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%€ Lab15 Multi-Instance 12C G-Sensor

* Add another Driver Instance 1 of 12C Driver and to generate new Application file app _drv_i2c2 to
communication the on-board Accelerometer KXTJ3.

e KXTJ3 initialize in state INIT:
* Write Software Reset “Ox80“ to Control Register 2 “Ox1D" and wait 10ms for stable.
* Write follow Read the WHO AM | Register “Ox0OF“ to check the ID is equal to “0x35“ or not.
* Write Initial Command “0xF0“ to Control Register 1 “Ox1B“ for op-mode and resolution.
e KXTJ3 Interrupt Source Register read in state WRITE_READ DRDY_TJ3:
* Write follow Read the Interrupt Source Register “Ox16".
* KXTJ3 Data Ready Interrupt check in state WAIT_COMPLETE_ DRDY_TJ3:
* Check “Bit 4 DRDY INT” of Interrupt Source Register to make sure data prepared for read.
e KXTJ3 Axis Data Read in state WRITE_READ_ AXIS TJ3:
* Write follow Read the Axis Output Register in below sequence to get X, Y, Z data.

0x06 0x07 0x08 0x09 Ox0A  Ox0B

* KXTJ3 Axis Data Output in state WAIT_COMPLETE_AXIS_TJ3:
* Qutput X, Y, Z Axis data as format “G-Sensor = (+XXXX, +YYYY, +ZZZZ)“
e KXTJ3 configuration:

* Switch the S3 to SERCOM1 on EVB 3; ecoterometer PA16 SERCOM1 PADO
- SDA connect to PA16 (SERCOM1 PADO) age = Moo . SRR

* SCL connect to PA17 (SERCOM1 PAD1) 4 TER1

» Slave address is OXOE. (ADDR pin tie to GND) i1 10 SCL PA17 strcom1 pap1
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%€ Lab15 Multi-Instance 12C G-Sensor

* Harmony Configuration (Add Instance 1 of 12C driver)
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%€ Lab15 Multi-Instance 12C G-Sensor

* Enable PLIB SERCOM1 pads of 12C Driver Instance 1.
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%€ Lab15 Multi-Instance 12C G-Sensor

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “4” and

given the Application Name to “app_drv_i2c2”.
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%€ Lab15 Multi-Instance 12C G-Sensor

* The state machine we want to implement in “app_drv_i2c2.c“ as below.

T m————— \

: Initialize state E APP_DRV_I2C2_lInitialize()

o I _____ ,
o N T APP_DRV_12CB Tasks()
I )| I
I — :
: = :
I 1 I
| —{ WRITE_READ_DRDY_TI3 | > :
: Not Ready yet h/ :
| A[WAIT_COMPLETE_DRDY_'I@ I
: = :
I A 4 I
| —|  WRITE_READ_AXIS_TI3  |—{ ERROR ]
: X6 h/—— F i
H WAIT_COMPLETE_AXIS_T@ [ IDLE \]/‘-
\ ! ;
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%€ Lab15 Multi-Instance 12C G-Sensor

* Add more states in “app_drv_i2c2.h".

#ifndef APP_DRV_I2C2 H [ app_drv_i2c2.h ]|
#define _APP_DRV_I2C2 H —

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

typedef enum
APP_DRV_TI2C2 STATE_INIT=0,

// You could remove the
APP_DRV_I2C2 STATE_WRITE_READ DRDY TJ3,
APP_DRV_I2C2_STATE_WAIT_COMPLETE_DRDY_TJ3, SERVICEATASKS state
APP_DRV_I2C2_STATE_WRITE_READ AXIS TJ3, =

APP_DRV_I2C2 STATE_WAIT COMPLETE_AXIS TJ3, because we will

APP_DRV_I2C2_STATE_ERROR, -
APP_DRV_I2C2 STATE_IDLE, Nnot use It anymaore.

} APP_DRV_I2C2_ STATES;

typedef struct

| INIT —
5 —p §
APP_DRV_I2C2 STATES state; — o T————
} APP_DRV_I2C2 DATA; e
\ 4

2
E: WRITE_READ_AXIs_T13 || ERROR |
X6

WAIT_COMPLETE_AXIS_TJ3 P l IDLE P

N

void APP_DRV _I2C2 Initialize ( void );
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%€ Lab15 Multi-Instance 12C G-Sensor

e Construct new states flow of task in “app_drv_i2c2.c”.

{

void APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c |

switch ( app_drv_i2c2Data.state ) Overwrite original example'code

case APP_DRV_I2C2 STATE_INIT:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ_DRDY_TJ3;
break;

case APP_DRV_I2C2 STATE_WRITE_READ DRDY_TJ3:
app_ dr‘v i2c2Data.state = APP DRV IZCZ STATE_WAIT_COMPLETE_DRDY_TJ3;
break;

case APP_DRV_I2C2 STATE_WAIT_COMPLETE_DRDY_TJ3:
app_ dr‘v i2c2Data.state = APP DRV_ IZCZ STATE _WRITE_READ_AXIS_T3J3;
break;

case APP_DRV_I2C2 STATE_WRITE_READ_AXIS _TJ3:
app_ dr‘v i2c2Data.state = APP DRV IZC2 STATE_WAIT_COMPLETE_AXIS T3J13;
break;

case APP_DRV_I2C2 STATE_WAIT_COMPLETE_AXIS_TJ3:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ_DRDY_TJ3;

break;
case APP_DRV_I2C2 STATE_ERROR: 'N” J————
g?gaﬂfv_12c2Data.state = APP_DRV_I2C2_ STATE_IDLE; wmnRMDDmvnsl
3 Not Ready yet
V\‘I‘AIT COMPLETE DRDY_TJ3
case APP_DRV_I2C2_STATE_IDLE: L 4

}

break; E: WRITE_READ_AXIS_T13 || ERROR |

WAIT_COMPLETE_AXIS_TJ3 l IDLE F
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%€ Lab15 Multi-Instance 12C G-Sensor

* Header include and Global Declarations in “app_drv_i2c2.c”.
#include "app_drv_i2c2.h" app_drv_i2c2.c |

#include "app_drv_usartl.h"
#include "app_drv_usart2.h"
#include "driver/i2c/drv_i2c.h"
#include "system/time/sys_time.h"

#tinclude <stdio.h> . -

#include <string.h> sysi&time.h for,delay,function

// kkkkkskkskskskskskskkskkskkskkskkskkskskskskskskkskskskkskskskskskskskskskskskskskskkskskskskskskkskkskkskkskkskkskskskskskskkskkxk
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
Section: Global Data Definitions

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

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

#define KXTJ3_ADDRESS  OXxOE KXTJ3'ADDR pin tieto GND

DRV_HANDLE TI2C2Handle_T3J3;

DRV_I2C TRANSFER_ HANDLE IZCZNr‘lteReadHandle _T33;
volatile int I2C2Complete TJ3 = false;

char I2C2WriteBuf_T3J3[20];

char I2C2ReadBuf TJ3[20];

int AxisOutRegIdx = 0;
char AxisOutReg[6]
char AxisOutByte[6];

NN
NN

{ ox06, 0x07, Ox08, Ox09, OxOA, Ox0B }; -—‘

0x06 0x07 0x08 0x09 0x0A 0x0B

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

Summary:

*/...
APP_DRV_I2C2 DATA app_drv_i2c2Data;

iN"AXiSOUtReq[6]
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%€ Lab15 Multi-Instance 12C G-Sensor

* Implement Driver Transfer Handler Callback Function.
APP_DRV_I2C DATA app_drv_i2c2Data; app_drv_i2c2.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 I2C2TransferHandler_TJ3( DRV_I2C_TRANSFER_EVENT event,
DRV_I2C_TRANSFER_HANDLE transferHandle,
uintptr_t context )

switch( event )

{
case DRV_I2C_TRANSFER_EVENT_PENDING: break;
case DRV_I2C_TRANSFER_EVENT_COMPLETE:
I2C2Complete_TJ3 = true;
break;
case DRV_I2C_TRANSFER_EVENT_HANDLE_EXPIRED:
case DRV_I2C_TRANSFER_EVENT_ERROR:
case DRV_I2C_TRANSFER_EVENT_HANDLE_INVALID:
gpp ﬂrv i2c2Data.state = APP_DRV_I2C2 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
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%€ Lab15 Multi-Instance 12C G-Sensor

* Driver open and send Software Reset command in state INIT.
void APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c ﬂ

switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2_STATE_INIT:
I2C2Handle_TJ3 = DRV_I2C_Open(DRV_I2C_INDEX 1, DRV_IO_INTENT_READWRITE);
if(I2C2Handle_TJ3 == DRV_HANDLE_INVALID)

app_drv_i2c2Data.state = APP_DRV_I2C2_ STATE_ERROR;

break;
I2CBWriteBuf_TI3[@] = @xiD; Software Reset

I2C2WriteBuf_TJ3[1] 0x80;
DRV_I2C WriteTransferAdd( I2C3Handle TJ3, KXTJ3_ADDRESS,
T2C2WriteBuf_ TJ3, 2, &I2CRWriteReadHandle _TJ3 );
while( DRV_I2C TransferStatusGet(IzczwrlteReadHandle TJB) 1=
DRV_I2C_TRANSFER_EVENT_COMPLETE) {}

}

SYS_TIME_HANDLE TimeHandle;
SYS_TIME_DelayMS(10, &TimeHandle );
while(!SYS_TIME DelayIsComplete(T1meHand1e)) {}

USART1printf("G-Sensor Software Reset Completed\r\n");
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE WRITE READ DRDY_TJ3;

break; . —
Handling error,state message = mdN
. WRITE_READ_DRDY_TJ3 |—>

case APP_DRV_I2C2 STATE_ERROR: i
USART1printf("DRV_I2C2 error!\r\n"); R B l

WRITE_READ_AXIS_TJ3 I—b[ ERROR ]
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_IDLE; |:: 7.:—=P l 7.%

break;
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%€ Lab15 Multi-Instance 12C G-Sensor

* Read WHO AM I register to check the ID is equal to “Ox35“ or not in state INIT.

void APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c J

switch ( app_drv_i2c2Data.state )
case APP_DRV_I2C2_STATE_INIT:

SYS_TIME _DelayMS(10, &TimeHandle );
while(!SYS_TIME DelayIsComplete(T1meHand1e)) {}

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

I2C2WriteBuf_TJ3[0] = OxOF;
DRV_I2C_WriteReadTransferAdd( I2C2Handle_T3J3, KXTJ3_ADDRESS,
I2C2WriteBuf_TJ3, 1, I2C2ReadBuf T3, 1, &IzczwrlteReadHandle TJ3 );
while( DRV_I2C TransferStatusGet(IzczwrlteReadHandle TJB) 1=
DRV_I2C_TRANSFER_EVENT_COMPLETE) {}
if( I2C2ReadBuf_TJ3[0] != Ox35 )

{
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_ERROR; Read WHO AM |

break;
}

USART1printf("G-Sensor WHO AM I : Ox%X\r\n", I2C2ReadBuf_TJ3[0]);
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE WRITE READ DRDY_TJ3;

break; : Ig
case APP DRV I2C2 STATE WRITE READ DRDY TJ3: WRITE_READ_DRDY_TJ3 ey

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE WAIT_COMPLETE_L ||votsetne

b rea k . WAIT_COMPLETE_DRDY_TJ3 ]

WRITE_READ_AXis_T13 || ERROR ]
case APP_DRV_I2C2 STATE WAIT COMPLETE DRDY TJ3: E:

X
WAIT_COMPLETE_AXIS_TI3 P | IDLE P

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

* Write Initial Command for operation mode and resolution setup in state INIT.
void APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c |

switch ( app_drv_i2c2Data.state )
case APP_DRV_I2C2_STATE_INIT:

{..
app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_ERROR;

break;

}
USART1printf("G-Sensor WHO AM I : Ox%X\r\n", I2C2ReadBuf_TJ3[0]);
I2C2WriteBuf_TJ3[0]

ox1B; ; n—
T2C2WriteBuf TI3[1] = OxFo; Write Initial

DRV_I2C_WriteTransferAdd( I2C2Handle_TJ3, KXTJ3_ADDRESS,
I2C2WriteBuf _TJ3, 2, &I2C2WriteReadHandle TJ3 );
while( DRV_I2C_TransferStatusGet(I2C2WriteReadHandle_T3J3) !=
DRV_I2C_TRANSFER_EVENT_COMPLETE) {}

USART1printf("G-Sensor Initial Completed\r\n"); Register Transfer,Callback

DRV_I2C TransferEventHandlerSet(I2C2Handle _TJ3, I2C2TransferHandler T3]3, 0);

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE WRITE READ DRDY_TJ3;
break;

gT —

case AP P_D RV_I 2C 2_STAT E_WRITE_R EAD_D RDY_TJ 3: WRITE_READ_DRDY_TJ3 |y
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE WAIT COMPLETE [ ||votgeatyer

b rea k ; WAIT_COMPLETE_DRDY_TJ3 !

E: wriTE_READ_Axis_T13 =9 ERROR ]
6

X
WAIT_COMPLETE_AXIS_TJ3 P | IDLE P

S

case APP_DRV_I2C2_ STATE_WAIT COMPLETE_DRDY TJ3:

‘ ﬁ\ MICROCHIP



%€ Lab15 Multi-Instance 12C G-Sensor

* Read Interrupt Source register to check Data Ready interrupt flag.

Xoid APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c J

switch ( app_drv_i2c2Data.state )
case APP_DRV_I2C2 STATE_INIT:
case APP_DRV_I2C2_STATE_WRITE_READ_DRDY_TJ3:
I2C2WriteBuf_TJ3[0] = 0Ox16;
DRV_I2C erteReadTransfePAdd( I2C2Handle_T3J3, KXTJ3_ADDRESS,
I2C2WriteBuf_TJ3, 1, IZCZReadBuf_TJB 1, &IzczwriteReadHandle_TJ3 );

if(I2C2WriteReadHandle _TJ3 == DRV_I2C_TRANSFER_HANDLE_INVALID)

{
app_drv_i2c2Data.state = APP_DRV_I2C2_ STATE_ERROR;
break;
}
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE WAIT COMPLETE DRDY _T3J3;
break;

case APP DRV I2C2 STATE WAIT COMPLETE DRDY T3J3:
app_dPV_12c2Data state = APP DRV _ I2C2 STATE _WRITE_READ AXIS T3J13;
break;

case APP_DRV_I2C2_STATE WRITE READ_AXIS_TJ3:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WAIT COMPLETE AYTi 112

break; R S ———
WRITE_READ_DRDY_TJ3 e
case APP_DRV I2C2 STATE WAIT COMPLETE AXIS TJ3: e
app_drv_i2c2Data.state = APP_DRV_TI2C2_STATE_WRITE_READ_DRDY [ —(uarcowri: oworps !
break > wriTE_READ_Axis_T13 =9 ERROR ]
E: WAIT_COMPm | IDLE P
| —
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%€ Lab15 Multi-Instance 12C G-Sensor

* Check Bit 4 of Interrupt Source register, if Data Ready for read.

¥oid APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c “

switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2 STATE_INIT:
case APP_DRV_I2C2_ STATE_WRITE_READ DRDY T3J3:

case APP_DRV_I2C2_STATE_WAIT_COMPLETE_DRDY_T3J3:
%f(IZCZComplete_TJ3 == true)

I2C2Complete_TJ3 = false;

, Reset Axis Out Register,Index
if(I2C2ReadBuf TJ3[0] & (1<<4)) :

. while Data ' Ready
AxisOutRegIdx = 0;

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ_AXIS_TJ3;
break;

}
, app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ DRDY_TJ3;
break;

case APP_DRV_I2C2 STATE_WRITE_READ AXIS TJ3:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WAIT COMPLETE_AXIS TJ3;

break; '? I
case AP P_D RV_I 2C 2_STAT E_WAI T_COMP LET E_AXIS TJ13: WRITE_READ_DRDY_TJ3 |y

app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_WRITE_READ_DRDY |[vmeme

. WAIT_COMPLETE_DRDY_TJ3
break;

\ 4
ERROR ]

wriTE_READ_Axis_T13 =9
case APP_DRV_TI2C2 STATE_ERROR: I:E WA|T_c0MPm ( 'hf

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

* Read Axis Output register in order of AxisOutReg|[ | one by one.

{

void APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c |

switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2_STATE_INIT:

case APP_DRV_I2C2_STATE_WRITE_READ DRDY_TJ3:

case APP_DRV_I2C2_STATE_WAIT COMPLETE_DRDY TJ3:
case APP_DRV_I2C2_STATE_WRITE_READ_AXIS T3J3:

— I2C2WriteBuf_TJI3[0] = AxisOutReg[AxisOutRegIdx];

DRV_I2C erteReadTransfePAdd( I2C2Handle_T3J3, KXTJ3 _ADDRESS,
I2C2WriteBuf_TJ3, 1, IZCZReadBuf_TJB 1, &IzczwriteReadHandle_TJB );

X 6 <4 if(I2C2uWriteReadHandle_TJ3 == DRV_I2C_TRANSFER_HANDLE_INVALID)

app_drv_i2c2Data.state = APP_DRV_I2C2_ STATE_ERROR;
break;

_ } char AxisOutReg[6]

= { Ox06, Ox07, Ox08, Ox09, OxOA, OxOB };

[ETYCAED app_drv_i2c2Data.state = APP_DRV_I2C2_ STATE_WAIT_COMPLETE_AXIS_TJ3;

break;

case APP_DRV_I2C2_STATE WAIT COMPLETE_AXIS_TIJ3:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ DRDY T12:

break; I ST ———
WRITE_READ_DRDY_TJ3 |y
case APP_DRV_I2C2 STATE ERROR: o i
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE IDLE; . S {
break > wriTE_READ_AXis_Ti3 =9 ERROR ]
EE WAIT_COMPm | |h
L —
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%€ Lab15 Multi-Instance 12C G-Sensor

* OQutput gravity of X, Y, Z after to collected 6 bytes of Axis Data.

void APP_DRV_I2C2_Tasks ( void )

{
?witch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2_ STATE_INIT: ...

case APP_DRV_I2C2_ STATE_WRITE_READ DRDY TJ3: ...
case APP_DRV_I2C2_ STATE_WAIT COMPLETE_DRDY TJ3:
case APP_DRV_I2C2_ STATE_WRITE_READ AXIS TJ3: ...
case APP_DRV_I2C2_ STATE_WAIT COMPLETE_AXIS_TJ3:

app_drv_i2c2.c J'

if(I2 1 TJ3 ==
A EERIRE O G,
I2C2Complete_TJ3 = false; 0x06  0x07 0x09 OxOA  O0xOB
AxisOutByte[AxisOutRegIdx] = I2C2ReadBuf_TJ3[0];
if(++ AxisOutRegIdx >= 6)
USART1printf("\t\t\t\tG-Sensor = (%5d, %5d, %5d)\r",
short) (AxisOutByte[1]<<8|AxisOutByte[0]),
short) (AxisOutByte[3]<<8|AxisOutByte[2]),
short) (AxisOutByte[5]<<8|AxisOutByte[4]));
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ DRDY_TJ3;
) break;
) app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ_AXIS TJ]3;
break; _ }

case APP_DRV_I2C2 STATE_ERROR:
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE IDLE;
break;

WRITE_READ_DRDY_TJ3 |y

Not Ready yet
WAIT_COMPLETE_DRDY_TJ3

\ 4

|l ERROR

WRITE_READ_AXIS_TJ3
X6
WAIT_COMPLETE_AXIS_TJ3 l IDLE

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

* Compiler and programming your project to EVB.
* Check the UART output in console. switch the S3 to

v COMS3 - Tera Term VT — O .

File Edit Setup Control Window Help
DRV USART1: Hello world

Wrote Ox24 to EEPROM 24AA
G-Sensor Software Reset Completed
G-Sensor WHO AM I : @x35

G-Sensor Initial Completed
Temp = 26.5 EEPROM = @x24 G-Sensor = ( -576, 192, 4144)

/_ ; G-Sensor
[ — ] /m SERROM EEPROM

7 Sensor \ lEMPISENSOIy
—»| WRITE_READ_DRDY T3 |——> IC

Not Ready yet
—[WAIT_COMPLETE_DRDY_TJB
v \ 4

— : RS I il aaw 5
el § ] ee) < - N
—»| write_reap_axis 13 | ErrOR | A sercon: S e ;
iy A = ) o 3 :
" a = ey A Nva s d
"MCPOB00 3 . . b
[ oLe 2

——{wAIT_comPpLETE_Axis_Ti3
||

] b ﬁ\ MICROCHIP



€ Advanced Exercise
MPLAB Data Visualizer

12C Driver Library
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%€ Advanced Exercise : MPLAB Data Visualizer

e Use MPLAB Data Visualizer to draw X, Y, Z gravity from USART2 console.

void APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c J

switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2_ STATE_WAIT COMPLETE_AXIS_TJ3:
%f(IZCZComplete_TJB == true)

I2C2Complete_TJ3 = false;

AxisOutByte[AxisOutRegIdx] = I2C2ReadBuf TJ13[0];
if(++ AxisOutRegIdx >= 6)

USART1printf("\t\t\t\tG-Sensor = (%5d, %5d, %5d)\r",
short) (AxisOutByte[1]<<8|AxisOutByte[0]),
short gAxisOutByte[3]<<8 AxisOutByte[Z];,

short) (AxisOutByte[5]<<8|AxisOutByte[4]));

Insert between this

unsigned char DVBuf[8]

{ oxe3,
AxisOutByte[@], AxisOutByte[1],
AxisOutByte[2], AxisOutByte[3],
AxisOutByte[4], AxisOutByte[5],
OxFC };

USART2write( DVBuf, 8 );

app_drv_i2c2Data.state

break;
¥

app_drv_i2c2Data.state = APP_DRV_I2C2_ STATE_WRITE_READ AXIS TJ3;

APP_DRV_I2C2_STATE_WRITE_READ DRDY TJ3;

break;

case APP_DRV_I2C2_ STATE_ERROR:
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%€ Advanced Exercise : MPLAB Data Visualizer

* Result on MPLAB Data Visualizer, Create a streamer G-Sensor to have three int16
variable X, Y, Z gravity parser from USART2 115200-8-n-1

Tl COMS3 - Tera Term VT

File Edit Setup Control Window Help S e ST Plot Streaming Data from COM5 X
DRV _USART1: Hello world
- By ) M il .
Wrote ©x24 to EEPROM 24AA \ Confi Variable S Plot Streaming Data from COMS5 ®
G-Sensor Software Reset Completed : : onfigure Variable Streamer
G-Sensor WHO AM I : 0x35 |
G-Sensor Initial Completed S ) .
e P .y _ . : Variable Streamer [~ Choose Variables to Plot
Temp = 26.5 EEPROM = ©@x24 G-Sensor { Name:
3 MPLAB X IDE v6.05 - Driver: default Framing Mode= = Auto Variable Streamer:  GSensor
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Frame Size: 8 bytes Variables to Plot:
=l ) Y By — Including framing)
L i BT B bR R B QO D T w oo (g aming
=3 i x x jsnali x i x| Pi x i x i . Byte Position
a0 Kit Window Start Page 0 MPLAB DaTa Visnalizer Project Graph Fin Settings lE‘lapp_dr\)_l?,cl.h E‘lapp_drv_ch.c Variable Type {F)’rame T & X: Int16
é Workspace: [ Clear 2% Load.. [Fsave se¢  Views: B TimePlot [ Terminal =+ | Protocols:  [ES DVR] Y: Int16
‘—E o i X Int16 1 * ™ W 7. int16
= (2|l sera o~ e = e /1 R
215 - Time Axis
= o 6k - Marker
Zj § e > ins‘i;;s y sf 7 Intie 3 < 1 How to Plot: o New axis per data type (1)
] |-64 ! fn AL i A0 A M4 Mark T s () New axis per variable (3)
é X Ak |192 [, | | lr! | l I'l AN # Mar T, Snaps = . 3 ; m =
. & cOM4 L l42« |y ¥ J ( l fl ! ‘ 41 Data Axis . (_) Add 3 plots to selected axis
- Iy " v 1 4 L \
COM4 Settings ad bl ‘ ] e Hl \ I \ 512 &‘ Rt (_J Add plots manually
Baud Rate: | 115200 \ AT | I fl =
WOV 1 Al ” X on GSensar v
| : { A W 03 00 05 BO 10 80 04 FC 03 EQ 04 8
~har Lenath: | B bits i \ , l — 0710 DO 04 FC 03 DO 04 10 10 10 05 - : :
Char Length: | 8 bits 0 \ Mo J | ! I.}'- \ f Y on G5ensor vy i 6O FC 03 BO 04 00 10 FO 04 FC 03 BO The embedded application must send these variables using
- — W1 | N l -.? W H‘ \ v 7 on S ¢ o — [04 AO OF 10 05 FC 03 BO 04 A0 OF O the Stream Fermat in Variable Streamers.
Farity: 10rrfvy ¥y A on GSensor v 0 05 FC 03 90 04 70 OF 20 05 FC 03 i
. 1 lrI HJ ‘.l A m 90704 00 10 80 04 FC 03 CO 04 FO See the Data Streamer Library from MCC Meledy for examples.
Stop Bits: = W v ‘. ! Add Plot OF 90 04 FC 03 DO 04 EO OF FO 04 F i )
o B ror - W @ ° C 03 CO 04 50 OF 60 05 FC 03 70 04 Previous
" f i 10 OF 90 05 FC 03 70 04 30 OF CO
: : : : ‘ @ Add Data Axis 05 FC [J
129445 139453 139465 13947s
»

[E Cmtpnt. | o7 ) Navigator  Drriver - Dashboard Checking for external changes | Suspended = @) 251:45 JIRES @ MICRDCHIP
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%€ Advanced Exercise : 12C Device Auto Probe

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

[ [ [ ] "
* The Switch S3 could choose either one for connection.
sSensor
Task
BS20A ry— : -
BS192 ﬂB ' #‘&cce'emmeter
BS20B d - DHVEr
BS19B gB 1 b o o M
33V oI SERCOM3 SERCOM1
S3 C45 1 0.1uF 4 L S A Y2 10 PLIB PLIB
WE452403012014 ' MCP9800
*C| pa2ssciesin | °
PA22/SDA(S3.0)
? e g‘[ U12 GND 24725
ol A KXTJ3-1057 I
* "
- = O 1 % g 10 S
= L '] 4
= GND} ADDR © VDD 4 3.3V
S Lo—‘; SDA GND 2 GND Jeeel
C 3.3v|—l =— 10VDD GND — GND Task
_ J__ RES A VDD 1 3.3V N
3) I C46 GND E Z
< 0.1uF - -
< ' #‘kcce'emmeter
= GND w © C44 = Driver
= 0.1uF [instance0 ] (mstance1]
= 7 | - | l GND GND
gg PAO5/AINS/EINTS/Y3 BS21 ap S
Ol= * PLIB
7I”| Accelerometer B %12¢ Address:0x0E
5 % *A Two option for KXTI3 MepyzLY
w
] *B PCB open by defam‘t Option1 : All of 12C devices connected to SERCOM3 include KXTJ3 2AAA025 R
|| *csecoms, 12¢ Option2 : KXTJ3 connected to SERCOMJ, others to SERCOM3 MICROCHIP
*D SECOM1, 12C



%€ Advanced Exercise : 12C Device Auto Probe

* Increase “Number of clients” to 3 in 12C Driver Instance 0.

Project Graph *1

XIQ - W3 ¥ f|@ |Plugins:

Device Family Pack (OFP)

EVSYS
Peripheral Library

NVMCTRL
Peripheral Library
MEMORY

SERCOM3
Peripheral Library
I12C

SERCOM1
Peripheral Library
I2C

TIME
System Service
O Core Service

SYS_TIME ©

Driver

O Core Service

Instances - — —+

I® b . |
Instance 0

I2C

DRV_I2C T

Core

Harmony Core Service
O RTOS

Core Service ©

| Add Number,of.clients to'3

Configuration Options "‘]

(=] [+

=120
PLIB Used SERCOM3

%----Number of clients ‘E’
‘ -
=2

“Transfer Queue Size

Accel
SENsor

SERCOM3
PLIB

MCP9800

24AA025
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%€ Advanced Exercise : 12C Device Auto Probe

* Comment out Software Reset in APP_DRV_12C2_Tasks state INIT.

void APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c |

switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2_STATE_INIT:

~

| Comment out_JBS

.

Comment out before this line

// I2C2Handle_T3J3 = DRV_I2C Open(DRV I2C_INDEX_1, DRV_IO_INTENT READNRITE),
// if(I2C2Handle_TJ3 == DRV_HANDLE_INVALID)

//

// ¢ app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_ERROR;

// break; - .

/1) Comment out original iImplement
——

// I2C2WriteBuf TJ3[@] = Ox1D; before Software Reset Message

// I2C2WriteBuf_TJ3[1] = 0x80;

// DRV_I2C_WriteTransferAdd( IZCZHandle TJ3, KXTJI3_ADDRESS,

// I2C2WriteBuf TJ13, 2, &IZCZerteReadHandle T3 );
// while( DRV_I2C TransferStatusGet(IzczwrlteReadHandle TJ3) !=
// DRV_I2C TRANSFER_EVENT_COMPLETE) {}

// SYS_TIME_HANDLE TimeHandle;
// SYS_TIME DelayMS(10, &TimeHandle );
// while(!SYS_TIME DelayIsComplete(T1meHand1e)) {}

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

I2C2WriteBuf TJI3[0] = OxOF;
DRV_I2C wPlteReadTransferAdd( I2C2Handle TJ3, KXTJ3 ADDRESS,
I2C2WriteBuf T3J3, 1, I2C2ReadBuf TJ3, 1, &IZCZerteReadHandle T13 );
while( DRV_I2C TransferStatusGet(I2C2Wr1teReadHandle TJB) =
DRV_I2C TRANSFER _EVENT COMPLETE) {}
if( I2C2ReadBuf TI3[0] != 0x35 )

{
app_drv_i2c2Data.state = APP_DRV _I2C2 STATE ERROR;
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%€ Advanced Exercise : 12C Device Auto Probe

* Auto Probe loop to find G-Sensor on which Instance of DRV _I2C.

void APP_DRV_I2C2 Tasks ( void ) app_drv_i2c2.c |

switch ( app_drv_i2c2Data.state )

Implement a‘loop for

case APP_DRV_I2C2_STATE_INIT:

// I2C2WriteBuf_TJ3[@] = @x1D;
// I2C2WriteBuf_TJ3[1] 0x80;
// DRV_I2C_WriteTransferAdd( IZCZHandle TJ3, KXTJ3_ADDRESS,

// IZCZerteBuf T3, 2, &IZCZerteReadHandle Ti3 );
// while( DRV_I2C TransferStatusGet(IZCZerteReadHandle TJ3) !=
// DRV_I2C_TRANSFER_EVENT_COMPLETE) {}

// SYS_TIME_HANDLE TimeHandle;
// SYS_TIME_DelayMS(10, &TimeHandle );

// while(!SYS_TIME DelayIsComplete(T1meHand1e)) {}
for( int ISt = DRV_I2C_INDEX 0 ; Inst <= DRV_I2C_INDEX_ 1 ; EInst++ )

I2C2Handle_T33 = DRV_I2C_Open(Inst, DRV_IO_INTENT_READWRITE);
if(I2C2Handle_TJ3 == DRV_HANDLE_INVALID)

! apg_dr‘v_iZcZData.state = APP_DRV_I2C2_STATE_ERROR; [=ddINEIFSEIRN] open fail
return;

}
I2C2WriteBuf _TJ3[0] = Ox1D;
I2C2WriteBuf_T3JI3[1] ox80;
DRV_I2C WriteTransferAdd( I2C3Handle TJ3, KXTJ3_ADDRESS,
IZC2Wr1teBuf T33, 2, & IZC2NriteReadHand1e_TJ3 );

}
USART1printf("G-Sensor Software Reset Completed\r\n");
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%€ Advanced Exercise : 12C Device Auto Probe

* Check transfer status to decide G-Sensor exist or not on the bus.

case APP_DRV_I2C2_STATE_INIT:

Start of For loop

Insert between this

break; .
[End of For loop | nsert between this Probe’success exit probe’loop

app_drv_i2c2.c |

for( int Inst = DRV_I2C_INDEX @ ; Inst <= DRV _I2C_INDEX 1 ; Inst++ )
{
I2C2Handle TJ3 = DRV_I2C_Open(Inst, DRV_IO INTENT READWRITE);
if(I2C2Handle TJ3 == DRV_HANDLE_INVALID)

{
app_drv_i2c2Data.state = APP_DRV_I2C2_STATE_ERROR;

) return;
I2C2WriteBuf_TJ3[0] = Ox1D;
I2C2WriteBuf_TJ3[1] = Ox80;

DRV_I2C WriteTransferAdd( I2C2Handle T3J3, KXTJ3_ADDRESS,

I2C2WriteBuf _TJ3, 2, & I2C2WriteReadHandle_T3J13 );

DRV_I2C_TRANSFER_EVENT TransferStatus;
do

TransferStatus = DRV_I2C_ TransferStatusGet(I2C2WriteReadHandle TJ3);
if( TransferStatus == DRV_I2C_TRANSFER_EVENT_ERROR )

DRV_I2C_Close(I2CgHandle TJ3); Probe failure try,next Instance

break;

}
} while( TransferStatus != DRV_I2C_TRANSFER_EVENT_COMPLETE );
SYS_TIME_HANDLE TimeHandle;
SYS_TIME_DelayMS(10, &TimeHandle );
while(!SYS_TIME DelayIsComplete(T1meHand1e)) {}

if( TransferStatus == DRV_I2C_TRANSFER_EVENT_COMPLETE )
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%€ Advanced Exercise : 12C Device Auto Probe

* Try switch S3 to different connection of G-Sensor to check if the G-Sensor could be
Auto Probed by our implementation.

v COMS3 - Tera Term VT — [l X

File Edit Setup Control Window Help
DRV USART1: Hello world

Wrote ©x24 to EEPROM 24AA
G-Sensor Software Reset Completed
G-Sensor WHO AM I : ©x35

G-Sensor Initial Completed
Temp = 26.5 EEPROM = ©x24 G-Sensor =

Accel
EEPROM sensor
Task Task

EEPROM
Task

Accelerometer
r—

SERCOM3 I nm - e

SERCOM3
PLIB

SERCOMS3 SERCOM1
PLIB PLIB

—
24AA025 6

MCRS800 MCPS800

24AA025
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SPI Driver Library

* Introduction

The SPI Driver is a multi-client, multi-instance buffer model-based driver interface which
can be used to communicate with various slave devices like EEPROM, ADC etc.

* Key Features of SPI Driver:

* Multi Client:

Each instance of SPI driver can have multiple clients. This means the SPI driver supports multiple slaves
connected to the same SPI bus.

* Multi Instance:
Provides interface to manage multiple instances of SPI peripheral.

* Supports Asynchronous and Synchronous modes of operation.
* Supports Bare Metal and RTOS environments.
* Supports DMA.
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SPI Driver Library

Froject Graph XI

Configuration Options X]

=] [+

X|E | §:ap N | *|IEI |P1ugins:

NVMCTEL
Peripheral Library
MEMORY

o Core Service

SERCOM4 Instances |=— |+
Peripheral Library Instance 0
s5Pr

Driver,State Machine

- Core
[i]--Generate Harmony Application Files
é}--hpplicatiun Configuration

%----Number of Applications =

Iél--ﬁ:uplicatiun 0 Configuration

~&pplication Mame 'aDD_dW_SDi

- 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=-5PI
~PLIB Used SERCOM4
%----Numher of Clients =
%----Tran5fer Queue Size | 413

“-Use DMA for Transmit and Receive? D
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SPI Driver Library

API functions of the SPI Driver library.
e System Functions
DRV_SPI_Initialize Initializes the SPI instance for the specified driver index.

DRV_SPI_Status Gets the current status of the SPI driver module.

* Client Setup Functions

DRV_SPI_Open Opens the specified SPI driver instance and returns a handle to it.

DRV_SPI_Close Closes an opened-instance of the SPI driver.

DRV_SPI_TransferSetup Sets the dynamic configuration of the driver including chip select pin.

DRV_SPI_TransferEventHandlerSet Allows a client to set a transfer event handling function for the driver to call back when queued transfer
has finished.

* Transfer Functions

DRV_SPI_ReadTransfer This is a blocking function that receives data over SPI.
DRV_SPI_WriteTransfer This is a blocking function that transmits data over SPI.
DRV_SPI_WriteReadTransfer This is a blocking function that transmits and receives data over SPI.
DRV_SPI_ReadTransferAdd Queues a read operation.

DRV_SPI_WriteTransferAdd Queues a write operation.

DRV_SPI_WriteReadTransferAdd  Queues a write-read transfer operation.

 Transfer Status Functions
DRV_SPI_TransferStatusGet Returns transfer add request status.
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SPI Driver Library

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

* Data Types and Constants

DRV_SPI_CLOCK_PHASE Identifies SPI Clock Phase Options

DRV_SPI_CLOCK_POLARITY Identifies SPI Clock Polarity Options

DRV_SPI_CS_POLARITY Identifies SPI Chip Select Polarity Options

DRV_SPI_DATA_BITS Identifies SPI bits per transfer

DRV_SPI_TRANSFER_SETUP Defines the data required to setup the SPI transfer
DRV_SPI_TRANSFER_EVENT Identifies the possible events that can result from a transfer add request.
DRV_SPI_TRANSFER_HANDLE Handle identifying the transfer request queued.

DRV_SPI_TRANSFER_EVENT_HANDLER Pointer to a SPI Driver Transfer Event handler function
DRV_SPI_TRANSFER_HANDLE_INVALID Definition of an invalid transfer handle.
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SPI Driver Library

PLIB SERCOM SPI pad configurations.

PAD[0] PAD[1] PAD[2] PAD[3] PMUX

SERCOMO

SERCOM1

SERCOM2

SERCOM3

SERCOM4

SERCOM5

O 0O 6 0O 0O 000 n O 600 o O

CTRLA

SERCOM

DIPO DOPO PAD[0] PAD[1] PAD[2] PAD[3]

Hardware Chip Select (SS)
0x3 0x0 DO SCK SS DI
0x0 Ox1 DI SS DO SCK
0x0 0x2 DI SCK SS DO
0x2 0x3 DO SS DI SCK
Software Chip Select (GPIO)
Ox1 Ox1 -- DI DO SCK
Ox1 0x3 DO DI -- SCK
CTRLA SPI
DIPO DOPO DO SCK SS ]|
Hardware Chip Select (SS)
0x3 0x0 | PAD[O] | PAD[1] | PAD[2] | PADI[3]
0x0 Ox1 | PAD[2] | PAD[3] | PAD[1] | PADI[0O]
0x0 0x2 PAD[3] | PAD[1] | PAD|[2] | PAD[O]
0x2 0x3 | PAD[O] | PAD[3] | PAD[1] | PAD[2]
Software Chip Select (GPIO)
0x1 ox1 |PAD[2]|PAD[3]| - |PAD[1]
ox1 0x3 |PAD[0] | PAD[3]| - |PADI[1]
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€ Lab 16
Single-Client SPI OLED Display
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* Lab16 Single-Client SPI OLED Display

* Try add SPI Driver through PLIB SERCOMA4 SPI to control the OLED display SSD1306 to show graphic
image and text message.
* A pre-build splash image and text font bitmap will be provided for exercise.

* Please output text result of USART/12C Driver Labs on OLED display as below.
LCM: Hello World
USART1 RX: [The received byte from USART1 console]

USART2 RX:  [The received byte from USART2 console] M: Hello World : Ll

. SARTL R PA13 sercoma pAD1
I2C1 Temp:  [The temperature from I2C1 device MCP980OAS5 ] RN L 5.8 SAMD21
I2C2 EERPOM: [The byte read from I2C1 device 24AA024E64] Aocox: oPgMO PB10 sercoma paD2

4
GIGIG)

PB11 sercoma paD3

PA27 GPIO output

I2C2 AccelX: [The gravity X data from I2C2 device KXTJ3] A
I2C2 AccelY: [The gravity Y data from I2C2 device KXTJ3]
I2C2 AccelZ: [The gravity Z data from I2C2 device KXTJ3]

e OLED display (SSD1306) pin configuration: (SPI Chip Select : SERCOM-SPI Hardware controlled)
GND/AO to PA12 (Custom Name SSD1306_ RS, GPIO output, latch High)
CS to PA13 (SERCOM4 PAD1)
MOSI/SDA to PB10 (SERCOM4 PAD?2)
SCK/SCL to PB11 (SERCOM4 PAD3)
RST to PA27 (Custom Name SSD1306_RESET , GPIO output, latch High)
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% Lab16 Single-Client SPI OLED Display

 Add SPI Driver and attach PLIB SERCOMA4 as its hardware.

Device Resources

Content Manager

¥ Libraries

¥ Harmony

¥ Drivers

» 12C EEPROM

» SDCARD

as ' MEMORY

P

& spl
» SP| EEPROM
> SPI FLASH

» SQI Flash

Project Graph XI

X|E-@.. +|*Iil*|P1ugins:

EVSYS TIME
Peripheral Library Systemn Service

TC3 2 Core Service
Peripheral Library SYS_TIME ©
TMR

MNVYMCTEL
Peripheral Library
MEMORY

SERCOM4

Peripheral Library Instance 0
SPr SPI

DRV_SPI

Attach PLIB SERCOM4
to SPI Driver
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% Lab16 Single-Client SPI OLED Display

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

Configuration Options X]
=
Froject Graph XI =+ SERCOM4
X ZTRERBE 4| & Phgs v | © Select SERCOM Operation Mode  SPT Master vl DO on PAD[%]
: : - Enable Interrupts ? v
Device Family Pack (DFP) nen TR
-Enable operation in Standby mode |:|
EH'I'IM;. Core . —————— |ilj'ﬁ"'éiﬁ"Fﬁ]j[2]','"SCK'"E:iﬁ"F'E]j[3]"5'1{&1"33"5']'{"13;3{]3['1']"'5 =
Pari Li 2rmi Ice I
' T; ibrary S Harmony Core Service ~5PI Data In Pad Selection 'SERCQM FAD[O] .v'
© RTOS ~SPI Data Order MEE 15 transferred first -~
TMR MR peed in Hz LU, =
--5PI Data Character Size 2 bits -
NVMCTRL SPI -5PI Clack Phase The data 15 sampled on a leading SCK edge and changed d
. s _ _ :
F'enp::MI;RT Driver ~SPI Clock Polarity SCK 15 low when 1dle
© Core Service --Enable SPI Master Hardware Slave Select En able SPI MaSteI’
SERCOM4 Instances - — —+ - 5PI Receiver Enable -

Peripheral Library
SPI 1

Instance 0

e ———r— klected* * Hardware Slave Select

(=] [#
= 5PI
-~ PLIB Used
- Murmber of Clients

DRV_SPI

SERCON4

v 4

-~ Transfer Queue Size
- LIse DMA for Transmit and Receive? ﬂ
- DMA Channel Far Transmit
- DM& Channel For Receive

Enable' DMA
in"SPI Driver
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* Lab16 Single-Client SPI OLED Display

* Important!! Latest SPI Driver will not use the SERCOM-SPI Transfer Parameters as
initial value of SPI Driver. Configuration Options =

=
Frogect Graph XI S SERCOM4
x | wl ¥af § K, | ol |P1ugins: e = Select SERCOM Operation Mode  SPI Master v

. . ~Enable Interrupts 7 W
Device Family Pack (DFP) [ cmsIS Pack —
-Enable operation in Standby mode []
::SI"'SH EH”""EE | Core --8PI Data Out Pad D0 on PAD[Z], SCK on PAD[3] and 55 on PAD[I] v
Peri al Library am Sarvice i
H Core S i
—= o Core Service armony Core Service SPI Data In Pad Selection SERCQM FAD[O] v
& RTOS -5PI Data Order WSE 15 transferred first

SYS_TIME =
T™R

Peripheral Library
TMR

Core Service O

1,000,000 =
~SPI Data Character Size
~5PI Clock Phase leading SCE edge and changed ¢
-5PI Clack Palarity wCE 15 low when 1dle -

L .
--Enable SPI Master Hardware Slave Select

| SERCOM4 | , Instances -— ~SPI Receiver Enahle
Peripheral Library ~**#*5p] Transfer Mode 0 is Selected® **
s5P1 j

MYMCTEL
Peripheral Library
MEMORY

SPT

Drriver

o Core Service
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* Lab16 Single-Client SPI OLED Display

e Configure PA12 as GPIO output, Latch High, Custom named as SSD1306 RS
* Configure PA27 as GPIO output, Latch High, Custom named as SSD1306 RESET
* Enable PLIB SERCOM4 pads PA13, PB10 and PB11 of SPI Driver Instance 0.

Froject Graph* Fin Diagram XI Pin Table =| Pin Settings =
Order: ‘ Pins v Table Wiew Easy View
Pin . . o _
P I Custom MName Function Mode Direction Latch Full Up Full Dirive
Mumber
__ Cinarn Strenoth
19 PE10 SERCOM4 PAD2 ~ | Dhigital High Impedance nfa [] [] | morMAL -~
0 PE11 SERCOM4 PAD3 ~ | Diigital High Impedance nfa [] [] MORMAL v
21 FA1Z 55D1306_RS GFIO (¥ 1o1ta Out v 18 NORMAL
22 PA13 SERCOM4 PAD1 ~ | Lhioital High Impedance n/a [] [] | mNorMAL -~
39 PAZT 5501306 RESET GFIO ~ | Dngital [ Cut v] Hizh MORMAL

PA12as GPIO,outputfcustom name, SSD1306

PA2 qgas ,GPIO utpy_[,customnameSSD1306_

GPIO output

SERCOMA4 PAD1

SAMD21

SERCOMA4 PAD2

SERCOM4 PAD3

PA27 Grio output @ MlCROCHlp




% Lab16 Single-Client SPI OLED Display

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “5” and
given the Application Name to“app_drv_spil”.

Froject Graph XI |
x | wy §an | % | = |P1u2in5= M Configuration Options XI

Device Family Pack (DFP) Increase Number,of Application
EVSYS TIME —_— & ':;I:I re
Peripheral Library System Service ez E}-Generate Harmony &pplication Files

TC3 o Core Service DHRTOS = = E-&pplication Configuration
Peripharal Library SYS_TIME © e ;---Num.ber.uf ﬂpplmapung | 5J
T™R ™R ; --.-’-‘«ppllcatu:un 0 Configuration

--ﬂpplicatiun 1 Configuration

NVMCTRL SPI

Peripie DiErea Driver --ﬂpplicatiur‘l 2 Configuration

MEMORY m-aApplication 3 Configuration

& Core Service :
E-Application 4 Configuration
SERCOM4 =/ N ' .
) ) e R TEE + ~-Enahle Application 4 Configuration
Peripheral Library Instance 0 :

SPI spI %----ﬁpplicatinn MNarme app_drv_spil

DRV SPI Lok anplication name must be valid C-Language if
- Generate Harmony Driver Common Files

- GFenerate Harmony System Service Camrmon Files

- GFenerate Harmony System Media Files

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

--Enahle System Ports
- Enahle Systern DMA
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* Lab16 Single-Client SPI OLED Display

* Copy pre-build bitmap header files to project folder \firmware\src.
* Splash Logo bitmap image “Microchip_Logo.h”.

* Text Font bitmap image “Alphabet Fonts.h”. Projects x| Files Services
* Add two header files to project in MPLAB X IDE. =& Labl6_DRV_SPI_SingleClient CLED
El . Header Files
Lab16_DRV_SPI_SingleClient_OLED > firmware > src |'|=|__=“] d)|lphabet_Fonts.h
_ . : ] app drv e lh
I CopY,file to,\ firmware,\'src B app_drv_i2c2.h
_ packs _ : : ----- B app_drv_spil.h
® Alphabet_Fonts.h Projects x| Files Sgrvm&g = 1 app drv_usartlh
: : =} ﬁ Lable_DEY _SFI_SingleClient OLED S —
j Microchip_Logo.h E| . Uoader Filas B app_drv_usart2.h
app_drv_i2cl.c ______ @] Alphabet, New . config
® app_drv_i2cih - app drv _ | 1 Dicrochip_Logo.h
a i e @ PP ; New Logical Folder @i packs
app_drv_i2c2.c B app_drv_ . Tt
® app_drv_i2c2h 1] app_drv e S I & Important Files e Ingluee
i —— B app._drv Add Existing ltems from FOIJers..
----- 'FTj app_d]_'u_ Find..
o e -

Add EXxisting Item to project @Mlcmcmp



* Lab16 Single-Client SPI OLED Display

* The state machine to implement in app_drv_spil.c as below.

| l
L . — ™ 4
’ I APP_DRV_SPI1_Tasks() S

| J
T ;IiSH ]
]

ASH_WAIT_COMPLETE

. S SN SN B BN SN B BN B B B S B B e e e

(|

@ MICROCHIP



% Lab16 Single-Client SPI OLED Display

* Add states in “app_drv_spil.h”.

#ifndef

#define _

#include
#include
#include
#include
#include

APP_DRV_SPI1 H
APP_DRV_SPI1 H

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

typedef enum

APP_DRV_SPI1_STATE_INIT=0
// APP_DRV_SPIl_STATE_SER\,/ICE_TASKS,
APP_DRV_SPI1_STATE_SPLASH,
APP_DRV_SPI1_STATE_SPLASH_WAIT_COMPLETE,

APP_DRV_SPI1_STATE
APP_DRV_SPI1

STATE_ERROR,

_UPDATE,

APP_DRV_SPI1_STATE_IDLE,

} APP_DRV_SPI1_STATES;

typedef struct

APP_DRV_SPI1_STATES state;

} APP_DRV_SPI1 DATA;

void APP_DRV_SPI1 Initialize ( void );
void APP_DRV _SPI1 Tasks( void );

[ app_drv_spii.h ]I

You could remove the
SERVICESTASKS state

because we will

not use it anymore:

| INIT

]—

q SPLASH

SPLASH_WAIT_COMPLETE] [

UPDATE

ERROR
IDLE

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

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

/*******************************************************************
Function:

el AR SRR e el ) Overwrite original example code

void APP_DRV_SPI1 Tasks ( void )
{

app_drv_spill.c |

switch ( app_drv_spilData.state )

case APP_DRV_SPI1 STATE_INIT:
app_drv_spilData.state = APP_DRV_SPI1_STATE_SPLASH;
break;

case APP_DRV_SPI1 STATE_SPLASH:
app_drv_spilData.state = APP_DRV_SPI1 STATE_SPLASH WAIT_COMPLETE;
break;

case APP_DRV_SPI1 STATE_SPLASH_WAIT_COMPLETE:
app_drv_spilData.state = APP_DRV_SPI1 STATE_UPDATE;
break;

case APP_DRV_SPI1 STATE_UPDATE:
break;

case APP_DRV_SPI1_STATE_ERROR:
app_drv_spilData.state = APP_DRV_SPI1 STATE_IDLE;

break; [ INIT ]—
case APP_DRV_SPI1_STATE_IDLE: q SPLASH )

} break; q spLAsH_WAIT_compLeTe| [ ERROR
} q UPDATE | IDLE

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

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

#include "app drv_spil.h"
#include "app_drv_usartl.h"
#include "driver/spi/drv_spi.h"
#include "system/time/sys_time.h"
#include "peripheral/port/plib_port.h"
#include "Alphabet_Fonts.h"

#include "Mi hip_Logo.h" r—+
#include <stdio.h> ~ = PORTfor,GPIO control

#include <string.h> . -

phabet#Fonts.h for,Font bitmap

— A,

// >k >k 3k ok 5k 5k ok 3k >k >k %k >k ok ok ok ok Sk >k >k %k >k ok ok ok ok Sk Sk >k >k %k >k >k 5k 5k ok >k >k SRS SRR R 5% 5K 5K R gE SR

Section: Global Data Definitions

NN
NN

#define LCM_WIDTH 128

#define LCM_HEIGHT 64

int LogoX=126;

const uint8_t LCM InitCMD[] = {

OLED.initial commands

OxXAE, OxD5, ox80, OxA8, Ox3F, oxD3, ox00, Ox40, O0x8D, 0x1l4, O0x20, Ox02, OxAl,
oxC8, OxDA, ox12, ox81, OxCF, oxD9, oxFl, oxDB, Ox40, OxA4, OxA6, OXAF

}s

enum {

it BB OLED_BUS selector

DRV_HANDLE SPIlHandle;
SYS_TIME_HANDLE SplasﬁTimer‘Handle; PI hadle

Delayglimer,handle

.
3

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

app_drv_spill.c |

SYSKTIME for,delay, function

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

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

* Implement

< NN

}

\"

}

LCM local function for bus write and draw bitmap.

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

app_drv_spill.c |

Section: Application Local Functions
3k sk sk sk 3k sk 3k ok Sk sk Sk sk sk sk 3k ok ok sk sk sk sk sk sk sk ok 5k Sk sk sk sk sk 3k sk ok Sk sk sk sk sk sk sk ok ok ok sk sk sk 3k 3k sk ok Sk Sk sk sk sk 3k 3k sk ok ok sk sk sk k

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

NN

oid LCM_BusWrite( int bus, void *bytes, size_t counts ) (@]N=DNIERVITICRIT e ile)a

DRV_SPI_TRANSFER_HANDLE SPIlWriteHandle; Control GPIO to choose

if E bus==LCM_BUS g SSD1306_RS_Clear(); Command or,Data transfer
else if( bus==LCM_BUS SSD1306_RS_Set();

DRV_SPI WriteTransferAdd( SPI1Handle, bytes, counts, &SPIlWriteHandle );
while( DRV_SPI_TransferStatusGet(SPI1lWriteHandle)!=DRV_SPI_TRANSFER_EVENT_COMPLETE );

oid LCM_SetCursor( uint8_t x, uint8_t y )

uints_t OUT[3] = { OXOF & x, Ox10 + (x >> 4), OxBO + y }; OLED,Cursor,Set

LCM_BusWrite( LCM_BUS_CMD, (void*)OUT, 3 );

void LCM_DrawBitmap( uint8_t sx, uint8_t sy, uint8_t width, uint8_t height,

{

const unsigned char *byte )

for( int y=0; y<(height/8); y++ ) Draw,Bitmap_image

LCM_SetCursor( sx, sy+y );
LCM_BusWrite( LCM_BUS s, (void*)byte, width-sx );
byte+=width;

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

* Driver Open, OLED Hardware reset, initial in state INIT and handling ERROR state.

void APP_DRV_SPI1 Tasks ( void ) app_drv_spill.c |

switch ( app_drv_spilData.state )

Ease APP_DRV_SPI1 STATE INIT: OLED hardware reset by GPIO

SSD1306_RESET Clear();
SPI1Handle = DRV_SPI Open(DRV_SPI_INDEX_ @, DRV_IO INTENT_WRITE);
if(SPI1Handle == DRV_HANDLE_INVALID)

{

) break;
SSD1306_RESET_Set();

DRV_SPI_TRANSFER_SETUP S
SPI1Setup.baudRateInHz = 1000000;

SPI1Setup.clockPhase = DRV_SPI_CLOCK_PHASE_VALID_ LEADING_EDGE;
SPI1Setup.clockPolarity = DRV_SPI_CLOCK_POLARITY_IDLE_LOW;
SPI1Setup.dataBits = DRV_SPI_DATA BITS_8;
SPI1Setup.chipSelect = (SYS_PORT_PIN)SYS_PORT_PIN_NONE;

PI1Setup; Individual SPI Setup for,each’'S

app_drv_spilData.state = APP_DRV_SPI1_STATE_ERROR; SPI Driver Open for.write on|y

Pl Instance

SPI1Setup.csPolarity DRV_SPI_CS_POLARITY_ACTIVE_LOW; . .
DRV_SPI_TransferSetup(SPI1Handle, &SPI1Setup); gl\/\/rite OLED initial commands

LCM_BusWrite( LCM_BUS_CMD, (void*)LCM_InitCMD, sizeof(LCM_InitCMD) );
app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;

break; !
Handling error,state messag e K yrrrmms

( INIT —

case APP_DRVTSPIleTATE_ERROR: ., <iSPLASH_WA‘IT_COMPLETEI ( —ror
USART1printf("DRV_SPI1 error!\r\n");
q UPDATE | IDLE

app_drv_spilData.state = APP_DRV_I2C1 STATE IDLE;

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

* Please always execute the correct SPI Transfer Setup for each SPI Driver Client by use
the DRV_SPI_TransferSetup(). = SERCOMS

- Select SERCOM Operation Mode  SFI Master

void APP_DRV_SPI1 Tasks ( void ) (117

switch ( app_drv_spilData.state )

MSE 13 t:rnsferred f1Ist |
: 1,000,000 -2 =

-SPI Data Character Size % bits
-5PI Clock Phase The data 15753
app_drv_spilData.state = APP DRV SPI1 STAT {LsPLClock Polarity o abe e 2
break; -Enable SPT Master Hardware Slave Select

SF'I Receiver Enable

----- **¥SP] Transfer Mode 0 is Selected®***

~5SPI Data Qrder

case APP_DRV_SPI1 STATE INIT:
SSD1306_RESET Clear();
SPI1Handle = DRV_SPI Open(DRV SPI_INDEX ©, DRV
if(SPI1lHandle == DRV HANDLE INVALID)

ding SCE edge and changed'

¥
SSD1306_RESET_Set();

DRV_SPI_TRANSFER_SETUP SPIl1Setup;
SPI1Setup.baudRateInHz 1000000 ;
SPI1Setup.clockPhase DRV_SPI_CLOCK_PHASE_VALID_LEADING_EDGE;
SPI1Setup.clockPolarity = DRV_SPI_CLOCK_POLARITY_IDLE_LOW;
SPI1Setup.dataBits DRV_SPI_DATA_BITS_8;
SPI1Setup.chipSelect (SYS_PORT_PIN)SYS_ PORT PIN_NONE;
SPI1Setup.csPolarity DRV_SPI_CS_POLARITY_ACTIVE_LOW;

DRV_SPI_TransferSetup(SPIlHandle, &SPIlSetup); SPl Master.Hardware S|ave Select
LCM_BusWrite( LCM_BUS_CMD, (void*)LCM_InitCMD, sizeof(LCM_InitCMD) );

app_drv_spilData.state = APP_DRV_SPI1 STATE_SPLASH;
break;

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

* Draw animated image in state SPLASH and a delay while finish.
void APP_DRV_SPI1 Tasks ( void ) app_drv_spill.c |

switch ( app_drv_spilData.state )

case APP_DRV_SPI1 STATE_INIT:
LCM_BusWrite( LCM_BUS_CMD, (void*)LCM InitCMD, sizeof(LCM_InitCMD) );
app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;

break; - .
Draw,animated logo_bitmap
case APP_DRV_SPI1_STATE_SPLASH:

LCM_DrawBitmap( LogoX, ©, LCM_WIDTH, LCM_HEIGHT, Microchip_Logo );

LogoX = LogoX-2; g
%fc’ ®Logox<6 ) Setup one second delay,after,finish

SYS_TIME_DelayMS (1000, &SplashTimerHandle);
app_drv_spilData.state = APP_DRV_SPI1 STATE_SPLASH WAIT_COMPLETE;

}
break;

case APP_DRV_SPI1 STATE_SPLASH WAIT COMPLETE:
if( SYS_TIME_DelayIsComplete(SplashTimerHandle) == true )

: app_drv_spilData.state = APP_DRV_SPI1 STATE_UPDATE; Walt one SECOﬂd delay

break; )
case APP_DRV_SPI1 STATE_UPDATE: i SPLASH )

break; q spLAsH_WAIT_compLeTe]| | ERROR
e q UPDATE | IDLE

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

* Please switch the S3 to K]3:{ee]\"kN,
If you have not implemented the Advanced Exercise : 12C Auto Probe after Lab15.

void SYS_Tasks ( void ) ( task.c )

/* Maintain Device Drivers */

/* Maintain Middleware & Other Libraries */

/* Maintain the application's state machine. */
/* Call Application task APP_DRV_USART1. */
APP_DRV_USART1 Tasks();

/* Call Application task APP_DRV_USART2. */
APP_DRV_USART2_Tasks();

/* Call Application task APP_DRV_I2C1l. */
APP_DRV_I2C1 Tasks();

/* Call Application task APP_DRV_I2C2. */
APP_DRV_I2C2_Tasks();

/* Call Application task APP_DRV_SPI1. */
APP_DRV_SPI1 Tasks();

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

* Compiler and programming your project to EVB.
* The OLED will show animated Microchip Logo

Project Graph* ]

X TRER®E 4| & 5 |Plugns:
Device Family Pack (DFP) |l CMSIS Pack
TIME
EVSYS . e
Peripheral Library System Service ;
< Harmony Core Service
O Core Service

O RTOS
SYS_TIME © .
Core Service ©
TMR

NVMCTRL SPI

Peripheral Library Driver

MEMORY O Core Service

Instances = —+
Instance 0
7 SPI
INIT —_— DRV_SPI '

SPLASH

SPLASH_WAIT_COMPLETE ERROR

:I UPDATE IDLE
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* Lab16 Single-Client SPI OLED Display

* Let’s continue implement to display the text message.

Insert between this

Insert between this

#include app drv_spil.h"

app_drv_spill.c |

#include "app_drv_usartl.h"

#include "dPlVEP/Spl/dPV spi.h”

#include "system/time/sys time.h"

#include "peripheral/port/plib_port.h"

#include "Alphabet Fonts.h"

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

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

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

#define LCM WIDTH 128
#define LCM HEIGHT 64
#define FONT_WIDTH 7
#define FONT_HEIGHT 8
char OutString[20];

Font size (depend to bitmap of,Font)

char LCM_UsartilRx;

char  LCM_Usart2Rx; Data collect for, OLED text output
float LCM_I2cl1Temp;

char LCM_I2c1EERPOM;

int LCM_IZcZAcce1[3];

char Alphabet[95] = "0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefghijklmnopgrstuvwxyz\
~T@HSBN& () [I{I_\\ 5,7 " \"<oa-*/=2 "

int LogoX=126;

1o index the font offset in bitmap

OxD3, 0x00, 0x40, Ox8D, Ox14, Ox20, Ox02, OxAl,
OxD9, OxF1, OxDB, 0x40, OxA4, OxA6, OXAF

const uint8_t LM Blank[1024],

const uint8 t LCM InitCMD[] = {
OxAE, OxD5, 0x80, OxA8, Ox3F,
OxC8, OxDA, Ox12, 0x81, OXCF,

}s

ﬁ\ MICROCHIP



* Lab16 Single-Client SPI OLED Display

* Implement LCM clear and draw text string functions.

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

// Section: Application Local Functions
3k sk sk sk 3k sk 3k ok Sk sk Sk sk sk sk 3k ok ok sk sk sk sk sk sk sk ok 5k Sk sk sk sk sk 3k sk ok Sk sk sk sk sk sk sk ok ok ok sk sk sk 3k 3k sk ok Sk Sk sk sk sk 3k 3k sk ok ok sk sk sk k

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

app_drv_spill.c |

void LCM BusWrite( int bus, void *bytes, size t counts ) { ... }
void LCM_SetCursor( uint8 t x, uint8 ty ) { .

void LCM_DrawBitmap( uint8 t sx, uint8_t sy, uints _t width, uint8 t height, ...) { ... }
¥oid LCM_Clear( void )

unsigned char LCM_Blank[1024];
memset(LCM_Blank, 0, 1024);

. LCM_DrawBitmap(@, @, LCM_WIDTH, LCM_HEIGHT, LCM_Blank); OLED screen clear

void LCM DrawFont( uint8_t sx, uint8_t row, char ch )

{ : . .
int chIdx = @; Find offset in font bitmap
while( ch != Alphabetgchxdx] IR SIS N ANd output to target position
LCM SetCursor(sx, row

} LCM_BusWrite( LCM_BUS DAT, (void*)(Alphabet_Fonts+(chIdx*FONT_WIDTH)), FONT_WIDTH );

void LCM_DrawString( uint8_t sx, uint8_t row, char *str )

for( int x=0 ; x<strlen(str); x++ )

LCM_DrawFont( sx+(x*FONT_WIDTH), row, str[x] ); Draw,string fonts

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

* Add OLED screen clear before start splash animation and end of animation.
void APP_DRV_SPIl_Tasks ( void ) app_drv_spill.c JI

switch ( app_drv_spilData.state )
case APP_DRV_SPI1_STATE_INIT:
SSD1306_RESET Set();
LCM_BusWrite( LCM_BUS_CMD, (void*)LCM_InitCMD, sizeof(LCM_InitCMD) );
LCM_Clear();

app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;
break;

case APP_DRV_SPI1 STATE_SPLASH:

case APP_DRV_SPI1_STATE_SPLASH_WAIT COMPLETE:
if( SYS _TIME DelayIsComplete(SplashTimerHandle) == true )

Insert between this {

LCM_Clear();
app_drv_spilData.state = APP_DRV_SPI1 STATE_ UPDATE;
break;
case APP DRV SPI1 STATE UPDATE:
break; B B ( L007 J———
case APP_DRV_SPI1 STATE_ERROR: { Sy ]
USART1printf("DRV_SPI1 error!\r\n"); (ispLASH_WA",T_COMPLETE] ( RROR |

q UPDATE | mr w
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* Lab16 Single-Client SPI OLED Display

* Output text message to OLED in state UPDATE.

void APP_DRV_SPI1 Tasks ( void )

{
switch ( app_drv_spilData.state )

case APP_DRV_SPI1 STATE_INIT: ...
case APP_DRV_SPI1_STATE_SPLASH:

case APP DRV SPI1_STATE SPLASH WAIT COMPLETE:

case APP_DRV_SPI1_STATE_UPDATE:

sprintf( OutString, "LCM: Hello World" );

LCM_DrawString(9, @, OutString);

sprintf( OutString, "USART1 RX: %c", LCM UsartlRx );

LCM_DrawString(@, 1, OutString);

sprintf( OutString, "USART2 RX: %c", LCM_Usart2Rx );

LCM_DrawString(@, 2, OutString);

sprintf( OutString, "I2C1 Temp: %2.1f'C", LCM_I2c1Temp );

LCM_DrawString(@, 3, OutString);

sprintf( OutString, "I2C1 EEPROM:

LCM_DrawString(9, 4, OutString);

sprintf( OutString, "I2C2 AccelX:

LCM_DrawString(@, 5, OutString);

sprintf( OutString, "I2C2 AccelY:

LCM_DrawString(@, 6, OutString);

sprintf( OutString, "I2C2 AccelZ:

LCM_DrawString(@, 7, OutString);
break;

case APP_DRV_SPI1 STATE_ERROR:

USART1printf("DRV_SPI1 error!\r\n");
app_drv_spilData.state = APP_DRV_I2C1 STATE IDLE;

break;

0x%02X", LCM_I2c1EERPOM );
%5d", LCM_I2c2Accel[0@] );
%5d", LCM_I2c2Accel[1] );
%5d", LCM_I2c2Accel[2] );

app_drvt§pill.c

DI
)
0
)
)
-

JA)

|
0

L)
(L)

NNMRROIUIC
1
1
0
[ ]
%)
)

LTI

|
LRI )

INIT —

q SPLASH ]

q SPLASH_WAIT_COMPLETE | ( ERROR _]

—
q UPDATE ] |( IDLE P
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* Lab16 Single-Client SPI OLED Display

* Compiler and programming your project to EVB.
* The OLED will output text message after splash animation.

Project Graph* ‘
x’QEﬂ@ fl-!éj'[‘—_—'llPlugins: v
Device Family Pack (DFP) |l CMSIS Pack
TIME
= R et . Core
D Peripheral Library System Service .
200 . B8 O Core Service % ¥, e, Sarvice
ERBOM : - Bedn O RTOS
= 5 SYS_TIME © .
= Core Service ©
n = TMR
NVMCTRL SPI
Peripheral Library Difver
MEMORY O Core Service
Instances - — —+
Instance 0
=, SPI
il DRV_SPI ¢
SPLASH

SPLASH_WAIT_COMPLETE ERROR

:I UPDATE IDLE
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* Lab16 Single-Client SPI OLED Display

* Extern variables in app_drv_spil.h for collect data from USART and 12C Drivers.

#ifndef _APP_DRV_SPI1 H [ app_drv_spii.h H
#define _APP_DRV_SPI1 H -

Eypedef enum

/* Application's state machine's initial state. */
APP_DRV_SPI1 STATE_INIT=0,

// APP_DRV_SPI1 STATE_SERVICE_TASKS,

APP_DRV_SPI1 STATE_SPLASH,
APP_DRV_SPI1_STATE_SPLASH WAIT COMPLETE,
APP_DRV_SPI1_STATE_UPDATE,
APP_DRV_SPI1_STATE_ERROR,
APP_DRV_SPI1_ STATE_IDLE,

} APP_DRV_SPI1 STATES;

void APP_DRV_SPI1 Initialize ( void );
void APP DRV _SPI1 Tasks( void );

extern char LCM_UsartlRx;

t har LCM_Usart2Rx; ;
extern float LCM I2c1Temp: Extern variables for,collect data

extern char LCM_I2c1EERPOM;
extern int LCM_I2c2Accel[3];

//DOM-IGNORE -BEGIN

#ifdef _ cplusplus

#tendif
//DOM-IGNORE -END

#endif /* _APP_DRV_SPI1 H */ .
ﬁ\ MICROCHIP



* Lab16 Single-Client SPI OLED Display

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

#include "app_drv_usartl.h" . |app_dr-v_usar-t1.c|
#include "app_drv_usart2.h" {[ge[Vfe[YCTo]o lLe[AVALT o INMY!

#include "app_drv_spil.h" — —

#include "driver/usart/drv_usart.h"

#include <stdio.h> ( INIT )

#include <string.h>

i 7
#include <stdarg.h> [ READ

—-[ READ_WAIT_COMPLETE ‘P——I
o o o |

void APP_DRV_USART1 Tasks ( void ) [ ] [ v ]
WRITE WRITE

switch ( app_drv_usartlData.state )

[WRITE_WAIT_COM PLETE WRITE_WAIT_COMPLETE]

case APP_DRV_USART1 STATE READ:

case APP_DRV_USART1_STATE_READ WAIT COMPLETE:
if(UartlReadComplete == true)

{

UartlReadComplete = false;
LCM_UsartiRx = UartlReadBuf[@]; Collect Uart1ReadBuf[O]

app_drv_usartlData.state = APP_DRV_USART1 STATE READ;
app_drv_usart2Data.state = APP_DRV_USART2 STATE WRITE;

break;

case APP_DRV_USART1_STATE_WRITE:

@ MICROCHIP



* Lab16 Single-Client SPI OLED Display

* Modify state READ_WAIT_COMPLETE in “app_drv_usart2.c”.

#include "app_drv_usart2.h" . (app_drv_usart2.c )
#include "app_drv_usartl.h" {[geJ[VfelYCTo]olLe[AVALT o INMY! —
#include "app_drv_spil.h" — —

#include "driver/usart/drv_usart.h"

#include <stdio.h> [ INIT ]
#include <string.h>

i )
#include <stdarg.h> READ ]
I—_q‘ READ_WAIT_COMPLETE |}«

]
void APP_DRV_USART2 Tasks ( void ) ( i ] : ]
WRITE WRITE

switch ( app_drv_usart2Data.state )

[WRITE_WAIT_COM PLETE WRITE_WAIT_COMPLETE]

case APP_DRV_USART2 STATE_ READ:

case APP_DRV_USART2_STATE_READ WAIT COMPLETE:
if(Uart2ReadComplete == true)

{

Uart2ReadComplete = false;
LCM _Usart2Rx = Uart2ReadBuf[0]; CO”eCt vartz ReadBUf[O]

app_drv_usart2Data.state = APP_DRV_USART2 STATE_ READ;
app_drv_usartlData.state = APP_DRV_USART1_STATE_WRITE;

break;

case APP_DRV_USART2_STATE_WRITE:
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* Lab16 Single-Client SPI OLED Display

* Modify state WAIT_COMPLETE_9800 and WAIT COMPLETE_24AA in “app_drv_i2cl.c”.
#include "app_drv_i2cl.h" . [ app_drv_i2ci.c
#include "app_drv_usartl.h" {|oTe}[Ufe[YETo] oLl AVA LT oI NM g — )
#include "app_drv_spil.h" — —
#include "driver/i2c/drv_i2c.h"
void APP_DRV_I2C1 Tasks ( void ) ( i ——
switch ( app_drv_i2clData.state ) —{  WRITE_READ 9800 J—— s
.. [ wair_compLeTe_9800 P
case APP_DRV_I2C1_STATE_WAIT COMPLETE_9800: -
if(I2C1lComplete 9800 == true) ([ write_reap_24an  J—{ ERROR )

{ i ] TR
I2C1Complete 9808 = false; —{ wair_compLete_24aa J ( IDLE

LCM_I2c1Temp = (-Float)(§IZC1ReadBu-F_9800[6]<<4§| CollectsTem perature result
I2C1ReadBuf_9800[1]>>4))/16.0f;
USART1printf("Temp = %2.1f\r",

(float) ((I2C1ReadBuf_9800[0]<<4)|(I2C1ReadBuf 9800[1]>>4))/16.0f);

app_drv_i2clData.state = APP_DRV_I2C1_STATE WRITE_READ 24AA;

case APP_DRV_I2C1_STATE_WAIT COMPLETE_24AA:
if(I2C1Complete 24AA == true)

{ I2C1Complete 24AA = false;
LCM_I2c1EERPOM = I2C1ReadBuf 24AA[0]; Collect EEPROM read byte

USART1printf("\t\tEEPROM = Ox%X\r", I2ClReadBuf 24AA[0]);
app_drv_i2clData.state = APP_DRV_I2C1 STATE_WRITE_READ 9800;
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* Lab16 Single-Client SPI OLED Display

* Modify state WAIT_COMPLETE_AXIS TJ3 in “app_drv_i2c2.c”.

#include "app_drv_i2c2.h" . [ app_drv_i2c2.c m
#include "app_drv_usartl.h" [[gYeI¥fel= app drv Spl]__h —
#include "app_drv_usart2.h" — —

#include "app_drv_spil.h"

#include "driver/i2c/drv_i2c.h" [ — ]
e . > v
void APP_DRV_I2C2 Tasks ( void ) B e eno_orov_ 1 |
. . Not Ready yet
?wrc ch ( app_drv_i2c2Data.state ) | wmr_commh’ns_nanv_@
o o o + ‘ '
case APP_DRV_I2C2_STATE_WAIT COMPLETE_AXIS T3J3: —>(__WRITEReADAXs T3 | ERRoR |
if(I2C2Complete _TJI3 == true) o
{ —[ WAIT_COMPLETE_AXIS_TJ3 [ IDLE
]

I2C2Complete_TJ3 = false;

AxisOutByte[AxisOutRegIdx] = I2C2ReadBuf_TJ3[0@];
if(++ AxisOutRegIdx >= 6)

insert between this J
LCM_I2c2Accel[09] short) (AxisOutByte[1]<«8
LCM_TI2c2Accel[1] short) (AxisOutByte[3]<<8
LCM_TI2c2Accel[2] short) (AxisOutByte[5]<<8

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

AxisOutByte[3]
AxisOutByte[4]

.
J
.
J

AxisOutByte[e]i;

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

Bd

)s

app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_WRITE_READ DRDY T3J3;
break;
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* Lab16 Single-Client SPI OLED Display

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

Project Graph* ‘
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* Lab16 Single-Client SPI OLED Display

* Try comment out UART debug message in “app_drv _i2cl.c” to speed-up OLED display.
#include "app_drv_i2cl.h" (app_drv_i2ci.c |

#include "app_drv_usartl.h"
#include "app_drv_spil.h"
#include "driver/i2c/drv_i2c.h"

void APP_DRV_I2C1 Tasks ( void )

switch ( app_drv_i2clData.state )

case APP_DRV_I2C1_STATE_WAIT COMPLETE_9800:
if(I2C1lComplete 9800 == true)

I2C1Complete_9800 = false;
LCM _I2clTemp = (float)(212C1ReadBuf_98@0[0]<<4§|
I2C1ReadBuf 9800[1]>>4))/16.0f;

// USART1printf("Temp = %2.1f\r",
kiiiteny // (float) ((I2C1ReadBu¥_98008[0]<<4) | (I2C1ReadBuf_9800[1]>>4))/16.0f);

app_drv_i2clData.state = APP_DRV_I2C1_STATE WRITE_READ 24AA;

case APP_DRV_I2C1_STATE_WAIT COMPLETE_24AA:
if(I2C1Complete 24AA == true)

I2C1Complete 24AA = false;

LCM_I2c1EERPOM = I2C1ReadBuf 24AA[O];
ETEEIY® // USART1printf("\t\tEEPROM = @x%X\r", I2C1ReadBuf 24AA[0]);

app_drv_i2clData.state = APP_DRV_I2C1_STATE_WRITE_READ 9800;
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* Lab16 Single-Client SPI OLED Display

* Try comment out UART debug message in “app_drv _i2c2.c” to speed-up OLED display.

#include "app_drv_i2c2.h" [ app_drv_i2c2.c ]
#include "app_drv_usartl.h” ——
#include "app_drv_usart2.h"
#include "app_drv_spil.h"
#include "driver/i2c/drv_i2c.h"

void APP_DRV_I2C2 Tasks ( void )

switch ( app_drv_i2c2Data.state )

Ease APP_DRV_I2C2_STATE_WAIT_COMPLETE_AXIS_T3J3:
%F(IZCZComplete TJ3 == true) W
I2C2Complete TJ3 = false; USARTlprlntf and USARTZwrite

AxisOutByte[AxisOutRegIdx] = I2C2ReadBuf_TJ3[0@];
if(++ AxisOutRegIdx >= 6)

LCM TI2c2Accel[0]
LCM TI2c2Accel[1]

N short) (AxisOutByte[3]<<8
LCM_I2c2Accel[2]

AxisOutByte[3]

J

AxisOutByte[@]%;

éshortggAxisOutByte[1]<<8

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

J

{
// USART1printf("\t\t\t\tG-Sensor = (%5d, %5d, %5d)\r",
// (short) (AxisOutByte[1]<<8|AxisOutByte[0]),
// (short) (AxisOutByte[3]<<8[AxisOutByte[2]),
// (short) (AxisOutByte[5]<<8|AxisOutByte[4]));

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

AxisOutByte[4], AxisOutByte[5],

/
// USART2write( DVBuf, 8 );

If you UEVS |mplemented

Advanced Exercise: MPLAB Data Vlsuallzer
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* Lab16 Single-Client SPI OLED Display

Discuss 1

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

Configuration Options XI
=l [+
E-SERCOM4
= Select SERCOM Operation Mode | SFI Master v
- Enable Interrupts ?
- Enable operation in Standby mode |:|
Froject Graph* - SPI Data Out Pad DO on PAD[Z], BCE on PAD[3] and ;
X TRERE4| ~SPI Data In Pad Selection SERCOM FAD[0] ~
_ . - 5PI Data Order MSE 15 transferred first -
~5PI Speed in Hz 1,000,000 =
- 5PI Data Character Size 2 bits
Peripheral Library o ~5PI Clack Phase The data 1z sampled on a leading SCK edge and changed o
TC3 . - 5PI Clack Polarity SCE 15 low when 1dle
Peripheral L'braw i ~Enable SPI Master Hardware Slave Select @
- 5PI Receiver Enable
NVMCTEL -~ ***0p] Transfer Mode 0 is Selected***
F'a'lpha'al Library

Driver

HEHOR Y

& Core Service Without Hardware Slave'Select
Instances = In case we have not connect the

Instance O

sp; Slave Select pin to, SERCOM PAD[1]

DRV_5SPI

SER[H'-"-ﬂ-
Peripheral LII:I'-EI'f
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* Lab16 Single-Client SPI OLED Display

Discuss 1

* Change |ZA¥E] to GPIO output, Latch High and Custom name as [ESIbRECRe].

Fromect Graph# Fin DCiagram XI Fin Table =

Fin Settings XJ

PAl12as GPlO,outputfcustom name SSD13
,customnameSSD1306_

RESET,

PA27,

as_ GRIO output
Configure PB10/,PB11las:SERCOMA4%PAD?2'/,PAD3
PA13Tas GPIO outputfcustom name, SSD1306¥CS®MLatch to;High

AFFEaN -2

Y fm

MOSI/‘SDA
SCK/SCL
RST

GPIO output

GPIO output

SAMD21

SERCOMA4 PAD2

—

SERCOM4 PAD3

PA27 GPIO output

Ordor: Table View | [ Basy View
Fin . . L _
Fin ID Custom MName Function bode Direction Latch Full Up  Full Cirive
Iumber
_ Dinarn “tren ath
19 PE10 SERCOM4 PAD2 ~| Dhgital High Impedance nfa [] [] | nNORMAL
20 PE11 SERCOM4 PAD3 ~| Dhgital High Impedance nfa [] [] | mNormMAL
21 FA1Z 5501306_RS GPID ~ | Dngital Clut ~| High MORMAL v
22 PA13 55D1306_C5 GPIO " 1gita Out 1z MORMAL
39 PAZT7 5501306 _RESET GPIO ~ | Dnpital Out ~| High MORMAL

O6¥RS™L'atch to High
»Latch to High
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* Lab16 Single-Client SPI OLED Display

Discuss 1

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

void APP_DRV_SPI1 Tasks ( void )
switch ( app_drv_spilData.state )

case APP_DRV_SPI1 STATE_INIT:
SSD1306_RESET Clear();

SPI1Handle = DRV_SPI_Open(DRV_SPI_INDEX @, DRV_IO_ INTENT_WRITE);

if(SPI1Handle == DRV_ HANDLE _INVALID)

{
app_drv_spilData.state = APP_DRV _SPI1 STATE ERROR;

break;

app_drv_spill.c |

} AR SSD1306! CSH{

DRV_SPI_TRANSFER_SETUP SPIlsetup;
SPI1Setup.baudRateInHz ;
SPI1Setup.clockPhase
SPI1Setup.clockPolarity
SPI1Setup.dataBits

DRV_SPI CLOCK_POLARITY IDLE LOW;

DRV_SPI DATA_BITS_ 8;

SPI1Setup.chipSelect (SYS_PORT_PIN)SSD1306_CS_PIN;
SPI1Setup.csPolarity DRV_SPI CS POLARITY_ ACTIVE LOW
DRV_SPI TransferSetup(SPI1Handle, &SPI1Setup);

SSD1306_RESET_Set();

LCM_BusWrite( LCM_BUS_CMD, (void*)LCM InitCMD, sizeof(LCM InitCMD) );

app_drv_spilData.state = APP_DRV_SPI1 STATE SPLASH;
break;

case APP_DRV_SPI1_STATE_SPLASH:

DRV_ SPT’ _CLOCK_PHASE_VALID_ LEADING_EDGE;

SIEE Chlp Select
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* Lab16 Single-Client SPI OLED Display

Discuss 1

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

Project Graph* l

x|EGEGEf|*@'E|PIugins: v
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SPI Driver —
Wi-Fi WINC Driver Library

Harmony Driver
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SPI Driver — Wi-Fi WINC Driver Library

e Introduction

The MPLAB Harmony WINC Driver provides a high-level interface to the ATWINC1500 and ATWINC3400 Wi-Fi
network controller modules. The WINC Driver Library, in conjunction with the ATWINC1500 or ATWINC3400 module,
allows an application to:

Join an existing 802.11 b/g/n 2.4GHz Wi-Fi Infrastructure network.

Create an 802.11 Wi-Fi Ad Hoc of Soft AP network.

Scan for other W-Fi devices in an area

Supports BLE 4.0 provisioning and profiles in central and peripheral mode (ATWINC3400 only)

* Abstraction Model

This library provides an abstraction of the ATWINC1500 and ATWINC3400 network controllers. The library operates in
two forms, a basic driver intended to work solely with an application and a MAC driver intended to work in concert
with the Harmony TCP/IP stack and the application. In either form, the driver provides function to perform the
following:

Manage WINC system time

Manage Wi-Fi associations

Perform Wi-Fi BSS search operations

Create and manage Soft AP functionality

Connect to an existing 802.11 b/g/n infrastructure network

Control device power save operation

Manage security profiles

Configure and control WINC network controllers ﬁ\ MICROCHIP



SPI Driver — Wi-Fi WINC Driver Library

* ASIC Socket vs Ethernet Mode

The WINC modules are capable of below operating modes:

Socket mode : (Basic Driver)

This mode allows an application running on the host MCU to utilize the TCP/IP stack within the firmware of the
WINC device, as such the host MCU does not need to run its own TCP/IP stack.

Ethernet (bypass) mode : (MAC Driver)

This mode to disables the TCP/IP stack within the firmware of the WINC device, instead the host MCU can only send

and receive Ethernet frames. This mode allows the host MCU to operate its own TCP/IP stack treating the WINC
device as a simple Ethernet controller.

Note: The WINC device may need separate firmware loaded to support a different mode.
* Contexts

The driver uses several contexts to manage complex groupings of information such as authentication, BSS and HTTP
provisioning settings. A context can be created external to the WINC Driver before being passed into the driver as
part of an operation. The WINC Driver may also pass back to the application a context if it is appropriate for the
information being passed. The WINC Driver provides functions to manipulate the contexts and ensure they are valid
before being accepted by the driver.

@ MICROCHIP



SPI Driver — Wi-Fi WINC Driver Library

* Basic WINC Driver (Socket mode)

The Basic WINC Driver is utilized when the host MCU application is the primary client of the WINC Driver. In
this arrangement the host MCU application is either reliant on the TCP/IP stack within the WINC device
firmware or is only interested in sending and receiving basic Ethernet frames.

context

Application

context

il

context

WINC Firmware Driver

WINC ASIC Ethernet Mode
WINC ASIC Socket Mode c\ MICROCHIP




SPI Driver — Wi-Fi WINC Driver Library

* MAC WINC Driver (Ethernet/bypass mode)

The MAC WINC Driver is utilized when the host MCU application is the combined with the Harmony TCP/IP
stack. The Harmony TCP/IP stack is responsible for operating the WINC device as an Ethernet controller while
the application is responsible for managing the Wi-Fi specific functionality such as locating and connecting to

802.11 b/g/n BSSs.

W

context

““Custom IE'Store "
— I\‘ h‘i ﬁ D"‘“ a i Ai i _
Powersave Jugizi i
Mode [\ [oYe [

WINC Firmware Driver

WINC ASIC Ethernet Mode
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SPI Driver — Wi-Fi WINC Driver Library

* MAC WINC Driver (Ethernet/bypass mode) (changes in WINC1500 19.7.x and WINC3400 1.4.2)

The major change in the later WINC architecture is the removal of the ‘stack driver’. Previously there was an extra layer over the WINC driver
APl when the driver was used in bypass mode with the Harmony TCP/IP stack. The application had limited control of the driver through the
WDRV_WINC_MAC* APIs. The APIs had to be wrapped in a WDRV_WINC_MAC version and there was no direct control of
connection/disconnection. The driver now has two interfaces which can be opened, first the normal interface used in non-bypass mode
(called the control interface) and a second interface used by the TCP/IP stack (the MAC interface). In a way, instead of being the MAC

interface on top of the control interface as before they are now side by side.
( )

NCP/IP.
stack

context

context

Powersave Socket “Ethernet’
Mode Mode

WINGEIrmware Driver

WINC ASIC Ethernet Mode

For the applications there is no change to how things work for non-bypass mode. However, now that same application control can be used in
bypass mode with the TCP/IP stack, the only difference being that the WINC socket API is replaced with the Harmony stack API

(and certain WINC APIs become unavailable as they are based on non-bypass firmware). )
The example wifi_winc_sta_bypass has been updated to reflect this change. @ MICROCHIP



SPI Driver — Wi-Fi WINC Driver Library

Froject Graph*
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SPI Driver — Wi-Fi WINC Driver Library

API functions of the Wi-Fi WINC Driver Library.

* WINC wireless driver System Interface implementation (wdrv_winc.c)

WDRV_WINC_lInitialize
WDRV_WINC_Deinitialize
WDRV_WINC_Reinitialize
WDRV_WINC_Status

WDRV_WINC_Tasks

WDRV_WINC_ISR
WDRV_WINC_DebugRegisterCallback
WDRV_WINC_Open

WDRV_WINC_Close
WDRV_WINC_MulticastMACFilterAdd
WDRV_WINC_MulticastMACFilterRemove
WDRV_WINC_EthernetAddressGet
WDRV_WINC_OperatingModeGet
WDRV_WINC_UserHandleSet
WDRV_WINC_UserHandleGet
WDRV_WINC_InfoDriverVersionGet
WDRV_WINC_InfoDeviceFirmwareVersionGet
WDRV_WINC_InfoDevicelDGet
WDRV_WINC_InfoDeviceMACAddressGet
WDRV_WINC_InfoDeviceNameSet
WDRV_WINC_GainTablelndexSet

System interface initialization of the WINC driver.

WINC driver deinitialization function.

WINC driver reinitialization function.

Provides the current status of the WINC driver module.
Maintains the WINC drivers state machine.

WINC interrupt handler.

Register callback for debug serial stream.

Opens an instance of the WINC driver.

Closes an instance of the WINC driver.

Adds an Ethernet address to the multicast filter.

Removes an Ethernet address from the multicast filter.
Returns the current Ethernet address assigned to the WINC.
Returns the current operating mode of the WINC.
Associates a caller supplied handle with the driver instance.
Returns the current user supplied handle associated with the driver.
Returns the drivers version information.

Returns the WINC firmware version information.

Returns the device ID.

Retrieves the MAC address of the WINC.

Sets the WiFi Direct Device Name.

Sets the gain table index.

ﬁ\ MICROCHIP



SPI Driver — Wi-Fi WINC Driver Library

* WINC wireless driver Socket Mode implementation (wdrv_winc_socket.c)

WDRV_WINC_IPAddressSet
WDRV_WINC_IPAddressGet
WDRV_WINC_IPDNSServerAddressSet
WDRV_WINC_IPDefaultGatewaySet
WDRV_WINC_IPUseDHCPSet
WDRV_WINC_IPUseDHCPGet
WDRV_WINC_IPDHCPServerConfigure
WDRV_WINC_IPLinkActive
WDRV_WINC_ICMPEchoRequest
WDRV_WINC_OTAUpdateFromURL
WDRV_WINC_OTAUpdateAbort
WDRV_WINC_SwitchActiveFirmwarelmage
WDRV_WINC_SocketRegisterEventCallback
WDRV_WINC_SocketRegisterResolverCallback
WDRV_WINC_SwitchActiveFirmwarelmage
WDRV_WINC_SocketRegisterEventCallback
WDRV_WINC_SocketRegisterResolverCallback

Configures an IPv4 address.
Returns the current IPv4 address.
Configures the DNS server address.

Configures the default gateway used by the WINC.

Enables DHCP.

Determine if DHCP is to be used.
Configures the Soft-AP DHCP server.
Indicates state of IP link.

Sends an ICMP echo request.
Perform OTA from URL provided.
Abort an OTA update.

Switch active firmware image to inactive partition.

Register an event callback for socket events.

Register an event callback for DNS resolver events.
Switch active firmware image to inactive partition.

Register an event callback for socket events.

Register an event callback for DNS resolver events.

* WINC wireless driver STA implementation (wdrv_winc_sta.c)

WDRV_WINC_BSSConnect
WDRV_WINC_BSSReconnect
WDRV_WINC_BSSDisconnect
WDRV_WINC_BSSRoamingConfigure

Connects to a BSS in infrastructure station mode.
Reconnects to a BSS using stored credentials.
Disconnects from a BSS.

Configures BSS roaming support.
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* WINC wireless driver BSS Scanning implementation (wdrv_winc_bssfind.c)

WDRV_WINC_BSSFindFirst Request a BSS scan is performed by the WINC.
WDRV_WINC_BSSFindNext Request the next scan results be provided.
WDRV_WINC_BSSFindReset Requests the information structure of the current BSS scan result.
WDRV_WINC_BSSFindGetinfo Adds an Ethernet address to the multicast filter.
WDRV_WINC_BSSFindSetScanParameters Configures the scan operation.
WDRV_WINC_BSSFindSetRSSIThreshold Configures the scan RSSI threshold.
WDRV_WINC_BSSFindSetEnabledChannels Configures the channels which can be scanned.
WDRV_WINC_BSSFindGetNumBSSResults Returns the number of BSS scan results found.
WDRV_WINC_BSSFindInProgress Indicates if a BSS scan is in progress.

* WINC wireless driver BSS Context implementation (wdrv_winc_bssctx.c)

WDRV_WINC_BSSCtxIsValid Tests if a BSS context is valid.
WDRV_WINC_BSSCtxSetDefaults Configures a BSS context into a default legal state.
WDRV_WINC_BSSCtxSetSSID Configures the SSID of the BSS context.
WDRV_WINC_BSSCtxSetBSSID Configures the BSSID of the BSS context.
WDRV_WINC_BSSCtxSetChannel Configures the channel of the BSS context.
WDRV_WINC_BSSCtxSetSSIDVisibility Configures the visibility of the BSS context.

* WINC wireless driver Association implementation (wdrv_winc_assoc.c)

WDRV_WINC_AssociationSSIDGet Retrieve the current association SSID.
WDRV_WINC_AssociationPeerAddressGet Retrieve the current association peer device network address.
WDRV_WINC_AssociationAuthTypeGet Retrieve the current association authentication type.
WDRV_WINC_AssociationRSSIGet Retrieve the current association RSSI.
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* WINC wireless driver Authentication Context implementation (wdrv_winc_authctx.c)

WDRV_WINC_AuthCtxIsValid Tests if an authentication context is valid.

WDRV_WINC_AuthCtxSetDefaults Configures an authentication context into a default state.

WDRV_WINC_AuthCtxSetOpen Configure an authentication context for Open authentication.

WDRV_WINC_AuthCtxSetWEP Configure an authentication context for WEP authentication.

WDRV_WINC_AuthCtxSetWPA Configure an authentication context for WPA-PSK authentication.
WDRV_WINC_AuthCtxSetWPAEnterpriseMSCHAPv2 Configure an authentication context for WPA(2)-Enterprise authentication using MS-CHAPv2.
WDRV_WINC_AuthCtxSetWPAEnterpriseTLS Configure an authentication context for WPA(2)-Enterprise authentication using TLS.

* WINC wireless driver Host File Download implementation (wdrv_winc_host_file.c)

WDRV_WINC_HostFileDownload Request the WINC downloads a file to its internal memory.
WDRV_WINC_HostFileRead Requests to read the data from a downloaded file.
WDRV_WINC_HostFileErase Requests to erase a downloaded file.
WDRV_WINC_HostFileFindByID Maps a file ID to a driver file handle.
WDRV_WINC_HostFileGetSize Retrieves the file size from a file handle.

* WINC wireless driver HTTP Provisioning Context implementation (wdrv_winc_httpprovctx.c)

WDRV_WINC_HTTPProvCtxSetDefaults Initialize provisioning store.
WDRV_WINC_HTTPProvCtxSetDomainName Define the DNS domain name for the provisioning server.
WDRV_WINC_HTTPProvCtxSetURLWildcard Define the use of a wildcard URL check.
WDRV_WINC_HTTPProvCtxSetConnectCallback Defines the connection information callback.
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* WINC wireless driver NVM Access implementation (wdrv_winc_nvm.c)

WDRV_WINC_NVMEraseSector
WDRV_WINC_NVMWrite
WDRV_WINC_NVMRead

Erase a sector within an NVM region.
Writes data to an NVM region.
Reads data from an NVM region.

* WINC wireless driver Power Save implementation (wdrv_winc_powersave.c)

WDRV_WINC_PowerSaveSetMode
WDRV_WINC_PowerSaveGetMode

WDRV_WINC_PowerSaveSetBeaconlinterval

WDRV_WINC_PowerSaveManualSleep

Sets the power save mode.

Returns the current power save mode.
Configures the beacon listening interval.
Manual sleep power save operation.

* WINC wireless driver Soft-AP implementation (wdrv_winc_softap.c)

WDRV_WINC_APStart
WDRV_WINC_APStop
WDRV_WINC_APSetCustIE

Starts an instance of Soft-AP.
Stops an instance of Soft-AP.
Configures the custom IE.

* WINC wireless driver TLS/SSL implementation (wdrv_winc_ssl.c)

WDRV_WINC_SSLCTXDefault
WDRV_WINC_SSLCTXCipherSuitesSet
WDRV_WINC_SSLCTXCipherSuitesGet
WDRV_WINC_SSLActiveCipherSuitesSet
WDRV_WINC_SSLECCHandShakeRsp
WDRV_WINC_SSLRetrieveCert
WDRV_WINC_SSLRetrieveHash
WDRV_WINC_SSLStopRetrieveCert

Initialize an SSL cipher suite context.

Set the cipher suites enabled in a context.
Returns the enabled cipher suites from a context.
Set the active cipher suites.

Handshake Response for ECC cipher suites.

Retrieve the certificate to be verified from the WINC.

Retrieve the certificate hash.
Stop processing the certificate.
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* WINC wireless driver Custom IE implementation (wdrv_winc_custie.c)

WDRV_WINC_CustIEStoreCtxSetStorage Initialize the custom IE store.
WDRV_WINC_CustlIEStoreCtxAddIE Add data to the custom IE store.
WDRV_WINC_CustlEStoreCtxRemovelE Removes data from the custom IE store.

* WINC wireless driver Systime implementation (wdrv_winc_systime.c)

WDRV_WINC_LocalTimeToUTC Convert local system time to UTC time.
WDRV_WINC_UTCToLocalTime Convert UTC time to local system time.
WDRV_WINC_SystemTimeSNTPClientEnable Enable the SNTP client to set system time.
WDRV_WINC_SystemTimeSNTPClientDisable Disable the SNTP client.
WDRV_WINC_SystemTimeSetCurrent Sets the current system time on the WINC.
WDRV_WINC_SystemTimeGetCurrent Requests the current system time from the WINC.

* WINC wireless driver WPS implementation (wdrv_winc_wps.c)

WDRV_WINC_WPSEnrolleeDiscoveryStartPIN Start WPS discovery (PIN).
WDRV_WINC_WPSEnrolleeDiscoveryStartPBC Start WPS discovery (Push Button).
WDRV_WINC_WPSEnrolleeDiscoveryStop Stop WPS discovery.

* WINC wireless driver OS Abstraction Layer implementation (wdrv_winc_oscal.c)
WDRV_MSDelay Performs a delay specified in milli-seconds.

* WINC Driver BLE Implementation (wdrv_winc_ble.c)

WDRV_WINC_BLEIsStarted Determines if BLE has been started.
WDRV_WINC_BLEStart Enables the BLE interface.
WDRV_WINC_BLEStop Disables the BLE interface.
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SPI Driver — Wi-Fi WINC Driver Library
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% Lab17 AP scan application of SPI Wi-Fi Module

* Try implement a Wi-Fi Access Point (AP) scan application.

* Toggle S3 to SERCOM3 to connect G-Sensor on I12C Driver Instance 0.
* Disconnect SERCOM1 from 12C Driver Instance 1 and then unused Instance 1.
* Add(+) SPI Driver Instancel to be consumed by Wi-Fi WINC Driver. |

e Reconnect SERCOM1 to SPI Driver Instance 1 to communicate with
an external “Wi-Fi 7 Click EVB“ that plug on mikroBUS socket.

* The EIC_EXTINT4 need setup for interrupt handling and two extra GPIOs, custom name
to “WDRV_WINC_RESETN” and “WDRV_WINC_CHIP_EN”" for Reset and Enable control

@

Accel
SEensor.

Wi-Fi 7 click mikroBUS SAMD21 SAMD21

(WINC1500) socket Pin Configure (Custom Name) Pin MUX
SDI MOSI PA16 SERCOM1-PADO ,
SCK SCK PA17 SERCOM1-PAD1 s
cs cs PA18 SERCOM1-PAD2 S3.t0, SERCOM3
SDO MISO PA19 SERCOM1-PAD3 Y o1 SERCOI\/Il
INT INT PAO4 EIC_EXTINT4, Falling Edge Detect PLIS PLIZ Wﬂm—
RST RST PAO3 (WDRV_WINC_RESETN) | GPIO output, Latch High _
EN PWM PA20 (WDRV_WINC_CHIP_EN) | GPIO output, Latch High .
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% Lab17 AP scan application of SPI Wi-Fi Module

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

Accelerometer
- JLA—

Froject Graph® l | A I ]
x|@....*|*lilr|f-"lugins: > T Jd| ¥

EVSYS TIME
Peripharal Library Systermn Service

TC3 = Core Service
Peripheral Library SYS_TIME ©
TMR

NVMCTRL
Peripheral Library
MEMORY g
Sensor !

Remove
Task

SERCOM3

el Loy _t Instance 1
f2¢ of 12C Driver

SERCOM1
Peripharal Library

SERCOM3

PLIB
MCP9800
24AA025

SERCOM1
PLIB
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% Lab17 AP scan application of SPI Wi-Fi Module

 Add SPI Driver Instance 1 and attach SERCOM1-SPI as hardware for Wi-Fi module
connection.

Froject Graph* l |
x|@aﬁ1§*|@*|f-’lugins: —

EVSYS TIME
Peripharal Library System Service o

o Core Service OLED

SYS_TIME ©
SERCOMA4 SERCOM1
PLIB PLIB

TMR

MVMCTREL SPI
Peripheral Library Diriver
MEMORY & Core Service

SERCOM4 s Add Instance 1
Peripharal Library n co .
i spp ol of SPI Driver

SERCOM1 DRV_SPT
Peripharal Library Instance 1

SPI < sp1
DRV_SPI

OLED
SSD1306

Attach PLIB,.SERCOM1 @Mlcnocmp



% Lab17 AP scan application of SPI Wi-Fi Module

* Add Wi-Fi WINC Driver and EIC (External Interrupt) will ask to active together.
* The TIME System Service is necessary for WINC Driver.

Caore

Fh'lpha'al Library Harmory Core Service

o RTOS
FE'lpha'aI Library —
THR -

MNVMCTRL

Peripharal Library
MEMORY

SERCOMA4 SERCOM
PLIB PLIB
OLED

SSD1306

sSPI
DRV_SPI

Instance 1
sSPI

DRV_SPI

Connect WINC Driver to Add WINC Driver
SPI Driver Instance 1
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% Lab17 AP scan application of SPI Wi-Fi Module

* Enable DMA of SPI Driver and configure pads of PLIB SERCOM1.

Configuration Options x]

=] [+

E-SERCOM1

=-Select SERCOM Operation Mode  SFI Master
- Enable Interrupts ?
-Enable operation in Standby mode |:|
~5PI Data Out Pad

DG oon PADIO], SCK on PAD[1] and 55 on FAD[Z] ~

-SRI Data In Pad Selection

\SERCOM PAD[3] ~

- 5P Data Order

- 5PI Speed in Hz 1,000
- 5PI Data Character Size 2 bite
- 5PI Clock Phase The data

- SPI Clock Polarity
—Enable SPI Master Hardware Slave Select
~5PI Receiver Enable
- **¥*REP] Transfer Mode 0 is Selected*™**

SERCOM4
Paripharal Library
SPI

Instances - = —|+

Instance 0
sPrI

DRV_SPI

EIC

SERCOM1

Paripharal Library R

Instance 1

WDRV_WINC ©

DRV_SPI -

DRV_SPI

MSE is transferred first -

Peripharal Library

Dl on PAD3

000/~

15 sampled on a leading SCE edge and changed

SCK 15 low when idle

Enable'Hardware Slave Select

Configuration Options XI
skl Fnable' DMA'in SPI Driver.
= 5PI

~PLIB Used SERCOMI

-~ Murmber of Clients =

~Transfer Queue Size 4=

-~ Use DMA for Transmit and Receive? \

- DM& Channel Far Transmit =
-~ DOMA Channel For Receive
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% Lab17 AP scan application of SPI Wi-Fi Module

* Enable interrupt of EIC Channel4 and Falling Edge detection.
e Configure interrupt source of WINC Driver to use EIC Channel4.

Configuration Options XI
=] [+
Configuration Options "‘]
=E-EIC =&
-~Mon Maskable Interrupt Contraol |:|
-Enahble EIC Channeld ] = WH:”CF ey TS0
-Enahle EIC Channell |:| En ab I e E I C Ch an n el 4 I. I Uevice P LI LI P
—Enahle EIC Channel® |:| ~Driver Log Level None e Select EIC Ch an nel 4
= SPI
~Enabls EIC Channel3 O Enable Interrupt e . as Interrupt Source
= Enable EIC Channel4 i = pize sy - O [drv-sp_| m— :
Falling-edge detection J e of WINC Driver
=-EIC Channel4 Configuration m - I
o S EIC Channel 4 |+
-~Enable Interrupt
- #RRETE channel musthe configured in EIC compaone
~Enable Event Output [ | e
~Firmware Yersion || 19.6.1 -
-Enable Wakeup on Channel4 [ ] river Mo —— |
~External Interrupt4 Edge Selection |Fallingz-edge detection | rver Mode |_
~Enahle filker B

| e 0 l = ‘ 11! Must select to,Correct Firmware
e et | Peripheral Library of the, WIN1500 Module you touse
SERCOM1 DRV_SPI :

WINC
WDRV_WINC ©
» DRV_SPI

Paripharal Library
SPI

Instance 1
sPrI

> U } J - maodade

DRV_SPI

S€EL L0 S viode
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% Lab17 AP scan application of SPI Wi-Fi Module

e Configure SERCOM1-SPI pads, EIC_EXTINT4 and custom name WINC GPIOs.

Pin Fin IT Custom Mame Function bode Cirection Latch Full Up  Full Cirive
Iumber D
‘ AT Stremeth
4 PAD3 WDRY_WINC_RESETM | GPIO Digital [ Dut vl Hizh | MORMAL
EIC_PXTINT4 Digital | HighImpedance | n/a ] [] | NoRMAL ~
25 PA1G SERCOM1_PADO Digital High Impedance - nfa [] [] | mnormaL -~
SERCOM1_PAD1 Digital High Impedance nfa [] [] | mnormaL -~
SERCOM1_PADZ Diigital High Impedance nfa [] [] NORMAL
23 PA19 seRcOM1 PAD3 Al Digital High Impedance nfa [] [] | mnorRmAL -~
[ PA20 | WORVWINCCHP EN | GPIO | Digifal | Out - Hizh NORMAL
[por ey oo Dl ow o Tow | NORMAL
Custom PAO3!as \WDRVAWINCERESETN
Custom PA20as \WDRVAWINCICHIPYEN
Wi-Fi 7 click mikroBUS SAMD21 SAMD21
(WINC1500) socket Pin Configure (Custom Name) Pin MUX
SDI MOSI PA16 SERCOM1-PADO Already,done.in previous_ 12C Lab
SCK SCK PA17 SERCOM1-PAD1 Already,done.in previous 12C Lab
CS CS PA18 SERCOM1-PAD2 Additional,CS pin for,SERCOM-SPI
SDO MISO PA19 SERCOM1-PAD3 Additional MISO,pin for, SERCOM-SPI
INT INT PAO4 EIC_EXTINT4, Falling Edge Detect | IS%tEl Interrupt on’ PAQ4
RST RST PAO3 (WDRV_WINC_RESETN) GPIO output, Latch High Reset pin GPIO'control
EN PWM PA20 (WDRV_WINC_CHIP_EN) GPIO output, Latch High Modify, from LED1
PA21 (LEDZ) GPIO output, Latch Low Forinstead of.LED1 ® MICRDCHIP



% Lab17 AP scan application of SPI Wi-Fi Module

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “6” and
given the Application Name to to “app_drv_winc”.

Project Graph* ‘ I

% I CRERE 4| e Configuration Options "l
.‘] = d = -
: Increase Number.,of Application
E-Core

TIME S = Generate Harmony Application Files
Core H

System Service = i ] ] i
Y i b e = xl‘«:pplmatn:un Configuration

TC3 © Core Service o RTOS Murnber of Applications Eﬂ
Peripheral Library SYS_TIME © | Core Service © --ﬂpplicatiun 0 Configuration
TMR TMR . --ﬂpplicatiun 1 Configuration
NVMCTRL SPI --.-’-‘«pplin:atin:nn 2 Configuration
Peripheral Library Driver --.&pplicatiun 3 Configuration
MEMORY < O Core Service --ﬂpplicatiun 4 Configuration

Plugins: v

Iél--ﬂpplicatin:un 5 Configuration

- Instances - — —+ ;
Instance 0 ~~Enable Application 5 Configuration

SPI %----ﬂpplicatinn Mame app_drv_wing

SERCOM1 DRV_SPI < s R Application name must be valid C-Language i
Peripheral Library Instance 1 - Generate Harmony Driver Common Files

SPI SPI WDRV_WINC ©
DRV_SPI DRV_SPI

- Generate Harmony System Service Common Files
- Generate Harmony System Media Files |:|
- Enahble System Interrupt

Rename file to “app_drv_winc”  Enable System Ports
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% Lab17 AP scan application of SPI Wi-Fi Module

* The state machine to implement in app_ drv winc.c as below

V_WINC_Tasks() ‘
! <DHCP Address> ( 'NJT A e
i Event Callback OPEN i
i Ya— !
| CONNECTED ] SCAN_START i
— ﬁ/_? |
| ,’
: \. /Connect Notify [ SCANNING i
| Callback /"3 (SCAN_GET_RESULT |
|(\u_f ””””” E— 4 :
: DISCONNECTED | SCAN DONE !
1 4 I
i { CONNECTING [ ERROR ) !
|
l\ DLE_ ]
e e e e e e e e e e e e e e e e e e | —— R4
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% Lab17 AP scan application of SPI Wi-Fi Module

* Add states in “app_drv_winc.h”.

#ifndef _APP_DRV_WINC_H [ app_drv_winc.h ]|
#define _APP_DRV_WINC H —

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

typedef enum
APP_DRV_WINC_STATE_INIT=0,

// APP_DRV_WINC_STATE_SERVICE_TASKS, You could remove the
APP_DRV_WINC_STATE_OPEN,
APP_DRV_WINC_STATE_SCAN_ START, SERVICESTASKS state
APP_DRV_WINC_STATE_SCANNING, .
APP_DRV_WINC_STATE_SCAN_GET RESULT, because we will
APP_DRV_WINC_STATE_SCAN_DONE, :
APP_DRV_WINC_STATE CONNECTING, not use it anymore:
APP_DRV_WINC_STATE_CONNECTED,
APP_DRV_WINC_STATE_DISCONNECTED,

APP_DRV_WINC_STATE_ERROR,
APP_DRV_WINC_STATE_IDLE,

} APP_DRV_WINC_STATES;

‘Eypedef struct CL—_EC_)TNECTED )
APP_DRV_WINC STATES state; e

ERROR

} APP_DRV_WINC_DATA; ==
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% Lab17 AP scan application of SPI Wi-Fi Module

e Construct new states flow of task in “app_drv_winc.c”.
void APP_DRV_WINC Tasks ( void ) app_drv_winc.c |

{ , .
D (PR AR G RELElE ) Overwrite'original example code

case APP_DRV_WINC_STATE_INIT:
app_drv_wincData.state = APP_DRV_WINC_STATE_OPEN;
break;

case APP_DRV_WINC_STATE_OPEN:
app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_START;
break;

case APP_DRV_WINC_STATE_SCAN_START:
app_drv_wincData.state = APP_DRV_WINC_STATE_SCANNING;
break;

case APP_DRV_WINC_STATE_SCANNING:
app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_GET_RESULT;
break;

case APP_DRV_WINC_STATE_SCAN_GET_RESULT:
app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_DONE;
break;

case APP_DRV_WINC_STATE_SCAN_DONE :
app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING;

break;
case APP_DRV_WINC_STATE_CONNECTING: Togem )
break; ‘
[ Keep this line 288 R )
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% Lab17 AP scan application of SPI Wi-Fi Module

* Construct last four states of task in “app_drv_winc.c”.
void APP_DRV_WINC Tasks ( void ) app_drv_winc.c j'

{ , .
UG ( EE RGeS ) Overwrite'original example code

case APP_DRV_WINC_STATE_INIT:
case APP_DRV_WINC_STATE_OPEN: ...

case APP_DRV_WINC_STATE_SCAN_START: ...
case APP_DRV_WINC_STATE_SCANNING: ...
case APP_DRV_WINC_STATE_SCAN_GET RESULT:

case APP_DRV_WINC_STATE_SCAN_DONE :
app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING;
break;

case APP_DRV_WINC_STATE_CONNECTING:

break;
| Continue previous 4
case APP_DRV_WINC_STATE_CONNECTED:
break;

case APP_DRV_WINC_STATE_DISCONNECTED:
app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING;
break;

case APP_DRV_WINC_STATE_ERROR:
app_drv_wincData.state = APP_DRV_WINC STATE_IDLE;
break;

case APP_DRV_WINC_STATE_IDLE:
break;

__CONNECTING ] !

} m
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% Lab17 AP scan application of SPI Wi-Fi Module

* Header include and Global declarations in “app_drv_winc.c”.
[ETXAMY #include "app_drv_winc.h" app_drv_winc.c |

#include "app_drv_usartl.h"

#include "driver/spi/drv_spi.h"

#include "driver/winc/include/wdrv_winc_client_api.h"
#include <stdio.h>

#include <string.h>

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

#define WLAN_SSID "Taipei RTC Mesh"

#32:5122 WLAN_AUTH_WPA_PSK e = SEID of ;’aret AF;tO Connecdt
#define WLAN_PSK "0800717718"

WDSVibrENC_AUTH_CONTEXT guthctx; JneAut type and Basswor
WDRV_WINC_BSS_CONTEXT Ctx;

WDRV_WINC_BSS_INFO ngInéo; Flag foundBSS to note

bool foundBSS;

farget AR.has found

DRV_HANDLE WINCHandle;

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

Summary:
Holds application data

Description:
This structure holds the application's data.

Remarks:
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% Lab17 AP scan application of SPI Wi-Fi Module

* The callback functions for DHCP address and connection status.

// Section: Application Callback Functions app_drv_winc.c |
>k 3k 3k 5k 5k 5k %k >k >k 3k 3k 5k 5k 5k %k >k >k 3k 5k 5k 5k >k >k >k >k 3k 5k 5k 5k >k >k >k >k 3k 3k 5k 5k %k >k %k 3k 3k 3k 5k 5k >k %k >k 3k >k 5k 5k >k >k >k >k >k 5k >k >k >k %k >k >k >k 5k >k >k >k %k %k %k %k = =

// 3k 3k >k 3k 5k >k 3k 3k >k 3k 3k Sk 5k >k Sk ok 3k 3k 5k sk 3k 3k sk 5k >k Sk 5k >k 3k >k 3k 5k >k 3k 5k >k Sk 5k >k Sk 3k sk 5k >k Sk 5k 3k Sk 3k sk Sk 5k sk ok >k Sk 5k sk Sk 5k 3k ok >k sk 5k >k skook >k skok ko k

void DHCPAddressEventCallback (DRV_HANDLE handle, uint32_t ipAddress)
{

char s[26]; (CallbackiforDHCEEsSIgned I/Address)

USART1printf("IP address is %s\r\n", inet_ntop(AF_INET, &ipAddress, s, sizeof(s)));

void ConnectNotifyCallback (DRV_HANDLE handle, WDRV_WINC_ASSOC_HANDLE assocHandle,
WDRV_WINC_CONN_STATE currentState, WDRV_WINC_CONN_ERROR errorCode)

2witch( currentState ) Callback:forgConnection’statusnotify

case WDRV_WINC_CONN_STATE_CONNECTED:
USART1printf("Connected\r\n");

app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTED;
break;

case WDRV_WINC_CONN_STATE_DISCONNECTED:
USART1printf("Disconnected\r\n");

app_drv_wincData.state = APP_DRV_WINC_STATE_DISCONNECTED;

break;
#ifdef WDRV_WINC_DEVICE_BSS_ROAMING
case WDRV_WINC_CONN_STATE_ROAMED: E;éﬁ&g@—J
break; ’
#endif e

Dynamic State . depend to,configuration

ERROR
(e ¥

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

* Wait WINC Driver ready in state INIT, Open Driver and handling state ERROR.

void APP_DRV_WINC _Tasks ( void ) app_drv_winc.c |

switch a dr incData.state ; ;
I § R LRLLE ) \Wait WINC Driver,ready

case APP_DRV_WINC_STATE_INIT:
if (WDRV_WINC_Status(sysObj.drvWifiWinc) == SYS_STATUS_READY)
{

app_drv_wincData.state = APP_DRV_WINC_STATE_OPEN;

e
SIFEELSE Open ,WINC Driver,to'get Driver,Handle

case APP_DRV_WINC_STATE_OPEN:
WINCHandIe = WDRV_WINC_Open(@, 0);
if (WINCHandle == DRV_HANDLE_INVALID)

{
app_drv_wincData.state = APP_DRV_WINC_STATE_ERROR;
break;
}
app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_START;
break;

case APP_DRV_WINC_STATE_SCAN_START:
app_drv_wincData.state = APP_DRV_WINC_STATE_SCANNING;

break; n
Handling error,state message

case APP_DRV_WINC_STATE_ERROR:
USART1printf("DRV_WINC error!\r\n");

app_drv_wincData.state = APP_DRV_WINC STATE IDLE;
break;
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% Lab17 AP scan application of SPI Wi-Fi Module

* Register DHCP callback to get IP address and start find AP station

void APP_DRV_WINC _Tasks ( void ) app_drv_winc.c |
Y _drv_

switch ( app_drv_wincData.state )

! ase APP_DRV_WINC_STATE_INIT: ... Register,the callback function to retrieval
case APP_DRV_WINC_STATE_OPEN: ...

v‘—-‘b~r1l--'I--—vﬂnnn—r-r~r7¢-r1r -
DHCR IB,address’and try,find first AB,station

case APP_DRV_WINC_STATE_SCAN_START:

WDRV_WINC_IPUSeDHCPSet( WINCHandle, &DHCPAddressEventcallback );

if( WDRV_WINC_BSSFindFirst(WINCHandle, WDRV WINC ALL CHANNELS, true, NULL, NULL)
{ =="WDRV_WINC_STATUS_OK )

app_drv_wincData.state = APP_DRV_WINC_STATE_SCANNING;
foundBSS = false;

} . :
break; Check if AR,scanning

case APP_DRV_WINC_STATE_SCANNING: to finish or.not
if( WDRV_WINC_BSSFindInProgress(WINCHandle) == false )

USART1printf("Scan complete, %d AP(s) found\r\n",

WDRV_WINC BSSF1ndGetNumBSSResu1ts(WINCHandle)),
app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_GET_RESULT;

break;

case APP_DRV_WINC_STATE_SCAN_GET_RESULT:

app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_DONE;
break;

case APP_DRV_WINC_STATE_SCAN_DONE :
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% Lab17 AP scan application of SPI Wi-Fi Module

* List found AP stations and check if Target AP in list or not.

void APP_DRV_WINC _Tasks ( void ) app_drv_winc.c |

{

switch ( app_drv_wincData.state )
case APP_DRV_WINC STATE_ INIT: ...
APP_DRV_WINC STATE OPEN 50 C I I
Eggg APP_DRV_WINC STATE_SCAN _START: ... LISt fond AP Statlons and CheCk
case APP DRV _WINC SCANNING: ... If Target AP In IlSt or not

case APP_DRV_WINC_STATE_SCAN_GET RESULT:
if( WDRV_WINC BSSFindGetInfo(WINCHandle, &BSSInfo) == WDRV_WINC_STATUS_ OK )

USART1printf("AP found: RSSI: %d %s\r\n", BSSInfo.rssi, BSSInfo.ctx.ssid.name);

if( ((sizeof(WLAN_SSID)-1) == BSSInfo.ctx.ssid.length) &&
@ == memcmp(BSSInfo.ctx.ssid.name, WLAN_SSID, BSSInfo.ctx.ssid.length)) )

{
, foundBSS = true; Set foundBSS flag if,findglarget AP

Next page to continue
NS ROININGED break;

case APP_DRV_WINC_STATE_SCAN_DONE :
app_drv_wincData.state = APP_DRV_WINC STATE_ CONNECTING;
break;

case APP_DRV_WINC_STATE_CONNECTING:
break;

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

* Check if end of AP finding and try connect Target AP if it's existed.

app_drv_winc.c ||

case APP_DRV_WINC_STATE_SCAN_GET RESULT:
if( WDRV_WINC BSSFindGetInfo(WINCHandle, &BSSInfo) == WDRV_WINC_STATUS_OK )

{
{
} foundBSS = true; Check if.end of AR finding

. .
switch( WDRV_WINC_BSSFindNext(WINCHandle, NULL) )

{
WDRV WINC STATUS BSS FIND END:
“9%f( foundBss == true ) Try,to connectsTarget AP
{

USART1printf("Target AP found, trying to connect\r\n");
app_drv_wincData.state = APP_DRV_WINC_STATE_SCAN_DONE;

else

USART1printf("Target BSS not found\r\n");
app_drv_wincData.state = APP_DRV_WINC_STATE_IDLE;

break;

case WDRV_WINC_STATUS_NOT_OPEN:

case WDRV_WINC_STATUS_INVALID_ARG:
app_drv_wincData.state = APP_DRV_WINC_STATE_ERROR;

break;
default: E
break; :| E?TNECTED |
} ’ onnaec aco i A
break; —ye
case APP_DRV_WINC STATE SCAN DONE : ... R
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% Lab17 AP scan application of SPI Wi-Fi Module

* Start connect to Target AP, the result will return through ConnectNotifyCallback.

void APP_DRV_WINC _Tasks ( void ) app_drv_winc.c |

switch ( app_drv_wincData.state )

case APP DRV WINC STATE SCAN DONE :
app_drv_wincData.state = APP_DRV_WINC_STATE_ERROR;  tej=iprers]|DNOIFIEIT[CIWAY >

%f( WDRV_?INC_BSSCthetDefaults(&bssCtx) = WDRV_WINC_STATUS OK )
break;

if( WDRV_WINC_BSSCtxSetSSID(&bssCtx, (uint8_t*)WLAN_SSID, strlen(WLAN_SSID) ) !=
WDRV_WINC_STATUS_OK )
{ break; }

Authentication must use respective function
#if defined (WLAN_AUTH_OPEN)

if( WDRV_WINC_AuthCtxSetOpen(&authCtx) ) != WDRV_WINC_STATUS OK )
#elif defined (WLAN_AUTH_WPA_PSK)
if( WDRV_WINC_ AuthCtxSetWPA(&authCtx, (uint8 t*)WLAN_PSK, strlen(WLAN_PSK) ) !
WDRV_WINC_STATUS OK )

#tendif : -
S breaks ] Connect AP,station and register,callback

if( WDRV_WINC_BSSConnect(WINCHandle, &bssCtx, &authCtx, &ConnectNotifyCallback) ==
WDRV_WINC_STATUS OK )

app_drv_wincData.state = APP_DRV_WINC_STATE_CONNECTING; (&)

}
break; C_l’___ggyNECTED
case APP_DRV_WINC STATE_CONNECTING: DEcoNRECTD
break; il

(bLE_F
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% Lab17 AP scan application of SPI Wi-Fi Module

* Active IP link in state CONNECTED and handling disconnect in state DISCONNECTED.

void APP_DRV_WINC_Tasks ( void )
{

app_drv_winc.c |

switch ( app_drv_wincData.state )

case
case
case
case
case
case

APP_DRV_WINC_SCANNING:
APP_DRV_WINC
APP_DRV_WINC

case
break;

case APP_DRV_WINC_STATE_CONNECTED:
WDRV_WINC IPLInkActIve( WINCHandle );

break;

case APP_DRV_WINC_STATE_DISCONNECTED:

APP_DRV_WINC_STATE_INIT:
APP_DRV_WINC_STATE_OPEN: ...
APP_DRV_WINC_STATE_SCAN_START:

STATE_SCAN_GET_RESULT:
STATE_SCAN _DONE :

APP_DRV_WINC_STATE_CONNECTING:

| Do not thinglin'state, CONNECTING

if( WDRV_WINC_BSSReconnect(WINCHandle, &ConnectNotifyCallback) ==
WDRV_WINC_STATUS_OK )

app_drv_wincData.state =

break;

case APP_DRV_WINC_STATE_ERROR:
USART1printf("DRV_WINC error!\r\n");

app_drv_wincData.state =
break;

case APP_DRV_WINC_STATE_IDLE:

APP_DRV_WINC_STATE_CONNECTING;

APP_DRV_WINC_STATE_IDLE;
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% Lab17 AP scan application of SPI Wi-Fi Module

e Use LED2 to instead of removed LED1 in “main.c “ to indicate Driver non-blocking.

SYS_TIME_HANDLE tmrHandle; (
// 3k 3k 3k Sk 3k 3k 3k 3K 3k 3k 3k Skook 3k Sk ok 3k Sk 3k sk 3k 3k sk ok >k Sk 3k sk 5k 3k sk 3k 3k Skok 3k Sk 3k sk Sk 3k sk ok 3k Sk 3k sk Sk >k sk sk 3k sk ok 3k Sk ok 3k Sk 3k sk ok >k skook >k skook 3k Sk ok ki ok >k skok >k
// 3k 3k 3k Sk 3k 3k 3k 3K 3k 3k 3k Skook 3k Sk 3k 3k Sk 3k sk 3k 3k sk ok >k Sk 3k 3k 5k 3k sk 3k 3k Sk ok sk Sk 3k sk Sk 3k sk ok 3k Sk 3k sk Sk >k sk sk 3k sk ok 3k Sk ok 3k Sk 3k sk ok 3k skook >k skook sk Sk 3k kk >k skok %k
// Section: Main Entry Point
// 3k 3k 3k sk 3k 3k sk ok sk 3k ok sk ok sk sk 5k sk ok Sk sk 3k 3k 3k ok 3k 3k Sk >k 5k sk 3k ok sk 3k sk 3k ok sk ok Sk 3k ok sk 3k Sk sk 3k Sk 3k 3k sk 3k Sk >k 3k sk 3k ok 3k 3k Sk >k 5k sk ok ok 3k 5k sk >k ok sk ok sk k ok k
// 3k 3k 3k sk 3k 3k sk ok sk 3k ok sk ok sk sk 5k sk ok Sk sk 3k Sk 3k ok sk 3k Sk >k 3k sk 3k ok sk ok sk 3k 3k sk ok Sk 3k 5k sk 3k Sk sk 3k Sk 3k 3k sk 3k Sk >k 3k sk 3k ok 3k 3k Sk >k 5k sk ok 3k 3k 5k sk >k ok sk ok sk kk k
int main ( void )
{
/* Initialize all modules */
SYS_Initialize ( NULL );
SYS _TIME DelayMS (1000, &tmrHandle);
while ( true )
if( SYS_TIME DelayIsComplete(tmrHandle) == true )
LED2_Toggle(); Change to LED2&Toggle()
SYS_TIME DelayMS (1000, &tmrHandle); —
}
/* Maintain state machines of all polled MPLAB Harmony modules. */
SYS Tasks ( );
}
/* Execution should not come here during normal operation */
return ( EXIT_FAILURE );
}
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% Lab17 AP scan application of SPI Wi-Fi Module

* Modify 12C auto probe count to disable Instance 1 of DRV_I12C in “app_drv_i2c2.c “
* You must implement the Advanced Exercise : 12C Auto Probe after Lab15.

void APP_DRV_I2C2 Tasks ( void ) [ app_drv_i2c2.c ]'
switch ( app_drv_i2c2Data.state )

case APP_DRV_I2C2 STATE_INIT: Change to DRVAI2CYINDEX#0

}}.SYS_TIME_HANDLE TimeHandle;
// SYS_TIME DelayMS(1@, &TimeHandle );
// while(!SYS_TIME DelayIsComplete(TimeHandle)) {}

for( int Inst = DRV_I2C_INDEX_© ; Inst <= DRV_I2C_INDEX @ ; Inst++ )

{
I2C2Handle _TJ3 = DRV_I2C Open(Inst, DRV_IO INTENT_ READWRITE);
if(I2C2Handle TJ3 == DRV_HANDLE INVALID)
{
app_drv_i2c2Data.state = APP_DRV_I2C2 STATE_ERROR;
return;
}
I2C2WriteBuf_T3J3[0] = 0x1D;
I2C2WriteBuf TJ3[1] = 0x80;
DRV_I2C WriteTransferAdd( I2C2Handle TJ3, KXTJ3_ ADDRESS,
I2C2WriteBuf TJ3, 2, & I2C2WriteReadHandle T313 );
}

USART1printf("G-Sensor Software Reset Completed\r\n");
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% Lab17 AP scan application of SPI Wi-Fi Module

e Compiler error because miss “wdrv_winc_enterprise.h” in wdrv_winc_client_api.h

Output = | Search Results Motifications [MOC] MNews

e WO UEI Qe 1 L AT LITELCT e IJ.IJ WAL AL WML 2L L \_.H.LJL_ELL . TAT

In file included from ../src/app drv winc.c:33:

Ph Snap *  Snap-Driver * MPLAB® Code Configurator = LDriver (Clean, Build, ..) =

_E I S . - _IIIIJI UL TN —A RN LWL -

../srcfconfig/default/driver/winc/include/wdrv_winc_client api.h:86:18: fatal error: wdrv_winc_ent

#include "wdrv_winc_enterprise.h"

mmmmmmmmmmmmmmmmmmmmmmm

——————campilation terminated.

e

\mm.;: imal sla20: aasios foa s —Build-impl' failed

BUILD FAILED (exit walue 2, total time: 2s)

#include "wdrv_winc_ssl.h"

#endif

#ifdef WDRV_WINC DEVICE_HOST_FILE_DOWNLOAD
#include "wdrv_winc_host file.h"
#endif

#ifdef WDRV_WINC_ENABLE_BLE
#include "wdrv_winc_ble.h"
#endif

#include "wdrv_winc_nvm.h"
#ifdef WDRV_WINC DEVICE_ENTERPRISE_CONNECT

| Comment out this line J/4
#tendif

#endif /* WDRV_WINC_CLIENT API_H */

Please comment out below,.code

(wdrv_winc_client_api.h]

EI Header Files
EF config
=g default
El driver
EI driver.h
'EI driver_commen.h
E-iE 12
" sdspt
ﬁfﬁi 5p
" nsart
EP!E WG
=g include
B dev
HHEE drv
-3 wdrv_wine.h
-3 wdrv_winc_apih
-3 wdrv_wine_assoc.h
-3 wdrv_wine_authetx.h
~ B wdrv_wine_bsscti.h
-3 wdrv_wing_bssfind.h

sl dry_wine_client_api.h
-] wdrv_wine_commen.h
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% Lab17 AP scan application of SPI Wi-Fi Module

* Compiler and programming your project to EVB.
* Check USART1 debug output to see the result

VL COMS3 - Tera Term VT

File Edit

Setup Control

DRV _USART1: He
Wrote @x24 to EEPROM 24AA
G-Sensor Software Reset Completed

G-Sensor WHO

AM 1

Window Help

l1lo world

Ox35

G-Sensor Initial Completed

Scan complete,

found:
found:
found:
found:
found:
found:
found:
found:
found:
found:
found:

RSS51:
RSSI:
RSS51:
RS51:
RSS51:
RSSI:
RS51:
RSSI:
RS51:
RSSI:
RSS51:

12 AP(s) found
-66 BravoGroup
-67 mchp-secure
-68 mguest
-55 Taipei RTC ADSL
-73 Leedarson®3
-48 MLI_WiFi
-47 MLI_CHTWiFi
-48 MLI_WiFi_OTP
-41 rovingl
-76 TP-Link_E13A
-48

Target AP found, trying to connect
Connected
IP address

15

192.168.4.134

NVMCTRL
Peripheral Library
MEMORY

SERCOM4
Peripheral Library
SPI

SERCOM1
Peripheral Library
SPI <

O Core Service

Core Service O

S3to SERCOMS3
for G-Sensor

12C Auto Probe must implement

- Instances = —+ —

‘I— Instance 0

SPI

EIC
_ Peripheral Library

DRV_SPI

]l— Instance 1

> SPI

WINC
WDRV_WINC ©
DRV_SPI

DRV_SPI ’

4
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% Lab17 AP scan application of SPI Wi-Fi Module

Discuss 1

* How to know the firmware version of WINC modules ?

(Lapp_drv_winc.c |

DRV_HANDLE WINCHandle;
WDRV_WINC_FIRMWARE_VERSION_INFO FirmwareVersion; il COM3 - Tera Term VT _ 0 w

File Edit Setup Control Window Help
switch ( app_drv_wincData.state ) DRV—USARTI: Hello world

{ - Wrote 0x24 to EEPROM 24AA

case ATPDRVMINC STATENET: G-Sensor Software Reset Completed
G-Sensor WHO AM I : ©x35

void APP_DRV_WINC_ Tasks ( void )
{

case APP_DRV_WINC_STATE_OPEN:
WINCHandIe = WDRV_WINC_Open(©@, 0);
if(WINCHandle == DRV_HANDLE_INVALID)

app_drv_wincData.state = APP_DRV_WINC STA
break;

Insert between this }

WDRV_WINC_InfoDeviceFirmwareVersionGet( WINCHandle, true, &FirmwareVersion );
USART1printf("Firmware Version : %d.%d.%d\r\n", FirmwareVersion.version.major,
FirmwareVersion.version.minor, FirmwareVersion.version.patch );

app_drv_wincData.state = APP_DRV_WINC STATE_ SCAN _START;
break;

case APP_DRV_WINC_STATE_SCAN_START:
app_drv_wincData.state = APP_DRV_WINC_STATE_SCANNING;

break;
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% Lab17 AP scan application of SPI Wi-Fi Module

Discuss 2

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

bool WDRV_WINC_SPIOpen(void)

((wdrv_winc_spi.c ]l

{
if (DRV_HANDLE_INVALID == spiDcpt.spiHandle) E}"Eabslj&f EJI (NC_Wb_AF San
: spiDcpt.spiHandle = DRV_SPI Open(spiDcpt.cfg.drvindex, ikﬂi config
%f (DRV_HANDLE_INVALID == spidcpt. spiHEY O INECR EVEEE N B"-f?iiier
WDRV_DBG_ERROR_PRINT("SPI open failed\r\n");\A/[)Fg\ﬂ{)ﬁv|Pg(:&_(:f; t%ﬂi S
, retumn false; in WDRVAWINCYSPIOpen =@ dev
e 0 s AW vrdry_wing_spl.c

Configuration Options =

spiTransConf.baudRateInHz spiDcpt.cfg.baudRatelnHz;

SR

spiTransConf.chipSelect

(SYS_PORT_PIN)WDRV_WINC_CS_PIN;

if (false

DRV_SPI TransferSetup(spiDcpt.spiHandle, &spiTransCd

WDRV_DBG_ERROR_PRINT("SPI transfer setup failed\r\n");
PA1E SERCOM1 PADD - | Dhpital High Impedance nda
PA1T SERCOM1 PAD1 ~ | Digital | High Impedance nfa
PA18 | WDRV_WINC_CS | GPIO w| Digital || out ~ | High |
PA19 SERCOM1_PAD3 =~ | LhMoital High Impedance

=SERCOM1
= Select SERCOM Operation Mode | SPT Master
- Enable Interrupts ?

-Enahle operation in Standby mode D
-SPI Data Qut Pad DCoon FAD[O], 2CK on FAD[1] and 33 on FAD[Z]

r— - COT Miata Thn Dad Calartinn o——

f— 15 lowr when 1dle =~
--Enable SPI Master Hardware Slave SelectD

- 5Pl Receiver Enable ]

- #E*SPT Transfer Mode O is Selected* **
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% Lab17 AP scan application of SPI Wi-Fi Module

Discuss 3
* What'’s difference of WINC and WINC (Lite) ? ———
SPI S WING -3 Data 32,768 (0x8000) bytes
EIC Driver ~WiFi Device WINC1500 B 14%

 Core Service

Paripheral Library

~Driver Log Level | MNone r

SERCOM4
Peripheral Library
sSPT

Instances - ——+

Instance 0
SPI

- SPI Driver gdrv_spi_l

- Interrupt Source | EIC

WINC EIC Channel 4

o 8YS5_DEBUG

DRV_SPI

v H ,

Wireless WDRV_WINC © - Firmware version 1961 +

¥ Drivers . DRV_SPI - Driver Mode socket Mode
' WINC = Memory
:j:j: WINC {LitE.‘:I E-WIMC (Lite) E]ﬁ Drata 32,768 {Dx20007% bytes

o ~\WiFi Device WINC 1500 14%
» SerialBridge re Driver Lag Level F - {
SERCOM4 | Instances —— + - SPI Driver

Paripharal Library
S5PI

Instance 0

EH-Interrupt Source
SPr :

EIC Channel 4

WINC (Lite)
O SYS_DEBUG
WDRV_WINC ©
> DRV_SPI

DRV_SPI

SERCOM1
Paripharal Library
S5PI

Instance 1
sPr

~Firmware Yersion [ _
- Driver Mode |Socket Mode |

DRV_SPI

-~ Reset assert time (in ms) | 0

5 Enable serial bridge? . :
 Support baud rate changes? [ Support Serial Bridge @ MICROEHE

“-gend sync ID before request? [

Serial Bridge Application
o WDRV_WINC
UART

SERCOMS5
Peripheral Library
UART




SPI Driver —
SD Card Driver Library

Harmony Driver
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SD Card (SPI) Driver Library

* Introduction
* This driver library provides application ready routines to read and write to the SD Card,
thus minimizing developer’s awareness of working of the SD Card protocol.
» Supports asynchronous (non-blocking) and synchronous (blocking) mode of operation.
* Supports both DMA and non-DMA modes.

* The SDSPI driver is capable of interacting to the SD Card either via SPI PLIB interface or
via SPI Driver interface, selectable in MHC configuration of the SDSPI driver.

* The driver APl interface can be used directly by the application to read/write directly
from the SD Card Or the SDSPI driver can be used with a file system.
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SD Card (SPI) Driver Library

| S Create’an'Application for

Froject Graph# =R - \(—-ﬁ
X ZHERE | ® 5 |Phs S B Dl IVer, State Machine
Device Family Pack (DFP) [i}-l‘.:i_enerate Harmony Application Files
Peripheral Library E}--ﬂ_pphcauun Configuration

NVMCTRL _— ~ Number of Applications 1 =

Peripheral Library B- lication 0 Confi ur_atiun
MEMORY - Application Mame  app_drv_sdcard ]

- **%% Anplication name must be valid C-Langu

Connect PLIB,. SERCOM | ,
through SPI Driver | e Configuration Options x|

Diriver E E
@ 2 Core Service > Core Service
. E-50 Card (SPI)
o 8YS_TIME
D|reCt 1{0) PLIB SERCOM SERCOMO Instances - ——+ — Number of Clients [[=
Peripheral Library Instance 0 Instances =+ =
SPI sSPI - i -850 Card Speed (Hz) 2,000,000 =
DRV_SPI DRV _SPI ~Transfer Queue Size 4=
‘ SPI ~Card Detection Method Uze Folling -
= S;ERCDMI DRV_MEDIA ~Polling Interval {ms) 1,000
- Select SERCOM Operation Mode  SF[ Master File system for SDSPL Driver Enablad
;,...-Enable Interrupts ?  pr—— m

- e o P Y et ol T L B L B0 mbm o L T M i o Eon 1 :

— =1l Configure the Chip Select pin as GPIO output under
+-SPI Clock Folarty ! .g . i . |:|. "
DRV_MEDIA ||| - lse Write Protect Pin (Active High)? |:|
~Enable SPI Master Hardware Slave Select | | _ _

' - Il Mote: For each instance of SDSPI, connect either SP

Always to use software chip .select of SPI SD,Card Driver
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SD Card (SPI) Driver Library

API functions of the SD Card (SPI) Driver Library.

e System Functions

DRV_SDSPI_lInitialize Initializes the SD Card driver.
DRV_SDSPI_Status Provides the current status of the SDSPI driver module.
DRV_SDSPI_Tasks Maintains the driver's state machine.

e Core Client Functions
DRV_SDSPI_Open Opens the specified SD Card driver instance and returns a handle to it.
DRV_SDSPI_Close Closes an opened-instance of the SD Card driver.

DRV_SDSPI_EventHandlerSet Allows a client to identify an event handling function for the driver to call back when queued operation has completed.
For the synchronous SDSPI driver, the event handler is only used by the file system.

e Data Transfer Functions

DRV_SDSPI_AsyncRead Reads blocks of data from the specified block address of the SD Card.
DRV_SDSPI_SyncRead Reads blocks of data from the specified block address of the SD Card.
DRV_SDSPI_Read This routine provides interface to the file system to perform a media read operation in synchronous mode
of the SDSPI driver.
DRV_SDSPI_SyncWrite Writes blocks of data starting at the specified address of the SD Card.
DRV_SDSPI_AsyncWrite Writes blocks of data starting at the specified address of the SD Card.
DRV_SDSPI_Write This routine provides interface to the file system to perform a media operation in synchronous mode of the SDSPI driver.
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SD Card (SPI) Driver Library

API functions of the SD Card (SPI) Driver Library. (cont.)

e Data Transfer Functions

DRV_SDSPI_CommandStatusGet Gets the current status of the command. For synchronous mode,
the command status is only used by the file system.

e Status Functions

DRV_SDSPI_IsAttached Returns the physical attach status of the SD Card.
DRV_SDSPI_IsWriteProtected Returns the write protect status of the SD Card.
DRV_SDSPI_GeometryGet Returns the geometry of the device.

* Data Types and Constants

DRV_SDSPI_COMMAND_HANDLE This is type DRV_SDSPI_COMMAND_HANDLE.
DRV_SDSPI_COMMAND_STATUS This is type DRV_SDSPI_COMMAND_STATUS.
DRV_SDSPI_EVENT Identifies the possible events that can result from a request.
DRV_SDSPI_EVENT_HANDLER Pointer to a SDSPI Driver Event handler function

DRV_SDSPI_COMMAND_HANDLE_INVALID SDSPI Driver's Invalid Command Handle.
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* Lab 18
Manage SPI SD card without File System

SPI Driver - SD Card Driver Library
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% Lab18 Manage SPI SD card without File System

* Add an SPI Driver Instance 2 and attach the SD Card (SPI) Driver and PLIB SERCOMO SPI
to access a SPI SD Card without File System.

* The pins define and configuration are same to Lab7 we did.

* Try store “Count SDCard: #” to block 0x2000 of SD Card , the ‘#’ is count number start

from 1.

 Reset EVB to read “Count SDCard: #” out and increase the count ‘4’ then store it back
to SD Card. Block Size is 512 bytes
Store Block is 0x2000
Start Address is 0x400000

Sall MicroSD

GPIO Output

SERCOMO PAD2 OTN0[0[0[0M Count SDCard: #

SERCOMO PAD3

SERCOMO PADO
GPIO Input PBO3 SD_CD

0x000000
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% Lab18 Manage SPI SD card without File System

* Add SPI Driver Instance 2
* Attach the SD Card (SPI) Driver and PLIB SERCOMO SPI for SPI SD Card communication.

Froject Graph* l

X|EGE@E+|E E||P1ugins:

Add Instance 2 of SPI Driver

NVMCTRL
Peripheral Library
MEMORY

SERCOM4
Peripheral Library
SPI

SERCOM1
Peripheral Library
SPI

SERCOMO |
Peripheral Library
SPI

Attach PLIB SERCOMO

! s

SPI

Driver

& Core Service

- Instances -|=- =/

Instance O

PI

DRV_SPI

! s

Instance 1

PI

DRV_SPI

! s

Instance 2

PI

DRV_SPI

Core

Harmomy Core Service
o RTOS

Core Service o[RIDNOL1{s MES12])
Driver

SD Card (SPI) |

EIC
Peripheral Library

WINC
WDRV_WINC ©
DRV_SPI

o
o

Add

Driver

Core Service
SYS_TIME

- Instances - — —+

Instance 0
DRV_SPr
sSPI

DRV_MEDIA ’

SE
il
n
SERCOM4 3 SERCOM1 3K SERCOMO
PLIB PLIB PLIB
SPI

SD Card

OLED
SSD1306
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% Lab18 Manage SPI SD card without File System

 Set Chip Select pin to GPIO PA09 in SD Card Driver configuration.

Configuration Options = - - Cﬂnﬁurﬂn li H P -
Bkl Enable DMA'in SPI Driver g£Set Chip _Select pin to PAO9
=+ 5SPI E-50 Card (SPI)
Projct G ~PLIR Used =ERCOMO -~ GPI Driver Instance Used 2
~MNumber of Clients = ~Mumber of Clients =
x | Cd ~Transfer Queue Size 42 ~50 Card Speed (Hz) 5,000,000 -2
~se DMA for Transmit and Receive? ~Transfer Queue Size 4=
EV - DMa Channel Far Transmit 43 ~Card Detection Method Use Polling
Peripher ~DMa Channel For Receive = ~Polling Interval (ms) 1,000 2
NVMCTRL SPI Core ~File system far SOSPI Driver Enabled L
Peripheral Library ‘ T e e ~Chip Select Pin
MEMORY & Core Service o RTOS - Configure the Chip Select pin as GPIO output unde
SERCOM4 Instances =+ Core Service O -se Write Protect Pin (Active High)? |:|
Peripheral Library rr=een T - Il Wote: For each instance of SD5SPI, connect either SH

EIC

SPI Peripheral Library

SPI

SERCOM1 o Card (570 SAMD21
Peripheral Library Instance 1 Driver
SPI SPT WDRV_WINC © & Core Service GPIO Output

DRV_SPI

Instance 2
sSPI
DRV_SPI

DRV_SPI o SYS_TIME

SERCOMO
Peripheral Library
SPI

Instances - ——|+

Instance 0
DRV_SPr

sPI
DRV_MEDIA
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% Lab18 Manage SPI SD card without File System

* Configure SERCOMO SPI pads and keep default disable hardware Slave Select.

Configuration Options = - R -
SAMD21 S & DOMon]PAD[2](MOST)]

| sercomo paD2 EHS;-RSZKI:;TSERCOM Operation Mode  SF1 Master @ @ PAD[ 3] (SCK)
SERCOMO PAD3 — ~Enahle Interrupts ? m @B PAD [ e] (MISO)

SERCOMO PADO ‘ —Enable operation in Standby mode |_|

- 5PI Data Out Pad I on PADZ], S0 on PADTI and 55 on PAD]
» ~5PI Data In Pad Selection SERCOM FAD[D] -

L—) P - =i y ; . . - {

-SPI Data Order MEE 15 transferred first -
DIVMEIRE -SPT Speed in Hz 1,000,000 2
Peripheral Library Driver H ) 2 bits
MEMORY < % Core Sa - 5P Data Character Size 1 v. |

~SPI Clack Phase The data 15 sampled on a leading SCK edge and changed o

SER e Instances -= -SRI Clock Polarity SCK 15 low when 1dle

Peripheral Library
SPI S‘I’r;stmce ~Enable SPI Master Hardware Slave Select m
COM DRV _, - 5SPI Receiver Enable
?ER . ! - *¥*¥#5D0] Transfer Mode 0 is Selected*** Hardware Slave SeleCt
Peripheral Library

Instance

SPI < SPI | WDRV_WINC CW'C Core Service
SERCOMO DRV_SPI \ © SYS_TIME
Peripheral L""'YJ i— Instance 2 Instances - = —+ —
) SPI Instance 0 —
DRV_SPI DRV_SPI
SPI

DRV_MEDIA |
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% Lab18 Manage SPI SD card without File System

* Configure SERCOMO-SPI pads, PA0O6(PAD2), PAO7(PAD3), PAOS(PADO).
e Configure GPIOs : PA0O9(Output, Latch High, Custom Name is optional).

E-50 Card (SPI)
- ~&PI Driver Instance Used 2
[ Fin Settings = Pin Table =| Pin Diagram x| Project Graph* ~MNumber of Clients =
| Order: | Ports v Table View Easy View ~5D Card Speed (Hz) 5,000,000 -2
~Transfer Queue Size 4.2
Pin Bin ID Custom Name Function Mode - Card Detection Methad Use Folling
Number . ~Palling Interval {ms) 1,000 -5
1 PADB SERCOMO_PAD2 v | Dugital - File system for SDSPI Driver Enabled
12 PADT Custom Name | SERCOMOPAD3  ~ Digital BEhin Select Pin
13 PADS is optional SERCOMO_PADO | Digital R S——
z oe [ D [ T

|10

Fin Settings = Pin Table xl:Pin Diagram = | Progect Graph®

Package: | TQFP43 | 11 12]13|14]15] 162122 |23] 24|25 | 26| 27 | 22l

A

b7 8|9‘10 12113 1415161718

Idodule Function 2
F] GPIO
| SERCOMO_PADO | |
| SERCOMO_PADI ‘
SERCOMO

3

SERCOMO_FADZ

SERCOMO_FADS

SAMD21

GPIO Output

SERCOMO PAD2
SERCOMO PAD3
SERCOMO PADO
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% Lab18 Manage SPI SD card without File System

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “7” and
given the Application Name to“app drv_sdcard”.

Configuration Options "‘]

Project Graph* | Increase Number.of Application
X I vy | HE e = F lPlugins: v |E-Core
= Generate Harmony Application Files
Device Family Pack (DFP CMSIS Pack System : oL : :
4 (2 E-&pplication Configuration
EVSYS %----Number of Applications ?ﬁ
i --ﬂpplicatiun 0 Configuration

NVMCTRL SPI ' Core --ﬂupplicatiun 1 Configuration
Peripheral Library Driver Harmony Core Service ;

--ﬁ.pplicatiun 2 Configuration
MEMORY < O Core Service O RTOS :

--ﬂ-.pplin::atiu:un 3 Configuration Ren ame fl Ie to

Core Senacas & --ﬂpplicatiun 4 Configuration

Instances - ——+

‘ _ 13 L)
Instance 0 EIC --ﬁpplicatiun 5 Configuration ap p_d rV_S d Card
SPI Peripheral Library :

If_}--ﬁ.pplicatiun & Configuration
DRV_SPI :

WINC | %----Er‘lable &pplication & Configuration

S‘I"}Stmce 1 worv_wine ol o - application Name app_drv_sdcard

DRV_SPI DRV_SPI o Application name must be valid C-Language i

- Generate Harmony Driver Common Files

Instance 2 In

SPI
DRV_SPI

- Generate Harmony System Service Common Files
[ - EFenerate Harmony System Media Files
s - Enahble System Interrupt

’

@ MICROCHIP



% Lab18 Manage SPI SD card without File System

* The new state machine we whish to complete as below.

= e EmEmEmm——— \

: Initialize state : APP_DRV_SDCARD _Initialize()

| 1l
gooTTTTTT T I‘ “““"'““““““"XFEE&fsBEAEE};kZ(T\I
|
: | INIT ] :
! v !
| |
| ( WAIT_ATTACH } > i
l y .
: | READ ] > l
l —o i
i q READ WAIT COMPLETE | |
| \ 4 |
o WRITE —{ ERROR ] |
| \& h, :
I\ qVRITE_WAIT_COMPLETE — IDLE \]/:;
A Y

----------------------------------------------------- ﬁ\ MICROCHIP



% Lab18 Manage SPI SD card without File System

* Please comment out the WDRV _WINC Tasks and APP_DRV WINC Tasks in task.c,
If you have not an external WINC1500 EVB (WiFi 7 Click) from Lab17.

void SYS_Tasks ( void ) ( task.c ]

/* Maintain Device Drivers */

DRV_SDSPI Tasks(sysObj.drvSDSPIQ);

// WDRV_WINC_Tasks(sysObj.drvWifiWinc); MIKORE
/* Maintain Middleware & Other Libraries */ WIF 7 CLICK

/* Maintain the application's state machine. */

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

/* Call Application task APP_DRV_I2C2. */
APP_DRV_I2C2 Tasks();

/* Call Application task APP_DRV_SPI1l. */
APP_DRV_SPI1 Tasks();

/* Call Application task APP DRV WINC. */
// APP_DRV_WINC_Tasks();

/* Call Application task APP_DRV_SDCARD. */
APP_DRV_SDCARD_Tasks();
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% Lab18 Manage SPI SD card without File System

* Add states in “app_drv_sdcard.h”.

#ifndef _APP_DRV_SDCARD H [app_drv_sdcard.h ]|
#define _APP_DRV_SDCARD H .

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

typedef enum

APP_DRV_SDCARD_STATE_INIT=0, You could remove the
// APP_DRV_SDCARD_STATE_SERVICE_TASKS,
APP_DRV_SDCARD_STATE_WAIT_ATTACH, SERVICEATASKS state
APP_DRV_SDCARD_STATE_READ, -
APP_DRV_SDCARD_STATE_READ_WAIT_COMPLETE, because we will

APP_DRV_SDCARD_STATE_WRITE, -
APP_DRV_SDCARD_STATE_WRITE WAIT COMPLETE, Nnot use it anymore.
APP_DRV_SDCARD_STATE_ERROR,

APP_DRV_SDCARD_STATE_IDLE,

} APP_DRV_SDCARD_STATES;

typedef struct ( INIT  —
APP_DRV_SDCARD_STATES state; s
( READ I ——
} APP_DRV_SDCARD_DATA; o covee)
l WI:ITE }—{ErROR )
void APP DRV SDCARD Initialize ( void ); T o (o P
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% Lab18 Manage SPI SD card without File System

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

{

switch ( app_drv_sdcardData.state ) - -
{ Overwrite original example,code
case APP_DRV_SDCARD_STATE INIT

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WAIT_ATTACH;
break;

void APP_DRV_SDCARD Tasks ( void ) app_drv_sdcard.c |

case APP_DRV_SDCARD STATE_WAIT_ATTACH:
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_READ;
break;

case APP_DRV_SDCARD_STATE_READ:
ﬁpp_drv_sdcardData.state = APP_DRV_SDCARD_STATE_READ_WAIT_COMPLETE;
reak;

case APP_DRV_SDCARD_STATE_READ WAIT_COMPLETE:
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE;
break;

case APP_DRV_SDCARD_STATE_WRITE:
gpp_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE_WAIT_COMPLETE;
reak;

case APP_DRV_SDCARD_STATE_WRITE_WAIT_COMPLETE:
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_IDLE;

break;
case APP_DRV_SDCARD STATE_ERROR: ' — )

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_IDLE; 9 WAIT_ATTACH ——

7

break; ( —— N
case APP_DRV_SDCARD_STATE_IDLE: <meom£#commnE|

break; T

’ WRITE }—{ ERROR )

:[ WRITE_WAIT_COMPLETE IDLE
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% Lab18 Manage SPI SD card without File System

* Header include and Global Declarations in “app_drv_sdcard.c”.
LTy #include "app _drv_sdcard.h"

app_drv_sdcard.c |

#include "app_drv_usartl.h"
#include "driver/sdspi/drv_sdspi.h"
#include <stdio.h>

#include <string.h>

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

// 3k 3k 3k 3k 5k sk 3k sk 5k sk 3k sk sk 5k sk 5k sk 5k 3k 3k sk 5k sk Sk sk sk sk sk sk sk 5k sk ok sk Sk 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 kok kok sk
// kkkskkskkskskskskskskskskkskskskkskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskskkskskskskskskskskskskkskkk

#define SDCARD_BLOCK_START 0x2000
#define SDCARD_BUFFER_SIZE (4096U)
#define SDCARD_GEOMETRY_TABLE_READ_ENTRY  (©)
#define SDCARD_GEOMETRY_TABLE_WRITE_ENTRY (1)

#define SDCARD_GEOMETRY_ TABLE_ERASE_ENTRY (2) For.SD Card Driver
SYS_MEDIA_GEOMETRY *SDCardGeometry = NULL; . -
int SDCardReadBlocks; The Geometry iInformation

int SDCardWriteBlocks; : -
int SDCardEraseBlocks; IS’Thecessary,for,operation

DRV_HANDLE SDCardHandle;
DRV_SDSPI_COMMAND_ HANDLE SDCardReadHandle;
DRV_SDSPI_COMMAND_ HANDLE SDCardWriteHandle;
volatile int SDCardWriteComplete = false;
volatile int SDCardReadComplete = false;
char sDCardWriteBuf[SDCARD_BUFFER_SIZE];
char SDCardReadBuf[SDCARD_BUFFER_SIZE];

int SDCardResetCount = 1;

// >k 3k 3k 3k 3k 3k >k >k >k 3k 3k 3k 3k 3k >k >k >k 3k 3k 3k 3k 3k 3k >k >k 3k 3k 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 >k 5k >k %k >k 3k 3k >k >k 5k 5k %k %k % >k >k >k
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% Lab18 Manage SPI SD card without File System

* Implement Transfer Callback for SD Card Driver Read and Write.

*/ app_drv_sdcard.c |
APP_DRV_SDCARD_DATA app_drv_sdcardData;

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

void SDCardTransferHandler( SYS_MEDIA_BLOCK_EVENT event,
SYS_MEDIA_ BLOCK_COMMAND_HANDLE commandHandle, uintptr_t context )
{

switch( event )

case SYS_MEDIA_EVENT_BLOCK_COMMAND_COMPLETE:
if (commandHandle == SDCardReadHandle)
{ SDCardReadComplete = true; }
else if(commandHandle == SDCardWriteHandle)
{ SDCardWriteComplete = true; }
SD_,Card Driverglransfer

break;

case SYS_MEDIA_EVENT_BLOCK_COMMAND_ERROR:
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
break;

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

// 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 3k sk 3k >k sk ok 3k Sk ok sk Sk 3k sk Sk 3k sk ok sk Sk ok sk Sk >k sk sk 3k sk ok sk Sk ok sk Sk 3k sk ok sk Sk sk skook sk kR kosk sk skok >k
// 3k 3k 3k Sk 3k 3k 3k 3K 3k 3k 3k Skook 3k Sk ok 3k Sk >k sk 3k 3k sk 3k >k Sk sk sk 3k >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 3k Skook sk Sk 3k sk ok >k Sk sk skook sk ok ok ksk sk skok %k
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% Lab18 Manage SPI SD card without File System

* Open Driver, register callback in state INIT and handling ERROR.

void APP_DRV_SDCARD_Tasks ( void ) app_drv_sdcard.c |

AL bR O cn' SD Card Driver,to get Handle

case APP_DRV_SDCARD STATE_INIT:
SDCardHandle = DRV_SDSPI_Open(DRV_SDSPI_INDEX ©, DRV_IO INTENT_ READWRITE);
if(SDCardHandle == DRV_HANDLE_INVALID)

{

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
break;

} Registerglransfer,Callback

DRV_SDSPI_EventHandlerSet(SDCardHandle, SDCardTransferHandler, 0);

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WAIT_ATTACH;
break;

case APP_DRV_SDCARD_STATE_WAIT ATTACH:
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_READ;

break; :
Handling Error,state

case APP_DRV_SDCARD STATE_ERROR:

USART1printf("DRV_SDCARD error!\r\n"); ( T —
[ETITAMY app_drv_sdcardData.state = APP_DRV_SDCARD STATE_IDLE; { WAILATTACH =]
break; { READ J—
:[ READ_WAIT_COMPLETE I
case APP_DRV_SDCARD_STATE_IDLE: 3
brea k WRITE }—{ ERROR )
q WRITE_WAIT_COMPLETE I—ol_u)‘uch
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% Lab18 Manage SPI SD card without File System

* Use the polling method to detect SD Card in state WAIT_ATTACH.

void APP_DRV_SDCARD Tasks ( void ) app_dr‘v_sdcar‘d.cj'
{

switch ( app_drv_sdcardData.state )

Using Polling method to

case APP_DRV_SDCARD STATE_INIT: attach status

case APP_DRV_SDCARD_STATE WAIT ATTACH:
if( DRV_SDSPI_IsAttached(SDCardHandle) == false )
break;

USART1printf("\r\nsDCard attached!\r\n"); Get SD,Card Geometry

SDCardGeometry = DRV_SDSPI_GeometryGet(SDCardHandle);

if (SDCardGeometry == NULL)

{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
break;

}
SDCardReadBlocks = (SDCARD BUFFER_SIZE / \

SDCardGeometry->geometryTable[ SDCARD_GEOMETRY_TABLE_READ_ENTRY].blockSize);
SDCardWriteBlocks = (SDCARD_BUFFER_SIZE / \

SDCardGeometry->geometryTable[ SDCARD_GEOMETRY_TABLE_WRITE_ENTRY].blockSize);
SDCardEraseBlocks = (SDCARD_BUFFER_SIZE / \

SDCardGeometry->geometryTable[ SDCARD_GEOMETRY_TABLE_ERASE_ENTRY].blockSize);

| INIT —
gﬁggﬁ:‘v_sdcar‘dData.state = APP_DRV_SDCARD_STATE_ READ; mm\m ]
| READ —
case APP_DRV_SDCARD_STATE_READ: <i READ. WAIdT CoMPLETE )
case APP DRV SDCARD STATE READ  WAIT _COMPLETE: ... 3 - l
case APP DRV SDCARD STATE WRITE oo WRITE ERROR
ce q WRITE_WAIT_COMPLETE I—ol_m‘uch
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% Lab18 Manage SPI SD card without File System

* Read SDCardReadBlocks from address SDCARD BLOCK_ START.

void APP_DRV_SDCARD_Tasks ( void ) app_drv_sdcard.c |
{

switch ( app_drv_sdcardData.state )

case APP_DRV_SDCARD STATE_INIT: ...
case APP_DRV_SDCARD_STATE_WAIT ATTACH:

SDCardEraseBlocks = (SDCARD_BUFFER_SIZE / \
SDCardGeometry->geometryTable[ SDCARD GEOMETRY_TABLE ERASE ENTRY].blockSize);

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_READ;
break;

case APP_DRV_SDCARD_STATE_READ: Read One BIOCk from SD Card

DRV_SDSPI_AsyncRead(SDCardHandle, &SDCardReadHandle,
SDCardReadBuf, SDCARD_BLOCK_START, SDCardReadBlocks);
if(SDCardReadHandle == DRV_SDSPI_COMMAND_HANDLE_INVALID)

{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
break;
}
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_READ WAIT_COMPLETE;
break; ( INIT }——
case APP_DRV_SDCARD STATE_READ WAIT COMPLETE: ... { WAILATTACH =]
case APP_DRV_SDCARD STATE_WRITE: ... ( READ —
case APP_DRV_SDCARD STATE_WRITE WAIT_ COMPLETE: ... (_NREAD T comeee ]
case APP_DRV_SDCARD_STATE_ERROR: ... )

case APP_DRV_SDCARD_STATE_IDLE: ... WRITE J—(erRoR J

:[ WRITE_WAIT_COMPLETE IDLE

@ MICROCHIP




% Lab18 Manage SPI SD card without File System

* Increase "Count" of read content or output SD Card Geometry if it’s first time to write.

void APP_DRV_SDCARD_Tasks ( void )

{
switch ( app_drv_sdcardData.state )

case APP_DRV_SDCARD STATE_INIT: ...

case APP_DRV_SDCARD_STATE_WAIT ATTACH:

case APP_DRV_SDCARD STATE_READ: ...

case APP_DRV_SDCARD_STATE_READ WAIT COMPLETE:
if(SDCardReadComplete == true)

{

SDCardReadComplete = false;

Qutput current count and incre

app_drv_sdcard.c |

if( !strncmp((char*)sSbCardReadBuf, "Count SDCard: ", 14) )

USART1printf("%s\r\n", SDCardReadBuf);

sscanf(SDCardReadBuf, "Count SDCard: %d", &SDCardResetCount);

SDCardResetCount = (SDCardResetCount+1)%10;

} . :
?1se Output Geometry,if.nothing to be wrote

USART1printf("Geometry SDCard: Buff(%d), R(%d), W(%d), E(%d)\r\n",

SDCARD_BUFFER_SIZE,

SDCardReadBlocks, SDCardWriteBlocks, SDCardEraseBlocks);

}

app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE;

break;

case APP_DRV_SDCARD STATE_ WRITE:

| INIT }—
q WAIT_ATTACH —
| RéD —
q READ_WAIT_COMPLETE )
WI:ITE }—{ ERROR )
q WRITE_WAIT_COMPLETE I—ol_u)‘uch
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% Lab18 Manage SPI SD card without File System

* Write back content to target address SDCARD BLOCK START.

void APP_DRV_SDCARD_Tasks ( void ) app_drv_sdcard.c |
{

switch ( app_drv_sdcardData.state )

case APP_DRV_SDCARD STATE_INIT: ...

case APP_DRV_SDCARD_STATE_WAIT ATTACH:

case APP_DRV_SDCARD_STATE_READ: ...

case APP_DRV_SDCARD_STATE_READ WAIT COMPLETE:

break; \Write count to target Block of,SD,Card

case APP_DRV_SDCARD_STATE_WRITE:
sprintf( SDCardWriteBuf, "Count SDCard: %d", SDCardResetCount);
DRV_SDSPI_Asyncerte(SDCardHandle, &SDCardWriteHandle,
SDCardWriteBuf, SDCARD_ BLOCK_START, SDCardWriteBlocks);

if(sDCardWriteHandle == DRV_SDSPI_COMMAND HANDLE_INVALID)

{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_ERROR;
else
{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE_WAIT_COMPLETE;
. } | INIT }—
break; e e
y
case APP_DRV_SDCARD STATE_WRITE WAIT_COMPLETE: ... ( READ —
case APP_DRV_SDCARD STATE_ERROR: ... h
case APP_DRV_SDCARD STATE_IDLE: —
break WRITE }—{ ERROR )
q WRITE_WAIT_COMPLETE I—ol_u)‘uch
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% Lab18 Manage SPI SD card without File System

* Close handle while write completed and go state IDLE forever.

void APP_DRV_SDCARD Tasks ( void ) app_dr'v_sdcar'd.cj'
{

switch ( app_drv_sdcardData.state )

case APP_DRV_SDCARD STATE_INIT: ...

case APP_DRV_SDCARD_STATE_WAIT ATTACH:

case APP_DRV_SDCARD_STATE_READ: ...

case APP_DRV_SDCARD_STATE_READ WAIT COMPLETE:
case APP_DRV_SDCARD_STATE_WRITE:

else

{
app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_WRITE WAIT_ COMPLETE;

break;

case APP_DRV_SDCARD STATE_WRITE_WAIT COMPLETE:
if(SDCardWriteComplete == true)

{
SEICLRRCETAEE & UELEE Go_ state IDLE after,finished
DRV_SDSPI_Close( SDCardHandle );
| INIT —
y app_drv_sdcardData.state = APP_DRV_SDCARD_STATE_IDLE; <r——;;Fjﬂ“m
¥
break; ( READ }—
case APP_DRV_SDCARD STATE ERROR: ... i e — :_’[ l
case APP_DRV_SDCARD_STATE IDLE: ... WRITE ERROR
cen q WRITE_WAIT_COMPLETE I—ol_m‘uch
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% Lab18 Manage SPI SD card without File System

e Put in SD Card first 11!

* Compiler and programming your project to EVB.

* Geometry will output while first time to reboot because there has nothing wrote at
Block Start Address 0x400000.

* The “Count” will increase while each time you to press m button on the EVB.

M COMS2 - Tera Term VT

File Edit Setup Control Window Help Block Size is 512 bytes
. Store Block is 0x2000
SDCard attached! Start Address is 0x40000

Geometry SDCard: Buffer(4096), R(8), W(8), E(8)

SDCard attached!

[ Reset
Count SDCard: 1

IIEBEID'..

[ Reset

MicroSD

SDCard attached!
Count SDCard: 2

0x400000

0x000000

SDCard attached!
Count SDCard: 3
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% Lab18 Manage SPI SD card without File System

 Remove SD Card firstly and press Reset button on the EVB then put SD Card in.
* Why detect SD Card is slowly ? even we to use Polling Method for SD Card Detect.

* The SERCOM4-SPI share with OLED to use [sJsldiF-RiE 1 {5 for GUI update in SPI1 task.
It will affect the SD Card Driver to miss polling of SD Card detection.

* Let’s add 200ms delay between each update in state UPDATE of SPI1 task.

void APP_DRV_SPI1 Tasks ( void )

{

switch ( app_drv_spilData.state )

case APP_DRV_SPI1_STATE_SPLASH_WAIT_COMPLETE:

if( SYS_TIME_DelayIsComplete(SplashTimerHandle) =

{
LCM_Clear();

SYS_TIME_DelayMS (200, &SplashTimerHandle);

[ app_drv_spii.c ”

= true )

app_drv_spilData.state = APP_DRV_SPI1 STATE UPDATE;

break;

case APP_DRV_SPI1_STATE_UPDATE:

if( SYS_TIME_DelayIsComplete(SplashTimerHandle) ==

break;

SYS_TIME_DelayMS (200, &SplashTimerHandle);
sprintf( OutString, "LCM: Hello World"

I

false )

( @asss0000

LCM: Hello World
RX¥: A

I2C1 E 25-.5'C
I2CA EEP oM: szd
T2C2 Accel| X: 48
TI2C2 Accel¥: -??2
I2C2 AccelZ: 4128

INIT

SPLASH

SPLASH_WAIT_COMPLETE ERROR l
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MEMORY Driver Library

Harmony Driver
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MEMORY Driver Library

* Introduction
The Memory driver is a multi-client multi-instance buffer model-based block driver
interface which can be used to communicate with various media devices.

* Key Features of Memory Driver:
* |t works in both Asynchronous and Synchronous modes of operation.
It works in both Bare Metal and RTOS environment.
It can be used to communicate with Different Media's via common Media Interface.
Media which can be accessed directly by Peripheral Libraries (NVM).

Media which can be accessed by protocol drivers which in-turn connect to respective peripheral
Libraries (SST26 Driver --> QSPI peripheral library)
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MEMORY Driver Library

Frogect Graph* l
x|m-..-f|*lil*|f||l:'lugins: v

EVSYS Device Family Pack (DFP)
Peripheral Library CMSIS Pack

MEMORY¢Driver

could man:age :
SeriallMemory . MEMORYDriver

Internal NVM:FIash orui could be used of
and!Internal SRAM . FILE SYSTEM and
USB Mass_ Storage

4% HEHO.E -
drv_memory MEMOERY dependency MMEMOE DRV_MEDIA |!
Unsatisfied Direct Dependency —_____Trv media (DEV_MEDIA)

Multi-Connect Capability

Satisfiers >

Consumers
FILE SYSTEM (sys_fs)
MSD Function Driver (usb_device_msd)

AT24 (drv_at24)
AT25 (drv_at25)
AT25DF (drv_at25df)
SST26 (drv_sst26)
NVMCTRL (nvmctrl)
RAM (ram)

c\ MICROCHIP



MEMORY Driver Library

API functions of the MEMORY Driver library.

e System Functions

DRV_MEMORY _Initialize Initializes the Memory instance for the specified driver index
DRV_MEMORY_Status Gets the current status of the Memory driver module.
DRV_MEMORY_Tasks Maintains the Memory driver's internal state machine.

* Core Client Functions

DRV_MEMORY_Open Opens the specified Memory driver instance and returns a handle to it
DRV_MEMORY_Close Closes an opened-instance of the Memory driver
DRV_MEMORY_TransferHandlerSet Allows a client to identify an event handling function for the driver to call back

when queued operation has completed.

* Block Operation Functions

DRV_MEMORY_AsyncErase Erase the specified number of memory blocks from the specified block start.
Each block is equal to sector size of the memory device attached.
DRV_MEMORY_AsyncEraseWrite Erase and Write blocks of data in the sectors where the block start belongs.
DRV_MEMORY_AsyncRead Reads nblocks of data from the specified block start.
DRV_MEMORY_AsyncWrite Writes nblocks of data starting at the specified block start.
DRV_MEMORY_SyncErase Erase the specified number of memory blocks from the specified block start.
Each block is equal to sector size of the memory device attached.
DRV_MEMORY_Erase This routine provides interface to the file system to perform a media erase operation
in synchronous mode of the Memory driver.
DRV_MEMORY_SyncEraseWrite Erase and Write blocks of data in the sectors where the block start belongs.
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MEMORY Driver Library

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

* Block Operation Functions (cont.)

DRV_MEMORY_EraseWrite This routine provides interface to the file system to perform a media erase-write operation
in synchronous mode of the Memory driver.

DRV_MEMORY_SyncRead Reads nblock of data from the specified block start.

DRV_MEMORY_Read This routine provides interface to the file system to perform a media read operation
in synchronous mode of the Memory driver.

DRV_MEMORY_SyncWrite Writes nblock of data starting at the specified block start.

DRV_MEMORY_Write This routine provides interface to the file system to perform a media write operation
in synchronous mode of the Memory driver.

DRV_MEMORY_CommandStatusGet Gets the current status of the command.

DRV_MEMORY_TransferStatusGet Gets the current status of the transfer request on attached device.

* Media Interface Functions

DRV_MEMORY_AddressGet Returns the Memory media start address
DRV_MEMORY_GeometryGet Returns the geometry of the memory device.
DRV_MEMORY_IsAttached Returns the physical attach status of the Media.
DRV_MEMORY_IsWriteProtected Returns the write protect status of the Memory.
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MEMORY Driver Library

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

* Data Types and Constants

DRV_MEMORY_COMMAND_HANDLE Handle to identify commands queued in the driver.
DRV_MEMORY_COMMAND_HANDLE_INVALID This value defines the Memory Driver's Invalid Command Handle.
DRV_MEMORY_COMMAND_STATUS Memory Driver command Status
DRV_MEMORY_DEVICE_INTERFACE Memory Device API.

DRV_MEMORY_DEVICE_OPEN Function pointer typedef to open the attached media
DRV_MEMORY_DEVICE_CLOSE Function pointer typedef to close the attached media
DRV_MEMORY_DEVICE_SECTOR_ERASE Function pointer typedef to erase a sector from attached media
DRV_MEMORY_DEVICE_STATUS Function pointer typedef to get the status of the attached media
DRV_MEMORY_DEVICE_READ Function pointer typedef to read from the attached media
DRV_MEMORY_DEVICE_PAGE_WRITE Function pointer typedef to write a page to the attached media
DRV_MEMORY_DEVICE_EVENT_HANDLER_SET Function pointer typedef to set event handler with attached media
DRV_MEMORY_DEVICE_GEOMETRY_GET Function pointer typedef to get the Geometry details
DRV_MEMORY_DEVICE_TRANSFER_STATUS_GET Function pointer typedef to get the transfer Status
DRV_MEMORY_EVENT Identifies the possible events that can result from a request.
DRV_MEMORY_EVENT_HANDLER Function pointer typedef for event handler to be sent to attached media
DRV_MEMORY_INIT Memory Driver Initialization Data
DRV_MEMORY_TRANSFER_HANDLER Pointer to a Memory Driver Event handler function
MEMORY_DEVICE_GEOMETRY Memory Device Geometry Table.
MEMORY_DEVICE_TRANSFER_STATUS Memory Device Transfer Status.
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€ Lab 19
Manage NVM Flash without File System

MEMORY Driver Library
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* Lab19 Manage NVM Flash without File System

* Add MEMORY Driver and choose PLIB NVMCTRL as its media.
* The PLIB NVMCTRL already exist in project, please just connect it.
* Try store “Count NVM: #” to Start Address 0x20000 of NVM Flash, the ‘# is count

number start from 1.
° Reset EVB to read “Count NVM: #” out and increase the count ‘#’ then store it back to

NVM Flash.
NVN E| as h < Row size : 256 bytes

Plaefa
RAEE!

bAbytes

0x00040000

BagE;

Bdge!
bAYLES

Hage!
b4 bytes

bAbytes

128KB
Figure 22-2. NVM Row Organization

Row n |Page (n*4) + 3| Page (n*4) + 2 |Page (n*4) + 1 | Page (n*4) + 0

0x00020000

Table 10-3. SAM D21 Flash Memory Parameters

SN program | [N oeverisn s Numberof pas pegesize

memory SAMD21x18 | 256 Kbytes | 4096 64 bytes

0x00000000
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* Lab19 Manage NVM Flash without File System

e Add MEMORY Driver and connect PLIB NVMCTRL to Driver.

Add MEMORYyDriver Project Graph® |

x|a-...*|*@-|f||l—-’lugins: o

Device Resources | Content Manager " Device Family Pack (DFP) TS =
v | : 4 ___ -—-

Libraries EVSYS e

v HarmDny FE'iphE’-Ell Litr-El'f Eysbem Service

r . i Core Service

¥ Drivers TGS
> Peripheral Library SYS_TIME ©
12C EEPROM TMR

B2 O MEMORY
» ' SPIEEPROM

» SPIFLASH NVMCTRL
Peripheral Library
> 5Q| Flash MEMORY
)
¥ Libraries B
 Emulated EEPROM
O 12¢_BB

Connect PLIB NVMCTRL
to MEMORY Driver

» Peripherals

P System Services

c\ MICROCHIP



* Lab19 Manage NVM Flash without File System

* Default configuration of MEMORY Driver and PLIB NVMCTRL.

Configuration Options X]
Froject Graph* l = #
X TIRER®E4$| & 5 |Plgs = MEMORY

~MHumber of Clients =
Device Family Pack (DFP) N CMSIS Pack

~File system Enabled for Memory Driver

EVSYS TIME Core -~ Buffer Queue Size 12
Peripheral Libr s Servi i
Besallb | xeny, LR SRR ~Memory Device Used NVMCTRL
2 Core Service i RTOS

TC3
Peripheral Library

- HFE Configure Memary Device in NYMCTREL Configurations ***

SYs_TIME Core Service O

MEMORY

Driver Configuration Options "l
2 Core Service [=] [+
NVMCTRL Instances - ——+ = MWYMCTRL
Peripheral Library Instance 0 ~ NVMCTRL Read Mode MO MISS PENALTY
-\ ait States =
~Paower Reduction Mode During Sleep | WAREUF ON ACCESS
-~ \Write Policy MANUAL w
-Enable Instruction Cache?
-~ Enahle Interrupt? |:|
~MNWM Media Start Address 20000
- MM Media Size (KB) 12812
-~ MM Erase Buffer Size N
-*** Should be equal to Row Erase Size ***
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* Lab19 Manage NVM Flash without File System

* NVM Flash media address and size description.

0x00040000
128KB
.
i 0x00020000
e Program
! memory
0x00000000

<
<

Row size : 256 bytes

v

babytes babytes 64 bytes ba'bytes
Configuration Options B
= &=
= NVMCTRL
-~ NVMCTRL Read Mode NO MISS PENALTY +
-~ Wait States 15
-~ Power Reduction Mode During Sleep ' WAKEUP ON ACCESS +
- Write Policy MANUAL
Enable Instruction Cache?

~Enable Interrupt?
~NVM Media Start Address

Read operate.in Byte

\Write .operate in Page

Erase operate in’Row

-~ NWM Media Size (KB)
~NVM Erase Buffer Size

*** ghould be equal to Row Erase Size ***
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* Lab19 Manage NVM Flash without File System

* In Core (Harmony Core Service), to Increase the “Number of Applications” to “8” and
given the Application Name to “app_drv_memory”.

Configuration Options "‘]

Increase Number.of Application
E-Core

IfiJ--Generate Harmony &pplication Files

Project Graph* 1
X[EQE@ "‘[‘@'@‘Plugins: o

5 g
Peripheral Library

Systemn Service Harmony Core Service
O Core Service O RTOS

SYS_TIME © Core Service ©
TMR

Iéi--ﬂ«pplicatiun Configuration
%----Number of Applicatians SQ
--ﬂpplicatiun 0 Configuration

--ﬁpplicatiun 1 Configuration

MEMORY
Driver

O Core Service

--ﬁ.pplicatiun 2 Configuration

--ﬂ-.pplin::atiu:un 3 Configuration

--ﬂpplicatiun 4 Configuration

NVMCTRL
Peripheral Library
MEMORY

Instances - ——+

Instance 0
MEMORY

DRV_MEDIA

--ﬁpplicatiun 5 Configuration

--ﬁ.pplicatiun & Configuration

Ié_l--x!-.pplicatiun 7 Configuration
%----Enable Application 7 Configuration
%----ﬂpplicatiun Marme app_drv_memory

Lowddk anplication name must be valid C-Lang
- 13 7 | i
Rename flle tO ap p d rv m em O ry Generate Harmony Driver Common Files
= = - @enerate Harmony System Service Common Files

- @Fenerate Harmony System Media Files
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* Lab19 Manage NVM Flash without File System

* The new state machine we whish to complete as below.

s Emmm——— \

! Initialize state| APP_DRV_MEMORY _initialize()

| 1
goTTTTTTTTTTTTTT I‘ T wee onv memoRY Tasksl
o INIT ) |
I I I
| |
| ( WAIT_ATTACH J > i
l v .
: | READ ] > :
l — i
i q READ_WAIT_COMPLETE | i
I v I
o WRITE —{ ERROR ] |
! —y “w— :
l\ qVRITE_WAIT_COMPLETE | IDLE ?};
N\
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* Lab19 Manage NVM Flash without File System

* Add states in “app_drv_memory.h”.

#ifndef _APP_DRV_MEMORY_H [ app_drv_memory.h ]l
#define _APP_DRV_MEMORY_H

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

typedef enum

APP_DRV_MEMORY_STATE_INIT=0, You could remove the
// APP_DRV_MEMORY STATE_SERVICE_TASKS,
APP_DRV_MEMORY_STATE_WAIT_ATTACH, SERVICEATASKS state
APP_DRV_MEMORY_STATE_READ, :
APP_DRV_MEMORY_STATE_READ WAIT COMPLETE, because we will

APP_DRV_MEMORY_STATE_WRITE, -
APP_DRV_MEMORY_STATE_WRITE_WAIT COMPLETE, not use It anymore:
APP_DRV_MEMORY_STATE_ERROR,

APP_DRV_MEMORY_STATE_IDLE,

} APP_DRV_MEMORY_STATES;

typedef struct ( INIT —
APP_DRV_MEMORY_ STATES state; C s —
{ READ }—1
} APP_DRV_MEMORY_DATA; Gm_COMPLETE )
l WI:ITE }—{ErROR )
void APP_DRV_MEMORY_Initialize ( void ); CWRIE WAIT compiETe H'_Il)ﬁ

@ MICROCHIP



* Lab19 Manage NVM Flash without File System

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

void APP_DRV_MEMORY_Tasks ( void ) app_drv_memory.cl

{
switch ( app_drv_memoryData.state ) - -
{ Overwrite original example,code
case APP_DRV_MEMORY_STATE_INIT:

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WAIT_ATTACH;
break;

case APP_DRV_MEMORY_STATE_WAIT_ATTACH:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ;
break;

case APP_DRV_MEMORY_STATE_READ:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ WAIT_COMPLETE;
break;

case APP_DRV_MEMORY_STATE_READ_WAIT_COMPLETE:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE;
break;

case APP_DRV_MEMORY_STATE_WRITE:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE_WAIT_COMPLETE;
break;

case APP_DRV_MEMORY_STATE_WRITE_WAIT_COMPLETE:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_IDLE;

break;
case APP_DRV_MEMORY_STATE_ERROR: ' — )
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_IDLE; 9 WAIT_ATTACH }——
T
break; ( READ ——
case APP_DRV_MEMORY_STATE_IDLE: <meom£#commnE|
break; :

WRITE }—{ ERROR )

} :[ WRITE_WAIT_COMPLETE IDLE
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* Lab19 Manage NVM Flash without File System

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

#include "app_drv_memory.h" app_drv_memory.c J'
#include "app_drv_usartl.h"

#include "driver/memory/drv_memory.h"
#include <stdio.h>
#include <string.h>

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

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

#define NVM_BLOCK_START (%)
#define NVM_BUFFER_SIZE 256
#define NVM_GEOMETRY_TABLE_READ_ENTRY  (0)
#define NVM_GEOMETRY_TABLE_WRITE_ENTRY (1)
#define NVM_GEOMETRY_TABLE_ERASE_ENTRY (2)
SYS_MEDIA_GEOMETRY *MemoryGeometry = NULL;
int MemoryReadBlocks;

int MemoryWriteBlocks;

int MemoryEraseBlocks;

The Geometry,information
IS'Tnecessary,for,operation

DRV_HANDLE MemoryHandle;
DRV_MEMORY_COMMAND_HANDLE MemoryReadHandle;
DRV_MEMORY_COMMAND_HANDLE MemoryWriteHandle;
volatile int MemoryWriteComplete = false;
volatile int MemoryReadComplete = false;
char MemoryWriteBuf[NVM_BUFFER_SIZE];

char MemoryReadBuf[NVM_BUFFER_SIZE];

int MemoryResetCount = 1;

// >k 3k 3k 3k 3k 3k >k >k >k 3k 3k 5k 5k 5k >k >k >k >k 3k 5k 5k 5k 3k >k >k 3k 3k 3k 5k 5k 5k >k >k 3k 3k 3k 3k 5k >k >k >k >k 3k 5k 5k 5k >k >k >k 3k 3k 3k 3k 5k >k %k >k 3k 3k >k >k 5k >k %k >k >k 3k >k >k >k 5k %k % % >k %k k
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* Lab19 Manage NVM Flash without File System

* Implement Transfer Callback for Memory Driver Read and Write.

*/ app_drv_memory.c |
APP_DRV_MEMORY_DATA app_drv_memoryData;

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

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

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

void MemoryTransferHandler( SYS_MEDIA_BLOCK_EVENT event,
SYS_MEDIA_ BLOCK_COMMAND_HANDLE commandHandle, uintptr_t context )
{

switch( event )

case SYS_MEDIA_EVENT_BLOCK_COMMAND_COMPLETE:

if (commandHandle == MemoryReadHandle)
{ MemoryReadComplete = true; }
else if(commandHandle == MemoryWriteHandle)

{ MemoryWriteComplete = true; }

break; Memory,Drivergiransfer,Callback

case SYS_MEDIA_EVENT_BLOCK_COMMAND_ERROR:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ERROR;
break;

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

// 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 3k sk 3k >k sk ok 3k Sk ok sk Sk 3k sk Sk 3k sk ok sk Sk ok sk Sk >k sk sk 3k sk ok sk Sk ok sk Sk 3k sk ok sk Sk sk skook sk kR kosk sk skok >k
// 3k 3k 3k Sk 3k 3k Sk 3k sk sk 3k Skook 3k Sk ok sk Sk sk sk sk sk skosk sk Sk sk sk sk sk sk ok sk Skosk sk Sk sk sk sk sk sk sk sk Sk sk sk 3k Skok sk Sk 3k sk ok sk Sk 3k skok sk Sk sk skook sk skosk sk ok sk sk sk ksk ki k
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* Lab19 Manage NVM Flash without File System

* Open Driver, register callback in state INIT and handling ERROR.

void APP_DRV_MEMORY_Tasks ( void ) app_drv_memory.c |

ol d Data.stat '
?Wl ch ( app_drv_memoryData.state ) Open I\/Iemory Driver,to get Handle

case APP_DRV_MEMORY_STATE_INIT:
MemoryHandle = DRV_MEMORY_Open(DRV_MEMORY_INDEX_©, DRV_IO INTENT_ READWRITE);
if(MemoryHandle == DRV_HANDLE_INVALID)

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ERROR;

break; -
} Registerglransfer,Callback

DRV_MEMORY_TransferHandlerSet(MemoryHandle, MemoryTransferHandler, 0);

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WAIT_ ATTACH;
break;

case APP_DRV_MEMORY_STATE WAIT ATTACH:
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ READ;

break; :
Handling Error,state

case APP_DRV_MEMORY_STATE_ERROR:

USART1printf("DRV_MEMORY error!\r\n"); ( T —
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_IDLE; { WAILATTACH =]
break; { READ J—
:[ READ_WAIT_COMPLETE I
case APP_DRV_MEMORY_STATE_IDLE: 3
brea k WRITE }—{ ERROR )
.. q WRITE_WAIT_COMPLETE I—ol_u)‘uch
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* Lab19 Manage NVM Flash without File System

* Get Geometry of NVM Flash in state WAIT_ATTACH.

void APP_DRV_MEMORY_Tasks ( void ) app_drv_memory.c |

{
?witch ( app_drv_memoryData.state ) USing POIIlng method to

case APP_DRV_MEMORY_STATE_INIT: ...
case APP_DRV_MEMORY_STATE_WAIT_ATTACH:
if( DRV_MEMORY_IsAttached(MemoryHandle) == false )
break;

USART1printf("\r\nNVM attached!\r\n"); Get NVM Flash Geometr

MemoryGeometry = DRV_MEMORY_GeometryGet(MemoryHandle);
if (MemoryGeometry == NULL)

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ERROR;
break;
}
MemoryReadBlocks = (NVM_BUFFER_SIZE / \
MemoryGeometry->geometryTable[NVM_GEOMETRY_TABLE_READ_ENTRY].blockSize);
MemoryWriteBlocks = (NVM_BUFFER_SIZE / \
MemoryGeometry->geometryTable[NVM_GEOMETRY_TABLE_WRITE_ENTRY].blockSize);
MemoryEraseBlocks = (NVM_BUFFER_SIZE / \
MemoryGeometry->geometryTable[NVM_GEOMETRY_TABLE_ERASE_ENTRY].blockSize);

| INIT —
gﬁggg:‘v_memor‘yData.state = APP_DRV_MEMORY_STATE_READ; mm\m )
| READ —
case APP_DRV_MEMORY_STATE_READ: <i READ . WAﬂIT COMPLETE )
case APP DRV MEMORY STATE READ  WAIT _COMPLETE: ... ¥ - ]
case APP DRV MEMORY STATE WRITE “e WRITE ERROR
ce q WRITE_WAIT_COMPLETE I—ol_u)‘uch
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* Lab19 Manage NVM Flash without File System

 Read MemoryReadBlocks from address NVIM_BLOCK_START.

void APP_DRV_MEMORY_Tasks ( void )
{

switch ( app_drv_memoryData.state )

case APP_DRV_MEMORY_ STATE_INIT: ...
case APP_DRV_MEMORY_STATE_WAIT ATTACH:

MemoryEraseBlocks = (NVM_BUFFER_SIZE / \

app_drv_memory.c |

MemoryGeometry->geometryTable[NVM_GEOMETRY_TABLE ERASE _ENTRY].blockSize);

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ;
break;

case APP_DRV_MEMORY_STATE_READ: Read One BIOCk from NVM FIaSh

DRV_MEMORY_AsyncRead(MemoryHandle, &VemoryReadHandle,
MemoryReadBuf, NVM_BLOCK_START,
if(MemoryReadHandle == DRV_MEMORY_COMMAND_HANDLE_INVALID)

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_ERROR;
break;

}

MemoryReadBlocks);

app_drv_memoryData.state = APP_DRV_MEMORY_STATE_READ WAIT_COMPLETE;

break;

case APP_DRV_MEMORY_STATE_READ WAIT COMPLETE:
case APP_DRV_MEMORY_STATE_WRITE: ...

case APP_DRV_MEMORY_STATE_WRITE_WAIT COMPLETE:
case APP_DRV_MEMORY_STATE_ERROR:

case APP_DRV_MEMORY_STATE_IDLE:

| INIT }—
q WAIT_ATTACH —
| RE:\D ——
q READ_WAIT_COMPLETE )
WI:ITE }—{ ERROR )
q WRITE_WAIT_COMPLETE I—ol_u)‘uch
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* Lab19 Manage NVM Flash without File System

* Increase "Count" of read content or output NVM Flash Geometry if first time to write.

void APP_DRV_MEMORY_Tasks ( void ) app_drv_memory.c |
{

switch ( app_drv_memoryData.state )

case APP_DRV_MEMORY STATE_INIT: ...

case APP_DRV_MEMORY_STATE_WAIT ATTACH:

case APP_DRV_MEMORY STATE_READ: ...

case APP_DRV_MEMORY_STATE_READ WAIT COMPLETE:
if(MemoryReadComplete == true)

Qutput current count and incre

MemoryReadComplete = false;
if( !strncmp((char*)MemoryReadBuf, "Count NVM: ", 11) )

USART1printf("%s\r\n", MemoryReadBuf);
sscanf(MemoryReadBuf, "Count NVM: %d", &MemoryResetCount);
MemoryResetCount = (MemoryResetCount+1)%10;

}

else

USART1printf("Geometry NVM: Buff(%d), R(%d), W(%d), E(%d)\r\n",
NVM_BUFFER_SIZE,
MemoryReadBlocks, MemoryWriteBlocks, MemoryEraseBlocks);

} | INIT }—
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE; { WAILATTACH =]
} | READ —
break; q READ_WAIT_COMPLETE )
v
case APP_DRV_MEMORY STATE_WRITE: ... WRITE J—(ERRoR )
ce q WRITE_WAIT_COMPLETE I—ol_u)‘uch
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* Lab19 Manage NVM Flash without File System

* Write back content to target address NVIVI BLOCK_ START.

void APP_DRV_MEMORY_Tasks ( void ) app_drv_memory.c |
{

switch ( app_drv_memoryData.state )

case APP_DRV_MEMORY_ STATE_INIT: ...

case APP_DRV_MEMORY_STATE_WAIT ATTACH:

case APP_DRV_MEMORY_STATE_READ: ...

case APP_DRV_MEMORY_STATE_READ WAIT COMPLETE:

break; \Write count to target Block of,SD,Card

case APP_DRV_MEMORY_STATE_WRITE:
sprintf( MemoryWriteBuf, "Count NVM: %d", MemoryResetCount);
DRV_MEMORY_AsyncEraselWrite(MemoryHandle, &VemoryWriteHandle,
MemoryWriteBuf, NVM_BLOCK_START, MemoryWriteBlocks);

if(MemoryWriteHandle == DRV_MEMORY_COMMAND_ HANDLE_INVALID)

app_drv_memoryData.state

APP_DRV_MEMORY_STATE_ERROR;

else
{
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE_WAIT_COMPLETE;
. } | INIT }—
break; e e
y
case APP_DRV_MEMORY_STATE_WRITE WAIT_ COMPLETE: ... ( READ —
case APP_DRV_MEMORY_STATE_ERROR: ... h
case APP_DRV_MEMORY STATE IDLE: —
brea k; WRITE }—{ ERROR )
q WRITE_WAIT_COMPLETE I—ol_u)‘uch
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* Lab19 Manage NVM Flash without File System

* Close handle while write completed and go state IDLE forever.

void APP_DRV_MEMORY_Tasks ( void ) app_dr'v_memor'y.cj'
{

switch ( app_drv_memoryData.state )

case APP_DRV_MEMORY_ STATE_INIT: ...

case APP_DRV_MEMORY_STATE_WAIT ATTACH:

case APP_DRV_MEMORY_STATE_READ: ...

case APP_DRV_MEMORY_STATE_READ WAIT COMPLETE:
case APP_DRV_MEMORY_STATE_WRITE:

else

{
app_drv_memoryData.state = APP_DRV_MEMORY_STATE_WRITE WAIT_ COMPLETE;

break;

case APP_DRV_MEMORY_ STATE_WRITE_WAIT COMPLETE:
if(MemoryWriteComplete == true)

MemoryWriteComplete = false; Go state IDLE after,finished

DRV_MEMORY_Close( MemoryHandle );

| INIT }—
) app_drv_memoryData.state = APP_DRV_MEMORY_STATE_IDLE; <r—_;E?ﬁnnw
T
break; ( READ }—

q READ_WAIT COMPLETE )
case APP_DRV_MEMORY_STATE ERROR: ... T - l
case APP_DRV_MEMORY_STATE IDLE: ... WRITE ERROR
cen q WRITE_WAIT_COMPLETE I—ol_m‘uch
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* Lab19 Manage NVM Flash without File System

* Compiler and programming your project to EVB.

* Geometry will output while first time to reboot because there has nothing wrote at

Media Start Address 0x20000.

* The “Count” will increase while each time you to press @ button on the EVB.

M COMS3 - Tera Term VT
File Edit Setup Control Window
[ 1st Boot J
NVM attached!

Geometry NVM: Buffer(256), R(256), W(4), E(1)

NVM attached!

[ Reset
Count NVM: 1

I[EEID'..

[ Reset

NVM attached!
Count NVM: 2

NVM attached!
Count NVM: 3

Help

Row size : 256 bytes >

Plajef=
Hage

~ [ LA C ~ ) N
bAjoytesH | R6ATytes

Playef=
Fage

0x00000000

NVN Flash

Count NVM: x

Program
memory
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* Lab19 Manage NVM Flash without File System

Discuss 1

* How to use MPLAB X IDE to check content of NVM Flash we wrote ?

* The configuration of debugger MPLAB SNAP in
“Memories to Program” -> “Auto select memories and ranges” has default choose to
“Allow SNAP to select Memories”, this option will cause only the areas of MPLAB's memory
that aren't blank to be programmed.

* Let’s choose to “Manually select memories and ranges” for full NVM area.

Categories:

@ General

----- 2 File Inclusion/Exclusion
=+ @ Conf: [default]

Snap
Loading

Libraries
Euilding
HC32 (Global Options)

R = = I ST (=

¥4 Project Properties - Lab19_DRV_MEMORY_NVMFlash

.
Crptions for Snap
Option categories: | Memories to Program " Feset
Auto select memories and ranges Manually select memories and ranges v”
Configuration Memory
D
Frogram Memory
Program Memory Eange(s)thex) 0-3ff{f

@ MICROCHIP



* Lab19 Manage NVM Flash without File System

Discuss 1

* Read whole SAMD21 NVM Flash memory by click s

o | ¢

% -ER - QTR e (G B

Read Device Memory (Project Lab19_DRV_MEMORY_NVMFlash)

Read Device Memory to File...

Discrete Multi-Partition Read Operation

Read EE/Flash Data Memory to File..

Output - Snap-Labl19_DRV_MEMORY_NVMFlash =x
The following memory area(s| will be read:

program memory: start address = 0x0, end address = Ox3ffff

configuration memory
User Id Memory

Read complete

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

Tools

Window| Help

MPLAB® Code Configurator v3
Kit Window

[ T )

Target Memory Views

Simulator

Ctrl+1

7§ (8 HowdoI?

= Execution Memory

o Data Memory

Execution Memory =

Ex ETe]

Code

Lddress oo n2 04 Og [N} On oc OE LSCII
| IFLESH Memory
0000_0oo0 [TFFO |2000 (0701 (0001 DOSFE (0000 E3LF (0000 [.0O. ee _aaaaaaa
0000_0010 (D000 (0000 (0000 (0000 (©O000 0000 0000 (0000 [ieeeeees sasnnnna
0000_0020 (0000 (0000 (0000 (D000 0000 {0000 DTST (0000 |veeeeaas sens W...
0000_0030 (0000 (0O00 (0000 (D000 [DTST (0000 DTST (0000 |veeeea.. We.o.W...
bemory |Execution Mem... | Format Data e
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* Lab19 Manage NVM Flash without File System

Discuss 1

* Click | ¥

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

Execution Mem

=

B GoTo

7o To What:

Memory Eegion

et

Enter Hex Address

0x0002_0000) |

| 48 % 2|

Bddress oo 02 o4 Og ag 0n oc ) ARSCTI
0001_FFEOQ |FFFF [FEFF |[FFFF |FEFF [FFFF [FEFFF |FEFEF |FFEFF [cveeeere ananenns
ool FFFO |[FFFF [FFFF |FFFF |FEFFF [FEFF [FFFF |FEFFF [FEFF [veweeess sssssunus
F43 [gET5 2074 |364E (384D (3520 0000 DDDD|Chunt W M: EL...
0002_0010 (0000 (Qoo0 0000 0000 0000 [C000 (0000 0000 [ieeeeers snawenss
0002 0020 (0000 (0000 (0000 0000 (0000 (D000 (0000 0000 [heeeesss ssanasas
Q00Z_0030 0000 (0000 (0000 0000|0000 (D000 (0000 0000 [heesssss ssssanas
0002_0040 0000 (QO000 (0000 0000 0000 [©000 (0000 0000 [ieeeeers swansnns
0002_0030 (0000 (0000 (0000 0000 (0000 (D000 (0000 0000 [heeeesss ssssasas
Qoo2_00s0 |0O0O0 0000 leewennne snnunnns
0002 0070 0000 0000 leewennne snnunnns
0002 0080 0000 L
Qoo2_0090 |0ooo 0000 leewennne snnunnns
0002 00RO 0000 L
0002 _00BO 0000 L
Qoo2_00Co |oooo 0000 leewennne snnunnns
Q002 _00Do 0000 L
Q002 _00EQ 0000 0000 [ewenass wanmenns
0002 00F0 0000 0000 leewennne snnunnns
0002 0100 |FFFE FEFF [ eneenre wenmenns
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Microchip Trademarks

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,
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