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PORT Block Diagram

® Please refer to the block diagram, this is the concept for
programming model. The real and detail block diagram
please refer to the following slide.

@ DIR: use to determine in or out. 0 for input, 1 for output.
® OUT: set output drive

. X: A,B etc..
value for Output pins. _ n:0,1,2, etc..
. ] DIR[i]n i:Register Offset
@ IN: reaction logical DIRn:0:Input, 1:0uput

level from Input pins.

OUTIi]n

Pxn

IN[i]n
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PORT Block Diagram

® SAMD21G18A PORT Block Diagram
PORT

Peripheral Mux Select

Port Line
Bundles

PERIPHERALS

1/O
PADS

Analog Pad
Connections

Digital Controls of Analog Blocks

ANALOG
BLOCKS
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Register Access

AHB-APB Bridge B

0x41000000
0x41002000
0x41004000
0x41004400
0x41004800
0x41005000
0x41006000
0x41007000

PAC1

DSU

NVMCTRL

PORT

DMAC

USB

MTB

Reserved

PORTA

DIR

DIRCLR

DIRSET

DIRTGL

ouT

OUTCLR

PORTB

DIR

DIRCLR

DIRSET

DIRTGL

ouT

OUTCLR

0x41004400
0x41004404
0x41004408
0x4100440C
0x41004410
0x41004414
0x41004418

0x41004480
0x41004484
0x41004488
0x4100448C
0x41004490
0x41004494
0x41004498

Register Summary
from datasheet

T

0x00 70
0x01 15:8
DIR
0x02 23:16
0x03 31:24
0x04 7:0
0x05 15:8
DIRCLR
0x06 23:16
0x07 31:24
0x08 70
0x09 15:8
DIRSET
0x0A 23:16
0x0B 31:24

0oxoC 70
0x0D 15:8
DIRTGL
0x0E 23:16
0x0F 31:24
0x10 70
O0x11 15:8
ouT
0x12 23:16
0x13 31:24
0x14 70
0x15 15:8
OUTCLR
0x16 23:16
0x17 31:24
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Register Access

® There are two way to access Register:

< Access by Pointer
*(__10 uint32_t *)(0x41004400U) = OX55; /* 0x41004400U : PORTA DIR */
*(__10 uint32_t *)(0x41004480U) = 0x55; /* 0x41004480U : PORTB DIR */

< Access by Pre-defined struct
PORT_REGS->G ROUP[O].PORT_D' R= 0X55, /* Group[0] : PORTA Register Set */
PORT_REGS->G ROUP[].].PORT_D'R = 0X55, /* Group[1] : PORTB Register Set */

atsamd21gl8a.h port.h
#define PORT_REGS ((port_registers_t*)0x41004400) typedef struct
{
port.h __10 uint32_t PORT_DIR;
__10 uint32_t PORT_DIRCLR;
typedef struct __10 uint32_t PORT_DIRSET;
{ /* Port Module */ __10 uint32_t PORT_DIRTGL;
port_group_registers_ t GROUP[GROUP_NUMBER];
} port_registers_t; } port_group_registers_t;
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Atomic Bits Manipulation

® Some register provide <reg>CLR, <reg>SET , <reg>TGL
register for atomic bits manipulation.

® This register manipulated without doing a read-modify-
write operation by using below
< <reg> Toggle (<reg>TGL)
< <reg> Clear (<reg>CLR)
< <reg> Set (<reg>SET)

@ Setting the manipulation register bits corresponding to the
base register will set the base —

bits to 1, clear to 0 or toggle. <reg>TGL ———
<reg>SET Cleor Bt
ear bits

<reg>CLR v
<reg> —> reg
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Atomic Bits Manipulation

reg 1({1({1(0|1|0|1]|1 reg ojojoj1|0(1(0{0O0
~~ ~~
regCLR |1 |0|1[1|1|0|1]|0 regSET |1 [0 |11 /10|10
v v v v v v v v
reg o|{1|0|l0|0|0]|0]1 reg 101 |1|1]|1]|1]0
regCLR : corresponding bits clear to 0 regSET : corresponding bits setto 1
reg 1 1 0 1 0 1 1 1
~~
regTGL {1 |0 |10 |1 0 1|0
v v v v
reg 0|1|1|1|1]1]|0]1

regTGL : corresponding bits toggled
(0->1, 1->0)
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Labl PORT Output

@ Try to control LED1(PA20) continues toggle (period around
500ms ~ 1S).

® You can use register pointer or pre-defined struct to access
PORT.

® How to start 7
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Check Schematic

12 3.3V
LED EN

| P & PA20
[ 3.3V LED1 >’|/ Green R14 ,\/\/\1470 PA20
1 |

LED1 PA20
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Labl PORT Output

Step 1

e Add code segment to your main loop

/[l TODO 1.01
uint32_t i = O;

int main (void)

SYS Initialize (NULL );

/[l TODO 1.02
*(uint32_t *)(0x41004400U + 0x08U) = Ox00100000;

/— Period Control

while(1)

for (1=0;1<2000000; i++)

{}
/[l TODO 1.03
*(uint32_t *)(0x41004400U + Ox1CU) = Ox00100000;

¥
¥

O Program firmware to target board
then observe result.
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Labl PORT Output
Register Describe mml

0x00100000 (Hex) 0x00
0001 0000 0000 0000 0000 0000  (Binary) 0x01 IR
2222 1111111111 0x02
32109876 5432 1098 7654 3210 0x03
[/ TODO 1.01 . 0x04
uint32_t i = o; LED1 Pin PA20 X058
: : : DIRCLR
int main (void) 0x06
SYS_Initialize (NULL ); 0x07
// TODO 1.02
*(uint32_t *)(0x41004400U + OXO8U) = 0x00100000; X
_ 0x0A
while(1) OxOB
X
for (i=0;1<2000000;i++) -
;/}TODO 1.03 s
. 0x1D
*(uint32_t *)(ox41004400U + OX1CU) = ©x00100000; G;E
¥
} 0x1F
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Labl PORT Output

Step 2

e Modify code segment to your main loop

/[ TODO 1.01
uint32 t i = 0;

int main (void)
SYS |Initialize (NULL );

[/ TODO 1.02
PORT_REGS->GROUP[@] .PORT_DIRSET = 1<<20;

/— Period Control

while(1)

for (1=0;1<2000000; i++)

{

/[l TODO 1.03 |

PORT_REGS->GROUP[@] .PORT_OUTTGL = PORT_PA20; . T LED1 Toggle!
} S 3

O Program firmware to target board
then observe result.
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Pin Configuration using MHC

® |f you already close MHC, please open it through below steps.
® Select Tools » Embedded » MPLAB® Harmony 3 Configurator

Tools Window Help

|

[ Embedded ]Emb-edded e MPLAB® ;[ MI?LAB® Harmony 3 Configurator ]

Licenses »-2  MPLAB® Harmony 3 Configurator

Packs

= MPLAB® Code Configurator v3: Open/Close

® Following MHC reopen steps reviews.

2 MPLAB Harmon y Launcher X 2 Configuration Database Setup X

Active Project Information: Select and configure the packages that will be included in the current project:

Name: default on
Select an option to use for the launch paths for the MPLAB Harmony Framework tool suite: Load  Name Vexsion Dependencies
Jesp |v3.20 |
® Recenfigure Fath
MPLAB Harmeny Project Path - The framework path that is stored with this MPLAB Harmony

O MPLABX Path - The framework path that is stored with MPLABX (cenfigured throngh Tools->Cptions->Harmony)
Harmony Path: C:\microchiptHarmonyFramework_3.3.1.0_20190704%

.
Default Launch Action:  Prompt For Path Selection (Thi... { CI I c k Lu n c h

2 Open Default Saved State

Cpen defanlt saved state file?

C:MExercises\Lab0_First Projectfirmware\sretconfizg\defanlt\defanlt. xml

Cancel

{Configurable through Tools->Cptiens->MPLAE Harmon: 17}
cunch
Configure Device Family and CMSIS Pack Paths:
DFP: ‘dev_packsihicro
- - “
ass.weeeq  Click launch and wait a while ]
Launo#\ Cancel
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Pin Configuration using MHC

@ Return to Harmony Configurator.
@ Select Tools » Pin Configuration

o

= MPLAB Harmony Configurator - default
File Generate Tools Utilities Window

| D P Clock Configuration
DMA Configuration

Event System Configuration
MNVIC Configuration

(] Active Comp:
X Cmm
- CMSIS Pin Configuration
..... Device Farmmy racvk (orrj
-~ EVSYS [ iE"
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Pin Configuration using MHC

@ Docking three Pin Configuration windows as below.

2 MPLAB Harmony Configurator - default* - X
File Generate Tools Utilities Window
[ P P |Pfﬂ3">7 Framework: E:\HarmonyFramework_3.3.04
(] Active Components = B B3| (] Pin Settings = B B % | (] Pin Diagram =0 %
4=} Yl K3 Order:  Pins v | TableView | []Easy View Unavailable "
[ CMSIS Pack Fin Pin ID Custom Functi Mods D Lach  FallUp  FullD aiablc
. . tor ti t te
Device Family Pack (DFP) Mumber " vetom fame ‘:“ on D_"_ El 1;“ o8 La e | Yowm Assigned ‘Sg =,
1 PADD Avalable v l | Hghi. v ~ -
EVSYS igil oW L L oL
NVMCTRL 2 PADL Available ~| Digital || HighL.. ~[  Low L L g o
System 3 PADZ Avaiable v ngftal HighL.. v| Low 0 ]
4 PAD3 Available ~| Digital || HighL.. ~ Low L L]
5 GNDANA Digital | HighL... Low L] L]
5 VDDANA Digital | High.. Low L] L]
7 PEOS Avaiable ~| Digital |HehL.. ~[ Low ] ]
8 PEDY . . Low ] O
T Pin Settin 0
10 PADS Avaizble ST Digrial | AGhT.. <] Low ] []
11 PADS Available v| Digital | HehL.. ~| Low ] ]
12 PADT Available v| Digital |Hehr.. ~| Low O ()
13 PADB Available | Digital || HighL.. ~ Low ] []
14 PADS LED2 GPIO «| Digitsl |out | High
15 PALD Available v| Digital |HehL.. ~| Low ] [
16 PAL1 Available v| Digital |Hehr.. ~| Low O ()
17 VDDIO Digital | HighIL... Low ] [] "
1 GNDIO Digital | HighI.. Low [l ™ | P >
= =1 |
(1 Available Components (] Active Components (1 Project Graph | (1 Pin Settings (1 Configuration Options | (1 Help | (] Pin Diagram
(] Pin Table =H0=x
; &|[E ole alg ! 2|3 s
Packsge: [[TGEPAD | - slz|s|z|s|s|z|e|z|a|s|s|s|8l2|z|g|8le 2|22z |elels|22|a| 80|55 |5 a|ala|8|8|E|8|2| 55| |2
ol i o e el e I I I I s B S R R s s s s = e sl sl sl sl s sl sl s sl e s e s = s e S R s sl e
Module Function 123436789 (10(11[12]13|14]15|16|17(18[19[20(21|22|23|24|25(26|27 (28|29 3031|3233 |34 |35|36|37|38|39 (4041 (42|43 |44|45)|46 |47 (48
AC_AIND ~
AC_AINI
AC_AINZ
AC =
AC_AIN3 In a e
AC_CMPO
AC_CMPI
ADC_AINO
ADC_AINIT =
(] Conscle (] Pin Table

‘Welcome to the MPLAB Harmony Configurator!
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——
Labl PORT Output

Step 3

@ Pin Table configure. (Enable or Disable Pin)

[] Fin Table PA20
............................ D D
Fackage: [TQFF4S |~ clalalelzlgl2lz|lzlel=|elalgls 83
ool QT = (RO BV B o B o I o . o O o B o o . of | o . o B o I
R = I T B B I ' T W Y i o I e | oy T I T T
Module Function BlI7 |18 1920 |21 |22 | 23|24 |22 |26 |27 |28 |29 |30 | 31 | 32| 33
GULE o7
GPIC GFIO i
GPIO 123 _FS0 Click ﬁﬁ] -
T % AT [ | [ [ Avatiable
(] Fin Table
e o | 'l'l
Package: [TQFP4Z | v clalalelz|elzzl2lels|ze|gelslas]F
sl Qi = B PO B o B o I o B o o . o S o o] | O R I o B
I = v I R B I A T ' T W I W - Y | e T T T (T T
bAadule Funetion BILI7 | 12| 1920021 |22 |23 |24 |25 |26 |27 |28 | 20| 30 | 31 | 32| 33
GCLE _Io7
ORI GEIC
L2>_FS0 Green is Enable
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Labl PORT Output

Step 4

® Pin Setting. (Pin Function Setting)

(] Pin Settings = B O
Order:  |Pins e Table Wiew Easy View
qum b Pin ID Custom Mame Function Mode Direction Latch Full Up  Full Down
u].]r_lu Bl rALs | My anauc . LME1LEL DI Laan | Lt | L | L
{ - . .
27 . ., pble ~ | Digital || HighL.. | . i . []
- Pin Function Settin
p- PA20 |1 Double Click to Edit [ o Digial | i >etting 1~
29 PAZD GPIO_PAZD GPIO v | Digital || HghL.. Loy [] []
30 PAZ1 Available v| Digital [ HghL.. Low ] ]
| Pin Satting = P
Always remember press [Enter] EEae,
after: any value In pUt In M Hc Function Mode Cirection Latch Foll Up  Full Diown
u]l'.I.UEI rHLF Ayanawic w LMY1LAL | PmanLe. Lo I L L1
27 PA13 LED1 Available ~|  Digital | ou | Hi gh [] []
28 PA1S Availzble | Dagital oo L | [] []
29 PAZ0 LED1 GPIO w| Digital |out | Higzh
30 PaZ1 Available w | Digital HighL.. - Tow [] []
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Labl PORT Output

Step 5

® Pin Diagram. (Hardware design reference)

(1 Cenfignration Cptions

(] Help | (] Pin Diagram

(] Fin Diagram N
Unavailable “
Available
Assigned @ =,

202
DN=RAROSHENAY
o oy ey ol
RpaR st et e
L OnmmEmEEAEEEE
S 434746454443424 140303337
Faon O 1 36 0 VDDIC
FaOl O 2 35 0 GNDIC
Fa0z O 3 34 0 PAZS
Fa0z O 4 33 0 paz4
GHNDANA E 5 32% FAZ3
VDDANA BS  arsamp2icies 2l g Paz [PA20 (LED1)
FEOQ O & 20 0 LEDI
Pa04 O 9 22 [0 PaAlg
Fa03 O 10 27 H PAlg
Fa0e O 11 26 0 PALT
Fa07 O 12 25 0 PALG
. 131415161718192021222324 |
)
Z@SooogSounEy
ﬁ%ﬁﬂaammmﬁﬁﬂ
oL A ol o =
=0
W
< >
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-
Lab1 PORT Output

Step 6

@ Click :,E;_.d:- \to Generate Code and save changes to MHC

configure file.

2 MPLAB Harmony Configurator - default

File Generate Tools Utilities Window

-

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

L B [P P | @b [ Click |

Eiate Code'

[] Active Components

X ZTRER 4

2 Modified Configuration X

2 Generate Project X = ]
defanlt A ¥ Ed-
1. Configure Generation Settings
=1 Generate Settings fl -
Merge Strategy USER ALL <2 W perip heral
|| stdio
| * defaultxml
' default.xml |

2 Generating Project..

ed help)

Task Type Remaining

File Markup

Total

File Cop:

Libraries

olololoo

ettings

Seurce Paths

/
/
<
\
\

Project generation complate!

Please Wait...

| Generate |

3. Click Generats

© 2019 Microchip Technology Incorporated. All Rights Reserved.
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MHC GPIO Macros

Plib_port.h

/*** Macros for LED1 pin ***/

#define LED1_Set() (PORT_REGS->GROUP[0].PORT_OUTSET = 1 << 20)

#define LED1_Clear() (PORT_REGS->GROUP[0].PORT_OUTCLR = 1 << 20)

#define LED1_Toggle() (PORT_REGS->GROUP[0].PORT_OUTTGL = 1 << 20)
#define LED1_Get() (((PORT_REGS->GROUP[0].PORT_IN >> 20)) & 0x01)

#define LED1_OutputEnable() (PORT_REGS->GROUP[0].PORT_DIRSET =1 << 20)
#define LED1_InputEnable() (PORT_REGS->GROUP[0].PORT_DIRCLR =1 << 20)
#define LED1_PIN PORT_PIN_PA20

Plib_port.c
void PORT _lInitialize(void)
{

/************************** GROUP 0 Initialization *************************/

PORT_REGS->GROUP[0].PORT_DIR = 0x100000;
PORT_REGS->GROUP[0].PORT_OUT = 0x100000;

/************************** GROUP 1 Initialization *************************/

}
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Labl PORT Output

Step 7

e Modify code segment to your main loop

/[ TODO 1.01
uint32 t i = 0;

int main (void) ,— PORT initialization already down here

SYS |Initialize (NULL );

Comment out this line
/[l TODO 1.02 e
//PORT_REGS->GROUP[©].PORT_DIRSET = 1<<20;

while(1)

for (i=0;i<2000000 ; i++)
U

/[ TODO 1.03
LED1_Toggle();

}
}

O Program firmware to target board
then observe result.
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——
MPLAB X IDE Shortcut key

@ MPLAB X IDE Provide a few shortcut key to enhance your
performance.

< Ctrl + Alt + \ : Show All Code Completion
(Ctrl + Alt + Space, Alt + \ : Alternative shortcut)

< Ctrl + Mouse Left Click : Open Macro
< Alt + Left : Backward -

2 a B e L EQE

General Editor Fonts & Colors |Keymap| Embedded Team Appearance Plugins Miscellaneous

< Alt + Shift + F : Code Format

~| | Show as HTML Manage Profiles...

Profile: | NetBeans

< Ctrl + Shift + C :Toggle Comment

® More?
< Tools > Options > Keymap

SlgleElg e g
EREREREIERERERE]
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Lab2 PORT Input and Output

@ Base On Labl, Try to add LED2(PAQ9) continues toggle
(Period around 500ms ~ 1S).

¢® Get BT2(PA14) status then use to control LED3(PA17).
Pressed -> LED3 Light
Released -> LED3 Dark

®Let’s go '
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Check Schematic

JP2
Jumper

GND GND
LED1 PA20
LED2 PAQO9
LED3 PA17
BT2 PA14

BT3 PA15

JLzED EN 3.3V
1 33y ./ PA20
2 3.3V LEDI Green  RI14 470 PA20
) AN
W PAO9
LED?2 Green RIS 470 PAO09
AVAYAY,
Q3
3.3V el FDN337N
3.3} LED3 H Yellow  RI16 AAAAL0

PA19

PAI1S
PAl17 pal7

PAl6

PA17 EDBG _SCK

AN —]GND
i

s CAJDAT IVLLOYW)
27 EDBG CS
26 EDBG SCK
23 EDBG MOSI
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Lab2 PORT Input and Output

Step 1

@ Pin Table configure. (Enable or Disable Pin)

1 Pin Table PAO9 PA14 PA15 PA17 PA20
oy s i B By
Fackage: TOFF4E slzlelslzlalalel=zlalalelelslells|la|5]l =
A B EEE R EREE E R E B EE E
Maodule Function 2113114158 1718|1920 2] |22 |23 24 | 20|20 |27 28|29 | 30
GCLE_1G7
GPIC GPIC e RIP| e _—*
“““““ — \/ .,(
<1 GPIO =
Click
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T ———
Lab2 PORT Input and Output

Step 2

® Pin Setting. (Pin Function Setting)

(] Pin Settings = B ]
Order:  |Pins Table Wiew Easy View
Ellunmber Fin I Custom MName Function bode Direction Latch Full Up  Full Down

“ | e i Sl g 350 E Lo L L1
PA09 PADS LED2 LED2 | Digil [0t v] Low | Out | Low

15 PA1D Available | Digital HighI... = Lowr L] L]

16 PA11 Available wv| Digital | HighL.. - Laowr [] []

17 VDDIO Digital | HighL.. Low [] []

13 GNDIO Digital | HighL.. Low [] []

19 FE10 Available v|  Digital HighI... = Lewr [] []

20 PE11 Available v| Digital | HighIL.. Laowr [] []

21 PALZ Available v| Digital | HighL.. ~ Lowr [] []

2 PA13 Available v| Digital | HighL.. ~ Lowr [] []
PA14 PAL4 BT2 BT2 Digital [ In v Low In ]
PA15 PALS BT3 BT3 Digital | In vl Low In []
| 25 | PALG Available v Digital | HohL.. ~| Low [ ] []
PA17 [ v LED3 LED3 | Digil [0t -] Low | Out | Low ||

27 Pals Available “1 Digital HighL.. Lowr L] [ ]

25 PA19 Available v| Digital | HighL.. - Laowr [ ] [ ]
PA20 PAZ0 LED1 LED1 | Digital |owt ~| High || Out High
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e —
Lab2 PORT Input and Output

Schematic Describe
¢® Get BT2(PA14) status then use to control LED3(PA17).
Pressed -> LED3 Light
Released -> LED3 Dark
if ( BT2 Get() ) LED3 Clear();
else LED3 Set();

Q3
FDN337N

.ol
3.3V LED3 >| Yellow  RI16 AN AL .

@_{GND
X PA17 QET-

4.7k PA14 EDBG SCK
PA14
LED3 Light : PAl17 =1
qUBn LED3 Dark : PA17 = 0O
1 Press : PA14 = ©
| Release : PA14 =1

GND
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Lab2 PORT Input and Output

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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Lab2 PORT Input and Output

Step 4

e Add code segment to your main loop

uint32_t i = 0;
int main (void)

SYS_Initialize ( NULL );

while(1)

{
for (i=0;i<2000000 ; i++)
U
/I TODO 2.01

LED1_Toggle();
LED2_Toggle();

/[ TODO 2.02
if ( BT2_Get() ) LED3_Clear();
else LED3_Set();
} ¥ ' Push BT2 to
light LED3

O Program firmware to target board
then observe result.
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Lab2 PORT Input and Output

Button Response Discuss

@ Button Response Time Issue ?
The software delay will influences the polling interval.
Try to change coding style to state machine mode.

while(1)

for (i=0; i < 2000000 ; i++)
{}

LEDs_Toggle();

if ( Button_Detected() )
LED_Light();

else
LED Dark();

while(1)

if (i++ > 2000000 )

i
1=0;

LEDs_Toggle();
}

if ( Button_Detected() )
LED_Light();

else
LED Dark();
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State Machine

—[ While(1) ] —[ While(1) ]

State Check
i++>2000000 ?

Delay loop
i++>2000000 ?

——
A

{ LEDs Toggle ]

[ LEDs Toggle

\ 4 \ 4

Check Button to Check Button to
Light LED Light LED
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e —
Lab2 PORT Input and Output

Step 5

e change coding style to state machine mode

uint32_t i = 0;
int main (void)

SYS_Initialize ( NULL );

while(1)

if (i++ > 2000000 )

L
i =0; How about current LED toggle speed after
// TODO 2.01 change to state machine flow control ?
LED1_Toggle(); 2
LED2_Toggle(); Why *

// TODO 2.02

if ( BT2_Get() ) LED3_Clear();

else LED3 Set();
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Bonus Lab

® Press BT3(PA15) to toggle below scenario:
@ StateO:

< LED1 / LED2 toggle mutually.

< BT2(PA14) Pressed -> LED3 Light, Released -> LED3 Dark
@ State 1:

< LED2 / LED3 toggle mutually.

< BT2(PA14) Pressed -> LED1 Light, Released -> LED1 Dark

‘Leﬂsgo!
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