> .
#include <string. hs for,the'Delay, function

// kkkskkskkskskskskskskkskkskkskkskkskkskskskskskskkskskskskskskskskskskskskskskskskskskkskskskskskskskskskskkskkskskskkskskskskkskkskkxk
// kkkkkskkskskskskskskkskkskkskkskkskkskskskskskskkskskskkskskskskskskskskskskskskskskkskskskskskskkskkskkskkskkskkskskskskskskkskkxk
// Section: Global Data Definitions

// 3k 3k 3k 3k 3k 3k 5k 5k 3k 3k sk 3k 5k 5k 3k sk sk sk 5k 5k sk sk sk 5k 5k 5k sk 3k 3k 5k 5k 3k sk sk sk ok 5k 5k sk sk Sk ok 5k 5k >k 3k sk 3k 5k 5k >k 3k sk sk 5k 5k >k 3k >k sk ok 5k >k 3k sk 5k 5k 5k >k 3k sk 5k ok ok >k >k k
// 3k 3k 3k 3k 3k 3k 5k 5k 3k 3k sk 5k 5k 5k sk sk sk sk 5k 5k sk sk sk Sk 5k 5k sk 3k 3k 5k 5k 5k sk sk sk ok 5k 5k sk sk Sk ok 5k 5k >k 3k sk 3k 5k 5k >k 3k sk sk 5k 5k >k 3k sk sk ok 5k >k 3k sk 5k 5k 5k >k 3k >k 5k ok 5k >k >k k

#define MCP9800 ADDRESS ©x4D
#define MCP9800 REG TA 0x0
#define MCP24AA_ADDRESS 0x50

DRV_HANDLE I2ClHandle 98600;
DRV_I2C_TRANSFER_HANDLE I2C1WP1teReadHandle 9800,
volatile int I2CIComplete 9800 = false;

char I2ClWriteBuf 9800[20];

char I2C1ReadBuf _9800[20];

DRV_HANDLE I2C1lHandle_ 24AA;
DRV_I2C_TRANSFER_HANDLE IZC1Nr1teReadHand1e 24AA;
volatile int I2C1Complete 24AA = false;

char I2C1WriteBuf_24AA[20];

char I2C1ReadBuf 24AA[20];

// 3k 3k 3k Sk 3k 3k 3k 3k 3k 3k 3k Skook 3k Sk ok 3k Sk 3k sk 3k 3k Sk 3k >k Sk sk sk 5k >k sk ok 3k Sk ok sk Sk 3k sk sk 3k sk sk sk Sk ok sk Sk >k sk sk 3k Sk ok sk Skook sk Sk ok sk ok >k sk sk skook sk koK Sksk sk skok >k
/* Application Data
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%€ Lab14 Multi-Client 12C Serial EEPROM

* Implement Driver Transfer Handler Callback Function.
APP_DRV_I2C1 DATA app_drv_i2clData; app_drv_i2cl.c

// 3k sk sk sk 3k sk sk ok sk sk sk sk sk sk sk ok ok sk sk sk sk sk sk sk ok sk Sk sk sk sk sk 3k sk ok Sk Sk sk sk sk sk 3k ok 5k sk sk sk sk 3k 3k sk ok Sk sk sk sk sk 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 5k 5k 5k sk sk sk >k >k k 5k
// 3k sk sk sk 3k sk sk ok sk sk sk sk sk sk sk ok 5k sk sk sk sk sk sk sk ok Sk Sk sk sk sk sk 3k sk ok Sk sk sk sk sk sk 3k ok 5k sk sk Sk sk 3k 3k sk ok Sk sk sk sk sk 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 5k 5k 5k sk sk sk >k >k k 5k
// Section: Application Callback Functions

// 3k sk sk sk 3k sk sk ok sk sk sk sk sk sk sk ok 5k Sk sk sk sk sk sk sk ok Sk Sk sk sk sk sk 3k sk ok Sk sk sk sk sk sk sk ok 5k sk sk sk sk 3k 3k sk ok Sk Sk sk sk sk 3k 3k sk 5k 5k Sk sk sk sk 3k 3k ok 5k 5k sk sk sk >k >k sk 5k
// 3k sk sk sk 3k sk sk ok sk sk sk sk sk sk sk ok 5k sk sk sk sk sk sk sk ok Sk Sk sk sk sk sk 3k sk 5k Sk sk sk sk sk sk sk ok 5k sk sk sk sk 3k 3k sk ok Sk Sk sk sk sk 3k 3k sk 5k 5k Sk Sk sk sk 3k 3k 5k 5k 5k sk sk sk >k >k k 5k
Vo

id I2CiTransferHandler_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:
ﬁpp_ﬂrv_12c1Data .state = APP_DRV_I2C1_STATE_ERROR;

reak;

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

Section: Application Local Functions
3k 3Kk 3k Sk 3k 3k 3k 3K 3k 3k 3k Skook 3k Sk ok 3k Sk 3k sk 3k 3k sk 3k >k Sk 3k sk 3k >k sk ok 3k Skook sk Sk 3k sk sk 3k sk ok sk Sk ok sk Sk 3k sk sk 3k sk ok 3k Skook sk Sk ok sk ok >k Sk sk skook sk ok 3k sksk sk skok >k

NN
NN
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%€ Lab14 Multi-Client 12C Serial EEPROM

* 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:

app_drv_i2cl.c |

I2C1Handle 9800 = DRV_I2C Open(DRV_I2C INDEX @, DRV_IO INTENT_READWRITE);

if(I2C1Handle 9800 == DRV_HANDLE_INVALID)

app_drv_i2ciData.state = APP_DRV_I2C1_STATE_ERROR;

break;

}
DRV_I2C TransferEventHandlerSet(I2C1lHandle 9800, I2ClTransferHandler 9800, 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;

}

[TCHED app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ_9800;

break;
case APP_DRV_I2C1 STATE WRITE_ READ 9800:
case APP DRV _I2C1 STATE WAIT COMPLETE 9800:
case APP_DRV_I2C1 STATE ERROR:
case APP_DRV I2C1 STATE IDLE:

( INIT

]—

¥

WRITE_READ_9800

[ WAIT_COMPLETE_9800

¥

WRITE_READ_24AA

ERROR

WAIT_COMPLETE_24AA

IDLE
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%€ 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:

app_drv_i2cl.c |

IZClHandle 24AA = DRV_I2C_Open(DRV_I2C_INDEX_O, 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( I2C1Handle 24AA, MCP24AA_ADDRESS,

0; Polling method of,Write

I2CIWriteBuf 24AA, 2, &IZClerteReadHandle 24AA );

while( DRV_I2C TransferStatusGet(IZC1Wr1teReadHand1e 24AA)

DRV_I2C_ TRANSFER EVENT_COMPLETE) {}

SYS_TIME_HANDLE TimeHandle;

SYS_TIME_DelayMS(10, &TimeHandle ); .
while(!SYS_ TIME I:()elayIséomplete(T:)LmeHandle)) el EEPROM Write delay

USART1printf("Wrote ©0x24 to EEPROM 24AA\r\n");

DRV_I2C TransferEventHandlerSet(I2C1Handle 24AA, I2ClTransferHandler_24AA, 0);

[T 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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%€ Lab14 Multi-Client 12C Serial EEPROM

* Driver Write followed by Read in state WRITE_READ_ 24AA

void APP_DRV_I2C1 Tasks ( void ) app_drv_i2cl.c |
Y _drv_

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:
I2CiWriteBuf_24AA[@] = 0;
DRV_I2C erteReadTransferAdd( I2C1Handle_24AA, MCP24AA_ADDRESS,
I2C1WriteBuf_24AA, 1, I2C1ReadBuf 24AA, 1, &IZClerteReadHandle 24AA );
if(I2C1WriteReadHandle 24AA == DRV_I2C_TRANSFER_HANDLE_INVALID)

{
app_drv_i2clData.state = APP_DRV_I2C1_STATE_ERROR;
break;
}
[T app_drv_i2clData.state = APP_DRV_I2C1 STATE_WAIT_COMPLETE_24AA;
break;
’ ( INIT —
case APP_DRV_I2C1 STATE_WAIT COMPLETE_24AA:

WRITE_READ_9800

case APP_DRV_I2C1 STATE ERROR:

[ WAIT_COMPLETE_9800
L ]
WRITE_READ_24AA ERROR

case APP_DRV I2C1 STATE IDLE:
}

WAIT_COMPLETE_24AA I IDLE
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%€ Lab14 Multi-Client 12C Serial EEPROM

* Read EEPROM complete check in state WAIT_COMPLETE_24AA

void APP_DRV_I2C1_Tasks ( void )

{

switch ( app_drv_i2clData.state )

Ease 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 = @x%X\r", I2C1ReadBuf_24AA[0]);

app_drv_i2clData.state = APP_DRV_I2C1 _STATE_WRITE_READ_9800;

break;

( INIT

]—

case APP_DRV_I2C_STATE_ERROR: )

WRITE_READ_9800

case APP_DRV_I2C_STATE IDLE:

[ WAIT_COMPLETE_9800

¥

app_drv_i2cl.c |

}

WRITE_READ_24AA

ERROR

WAIT_COMPLETE_24AA

IDLE
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%€ Lab14 Multi-Client 12C Serial EEPROM

* Compiler and programming your project to EVB.
* Check the UART output in console. (To do Power Cycle of the EVB might be

EEPROM
Task

1 COMS3 - Tera Ter... - O >
j2¢
File Edit Setup Control Window Help Driver
DRV USART1: Hello world

Wrote 8x24 to EEPROM 24AA

Temp = 28.5 EEPROM = ox24

SERCOMS
PLIB

MCP9800 24AA025

INIT
WRITE_READ_9800 R = el

WAIT_COMPLETE_9800
3
WRITE_READ_24AA ERROR

WAIT_COMPLETE_24AA IDLE

EEPROM

necessary to reset the 12C device !)
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%€ Lab14 Multi-Client 12C Serial EEPROM

Discuss 1

* How to implement the 12C Driver to given Two different I12C speed properties of two
I12C devices that to shared of the same PLIB SERCOM ?

DRV_I2C_TRANSFER_SETUP TransferSetup;

void I2CiTransferHandler( ... )
Transfer
switch( event ) Event
STl Handlel-
case DRV_I2C_TRANSFER_EVENT_PENDING: break; Task
case DRV_I2C_TRANSFER_EVENT_COMPLETE: EEPROM
if( transferHandle == I2ClWriteReadHandle_9800 ) I2ClComplete_9800 = true; Task
if( transferHandle == I2ClWriteReadHandle_24AA ) I2C1lComplete_24AA = true;
break; 12¢
PDhIVE
}
IZC1Hand1e_- = DRV_I2C _Open(DRV_I2C_INDEX_©, DRV_IO_INTENT_READWRITE);
I2C1Handle_24AA = DRV_I2C Open(DRV_I2C_INDEX_©, DRV_IO INTENT_READWRITE); SERCOM3
PLIB
DRV_I2C_TransferEventHandlerSet(I2C1Handle 8888 , I2C1TransferHandler, 0);
DRV_I2C TransferEventHandlerSet(I2C1Handle 24AA , I2CiTransferHandler, 0); 2‘;’*“55
pee
TransferSetup.clockSpeed = ; MCPosoo \ 100KHZ
DRV_I2C_TransferSetup(I2ClHandle_ s &T ferSetup); ErEE
DRV_I2C WriteReadTransferAdd( IZC1Hand1e_ﬁ, MCP9800_ADDRESS, 400K Hz
I12C1WriteBuf 9800, 1, I2ClReadBuf 9800, 2, &I2ClWriteReadHandle_9800 );

TransferSetup.clockSpeed = 100000 ;
DRV_I2C_TransferSetup(I2ClHandle_24AA, &TransferSetup);
DRV_I2C WriteReadTransferAdd( I2ClHandle_24AA, MCP24AA ADDRESS,
I2C1WriteBuf 24AA, 1, I2C1ReadBuf 24AA, 1, &I2ClWriteReadHandle_24AA ); @MICRDCHIP
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https://www.microchip.com/en-us/about/legal-information/microchip-trademarks

Trademarks
Adaplec *a" logo

Description/Appropriate Nouns

Notes

Registered in
other countries

@ (notus)
Adaptec® products, solutions, cables, software, drivers,
adapters, controllers, series, family
Adjacent Key Suppression™ technology
AgieSwitch® digital programmable gate driver, gate driver, US Only
drivers, family, device
AKS™ technology
Analog-for-the-Digital Age ™ AIPD family tagline
Any Capacitor™ stable
Anyin™ feature, structure, capability
AnyOut™ fealure, capability
Augmented Switching™ technology
AVR® devices, microcontrollers, MCUs, GPU, architec-
ture, family
AVR Logo
AVR Freaks® forum
BesTime® technology
BitCloud® SDK
BlueSky ™ firewall, subscription service, technology
BodyCom™ technology, system, development kit
Clockstudio™ application, software, program, utiity
ClockWorks® Configurator, products, series, family, devices US Only
CodeGuard™ security
Crypl ication™ library, library, devices, ICs, family
CryploAutomotive™ technolagy, security ICs, development kits
CryptoCompanion ™ chip
CryptoControlier™ solution, Trusted Platform Module (TPM)
[ © cryplographic security ICs, ICs
NOTE: *Always check with the Legal Department for the most curent trademarks.
Trademarks Description/Appropriate Nouns Notes
PIC*? Logo ' 32
PICDEM™ demonstration board
PICDEM net™ board
PICKit™ starter kit, programmer, debugger, in-circuil debug-
ger, development tool, tool, on-board
picoPower® technology
PICSTART® development programmer
PICtail™ daughter board, board
PolarFire® kits, devices, SoC, System-on-Chip
Power MOS V™
Power MOS 7™
Powermite 3% package US Only
PowerSmart ™ digital control library designer, development suite
Precision Edge® family, product family US Only
ProASIC® FPGA, architecture, board, kit, family US Only
ProASIC Plus® FPGA, devices, family, architecture, switch US Only
ProASIC PIus Logo US Only

PraASIC"/_”_““

Prochip Designer® software suite
PureSilicon™ oscillator, technology
QMatrix™ sensor, devices
QTouen® sensor, devices, library, tools, development plat-
form, project builder, Composer, Project Builder,
board, solution, technology, C:
Quict Wire® erhanced EMI technology, family, technology
Ripple Blocker™ technology, attenuators, product line, family of
ar regulators
REAL ICE™ In-circuit emulator
RTAX™ FPGAs
RTG4™ FPGAs
SAM-BA® software, application, monitor

Trademarks Description/Appropriate Nouns Notes

CryploRF® transponder, devices

dsPIC® Digital Signal Controllers (DSCs)

dsPIC Logo

dsPICDEM™ board

dsPICDEM.net™

Dynamic Averaged Matching™ architecture

(DAM™)

ECAN™ technology, solution

Espresso T15™ device

EtherGREEN™ platform, technology, family

EtherSynch® platform, technology, family US Only

EyeOpen™ cable compensation

Flashtec® controller, products, family US Only

flexPWR® technology

Frequency on Demand® Registered in

othercountries

(not US)

Gestic® technology. sensing, controllers

GridTime™ device, time server, GNSS time server

HELDO® family, regulators

Hyper Speed Controf® family, architecture US Only

HyperLight Load® mode US Only

ICSP™ or In-Circuit Serial programming capability

Programming ™

IdealBridge ™ rectifier, dual MOSFET-bridge rectifier

1GaT™ board, demonstration board

1GLOO® FPGAs, family, devices, series

INIChet™ technology, sniffer

Intelligent Paralleling™ technology

InteliMOS ™ family, power stage family US Only

Inter-Chip Connectivity™ technology

JitterBlocker™ family, attenuators

JukeBlox® technology, platform

NOTE: "Always check with the Legal Department for the mos! current

Trademarks on/Appropriate N Notes

SAMHICE™ emulator

SenGenuity® sensors, products

Serial Quad VO™ or SQI™ family, flash device, product

Silicen Storage Technology® Japan only

simpleNAP ™ protocol

SimpliPHY ™ Tamily, products, devices

SmartBuffer™ devices, ICs

SmartFusion® FPGA, evaluation kit, S0C, System-on-Chip, US Only

SmartHLS ™ IDE, compiler software, compiler, software:

SMART-LS ™ technology

SpyNIC® device:

SST®

SST Logo .

storClad™ encryption technology, teshnology

SuperFlash® technalogy. kit, macro, device, memory

SuperSwitcher™ family, regulator, buck regulator

SuperSwitcher I™ family

Switchtec™ technology, family, switch(es), product line

Symmeom® China only

®

SynchroPHY ™ family, products, devices

SyncServer® server, instrument, clock, oscillator, device

SyncWerld® timing, Ecosystem Program US only

Tachyor® praducts, family, controllers, platform, technology

The Embedded Control MarCom Use Only

Solutions Company®

TimeCesium® products, primary frequency reference US only

TimeHuE® platiorm, system US only

TimePictra® US only

software suite, platform, Synchronization
System

NOTE: "Always check with the

Legal Department for the most current trademarks.

NOTE: *Always check with the

Legal Department for the most current

Trademarks
JukeBlox with design

Description/Appropriate Nouns

Registered word mark JukeBlox with a design

jukeblai

Notes

Image is not
registered; this
is a graphic
treatment with
the word mark

KeeLoa®

security ICs, protocol, technology

Kiger®

technology

Kieer with design

Registered word mark Kleer with a design

SKLEER

Image is not
registered; this
is a graphic
treatment with
the word mark

Knob-on-Display ™ KoD ™

technalogy, solution, HMII, user interface, touch
controller, family, devices, Widget Configurator,
Knob Designer, Position Wizerd

Trademarks Description/Appropriate Nouns Notes
Mindi ™ analog simulator, analog simulator tool
MiVi™ wireless networking protocol, protocol, network,
stack, software, applications, mesh, coordinator
MOST® technology, NetServices, evaluation kit, board,
system, device, product, network, specification,
platform, cooperation, design
MOST Logo
‘motorBench® Development Suite US Only
MPASM™ assembler
MPF™ products, devices
MPLAB® Integrated Development Envirnment, In-circuit
Debugger, In-Circuit Emulator, IDE, ICD, REAL
ICE™ in-circuit emulator, starter kit, compiler, XC
compiler, C compiler, Harmany, Integrated Pro-
gramming Environment, IPE, Xpress, Code Config-
urator, development ecosystem, PICKit™, server,
library, Snap, Connect Configurator, Network
Creator, Analog Designer, Discover, Mindi ™,
Analysis Tool Suite, Discover, Universal Device
Programmer, Machine Learning Development
Suite, PTG, Programmer-to-Go, Programmer-to-Go
Mobil App, SiC Power Simulator
MPLAB Certified Logo N
MPLAB’
CERTIFIED
MPLIB™ object librarian or librarian
MPLINK™ object linker or linker
mSic™ MOSFETs, dicdes, producls, gate drivers, modules,
re die, technology, solutions
‘mTouch® soltion, sensing solution, evaluation i, US Only
kit, library
MultiTRAK™ technology
NetDetach™ technology

Omniscient Code
Generation™ (OCG)

compilation technology

OptoLyzer®

toal, netwark analysis tool, Studio

Pic®

microcontroller, MCU, device(s), assembler

NOTE: *Always check with the Legal Department for the most current trademarks.

LANCheck® online design review, online review, review
Libero® SoC Design Siite, tools, software, design files, IDE, | US registration
designer
LinkMD® cable diagnostics, technology. family, diagnostics
engine
MarginLink™ signal integrity testing
maxCrypto™ controlier-based encryption, encryption
maXStylus® solution
maXTouch® touchscreen controllers, technology, studio, family
maxView™ storage manager, tools, drivers
MediaLB® bus, controller, device
megaAvR® devices, MCUs
memBrain™ neuromorphic memory product, product, solution,
technology
Microchip Logo :
Microchip Name and Logo
MicrocHIP
Microsemi Logo
Microsem®
NOTE: *Always check with the Legal Department for the most current trademarks.
Trademan Description/Appropriate Nouns [
TimeProvider® series, server, clock, products, grandmaster, US onl
€PRTC, enhanced PRTC
TimeSource® Enhanced PRTC
linyAVR® crocontroller, MCU
Total Endurance ™ software model
Trusted Time ™ technology
TSHARC™ touch screen controller, controller
Turing™ hardware securily module, programmer
UNIO® memory chips, bus, hardware port, communication
protocol, firmware
USBCheck™ design review
VariSense™ technology
VectorBlox™ ‘acceleralor, software development kil, SDK, intel-
lectual property, IP, solution, platform, t0ols, tool
chain, tool flow
Vectron®
VeriPHY™ cable diagnostics algorithm, cable diagnostics soft-
‘ware suite
ViewSpan™ technology
WiperLock™ technology
XMEGA® mierocantroller, MCU, devices, Custom Logic
(XCL), family, series
XpressConnect™ retimer
software, analyzer or wireless adapter
z®
NOTE: *Always check with the Legal Department for the most current trademarks.
Microchip Technology Inc. Servicemarks*
Trademarks Description/Appropriate Nouns Notes

saTps*

Serial Quick Turn Programming capability

|NOTE: *Always check with the

Legal Department for the most current servicemarks,

MICROCHIP RESERVES THE RIGHT TO CHANGE THESE GUIDELINES

SOLELY AT ITS DISCRETION.

@ MICROCHIP
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