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Class Objectives

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

* Be familiar with MPLAB X IDE and MCC Harmony
* Understand how to configure and use the
SAMD21 series peripherals.
* There have two level course included.
* Major course : General study of basic features.
* Appendix : Advance features and appendix.

ﬁ\ MICROCHIP



Lab Tree Branch from SAM2001 to SAM2001ADV

( sam001 )

(LabG_TCs_Timer_Interru pt_CaIIback)

\ 4

A 4

\

f

(Lab11_SERCOM_UART_TxRx_nterrupt_Callback_MyPrintf )}

A\ 4

(Lab12_ADC_PoIIing_SWTrigger)

A 4

SAM2001AD
-

\

(Lab13_ADC_PinScan_Interrupt_CaIIback_SWTrigger)

\ 4
)

(Lab16_TCC_NPWM_Auto_DutyCtrl }

\ 4

(Lab17_SERCOM_SPI_OLED_SSD1306 )}

P <
Lab12-1_ADC_Internal_TempSensor |
] [Leb123 DAC Wave Output | s
— g Lab13-1_ADC_Accumulation_and_Averaging |
_ Lab13-2_ADC_Window_Monitor
= Lab13-3_ADC_with_DMAC |
. = Lab13-4_ADC_with_DMAC_and_Interrupt |
_ Lab13-5_ADC_with_Descriptors_Link_of_DMAC |
— Lab13-6_ADC_with_IDLE J
— Lab13-7_ADC_with_STANDBY J
> EPEEIRIGRTSTONHE GEONED | ab13.6_ADC_with DV
_ toiea.TC Maveom_capure uton T
" Lab17-1_RTC_Clock and_Calendar
> Labl7-1RTC Clock and_Calendar_Alarm

ﬁ\ MICROCHIP



Separate Index for SAM2001ADV-03

e SAM2001ADV-03
* SERCOM - 12C Architecture (Temp Sensor/EEPROM/G-Sensor)
* ADC Accumulation, Averaging and Window Monitor

* Internal Temperature Sensor (ADC)
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SAMD21 EVB APP045 v4
Introduction
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APP045 v4 Features

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

e Support Li-on Battery, boost and charger

* 2 x Buttons, 3 x LEDs

* 1 x12C Temperature Sensor

* 1 x12C EEPROM with Unique ID

* 1 x 12C Accelerometer

* 1 x MicroSD Socket (SPI interface)

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

* 1 x Capacitive QTouch® Slider & Buttons with Driven Shield

* 1 x mikroBUS™ Click Board Socket

* 1 x Arduino® Shield Socket (Arduino MO Pro board Compliant)
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APP045 v4 Overview
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APPO045 v4 Programmer and Debugger
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APPO045 v4 Block Diagram
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SERCOM - 12C Architecture
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What’s 12C ?

* The 12C (Inter-Integrated Circuit) is a synchronous, multi-master, multi-slave, packet
switched, single-ended, serial computer bus invented in 1982 by Philips Semiconductor.

SDA
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SDA

SCL

Re Re 12C DEVICE 12C DEVICE o606 12C DEVICE
#1 #2 #N
rL rL rL rL rL rL

Note: Rs is optional

MSB ( LSB ACK
// Bit 1 >< BH21><Jﬁ:X<BHN4>< thl>< \\

START
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STOP
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SERCOM - 12C

The 12C interface is one of the available modes in the
serial communication interface (SERCOM).

* Master or slave operation can be used with DMA.

* Philips 12C / SMBus™/ PMBus compatible.

e Support of 100kHz and 400kHz, 1MHz and 3.4MHz mode.
* Up to 16-bytes internal FIFO.

* Operation in all sleep modes.

 Wake-up on address match (Slave mode)

*_‘

‘ baud rate generator | (SCL hoid low

Y

Y
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Add SERCOM Function using MHC

* Find SERCOM component in Device Resources window.
* Double click SERCOMS3 to add to Project Resources window.

1]

Resource

MCC] x

MCCv5.4.1

Project Resourc...| Gener..

¥ Libraries
¥ Harman vy
» Packs

» TC

¥ System

¥ Peripherals
» EVEYS
» NVMCTRL
¥ SERCOM

( SERCOMS

Device Resources

Device Resources

| Q Content Manager I

» RAM
» RTC

» TC

¥ SERCOM

(O SERCOMO

+K

\_/

» SERCOM4

]

» SERCOM1

SERCOMZ
SERCOM3

i
SERCOM

- SERCOIIVF

Project Resources

Resource [MCC] = I
MCC v5.4.1 I
Project Resourc...| Gener- || Impo.. || B | @ || @

¥ Libraries
¥ Harmony
» Packs
¥ Peripherals
» EVSYS

» NVMCTRL
> e SERCOM3
() SERCOM3
() SERCOMS
> TC
¥ System
() System

Device Resources

%’ Double click

» TCC
» Tools »

» PN
» RAM
» RTC
v SERCOM
() SERCOMO
() SERCOM1
O SERCOMZ
() SERCOM4
» TC
» TCC
> Tools

| Q Content Manager
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SERCOM-I2C

PINMUX Configuration Example

* No need to arrange SERCOM pads in SERCOM-I2C module.
* SERCOM-I12C module use dedicate pads, PADO for SDA and PAD1 for SCL.

] e
Configuration Options x]
=l
= SERCOM3
= Select SERCOM Operation Made | 12C Master v
~Transfer Speed Maode STANDARD AND FAST MODE -
-Enable aperation in Standby maode [
-SDA Hold Time 50-100ns hald time -
~12C Speed in KHz =
-12C Trise in nano seconds 100
-Enable 10-bit Addressing ]

No Pads arrangement option
in Configuration Options of 12C Module
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SERCOM-I2C

PLIB SERCOM-I2C pad configurations

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

SERCOMO

SERCOM1

SERCOM2

SERCOM3

SERCOM4

SERCOM5

006 0O O 6 00 o O 6 0 o O

PAD[O]
PAD[1]
PAD[2]
PAD[3]

Digital IO  SDA
Digital IO SCL
Digital /O SDA_OUT (4-wire operation)
Digital YO SCL_OUT (4-wire operation)

@ MICROCHIP



SERCOM-I2C

PINMUX Configuration Example

 SERCOM allow limited alternate pad index assighment.
* Forexample: PA22 as SERCOM3_PADO (SDA)
PA23 as SERCOM3_PAD1 (SCL)

s(2)(3)

21 31 ([ pa22 || vDDIO | EXTINTIS] X[10] SERCOM3/ | ¢ GCLK_IO[8]
535 wcou | { SERCOM3/PAD[0]
2 32| PA23 PA23 || vDDIO = EXTINT[7] X[1] SERCOM3/ SERCOM3/ PAD[1] | USBISOF  GCLKIO[7]
T PAD[1] PAD[1] WO[5] 1kHz
0 P il 5 = | %1% | (72 |PA22 (SERCOM3_PADO)
Package: TOFF48 = Sl Y R R = S R D = Y B =R B
s|2 8|2 /8|85 |5|2|2|8|3 (| & )5 PA23 (SERCOM3_PAD1
Module Function 181920 |21 |22 |23 |24 25|20 |27 |28 1290130031 132133134|35)36|37 38|39 |40 (41|42 |43 |44

SERCOM2_PAD3

SERCOM3_PADO
SERCOM3_PADI

SERCOMS SERCOM3_PAD2 %

SERCOM3_PAD3

S E Rco M 3 SERCOM4_FADD

| e
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SERCOM-I2C

Interface Routines

void SERCOMS3 _I2C _Initialize( void );

bool SERCOM3 _12C_Read(uintl6_t address, uint8_t *pdata, uint32_t length);
bool SERCOM3_12C_Write(uintl6_t address, uint8_t *pdata, uint32_t length);
bool SERCOM3 _12C_WriteRead(uintl6_t address, uint8_t *wdata,

uint32_t wlength, uint8_t *rdata, uint32_t rlength);
bool SERCOM3 _12C_IsBusy(void);

SERCOM _12C_ERROR SERCOM3 _12C_ErrorGet(void);
void SERCOM3 _12C_CallbackRegister(SERCOM _12C_CALLBACK callback, uintptr_t context);
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SERCOM-I2C Code Example

int main (void)

{
SYS_lInitialize ( NULL );

SERCOM3_12C_WriteRead( Slave_Address, WriteBytes, 1, ReadBytes, 2 );
while( true )

{

SERCOM3_I2C_Read( Slave_Address, ReadBytes, 2 );

}
}
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%€ Lab11-1 SERCOM - 12C Access Temperature Sensor

* Please continue from SAM2001 Lab11 (SERCOM - UART TxRx Interrupt Callback with myprintf)
* Add SERCOM3-12C master function to project to communication the on-board
Digital Temperature Sensor MCP9800AS5T.
* Enable SERCOM3 PADO(PA22) and SERCOM_3 PAD1(PA23) for 12C SDA and SCL.
* Send Ambient Temperature Register (TA) command 0x00 to acquire temperature data
from Digital Temperature Sensor MCP9800A and then continue to read data.
* Output temperature data to UART.

 MCP9800 configuration:

SDA connect to PA22 (SERCOM3 PADO)
SCL connect to PA23 (SERCOM3 PAD1)
Slave address is 0x4D.

TA register address is 0x00.

eLet’s go !
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APP045 SERCOM-I2C Schematic
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MCP9800A access command and Temperature calculation

I, = Code x g
Ta = Ambient Temperature (°C)
Code = MCP9800 output in decimal

Result = (TA[@]<<4|TA[1]>>4)/16

Register Bit Assignment

Pointer MSE!/
P1 PO LSB 7 6 5 4 3 2 1 0
Ambient Temperature Register (T)
00 | MSB Sign 26°C 25°C 2%°C 23°C 22°C 21°C 20°C TA[O]
LSB 27°C 2%°C 2-9°C 24°C 0 0 0 0 TA[1]

SDA ' PA22 sercoms pADO

MCP9800A SAMD21
SCL | PA23 sercoms pap1
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%€ Lab11-1 SERCOM - 12C Access Temperature Sensor

Step 1

* Find SERCOM component in Device Resources window.
* Double click SERCOMS3 to add to Project Resources window.

1]

Resource

MCC] x

X

MCCv5.4.1

Project Resourc...| Gener..

Impo...

Exp...

[ JINE)

¥ Libraries
¥ Harman vy
» Packs

» TC

¥ System

¥ Periphe;
b EWEYE
» MVMCTRL
¥ SERCOM

rals

( SERCOMS

Device Resources

Device Resources

| Q Content Manager I

» TC

» RAM

» RTC

¥ SERCOM
(O SERCOMO
() SERCOMT
) SERCOM2

B8 O SERCOM3
() SERCOM4

SERCOM
- SERCOM3

» TCC
» Toals ~

Il

1]

Resource [MCC] =

Project Resources

MCC v5.4.1

Project Resourc...

Gener.. || Impo.. || Bp. | @ || @

¥ Libraries
¥ Harmony
» Packs

¥ Peripherals

Double click

» EVEYS

» NVMCTRL

s e SERCOM3
() SERCOM3
() SERCOMS

> TC

¥ System
() System
Device Resources | (Z Content Manager

» PM

> RAM

» RTC

¥ SERCOM
() SERCOMO
() SERCOM1
() SERCOMZ
() SERCOM4

» TC

» TCC

» Toals
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%€ Lab11-1 SERCOM - 12C Access Temperature Sensor
Step 2

* Configure SERCOM3 to 12C Master mode.

B >

| SERCOM3 |«

(=] [#

- SERCOM3

- Select SERCOM Operation Mode | 12C Master | L12C Master

~Transfer Speed Mode STANDARD AND FAST MODE -
~Enahle operation in Standby mode [ ] | STANDARD AND FA MODE
~S0A Hold Time 50-100ns hold time
~12C Speed in KHz 1002 100
~I2C Trise in nana seconds 10012
-Enahle 10-hit Addressing ]
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APP045 v2 Ov3 Mva

%€ Lab11-1 SERCOM - 12C Access Temperature Sensor
Step 3
* Reassign PA22 to SERCOM3_PADO and PA23 to SERCOM3_PAD1.

(] Pin Table ——\PA22 = 0
>—<| H| o g -—— - | )
Package: | TQFF48 %g:gﬂﬁﬁgailﬁlaagm %ggﬁaﬁggé
HAREEEE R EEEEREE 00 EEEREEEEEE
Module Funetion 18| 19|20 |21 22|23 |24 25|26 |27 (28 20|30 31 32|33 34| 35| 36| 37 | 36 | 30| 40| 41 | 42| 43| 44
SERCOM2_PAD3
SERCOM3_PADO
L SERCOM3_PAD! - Click to enable
SERCOM3_PADZ
SERCOM3_PAD3
SERCOM3 =
SERCOM4_PADO N .
\V/’
(] Pin Table ; ‘ =0
% o = =1=) SERCOM3_PADO | e
Package: TQFF48 ~ Eg:ggﬁﬁgaﬁlilaaEHSEco 3—AD1g?8585
zlala|=|=|8|8|=|=2|2 | 2|=|=4(8|&)SERCOM3 _PAD1E <=z |2 o
Module Function 1819|2021 |22l23 |24 |25 25|27 (28|20l 30|31 32|32 24 |35 | 36|37 |36 | 30| 40 [ 41 |42 | 43| 44
SERCOMS2_PAD3
SEHe Green is enabled
(SERCOM3_PADI
SERGILD SERCOM3_PADZ
SERCOM3_PAD3
SERCOM4_PADO
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%€ Lab11-1 SERCOM - 12C Access Temperature Sensor
Step 4

* Click "Generate" Button to Generate your Code.
= X

Resource Management [MCC) x |

Pl’OjECt Resources IGenerate\J Import... | Export 9 f;l
v Libraries N
» Harmony
¥ System
() System

NS"
) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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%€ Lab11-1 SERCOM - 12C Access Temperature Sensor

Step 5

// TODO 11-1.01
#define MCP9800_ ADDRESS ox4D
#define MCP9800_REG_TA ox0

uint8_t MCP9800 Data[2];
void USART5 Transmit( uintptr_t context ) { ... }

int main (void)

{

// TODO 11-1.02

I, = Code x 2~4

Ta = Ambient Temperature (°C)
Code = MCP9800 output in decimal

MCP9800 Data[@] = MCP980© REG_TA;

SERCOM3_I2C_WriteRead( MCP9800_ ADDRESS, MCP9800 Data, 1, MCP980@ Data, 2 );

while ( true )

{ .
if (TC3_HasExpired) Resu1t =
{ .
// TODO 11-1.03
SERCOM3_I2C_Read( MCP9800_ADDRESS, MCP9800 Data, 2 );
myprintf( "Temperature : %2.1f'C\r\n",
(float) ((MCP9800 Data[@]<<4)|(MCP9800 Data[1]>>4))/16.0f);
}
}

(TA[0]<<4|TA[11>>4)/16
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APP045 Ov2 Ov3 Mva

%€ Lab11-1 SERCOM - 12C Access Temperature Sensor

Result

M COM12 - Tera Term VT — ] X
File Edit
Hello World!!
Temperature : +33.5'C
Hello World!!
Temperature
Hello World!! , :
Temperature : -2 L " £ = I12C Temp. Sensor
Hello World!! IEEEES o R Y o
Temperaturel : K fm, e =2 (= ¥
Hello World!!
Temperature :
Hello World!!
Temperature :
Hello World!!
Temperature :
Hello World!!
Temperature

Setup Control Window Help
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%€ Lab11-2 SERCOM - 12C Access Serial EEPROM

e Use SERCOM3-I12C master function to project to communication the on-board
Serial EEPROM 24AA025E64.

* Write one byte “0x24“ to target word address 0x00 after system initialize.

 Random Read it back and output to UART console.

* 24AA025E64 configuration:
* SDA connect to PA22 (SERCOM3 PADO)
* SCL connect to PA23 (SERCOM3 PAD1)
* Slave address is 0x50.

*Let’s go !
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24AA025E64 access command and connection

S
; Control Word %
R Byte Address Data )
T, A - A . s . P
[ B B [ O
S U] i
_ Ll [N I
: : :
C
K K K
SERCOM3 PADO BYTE WRITE
24AA025E64 SAMD21 s S ;
A Control Word A Control Data (n) T
R Byte Address (n R Byte O
SERCOMS3 PAD1 L . s R o , N 8
[ I [ I I
S ] ST i
| Ll T O I
A A A N
C C C O
K K K A
RANDOM READ <
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%€ Lab11-2 SERCOM - 12C Access Serial EEPROM

Step 1

// TODO 11-2.01

#define MCP24AA_ADDRESS 0x50
uint8_t MCP24AA_WriteData[2];
uint8_t MCP24AA_ReadData[1];

int main (void)
{ .
// TODO 11-2.04

while (SERCOM3_I2C_IsBusy());

// TODO 11-2.02

MCP24AA WriteData[0] 0x00;

MCP24AA_WriteData[1] ox24;

SERCOM3_I2C_Write( MCP24AA_ADDRESS, MCP24AA_WriteData, 2 );
myprintf( "Wrote ©0x24 to EEPROM 24AA\r\n");

while ( true )

{ .
if (TC3_HasExpired)
{ .
// TODO 11-2.03
MCP24AA WriteData[@] = 0x00;
SERCOM3_I2C_WriteRead( MCP24AA_ADDRESS, MCP24AA WriteData, 1,
MCP24AA ReadData, 1 );
while( SERCOM3_I2C_IsBusy());
myprintf( "EEPROM Read : 0x%02X\r\n", MCP24AA_ReadData[@] );
}
¥
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%€ Lab11-2 SERCOM - 12C Access Serial EEPROM

Result

T COM12 - Tera Term VT
File Edit Window
Wrote ©x24 to EEPROM 24AA
Hello World!
Temperature
EEPROM Read
Hello World!
Temperature
EEPROM Read :
Hello World!
Temperature
EEPROM Read :
Hello World!
Temperature
EEPROM Read :
Hello World!
Temperature
EEPROM Read

Setup Control

27.5'C
Ox24

27.5'C
Ox24

27.5'C
Ox24

27.5'C
Ox24

27.5'C
Ox24

Help

APP045 Ov2 Ov3 Mva

12C EEPROM

|} A
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APP045 v2 Ov3 Mv4

%€ Lab11-3 SERCOM - 12C Access G-Sensor

e Use SERCOM3-I12C master function to project to communication the on-board Accelerometer KXTJ3.
e KXTJ3 initialize:
* Write Software Reset “Ox80“ to Control Register 2 “Ox1D“ and wait 10ms for stable.
* Write follow Read the WHO AM | Register “OxOF“ to check the ID is equal to “Ox35“ or not.
* Write Initial Command “OxF0” to Control Register 1 “Ox1B“ for op-mode and resolution.
* KXTJ3 Interrupt Source Register read by Callback:
* Write follow Read the Interrupt Source Register “Ox16"“.
* KXTJ3 Data Ready Interrupt check in Callback function:
* Check “Bit 4 DRDY INT” of Interrupt Source Register to make sure data prepared for read.
e KXTJ3 Axis Data Read:

* Write follow Read the Axis Output Register in below sequence to get X, Y, Z data.

0x06 0x07 0x08 0x09 O0x0A 0x0B
* KXTJ3 Axis Data Output:

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

- Switch the S3 to SERCOM3 on EVB T SERCOMS3 PADO
* SDA connect to PA22 (SERCOM3 PADO) A4l 0 KXTJ3 . SAMD21
* SCL connect to PA23 (SERCOM3 PAD1) - S SERCOMS3 PADL

* Slave address is OxOE. (ADDR pin tie to GND) @MICHDCHIP



KXTJ3 could connect to SERCOM3 or SERCOM1

Accelerometer B x12¢ Address:0x0E
*A Two option for KXTI3

BS20A p— : B
B5192 gE Accelerometer
it
BS20B l
BS19B gB |
3.3V
S3 C45 g 0.1uF g
WE452403012014 1 |GND
*C| PA23/SCL(S3.1) °
PA22/SDA(S3.0) ~o 4 s .
0. —~ = -
o: A | KXTJ3-1057
*D : C43
2 & — ]
| o U a 0.1uF
S GNDJ L appR 3 VDD M— 3.3V
0 | = '
S Lo—i SDA GND z GND
o 3.3v|-l =— 10VDD GND —= GND
| t RES VDD 3.3V
= L e 8
U C46  GND P
O 0.1uF - -
= GND Jd < c44
E I 0.1uF
=] L___R64 10K
= 33V VWV GND GND
7z PAOS/AINS/EINTS/Y3 BS21 ap
—
o
v
o
o
w
=
=

PA16/MOSI SDA(S1.0)

*B PCB by d It Option1 : All of 12C devices connected to SERCOM3 include KXTJ3 .
*C sfccfn‘,’,;f’m’é efat Option2 : KXTJ3 connected to SERCOM!, others to SERCOM3 SWItCh th e S3 to SERCOM3 on EVB
*D SECOM1, 12C
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%€ Lab11-3 SERCOM - 12C Access G-Sensor
Step 1

// TODO 11-3.01
#define KXTJ3_ADDRESS OxOE

uint8_t KXTI3_WriteData[2];
uint8_t KXTJ3_ReadData[1]; 0x06 0x07 0x08 0x09 0x0A 0x0B

volatile uint8_t I2C3_IsDataReady = O;
uint8_t AxisOutReg[6] = { 0x06, 0x07, Ox08, Ox09, OxOA, Ox0B };
uint8_t AxisOutByte[6];

void USART5 Transmit( uintptr t context ) { ... }

// TODO 11-3.02
void I2C3_TransferCallback( uintptr_t contextHandle )

{
if( KXTJ3_ReadData[0] & (1<<4) )
{
I2C3_IsDataReady = 1;
}
}
void myprintf(const char *format, ...) { ... }

int main (void)
{ .
while ( true )

{ .
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%€ Lab11-3 SERCOM - 12C Access G-Sensor
Step 2

int main (void)
{ .
// TODO 11-3.03

KXTJ3_WriteData[@] = ox1D;

KXTJ3_WriteData[1l] = 0x80;

SERCOM3_I2C_Write( KXTJ3_ADDRESS, KXTJ3_WriteData, 2 );

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

KXTJ3_WriteData[@] = OxOF;

SERCOM3_I2C WriteRead( KXTJ3_ADDRESS, KXTJ3 WriteData, 1, KXTJ3_ReadData, 1 );
while( SERCOM3_I2C_IsBusy() );

myprintf( "G-Sensor WHO AM I : ox%X\r\n", KXTJ3_ReadData[@]);
KXTJ3_WriteData[@] = 0x1B;

KXTJ3_WriteData[1] = OxFO;

SERCOM3_I2C_Write( KXTJ3_ADDRESS, KXTJ3 WriteData, 2 );

myprintf( "G-Sensor Initial Completed\r\n" );

SERCOM3_I2C_CallbackRegister( I2C3_TransferCallback, 0 );

while ( true )

{ .
if (TC3 HasExpired)
{ .
// TODO 11-3.04
KXTJ3_WriteData[@] = Ox16;
SERCOM3 I2C WriteRead( KXTJ3_ADDRESS, KXTJ3 WriteData, 1, KXTJ3 ReadData, 1 );
}
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%€ Lab11-3 SERCOM - 12C Access G-Sensor
Step 3

int main (void)
{ .
while ( true )

{ .
if (TC3_HasExpired) { .. }
if (TC4 HasExpired) { .. }

// TODO 11-3.05

if( T2C3_IsDataReady )
{ 0x06 0x07 0x08 0x09 Ox0A 0x0B
for( i=0 ; i<6 ; i++ )
{

SERCOM3_I2C_WriteRead( KXTJ3_ADDRESS, &AxisOutReg[i], 1,
&AxisOutByte[i], 1 );
while( SERCOM3_I2C_IsBusy() );
}
myprintf("G-Sensor = (%5d, %5d, %5d)\r\n",
(short) (AxisOutByte[1]<<8|AxisOutByte[0]),
(short) (AxisOutByte[3]<<8|AxisOutByte[2]),
(short) (AxisOutByte[5]<<8|AxisOutByte[4]));
I2C3_IsDataReady = 0;
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%€ Lab11-3 SERCOM - 12C Access G-Sensor

Result

M. COM12 - Tera Term VT — [l pd

File Edit Setup Control
Hello World!
Temperature : 27.5'C
EEPROM Read : ©x24
G-Sensor = (

Hello World!
Temperature

EEPROM Read

G-Sensor = (

Hello World!
Temperature

EEPROM Read

G-Sensor = (

Hello World!
Temperature

EEPROM Read

G-Sensor = (

Window Help

12C G-Sensor
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ADC Accumulation and Averaging
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ADC Accumulation and Averaging

* The result from multiple consecutive of ADC conversions can be accumulated.

When accumulating more than 16 samples, the result will be too large to match

the 16-bit RESULT register size. To avoid overflow, the result is right shifted
automatically to fit within the available register size.

* Averaging is a feature that increases stability at the cost of a reduced sampling

rate. This feature is suitable when operating in noisy conditions. Averaging is
done by accumulating m samples, and dividing the result by m.

Average value

e

e —

Sample 1| + | Sample 2 | +

... +/Sample m| Accumulation

m Averaging

Digital output

Number of conversions
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ADC Accumulation and Averaging

Example :

Number of Accumulated Samples : > 128 (27 samples)
Intermediate Result precision

Number of Automatic Right Shift

Adjust Division Factor
Finial Result Precision

Number of

Accumulated| AVGCTRL.

Samples

Intermediate | Number of

Result

SAMPLENUM | Precision

. 3 bits
: /16
: 12 bits (16bit >> 4 = 12 bits)

(29)

Automatic

Automatic Division

Right Shifts | Factor

(19bits >> 3 = 16bits)

Adjust
AVGCTRL.| Division
ADJRES Factor

: 19 bits (12bits + 7 = 19 bits overflow)

Total

Number| Final

of Right| Result
Shifts Precision

RESSEL[1:0] | Nane

Description

0x0 12-bit result
0x1 16BIT | For averaging mode output
0x2 10BIT| 10-bit result

8BIT

8-bit result
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ADC Accumulation and Averaging

Example :

Number of Accumulated Samples : > 128 (27 samples) «

Intermediate Result precision : 19 bits (12bits + 7 = 19 bits overflow)

Number of Automatic Right Shift : 3 bits (19bits >> 3 = 16bits)

A

Adjust Division Factor . /16 (29
Finial Result Precision : 12 bits (16bit >> 4 =12 bits)

12

16BIT | For averaging mode output

[T| 12-bit result

10ET 10-bit result

8B

[T | 8-bit result

kR Conversion Time s 128.0 yS *+*+*
- Select Gain 1w 0x0
- Selact Reference 12 VDDANA (only for YVDDANL = 20V - 0Kt
--Select Conversion Trigger s W Togger w 00
IZ—]--l‘Z:hanﬂeI Configuration -
- Select Positive Input W DC LINE Fin L
%----Select Megative Input Internal Grovnd
%----Numher of inputs to scan 1=
.-Scan start offset 0L
E-Result Configuration
B Select Result Resolution 16-bit averaging mode -
= Mumber of Bits | Accumulation/veraging 16-bit averaging mode
%----Numher of Accumulated Samples | 128 samples Accumulation/Averaging
- Number of Right Shifts 412 | 128 samples
- Left aligned Result ] IE
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% Lab13-1 ADC Accumulation and Averaging

* Please continue from SAM2001 Lab13 (ADC Pin Scan)

* Accumulated 128 Samples and output 12 bits resolution.
* Modify ADC conversion interval to 10ms.

* Modify output message to keep update at the same line.

eLet’s go!
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% Lab13-1 ADC Accumulation and Averaging
Step 1

* Configure ADC configuration options as below.

= X
Configuration Options =
= #H
E-aDC al
- Select Prescaler Peripheral clock divided by 512
~Select Sample Length (half ADC clock cycles) 412
- HEEE Conversion Time is 1280 ug ****
~Select Gain 112w
- Select Reference L2 VDDANA (only for VDDANA = 2.07)
~Select Conversion Trigger SW Trigger V
- Channel Configuration
- Select Positive Input ADC ATNZ Pin [
--Select Negative Input Tnternal Grownd
~Murmber of inputs to scan 1=
~-Scan start offset 0k
=+ Result Configuration
[i'_l--SEeIect Result Resolution 16-bit averaging made 16-bit averaging mode
E-Mumber of Bits | Acoumulationdbveraging
%----Number of Accumulated Samples | 128 samples - AccumU|ati0n/AVEI‘aging
- Number of Right Shifts 4z 128 samples
- Left sligned Result | 4
-Enahle Result Ready Interrupt

--Enable Result Ready Event out [

H-window Mode Configuration

@ MICROCHIP



% Lab13-1 ADC Accumulation and Averaging

Step 2

* Modify TC3 to set 10ms period interval for speed up ADC conversion rate.

=

Configuration Oplions

=

- *EEETIimer resolution is 21333,3333333 ng****

E-TC3

-Select Prescaler |Presmaler: GCLE_TCA024 o

EkOperating Mode | Timer

EhTimer
%----Enable One-Shot Made [}

--Time
%----Enable Timer Period Interrupt

--Events

&

- Sleep Configurations

millisecond
1=

10 (ms)
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% Lab13-1 ADC Accumulation and Averaging
Step 3

* Click "Generate" Button to Generate your Code.
= X

Resource Management [MCC) x |

Pl’OjECt Resources IGenerate\J Import... | Export 9 f;l
v Libraries b
» Harmony
¥ System
() System

NS
) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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% Lab13-1 ADC Accumulation and Averaging

Step 4
uintlé_t ADC_Result[2];
volatile uint8 t ADC IsCompleted = 0;
volatile int8 t ADC_Channelldx = 0©;
void ADC Complete( ADC_STATUS status, uintptr_t context ) { ... }
int main (void)
{ -
while ( true )
{ .
if (TC3_HasExpired)
{ .
: soc_converst Nothing to modify in main.c
if( ADC_ IsCompleted )
{
ADC_IsCompleted = 0;
myprintf("\033[2;1H");
myprintf( "VR1 Value : %4d", ADC Result[0] );
myprintf("\033[3;1H");
myprintf( "Temperature Value : %4d", ADC Result[1l] );
}
}
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% Lab13-1 ADC Accumulation and Averaging
Result

* VR1 / Temperature Sensor ADC value will be averaged and more stable and smoothly.

. COMZ0 - Tera Term VT

Eile Edit Setup Control Window Help
Hello World!!

VR1 Value : 996

Temperature Value : 943
Received Data : d

@ MICROCHIP



ADC Window Monitor
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ADC Window Monitor

* The window monitor feature allows the conversion result in the RESULT register to be

compared to predefined threshold values.

* There have four window mode could be use for monitor.

RESULT

n

Ox0
Ox1
X2

I

Ox3
Ox4
Ox5-0x7

DISABLE No window mode (default)

MODE1
MODEZ2
MODES3
MODE4

Mode 1: RESULT > WINLT
Mode 2: RESULT < WINUT

Mode 3: WINLT < RESULT < WINUT
Mode 4: (WINLT < RESULT < WINUT)

Reserved
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ADC Window Monitor

Example (Use Configuration Options)

 Window Mode Mode3 with upper threshold 3000 and lower threshold 1000.

~Select Reference
- Select Conversion Trigger
EF-Channel Configuration

- Result Configuration

1/2 VDDANA (only for VDDANA = 2.0V
=W Trigoer e

0x0 DISABLE No window mode (default)
[] Configuration Cptions
= [+ 0x1 MODE1 Meode 1: RESULT > WINLT
E-ADC Ox2 MODEZ2 |Mode 2: RESULT < WINUT
- Select Prescaler Feripheral clock divided by 512
. = 0x3 MODE3 Mode 3: WINLT < RESULT < WINUT
- Select Sample Length (cycles) 45
**R Conversion Time is 128.073770492 ug *** 0x4 MODE4 Mode 4: I(WINLT < RESULT < WINUT)
~Select Gain 12 ~
Ox5-0x7 Reserved

E-window Mode Configuration

Mode 3: WINLT < RESULT < WINUT

~Select Window Monitor Mode il
~Window Upper Threshold

~Window Lower Threshold

- Enable Window Monitor Interrupt
~Enable Window Monitor Event out ]
F-5Sleep Mode Configuration

ode 3 WINLT < RESULT < WINUT =~ ~
3,0005 | 3000

100051 | 1000

RESULT

3000
WINUT — —ﬁ
1000 |
WINLT — _ﬁ
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ADC Window Monitor

Example (Use Easy View)

 Window Mode Mode3 with upper threshold 3000 and lower threshold 1000.

e
0x0 DISABLE No window mode (default)
Automatic Window Comparison 0x1 MODE1 Mode 1: RESULT > WINLT
0x2 MODE2 | Mode 2: RESULT < WINUT
0x3 MODE3  Mode 3: WINLT < RESULT < WINUT
" 0x4 MODE4 | Mode 4 (WINLT < RESULT < WINUT)
3,000 = 0x5-0x7 Reserved
13000
L > RESULT

ilggg > Wlhll'u'll 2000 ﬁ
- ntermpt
vio ) WINUT —
I <
Mode 3: WINLT <RE... v E |
Comparsion Mode WIN MON EVENT QUT 1000
{ Mode 3: WINLT < RESULT < WINUT =— WINLT 4 _ﬂ_
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ADC Window Monitor

Interface Routines

void ADC _Initialize( void );

void ADC_Enable( void );

void ADC_Disable( void );

void ADC_ChannelSelect( ADC_POSINPUT positivelnput, ADC_NEGINPUT negativelnput );
void ADC_ConversionStart( void );

uintl6_t ADC_ConversionResultGet( void );

void ADC_ComparisonWindowSet(uint16_t low_threshold, uintl6_t high threshold);
void ADC_WindowModeSet(ADC_WINMODE mode);

void ADC_CallbackRegister( ADC_CALLBACK callback, uintptr_t context );
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%€ Lab13-2 ADC Window Monitor

* Enable Window Monitor mode.
* Set upper threshold to 3000 and lower threshold to 1000.
* Output ADC window status while ADC value within upper and lower threshold.

(Mode 3).

eLet’s go!
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%€ Lab13-2 ADC Window Monitor

Step 1 (Use Configuration Options)

* Configure ADC configuration options as below.

BF-Channel Configuration

= X
Configuration Options =
(=] [+
=ADC
--Select Prescaler Peripheral clock divided by 512
-~Select Sample Length (half A0DC clock cycles) L=
S HEEEE Conyersion Time is 128.0 ug #H**
--Seleckt Gain 12%
- Select Reference 1/2 YDDANA (only for VDDANA = 20V)
- Select Conversion Trigger B Trigger “

F-Result Configuration

Mode 3: WINLT < RESULT < WINUT

E-Window Mode Configuration

~Select Window Maonitor Mode Mode 3: WINLT < RESULT « WINUT
%----Window Upper Threshold 3,000 .=
%----Window Lower Threshold LO0o =

13000
1000

~Enable Window Monitor Interupt. 1 (/]| Enable Window Monitor Interrupt

--Enable Windaw Manitar Event Out |

#-Sleep Mode Configuration
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%€ Lab13-2 ADC Window Monitor
Step 1 (Use Easy View)

- % x

ADC Configuration

Scan start offset

Input to scan

Software Trigger

3tart Event E— +
Flush Event E »

Run in standby |:|

Pin Scan

Hardware Trizger

|SW Trigzer b

Conversion Trizger

16-bit averaging mode
ADC AINZ Pin

T

Anslog Input

op

(1.000 2]

.ﬂ\naluglnputi

Internal Gromnd v 12 VDDANA (0., ~

i

Mode 3: WINLT <EE...

Automatic Window Comparison

GCLK

Prescaler

Peripheral clock divided b... v/

Mode 3: WINLT < RESULT < WINUT

Left-aligned result
Result Interrupt

Re=ult Registar

Result Event

MINMON Intermupt

Check WINMON Interrupt

EVENT
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%€ Lab13-2 ADC Window Monitor
Step 2

* Click "Generate" Button to Generate your Code.
= X

Resource Management [MCC] x |
Project Resources |Ge"em"e\J import... | Export | @ || @

v Libraries VY
» Harmony
¥ System
() System

] X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W
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%€ Lab13-2 ADC Window Monitor

Step 3

// TODO 13-2.01
volatile uintl6_t ADC_InWindow[2] = { @, O };

void ADC_Complete( ADC_STATUS status, uintptr_t context )

{
if( status & ADC_INTFLAG_RESRDY Msk )

{
ADC_Result[ADC_ChannelIdx] = ADC_ConversionResultGet();

// TODO 13-2.02
ADC_InWindow[ADC_ChannelIdx] = 0;
if( status & ADC_INTFLAG_WINMON Msk )

{
}

ADC_InWindow[ADC_Channelldx] = 1;

ADC_ChannelIdx = ( ADC_ChannelIdx + 1 ) % 2;
if( ADC_Channelldx == 0 )
{

}

ADC_IsCompleted = 1;

}

void USARTS5 Transmit( uintptr_t context ) { ... }
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%€ Lab13-2 ADC Window Monitor
Step 4

void ADC Complete( ADC_STATUS status, uintptr t context ) { ... }

int main (void)

{ .
while ( true )
{ .
if( ADC_IsCompleted )
{
ADC_IsCompleted = 0;
myprintf("\033[2;1H");
// TODO 13-2.03
myprintf( "VR1 Value(%s) : %4d",
(ADC_InWindow[@] ? " In" : "Out"), ADC_Result[0]);
myprintf("\033[3;1H");
// TODO 13-2.04
myprintf( "Temperature Value(%s) : %4d",
(ADC_InWindow[1] ? " In" : "Out"), ADC_Result[1] );
}
}
return ( EXIT_FAILURE );
}
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%€ Lab13-2 ADC Window Monitor
Result

* If VR1 / Temperature Sensor ADC value in window will shows ( In) else shows (Out).

. COMZ0 - Tera Term VT

Eile Edit Setup Control Window Help
Hello World!!

VR1 Value( In) : 2831
Temperature Value(Out)
Received Data : d
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%€ Lab13-2 ADC Window Monitor

Discuss

* Use INPUTOFFSET of INPUTCTRL register to identify next channel of ADC PIN Scan.

void ADC Complete( ADC_STATUS status, uintptr_ t context )

{
if( status & ADC_INTFLAG_RESRDY Msk )

{
ADC_Result[ADC_ChannelIdx] = ADC_ConversionResultGet();

ADC_InWindow[ADC_ChannelIdx] = ©;
if( status & ADC_INTFLAG WINMON Msk )
{

}

ADC_InWindow[ADC_ChannelIdx] = 1;

// ADC _ChannelIdx = ( ADC_Channelldx + 1 ) % 2;
ADC_ChannelIdx = (ADC_REGS->ADC_INPUTCTRL & ADC_INPUTCTRL_INPUTOFFSET Msk)

>> ADC_INPUTCTRL_INPUTOFFSET_Pos;
if( ADC_ChannellIdx == @ )

{
}

ADC_IsCompleted = 1;
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SAM2001 recall - ADC Pin Scan

* The ADC support analog channel switch call Pin Scan function.

* Pin scan switch analog channel sequential after a conversion automatically.
 Start Pin : Positive Input + Scan Start Offset

* End Pin : Start Pin + Number of Inputs to Scan

For Example : To do ADC Pin Scan from AIN[2] to AIN[3].

Positive Input Pin = AIN|[O] Positive Input Pin = AIN[2]
Scan Start Offset = 2 OR | Scan Start Offset =0
Start Pin = AIN[0+2] = AIN[2] Start Pin = AIN[2+0] = AIN[2]

Number of Inputs to scan =1
End Pin = AIN[2+1] = AIN[3]

ﬁ\ MICROCHIP



SAM2001 recall - ADC Pin Scan
Configuration Options Example

(] Configuration Options = = /5
i - I
=H-alc

i’""SE|EEt Prescaler
- Select Sample Length (half ADC clock cycles)
LHRERE Convarsion Time is 106.666666667 LS **4*

~-Salect Gain 1%
1/2 VDDANA (only for VDDANA » 2.07) o

Peripheral clock divided b 512
4 h

—Select Reference
~Select Conversion Trigger oW Trigger v

E}--Channel Configuration

%----5E|Ett Positive Input ADC ATNZ Pin e ] Positive Input Pin
i’""SEhEEt Megative Input Internal Grronnd. <

%----Humher of inputs to scan i 1.2 Number of Inputs to scan
“5ean start offset 0%) | Scan Start Offset
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ADC Oversampling

Discuss

Example :

Result Resolution . 15 bits

Increase bits of resolution : 3 bits  (15bits — 12bits = 3 bits) | 4" samples must be accumulated
Number of Sample to Average : > 64 (4°samples = 26 samples)

Intermediate Result precision : 18 bits (12bits + 6 = 18 bits overflow)

Number of Automatic Right Shift : 2 bits (18bits >> 2 = 16bits) RESSEL[1:0] Name  Description
Adjust Division Factor . /2 (24) 00 | 1200T) 12-bitresul

Finial Result Precision : 15 bits (16bit >> 1 = 15 bits) Ot [16BIT  Foraveraging mode output

0x2 10BIT | 10-bit result

Table 33-4. Configuration Required for Oversampling and Decimation s | BT B

Result Number of AVGCTRL.SAMPLENUM[3:0] Number of AVGCTRL.ADJRES[2:0]
Resolution | Samples to Automatic
Average Right Shifts
0x2 0x1

13 bits AV =4 0
14 bits 42 =16 Ox4 0 0x2
3 6 1
15 bits 43 =64 g 0x6 2 2 (18>>2) 0x1 2
16 bits >64  0x8 18 pits | 4 116 bits X0 | 15 bits |




ADC Oversampling

Discuss

Example :

Result Resolution

Increase bits of resolution
Number of Sample to Average
Intermediate Result precision
Number of Automatic Right Shift
Adjust Division Factor

Finial Result Precision

: Y 64 (43samples = 26 samples)
: 18 bits (12bits + 6 = 18 bits overflow)
: 2 bits  (18bits >> 2 = 16bits)

. /2 (21) -«
: 15 bits (16bit >> 1 = 15 bits)

. 15 bits
: 3 bits  (15bits — 12bits = 3 bits)

E} Fesult Configuration
- L‘%}-Selec:t Result Resolution

: E~----Hl_u'r|her of Right Shifts
E*----Leﬂ: Aligned Result

- Enahle Result Ready Interrupt
- Enahle Result Ready Event Out

= Number of Bits | Accumulation/Averaging Accumulation/Averaging
%----Humhernfﬂccumulated Samples 64 samples || _64 samples

16-bit averaging mode || 16-bit averaging mode

0x0 12BIT | 12-bit result
0x1 16BIT For averaging mode output
0x2 10BIT | 10-bit resutt

0x3 BBIT  8-bit result

—

1+ [1]
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Internal Temperature Sensor
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Internal Temperature Sensor

Voltage Reference System

* The Voltage Reference System (VREF) consists of a Bandgap Reference Voltage
Generator and a Temperature Sensor.
* Write one to the Temperature Sensor Enable bit (VREF.TSEN) in SYSCTRL.VREF register
could enable the integrated temperature sensor.

I < A4
AHB-APB AHB-APB
BRIDGE B BRIDGE A

PERIPHERAL
ACCESS CONTROLLER

SYSTEM CONTROLLER
|_
a |  VREF |
o
BOD33 OSCULP32K
OSC32K
XIN32 |
XouT3z | XOSC32K 0SCsM
DFLL48M
XIN |
XOUT XOSsC FDPLL96M

=

https://onlinedocs.microchip.com/pr/GUID-2BBFOA73-A043-4A40-A6CA-OFF154E4BFFE-en-US-6/index.htm|?GUID-81A97F6E-0A69-40BC-8663-385337B2B80E

SYSCTRL - System Controller

S ormet| e mre | | | | || ||
=
70

158
2316
31:24

Ox40 = VREF

BGOUTEN | TSEN

CALIB[7-0]

CALIB[10:8]

Note: The TSEN bit is not available on the SAMDA1 device
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Internal Temperature Sensor

Characteristics

Table 37-40. Temperature Sensor Characteristics{!) (Device Variant B,C, D and L)

S T

Temperature sensor
output voltage

Temperature sensor
slope

Variation over VppaNA
voltage

Temperature Sensor
accuracy

T= 25°C, Vppana = 3.3V

VDDANA=1 .62V to 3.6V

Using the method described in the
37.11.8.2 Software-based Refinement of the
Actual Temperature

- 0.688 | -

206 216 2.26 mV/°C

-04 14 3 mV/V

-10 |- 10 °C
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Internal Temperature Sensor

Measurement by ADC with INT1V reference voltage

* The Integrated Temperature Sensor could be accessible by using ADC with INT1V
reference voltage for measure the Core Temperature in linear voltage proportional.

AIN[0:19]
Temperature Sensor

Bandgap (1.1V) voltage
1/4 core supply

1/4 10 supply

DAC output

AIN[0:7]
GND
IOGND

Positive

i

[E——

Gain

Negative

VERFA/VERFB

—] Géin

INT1V —

INTVCCO —
INTVCC1 _ —

ADC

VREF
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Internal Temperature Sensor

Factory Calibration

» Software-based Refinement of the Actual Temperature
The temperature sensor behavior is linear but depends on several parameters such as
the internal voltage reference, which itself depends on the temperature.

 To take this into account, each device contains a Temperature Log row with data
measured and written during the production tests. These calibration values should be
read by software to infer the most accurate temperature readings possible.

* This Software Temperature Log row can be read at address 0x00806030, This section
specifies the Temperature Log row content and explains how to refine the temperature
sensor output using the values in the Temperature Log row.
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Temperature Log Row of NVM

AUX1 (Area 4 : Software Calibration area) — Read Only

Temperature Log Row Content
0x00806040 (] 70 ROOM_TEMP_VAL_INT Integer part of room temperature in °C
118 ROOM_TEMP_VAL_DEC Decimal part of room temperature
Software Temperature Log }-< 19:12 HOT_TEMP_VAL_INT Integer part of hot temperature in °C
Ox00806030 [[¥ -~ ibration area (256bits) 23:20 HOT TEMP_VAL_DEC  Decimal part of hot temperature
31:24 ROOM_INT1V_VAL 2's complement of the internal 1V reference drift at room
temperature (versus a 1.0 centered value)
0x00806020 39:32 HOT _INT1V_VAL 2's complement of the internal 1V reference drift at hot
temperature (versus a 1.0 centered value)
Area 3: Reserved
(128bits) 51:40 ROOM_ADC_VAL 12-bit ADC conversion at room temperature
0x00806010 63:52 HOT_ADC_VAL 12-bit ADC conversion at hot temperature
Area 2: Device configuration ~
0x00806008 area (64 bits) Calibration condition :
Area 1: Reserved (64 bits) * \V/DDIN= VDDIO = VDDANA = 3.3V _
0x00806000 * ADC Clock speed = 1MHz (Free running mode)

« ADC averaging mode with 4 averaged samples

* ADC voltage reference = 1.0V (Internal reference INT1V)
Learn this detail in SAM2001ADV chapter « ADC input = Temperature sensor

LS e WA E R ETE e« Room Temperature 25.2°C, « Hot temperature 83.3°C @Mlcnocmp




Temperature Log Row of NVM

Temperature Log could be read and check in Microchip Studio

ﬁ\ MICROCHIP

STUDIO

FOR AVR" AND
SHM DEVICES

MPLAB® Snap (BUR190973931) - Device Programming

Tool Device Interface Device signature

MPLAB® Snap v | ATSAMD21G18A ~ [ SWD ~ | |Apply 0x10010305 Read

Interface settings Fuse Name
() TEMP_LOG_WORD_0.ROOM_TEMP_VAL_INT  oy1E

@ TEMP_LOG_WORD_0.ROOM_TEMP_VAL_DEC 0401
@ TEMP_LOG_WORD_0.HOT_TEMP_VAL_INT Ox7D

Tool information

Device information

Memories @ TEMP_LOG_WORD_0.HOT_TEMP_VAL_DEC 0x00
;:ery @ TEMP_LOG_WORD_0.ROOM_INT1V_VAL OXFD
@ TEMP_LOG_WORD_1.HOT_INT1V_VAL OxF8
@ TEMP_LOG_WORD_1.ROOM_ADC_VAL 0xOB22
@ TEMP_LOG_WORD_1.HOT_ADC VAL 0XOE91 .
Fuse Register Value :

TEMP_LOG_ WORD_0 OxFDO7D11E

Learn this detail in SAM2001ADV chapter TEMP_LOG WORD_1  OxE91B22F8

? pet
Target Voltage
33V |Read| |}
Value A

| Software Temperature Log ‘

L

Auxiliary Space of NVM and Fuse Maintains

@ MICROCHIP



Temperature Log Row of NVM

Temperature Log Row cannot read for check in MPLAB X IDE

Temperature Log not in MPLAB XIDE Configuration Bits window

Configuration Bits =

'i?_ Address Name Value Field Option Category Setting
@. 0080_4000 USER WORD 0 DSEOCTFF - = - = A
— 7 NVMCTRL BOOTFROT SIZE_OBYIES Bootloader Size 0 Bytes
@ 7 NVMCTRL EEPROM SIZE S5IZE_OBYTES EEPROM Size 0 Bytes
§ 7 BOD33USERLEVEL User range: 0x0 - 0x3F BOD33 User Lewel Enter Hexadecimal walue
% 1 BOD33_EN ENABLED BOD33 Enable BOD33 is enabled
— 1 BOD33_ACTION BESET BOD33 Action The BOD33 generates a reset
ﬁ u] WDT_ENRBLE DISABLED WDT Enable WODT is disakled
u] WDT_ALWRAYSON DISABLED WDT Always On WLDT is enabled and disabled through ENRBLE bit
@ B WDT_FER CYCle384 WDT Period 16384 clock cycles
1 WODT_WINDOW_O SET WDT Window kit 0O SET

0050_4004 USER_WORD 1 FFFFECSC - - -

4 WDT_WINDOW 1 User range: 0Ox0 - 0x7 WDT Window bits 3:1 Enter Hexadecimal walue
B WDT_EWOFFSET CY¥Cla3sd WDT Early Warning Offset 16384 clock cycles

a0 WDT_WEN DISAELED WDT Window Mode Enable  WDT ia disabled

a0 BOD33_HYST DISRBLED BOD33 Hysteresis No Hysteresis

FFFF NVMCTRL REGION LOCKS User range: O0x0 - OxFFEF HVM Region Locks Enter Hexadecimal walue

@ MICROCHIP



Use Temperature Log Row to Calculation Temperature

« (ROOM_TEMP_VAL INT, ROOM_TEMP_VAL_DEC) to denote as Tempr

e (HOT_TEMP_VAL_INT, HOT _TEMP_VAL_DEC) to denote as Tempm

e ROOM _INT1V_VAL calculate by 1-(ROOM_INT1V_VAL/1000) to denote as INT1Vr

 HOT _INT1V_VAL calculate by 1-(HOT_INT1V_VAL/1000) to denote as INT1Vx

e ROOM_ADC_VAL to denote as ADCr with Vrer INT1VR, then the measured voltage is denoted Vaocr
e HOT_ADC_VAL to denote as ADCu with Vrer INT1VH, then the measured voltage is denoted Vaocx

Source Field of Log Row Symbol Room Hot
XXXX_TEMP_VAL_INT . .
Temperature XXXX_TEMP_VAL_DEC Temp 30.1°C 125 °C
VREF voltage XXXX_INT1V_VAL INT1V 1.00V 1.01V
ADC value XXXX_ADC_VAL ADC 2850 3729
ADV voltage XXXX_ADC_VAL VADC 0.7V 0.92V

Note : Temperature Log Row are not equal from chip to chip, here is an example !!

@ MICROCHIP



Use Temperature Log Row to Calculation Temperature

« (ROOM_TEMP_VAL INT, ROOM_TEMP_VAL_DEC) to denote as Tempr

e (HOT_TEMP_VAL_INT, HOT _TEMP_VAL_DEC) to denote as Tempm

e ROOM _INT1V_VAL calculate by 1-(ROOM_INT1V_VAL/1000) to denote as INT1Vr

 HOT _INT1V_VAL calculate by 1-(HOT_INT1V_VAL/1000) to denote as INT1Vx

e ROOM_ADC_VAL to denote as ADCr with Vrer INT1VR, then the measured voltage is denoted Vaocr
e HOT_ADC_VAL to denote as ADCu with Vrer INT1VH, then the measured voltage is denoted Vaocx

 Temperature to measurement correspond to and Finer are denoted as and Tempr
* Vrer INT1V correspond to and reality Measurement are denoted as and INT1Vwm
* ADC result denoted ADCwm, the ADC voltage to use the Vree is denoted
* ADC result denoted ADCwm, the ADC voltage to use the reality Measurement Vrre INT1Vwm is denoted Vaocm
4 Temperature
Using the linear proportional, we got following equation: Temp, /
( _ VADCR) _ (VADCH o VADCR)
( — Temp,) (Temp, — Tempg)
( — V,per) X (Temp,, — Tempg) Tempg
= Tempg + v Vo) » ADC
ADER ADER VADCR VADCH VOItage

with Ideal 1.0VRer @ MICROCHIP



Use Temperature Log Row to Calculation Temperature

* Now we convert the Voltage of previous expression to be expressed in ADC value to
calculate the Coarse Temperature Value

( — V,per) X(Temp,, — Tempyg)

(VADCH _ VADCR)

= Tempg, +

INT1V,

<(ADC X 4095) (ADC X 2005 )) X(Temp,, — Temp,)
((aocx o) - (rocy558))

we say the “Coarse Temperature value” because
we assume the reference voltage ==

= Tempg, +

The physical ADC resolution is 12 bits, then 212-1 = 4095
Reference Voltage

4095 c\ MICROCHIP

Measured Voltage = ADC value X




Use Temperature Log Row to Calculation Temperature

* Using the linear proportional and by previous calculated result to calculate the
reality Vrer INT1Vm then derive the V., { Temperature
Temp,
Temperature
(INT1V,, — INT1V,)  (INT1V, — INT1V,)
( —Temp,) (Temp, — Temp,) Temp,
~ » VREF
INTIV.. = INTLV. + (INT1V, — INT1Vg) %X ( — Tempg) (INTLV, INTLV,, INTLV,
M R (Temp, — Temp,)
Temp, /
Reality 1.0VRer
= ADC,, X Vyoo = ADCy X iV
M 4'095 ’ ADCM M 4‘095 TempR
. ADC
Replace by INT1V,, to calculate the V,,, 2 " Voltage

VADCR I VADCH
Vabewm ﬁ\ MICROCHIP



Use Temperature Log Row to Calculation Temperature

* Use V,, to instead of the to calculate the finer temperature value Temp,
4 Temperature
Temp,
( — Vaper) _ (Vanc — Vapcr)
( — Temp,) (Temp,, —Temp,) Temperature
Tempg
- » VREF
— Temp. + ( — Vo) X(Temp,, — Tempy) INTIV, INT1V,, INT1V,
— R A
(VADCH o VADCR) Temp
Finer "
Temperature Tempg|,
Reality 1.0V ¢ 1
(Vapem — Vapcr) X (Temp,, — Tempy)
Temp, = Temp; + e
(Vapcn — VADCR) Pr
_ It . ADC
Replace V., by V,pcm to calculate the finer result Temp, v Yy Voltage
ADCR ADCH

Vabewm ﬁ\ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC

* Please continue from SAM2001 Lab12 (ADC Polling Software Trigger)

* Try enable Internal Temperature Sensor and load NVM Temperature Log Row to
calculate reality temperature through ADC conversion.

* Internal Temperature Sensor should configure to choose internal 1.0V bandgap voltage
as reference voltage of ADC, no gain control (Gain 1x), Temperature Reference as
positive input and 12-bits resolution.

* Try observe both ADC and Temperature Value use UART output.

eLet’s go!

@ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC

Step 1 (Use Configuration Options)

D]

Configuration Oplions

=] [+

= a0z
- Select Prescaler Peripheral clock divided by 512 + | | Prescaler : divided by 512
L

- Select Sample Length (half A0DC clock cycles)
-HEEE Conversion Time is 101,333333333 uG e
- Select Gain 1x

42

Sample Length : 4

E

Gain : 1x

- Selact Reference i1.0% vaoltage reference

~Channel Configuration

- Select Positive Input Temperature Reference
- Select Megative Input Internal Gronnd -
~MNumber of inputs to scan 0

-Result Canfiguration

- Select Result Resolution 12-hit result
- Left aligned Result ]
-Enable Result Ready Interrupt [
-Enahble Result Ready Event Out [

-WWindow Mode Canfiguration

-Sleep Mode Configuration

- Select Conversion Trigger SW Trigger

b

i~ | 1.0V voltage reference

SW Trigger

o

Temperature Reference

' Internal Ground |

S

12-bit result

@ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC

Step 1 (Use Easy View)

Temperature Reference 12-bit result

1

Anslog Input §

op

Analu«glnputi

1

Temperature Ee..,

Internal Groupd E-E\‘ 1L.OY voltage refe,.,

- samgAtensth 1 OV voltage reference

ﬁ\ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC
Step 2

* Click "Generate" Button to Generate your Code.
= X

Resource Management [MCC) x |

Pl’OjECt Resources IGenerate\J Import... | Export 9 f;l
v Libraries b
» Harmony
¥ System
() System

NS
) X

Output - MPLAB® Code Configurator %

11:17-36.085 INFD): #444888884888sestasttssssssssssssssssssssssssssssss s
11:17:36.085 INFO: Generation complete (total time: 9101 milliseconds)
11:17:36.086 TNFD: #4488 e8ts et sesetettettttssstestsssssessssssetesssss

11:17:36.086 INFO: Generation ocomplete.

11:17:36.19 INFO: {Hamoryy<Hamony Databases -> prebenerateEvent

11:17:36.19 INFO: {Hammoryj<Hamony Database> -> interfaceValidationEvent
11:17:36.19 INFO: {Haxmony }<Hamony Databaser -> processllataModel
11:17:36.19 INFO: {Haxmony}<Hammony Database> -> postFinalProcessing W

< > ﬁ\ MICROCHIP




Lab12-1 Internal Temperature Sensor through ADC

Step 3

#inclu
#inclu

de <string.h>
de <stdarg.h>

// TODO 12-1.01

#inclu

uint32

uintlé_t ADC_Result;

// TOD
float
float
float
float
float
float
float

float
{
if

el

de <math.h>

ti=g9;

0 12-1.02
TempR;
TempH;
INT1VR;
INT1VH;
VADCR;
VADCH;
TempM;

Dec2Frac( uint8_t DecVal )

(Decval < 10) return ((float)DecVal/10.0);
else if (DecVal <100) return ((float)DecVal/100.0);

se

return ((float)DecVal/1000.0);

@ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC

Step 4
// TODO 12-1.02

float TempH;
float INT1VR;
float INT1VH;
float VADCR;
float VADCH;
float TempM;

float Dec2Frac( uint8 t Decval ) {...} h
SYSCTRL - System Controller

void Load_NVM_TempLogRow( void )
{ MWIIIII--I

uint8_t room_temp_val_int;
uint8_t room_temp_val dec; BGOUTEN | TSEN
uint8_t hot_temp_val_int; _

uint8_t hot_temp_val dec; 0x40 = VREF 158

int8_t room_intlv_val; 2316 CALIB[7:0]
int8_t hot_intlv_val; ]

uint16_t ADCR; 3124 CALIB[10:5]

uint16_t ADCH; !

// Enable System Voltage Reference of Internal Temperature Sensor
SYSCTRL_REGS->SYSCTRL_VREF | =SYSCTRL_VREF_TSEN(1);

@ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC

Step 5

// TODO 12-1.02

void Load_NVM_TempLogRow( void )

{ e
SYSCTRL_REGS->SYSCTRL_VREF|=SYSCTRL_VREF_TSEN(1);
// Load Temperature Sensor Calibration Data From NVM Fuse
room_temp_val int = (uint8_t)(((*(uint32_t*)TEMP_LOG_ADDR)>>0) & OxFF);
room_temp_val_dec = (uint8_t)(((*(uint32_t*)TEMP_LOG_ADDR)>>8) & OxF);
hot_temp _val int = (uint8_t)(((*(uint32_t*)TEMP_LOG_ADDR)>>12) & OxFF);
hot_temp val dec = (uint8_t)(((*(uint32_t*)TEMP_LOG_ADDR)>>20) & OxF);
room_intlv_val = (int8_t)(((*(uint32_t*)TEMP_LOG_ADDR)>>24) & OxFF);
hot_intlv_val = (int8_t)(((*(uint32_t*)(TEMP_LOG_ADDR+4))>>0) & OxFF);
ADCR = (uint16_t) (((*(uint32_t*)(TEMP_LOG_ADDR+4))>>8) & OXFFF);
ADCH = (uint16_t) (((*(uint32_t*)(TEMP_LOG_ADDR+4))>>20) & OXFFF);
// Combination Integer and Decimal to a float type temperature value
TempR = room_temp_val_int + Dec2Frac(room_temp_val_dec);
TempH = hot_temp val int + Dec2Frac(hot_temp_val dec);
INTIVR = 1 - ((float)room_intlv_val / 1000.0);
INT1VH = 1 - ((float)hot_intlv_val / 1000.0);
VADCR = ((float)ADCR * INT1VR) / 4095.0;
VADCH = ((float)ADCH * INT1VH) / 4095.0;

}

@ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC

Step 6
// TODO 12-1.02

void Float2IntDec( float FloatVal, int *IntVal, int *DecVal, int DecNum ) {...}
void Load NVM TempLogRow( void ) { ... }

float CalculateTemperature( uintl6_t ADCM )
{

float TempC;

float TempF;

float VADC1V;

float VADCM;

float INT1V;

float INT1VM;

INT1V = 1.0;

VADC1V = (( float )ADCM * INT1V) / 4095.0;

TempC = TempR + ((VADC1V - VADCR) * (TempH - TempR) / (VADCH - VADCR));
INTIVM = INTIVR + ((INT1VH - INT1VR) * (TempC - TempR) / (TempH - TempR));
VADCM = (( float )ADCM * INT1VM) / 4095.0;

TempF = TempR + ((VADCM - VADCR) * (TempH - TempR) / (VADCH - VADCR));

return TempF;

}

void USART5_Transmit( uintptr_t context ) { ... }

@ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC

Step 7
int main ( void )
{
SERCOM5_USART_Read( USART5 ReceiveData, 1 );
// TODO 12-1.03
Load_NVM_TempLogRow() ;
ADC_Enable();
while ( true )
{
if (TC3_HasExpired)
{ . ..
ADC_Result = ADC_ConversionResultGet();
// TODO 12-1.04
TempM = CalculateTemperature( ADC_Result );
myprintf( “ADC Data : %4d, InnerTemp : %3.4f'C\r\n", ADC_Result, TempM );
}
}
}

@ MICROCHIP



APP045 v2 Ov3 Mv4

Lab12-1 Internal Temperature Sensor through ADC

Result

* MCU Internal Temperature Sensor result output.

v COMYT - Tera Term VT — U X

File Edit Setup Control Window Help

Hello World!! Internal Temperature Sensor
ADC Data : 2884, InnerTemp : .5 | @éﬂgﬁﬁé@b i
Hello World!! o ”. O
ADC Data : 2890, InnerTemp : R
Hello World!!

(MPLAB

ADC Data : 2894, InnerTemp :

Hello World!!
ADC Data : 2889, InnerTemp :

ﬁ\ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC
Discuss

* Try output Temperature Log Row, Coarse and Finer result of data.

#include <math.h>
void myprintf(const char *format, ...);

void Load NVM TempLogRow( void )

{ e
VADCH = ((float)ADCH * INT1VH) / 4095.0;
myprintf("\@33[2;1H\t\tSymbol\tRoom\tHot");
myprintf("\033[3;1HTemperature\tTemp\t%3.2f"'C\t%3.2f'C", TempR, TempH);
myprintf("\033[4;1HVREF voltage\tINT1V\t%3.2fV\t%3.2fV", INT1VR, INT1VH);
myprintf("\033[5;1HADC value\tADC\t%4d\t%4d", ADCR, ADCH);
myprintf("\033[6;1HADC voltage\tVADC\t%3.2fV\t%3.2fV", VADCR, VADCH);

}

float CalculateTemperature( uintl6_t ADCM )

{ e
TempF = TempR + ((VADCM - VADCR) * (TempH - TempR) / (VADCH - VADCR));

myprintf("\033[8;1HINT1V =%1.4fV, VADC1V
myprintf("\033[9;1HINT1VM=%1.4fV, VADCM

%1.4fV, TempC
%1.4fV, TempF

%3.2f'C", INT1V, VADC1V, TempC);
%3.2f'C", INTIVM, VADCM, TempF);

return TempF;

} c\ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC
Discuss

* Try output Temperature Log Row, Coarse and Finer result of data.

int main ( void )

{

SERCOM5 USART_Read( USART5 ReceiveData, 1 );

myprintf("\033[21"); // Clear screen
myprintf("\@33[?251"); // Hide cursor

while ( true )

{
if (TC3_HasExpired)
{
myprintf( "\@33[1;1HHello World!" );
myprintf( "\@33[11;1HADC Data : %4d, InnerTemp : %3.4f'C", ADC Result, TempM );

} c\ MICROCHIP



Lab12-1 Internal Temperature Sensor through ADC
Discuss

* Output result (Please use the console has supported VT100, for example the TeraTerm)

T COM3 - Tera Term VT - U X
File Edit Setup Control Window Help

Hello World!
Symbol Room Hot
Temp 30.10'C 125.00°'C
INT1V 1.00V 1.01V
ADC value ADC 2850 3729
ADC voltage VADC 0.7V 0.92V

INT1V =1.000eevV, VADC1lV 0.6921V, TempC =
INT1VM=1.0029V, VADCM 0.6940V, TempF =

ADC Data : 2834, InnerTemp : 28.3676'C

Recelved Data : M

ﬁ\ MICROCHIP
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