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What’s PINMUX ?

PORT

Peripheral Mux Select

Port Line
Bundles

IP Line Bundles /O
PADS
PERIPHERALS Analog Pad
Connections
Digital Controls of Analog Blocks I
ANALOG
BLOCKS
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What’s PINMUX

@ Each pin is by default controlled by the PORT as a general
purpose 1/0 and alternatively. It can be assigned to one of
the peripheral functions group.

15 23 a3
16 24 3z
19 27 ar
20 28 38
21 a3 43
22 3z 44
Pin Name

PA14

PA15

PA18

PA19

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

VDDIO

EXTINT[14]

EXTINT[15]

EXTINT[2]

EXTINT[3]

EXTINTIG]

EXTINT[7]

X[7]

X[10]

X[11]

SERCOM2/
PAD[2]

SERCOM2/
PAD[3]

SERCOM1/
PAD[2]

SERCOM1/
PAD[3]

SERCOM3/
PAD[0]

SERCOM3/
PAD[1]

Function Groups (A~ H)

SERCOM4/
PAD[2]

SERCOM4/
PAD[3]

SERCOM3/
PAD[2]

SERCOM3/
PAD[3]

SERCOMS/
PAD[O]

SERCOMS5/
PADI[1]

Tcmee

TC3/WO[D]

TC3/WO[1]

TC3/WO[0]

TC3/WO[1]

TC4/WO[D]

TC4/WO[1]

TCCO/
WO[4]

TCCO/
Wo[s]

TCCO/
wo[2]

TCCO/
wo[3]

TCCO/
WO[4]

TCCO/
Wo[s]

ﬂ

AC/ GCLK

GCLK_I0[0]

GCLK_IO[1]

ACGICMP[0]

125/SD[0] ACICMP[1]

GCLK_IO[6]

USBISOF | GCLK_IO[7]
1kHz
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PINMUX PLIB Analysis

main() @ main.c

Offset
SYS_InitiaIize ( NULL ); 0x30 | PMUXO0 PMUXO[3:0] PMUXE[3:0]
PMUX PMUXO (ODD) PMUXE (EVEN)
PMUXO[3:0] PMUXE[3:0]

SYS_lInitialize() @ initialization.c | ®F | PMUXI5

0x40 | PINCFGD DRVSTR PULLEN INEN | PMUXEN
PORT _Initialize(); PINCFG i 1l '
0x5F  PINCFG31 DRVSTR PULLEN INEN | PMUXEN
PORT_lInitialize() @ plib_port.c INEN || PMUXEN

PORT_REGS->GROUP[0].PORT_DIR = 0x120200;
PORT_REGS->GROUP[0].PORT_OUT = 0x200;

PORT_REGS->GROUP[0].PORT_PINCFG[14] = 0x3; PA14 (GCLK_100) INEN = 1 (Button)
PORT_REGS->GROUP[0].PORT_PINCFG[15] = 0x3; PA15 (GCLK_IO1) INEN = 1 (Button)
PORT_REGS->GROUP[0].PORT_PINCFG[18] = 0x1; PA18 (TC3_WOO0)
PORT_REGS->GROUP[0].PORT_PINCFG[19] = Ox1; PA19 (TC3_WO1)
PORT_REGS->GROUP[0].PORT_PINCFG[22] = Ox1; PA22 (TC4 WOO)
PORT_REGS->GROUP[0].PORT_PINCFG[23] = 0x1; PA23 (TC4_WO1)

PORT_REGS->GROUP[0].PORT_PMUX[9] = 0x44; “| PMUX|[9] : PA19, PA18
PORT_REGS->GROUP[0].PORT_PMUX[11] = Ox44; PMUX[11] : PA23, PA22

PORT_REGS->GROUP[0].PORT_PMUX[7] = Ox77; I PMUX([7] : PA15, PA14
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PINMUX Configuration Example

2 MPLAB Harmony Configurator - default* - X
File Generate Tools Utilities Window
) P P ‘@:" Framework: D:\Har monyFramework_3.3.04
(1 Active Components = B 01| (] Pin Settings = B B % | (] Pin Diagram =0 %
X SmEm 4+ Order: |Pins v | Table View | [ZEasy View Unavailable
- CMSIS Pack P ] ] ) Available
Device Fa mlly Pack (DFP) Mamber Pin ID Cnstom Name Function Mode Direction Latch Full Up  Full Down Assizned
16 PALL Available v| Digital | HohL.. | Low O O |~
17 VDDIO Digital | HighL... Low O ] Z%Jo 5
s [=1a
System B | eoo I [ L SeERASANN DY
T3 19 PB10 Available v| Digital |Hohi.. ~| Low O O et RS
; TCa 0 PE11 Availzable ~v| Digial | HghL.. ~| Low O O OOOEEEAEEAEAREE
21 PAL2 Available ~| Digital | HighL.. ~| Low [l [ O 484746454443424 140393837
2 PAL3 Availabi High I... Pand O 1 20 VDDIC
e ad_ o0 LodSd U U A0l O3 350 GNDIO
23 PAL4 GOLK_I00 GCLK_I00 v| Digital | In nfa [l ] PAO2 E 3 34 % PADS
- - PAC3Z O 4 330 PAZM
24 PALS GOLK 101 GOLK 01 Digital | I nfa ] ] GNDANA O 5 B T
25 PALS Avaizble ~| Digital || HghL.. ~| Low ] ] VDDANA 06 ATSAMDZIGLSa 310 TC4Wo0
% PAL7 LED3 GPIO ~| Digital | out “[ L PEOS O 7 08 pAc
L2l oW PE0O O g 20 0 LED1
27 pAls TC3_Woo TC3_W00 | Digital | ehr. nla O O Pap4 O 22 0 TC3 WOl
. PA0S O 10 27 B TCITWO0
2 PA1Q TC3_Wo1 TC3_WOo1 ~ | Digital | HighT... ufa ] ] PAGE O (1 55 0 LEDY
L] PAZ0 LED1 GPIO ~| Digital || out | Low PAO7 O 12 25 0 PALG
20 pa21 Avaizble v| Digital | Hahi.. v Low [ [} BEEEEEB%E%E%
31 PAZ2 TC4_WO0 TC4_Woo v| Digital [ HohI... nfa O O BNS—ooomamo
a2 PAZ3 TC4_ WO1 TC4_ W01 v| Digital [ Hght... nfa O [ = o s = MM ‘C;Q
33 PAZ4 Available ~| Digital |[HghL.. ~| Low O ] =0 e
34 PAZS Avaiable ~| Digital [HghL.. ~| Low O ] Dl
35 aNDIo Digital | High ... Low O Ol
36 VDDIO Digital | HighL... Low ] L]
37 PE22 Available v| Digital || HahL.. ~|  Low [l ]
) PE23 Avaizble v Digital | Hoh1.. v[ Low ] ]
9 PA?7 Availahle Dligital | HihT 1 oo [l 1 bl | >
(1 Available Components | (] Active Components (1 Project Graph | (] Pin Settings (] Confignration Options | (1 Help (] Pin Diagram
(] Pin Table =0 =
=] oo ) Z | Z | oo = ol&s
. - ~ = ~l2|& | 2|2 === ~
Focta: (100 AR EHEEEHHEEEHEEBEER R E e BB E BB R EEE R EEHERHEHE
:L:L:L:L(D:>EEmmmmmqmm>oﬁﬁmmwwmqhhthHmm@>§§mmm©>>mm§§
Module Function T34 6|7 &0 |0 L1213 4]15(16(17(18(10(20(21(22(23(24(25(26 (27 (28 |20|30|31|32|33|34|35|26|37 3830|4041 (42|43 |44 (4546|4748
GCLE_IO7 &
GFIO GPIC
[25_FS0
[25_MCEO o
(1 Conscle | [] Pin Table
Welcome to the MPLAB Harmony Configurator!
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PINMUX PLIB Analysis

S S s

PA14 (7) 1 PA14 VDDIO EXTINT[14] SEF?A%C[)QTQJ' SE;%C[);\;“U TC3/WO[0] GCLK_IO[O] GCLK_IO[0]

16 PA15 (7) 2 PA15 VDDIO EXTINT[15] SE;%?;“Z SE;;E)C[):]‘MI TC3/WO[1] GCLk_IO[ll d e

Y pA18 (4) 7 PAIS | VDDIO | EXTINT[2] X(6] TC3/WO[0] o | osmo | Ivc&g; =T

20 PA19 (4) ’a PA19 | VDDIO = EXTINT[3] X[7] TC3/W0[1] 3 | TCcaworl] Lccgz[g; 125/SD[0] = AC/CMP[1]

2 PA22 (4) ° PA22 | VDDIO | EXTINTIS] X[10] TCa /WO[O] 5 | Tcawopo I\’CC():[S; GOLK_IO[]

22 PA23 (4) 4 PA23 VDDIO EXTINT[7] X[11] TC4/W0[1] o/ TC4/WO[1] LC&E; UﬁiﬁfF GCLK_IO[7]
———————

PORT_REGS->GROUP[0].PORT_PMUX[7] = 0x77; PA15 (7) , PA14 (7)
PORT_REGS->GROUP[0].PORT_PMUX[9] = 0x44; PA19 (4) , PA18 (4)
PORT_REGS->GROUP[0].PORT_PMUX[11] = 0x44; PA23 (4), PA22 (4)

© 2019 Microchip Technology Incorporated. All Rights Reserved. 2019 Summer Elite Slide 6



SERCOM Introduction

@ Serial Communication Interface, SERCOM be configured to
support a number of modes :

< IZC SERCOM
< SPI Regiter erface
< USART : RS232, RS485, IrDA _— o
® There are up to six instances e i Ay
of the serial communication p i

interface SERCOM peripheral.

® The SERCOM serial engine consists of a transmitter and
receiver, baud-rate generator and address matching
functionality. It can use the internal generic clock or an
external clock to operate in all sleep.

© 2019 Microchip Technology Incorporated. All Rights Reserved. 2019 Summer Elite Slide 7



SERCOM Introduction

@® For l12C
< Fast Mode (400kHz)

< Master or slave operation

< SMBUS compatible

< Wake on address match
@ For SPI

< Up to 24Mb/s

< Supports all four SPI modes

< Full-duplex operation

< Single data direction mode frees
unused MISO or MOSI pin

® For USART
< Up to 24Mb/s

< Half-/Full-duplex operation
< Sync and Async operation

© 2019 Microchip Technology Incorporated. All Rights Reserved. 2019 Summer Elite Slide 8



What’s UART ?

O 0 oo S

T EE]
480 Kz

@ UART : Universal Asynchronous
Receiver Transmitter.

515us """ i’éziiﬁéﬁi’mf’ %@Eﬁﬂgﬁ'

e oo e o oo o CH*'#—%E
o 5 1 : 5 5 1 82250

® The module data exchange through
serial communication.

R -
Lo H : i H H : 156 us

® The data formatting include
1 start bit,
5 to 9 data bits and
1 or 2 stop bits.

1000001o§

" UART Transmit Example :
’A’(0x41), 19200 bps

A
| I I
| | |
| | |
| D S e L T TP > < - - >
Start Bit Data Stop Bit
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SERCOM - USART

@ Supports serial frames with 5, 6, 7, 8 or 9 data bits and
1 or 2 stop bits, Parity Check, RTS and CTS flow control.

@ Full-duplex operation, Support RS-232, RS-485 and IrDA.
@ Buffer overflow and frame error detection.
@ Internal or external —

CIOCk Source for %—{ Baud Rate Generator ‘

asynchronous and

CTRLA MODE Mn-12-/16

SynCh ronous ——»| TXShiftRegister |/ ] TxD

operation. o ‘}
CTRLAMODE ————»  RXShift Register _|——|>| R

—®»  Status RX Buffer
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Add SERCOM Function using MHC

@ Find SERCOM component in Available Components window.

@ Double click SERCOMS5 to add to Active Components window.

(1 Active Compenents =B [ Active Components Active COmpOnentS
XERE®E4+ X omEm4
o cMsIis pgck 0 e CMSIS Pack
----- Device Family Pack (DFP} ¢ | Device Family Pack (DFP)
""" EVSYS ..... EVSYS
""" NVvMCTRL NVMCTRL
[ System
...... TC3 System SERCOMS
...... TC4 C3
..... TC4
iA\’aﬂable Components - 7 DI (1 Awailable Components =38
. +
= pM Available Components — .
® RTC @ RTC
= SERCOM = SERCOM
- SERCOMO - SERCOMO
" ggﬁggm SERCOM ~ SERCOM1
» ERCOM2
~sercomz | - SERCOMS . SERCOM3
""" SERCOM4 R SERCOM4
..... . Ea TC
Double click W TCC
— [+ Tranle v
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SERCOM USART Polling
Configuration Options Example

[] Confizuration Options = 1 &
=l [+
- SERCOMS

= Select SERCOM Operation Mode |USART with internal Clock | ~

- Enable Interrupts 7 |:|

- Receive Enable

~Transmit Enable

-~ Enahle Bun in Standby |:|

- Receive Pinout SERCOM PAD[3] 15 used for data reception
~Transmit Pinout SERCOM PAD[Z] 15 used for data transmuission ™
- Parity Mode Mo Parity

~Character Size 8 Bits W

~Stop Bit Mode Cme Stop Bit - v

~Baud Rate in Hz 0,600 5

(] Configuration Optiens (| Help | (] Pin Diagram
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APP045 SERCOM USART Schemat

C

N = e
'da] [da) T r=lr=
2 25 | | [slEe(EE
g as ??H‘-& i Ll E=] [=} —
<|2 D21G18SA-AUT TR
AW |68 A -
|l =l letse| | | PB22 (EDBG RX) fExS3c652
PB23 (ED’BG TX) é L PAOD = VDDIO | ;f
- PAOL GND | =
alkd Il e P PA25 |
A Al PAO3 A2 =3
Z <ln <|@ 4 A% T3
O A S GNDANA PA23 —3%
o VDDANA PA22 0
PBO0S PA2] =55
5— PB09 PA20 5=
—=— PA04 PALS 5=
7] PAOS PALS ==
1 PAOG O, PALT 53
. PAO7 PAl6 —=
EDBG RX« PB22 o
o —NAS T T W
‘ ( EDBG UART| SAMD21 fxc<Znpnccc<
Programming g W e gl G Ty ST Wi W
EDBG TX—> | PB23 T TT1T T 11 ' ]
USB rﬂ‘:rln'orx|ooo'\c:\v—mrﬁ‘¢|
——————— &1 [a] [an] K| [
© 2019 Microchip Technology Incorporated. All Rights Reserved. 2019 Summer Elite Slide 13



SERCOM USART PINMUX
Configuration Example

@ SERCOM allow limited alternate pad index assignment.
@ For example : PB22 as SERCOM5_PAD2
PB23 as SERCOM5_PAD3

samp21, __Ec_Rer _Aoc | Ac_ PTC_ DA

sercom(2)(3) TcC

__com _ aci coik

37 49 VDDIO EXTINTIE] SERCOMS/ Tezanaiol | TR L GCLK_IO[0]
PB22 02 || SERCOMS/PAD[2]
4 pB23 | L =TT sercoms: | 1 SERCOMS5/PAD[3] | ccix iom
PAD[3] T wo] T
(] Pin Table - - F0
Fackage: | TQFP48 ;I Q o §| §| §| §| == g g L X=pRoap=y ] ] l
: w &) =) als == 55
=|5|95 8|¢)2|8|2 52| |25 |5| 3 |3 PB22 (SERCOMS_PAD2)
Module Function 22|23 (24|25 (26|27 |28 |29 |30(31 32|33 |34 35|36 |27[ 38| 35 PB23 (SERCOMS PAD3)
SERCOM4_PAD3
SERCOMS_PADO
SERCOMS_PAD!
SERCOM> SERCOMS_PAD2
SERCOMS_PADS3
SERCOMS SYSCTRL_XIN
! P —
© 2019 Microchip Technology Incorporated. All Rights Reserved. 2019 Summer Elite

Slide 14




B ——————————————————————————————————————————————————
SERCOM USART PINMUX

Configuration Example

@ Remember arrange pads function in SERCOM module.
@ For example : SERCOMS5 PAD[2] as USART TXD (PB22)
SERCOMS5 PAD[3] as USART RXD (PB23)

(] Configuration Options
=l [+
[ SERCCOMS
= Select SERCOM Operation Made | USART with internal Clock
-~ Enahle Interrupts 7

~Receive Enable
~Transmit Enahle . .
. SERCOM PAD[3] is used for data reception
~Enahble Run in Standby [ ]
- Receive Pinout SERCOMN PAD[3] 15 nsed for data reception
~Transmit Pinout SERCOM PADIZ] 15 nsed for data transmission | ™ )
~Parity Mode Mo Parity . . .
- Character Size 8 Bits SERCOM PAD[2] is used for data transmission
- Stap Bit Mode e Stop Bit v
- Baud Rate in Hz 9,600 5
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SERCOM USART Polling
Interface Routines

/*** SERCOM USART Interface Routines***/
void SERCOMS5_USART _Initialize( void );

bool SERCOM5_USART _SerialSetup( USART_SERIAL_SETUP * serialSetup,
uint32_t clkFrequency );

bool SERCOMS5_USART_Write( void *buffer, const size_t size );
bool SERCOMS5_USART_TransmitterlsReady( void );

bool SERCOMS5_USART_TransmitComplete( void );

void SERCOM5_USART_WriteByte( int data );

bool SERCOMS5_USART_Read( void *buffer, const size_t size );
bool SERCOMS5_USART_ReceiverisReady( void );

int SERCOMS5_USART_ReadByte( void );

USART_ERROR SERCOMS5_USART _ErrorGet( void );

uint32_t SERCOMS5_USART_FrequencyGet( void );
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e —
SERCOM USART Tx Polling

Code Example

int main (void)

{
SYS_Initialize ( NULL );

while(1)
{

SERCOMS5_USART_Write( "Hello world'\r\n", 14 );

}
}
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Terminal Console Software

® Tera Term is a terminal console software.

(http://ttssh2.sourceforge.jp/index.html.en)

@® Select COMx EDBG Virtual COM Port
® Set 9600-N-8-1.

9 Tera Term - [disconnected] VT

myhost.example.com
History
Telnet
SSH
Other

22
SSH2
UNSPE(

File Edit Setup Control Window Help

Setup
- Serlal port

SSH Forwarding...

COMb: EDBG Virtual COM Port V‘

Tera Term: New connection
OTCPIP
@® Serial Port:

COM3: InteI(R) Active Management Technology - SO
COM4: iZiE 'EJEEEC ﬁiﬁ’ﬂ‘?& EJ‘“ §J (COM4)
E A

COMS: 37515

COMS: EDBG-VlrtuaICOM P'ort (coma)

COMx: EDBG Virtual COM Port (COMXx)

Save setup...

Restore setup...

Setup directory...

Load key map...

SSH Authentication...

SSH KeyGenerator...

Additional settings...

Tera Term: Serial port setup

Port: COMb
Baud rate: 9600

8 bit

none

1 bit v

Flow control: none v

9600-N-8-1

0 | msecichar U | mseciline

Transmit del
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http://ttssh2.sourceforge.jp/index.html.en

Lab9 SERCOM - UART Tx Polling

® Try to add SERCOM-USART function to project.
@ UART set to 9600-N-8-1, No flow control.

@ Send string from UART to PC of one second interval
repeated. (Hello World!)

@ Character \r for carriage Return (0x0D)
@ Character \n for New line (Ox0A)

?

® How to start e
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-
Lab9 SERCOM - UART Tx Polling

Step 1

(] Confipuration Cptions =

[=] [+

= SERCOMS USART with internal Clock

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

-Enable Interrupts 7 m m
~Receive Enable Receive Enable
~Transmit Enable |Transmit Enable|
~Enable Run in Standby |:|
- Receive Pinout SERCCM FAD[3] is used for data reception ™ SERCOM PAD[3]
~Transmit Pinout SERCOM PAD[2] 15 used for data transmissicn | SERCOM PAD[2]
- Parity Mode Mo Fanty | No Parity |
~Character Size 8 Bats | 8 Bits |
- Stop Bit Mode ome Stop Bit v ' One Stop Bit |
- Baud Rate in Hz = 9,600
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Lab9 SERCOM - UART Tx Polling

Step 2

(] Pin Table — [PB22 = O
Package: TQFP4S v ol | BB L BB el o |9 =
acrage: mddEDmlmllﬂawlwlgaggﬁmngz3%8%%;gg
S EREE R R E B R E R G E AR
Module Function 22|23 | 24|25 |26 | 27|28 |20 | 30|31 |32 | 33|34 | 35| 36| 37 [ 38 | 30 | 40 |41 | 42 | 43| 44| 45 | 46| 47 | 48
SERCOM4_PAD3
SERCOMS_PADO
SERCOMS_PADI
SERCOMS SERCOMS_PADZ [
SERCOMS_PAD3 m& Click
SERCOM5
SYSCTRL_XIN :
I a5 ry e rny [\// |
(] Pin Table [ AT
olle <X < = =) |PB22 (SERCOM5_PAD2)
Package: | TQFP4S - B RR IR RN EE EEE -
- — A=l ol & o == [ T
2|8[8|£|2|8[8|2] 2|5 (8| 2] 2| 2[5 5] o] .
Module Function 22 (23|24 |25|26 | 27|28 |20 | 30|31 |32 33|34 |35| 36|37 (38| 20| 40|41 | 42| 43|24 | 45 | 46 | 47 | 48

SERCOM4A_FAD3
SERCOMS5_FADO
SERCOMS_FADI]
SERCOMS_FADZ

SERCOMS_PAD3 :
SYSCTRL_XIN 9 rtl-:‘erll ISI ETIaPI(-:I

SERCOMS
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Lab9 SERCOM - UART Tx Polling

Step 3

® Click 5 Cod: \to Generate Code and save changes to MHC
configure file.

----- 2 Modified Configuration

Current configuration has been modified. Do you want to save 1t before file generation?

2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

_____
(] Active Components E&g‘;te nge'

X ZTRER 4

x | E G E 2 Generate Project X default iy EF'

1. Configure Generation Settings

=1 Generate Settings fl -
Merge Strategy USER ALL iz penph eral
|| stdio
| * defaultxml
| default.xml |
2 Generating Project.. X I .
Task Type Remaining Total
File Markup 0f
File Cop: 0 /
Libraries [i] /
etiings 0 {
Sonrce Paths fi] \
\
Project generation complate!
Please Wait... | G t
enerate |

3. Click Generats
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Lab9 SERCOM - UART Tx Polling

Step 4

e Add code segment to your main loop
void TC3_ Overflow(TC_COMPARE_STATUS status, uintptr_t context)

if( status & TC _INTFLAG_OVF_Msk)
LED1 Toggle();

/[ TODO 9.01
SERCOM5_USART_Write( "Hello world!\r\n", 14 );
¥

¥
int main (void)

SYS_Initialize ( NULL);

Q Program firmware to target board
then observe result.
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Lab9 SERCOM - UART Tx Polling

Result

v COMGBG - Tera Term VT

File Edit Setup Control Window He

Hello World!'!
Hello World!!
Hello World!!
Hello World!!
Hello World!!
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SERCOM USART Interrupt

Configuration Options Example
@ SERCOM provide callback(interrupt) mode, also.

(] Configuration Options = FF
(=] [+
[F-SERCOMS

5-Select SERCOM Operation Mode | USART with internal Clock
-Enable Interrupts 7

- Resive Enable Check Enable Interrupt

~Transmit Enable Yes! That’s all you need to do.

-~ Enahle Run in Standby |:|

- Receive Pinout SERCOM PAD[3] 15 vsed for data reception

-~ Transmit Pinout SERCOM PADIZ] 15 nzed for data transmission | ™
~Parity Mode Mo Parity

~Character Size 2 Bits

~Stop Bit Mode Cme 3top Bit v

~Baud Rate in Hz Q600 5

[] Confizuration Optiens | (] Help | (] Pin Diagram
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SERCOM USART Interrupt Callback
Interface Routines

[*** SERCOM USART Interface Routines***/
void SERCOM5_USART _Initialize( void );

bool SERCOMS5_USART _SerialSetup( USART_SERIAL_SETUP * serialSetup,
uint32_t clkFrequency );

bool SERCOM5_USART_Write( void *buffer, const size_t size );
bool SERCOMS5_USART_WritelsBusy( void );
size_t SERCOMS5_USART_WriteCountGet( void );

void SERCOM5_USART_WriteCallbackRegister( SERCOM_USART_CALLBACK callback,
uintptr_t context );

bool SERCOM5_USART_Read( void *buffer, const size_t size );
bool SERCOMS5_USART_ReadlsBusy( void );
size_t SERCOM5_USART_ReadCountGet( void );

void SERCOM5_USART_ReadCallbackRegister( SERCOM_USART_CALLBACK callback,
uintptr_t context );

USART_ERROR SERCOMS5_USART_ErrorGet( void );
uint32_t SERCOMS5_USART_FrequencyGet( void );
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USART TxRx Interupt Code Example

uint8_t USART5_ReceiveData[1];
void USART5_Receive( uintptr_t context )

{

SERCOM5_USART_Write( USART5_ReceiveData, 1);
SERCOMS5_USART_Read( USART5_ReceiveData, 1); e

}

void USART5_ Transmit( uintptr_t context ) { }

int main (void)

{

SYS_Initialize ( NULL );

Callback Register
SERCOMS USART_ReadCallbackRegister( USART5_Receive, (uintptr_t )NULL );
SERCOM5_USART_WriteCallbackRegister( USART5_Transmit, (uintptr_t )NULL );
SERCOMS5_USART_Read( USART5_ReceiveData, 1); o
while(1)
{ ..

SERCOM5_USART_Write( "Hello world!\r\n", 14 );

}

}
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About String Functions

¢ UART FNEEMERNAZEFHFANFER, ERCIE
B FREERIVIEBEE R EETER” <> “F R/
iR - = A RVE R TN B sprintf( ), strlen()

® int sprintf(char *s, const char *format, ...);
g ERKEREERNEBREFAEENbufferFEd -
* AZE include <stdio.h>
size_t strlen(const char *s);
sTEF H(string) WRE(A B ZFBEEAINuI('\0)) °

* IAER include <string.h>

@ For Example

uint8_t USARTRTxBuffer[100];

uintl6_t USART5_ReceiveData;

sprintf((char *) USARTRTxBuffer, "Received Data : %1c\r\n", USART5_ReceiveData);
SERCOM5_USART_Write( USARTRTxBuffer, strlen((char *)USARTRTxBuffer));
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T ———
Lab10 SERCOM - UART TxRXx
Interrupt Callback

@ Try to enable SERCOM-USART Interrupt Callback driver.
@ Modify polling transmit function to asynchronous function.

@ Add new USART receive function base on interrupt
callback function.

® Try to receive character from PC and loopback to TeraTerm
as string format “Received Data : x” .

@ SERCOM - UART setting same as Lab9

®Let’s go '
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Lab10 SERCOM - UART TxRXx
Interrupt Callback step1

[] Configuration Options =
=l #
E-SERCOMS
B Select SERCOM Operation Mode |USART with internal Clock ~
~Enatle Interrupts 7 Check Enable Interrupt
-~ Receive Enable
~Transmit Enahkle
~Enahble Run in Standby [ ]
- Receive Pinout SERCOM FAD[3] 15 nzed for data reception
~Transmit Pinout SERCOM PADZ] 15 nsed for data transmission | ™
~Parity Mode Mo Parity
~Character Size 2 Bits
- Stap Bit Made Cme Stop Bit v
-Baud Rate in Hz Q600 5

[| Configuration Optiens | (] Help | (] Pin Diagram
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Lab10 SERCOM - UART TxRx

Interrupt Callback step2

@ Click :uﬁl'{>f-:-cl=' to Generate Code and save changes to MHC

configure file.

File Generate Tools Utilities Window

MPLAB Harmony Configurator - default

Current configuration has been modified. Do you want to save 1t before file generation?

_____

Eﬁate Cmde'

[] Active Components

X ZTRER 4

2 Modified Configuration

2. Generate Project > = ]
defanlt A ¥ Ed-

1. Configure Generation Settings

=1 Generate Settings -
Merge Strategy USER ALL vz perip heral
stdio
| * defaultxml
' default.xml |
ed help)

2 Generating Project..

Task Type Remaining

File Markup

Total

File Cop:

olololoo

Libraries

ettings

/
/
<
\
\

Seurce Paths

Project generation complate!

Please Wait...

' Generate |

3. Click Generats
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Lab10 SERCOM - UART TxRXx
Interrupt Callback steps

e Create UART TxRx Callback function, related buffer and

/[l TODO 10.01
#include <stdio.h>
#include <string.h>

/[ TODO 10.02

uint8_t USARTRTxBuffer[100];

uint8_t USART5_ReceiveData[1l];

volatile uint8_t USART5_IsReceived = 0O;
volatile uint8_ t USART5 IsTransmitted = 1;

void USART5_Transmit( uintptr_t context )

{
USART5_IsTransmitted = 1;

}

void USART5_Receive( uintptr_t context )

{
USART5 IsReceived = 1;

}

int main (void)

{ ... }
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Lab10 SERCOM - UART TxRXx
Interrupt Callback stepa

e Add code segment to your main loop
int main (void)
{..
// TODO 10.03

SERCOM5_USART_ReadCallbackRegister( USART5_Receive, (uintptr_t )NULL );
SERCOM5_USART_WriteCallbackRegister( USART5_Transmit, (uintptr_t )NULL );
SERCOM5_USART_Read( USART5_ReceiveData, 1 );

while(1)

/[ TODO 10.04

if( USART5_IsReceived )

{
USART5_IsReceived = 0;
sprintf((char *) USARTRTxBuffer,

"\r\nReceived Data : %1lc\r\n", USART5_ReceiveData[@] );
SERCOM5_USART_Write( USARTRTxBuffer, strlen((char*)USARTRTxBuffer) );
while( SERCOM5_USART_WriteIsBusy() );

SERCOM5_USART_Read( USART5_ReceiveData, 1 );
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Lab10 SERCOM - UART TxRx

Interrupt Callback steps

e Modify TC3 Callback for UART Tx
void TC3_ Overflow(TC_COMPARE_STATUS status, uintptr_t context)

if( status & TC _INTFLAG_OVF_Msk)

{
LED1 Toggle();

/[ TODO 10.05
sprintf((char *) USARTRTxBuffer, "Hello world!\r\n" );

SERCOM5_USART_Write( USARTRTxBuffer, strlen((char*)USARTRTxBuffer) );

¥
ks

int main (void)

SYS_Initialize ( NULL);

}

0 Program firmware to target board
then observe result. pte

2019 Summer Elite
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Lab10 SERCOM - UART TxRXx
Interrupt Callback resuit

W COMY7 - Tera Term VT — O X

File Edit Setup Control Window Help

Received Data

Received Data
Hello world!

Received Data
Hello world!
Hello world!
Hello world!
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Lab11 SERCOM - UART TxRx

Interrupt Callback with STDIO

® Try add STDIO interface for SERCOM-USART

@ After done this, you could use printf() function to instead
of USART interface routines.

®Let’s go '
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Lab11 SERCOM - UART TxRx

Interrupt Callback with STDIO step1

Add STDIO Function using MHC
@ Find Tools » STDIO component in Available Components window.

@ Double click STDIO to add to Active Components window.

[ Active Components

X omE®m 4+

=& 0

""" CMSIS Pack

=71 =11

(] Available Compor
&

Available Components|

#- Peripherals
= Tools

Tools
- STDIO

Double

click

9

(1 Active Compenents
 d=1 1al K

=l

""" CMSIS Pack

..... EVSYS
----- NVMCTRL
----- SERCOMS

Active Components

----- Device Family Pack (DFP)

STDIO

(1 Available Components
+

=0

= Peripherals
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Lab1l1l SERCOM - UART TxRXx
Interrupt Callback with STDIO step 2

Project Graph Connection

[ ] Project Graph Project Graph = ]
x|@GEGEf|EE| View: Koot .

NVMCTRL EVSYS Device Family Pack (DFP)
Peripheral Library

Peripheral Library
MEMORY TC3 TC4

Peripharal Library Paripheral Library
TMR TMR

SERCOMS : :
Peripharal Library STDIO
—_—

UART < oi, UART

6 A Click on 4 of SERCOM5 UART
Drag and Drop to ¢ of STDIO UART
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Lab11 SERCOM - UART TxRx

Interrupt Callback with STDIO steps

@ Click :-:;:-:-cl:' to Generate Code and save changes to MHC
configure file.

e

2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

| P P) ||sfHPcoce
(] Active Components Eﬁte Code'

X ZTRER 4

| x | g G E 2 Generate Project X default iy EF'

1. Configure Generation Settings

= Generate Settings

Merge Stratezy USER ALL v p El’i p h E‘I’El
| stdio
| * defaultxml

'default.xml |

2 Generating Project..

i defanlt.oml
Task Type Remaining Total
File Markup 0f
File Cop: 0 /
Libraries [i] /
etiings 0 {
Sonrce Paths fi] \\

Project generation complate!

Please Wait...

' Generate |

3. Click Generats
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Lab1l1l SERCOM - UART TxRXx
Interrupt Callback with STDIO stepa

e Add software flag control of TC3 and TC4.

/[ TODO 11.01
volatile uint8_t TC3_IsOverflow
volatile uint8_t TC4_IsOverflow

9;
9;

void TC3 Overflow(TC_COMPARE_STATUS status, uintptr_t context) /* CallBack */
if( status & TC _INTFLAG_OVF_Msk)

// TODO 11.02
TC3_IsOverflow = 1;

k
ks

void TC4 Overflow(TC_COMPARE_STATUS status, uintptr_t context) /* CallBack */
if( status & TC _INTFLAG_OVF_Msk)

// TODO 11.03
TC4_IsOverflow = 1;

k
¥
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Lab1l1l SERCOM - UART TxRXx
Interrupt Callback with STDIO steps

e Add code segment to your main while loop.
while(1)
{

/[ TODO 11.04
if (TC3_IsOverflow)

{
TC3_IsOverflow = O;

LED1_Toggle();
printf( "Hello World!!\r\n" );
}

if (TC4_IsOverflow)

{
TC4_IsOverflow = O;

LED2_Toggle();
}

If( USART5_IsReceived )

/[ TODO 11.05
printf( "\r\nReceived Data : %1c\r\n", USART5_ReceiveData[@] );

x
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Lab11l SERCOM - UART TxRXx
Interrupt Callback with STDIO resutt

M COMT - Tera Term VT

File Edit Setup Control Window Help

Hello world!
Hello world!
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Bonus Lab

¢ Input “LED1” in TeraTerm will toggle LED1
¢ Input “LED2” in TeraTerm will toggle LED2
¢ Input “LED3” in TeraTerm will toggle LED3

OLengo!
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