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Bare-Metal Programming in C for MCUS

** Direct Peripheral Register Access / Use of C Pointers for Registers:

538n1snflesdawmasiiieIgoeiun1srineIwYa9ass1e 9 (Hardware-Mapped
Registers) mulululaspaulnsaiaas (1w UART, SPI, ADC, ...)
laarlu AlE38Usznanaundnes WHgluduuaansaveaasiamasiu Memory Map

AduseHlanaizria 8 On dungausdawasnminnu 8 Oa widndwr 32 Oa

SSamesacHIna 32 U6 wunu

+* Indirect Peripheral Register / Bit-Field Access:

1% struct, bit fields was typedef iinaUszniasfindoyadinsusdamasiaziinfuszauln

fAnsusznald struct Aldungneevsiaweasdaiuldeviulivassiabiodin

** Use of Instance Header Files:

lasusnfindn ldan1susenaldunlas (Macros) 13lulna € Headers WA nazaINlHAS
91vdaLaztdNfiusIanosLsaze

FoNlduu Nazdenndouubodavsidmasiulonans Datasheet vavinan

Reference: https://microchipdeveloper.com/32arm:sam-bare-metal-c-programming
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Bare-Metal Programming in C for

unsigned int *PORT@_DIR ptr; // declare a pointer variable

// point to the PORTO _DIR register located in the memory map
PORTO DIR ptr = (unsigned int *)(0x41004400);

// read a value from the PORTO_DIR register
unsigned int value = *PORTO_DIR ptr;

// write Bit 23, Bit 13 and Bit 4 as 1 in the PORTO_DIR register
*PORTO_DIR ptr = (1 << 23) | (1 << 13) | (1 <<4);

#include <samd21.h> // include the C header file for SAMD21 (ARM Cortex-Mo+)

// Using GPIO PA28 pin as output

REG_PORT_DIR® |= (1<<28); // PA28 output direction
REG_PORT_OUT® |= (1<<28); // output high to PA28 pin
REG_PORT_OUTO &= ~(1<<28); // output low to PA28 pin

#define REG_PORT_DIR® (*(RwReg *)0x41004400U) /* PORT Data Direction @  */

#tdefine REG_PORT_OUT®O (*(RwReg *)0x41004410U) /* PORT Data Output Value @ */

typedef volatile wuint32_t RoReg; RoReg =Read-Only Register
typedef volatile wuint32_t WoReg; WoReg = Write-Only Register
typedef volatile wuint32_t RwReg; RwReg = Read-Write Register




Bare-Metal Programming in C for MCUS

O cmsis-core-atmel-samcortexm X -+

& & github.com/ARMmbed/cmsis-core-atmel-samcortexm0Op-samd21/blob/master/source/cmsis/TARGET_SAMDZ2... & +r 4] B

e REG_PORT_DIR® (*(RwReg *)0x41004408U
e REG_PORT_DIRCLR® (*(RwReg *)0x41004404U
e REG_PORT_DIRSET® (*(RwReg *)0x41004465U
e REG_PORT_DIRTGL® (*(RwReg *)0x4100446CU
REG_PORT_OUT@ (*(RwReg *)0x41004410U
REG_PORT_OUTCLR@ (*(RwReg *)0x41004414U
REG_PORT_OUTSET® (*(RwReg *)0x41804418U
REG_PORT_OUTTGLA (*(RwReg *)0x4160441CU
REG_PORT_TH@ (*(RoReg *)0x41808442al

/**< \brief (PORT) Data Direction Clear @ */

f**< \brief (PORT) Data Direction 5Set @ */
f*%< \brief (PORT) Data Direction Toggle 8 */
\brief (PORT) Data Output Value @ */

“brief (PORT) Data Output Value Clear
‘brief (PORT) Data Output Value Set @ */
“brief (PORT) Data Output Value Toggle & */

“brief (PORT) Data Input Value @ */

It
fF*
JEE
JEE
JEE
JEE

REG_PORT_CTRL® (*(RwReg *)@x41004424U \brief (PORT) Control @ */

REG_PORT_WRCONFIG@ (*(WoReg *)@x41804428U) /**< \brief (PORT) Write Configuration @ =/

REG_PORT_PMUX@ (*(RwReg *)@x4180443aU) /**< ‘\brief (PORT) Peripheral Multiplexing @ */

REG_PORT PINCFGB (*(RuReg *)@x4188444aU) /**

‘\brief (PORT) Pin Configuratiom @ */
REG_PORT_DIR1 {*(RwReg *)0x4100448aU) /**
REG_PORT_DIRCLR1 {(*(RwReg *)@x41004454U
e REG_PORT DIRSET1 {(*(RwReg *)Ox41004435U
e REG_PORT_DIRTGL1 (*(RuReg *)0x4100445CL
REG_PORT_OUT1 (*(RuReg *)0x41004420l
REG_PORT_OUTCLRI (*(RuReg *)0x410044241)
REG_PORT_OUTSETI (*(RwReg *)0x410044051)
e REG_PORT_OUTTGL1 (*(RuwReg *)0x4100449CL
REG_PORT_IN1 (*(RoReg *)0x410044A0
REG_PORT_CTRL1 (*(RuReg *)0x410044A41
REG_PORT_WRCOMFIG1 (*(WoReg *)0x410044A50
REG_PORT_PMUX1 (*(RwReg *)0x410044Ball

\orief (PORT) Direction 1 */
“brief (PORT) ta Direction Clear 1 */
“brief (PORT) a Direction Set 1 */
‘\brief (PORT) Direction Toggle 1 */
‘\orief (PORT) Qutput Value 1 */

‘“brief (PORT) OQutput Value Clear 1 =/
\brief (PORT) Data Output Value Set 1 */
‘brief (PORT) Data Output Value Toggle 1 */
‘brief (PORT) Data Input Value 1 */

‘brief (PORT) Control 1 */

“brief (PORT) Write Configuration 1 */
“brief (PORT) Peripheral Multiplexing 1 */

f B4
f Bl
I Bl
I Bl
fEE
JEE
JEE
FEE
JEE
JEE

FE
JEE

**< \brief (PORT) Data Direction 8 */

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

REG_PORT_PINCFG1 (*(RwReg *)@x410044CaU
if /* (defined( ASSEMBLY ) || defined( TAR SYSTEMS ASM_ }) */

A

i “brief (PORT) Pin Configuratiom 1 */

Ref.: https://github.com/ARMmbed/cmsis-core-atmel-samcortexmOp-samd21/blob/master/source/cmsis/TARGET SAMD21/include/instance/ins port.h
4
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Atmel Advanced Software Framework (ASF)
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Embedded Software Solution for Atmel Flash MCUs
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The Microchip® Advanced Software Framework (ASF) is a collection of embedded
software for Microchip flash MCU {www.microchip.com/asf).

» It simplifies the usage of microcontrollers, providing an abstraction to the hardware
and high-value middlewares

» ASF is designed to be used for evaluation, prototyping, design and production
phases
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» ASF can be downloaded for free
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» Download

» Quick Start Guides
» Release notes

# MegalvR
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Atmel Advanced Software Framework (ASF)

Source: https://asf.microchip.com/docs/latest/architecture.html

Drivers that provide low level register interface
functions to access a peripheral or device specific
feature. The services and components will
interface the drivers.

Services is a module type which provides more
application oriented software such as a USB
classes, FAT file system, architecture optimized
DSP library, graphical library, etc.

Components is a module type which provides
software drivers to access external hardware
components such as memory, displays, sensors,
wireless, etc.

Boards contains mapping of all digital and analog
peripheral to each 1/O pin of Atmel's
development kits.

Wnweuanisadeulda C/C++ ansululaspaulnsataaszaa Atmel / Microchip aausiscaiuans Lo
sULUUNISuNI1 Bare-Metal lagnisiinfusdamasiitieadionnunisyitnugaeanasniuli wie seaufiga
é’ n = L2 o = =} dld [ o P4 b4

gun1 (Hardware Abstraction Layers) lagisanlgwonduainlausis wse API fiinisdarinling?
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SAMD21 Programming with ASF

// example using option 2 Port Control Registers

#include <asft.h>
#define LED PORT_PA27 // define LED as PORT_PA27 (0x08000000)

int main (void)

fot1an1sBunldaaansoWangWyog ASF I

delay_lnlt(), // init delay
REG_PORT_DIRSET® = LED; // Direction set to OUTPUT

while (1) { n1s1318v3Sawmas OUT @9 PORT Group O (1Rewdeuan)

delay_s(l), // delay For 1 second

Source: https://community.atmel.com/sites/default/files/forum attachments/PIN-I0-SAMD21-SAMR21 RevA 0.pdf

shograldailaSanisyinli LED finseriuan PA27 1luondne (aauanlae Port I/0
Controller Group: 0=A, 1=B) uazfin1s@aua1aalusddmasinomuuadaIncaaiin

YD IANAAINET
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SAMD21 Programming with ASF

#include <asf.h>

. . _ nsinfiesdawmas PINCFG [2] dwsu PA02 wau
int main (void)

{ 1/0 Port A (Group 0) uaznfeszaudniie
system_init()i//,fhﬁuﬂﬁﬁ

' PORT->Group[@].PINCFG[2].bit.INEN =
| PORT->Group[@] .PINCFG[2].bit.PULLEN

1F(0PORT >Group[@].IN. Peg & PORT_PAB2) != 0){
// do something
}

Source: https://community.atmel.com/sites/default/files/forum attachments/PIN-I0-SAMD21-SAMR21 RevA 0.pdf

shegralaadaiSanisyinliten PA02 1Oudune (1WW nssanuaasyuna) was

fin1s0alda1u Internal Pull-up Resister @11SUdunafiznsmina1d anuwWde
9IRANIHEADANNYIDUNA
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SAMD21 Programming with ASF

#include <asf.h>
#define LED PORT_PA27
int main (void)

{

system_init();

delay init();
PORT->Group[@].PINCFG[2].bit.INEN =
PORT->Group[@] .PINCFG[2].bit.PULLEN

1;
= 1;

REG_PORT_DIRSETO = LED; // Direction set to OUTPUT

- N5 dn95LIND B 1WA
while (1) {

REG_PORT_OUTTGLO = LED;
delay ms(750); // crude debounce

Source: https://community.atmel.com/sites/default/files/forum attachments/PIN-I0-SAMD21-SAMR21 RevA 0.pdf

shodraldailianSanisvinlden PA02 Wudune wazlaldou Internal Pull-Up
Resistor 81ua1dunaiotnliinuaaaIuzoanaiian PA27 (d145u LED)
anneasunuunsnfivsdamasluusaznsed
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Arduino DUE Board (REV.3)

Native port
Serial USB

Pro rammin
?Serla 9

Photo source: https://www.arduino.cc/en/Guide/ArduinoDue

DUE pin mapping: https://www.arduino.cc/en/Hacking/PinMappingSAM3X

The Arduino Due is the first Arduino board based on a 32-bit microcontroller:
Atmel SAM3XS8E chip (144-lead LQFP) with ARM Cortex-M3 CPU, up to 84MHz.
The Arduino Due has the same footprint as the Mega 2560.
There are two USB ports available: the Programming Port (Serial) and
the Native USB Port (SerialUSB).
The Programming port is connected to an ATmegal6U2 which acts as
a USB-to-Serial converter and is used for uploading sketches and communicating
with the Arduino.

. Note: Operating voltage: 3.3V (not 5V tolerant)

Schematic File (PDF) : https://www.arduino.cc/en/uploads/Main/arduino-Due-schematic.pdf
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https://www.arduino.cc/en/Hacking/PinMappingSAM3X

ATSAM3XS8E Features

vinluuase Arduino DUE REV.3 (ATSAM3XSE MCU) fvtnanla drususianlaidu
ﬁamm‘%au"g‘é’nu Embedded System Programming / Software Development ?

Tgeusznianazuia 32 Ja (ARM Cortex-M3), 3.3V auiSaguga 84 MHz
muluiniioaud Flash d@19su Program Memory 241a 512 KB (2 x 256) was SRAM
d19$U Data Memory ou1a 96 KB Bufiodn Aoudnann

fiavasludiufiBenda Memory Protection Unit (MPU) winnzd1usun1srinauils
seuuUfusinistaatase (RTOS) wazainisaseusunsléai FreeRTOS (open source)

f21 I/0 F1waunin (N1nnd1 100) vasafawiawinnu Arduino Mega 2560

fiavasnielu (On-chip Peripherals) g 9 nanegfafisinnudinldlululasaoulnsaiaos
Uszun High-Performance 32-bit Microcontrollers wu sovsunsvitnulusunuufigeni
DMA (Direct Memory Access) @1#Su USART, USB uwas Ethernet MAC tUnéin
an1sadenliiuasa Arduino DUE Clone ann3u fsiatldune (s§1nd1 500 uan)
oulnaalusunsuldlagly JTAG/SWD wSan 11 USB / Serial (SAM-BA bootloader / BOSSA)
ausadenlusunsulalunivi C/C++ laeld Arduino IDE (open source) w5a AVR Studio

(free) WSovonawIsw 9 (1§s9niu GCC-ARM Toolchain)




Online Resources for ATSAM3XSE

T\ ATSAMIXSE - 32-bit SAM Microc X +

c & microchip.com/wwwproducts/en/ATsam3x8e

Design Order

AS\MICROCHIP  Products  Applications Support Now

Status: In Production

B view Datasheet

Features:
ARM Cortex-M3 revision 2.0 running at up to 84 MHz
Memory Protection Unit (MPU)
24-bit SysTick Counter
Thumb®-2 instruction set
Nested Vector Interrupt Controller

2 x 256Kbytes embedded Flash, 128-bit wide access,
memory accelerator, dual bank

View More

q Development - . .
Q Overview E Documents |;| Environment A Similar Devices @ RoHS Information g Add To Cart

Device Overview

Summary Parametrics

Name Value

Based on the ARM® Cortex®-M3 processar, the Microchip's SAM3X8E runs at Part Family ATSAM3XSE
84MHz and features 512KB of flash memory in 2 x 256KB banks and 100KB of
SRAM in 64KB +32KB banks, with an additional 4KB as NFC (NAND Flash Max CPU Speed MHz 84

controller) SRAM.
Program Memory Size (...

Its highly-integrated peripheral set for connectivity and communication SRAM (KB)
includes Ethernet, dual CAN, High Speed USB MiniHost and device with on-
chip PHY, high-speed SD/SDIO/MMC, and multiple USARTS, SPIs, TWIs (120), SDIO/SD-CARD/eMMC

URL: https://www.microchip.com/wwwproducts/en/ATsam3x8e
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ATSAM3XS8E Features

ARM Cortex-M3 revision 2.0 running at up to 84 MHz
Memory Protection Unit (MPU)
Thumb®-2 instruction set

— 24-bit SysTick Counter

— Nested Vector Interrupt Controller

e Memories
— 256 to 512 Kbytes embedded Flash, 128-bit wide access, memory accelerator, dual bank
— 32 to 100 Kbytes embedded SRAM with dual banks
— 16 Kbytes ROM with embedded bootloader routines (UART, USB) and IAP routines
— Static Memory Controller (SMC): SRAM, NOR, NAND support. NFC with 4 Kbyte RAM buffer and ECC
e System
— Embedded voltage regulator for single supply operation
— Power-on-Reset (POR), Brown-out Detector (BOD) and Watchdog for safe reset
— Quartz or ceramic resonator oscillators: 3 to 20 MHz main and optional low power 32.768 kHz for RTC or device
clock
High precision 8/12 MHz factory trimmed internal RC oscillator with 4 MHz default frequency for fast device
startup
Slow Clock Internal RC oscillator as permanent clock for device clock in low-power mode
One PLL for device clock and one dedicated PLL for USB 2.0 High Speed Mini Host/Device
Temperature Sensor
Up to 17 peripheral DMA (PDC) channels and 6-channel central DMA plus dedicated DMA for High-Speed USB
Mini Host/Device and Ethernet MAC




ATSAM3XS8E Features

e Low-power Modes

Sleep, Wait and Backup modes, down to 2.5 pA in Backup mode with RTC, RTT, and GPBR

e Peripherals

USB 2.0 Device/Mini Host: 480 Mbps, 4 Kbyte FIFO, up to 10 bidirectional Endpoints, dedicated DMA

Up to 4 USARTSs (ISO7816, IrDA®, Flow Control, SPI, Manchester and LIN support) and one UART

2 TWI (I12C compatible), up to 6 SPIs, 1 SSC (12S), 1 HSMCI (SDIO/SD/MMC) with up to 2 slots

9-channel 32-bit Timer Counter (TC) for capture, compare and PWM mode, Quadrature Decoder Logic and 2-bit
Gray Up/Down Counter for Stepper Motor

Up to 8-channel 16-bit PWM (PWMC) with Complementary Output, Fault Input, 12-bit Dead Time Generator
Counter for Motor Control

32-bit low-power Real-time Timer (RTT) and low-power Real-time Clock (RTC) with calendar and alarm features
256-bit General Purpose Backup Registers (GPBR)

16-channel 12-bit 1 msps ADC with differential input mode and programmable gain stage

2-channel 12-bit 1 msps DAC

Ethernet MAC 10/100 (EMAC) with dedicated DMA

2 CAN Controllers with 8 Mailboxes

True Random Number Generator (TRNG)

Register Write Protection

Up to 103 I/O lines with external interrupt capability (edge or level sensitivity), debouncing, glitch filtering and on-
die Series Resistor Termination

Up to six 32-bit Parallel Input/Outputs (PIO)




Block Diagram of ATSAM3XS8E
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Power Supplies (VDDCORE, VDDIO, VDDIN, VDDOUT, VDDANA, ...)
Clocks, Oscillators and PLLs

Shutdown, Wakeup Logic

ICE and JTAG

Flash Memory and NVM Configuration Bits
Reset/Test

Universal Asynchronous Receiver Transceiver — UART
PIO Controller

External Memory Bus

Static Memory Controller — SMC

NAND Flash Controller — NFC

SDRAM Controller - SDRAMC

High Speed Multimedia Card Interface — HSMCI
Universal Synchronous Asynchronous Receiver Transmitter — USARTx
Ethernet MAC 10/100 — EMAC

CAN Controller — CANx

Synchronous Serial Controller — SSC

Timer/Counter — TC

Pulse Width Modulation Controller - PWMC

Serial Peripheral Interface — SPIx

Two-Wire Interface — TWIx

Digital-to-Analog Converter Controller —- DACC

Fast Flash Programming Interface — FFPI

USB High Speed Device




Atmel SAM3X8E: On-Chip Peripherals

Instance Name
¥

SUPC Supply Controller TWIO Two-Wire Interface 0

RSTC Reset Controller TWI1 Two-Wire Interface 1

RTC Real-time Clock SPIO Serial Peripheral Interface 0

RTT Real-time Timer SPI1 Serial Peripheral Interface 1
WDG Watchdog Timer SSC Synchronous Serial Controller
PMC Power Management Controller TCO Timer Counter Channel 0

EEFCO Enhanced Embedded Flash Controller 0 TC1 Timer Counter Channel 1

EEFC1 Enhanced Embedded Flash Controller 1 TC2 Timer Counter Channel 2

UART Universal Asynchronous Receiver Transceiver TC3 Timer Counter Channel 3

SMC Static Memory Controller TC4 Timer Counter Channel 4
SDRAMC  Synchronous Dynamic RAM Controller TC5 Timer Counter Channel 5

PIOA Parallel 1/O Controller A TC6 Timer Counter Channel 6

PIOB Parallel I/O Controller B TC7 Timer Counter Channel 7

PIOC Parallel I/O Controller C TC8 Timer Counter Channel 8

PIOD Parallel 1/O Controller D PWM Pulse Width Modulation Controller
PIOE Parallel 1/O Controller E ADC ADC Controller

PIOF Parallel I/O Controller F DACC DAC Controller

USARTO Universal Synchronous Async. Receiver Transmitter 0 DMAC DMA Controller

USART1 Universal Synchronous Async. Receiver Transmitter 1 UOTGHS  USB OTG High Speed

USART2 Universal Synchronous Async. Receiver Transmitter 2 TRNG True Random Number Generator
USART3 Universal Synchronous Async. Receiver Transmitter 3
HSMCI High Speed Multimedia Card Interface

Peripheral Component (or ID): PIO, Peripheral Instance Names: PIOA, PIOB, ...




Programming Arduino DUE with Arduino IDE

@ due_led_blink | Arduino 1.8.9
File Edit Sketch Tools Help

due_led_blink

int state = 0;

void setup() {
Serial.begin{ 115200 );

LED BUILTIN, CUTPUT );

pinMode

uint3Z t ent = 0;
char sbuf[32];

void loop{) {
digitalWrite (
state *= 1;
sprintf{ sbuf, "cnt:
Serial.println{ sbuf );
delay{(100);

LED BUILTIN, state );

3dhzhn", cnt++ );

feg1aldm Arduino @Sy DUE
WK ¥il¥ LED nSensSU Lasa
JaAMNANUBSALUTIADNRILNDS
HIWN1Y Serial

ce. Maximum is 524288 bytes

Arduine Due (Programming Fort) on COM108




Programming Arduino DUE with Arduino IDE

@' Boards Manager

Type |Al

Arduino megaAVR Boards by Arduino
Eoards included in this package:
Arduine Uno WiFi Rev2, Arduino Mano Every.

Cnline help
Maore info

Arduino SAM Boards (22-bits ARM Cortex-M2) by Arduino version 1.6.12 INSTALLED
EBoards included in this package:

Arduing Due.

Online help

More info

Select version -« Install Remove

Arduino SAMD Boards (22-bits ARM Cortex-M0+) by Arduino version 1.6.18 INSTALLED
Eoards included in this package:

Arduinoe MEKR WiFi 1010, Arduine Zero, Arduino MKR 1000, Arduinoc MKRZERO, Arduino MER FOX 1200, Arduino MKR WAN 1200,
Arduino MKR WAN 1310, Arduino MKR GSM 1400, Arduino MEKR NBE 1300, Arduino MKR Vidor 4000, Arduino Nano 33 IoT,. Arduino
MO Pro, Arduino MO, Arduinc Tian, Adafruit Circuit Playground Express.

Cnline help
More info

drazdunlda Arduino Sketch dwisuuasa Arduino DUE lael$ Arduino IDE
azfiovfagy Arduino Core for SAM (ARM Cortex-M3) @wsSu Boards Manager




Programming Arduino DUE with Arduino

@' due_led_blink | Arduine 1.8.9

File Edit Sketch Tools Help

due_led_blink

state

Auto Format
Archive Sketch
Fix Encoding & Reload

int state = Manage Libraries...

Serial Manitor

void setup(] Senial Plotter
Serial.bq
pinMode WiF101 / WiFININA Firmware Updater

nRF5 Flash SoftDevice

Board: "Arduine Due (Programming Port)"
Port
Get Board Info

digitalWr: Programmer: "Sipeed RV Debugger”

=] Burn Bootloader

sprintf{ sbuf, "cnt: %d\r\n", cnt++ );
Serial.println{ sbuf };
delay{(100);

lun1sduluaa Arduino Sketch
lugavasa Arduino DUE uwetn
Tdauane microusB 7
Programming Port uazidan
Foanamsusulnanlignéio

Ctrl+T

Ctrl+Shift+|
Ctrl+ Shift+M

Ctrl+Shift+L
Boards Manager...

&
Arduino Esplora

Arduing Mini

Arduino Ethernet

Arduino Fio

Arduino BT

LityPad Arduino USE

LilyPad Arduino

Arduino Pro or Pro Mini
Arduino NG or older

Arduino Rebot Control
Arduino Rebot Motor
Arduino Gemma

Adafruit Circuit Playground
Arduino Yian Mini

Arduino Industrial 101

Linino One

Arduino Uno Wik

Arduino ARM (32-bits) Boards
Arduino Due (Pregramming Port)
Arduino Due (Mative USE Port)

gd32vduino nming Port) on COM108




Programming Arduino DUE with Arduino IDE

@ due_led_blink-1 - main.cpp | Arduino 1.2.9
File Edit Sketch Tools Help

main.cpp

#include "sam.h"

fdefine sw delay(x)

int main (void) {

SystemInit ()} ;

PMC—}PMC_PCERD =
// use PBZ7 as output
PIOEB->FPIOC_PER
PIOB->PI0C_CQER
PIOB->PIO PUDR

PTO _PB27;
PIO PB27;
PTO PB27;
while (1)} {

PIOB->PIO SODR = PICI'_PBZ'?;
_sw_delay( 100000 );
PIOCE->PIO CODR = PIQO PBZ7;
_sw_delay( 100000 )

{ for{int 1=0;i<x;i++)

// initialize the system

(1 << ID_PIOB];
(onboard LED)

/Y
!
/o

I

/o

{ asm volatile ("nop

// enable PMC for GPIOB

use PB27 as GPIO pin

use PB27 for output directig

fegun1siBeuldaniul C 1oy
1% LED (21 PB27) unuasa
Arduino DUE nszwsuld laelals
Ad9209 Arduino udUuunT
38n1sundusaawasifiudoonu
N1$YiNa1Yav I/0 Port B

disable pull-up resistor at

PEZT _|

output 1 at PB27

output 0 at PB2Z7

Fonaguiuunmsidnfiesdames
dmSu PIOB An1saanguuas

¥ =R = £ é J
wWdvanBnaelulasldnouinos

Arduing Due (Programming Port) on COM117




Parallel I/O Controllers: PIOA, PIOB, ...

TuNsBaRsRaNNIsTINIHI09IasHe 1 neln MCU aanisadnwildainienans Datasheet voafnaa
https://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-11057-32-bit-Cortex-M3-Microcontroller-SAM3X-SAM3A Datasheet.pdf

>

fogudioninn (NMw1denau) aanwnans Datasheet d1msu ATSAM3XSE tuaanfiiaadioudu PIO Controller

Each of the Parallel I/O Controllers (PIO) manages up to 32 fully programmable I/O lines per 1/O Port.
* Each I/O line is associated with a bit number in all of the 32-bit registers
(fully programmable through set/clear registers)
» Either used as a general-purpose I/O or be assigned to a function of an embedded peripheral: Multiplexing of
four peripheral functions per 1/O Line
For each 1/0O Line (whether used as a peripheral pin or general-purpose |/O pin)
* Input change, rising edge, falling edge, low level and level interrupt
e Debouncing or Input-Glitch filtering option
e Multi-drive option enables driving in open-drain output mode
* Programmable pull-up on each I/0O line
* Pin data status register, supplies visibility of the level on the pin at any time
Synchronous output, provides Set / Clear of several I/0 lines in a single write

Each PIO controller is controlled by the Power Management Controller (PMC).
* The configuration of the I/0 lines (e.g. for output) does not require the PIO Controller clock to be enabled.
* However, when the clock is disabled, not all of the features of the PIO Controller are available, including

input-glitch filtering for input and PIO interrupts.



https://ww1.microchip.com/downloads/en/DeviceDoc/Atmel-11057-32-bit-Cortex-M3-Microcontroller-SAM3X-SAM3A_Datasheet.pdf

Parallel I/O Controllers: PIOA, PIOB, ...

lulaspaulnsataas SAM3XSE WusiUszniana 32 On uasdidamasiauia 32 On
nsl&auen /0 #e q azgnadtuanlavdIufidendn Parallel 1/0 (PIO) Controller
FauUenauaIunase W PIOA, PIOB, ..., PIOF udaswasafidiuinenfifietdovgeqn
32 91HEYEUTEU
Taayluuda 21 1/0 vouudazwose azvinninfiliu General-Purpose 1/0 (GPIO) waz
QNAIUANNISYITNIUlae PIO Controller wSaoagnidantdilnandrnsulrvasnululs
\Send1 Peripheral Pins wasfl 2 naliildon@a Peripheral A waz Peripheral B

o finslfdnsuivasneln W USART, PWM, TWI, SPI #3a CAN tTudiu

* wananuudefingu Extra Function #111$uU ADC wuaz DAC w3aLUu Wakeup Pins
21 I/0 annsaduunasniiavsaas1udtueunadduinassnnlé (Interrupt Sources)
lnunisaslagaumMansaNIsWisRaessauduauaifian 1/0 (fnaneluualigon)
L1 ?Jaué’muﬁywmmﬁu (Rising Edge) 5@ 21av (Falling Edge) #5e l¥szaudtutuncd
(Low or High Level) Ouéiu




Parallel I/O Controllers: PIOA, PIOB, ...

N1SLE91K1 I/0 usiaze arnisalla-Uanislgainavas Pull-Up Resistor &
W&991NN155L6a Pull-Up Register azgnillalifléouduaninaSusdiu
N15YN91UYe929as PIO Controller azgnAluANGIuIvasSna uniefizuni
(Power Management Controller: PMC) anunsalda-Uanisyingiugay Clock THAu
1/0 Port 1§ wi PIOA, PIOB, ... (n1sTUanisvinaiuludind Agrelunisuszndanis
Bnwdvnnoalulasproulnsatass)

3Famesiiliiwadiodiu PIO Controller ansalalalunanistioadunisdeuls
(Write Protect Mode)

[ V4

Jadana: 29as PIO Controller @wsuusias I/0 Port (A,B,C,...) Ra1RIWSTdmash

1 P24

NeYvAdHIIININ (HaWSYUNYUNUNSTHdYaY megaAVR)

PIO_PER PIO Enable Register PIO_MDER PIO Multi-driver Enable Register
PIO_PDR PIO Disable Register PIO_MDDR PIO Multi-driver Disable Register
PIO_OER PIO Output Enable Register PIO_PUDR P10 Pull-up Disable Resistor
PIO_ODR PIO Output Disable Register PIO_PUER P10 Pull-up Enable Register
PIO_IFER PIO Controller Input Filter Enable Register PIO_ABSR P1O Peripheral AB Select Register
PIO_IFDR PIO Controller Input Filter Disable Register PIO_OWER PIO Output Write Enable Register
PIO_SODR PIO Set Output Data Register PIO_OWDR PIO Output Write Disable Register
PIO_CODR  PIO Clear Output Data Register PIO_WPMR PIO Write Protect Mode Register
PIO_IER PIO Interrupt Enable Register PIO_WPSR PIO Write Protect Status Register
PIO_IDR PIO Interrupt Disable Register




Parallel I/O Controllers: PIOA, PIOB, ...

(==

Sawmosiiiivagionriu PIO Controller aansautveaniiungugos wWu nsivue
firN1929921 I/0 wsiazz i duo1enansodune
* PIO_OER = PIO Output Enable Register (Write-Only)
PIO_ODR = PIO Output Disable Register (Write-Only)
PIO_OSR = PIO Output Status Register (Read-Only)
o Tunsdifl aufiuldin f33awmasdmsu Set Bit wSo Clear Bit woniu (f11sunIs

Fourmludosiamasivinum) uazfizdameslidmsussuanine (dmsuniseruann
SSamoswingm)

3FawmesiiiAuadoviu PIO Taeimluasduwuudenniostulsd wuulawuunie
(Write-Only / Read-0nly) wsionafivrasafideuwazsuld (Read-Write)




I/0 Line: Block Diagram

[ Pio_cER[0] |

| Pio_osRro] | Pio_PUER[) | l Internal
[ Pio_oprio] | | Pio_PUSR[0] Pullup

| Pio_PuDR] | Register
Peripheral A
Output Enable 0
Peripheral B 1 I

Output Enable
PIO_PERIOQ]

PIO_ABSR[0] PIO_PSRI0]

PIO_PDRI0]
Peripheral A I I I PIO_MDERO] I
Output 0 PIO_MDSR[0]

Output

PIO_MDDRIO0] 3-state
Peripheral B ¢

Buffer
Output PIO_SODR[0]
PIO_ODSR[0]
| Pio_copryo] |

Peripheral A

> Input

Peripheral B

Goto the input circuit section ———— |nput

(see the next page)




I/0 Line: Block Diagram

From the I/0 pad
(see the previous page)

System Clock

Slow Clock
Clock

I—IPIO_SCDR Divider

| PIO_DCIFSR0]
| PIO_IFSCR[0] |—
[ Pio_sciFsrio] |

Programmable
Glitch

or
Debouncing
Filter

| PIO_IFER[O0]

| PIO_IFSR[0] |

| PIO_IFDR[0] |

D Q

D Q

DFF

LA

DFF

EVENT
DETECTOR

A

Resynchronization
Stage

| PIO_IER[0] |

| Pio_IvMRI0]

| PIO_IDR[0] |
| PIO_IER[31]|

| Pio_IMR[31]

| PIO_IDR[31] |

(Up to 32 possible inputs)

P10 Interrupt




General Clock: Block Diagram

Clock Generator

XTALSEL Processor Processor clock
Clock
Controller

—> HCLK

(Supply Controller)

Sleep Mode [~ int

Embedded
32 kHz RC
Oscillator

Slow Clock Divider

——> SysTick
SLCK 8 Y
Master Clock Controller h
XIN32 32768 Hz Free running clock
Crystal SLCK (PMC_MCKR)

. FCLK
XOUT32 Oscillator

MAINCK

Prescaler

1
UPLLCK/2 1,12,3,/4.8, Master clock
Embedded MOSCSEL CLLAGK 1n6/32/64 [ MCK
4/8/12 MHz
0

Fast | Peripherals
RC Oscillator] Clock Controller
Main Clock | (PMC_PCERX) on/OFF _

3-20 MHz MAINCK periph_clk[..]
Crystal
or
Ceramic
Resonator

Oscillator Programmable Clock Controller
SLCK (PMC_PCKx)
MAINCK

Prescaler ON/OFF
PLLA and @ —PLLCKP2 nJ20408,
Divider /2 PLLA Clock o FLLACK /16,/32,/64

PLLACK MCK

UPLL Clock USB HS Clock
UPLLCK

USB_480M

USB Clock Controller (PMC_USB)

PLLACK ON/OFF
lStatus TControI — USB FS Clock

UPLLCK/2 —— >
Power 11,12,/3,...,/16

Management
Controller

USB_48M

| usss | Jussow |




Parallel I/0 Controllers: Register Mapping (1)

Offset

Register

Name

Access

0x0000

PIO Enable Register

PIO_PER

Write-only

0x0004

P10 Disable Register

PIO_PDR

Write-only

0x0008

PIO Status Register

PIO_PSR

Read-only

0x000C

0x0010

Reserved

Qutput Enable Register

PIO_OER

Write-only

0x0014

Output Disable Register

PIO_ODR

Write-only

0x0018

0x001C

0x0020

Output Status Register

Glitch Input Filter Enable Register

PIO_OSR

Read-only

0x0000 0000

PIO_IFER

Write-only

0x0024

Glitch Input Filter Disable Register

PIO_IFDR

Write-only

0x0028

0x002C

Glitch Input Filter Status Register

Reserved

PIO_IFSR

Read-only

0x0000 0000

0x0030

Set Output Data Register

PIO_SODR

Write-only

0x0034

Clear Output Data Register

PIO_CODR

Write-only

0x0038

Output Data Status Register

PIO_ODSR

Read-only
Or(2]

Read-write

0x003C
0x0040

Pin Data Status Register

Interrupt Enable Register

PIO_PDSR
PIO_IER

Read-only
Write-only

0x0044

Interrupt Disable Register

PIO_IDR

Write-only

0x0048
0x004C

0x0050

Interrupt Mask Register
Interrupt Status Register®

Multi-driver Enable Register

PIO_IMR
PIO_ISR

Read-only
Read-only

0x00000000
0x00000000

PIO_MDER

Write-only

0x0054
0x0058

0x005C

0x0060
0x0064

Multi-driver Disable Register

Multi-driver Status Register

Pull-up Disable Register
Pull-up Enable Register

PIO_MDDR
PIO_MDSR

Write-only
Read-only

0x00000000

PIO_PUDR
PIO_PUER

Write-only
Write-only

0x0068

0x006C

Pad Pull-up Status Register

Reserved

PIO_PUSR

Read-only

0x00000000




Parallel I/0 Controllers: Register Mapping (2)

Offset

Register

Name

Access

Reset

0x0070

0x0074 to
0x007C

0x0080

Peripheral AB Select Register'®!
Reserved

System Clock Glitch Input Filter Select Register

PIO_ABSR

I Read-Write I

0x00000000

PIO_SCIFSR

Write-Only

0x0084

Debouncing Input Filter Select Register

PIO_DIFSR

Write-Only

0x0088
0x008C

Glitch or Debouncing Input Filter Clock Selection Status Register

Slow Clock Divider Debouncing Register

PIO_IFDGSR
PIO_SCDR

Read-Only

| Read-Write I

0x00000000
0x00000000

0x0090 to
0x009C

Reserved

0x00A0

Output Write Enable

PIO_OWER

Write-only

0x00A4

Output Write Disable

PIO_OWDR

Write-only

0x00A8
0x00AC

0x00B0

Output Write Status Register
Reserved

PIO_OWSR

Read-only

0x00000000

Additional Interrupt Modes Enable Register

PIO_AIMER

Write-Only

0x00B4

Additional Interrupt Modes Disables Register

PIO_AIMDR

Write-Only

0x00B8
0x00BC
0x00CO0

Additional Interrupt Modes Mask Register
Reserved

Edge Select Register

PIO_AIMMR

PIO_ESR

Read-Only

Write-Only

0x00000000

0x00C4

Level Select Register

PIO_LSR

Write-Only

0x00C8

0x00CC

Edge/Level Status Register

PIO_ELSR

Read-Only

0x00000000

Reserved

0x00D0

Falling Edge/Low Level Select Register

PIO_FELLSR

Write-Only

0x00D4

Rising Edge/ High Level Select Register

PIO_REHLSR

Write-Only

0x00D8

0x00DC

Fall/Rise - Low/High Status Register

PIO_FRLHSR

Read-Only

0x00000000

Reserved

0x00EO0

Lock Status

PIO_LOCKSR

Read-Only

0x00000000

0x00E4

Write Protect Mode Register

PIO_WPMR

Read-write

0x0

0x00E8

Write Protect Status Register

PIO_WPSR

Read-only

0x0




PIO Controllers: PIO_PER Register

PIO Controller PIO Enable Register
Name: PIO_PER

Address: 0x400EOQEOQO0 (PIOA), 0x400E1000 (P1OB), 0x400E1200 (PIOC), 0x400E1400 (PI1OD), 0x400E1600 (PIOE),
0x400E1800 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5 4 3 2
P7 | P6 | P5 | P4 | P3 | P2 |

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register” .

* P0-P31: PIO Enable
0: No effect.

1: Enables the PIO to control the corresponding pin (disables peripheral control of the pin).

Won 1 vunedie Waldowen GPIO Pin (wazUan1slgeu Peripheral Pin)
waadew 0 ldumnadonisiudenudas




PIO Controllers: PIO_PDR Register

P1O Controller PIO Disable Register
PIO_PDR

0x400EO0E04 (PIOA), 0x400E1004 (P1OB), 0x400E1204 (PIOC), 0x400E1404 (PIOD), 0x400E1604 (PIOE),
0x400E1804 (PIOF)

Name:
Address:

Access:

31

Write-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7 6 5 4 3 2

P7 | P6 | P5 | P4 | P3 | P2 |

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register”.

« P0-P31: PIO Disable
0: No effect.

1: Disables the PIO from controlling the corresponding pin (enables peripheral control of the pin).

Wou 1 wuanede Walderuwen Peripheral Pin (taztansldais GPIO Pin) wsdndew 0 lufiniswasuudas




PIO Controllers: PIO_PSR Register

P1O Controller PIO Status Register

Name:

Address:

Access:

31

PIO_PSR

O0x400EOEO08 (PIOA), 0x400E1008 (P1OB), 0x400E1208 (PIOC), 0x400E1408 (PIOD), 0x400E1608 (PIOE),
0x400E1808 (PIOF)

Read-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6

P7

P6

« P0-P31: PIO Status

0: PIO is inactive on the corresponding /O line (peripheral is active).

1: PI1O is active on the corresponding I/O line (peripheral is inactive).

SAdmasAId NS UBIHAIYINEK NaasIadauad1 I/0 Pin tusumidaTala vitaululuna GPIO Pin (1)

#1%o Peripheral Pin (0)




PIO Controllers: PIO_PUER Register

PIO Pull Up Enable Register

Name:

Address:

Access:

31

PIO_PUER

0x400EOQOE6G4 (PIOA), 0x400E1064 (PIOB), 0x400E1264 (P1OC), 0x400E1464 (PIOD), 0x400E1664 (PIOE),
0x400E1864 (PIOF)

Write-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6 5 4 3 2

P7

P6 P5 P4 P3 P2

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register”.

* PO0-P31: Pull Up Enable.
0: No effect.

1: Enables the pull up resistor on the I/O line.

Wow 1 wunede Waldeu Enable Pull-Up Register ign I/0 wsig@ew 0 lufiniswasnuudas




PIO Controllers: PIO_PUDR Register

P10 Pull Up Disable Register
Name: PIO_PUDR

Address: 0x400EQE6GQ (PIOA), 0x400E1060 (P1OB), 0x400E1260 (PIOC), 0x400E1460 (PIOD), 0x400E1660 (PIOE),
0x400E1860 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5 4 3 2
P7 P6 P5 P4 P3 P2

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register”.

* P0-P31: Pull Up Disable.
0: No effect.

1: Disables the pull up resistor on the 1/O line.

Won 1 vunediv Ualde1u Disable Pull-Up Register fizn 1/0 wid@awn 0 lsifinsiwdenudas




PIO Controllers: PIO_PUSR Register

P10 Pull Up Status Register

Name:

Address:

Access:

31

PIO_PUSR

0x400EOQE6G8 (PIOA), 0x400E1068 (PIOB), 0x400E1268 (P1OC), 0x400E1468 (PIOD), 0x400E1668 (PIOE),
0x400E1868 (PIOF)

Read-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6

P7

P6

* P0-P31: Pull Up Status.
0: Pull Up resistor is enabled on the I/O line.

1: Pull Up resistor is disabled on the |/O line.

sdawasAlidususiuarinte Woasiadaugdn 1/0 Pin tusunveGala
fn1sWaldanu Pull-Up Register (0=Enabled, 1=Disabled)




PIO Controllers: PIO_OER Register

PIO Controller Output Enable Register

Name:

Address:

Access:

31

PIO_OER

0x400EOE10 (PIOA), 0x400E1010 (PIOB), 0x400E1210 (PIOC), 0x400E1410 (PIOD), 0x400E1610 (PIOE),
0x400E1810 (PIOF)

Write-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6 5 4 3 2

P7

P6 P5 P4 P3 P2

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register” .

* P0-P31: Output Enable
0: No effect.

1: Enables the output on the I/O line.

Beou 1 vuuiedi WWawea GPIO Pin THidwenane (Output) wddndew o Lifnswiswudas




PIO Controllers: PIO_ODR Register

PIO Controller Output Disable Register
Name: PIO_ODR

Address: 0x400EOE14 (PIOA), 0x400E1014 (PIOB), 0x400E1214 (P1OC), 0x400E1414 (PIOD), 0x400E1614 (PIOE),
0x400E1814 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5 4 3 2
P7 P6 P5 P4 P3 P2

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register”.

* P0-P31: Output Disable
0: No effect.

1: Disables the output on the I/O line.

Beou 1 uuied WWarwen GPIO Pin TWhiduduwna (Input) uddn@en o lifin1siuRunudas




PIO Controllers: PIO_OSR Register

PI1O Controller Output Status Register

Name:

Address:

Access:

31

PIO_OSR

0x400EQE18 (PIOA), 0x400E1018 (PIOB), 0x400E1218 (PIOC), 0x400E1418 (PIOD), 0x400E1618 (PIOE),
0x400E1818 (PIOF)

Read-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6

P7

P6

e P0-P31: Output Status
0: The I/O line is a pure input.

1: The I/O line is enabled in output.

==y vy o [y ' 1 v & o v . o T a = a £ [~ a
SdawmasAlidnsuduaAite tWonsIagougdn 1/0 Pin ludumdedala Anisilaldoudndune
(0o=Input Direction) wSatlue1ana (1=0utput Direction)




PIO Controllers: PIO_SODR Register

P10 Controller Set Output Data Register
Name: PIO_SODR

Address: 0x400EQE30 (PIOA), 0x400E1030 (PIOB), 0x400E1230 (PIOC), 0x400E1430 (PIOD), 0x400E1630 (PIOE),
0x400E1830 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6
P7 P6

* P0-P31: Set Output Data
0: No effect.

1: Sets the data to be driven on the I/O line.

Wou 1 vuniede Woranadn High uwidnden o lifnisiliuundas




PIO Controllers: PIO_CODR Register

PIO Controller Clear Output Data Register
Name: PIO_CODR

Address: 0x400EOQOE34 (PIOA), 0x400E1034 (PIOB), 0x400E1234 (PIOC), 0x400E1434 (PIOD), 0x400E1634 (PIOE),
0x400E1834 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6
P7 P6

* P0-P31: Clear Output Data
0: No effect.

1: Clears the data to be driven on the |/0O line.

Bou 1 uued wisseranalide Low uddnden o Bifinsiwfunudas




PIO Controllers: PIO_ODSR Register

P1O Controller Output Data Status Register
Name: PIO_ODSR

Address: 0x400EOE38 (PIOA), 0x400E1038 (PIOB), 0x400E1238 (PIOC), 0x400E1438 (PIOD), 0x400E1638 (PIOE),
0x400E1838 (PIOF)

Access: Read-only or Read/Write

31 30 29
P31 P30 P29

23 22 21
P23 P22 P21

15 14 13
P15 P14 P13

7 6 5
P7 P6 P5

e P0-P31: Output Data Status
0: The data to be driven on the I/O line is 0.

1: The data to be driven on the I/O line is 1.

=P daMv o o U = = v v 2 1 [~ 1
SAdwmasAlIdusudn (WSalBunnlddie) d1e1u NnilensIadgaugdn 1/0
Pin tusumialale Raanuczounerane Wu 0 (Low) wia 1 (High)




PIO Controllers: PIO_PDSR Register

PIO Controller Pin Data Status Register
PIO_PDSR

Name:
Address:

Access:

31

0x400EOE3C (PIOA), 0x400E103C (PIOB), 0x400E123C (P1OC), 0x400E143C (PIOD),

0x400E163C (PIOE), 0x400E183C (PIOF)

Read-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6

P7

P6

* P0-P31: Output Data Status
0: The I/O line is at level 0.

1: The I/O line is at level 1.

JawasAlid1nsus1uarIIEg LNonsIadaugdn 1/0 Pin Tusumiadale
aonzaadnilu 0 (Low) %Sa 1 (High)




PIO Controllers: PIO_OWER Register

PIO Output Write Enable Register

Name:
Address:

Access:

31

PIO_OWER

0x400EOQEAO (PIOA), 0x400E10AO0 (PIOB), 0x400E12A0 (PIOC), 0x400E14A0 (PIOD),
0x400E16A0 (PIOE), 0x400E18A0 (PIOF)

Write-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6 5 4 3 2

P7

P6 P5 P4 P3 P2

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register” .

* P0-P31: Output Write Enable.

0: No effect.

1: Enables writing PIO_ODSR for the |/O line.

Wou 1 nueie oysyalidunalugesiames PIO_ODSR wazinasiawe1ens (Output
Write Enable) wsidndewn 0 iAnsiuasnulas




PIO Controllers: PIO_OWDR Register

P1O Output Write Disable Register
Name: PIO_OWDR

Address: 0x400EOEA4 (PIOA), 0x400E10A4 (P1OB), 0x400E12A4 (PIOC), 0x400E14A4 (PIOD,),
0x400E16A4 (PIOE), 0x400E18A4 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5 4 3 2
P7 P6 P5 P4 P3 P2

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register” .

* P0-P31: Output Write Disable.
0: No effect.

1: Disables writing PIO_ODSR for the /O line.

WWou 1 wueie Yanisi@euailudesiamoas PIO_ODSR waslidunasiatoisang
(output Write Disable) wsign@eow 0 lifnswWasnulas




PIO Controllers: PIO_OWSR Register

P1O Output Write Status Register

Name:
Address:

Access:

31

PIO_OWSR

0x400EOEAB (PIOA), 0x400E10A8 (P1OB), 0x400E12A8 (PIOC), 0x400E14A8 (PIOD),
0x400E16A8 (PIOE), 0x400E18A8 (PIOF)

Read-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6

P7

P6

* P0-P31: Output Write Status.
0: Writing PIO_ODSR does not affect the 1/O line.
1: Writing PIO_ODSR affects the I/O line.

S3awasAlId S U INANTINHY lNansIadaUgd1 1/0 Pin Tusinumiadale

fiiofin1siUasuuwUavA1zod PIO_ODSR udafnadate1ane




Programming Arduino DUE with Arduino IDE: LED Blink

@ due_led_blink-1 - main.cpp | Arduino 1.8.%

Empty Eile Edit Sketch Tools Help
Arduino main.cpp
Sketch

file (.ino) main.cpp

#include "sam.h”™
fdefine sw delay(x) { for(int i=0;i<x;i++) { asm volatile("nop™); } 1}

int main{void) {

SystemInit(); // initialize the system (e.g. clock freg. setting)
WDT->WDT MR = WDT MR WDDIS; // disable WDT
PMC->PMC_PCERO = (1 << ID PIOB); // enable PMC for PIOB (ID PIOB=12)
// use PBZ7 as output (onboard LED)
PTIOB->PIO_PER = PIO PB27; // use PB27 as GPIO pin
PIOB->PIO OER = PIO PBZ7; // use PB27 for output directiocn
PIOE->PIC_ PUDR PIO PBZ7; // disable pull-up resistor at PB27
while (1) {

PIOB->PIO_SODR = PIO PB27; // output 1 at PB27

_sw_delay( 1000000 );

PIDB->PIO_CODR = PIO _PB27; // output 0 at PB27

_sw_delay( 1000000 );

Arduino Due (Programming Port) on COM117




Programming Arduino DUE with Arduino IDE: LED Blink

https://github.com/arduino/ArduinoModule-CMSIS-Atmel/blob/master/CMSIS-Atmel/CMSIS/Device/ATMEL/sam.h

#include "sam.h"
#tdefine sw delay(x) { for(int i=0;i<x;i++) { asm volatile("nop"); } }

int main(void) {
SystemInit(); // initialize the system (e.g. clock freq. setting)

WDT->WDT_MR = WDT_MR_WDDIS; // disable WDT
PMC->PMC_PCER® = (1 << ID_PIOB); // enable PMC for PIOB (ID_PIOB=12)

// use PB27 as output (onboard LED)

PIOB->PIO_PER PIO_PB27; // use PB27 as GPIO pin
PIOB->PIO_OER PIO_PB27, // use PB27 for output direction
PIOB->PIO_PUDR = PIO_PB27; // disable pull-up resistor at PB27

while (1) {
PIOB->PIO_SODR = PIO_PB27; // output 1 at PB27
_sw_delay( 1000000 );
PIOB->PIO_CODR = PIO_PB27; // output © at PB27
_sw_delay( 1000000 );

}

}

Systemlnit() is implemented in system_sam3xa.c
See: https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/source/system sam3xa.c
48



https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/source/system_sam3xa.c
https://github.com/arduino/ArduinoModule-CMSIS-Atmel/blob/master/CMSIS-Atmel/CMSIS/Device/ATMEL/sam.h

Programming Arduino DUE with Arduino IDE: LED Blink

#include "sam.h"
#tdefine sw delay(x) { for(int i=0;i<x;i++) { asm volatile("nop"); } }

int main(void) {
SystemInit(); // initialize the system (e.g. clock freq. setting)

WDT->WDT_MR = WDT_MR_WDDIS; // disable WDT
PMC->PMC_PCER® = (1 << ID_PIOB); // enable PMC for PIOB

// use PB27 as output (onboard LED)

PIOB->PIO_PER PIO_PB27; // use PB27 as GPIO pin

PIOB->PIO_OER PIO_PB27; // use PB27 for output direction
PIOB->PIO_PUDR PIO_PB27,; // disable pull-up resistor at PB27
PIOB->PIO_OWER PIO_PB27, // enable write to PIOB_ODSR for output

while (1) {
// toggle output at PB27
REG_PIOB_ODSR = REG_PIOB_ODSR ~ PIO PB27; // read-modify-write
_sw_delay( 1000000 );




SAM3XS8E: Base Addresses for Registers

https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/sam3x8e.h

: : O >
O ArduinoCore-sam/system/CMSIZ X O ArduinoCore-sam/sam3xBehat X +

& & github.com/arduino/ArduinoCore-sam/blob/master/system/CM5IS/Device/ATMEL/sam3xafinclu... & ¥ 4] 9 O

HSMCT {(Hsmci *)@x40008008U) /**< \brief (HSMCI
{(Ssc *)@x40004808U) /**< \brief (S5C
((spi *)@x4@808eeal) /**< \brief (SPI@
((Tec =)ax4003a000U) /**< \brief (TCO
((Te *)@x4e0s4008U) /**< \brief (TC1
((Te *)@x4eesseeal) /**< \brief (TC2
{{ Twi *)@x4888Ce0aU) /**< \brief (TWIA
PDC_TWIB  ((Pdc *)@x4@893C108U) /**< \brief (PDC_TWIO
TWI1 {(Twi *)@x4@8%0eeal) /**< \brief (TWI1
PDC_TWI1  {(Pdc *)ax480%a106U) /**< \brief (PDC_TWI1

Base Address */
Base
Base f

Base A

A
&
A
4
J
A
&
A
4
A
4
)
)
J
)
PLIM { (Pum *)@x40024000U) /**< \brief (PWM )
PDC_PWM { (Pdc *)8x488%4108U) /**< \brief (PDC_PWM )
USART® {(Usart *)@x48838008U) /**< \brief (USART® )
PDC_USARTE ((Pdc *)@x48295108U) /**< \brief (PDC_USART®)
USART1 ((Usart *)Bx4009C@RaU) /**<¢ \brief (USART1 )
PDC_USARTL {(Pdc *)@x4889C108UY /**< \brief (PDC_USART1)
USARTZ {(Usart *)@x4@8A0008U) /**< \brief (USARTZ )
PDC_USARTZ ((Pdc *)8x488A8108U) /**< \brief (PDC_USART2)
e USART3 {(Usart *)@x488A4808UY /**< \brief (USART3 )
PDC_USARTZ ((Pdc *)@x482A4108U) /**< \brief (PDC_USART3)
UOTGHS {(Uotghs *)8x480ACERAU) /**< \brief (UOTGHS )
EMAC {(Emac  *)@x488BEeeal) /**< \brief (EMAC )
cang {(Can *)@x489B4008U) /**< \brief (CANG )
CAN1 {(Can *)@x408B800AU) /**< \brief (CAN1 )
TRHNG {(Trng *)@x4@88BCERAU) /**< \brief (TRNG )

Base addresses for peripheral instances



https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/sam3x8e.h

SAM3XS8E: Base Addresses for Registers

https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/sam3x8e.h

0 ArduinoCore-sam/system/CMSIS X Q ArduinoCore-sam/sam3x8eh at - X + = .
& a glthubcomfardumojﬁrdumoiore samfb|ob;’master{systemICMSISIDeulce,JATMELjsam%xa,n’lncIu @ T 4] 9 O

CANG {{Can *)0x4@OBLB0OU) J*F< \brieT (CAND j Base

CAN1 {(Can *)@x4@8B88008U) /**< \brief [CAN1 } Base A

TRNG ({Trng  *)@x4@eBCesel) /**<¢ ‘\brief (TRNG )

ADC {{Adc *)0x400C080OU) J/**< \brief (ADC )

PDC_ADC { (Pdc *)@x400Ca100U) /**< \brief (PDC_ADC )

DMAC ({Dmac  *)@x4@ecsesel) /**¢ ‘\brief (DMAC )

DACC {{Dacc  *)ex4@ecsepel) /**< \brief (DACC )
PDC_DACC  ((Pdc *)@x400C8100U) /**< \brief (PDC_DACC )

SMC { (Smc *)@x4@BEABPRU) /**< \brief (SMC )

MATRIX ((Matrix *)ex4@@E@4ROU) /**<¢ \brief (MATRIX )

e PHC { {Pmc *)Ox40BEG600U) JS**< \brief (PMC )

UART ((Uart *)@x4@9E@8e8U) /**< ‘\brief (UART )

#define PDC_UART  ((Pdc *)@n4@0EA0REGUY /**¢ \brief (PDC_UART )
#define CHIPID ({Chipid *)ex4eeEac4el) /**< ‘\brief (CHIPID )
#define EFCA {(Efc *)@x4@BEAABOL)Y J/**< \brief (EFCO )
#define EFC1 {(Efc *)@x4@BEACHRU) /**< \brief (EFC1 )
#define PIOA ((Pio *)@n4@8EAEREU) /*¥< \brief (PIDA )
itdefine PIOB {(Pio *)ex400E1808U) /**< \brief (PIOB )]
PIOC {(Pio *)@x4@8E1200U) /**< \brief (PIOC )
PIOD ((Pio *)@u4@8E14008U) /**< \brief (PIOD )
RSTC ({Rstc  *)ex4@@E1AREUY) /**< \brief (RSTC )
SUPC ((Supc  *)@x4@0E1A18UY) /**< \brief (SUPC )
J

)

)

Ease #

Base Address */|

RTT { (Rt *)@x48PELAZOU) /*¥¢ \brief (RTT
WDT ( (Wdt *)@x48PELASOU) /**< \brief (WOT
e RTC { (Rtc =) @x4B80ELAGBUY /**< \brief (RTC



https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/sam3x8e.h

SAM3XS8E: Peripheral ID Definitions

O ArduinoCore-sam/sam3xBeh at = X

< c
e ID_SUPC
ID_RSTC
ID_RTC
ID_RTT
ID_WDT
ID_PMC
ID EFCe
e ID_EFC1
ID_UART
ID SMC
ID_PIDA
I10_PIOB
ID_PIOC
ID_PIOD
ID_USART@
ID_USARTL
ID_USART2
ID _USART3
ID_HSMCI
ID_TWI2
e ID_TWI1
ID_SPI8
ID 55C
ID_TCe
ID_TC1
ID_TC2
ID_TC3
ID_TCa
ID_TCS
ID_TCéE
ID_TC?
ID_TCB
ID_PLM
ID_ADC
= ID_DACC

+

{ @) /**< \brief
(1) /#*< \brief
( 2) /**< \brief
{ 3) /**< \brief
{ 4) /**< \brief
( 5) /**< \brief
(&) /**< \brief
( 7) /#*< \brief
{ 8) /**< \brief
( 9) /#*< \brief
(11) /**< \brief
(12} /**< \brief
(13) /=*< \brief
(14) /**< \brief
(17) /**< \brief
(18) /**< \brief
(12} /**< \brief
(2@) /**< \brief
(21) /**< \brief
(22} /**< \brief
(23) /**< \brief
(24) /**< \brief
(28) /**< \brief
(27) /#*< \brief
(28) /**< \brief
(29) /**< \brief
(3@) /**< \brief
(31) /**< \brief
(32) /**< \brief
(33) /**< \brief
(34) /*%< \brief
(35) /**< \brief
(36) /**< \brief
(37) /**< \brief
(38) /**< \brief

8@ github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/sam3x8...

Supply Controller (SUPC) */

Reset Controller (RSTC) */

Real Time Clock (RTC) */

Real Time Timer (RTT) */

Watchdog Timer (WDT) =/

Power Management Controller (PMC) */
Enhanced Flash Contreller @ (EFC@) */
Enhanced Flash Controller 1 (EFC1) */
Universal Asynchronous Receiver Transceiver (UART) */
Static Memory Controller (SMC) */
Parallel I/0 Controller A, (PIOA) */
Parallel I/0 Controller B (PIOB) */
Parallel I/0 Controller C (PIOC) */
Parallel I/0 Controller D (PIOD)
USART @ (USART®) */

USART 1 (USART1) */

USART 2 (USART2) =/

USART 3 (USART3) */

Multimedia Card Interface (HSMCI) */
Two-Wire Interface ® (TWI®) */
Two-Wire Interface 1 (TWI1) =/

Serial Peripheral Interface (SPIB) */
Synchronous Serial Controller (S5C) */
Timer Counter (TCe)
Timer Counter (TC1)
Timer Counter (TC2)
Timer Counter (TC3)
Timer Counter (TC4)
Timer Counter (TCS)
Timer Counter (TCB)
Timer Counter 7 (TC7)
Timer Counter (TC8)
Pulse Width Modulation Controller (PWM) */
ADC Controller (ADC) =/
DAC Controller (DACC) */

@ v @




SAM3XS8E: C Header Files

https://github.com/arduino/ArduinoCore-sam/tree/master/system/CMSIS/Device/ATMEL/sam3xa/include/component

) m} x
O ArduinoCore-sam/system/CMSIE X +

& c & github.com/arduino/ArduinoCore-sam/tree/master/system,/CMSIS/Device/ATMEL/sam3xa/include/compon... @& ¢ 4] 9 L+

[E) component_adc.h
[E| component_can.h
[E component_chipid.h
[E) component_dacch
£l component_dmac.h
[E) component_efc.h

[E] component_emac.h
El component_gpbr.h
[E) component_hsmci.h
[E] component_matrix.h
[El component_pdch
[E] compaonent_pio.h

£ component_pmc.h
E) component_pwm.h
[E) component_rstch
[El component_rtc.h

[E) component_rtt.h

[E component_sdramc.h
£ component_smc.h
) component_spih

5 component_ssch

[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package

[sam] switching to CMSIS Atmel package

-

¢egalna C Headers
d115U SAM3XA Series
ARNATN Peripheral
Components



https://github.com/arduino/ArduinoCore-sam/tree/master/system/CMSIS/Device/ATMEL/sam3xa/include/component

SAM3XS8E: C Header Files

https://github.com/arduino/ArduinoCore-sam/tree/master/system/CMSIS/Device/ATMEL/sam3xa/include/instance

. O >
O ArduinoCore-sam/system/CMSIZ X +

« 2> C @ github.com/arduino/ArduinoCore-sam/tree/master/system/CMSIS/Device/ATMEL/sam3xa/include/instance & ¢ & e o

) instance_adc.h
[£ instance_can0.h
[ instance_can1.h
[ instance_chipid.h
[E) instance_dacc.h
[§ instance_dmac.h
£ instance_efc0.h
[£) instance_efcl.h
[l instance_emac.h
[l instance_gpbr.h
[§) instance_hsmcih
£ instance_matrix.h
[£] instance_pioa.h
[E) instance_piob.h
[E) instance_pioc.h
[l instance_piod.h
[E) instance_pioe.h
[£] instance_piof.h
[ instance_pmc.h
[5 instance_pwm.h

[5 instance_rstc.h

[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package
[sam] switching to CMSIS Atmel package

[sam] switching to CMSIS Atmel package

s

foe19lWa C Headers dusu
SAM3XA Series aLHNAN
Peripheral Instances



https://github.com/arduino/ArduinoCore-sam/tree/master/system/CMSIS/Device/ATMEL/sam3xa/include/instance

SAM3XS8E: C Header Files (Macro Definitions)

https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/component/component pio.h

. O .
o ArduinoCore-sam/component_o X +

&« C # github.com/arduino/ArduinoCore-sam/blob/master/system,/CMSIS/Device/ATMEL/sam3xa/include/component;/... (O + 9 O
/** A\brief Pio hardware registers */
typedef struct {
WoReg PIO_PER; J**< \brief (Pi : @w@a@) PIO Enable Register */
WoReg PIO_PDR; S*#< \brief (Pi ! @x@0e4) PIO Disable Register */
RoReg PIO_PSR; S*#< \brief (Pi : Bx@Oe8) PIO Status Register */
RoReg Reservedl[1];
WoReg PIO_CER; J**¢ \brief (Pi 1 @weala) Enable Register */
WoReg PIO_CDR; J**¢ \brief (Pi 1 @weal4) t Disable Register */
RoReg PIO _0SR; J¥F< \brief (Pi : @xBa18) Status Register */
RoReg Reserved2[1];
WioReg PIO_IFER; J**< \brief (Pi : @x@028) Glitch Input Filter Enable Register */
lioReg PIO_IFDR; [=*< \brief (Pi : @x8824) Glitch Input Filter Disable Register */ ﬁja&j’]\‘]ﬂ’]susgﬂ’]ﬂ Struct
RoReg PIO_IFSR; J**< \brief (Pi : BxB028) Glitch Input Filter Status Register */ o v o e a
RoReg Reserved3[1]; LW@I?JﬂU'SQﬂL‘)’\E)'S?I@\‘] PIO

PIO_SODR; f**< \brief : 8xP@38) Set Output Data Register */

PIO_CODR; S**¢ \brief : @x0034) Clear Output Data Register */f
PIO_ODSR; /**< \brief : @x@038) Output Data Status Register */ typedef struct {
PIO_PDSR; /*¥*¢ \brief : Bx@03C) Pin Data Status Register *

. } Pio;

PIO_IDR; J**¢ \brief (Pio Off : @w@e44) Interrupt Disable Register */

PIO_IER; /**< \brief Offset: @x@e4@) Interrupt Enable

PIO_IMR; J*¥¥¢ \brief (Pio Off : @x@e48) Interrupt Mask Register */
PIO_ISR; J*¥¥< \brief (Pio Offset: @x@@4C) Interrupt Status Register */
PIO_MDER; J**< \brief (Pioc Offset: @x0858) Multi-driver Enable Register */
PIO_MDDR; /**< \brief (Pio Off : @x®854) Multi-driver Disable Register
PIO_MDSR; S**< \brief (Pi f : @xB058) Multi-driver Status Register */
Reserved4[1l];

PIO_PUDR; J**< \brief (Pi : @x@06@) Pull-up Disable Register */
PIO_PUER; S*#< \brief (Pi : @wo@64) Pull-up Enable Register */
PIO_PUSR; S*#< \brief (Pi : Bx@068) Pad Pull-up Status Register */
Reserveds[1];

PIO_ABSR; /**¢ \brief (Pi : @xee78) Peripheral AB Select Register */
Reserveds[3];



https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/component/component_pio.h

SAM3X8E: C Header Files (Macro Definitions)

https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/instance/instance piob.h

O ArduineCeore-sam/instance_pick. X =+

< C

_PTOB_PER

_PIOB_FDR

G_PTIDE_PSR

define REG_PTOB_OER

define REG_PIOB_CDR

define REG_PTOB_OSR
define REG_PTIOB_IFER
#define REG_PIOB_IFDR
#define REG_PTOB_IFSR
#define REG_PIOB_SODR
#define REG_PTOB_CODR

#define REG_PIOB_PFDSR
define REG_PTOB_TER
define REG_PTOB_IDR
define REG_PIOB_IMR
define REG_PTOB_ISR
define REG_PIOB_MDER
define REG_PTOB_MDDR
define REG_PTIDB_MDSR
define REG_PIOB_FUDR
define REG_PIDB_PUER
define REG_PIOB_PUSR
define REG_PIOB_ABSR
define REG_PIDB_SCIFS
define REG_PIOB_DIFSR

*(WoReg* ) Bx4BRE1880U)
*(WoReg® ) @x40PE1804U)
*(RoReg® ) Bx4B0E1883U)
*(WoReg* ) @x48RE110U)

(
(
{
(
(*(WoReg™)Bx4@0E1014U)
(*(RoReg®) Bx4BRE1618U)
(
(
(
(
{

!
(
(
(
(
!
*(WoReg™)@x480E1828U)
*(WoReg™)ox422E1024U)
*(RoReg™)ex428E1828U)
*(WoReg™)@x4@0E1830U)
*(WoReg™)0x420E1834U)
(
*(RoReg™®)@x4@0E183CU)
*(WoReg™)ex4228E1240U)
*(WoReg™ ) @x480E1844U)
*(RoReg™)ox422E1848U)
*(RoReg™)ex428E184CU)
*(WoReg™)@x4@0E1850U)
*(WoReg™)ox422E1854U)
*(RoReg™)ex428E1858U)
*(WoReg™)@x420E1868U)

*(RoReg* ) @x48RE10863U)
*(RwReg® ) @x48PE1070U)
*(WoReg® ) Bx4BRE1830U)
WoReg* ) @x40BE1884U)

J**¢ \brief

\brief
\brief
\brief
\brief
\brief
\brief
\brief
\brief
\brief

\brief

\brief
\brief
\brief
\brief
\brief
\brief
\brief
\brief
\brief
\brief
\brief
\brief
\brief
\brief

\._Lb—ie_"

(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)

(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)
(PIOB)

PIO
PIO

PIO

Output
Output
Output
Glitch
Glitch
Glitch

8 github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/instance/inst...

nable Register
Disable Register
Status Register
Input
Input

*f

=7

g
Filter Enable Register */

Filter Disable Register */

Input Filter Status R

Set Output Data Register */

Clear Output Data Register */

ftdefine REG_PIOB ODSR  (*(RwReg®)@x48@8E1838U) /**< \brief (PIOB) Output Data Status Register */

Pin Data Status Register */

Interrupt Enable Register */

Interrupt Disable Register */

Interrupt Mask Register =/

Interrupt Status Register */

Multi-driver Enable Register */

Multi-driver Disable Register */

Multi-driver Status Register */

Pull-up Disable Register */

Pull-up Enable Register

=

Pad Pull-up Status Register */

Peripheral AB Select Register */

ystem Clock Glitch Input Filter Select

5
Debouncing

Input Filter

=]

Select Register

@ & @

| x

6 0

Register */

/

Selection Stat

#define REG_PIOB_IFDGS RoReg®) @x4@PE1085U)

RuReg* ) Bx4B8BE188CU)

(PIOB)
(PTOB)

Glitch or Debouncing Input Filter Clock

#define REG_PIOE_SCDR \brief Slow Clock Divider Debouncing Register =/

#define REG_PIOB_OWER WoReg® ) @x40BE12AGU) \brief

WoReg* ) Bx4BBE1HAL)

(PIOB)
(PIOB)

Output Write Enable */

¢
(
*(
(
(
(
¢
(
(
(* (WoReg™) Bx4B0E1864U)
*(
(
R(%(
*(
R(%(
(
(
¢

=
=
=
&
=

#define REG_PIOB_OWDR \brief Output Write Disable */



https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/instance/instance_piob.h

SAM3X8E: C Header Files (Macro Definitions)

https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/pio/pio sam3x8e.h

. . O *
O ArduinoCore-sam/pio_sam3x8e. X =+

< (& & github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/pio/pio_sam... & ¥¢ ) 9 0
#define PIO_PBEl6 (1u << 16) /**< \brief Pin Controlled by PBle */
define PIO_PB17 (1u << 17) /**< \brief Pin Controlled by PB17 */

define PI0O_PB13 (lu << 18) /**< \brief Pin Controlled by PB13 */
define PIO_PB19 (lu << 19) /**< \brief Pin Controlled by PB1% */
define PIO_PB20 (lu << 28) /**< \brief Pin Controlled by PB2@ */
#define PIO_PB21 (1u << 21) /**< \brief Pin Controlled by PB21 */

#define PIO_PB22 (1w << 22) /**< \brief Pin Controlled by PB22 */

<
<
<
<

#define PIO_PB23 (1u << 23) /**< \brief Pin Controlled by
f#tdefine PIO_PB24 (1u << 24) /**< \brief Pin Controlled by
#define PIO_PB25S (lu << 25) /**< \brief Pin Controlled by

#define PIO_PB26 (lu << 26) /**< \brief Pin Controlled by

tdefine PIO_PB27 (1u << 27) f**< \brief Pin Controlled by PB27 */

#define PIO_PB28 (1u << 28) /**< \brief Pin Controlled by PB28 */
define PIO_PB29 (1u << 29) /**< \brief Pin Controlled by
define PIO_PB3@ (1u << 38) /**< \brief Pin Controlled by
define PIO_PB31 (1u << 31) /**< \brief Pin Controlled by
define PIO_PCO (1u << @) J/**< \brief Pin Controlled

#define PIO_PCL (lu << 1) /**< \brief Pin Controlled

#define PIO_PC2 (1u << 2) /**< \brief Pin Controlled

(1u << 3) /**< \brief Pin Controlled
(lu << 4) /**< \brief Pin Controlled
(lu << 5) /**< \brief Pin Controlled
(1u << 8) /**< \brief Pin Controlled
(1lu << 7) /**< \brief Pin Controlled
(1u << 8) /**< \brief Pin Controlled
(1u << 2) /**< \brief Pin Controlled
define PIO_PCl®@ (1u **¢< \brief Pin Controlled
define PIO_PC11 (1u **: \brief Pin Controlled
define PIO_PC12 (1u f**< \brief Pin Controlled

define PI0O_PC13 (1u /**< \brief Pin Controlled

#define PIO PCl4 {1u /**< ‘\brief Pin Controlled



https://github.com/arduino/ArduinoCore-sam/blob/master/system/CMSIS/Device/ATMEL/sam3xa/include/pio/pio_sam3x8e.h

Programming Arduino DUE: Two LEDs Toggle

SRS TSl foglAaRaISAN1SITYRLasdaUAT

#define sw _delay(x) { for(int i=@;i<x;i++) { asm volatile("nop");} } La’]ﬁw.mﬁ?]’] PA21 uas PC30 3unseiu

LEDs fiogjunuasa Arduino DUE:

void pio _set pin output( Pio *pio, uint32_t pin_mask ) { . .
pio->PIO_PER pin_mask; // use as GPIO pin LED_TX waz LED_RX an:anau
pio->PIO_OER pin_mask; // output direction
pio->PI0 _PUDR = pin_mask; // disable pull-up

}
void pio_set_pin_level( Pio *pio, uint32_t pin_mask, int level ) {
if (level) {
pio->PI0 SODR = pin_mask; // output high
} else {
pio->PIO0_CODR = pin_mask; // output low
}
}
int main(void) {
SystemInit(); // initialize the system (e.g. clock freq. setting)
WDT->WDT_MR = WDT_MR_WDDIS; // disable WDT
PMC->PMC_PCER® = (1<<ID_PIOA)|(1<<ID_PIOC); // enable CLK for PIOA & PIOC
pio_set pin output( PIOA, PIO PA21 ); // use onboard LED TX
pio_set pin output( PIOC, PIO PC30 ); // use onboard LED RX
int state = 9;
while (1) {
pio set pin_ level( PIOA, PIO PA21, state ); // update output at PA21
pio_set pin_level( PIOC, PIO_PC30, !state ); // update output at PC30
state = !state; // toggle state
_sw_delay( 10000000 );




Programming Arduino DUE: LED + Push Button

#include "sam.h"

void pio_set_pin_level( Pio *pio, uint32_t pin_mask, int level ) {
if (level) {
pio->PI0 _SODR = pin_mask; // output high
} else {
pio->PIO_CODR = pin_mask; // output low

}
void init PIO() {
PMC->PMC_PCER® (1<<ID_PIOB); // enable PMC CLK for PIOB
PIOB->PIO_PER (PIO_PB27 | PIO_PB25); // use as GPIO pin
PIOB->PIO_OER PIO PB27; // output direction for PB27
PIOB->PIO_PUDR = PIO_PB27; // disable pull-up for PB27
PIOB->PIO_PUER = PIO_PB25; // enable pull-up for PB25
}
int main(void) {
int state;
SystemInit(); // initialize the system (e.g. clock freq. setting)
WDT->WDT_MR = WDT_MR_WDDIS; // disable WDT
init_PIO();
while (1) {
state = !( PIOB->PIO PDSR & PIO PB25 ); // check input button
pio_set pin_level( PIOB, PIO PB27, state ); // update LED output

fotldaiadaniseuABdunnain
29astuna (Push Button) #Aldisinan
dolnfizn D2 (PB25) Hvinauuuu
Active-Low (1 internal pull-up

£

resistor) wazH1A1aadanvay I/0 #
n

HUHANNUATDIHE DTNV DILDIANWH
(

d11Su onboard LED fiz1 D13 (PB27)




Arduino DUE Programming with AVR Studio 7

Start Page - AtmelStudio Advanced Mode ' ™ || Quick Launch (Ctrl+Q)
File  Edit  View VAssist{ ASF  Project Debug Tools Window
- | | -2 we | | - - g, | Debug Browser =
| | | Hex - E = Mo Device No Tool ~

¥ o

Start Page = X

R, ©
@

Start Discover Atmel Studio — —
New Project... wiIsanisaldsansas Arduino IDE

New Bxample Project.. Getting started with Atmel Studio Andeulda C/C++ wuu Bare-Metal
0 Project...
. Getting started with AVR development Programming 1§ usuuzdllE AVR
Recent Open Atmel Start Configurator Studio dusunisBunldaivelsnu
T e el B Download Atmel Studio Extensions fieerardiremead ok megaAVR
due_demo-1 Download documentation - - _ _
(8 Um) 50 32-bit ARM Cortex-M Series

WKW ATSAM3XSE %52 ATSAMD21

due_dema-2 Open Microchip Production Center

Keep page open after project load
o Show page on startup

Qutput

Show cutput from:

Wl dhl Error List

Ready




Arduino DUE: Bare-Metal Programming (no ASF)

New Project ? >

I Recent Sort by: Default Search Installed Templates (Ctrl+E) L~

4 |nstalled ;
GCC C ASF Board Project Type: C/C++

C/C++ Creates an AVR 8-bit or AVR/ARM 32-bit C

Assembler GCC C Executable Project project
AtmelStudio Solution

GCC C Static Library Project

GCC C++ Executable Project

GCC C++ Static Library Project

3
Iﬂl SAM L11 Secure Solution v1.2

- i i All - Search for devi
Create project from Arduine sketch Device Family: SEarch jor aevice
MName App./Boot Memory (Kbytes) Data Memory (bytes)EEPROM (bytes) Device Info:

ATSAM3U1C 54 16384 N/A ~ || Device Name: ATSAM3XSE
ATSAM3UTE 54 16384 N/A Speed: /A
ATSAM3U2C 32768 N/A
ATSAM3UZE 32768 N/A
ATSAM2U4C 256 49152 N/
ATSAMIU4E 256 49152 N/A Datasheet (Summary)
ATSAM2XAC 256 65536 N/A Device Page
ATSAMIXAE 256 65536 N/A
ATSAM2XEC 512 98304 N/A
ATSAM3XSE 512 98304 N/A
ATSAM2XEH 512 98304 N/A _
Name: due_led_blink_bare_metal-1 ATSAMACTACO 1024 155648 /A X EDBG
ATSAMACTECT 1024 24576 7 X EDBG MSD
Location: C:AWorlk! ATSAMAC32CO 2048 311296 N/A B JTAGICE?
Solution name: due_led_blink_bare_metal-1 ATSAMAC32CT 2048 311296 N/A e
ATSAMACIZED 2048 311295 N/A M mEDBG
ATSAMACIZE] 2048 311295 N/A A Power Debugaer
ATSAMACACO 236 155648 N/A & Llink
ATSAMACAC:] 235 24576 NIA

Device Selection

Ve MN/A

Family:

Supported Tools
= Atmel-ICE
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Arduino DUE: Bare-Metal Programming (no ASF)

due_led_blink_bare_metal-1- AtmelStudio Advanced Mode SNEH) Quick Launch (Ctrl+Q)
Eile Edit View  VAssist{ ASF Project Build Debug Toels Window Help
| B g-2 e | p- Al | - - | B a | P Bl Debug Debug Browser - | o
PN | He B @G _ % WWATSAMIXSE T Noneon -
Solution Explorer

= C:\Werkidue_led_blink_bare_metal-1\due_led_blink_bare_metal-T\main.c ~ [¢'Go @ o-a@|F =

. w w s
#include “sam.h < B Search Solution Explorer (Ctrl+;) P~

rY
-lint main({void) { i Solution 'due_led_blink_bare_metal-1' (1 project)
SystemInit(); // initialize the system (e.g. clock freg. setting) P due led blink_bare_metal-1
WDT-3WDT_MR = WDT_MR_WDDIS; // disable WDT . b 4 Dependencies
PMC->PMC_PCER® = (1 << ID_PIOB); // enable PMC for PIOB (ID_PIOB=12)
// use PB27 as ocutput (onboard LED . .
PIOB->PI0_PER = PED_PI;Z?,' i usi PB27 as GPIO pin due_led_blink_bare_metal-1.bin
PIOB->PIO OER = PIO PB27; // use PB27 for output direction due_led_blink_bare metal-1.eep
PIOB->PIO_PUDR = PIO_PB27; // disable pull-up resistor at PB27 due_led_blink_bare_metal-1.elf
due_led_blink_bare_metal-1.hex
while (1) { // toggle as fast as possible due_led_blink_bare_metal-1.lss
PIOE->PI0 S0DR = PIO PE27; i output 1 at PB27 d|_|e_|Ed_b|ink_bare_meta|-'|Imap
PIOB->PIO_CODR = PIO_PB27; // output @ at PB27 due_led_blink_bare_metal-1.srec

I <5 Libraries
4 | Device Startup
[ sam3x8e_flash.ld
sam3xde_sram.ld

7 Output Files

sam3xa_flash.ld
sam3xa_srarm.ld
| startup_sam3xa.c

Output

Show cutput from:  DueProgrammer
bb®% [bfY pages)
77% (7/9 pages)
88% (B/9 pages)
188% (979 pages)

Verify successful

done in @.486 seconds

Set boot flash true

CPU reset.

Output

Ready




Arduino DUE Programming: I/0 with Interrupt

#include "sam.h"
volatile int state

void init_pio() {
PMC->PMC_PCER®@
PIOB->PIO PER
PIOB->PIO_OER
PIOB->PIO_ODR
PIOB->PIO_PUDR
PIOC->PIO PUER

(1<<ID_PIOB); // enable PMC for PIOB
(PIO_PB27 | PIO_PB25);

PIO_PB27;

PIO_PB25;

PIO_PB27;

PIO_PB25;

// select debouncing filter

« PIOB->PIO_SCDR
« PIOB->PIO_DIFSR
« PIOB->PIO_IFER

1023; // set DIV (14-bit) for slclk
PIO_PB25; // debouncing filter
PIO_PB25; // enable input filtering

// enable interrupt for PIOB
NVIC_EnableIRQ( PIOB IRQn );

« PIOB->PIO_AIMER
“ PIOB->PIO_ESR =
« PIOB->PIO_FELLSR
« PIOB->PIO_IER =

PIO_PB25;

PIO_PB25;

PIO_PB25; // use additional mode

// select edge mode

= PIO_PB25; // select falling edge

// enable interrupt on PB25

void update led( int _state ) {
if (_state) {
PIOB->PIO_SODR
} else {
PIOB->PIO_CODR

PIO_PB27;

PIO_PB27;

}
}

void PIOB_Handler(void) {
if ( (PIOB->PIO_ISR & PIO_PB25)==PIO_PB25 ) {
state = !state;
update_led( state );
}
}

int main(void){
SystemInit(); // initialize the system
WDT->WDT_MR = WDT_MR_WDDIS; // disable WDT
init_pio();
update_led( © );
while (1) {}




SAM3X8E PIO Register: PIO_IFER

P10 Controller Input Filter Enable Register

Name: PIO_IFER

Address: 0x400EO0EZ20 (PIOA), 0x400E1020 (PIOB), 0x400E1220 (PIOC), 0x400E1420 (PIOD), 0x400E1620 (PIOE),
0x400E1820 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5 4 3 2
P7 P6 P5 P4 P3 P2

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register” .

* PO0-P31: Input Filter Enable
0: No effect.

1: Enables the input glitch filter on the 1/0 line. PIO_IFER
PIO_IFDR

PIO_IFSR
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SAM3X8E PIO Register: PIO_IFDR

P1O Controller Input Filter Disable Register
Name: PIO_IFDR

Address: 0x400EO0E24 (PIOA), 0x400E1024 (PIOB), 0x400E1224 (PIOC), 0x400E1424 (PIOD), 0x400E1624 (PIOE),
0x400E1824 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5 4 3 2
P7 P6 P5 P4 P3 P2

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register” .

 P0-P31: Input Filter Disable
0: No effect.

1: Disables the input glitch filter on the 1/O line. PIO_IFER

PIO_IFDR
PIO_IFSR
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SAM3X8E PIO Register: PIO_IFSR

P1O Controller Input Filter Status Register
Name: PIO_IFSR

Address: 0x400EOQOE28 (PIOA), 0x400E1028 (PIOB), 0x400E1228 (PIOC), 0x400E1428 (PIOD), 0x400E1628 (PIOE),
0x400E1828 (PIOF)

Access: Read-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6
P7 P6

* PO0-P31: Input Filer Status
0: The input glitch filter is disabled on the /O line.
1: The input glitch filter is enabled on the I/O line.

PIO_IFER
PIO_IFDR
PIO_IFSR
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SAM3X8E PIO Register: PIO_SCIFSR

P10 System Clock Glitch Input Filtering Select Register
Name: PIO_SCIFSR

Address: 0x400EO0EB80 (PIOA), 0x400E1080 (PIOB), 0x400E1280 (PIOC), 0x400E1480 (PIOD), 0x400E1680 (PIOE),
0x400E1880 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5
P7 P6 PS5

* P0-P31: System Clock Glitch Filtering Select.
0: No Effect.

1: The Glitch Filter is able to filter glitches with a duration < Tmck/2. PIO_SCIFSR
PIO_DIFSR

PIO_IFDGSR
PIO_SCDR




SAM3X8E PIO Register: PIO_DIFSR

P10 Debouncing Input Filtering Select Register

Name:
Address:

Access:

31

PIO_DIFSR

0x400EOES84 (PIOA), Ox400E1084 (PIOB), 0x400E1284 (PIOC), 0x400E1484 (PIOD), 0x400E1684 (PIOE),
0x400E1884 (PIOF)

Write-only

30

P30

22

P22

14

P14

7

6 5

P7

P6 P5

+ P0-P31: Debouncing Filtering Select.

0: No Effect.

1: The Debouncing Filter is able to filter pulses with a duration < Tdiv_slclk/2. PIO_SCIFSR

PIO_DIFSR
PIO_IFDGSR
PIO_SCDR




SAM3X8E PIO Register: PIO_IFDGSR

P10 Glitch or Debouncing Input Filter Selection Status Register
Name: PIO_IFDGSR

Address: 0x400EOE88 (PIOA), 0x400E1088 (PIOB), 0x400E1288 (PIOC), 0x400E1488 (PIOD), 0x400E1688 (PIOE),
0x400E1888 (PIOF)

Access: Read-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5 4
P7 P6 P5 P4

* PO0-P31: Glitch or Debouncing Filter Selection Status
0: The Glitch Filter is able to filter glitches with a duration < Tmck2.

1: The Debouncing Filter is able to filter pulses with a duration < Tdiv_slclk/2. PIO_SCIFSR
PIO_DIFSR

PIO_IFDGSR
PIO_SCDR




SAM3X8E PIO Register: PIO_SCDR

PIO Slow Clock Divider Debouncing Register

Name: PIO_SCDR

Address: 0x400EOQOE8C (PIOA), 0x400E108C (PIOB), 0x400E128C (PIOC), 0x400E148C (PIOD),
0x400E168C (PIOE), 0x400E188C (PIOF)

Access: Read-Write

31 30 28

23 22 20

15 14 13 12
- - DIV13 DIV12

7 6 5 4
DIV7 DIV6 DIVS DIV4

* DIV: Slow Clock Divider Selection for Debouncing
Tdiv_slclk = 2*(DIV+1)*Tslow_clock.

PIO_SCIFSR
PIO_DIFSR
PIO_IFDGSR
PIO_SCDR




SAM3X8E PIO Register: PIO_IER

P1O Controller Interrupt Enable Register
Name: PIO_IER

Address: 0x400EOE40 (PIOA), 0x400E1040 (P1OB), 0x400E1240 (PIOC), 0x400E1440 (PIOD), 0x400E1640 (PIOE),
0x400E1840 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5
P7 P6 P5

* P0O-P31: Input Change Interrupt Enable
0: No effect.

1: Enables the Input Change Interrupt on the I/O line.

PIO_IER
PIO_IDR
PIO_IMR
PIO_ISR
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SAM3x8E PIO Register: PIO_IDR

P1O Controller Interrupt Disable Register
Name: PIO_IDR

Address: 0x400E0E44 (PIOA), 0x400E1044 (PIOB), 0x400E1244 (PIOC), 0x400E1444 (PIOD), 0x400E1644 (PIOE),
0x400E1844 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 p22

15 14
P15 P14

7 6 5
P7 P6 P5

* P0-P31: Input Change Interrupt Disable
0: No effect.

1: Disables the Input Change Interrupt on the 1/O line.

PIO_IER
PIO_IDR
PIO_IMR
PIO_ISR
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SAM3X8E PIO Register: PIO_IMR

PIO Controller Interrupt Mask Register
Name: PIO_IMR

Address: 0x400EOQE48 (PIOA), 0x400E1048 (P1OB), 0x400E1248 (PIOC), 0x400E1448 (PIOD), 0x400E1648 (PIOE),
0x400E1848 (PIOF)

Access: Read-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5
P7 P6 P5

* PO0-P31: Input Change Interrupt Mask
0: Input Change Interrupt is disabled on the 1/O line.

1: Input Change Interrupt is enabled on the |/O line.

PIO_IER
PIO_IDR
PIO_IMR
PIO_ISR
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SAM3X8E PIO Register: PIO_ISR

P10 Controller Interrupt Status Register

Name:

Address:

Access:

31

PIO_ISR

0x400EQEA4C (PIOA), 0x400E104C (PIOB), 0x400E124C (PIOC), 0x400E144C (PIOD),
0x400E164C (PIOE), 0x400E184C (PIOF)

Read-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6 5

P7

P6 P5

* P0-P31: Input Change Interrupt Status

0: No Input Change has been detected on the |/O line since PIO_ISR was last read or since reset.

1: At least one Input Change has been detected on the /O line since PIO_ISR was last read or since reset.

PIO_IER
PIO_IDR
PIO_IMR
PIO_ISR
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SAM3X8E PIO Register: PIO_AIMER

Additional Interrupt Modes Enable Register

Name:
Address:

Access:

31

PIO_AIMER

0x400EOEBO (PIOA), 0x400E10BO (P1OB), 0x400E12B0O (PIOC), 0x400E14B0 (PIOD),
0x400E16B0 (PIOE), 0x400E18B0 (PIOF)

Write-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6 5

P7

P6 P5

 P0-P31: Additional Interrupt Modes Enable.

0: No effect.

PIO_AIMER

1: The interrupt source is the event described in PIO_ELSR and PIO_FRLHSR. PIO AIMDR

PIO_AIMMR




SAM3X8E PIO Register: PIO_AIMDR

Additional Interrupt Modes Disable Register

Name:

Address:

Access:

31

PIO_AIMDR

0x400EOEB4 (PIOA), 0x400E10B4 (PIOB), 0x400E12B4 (PIOC), 0x400E14B4 (PIOD),
0x400E16B4 (PIOE), Ox400E18B4 (PIOF)

Write-only

30

P31

P30

23

22

P23

p22

15

14

P15

P14

7

6 5

P7

P6 PS5

 P0-P31: Additional Interrupt Modes Disable.

0: No effect.

1: The interrupt mode is set to the default interrupt mode (Both Edge detection).

PIO_AIMER
PIO_AIMDR
PIO_AIMMR




SAM3X8E PIO Register: PIO_AIMMR

Additional Interrupt Modes Mask Register

Name:

Address:

Access:

31

PIO_AIMMR

0x400EOEBS (PIOA), 0x400E10B8 (PIOB), 0x400E12B8 (PIOC), 0x400E14B8 (PIOD),
0x400E16B8 (PIOE), 0x400E18B8 (PIOF)

Read-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6

P7

P6

* P0-P31: Peripheral CD Status.
0: The interrupt source is a Both Edge detection event PIO_AIMER
1: The interrupt source is described by the registers PIO_ELSR and PIO_FRLHSR PIO_AIMDR

PIO_AIMMR




SAM3X8E PIO Register: PIO_ESR

Edge Select Register

Name:
Address:

Access:

31

PIO_ESR
0x400EOECO (PIOA), 0x400E10CO0 (PIOB), 0x400E12C0 (PIOC), 0x400E14C0 (PIOD),
0x400E16C0 (PIOE), 0x400E18CO0 (PIOF)

Write-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6 5

P7

P6 P5

* P0-P31: Edge Interrupt Selection.

0: No effect.
1: The interrupt source is an Edge detection event.

PIO_ESR
PIO_LSR
PIO_ELSR




SAM3X8E PIO Register: PIO_LSR

Level Select Register
Name: PIO_LSR

Address: 0x400EQEC4 (PIOA), Ox400E10C4 (PIOB), 0x400E12C4 (PIOC), 0x400E14C4 (PIOD),
0x400E16C4 (PIOE), 0x400E18C4 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5
P7 P6 P5

* P0-P31: Level Interrupt Selection.
0: No effect.

1: The interrupt source is a Level detection event. PIO_ESR

PIO_LSR
PIO_ELSR




SAM3X8E PIO Register: PIO_ELSR

Edge/Level Status Register

Name:

Address:

Access:

31

PIO_ELSR

0x400EQECS8 (PIOA), Ox400E10C8 (PIOB), 0x400E12C8 (PIOC), 0x400E14C8 (PIOD),
0x400E16C8 (PIOE), 0x400E18C8 (PIOF)

Read-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6 5 4

P7

P6 P5 P4

*» P0-P31: Edge/Level Interrupt source selection.

0: The interrupt source is an Edge detection event.

1: The interrupt source is a Level detection event.

PIO_ESR
PIO_LSR
PIO_ELSR




SAM3X8E PIO Register: PIO_FELLSR

Falling Edge/Low Level Select Register

Name:

Address:

Access:

31

PIO_FELLSR

0x400EOEDO (PIOA), 0x400E10DO0 (PIOB), 0x400E12D0 (PIOC), 0x400E14D0 (PIOD),
0x400E16D0 (PIOE), 0x400E18D0 (PIOF)

Write-only

30

P31

P30

23

22

P23

p22

15

14

P15

P14

7

6 5 4

P7

P6 P5 P4

* P0-P31: Falling Edge/Low Level Interrupt Selection.

0: No effect.

1: The interrupt source is set to a Falling Edge detection or Low Level detection event, depending on PIO_ELSR.

PIO_FELLSR
PIO_REHLSR
PIO_FRLHSR
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SAM3X8E PIO Register: PIO_REHLSR

Rising Edge/High Level Select Register
Name: PIO_REHLSR

Address: 0x400EOED4 (PIOA), 0x400E10D4 (PIOB), 0x400E12D4 (PIOC), 0x400E14D4 (PIOD),
0x400E16D4 (PIOE), 0x400E18D4 (PIOF)

Access: Write-only

31 30
P31 P30

23 22
P23 P22

15 14
P15 P14

7 6 5 4
P7 P6 P5 P4

 P0-P31: Rising Edge /High Level Interrupt Selection.
0: No effect.

1: The interrupt source is set to a Rising Edge detection or High Level detection event, depending on PIO_ELSR.

PIO_FELLSR

PIO_REHLSR

PIO_FRLHSR
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SAM3X8E PIO Register: PIO_FRLHSR

Fall/Rise - Low/High Status Register

Name:

Address:

Access:

31

PIO_FRLHSR

0x400EOQEDS (PIOA), 0x400E10D8 (P1OB), 0x400E12D8 (PIOC), 0x400E14D8 (PIOD),
0x400E16D8 (PIOE), 0x400E18D8 (PIOF)

Read-only

30

P31

P30

23

22

P23

P22

15

14

P15

P14

7

6 5 4

P7

P6 P5 P4

*» P0-P31: Edge /Level Interrupt Source Selection.
0: The interrupt source is a Falling Edge detection (if PIO_ELSR = 0) or Low Level detection event (if PIO_ELSR = 1).

1: The interrupt source is a Rising Edge detection (if PIO_ELSR = 0) or High Level detection event (if PIO_ELSR =1).

PIO_FELLSR

PIO_REHLSR

PIO_FRLHSR
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SAM3XS8E: UART

Peripheral
Bridge

Power
Management
Controller

= [T

—) Peripheral DMA Controller

A

UART

Transmit
Baud Rate

Generator

Receive

Interrupt
Control

» uart_irq

Instance Signal

/O Line

Peripheral

UART URXD

PAS

A

UART UTXD

PA9

A

The UART pins (Peripheral A pins) are multiplexed with PIO lines.




SAM3XS8E: UART Baud Rate Generator

The baud rate clock is the master clock divided by 16 times the value (CD)
written in UART_BRGR (Baud Rate Generator Register).

Baud Rate =

16 x CD

16-bit Counter

MCK T—

Divide
by 16

|, Baud Rate

Clock

. Receiver

" Sampling Clock

CD = MCK/(16 * Baud Rate ) = 84000000/(16*115200) = 45.57




SAM3X8E: UART Registers

Offset

Register

Name

Access

0x0000

Control Register

UART CR

Write-only

0x0004

Mode Register

UART MR

Read-write

0x0008

Interrupt Enable Register

UART_IER

Write-only

0x000C

Interrupt Disable Register

UART_IDR

Write-only

0x0010

Interrupt Mask Register

UART_IMR

Read-only

0x0014

Status Register

UART_SR

Read-only

0x0018

Receive Holding Register

UART_RHR

Read-only

0x001C

Transmit Holding Register

UART_THR

Write-only

0x0020

Baud Rate Generator Register

UART_BRGR

Read-write

0x0024 - 0x003C

Reserved

0x004C - Ox00FC

Reserved

0x0100 - 0x0124

PDC Area




Arduino DUE Programming: UART Loopback

#include "sam.h"

#define BUAD RATE (115200)
#tdefine UART_CD (SystemCoreClock / (16*BUAD RATE))

// PA8 = RX@ and PA9 = TXO
void init UART() {
// enable PMC CLK for the UART
PMC->PMC_PCER® = (1 << ID UART);
// enable pull-up resistors on the RX0/TX@ pins
PIOA->PIO_PUER = PIO_PASA URXD | PIO_PA9A UTXD;
// enable peripheral pins for TXO/RX® pins
PIOA->PIO_PDR = PIO PASA_URXD | PIO_PA9A_UTXD;
// set pins to use peripheral A
PIOA->PIO_ABSR &= ~(PIO_PASA _URXD | PIO_PA9A_UTXD);

// reset & disable both RX and TX operation
UART->UART_CR = UART_CR_RSTRX | UART_CR_RSTTX
| UART_CR_RXDIS | UART_CR_TXDIS;
// set the baud rate to 115200
UART->UART_BRGR = UART_CD;
UART->UART_MR = UART_MR_PAR NO; // no parity
// enable both receiver and transmitter
UART->UART_CR = UART_CR_RXEN | UART_CR_TXEN;

uint8 t get char() {
// wait until Rx is ready (a complete char is received)
while( !(UART->UART_SR & UART_SR_RXRDY) ){ }
return UART->UART_RHR; // read from UART RX Holding Register

}

void put_char( uint8_t ch ) {
// wait until Tx is ready
while( !(UART->UART_SR & UART_SR_TXRDY)) { }
UART->UART_THR = ch; // write to UART TX Holding Register

}

void put_str( const char *str ) {
while (*str) {
put_char( *str++ );

}
while( !((UART->UART_SR) & UART_SR_TXEMPTY)) { }

}

int main(void) {
SystemInit(); // initialize the system
WDT->WDT_MR = WDT_MR_WDDIS; // disable WDT
init_UART();
while (1) { // UART loopback test
uint8 t ch = get char(); // read next the incoming byte
put_char( ch ); // send the received byte back

}
}




PIO Controllers: PIO_ABSR Register

P1O Peripheral AB Select Register

Name: PIO_ABSR

Address: 0x400EOQE70 (PIOA), 0x400E1070 (PIOB), 0x400E1270 (PIOC), O0x400E1470 (PIOD), 0x400E1670 (PIOE),
0x400E1870 (PIOF)

Access: Read-Write

31 30
P31 P30

23 22
P23 p22

15 14
P15 P14

I 6 5 4 3 2
P7 P6 P5 P4 P3 P2

This register can only be written if the WPEN bit is cleared in “PIO Write Protect Mode Register” .

* PO-P31: Peripheral A Select.
0: Assigns the |/O line to the Peripheral A function.

1: Assigns the 1/O line to the Peripheral B function.




Arduino DUE Programming: UART Loopback with Interrupt

#include "sam.h" volatile uint8_t data;
#include <stdio.h>
void UART Handler(void) {
#define BUAD RATE (115200) if ( UART->UART_SR & UART_SR_RXRDY ) {
#define UART_CD (SystemCoreClock/(16*BUAD_RATE)) data = UART->UART_RHR;
// wait until Tx is ready
// PA8 = RX@ and PA9 = TX@ while( !(UART->UART_SR & UART_SR_TXRDY)) {}
void init UART() { UART->UART_THR = data;
// enable PMC CLK for the UART
PMC->PMC_PCER® = (1 << ID UART); }
// enable pull-up resistors on the RX0/TX@ pins
PIOA->PIO PUER = PIO PASA URXD | PIO PA9A UTXD; int main(void) {
// enable peripheral pins for TX@/RX@ pins SystemInit(); // initialize the system
PIOA->PIO PDR = PIO _PASA URXD | PIO PA9A UTXD; WDT->WDT_MR = WDT_MR_WDDIS; // disable WDT
// set pins to use peripheral A init UART();
PIOA->PIO ABSR &= ~(PIO_PA8A_URXD | PIO_PA9A UTXD); while (1) {}

// reset & disable both RX and TX operation

UART->UART_CR = UART_CR_RSTRX | UART_CR_RSTTX
| UART_CR_RXDIS | UART_CR_TXDIS;

// set the baud rate to 115200

UART->UART_BRGR = UART_CD;

UART->UART_MR = UART_MR_PAR_NO; // no parity

// enable RXRDY interrupt

NVIC EnableIRQ( (IRQn_Type) ID UART );

UART->UART_IER = UART_IER_RXRDY,

// enable both receiver and transmitter

UART->UART_CR = UART_CR_RXEN | UART_CR_TXEN;




SAM3X8E PIO Register: UART_IER & UART_IDR

UART Interrupt Enable Register
Name: UART_IER
Address: 0x400E0808
Access: Write-only
31 30 28 27 25

23 22 20 19 17

15 14 12 11 9
— — RXBUFF TXBUFE TXEMPTY |

7 6 4 3 1

UART Interrupt Disable Register
Name: UART_IDR
Address: 0x400E080C
Access: Write-only
31 30 28 27 25

23 22 20 19 17

12 11 9
RXBUFF TXBUFE TXEMPTY

4 3 1
| TXRDY |




SAM3X8E PIO Register: UART_IMR

UART Interrupt Mask Register
Name: UART_IMR
Address: 0x400E0810
Access: Read-only

31 30 28

27 25

23 22 20

19 17

15 14 12

11 9

- RXBUFF

TXBUFE TXEMPTY

7 6 4

3 1

RXRDY: Enable RXRDY Interrupt

TXRDY: Enable TXRDY Interrupt

ENDRX: Enable End of Receive Transfer Interrupt
ENDTX: Enable End of Transmit Interrupt

OVRE: Enable Overrun Error Interrupt

0 = No effect.

FRAME: Enable Framing Error Interrupt
PARE: Enable Parity Error Interrupt
TXEMPTY: Enable TXEMPTY Interrupt
TXBUFE: Enable Buffer Empty Interrupt

RXBUFF: Enable Buffer Full Interrupt

1 = Enables the corresponding interrupt.




SAM3X8E PIO Register: UART_SR

UART Status Register

Name:

Address:

Access:

31

UART_SR
0x400E0814
Read-only

30 28 27 25

23

22 20 19 17

15

14 12 11 9

- RXBUFF TXBUFE TXEMPTY |

7

6 4 3 1

* RXRDY: Receiver Ready
0 = No character has been received since the last read of the UART_RHR or the receiver is disabled.

1 = At least one complete character has been received, transferred to UART_RHR and not yet read.

« TXRDY: Transmitter Ready
0 = A character has been written to UART_THR and not yet transferred to the Shift Register, or the transmitter is disabled.

1 = There is no character written to UART_THR not yet transferred to the Shift Register.

ENDRX: End of Receiver Transfer
0 = The End of Transfer signal from the receiver Peripheral Data Controller channel is inactive.

1 = The End of Transfer signal from the receiver Peripheral Data Controller channel is active.

ENDTX: End of Transmitter Transfer
0 = The End of Transfer signal from the transmitter Peripheral Data Controller channel is inactive.

1 = The End of Transfer signal from the transmitter Peripheral Data Controller channel is active.



AVR Studio 7 + Arduino DUE: GCC C ASF Project

MNew Project ? >

I Recent Sort by: | Default Search Installed Templates (Ctrl+E) P -

4 |nstalled .
GCC C ASF Board Project Type: C/C++

CfC++ Creates an project for Atmel or User
Assembler GCC C Executable Project boards using ASF
AtmelStudio Selution

GCC C Static Library Project
GCC C++ Executable Project
GCC C++ Static Library Project
3
v¥a| SAM L11 Secure Solution v1.2

Create project from Arduino sketch

aélusandlua easelden ASF lnevinddeann
WY New > Project LlAan GCC C ASF Board Project

wazaudalaztaanlalsnnosainsulusiane viu

Mame: |due_led_blink |

Location: chworkd, -

Solution: Create new solution -

Solution name: due_led_blink Create directory for solution

| Ok || Cancel |




AVR Studio 7 + Arduino DUE: Device / Board Selection

Board Selection

() Select By Device (o) Select By Board  Extensions Atmel ASF(3.47.0) Device Board

Device Mame: ATmegas
Speed: M/ &
evki1o Al Vee: N/A

EVE110 Atmel Family: ATrmega

User ]
5TK ] Device page for ATmegas

‘Arduino i
RZE00 - Datasheet
EVK1104 - AT32UC3A3256
EVK11045 - AT32UC3A32565
UC3-A3 Xplained - AT32UC3A3256

EVE1101 - AT32UC3B0256

BoardTypes | All earch for Board

Supported Tools
e Atmel-ICE
= AVR Dragon

® JRISP mkll
STKG0D - AT32UC3B0256

B GF @F 3" @ 3F 3" B° &

¥ AVR ONE!
Mame App./Boot Memory (Kbytes)Data Memory (bytes)EEPROM (bytes)  EDEC
AT32UC3A0512 5312 63536 M/A

X EDBG MSD

= JTAGICEZ
\Hongunsed (Device) wsouasa (Board) B JTAGICE mil

lunseidlognefd TWidan Select by Board B MEDBG

sRAYIUSA Arduino FuRsdontfien = MFLABD FICKi 4

-8 Power Debugager

@@ Arduino Due ]
+ STK500

= STKE00

& Simulator




AVR Studio 7 + Arduino DUE: Device / Board Selection

Board Selection

(I Select By Device (e Select By Board  Extensions Atmel ASF(3.47.0) * Device Board

Device Mame: ATmegas
Speed: MiA

h Arduine Due/X - ATSAM3XEE i Vee MNPA
Farnily: ATmega

BoardTypes | Arduino Search for Board

T

Device page for ATmegad

o

feLaanteulfea Arduino Due Datasheet

Supported Tools
= Atmel-ICE
= AR Dragon
® A/RISP mkll
T AVE OME!

Mame App./Boot Memory (Kbytes)Data Memory (bytes)EEPROM (bytes) X EDBG
ATSAM3XBE 512 93304 M/

X EDBG MSD

B JTAGICES

B JTAGICE mikll

B mEDBG

< NPLAB® PICKit 4
A Power Debugqer
# STK500

= STKEOD

& Simulator

aniuliinatu OK




AVR Studio 7 + Arduino DUE: C Source Code Editor

Advanced Mode ' ¥ CQick Launch (Ctrl+Q)

] due ted blink - Atmelstudio (Administrator)
File  Edit View  VAssist{ ASF  Project Build Debug Tools Window  Help

ie-o|B-@ -2 M| X D9 || b i Debug Debug Browser b

SR ow | | Hex % - _i 1 A _ i WATSAM3XSE 7§ Noneon -

Solution Explorer
< @ o-dB@|F =]

/* Search Selution Explorer (Ctrl+;)
* Include header files for all drivers that have been imported from - - .
* Atmel Software Framework (ASF). i Solution dUE_|.Ed_b|II"Ik (1 project]
=/ rl due_led_blink
o/* =d| Dependencies
* Support and FAQ: visit <a href="https://www.microchip.com/support/">Microchip Support</a> =4 Output Files
[+ <3 Libraries

*
#include <asf.h> 4 [ 5 src
b [o3 ASF

-lint main (void) b 3 config
i ;
/* Insert system clock initialization code here (sysclk_init()). */ h asfh

board_init();

/* Insert application code here, after the board has been initialized. */

@

Error List

Entire Solution - | €3 0Errors 1 0'Warnings | ) 0 Messages | Build + IntelliSense Search Error List

File

™ Description

WHNFE191aNYe9 IDE uwlveaniUuainde q wu

(1) Code Editor dwnsuidanlia

@ (2) Solution Explorer uanulaseasiazaalnasig 9
(3) output (Errors / Warnings / Messages) Uuéin

Output

Ready




AVR Studio 7 + Arduino DUE

[E] due led blink - AtmelStudic (Administrator) Advanced Mode [T Quick Launch (Ctrl+Q)
File Edit View VAssist{ ASF Project Build Debug Tools Window Help

-0 |B-@ -2 @ X A9 -0 |[BEX| > M Debug Debug Browser ~ 5
SR ow | [ ] |Hee B | @~ .5 Bk o W ATSAM3XBE T Moneon -

main.c B X al Solution Explorer
= main.c 2 c\workidue_led_blink\due_led_blink\src\main.c - @’GO Gjl - & F@| y | |_|]
] ‘,-’** 3

* \file
*

= B Search Solution Explorer (Ctrl+;)
Y

4 due_led_blink

* \brief Empty user application template =) Dependencies

*

=d| Output Files
*/

4 | Libraries
<3 libarm_cortexM3l_math
-3 libm
4 [ 5 src
\par Empty user application template 4 =) ASF
I [] common
Bare minimum empty user application template 4 |z sam
4 5 boards
P [ad arduino_due_x
4 (=) drivers

\mainpage User Application template doxygen documentation

\par Content

-# Include the ASF header files (through asf.h) A
-# "Insert system clock initialization code here" comment b [ pio
-# Minimal main function that starts with a call to board_init() b [ad pme
-# "Insert application code here” comment 4 (=) utils
P [ad cmsis
*f P [@3 header files
B [od linker_scripts
= II.!’* D
* Include header files for all drivers that have been imported from b
3

* Atmel Software Framework (ASF).
s [ syscalls

o ] compilerh
* Support and FAQ: visit <a href="https://www.microchip.com/support/"sMicrochip Support</a» _“1 status_codes.h
*/ b [Ed thirdparty
#include <asf.h> b [ config

h asf.h

B main.c

21 make

[o] preprocessor

—lint main (void)
100% ~| 4

Error List

Entire Solution - | €3 0Errors 1 0Warnings | D 0 Messages | Build + IntelliSense Search Error List

™ Description il

aovastalnandusesalaaiulaisnnosdavyaalusians
(151 Wasne q Mneadeeiu ASF)

Qutput

Ready




AVR Studio 7 + Arduino DUE

Solution Explorer

D o-a@m|m= [

Search Solution Explorer (Ctrl+;)

i Selution 'due_led_blink' (1 project)
P due_led_blink
=d Dependencies
=d| Output Files
4 |7 Libraries
423 libarm_cortexM31_math
A3 libm
4 [ src

4 @) common
4 =) boards
_nl board.h
4 &) services
B [2d clock
b [=3 gpic
P [od ioport
4 |z utils
P 53 interrupt
_nl interrupt.h
nl parts.h
4 = sam
4 =) boards
4 = arduino_due_x
) arduino_due_x.h
El init.c
4 = drivers
4 [ pio
El pio.c
) pic.h
El pio_handler.c
_hl pio_handler.h
4 @ pmc
£l pme.c
] pmc.h
c sleep.c
) sleep.h
4 |5 utils

Selution Explorer

R o-Fd@|F =1
Search Solution Explorer (Ctrl+;)

4 @) utils
4 |5 cmsis
4 = sam3x
B [ag include
[+ [a source
Iy header files
_"1 izh
I@ linker_scripts
4 |5y sam3x
4 = sam3xd
4 |z gee
[ flash.ld
I=? make
[ Makefile.sam.in
|@) preprocessor
] mrepeat.h
1] preprocessor.h
] stringz.h
_nl tpaste.h
I syscalls
B [ad gec
] compiler.h
n] status_codes.h
4 |5} thirdparty
4 & CMSIS
I [2d Include
4i 2 Lb
b &3 GCC
=] licensetet
=] ATMEL-disclairmer.tet

CMSIS_END_USER_LICENCE_AGREEMENT pdf

=] README bt

4 [ config
_nl conf_board.h
hl conf_clock.h

£] main.c

Waovdsralnasiag

1 Miuvesalda lulasnnesdesvealusiand




AVR Studio 7 + Arduino DUE

[E] due_led blink - AtmelStudio (Administrator)

File = Edit Wiew  VAssistX  ASF
ie-o|8-4a
SR | P ¥

conf_clock.h + > EETNs

Project

4l I A A

Build  Debug Tools Window  Help

N e % G-

ASF Wizard

'|@@%|>Wﬂ Debug -

Advanced Mode

Debug Browser =

o

_ i WMATSAM3XEE § Moneon .

Solution Explorer

= conf_clock.h

- :I—) CA\Workhdue_led_blink\due_led_blink\src\confighconf_clock.h

System Clock (MCK) Source Options

/ f#tdefine CONFIG_SYSCLK_SOURCE
/f#define CONFIG_SYSCLK_SOURCE
/f#define CONFIG_SYSCLK_SOURCE
J/#define CONFIG_SYSCLK_SOURCE
//#define CONFIG_SYSCLK_SOURCE
/ f#define CONFIG_SYSCLK_SOURCE
//#define CONFIG_SYSCLK_ SOURCE
/ f#tdefine CONFIG_SYSCLK_SOURCE
#define CONFIG_SYSCLK_SOURCE

/f#define CONFIG_SYSCLK_SOURCE

System Clock (MCK) Pr

/ f#define CONFIG_SYSCLK_PRES
#define CONFIG_SYSCLK_PRES

/f#define CONFIG_SYSCLK_PRES
//#define CONFIG_SYSCLK_PRES
//#define CONFIG_SYSCLK_PRES
J/#define CONFIG_SYSCLK_PRES
//#define CONFIG_SYSCLK_PRES
/ f#define CONFIG_SYSCLK_PRES

PLL® (A) Options (F

// Use mul and div effective values

#define CONFIG_PLL® SOURCE
#define CONFIG_PLL® MUL
#define CONFIG_PLL@ DIV

UPLL (UTMI) Hardware

USB Clock Source Options

SYSCLK_SRC_SLCK_RC
SYSCLK_SRC_SLCK_XTAL
SYSCLK_SRC_SLCK_BYPASS
SYSCLK_SRC_MATNCK_4M RC
SYSCLK_SRC_MATNCK_8M_RC
SYSCLK_SRC_MAINCK_12M_RC
SYSCLK_SRC_MATNCK_XTAL
SYSCLK_SRC_MAINCK_BYPASS
SYSCLK_SRC_PLLACK
SYSCLK_SRC_UPLLCK

escaler Options  (Fmck = Fsys / (SYSCLK_PRES))
SYSCLK_PRES_1
SYSCLK_PRES 2
SYSCLK_PRES_4
SYSCLK_PRES &8
SYSCLK_PRES_16
SYSCLK_PRES 32
SYSCLK_PRES 64
SYSCLK_PRES 3
pll = (Fclk * PLL_mul) / PLL_div)
here.
PLL_SRC_MAINCK_XTAL
14
1

fixed at 480 MHz.

(Fusb = FplIX / USB_div)

// Use div effective wvalue here.

JiRAAES e FAMETE 1ICDFI I AR

-~ 4

Error List

- | €3 OErrors |

Entire Solution

LT -L P TR

! 0Warnings | ) 0 Messages | Build + IntelliSense

@l o-am| s

Search Solution Explorer (Ctrl+;)

i Solution 'due_led_blink' (1 project)

4

4
4
4
4

due_led_blink
=d| Dependencies
=d| Output Files
gl Libraries
| sre
4 =y ASF
[+ [aj common
[+ [o] sam
P [ad thirdparty
4 | config
] conf_board.h
_rll conf_clock.h
h asf.h

El main.c

dagalWa config/conf_clock.h (system clock configuration)

Output

Ready

Project

X || Quick Launch (Ctrl+Q)

D

Search Error List

File
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Target frequency (System clock)
XTAL frequency: 12MHz
System clock source: PLLA
System clock prescaler: 2 (divided by 2)
PLLA source: XTAL
PLLA output: XTAL * 14 / 1
System clock is: 12 * 14 / 1 /2 = 84MHz

Target frequency (USB Clock)
USB clock source: UPLL
USB clock divider: 1 (not divided)
UPLL frequency: 480MHz
USB clock: 480 / 1 = 480MHz

A1e8u1Y: nsAnuaA1d@sU Clock Settings TulWa config clock.h
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Advanced Mode ' X | Quick Launch (Ctrl+ Q)

E due_led_blink - AtmelStudio (Administrator)
File  Edit View  \VAssistX{ ASF  Project  Build Debug Tools Window  Help

Q- | i3 - & - S WM | | - - | B a | P Ml Debug ~ Debug Browser ~
PR e | [He % | @~ .5 N A 2 § G ATSAM3XEE 7§ Noneon -

main.c i ~ | Solution Explorer
@ o-F@|F =
Search Solution Explorer (Ctrl+;)
_i Solution 'due_led_blink' (1 project)
4 due_led_blink

Available Modules Selected Modules =d| Dependencies
'=d| Output Files
[ [-3] Libraries
GPIO - General purpose Input/Output (service) 4 [ sre
-

W Accelerometer MMA7341L (component IOPORT - General purpose |/O service (service) b [@3 ASF

5 ADC - Analog-to-digital C rter (dri -
a na o.g ot a. onverter (driver] PIC - Parallel Input/Output Controller (driver) b [ config
B AT25DFx SerialFlash (driver) n] asf.h
& Atmel QTouch Library - SAM (service) | gt E’l main.c

Device: ATSAM3XSE

Extensions Version

Extensions: | Atmel ASF(3.47.0) ¥ | Show: Generic board support (driver)

CAN - Controller Area Metwork (driver)

CAM - SN65HVD234 Transceiver (compons
CHIPID - Chip Identifier (driver)

DACC - Digital-to-Analog Converter (drive -

o >

Info Actions
Accelerometer MMA7341L

Low-level driver for the MMAT7341L Accelerometer.

<< Remove Summary
Error List

Entire Solution - |QOErrors | 1 0Warnings |00Messages | Build + IntelliSense Search Error List

™ Description Project File

vinAd9aINLNY Project > ASF Wizard tWa1Ualdonu ASF
Wizard dnsuinnldaaainlausisuasiinildlulusans

Output

Ready
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ASFWizard + X EGH main.c

Project: | due_led_blink Device: ATSAM3XSE

Extensions Version

Available Modules Selected Modules

Edensions: | Atmel ASF(3.47.0) ¥ | Show: | All v @l Generic board support (driver)
I GPID - General purpose Input/Output (service)

IOPORT - General purpose |/ service (service)
PIO - Parallel Input/Qutput Contraller (driver)

Accelerometer MMA7341L (component)

ADC - Analog-to-digital Converter (driver)

AT2350Fx SenialFlash (driver)

2 Atmel QTouch Library - SAM (service) gtouch_method ~

CAN - Controller Area Metwork (driver)
CAN - SNE3HVD234 Transceiver (component)

Audrefio: s1un1s W& CHIPID - Chip Identifier (driver) _ g1n2nfe: shenslaus1anldidonunldls
DACC - Digital-to-Analog Converter (driver)

a0 = . . 2/ o [ I 4
“Lausqsmq\‘] t:‘l 7n & Delay routines (service) LLAIFANNKSU USL{\]ﬂﬂ
Display - AAT31XX Backlight Controller (component)

=} 2/ 4
a’]“’]ﬁﬂl,aaﬂu’ﬂ?ﬂ,ﬂ 2 Dizplay - ADS7843 Touch Controller (component)
play p

o Display - Generic Resistive Touch Service (compenent)
nu ATSAM3XS8E Display - HX8347A LCD Controller (component)
Display - IL19225 LCD Controller (component)
Display - ILI9325 LCD Contreller (component)

=l Dizplay - IL193:x LCD Contreller (component)

play p

DMAC - DMAC Controller (driver)
EEFC - Enhanced Embedded Flash Controller (driver)
EEPROM AT24CKX (component)
Ethernet MAC (EMAC) (driver)
Ethernet Physical Transceiver (DM31614) (component)
FatFs file system (service)
FIFO - First-In-First-Out circular buffer (service)

Actions Details




AVR Studio 7 + Arduino DUE

ASFWizard & X

Project: | due_led_blink Device: ATSAM3XEE

Extensions Yerzion

Available Modules Selected Modules

i |8 Generic board support (driver)
I B GPIO - General purpose Input/Qutput (service)

Extensions: Atmel ASF(3.47.00 ~ Show:

W2 A1 23UF% Senairiasn (arver) "
Ehtmel Qouch Library - SAM (service) = I E IQPORT - General purpose /0 service (service)
2 PIO - Parallel Input/Qutput Controller (driver)

E CAM - Controller Area Metwork (driver)
B CAN - SNESHVD234 Transceiver (compong

& CHIPID - Chip |dentifier (driver) ) v .
& DACC - Digital-to-Analog Converter (drive I‘H ASF Wizard ZWLa@ﬂ Delay routines

W Delay routines (service) (service) wWarANlklUsING Lasrinli

!
£y

W&l Display - AAT31XX Backlight Controller (cc asaldaadasy delay_ms() 1d

& Display - ADS7843 Touch Controller (comg ﬂﬂcll.!&l Add >>
W& Display - Generic Resistive Touch Service (i

4

Info Actions Details
Delay routines

Loop based delay routines, Provides microseconds, milliseconds and second delays. Cormmon AP| for SAM, UC3 and XMEGA.

N
m’l
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ASFWizard &= X

Project:  due_led_blink Device: ATSAM3IXEE

Extensions Version

Awvailable Modules Selected Modules

& Generic board support (driver)
&} GPIO - General purpose Input/Qutput (service)

Extensions: Atrmel ASF(3.47.00 ~ Show:

W) A1 Z30UFK Serairiasn (arnver) -
Ehtmel QTouch Library - SAM (service) qic E IOPORT - General purpose /0 service (service]

BB CAN - Controller Area Netwark (driver) 2 FIO - Parallel Input/Qutput Controller (driver)

B} CAN - SN65HVD234 Transceiver (compone W8 Delay routines (service)
B CHIPID - Chip Identifier (driver) |
&) DACC - Digital-to-Analog Converter (drive

Bl Display - AAT31XX Backlight Controller (cc d. , e
) Display - ADS7343 Touch Controller (comg LNE)ﬂﬂ'L!N Add >> QZL‘I(‘]‘H‘LG]’})'] HI18NS

W Display - Generic Resistive Touch Service ( wWinludoan1eanfe (Selected Modules)
) Display - HX8347A LCD Controller (compo

& Display - IL19225 LCD Controller (compone - f\]’]ﬂ%%lﬁﬂ@]‘l_!ﬂ Apply
g

Info

Delay routines

Loop based delay routines. Provides microseconds, milliseconds and second delays. Common AP| for SAM, UC3 and XMEGA.

-
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Atmel Software Framework

r Summary of operations for Selected options
L

4 Delay routines (service) @
Import framework file as ‘s ASP commeoeniservices\delay samtcycle_counter.c',
Import framewark file as 'sr\ASPycommoniservices\delayhsamicycle_counter.h’,
Import framewark file as 'srd\ASPycommoniservices\delay' delay.h',
Add folder ./src/ASF/ commen/services/delay’ to include search path.

[] Do not show this dialog again . oK | | Cancel |

donasiedalna (.c was .h) d@msu delay routines Nazgninlaiinain
Wstang anwuldnadn OK woaiunsso
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] due ted blink - Atmelstudio (Administrator] Advanced Mode [I¥T Quick Launch (Ctrl+Q)
File  Edit View  VAssist{ ASF  Project Build Debug Tools Window Help

e - | i3 - & g | X o | - - | B | P Ml Debug ~ | Debug Browser ~
| I - B S e - iy 5 W ATSAMXEE 7§ Noneon -

SR i
Solution Explorer
@ o-a@| p=|

Search Solution Explorer (Ctrl+;)

main.c & X ERSRUGET]
= chwork\due_led_blink\due_led_blink\src\main.c

* Atmel Software Framework (ASF).
*/
=/* @l Solution 'due_led_blink' (1 project)
* Support and FAQ: visit <a href="https://www.microchip.com/support/">Microchip Support</a> 4 due_led_blink
=d| Dependencies

*/
#include <asf.h>» =4l Output Files
—lint main (void) —f ler.arles
{ -3 libarm_cortexM3|_math
/* Insert system clock initialization code here (sysclk init()). */ -3 libm
| src
board_init(); 4 [ ASF
4 5 common
P [o] boards
4 |5} services
P [ad clock
4 @) delay
I [o3 sam
n} delay.h
b [2d gpio

Junounall Wasndouldalulna main.c & e
4 &) utils
ANFIDE W UEIALU LAIVINTWADN > e
i 1 n} parts.h
Build Project b sam
P [23 thirdparty
B [ config
n asfh

El main.c

/* Insert application code here, after the board has been initialized. */

Error List
Search Error List

Entire Solution - | QOErrors 1 0'Warnings | oOMessages Build + IntelliSense
Project File

™ Description

Output

Ready




Sample Code:Onboard LED Blink (version 1)

#include <asf.h>

#define LED IOPORT_CREATE_PIN(PIOB, 27) // PWM13 is on PB27, pin 68

int main(void) {
sysclk_init(); // initialize the system clock (=> 84 MHz)
board_init(); // initialize board (e.g. GPIOs and other peripherals)

ioport_set_pin_dir( LED, IOPORT_DIR_OUTPUT );

while(1) {
ioport_set_pin_level( LED, IOPORT_PIN LEVEL_HIGH );

delay ms(500);
ioport_set _pin_level( LED, IOPORT_PIN LEVEL_LOW );

delay ms(500);

= ' d

srognlandInsu main.c a18an1sviteulagyinli LED nsewsulé Beflogunuas

Arduino DUE uaziliniendnafien PB27




Sample Code:Onboard LED Blink (version 2)

#include <asf.h>

#define LED IOPORT_CREATE_PIN(PIOB, 27) // PWM13 is on PB27, pin 68

int main(void) {
sysclk_init(); // initialize the system clock (=> 84 MHz)
board_init(); // initialize board (e.g. GPIOs and selected peripherals)

ioport_set_pin_dir( LED, IOPORT_DIR_OUTPUT );
while(1) {

ioport_toggle pin level( LED ); // toggle the LED
delay ms(500);

sograldad1usu main.c a18anisriteiulaeyinlit LED nszwsuld Gullagunuase

Arduino DUE LLa:Lﬂmmﬁwﬂﬁm PB27
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E due_led_blink - AtmelStudic Advanced Mode " ® | Quick Launch (Ctrl+Q)

File  Edit View  VAssist{ ASF Project Build Debug Tools Window Help

< I | i3~ & -2 ml ¥ | - - B & | P Ml Debug Debug Browser =

R ow | P ¢ | He | @~ _ % BWATSAM3XBE § Noneon -

init.c ¥ X main.c M Sclution Explorer

=2 init.c - : =2 CA\Work\due_led_blink\due_led_blink\src\A5F\sam\boards\arduino_due_x\init.c - @I'GD G&l o= | y _-|

-lvoid board_init(void) Search Selution Explorer (Ctrl+;)

i
—|#ifndef CONF_BOARD KEEP_ WATCHDOG_AT INIT _i Solution 'due_led_blink' {1 project)

/* Disable the watchdog */ 4 due_led_blink
WOT->WDT_MR = WDT_MR_WDDIS; =i Dependencies
#endif =d| Output Files
2] Libraries

/* GPIO has been deprecated, the old code just keeps it for compatibility.
* In new designs IOPORT is used instead. L src

* Here IOPORT must be initialized for others to use before setting up IO. 4 [ ASF

* P [2d common
ioport_init(); 4 |=) sam

/* Configure LED pins */ 4 & boards
gpio_configure_pin{LED® GPIO, LED® FLAGS); 4 |5 arduino_due x
gpio_configure_pin{LED1_GPIO, LED1_FLAGS); nl arduino due xh
gpio_configure_pin{LED2_GPIO, LED2_FLAGS); Bilwac T

P o drivers

/* Configure Push Button pins */
B [ad utils

gpio_configure_pin(GPIO_PUSH_BUTTON_1, GPIO_PUSH_BUTTON_1 FLAGS);
gpio_configure pin(GPTIO PUSH_BUTTON 2, GPIO_PUSH BUTTON 2 FLAGS); b [ad thirdparty
4 |7 config
—#ifdef CONF_BOARD_UART_CONSOLE i} conf_board.h
/* Configure UART pins */ ] conf_clockh
gpio_configure_group(PINS_UART_PIO, PINS_UART, PINS_UART_FLAGS); W oasth

#endif -
£} main.c

/* Configure ADC example pins */
—j#ifdef CONF_BOARD ADC

[ 6 Thon configurarion feagralaadrnsunendu board_init() a1l

gpio_configure_pin(PIN_TC® TIOA®,PIN_TC® TIOAB FLAGS);

/* ADC Trigger configuration */ ‘L‘Né Sam/boradS/ArdUInO_due_X/InIt.C

100% - 4

Error List
Entire Solution €3 0Errors | 1 Dof 1 Warning | @ 1Message | Build + IntelliSense Search Error List

Output

Ready
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delayh # X

= delay.h - :I-) cworkdue_led_blink\due_led_blink\src\ASFycommon'services\delay\delay. '|eG0
Sy
—

o/ **
* f[@def delay init -
*

* f@ibrief Initialize the delay driver.
* ([@param fcpu_hz CPU frequency in Hz

[@deprecated

This function is provided for compatibility with ASF applications that
may not have been updated to configure the system clock via the common
clock service; e.g. sysclk_init() and a configuration header file are
used to configure clocks.

The functions in this module call \ref sysclk get cpu_hz() function to
obtain the system clock frequency.

L. I S N B N

=/
#define delay_init(fcpu_hz)

=/ **
* [@def delay_s
* {ibrief Delay in seconds.
* (@param delay Delay in seconds
=/
#define delay_s(delay) ((delay) ? cpu_delay ms(188@ * delay, F_CPU) : cpu_delay us(l, F

S
* [@def delay _ms
* fibrief Delay in milliseconds.
* [@param delay Delay in milliseconds
=/
#define delay_ms(delay) ((delay) ? cpu_delay ms(delay, F_CPU) : cpu_delay us(1l, F_CPU))

S
* @def delay us
* ([@brief Delay in microseconds.
* (@param delay Delay in microseconds
=/
#define delay_us(delay) ((delay) ? cpu_delay us(delay, F_CPU) : cpu_delay us(1l, F_CPU))

J#ifdaF  enluenlos
100% -4

sedralaanialulna delay.h
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Advanced Mode | ™ || Quick Launch (Ctrl+Q)

] due_led_blink - AtmelStudio
Build  Debug Tools Window  Help

File  Edit View  VAssist{  ASF
< | 3-8 -2 W | ¥ o - - B = | P Ml Debug Debug Browser ~
A He B @ -2 Bk =% GWATSAM3XSE T Noneon -

Project

Solution Explorer

@ o-d@| F =]

R

= main.c = C\Workhdue_led_blinkdue_led_blink\src\main.c
Search Solution Explorer (Ctrl+;)

#include <asf.h>
PWM13 is on PB27, pin 68 i Solution 'due_led_blink' (1 project)
4 due_led_blink
—lint main (wvoid) { =dl Dependencies
sysclk_init(); =d| Output Files
=g Libraries

board_init();
ioport_set_pin_dir({ LED, IOPORT_DIR_OUTPUT };
S sre
4 @y ASF

#define LED  IOPORT_CREATE_PIN(PIOB, 27) //

I [od common

while(1) {
ioport_set_pin_level( LED, IOPORT_PIN LEVEL_HIGH };
4 = sam
4 = boards

delay_ms(508);
ioport_set_pin_level( LED, IOPORT_PIN LEVEL_LOW );
4 |5 arduino_due_x

delay_ms(5@8);
_nl arduino_due_x.h
El init.c
I+ [23 drivers
P [og utils

vingumau Build (Project) > G thirdparty
4 | config

Properties

Error List
Output
ra

Show output from:  Build = | =
Target "Build™ in file "C:\Tools‘\Atmel\Studio\7.@\Vs\Avr.common.targets" from project "C:\Work\due_led_blink‘\due_led_blink\due_led_blink.cproj" =

Done building target "Build" in project “"due_led_blink.cproj".
Done building project “due_led_blink.cproj™.

Build succeeded.
Rebuild A11: 1 succeeded, @ failed, @ skipped

Output

Rebuild All succeeded




Setting Commands for Arduino DUE Programming

@echo OFF

aéalnalunaeid

File: DueProgrammer.bat

mode %1:1200,n,8,1,p > nul

set ARDUINO_ PATH="C:\Users\%USERNAME%\AppData\Local\Arduinol5"

%ARDUINO_PATH%\packages\arduino\tools\bossac\1l.7.0\bossac.exe *
--port=%1 -U false -e

-Ww -v -b %2 -R

a519lWa DueProgrammer.bat augaaea
wWiaBunl$aan AVR Studio dnsusulnanlna
bin Algarnniseonlng lWdvuasa Arduino
DUE A30upanImasazdoainising
Wswnsu Arduino IDE ud2 evainazdos
Bunld a1de bossac.exe Faidiu Software Tool
2924 Arduino

yNANd9aINLNY Tools > External Tools tWaLAN
$19n15A1dY Due Programmer

o

nH1uLay COM port mmﬂﬁlﬂmmaﬂﬁﬁuagjﬂu
Uas$a Arduino DUE fidonsafiunaniames
2ol AR HAZHO I UHANRNILLAYWOS AL
anéiav (WiFonsiaiu Programming Port wov
Arduino DUE @28&d18 microUuSB)

External Tools

Menu contents:

Add

Delete

Move Up

Move Down

Title: | Due Programmer

Command: | Ch\Tools\arduine-1.8.%DuePrograrmmer.bat

Arguments: | $(TargetDir)S(TargetName).bin | b

Initial directory: | §(TargetDir) »

Usegutputwindow Ernmptfu:ur argurents

[ Treat output ag Unicode Close on gxit

Cancel
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F] due ted blink - AtmelStudio (Administrator)
File Edit View VAssistX ASF
Q- | 2 B Command Prompt
TR NI

VA

ASF Wizard
e

Project  Build  Debug

Device Pack Manager
Device Programming Ctrl+Shift+P
Programming Center

Add target...

=+ main
#include +4
Data Visualizer

#define L Select profile

Code Snippets Manager... Ctrl+K, Ctrl+B
board |

al i
syscll [E Extensions and Updates...

Due Programmer

ioport External Tools...

while(
ig
de
id o] Options...

Import and Export Settings...

Customize...

Tools

Advanced Mode | ™ || Quick Launch (Ctrl+ Q)

Window  Help
B@| P MWl Debug
.

-

Debug Browser =

© B ATSAMEXBE 7§ Moneon

* | Solution Explorer
Jsol oo @le-am| k=
e

= B Search Solution Explorer (Ctrl+;)
rFY

PB27, pin 68 P[] sam

] delay.h
b [ad gpio
4 |@) ioport
P [od sam
ﬂ ioport.h
4 =) utils
P[] interrupt
h] interrupt.h
] parts.h
4 |z sam

delay_ms(588);

4 |z boards
4 = arduino_due x

Due Programmer

Arguments:

Output
Show output from:  Build R
Target "Build" in file "C:\Tools‘\Atme]
Done building target "Build" in proje
Done building project "due_led_blink.

ﬂ arduino_due_x.h
El init.c
4 |5} drivers
4 @) pio

*

| COM107] §(TargetDir)$(TargetName) bin B

‘ C\Tools\arduine-1.8.9\DueProgrammer.bat COM107 "c:"w‘

e led_blink\due_led_blink.cproj"™ { *
Cancel

Build succeeded.
Build:

Output

Ready

1 succeeded or up-to-date, @ failed, @ skipped
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due led_blink - AtmelStudio [ == S kSt
File  Edit View  VAssist{ ASF  Project Build Debug Tools Window  Help
< | B-8-2 W | X | - - | B e | P> Bl Debug Debug Browser =

P e ¥ 7 N He B @ _ G WWATSAMIXEE T Noneon -

- main < int main(void) = @S o-am F =]
#include <asf.h»

Search Solution Explorer (Ctrl+;)
#define LED IOPORT_CREATE_PIN(PIOB, 27} // PWM13 is on PB27, pin &3 =d| Dependencies
=d| Qutput Files
g Libraries
|7 src
4 [@) ASF
ioport_set_pin dir( LED, TOPORT DIR_OUTPUT ); b [E3 common
4 @ sam
while(1) { 4 &) boards
ioport_toggle pin_lewvel( LED ); 4 = arduino_due_x
delay ms(188); ] arduino_due xh

init.c

—lint main(void) {
sysclk_init(); // initialize the system clock (=» 84 MHz)
board_init(); // initialize beoard (e.g. GPIOs and other selected peripherals)

Properties
Error List

Entire Solution - | €3 0 Errors 1 0Warnings | ) 0 Messages | Build + IntelliSense Search Error List

Output

Show output from:  DueProgrammer = | | = | ma
Atmel SMART device @x285e8a6@ found

Erase flash

done in 8.831 seconds

Write 3832 bytes to flash (15 pages)

8% (B8/15 pages)
6% (1/15 pages)
13% (2/15 pages)
20% (3/15 pages)
26% (4715 pages)
33% (5/15 pages)
4@% (6/15 pages)
46% (7/15 pages)

Output

Ready




