AtmeL Atmel SAM D20J / SAM D20G / SAM D20E

ARM-Based Embedded Flash Microcontroller

PRELIMINARY DATASHEET

Description

The Atmel® SAM D20 family is a series of low-power, high-performance, ARM®-based
embedded flash microcontrollers based on the ARM Cortex®-M0+ 32-bit processor.
Operating at a maximum speed of 48MHz, and with a two-stage pipeline, single-cycle
1/0 access, single-cycle 32x32 multiplier, Event System and a fast and flexible interrupt
controller, the SAM D20 series microcontrollers are highly efficient, reaching

2.14 Coremark/MHz — 0.93 DMIPS/MHz.

All devices in the SAM D20 series contain multiple instances of the Serial
Communication Interface (SERCOM). The SERCOM is a very flexible serial
communication interface, configurable to operate as 1°C, SPI or USART, giving
developers extended flexibility not only in the mix of serial interfaces available, but also
in PCB layout. Additionally, each SERCOM instance can be assigned to different I/O
pins through 1/0O multiplexing, further increasing flexibility.

The devices include multiple instances of 16-bit Timer/Counters (TC). Each TC can be
individually programmed to perform frequency and waveform generation, accurate
program execution timing and input capture with time and frequency measurement of
digital signals. The TCs can be configured to operate in 8-bit and 16-bit modes, and
two TCs can be cascaded to form a 32-bit TC.

The SAM D20 series Power Manager (PM) has two software-selectable sleep modes,
idle and standby. The standby mode supports SleepWalking functionality, by which a
peripheral can be selectively activated based on events, even when the peripheral
clock is stopped. In addition the Event System (EVSYS) supports asynchronous
events, allowing peripherals to receive, react to and send events, even in standby
mode.

The devices feature several oscillators, such as a 48MHz Digital Frequency Locked
Loop (DFLL48M), 400kHz — 32MHz External Crystal Oscillator (XOSC), 8MHz Internal
Oscillator (OSC8M), 32kHz Ultra-Low-Power Internal Oscillator (OSCULP32K),
32.768kHz High-Accuracy Internal Oscillator (OSC32K) and 32.768kHz Crystal
Oscillator (XOSC32K). Any of these oscillators can be used as a source for the system
clock. Different clock domains can be independently configured to run at different
speeds, enabling the user to save power by running each peripheral at the optimal
clock frequency, and thus maintain a high CPU speed and throughput while reducing
system power consumption.
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Features

Processor

ARM Cortex-M0+ CPU running at up to 48MHz
e Single-cycle hardware multiplier

e Memories

16/32/64/128/256KB in-system self-programmable flash
2/4/8/16/32KB SRAM

e System

Power-on reset (POR) and brown-out detection (BOD)

Internal and external clock options with 48MHz Digital Frequency Locked Loop (DFLL48M)
External Interrupt Controller (EIC)

16 external interrupts

One non-maskable interrupt

Two-pin Serial Wire Debug (SWD) programming, test and debugging interface

e Low Power

Idle and standby sleep modes
SleepWalking peripherals

e Peripherals

°
°
°
e |/O
°

8-channel Event System
Up to eight 16-bit Timer/Counters (TC), configurable as either:
e One 16-bit TC with compare/capture channels
® One 8-hit TC with compare/capture channels
e One 32-bit TC with compare/capture channels, by using two TCs
32-bit Real Time Counter (RTC) with clock/calendar function
Watchdog Timer (WDT)
CRC-32 generator
Up to six Serial Communication Interfaces (SERCOM), each configurable to operate as either:
° LgSART with full-duplex and single-wire half-duplex configuration
e |°C
e SPI
One 12-bit, 350ksps Analog-to-Digital Converter (ADC) with up to 20 channels
e Differential and single-ended channels
e 1/2x to 16x gain stage
e Automatic offset and gain error compensation
e Oversampling and decimation in hardware to support 13-, 14-, 15- or 16-bit resolution
10-hbit, 350ksps Digital-to-Analog Converter (DAC)
Two Analog Comparators (AC) with window compare function
Peripheral Touch Controller (PTC)

Up to 52 programmable I/O lines

e Packages

64-pin TQFP, QFN
48-pin TQFP, QFN
32-pin TQFP, QFN

e Operating Voltage

Atmel

1.62V - 3.63V
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1. Configuration Summary

SAM D20J SAM D20G SAM D20E
Flash 256/128/64/32/16KB 256/128/64/32/16KB 128/64/32/16KB
SRAM 32/16/8/4/12KB 32/16/8/4/12KB 16/8/4/2KB
Timer Counter (TC) instances 8 6 6
Waveform output channels per
i : 2 2 2
Timer Counter instance
Serial Communication Interface 6 6 4
(SERCOM) instances
Analog-to-Digital Converter (ADC) 20 14 10
channels
Analog Comparators (AC) 2 2 2
Digital-to-Analog Converter (DAC) 1 1 1
instances
Real-Time Counter (RTC) instances 1 1 1
RTC alarms 1 1 1
RTC compare values 1 32-bit value or 1 32-bit value or 1 32-bit value or
P 2 16-bit values 2 16-bit values 2 16-bit values
General Purpose I/O-lines (GPIOs) 52 38 26
External Interrupt lines 16 16 16
Perlphe_ral Touch Controller (PTC) X 16x16 12x10 10%6
and Y lines
Maximum speed 48MHz
Number of pins 64 48 32
QFN QFN QFN
Packages
TQFP TQFP TQFP
32.768kHz crystal oscillator (XOSC32K)
0.4-32MHz crystal oscillator (XOSC)
. 32.768kHz high-accuracy internal oscillator (OSC32K)
Oscillators

32.768kHz ultra-low-power internal oscillator (OSCULP32K)
8MHz internal oscillator (OSC8M)
48MHz Digital Frequency Locked Loop (DFLL48M)

Event System channels 8 8 8
SW Debug Interface 1 1 1
Watchdog Timer (WDT) instances 1 1 1

Atmel
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2.  Ordering Information SAM D20

SAMD 20 |

| =
1
1

]

i

|
—

Product Family Package Carrier

SAMD = Base Line Microcontroller No character = Tray (Default)

Product Series T = Tape and Reel

20 = Cortex MO+ CPU, Basic Feature Set

Package Grade

Pin Count U = -40 - 85°C Matte Sn Plating
E =32 Pins H =-40 - 85°C NiPdAu Plating
G =48 Pins
J =64 Pins
Package Type
Flash Memory Density A =TQFP
18 = 256KB M = QFN
17 = 128KB C=UBGA
16 = 64KB U = WLCSP
15 = 32KB
14 = 16KB

Product Variant
A = Default Variant

2.1 Ordering Information SAM D20E

Ordering Code FLASH (bytes) SRAM (bytes) Package Carrier Type
SAMD20E14A-AU Tray
TQFP32
SAMD20E14A-AUT Tape & Reel
16K 2K
SAMD20E14A-MU Tray
QFN32
SAMD20E14A-MUT Tape & Reel
SAMD20E15A-AU Tray
TQFP32
SAMD20E15A-AUT Tape & Reel
32K 4K
SAMD20E15A-MU Tray
QFN32
SAMD20E15A-MUT Tape & Reel
SAMD20E16A-AU Tray
TQFP32
SAMD20E16A-AUT Tape & Reel
64K 8K
SAMD20E16A-MU Tray
QFN32
SAMD20E16A-MUT Tape & Reel

Atmel
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Atmel

Ordering Code FLASH (bytes) SRAM (bytes) Package Carrier Type
SAMD20E17A-AU Tray
TQFP32
SAMD20E17A-AUT Tape & Reel
128K 16K
SAMD20E17A-MU Tray
QFN32
SAMD20E17A-MUT Tape & Reel
Ordering Information SAM D20G
Ordering Code FLASH (bytes) SRAM (bytes) Package Carrier Type
SAMD20G14A-AU Tray
TQFP48
SAMD20G14A-AUT Tape & Reel
16K 2K
SAMD20G14A-MU Tray
QFN48
SAMD20G14A-MUT Tape & Reel
SAMD20G15A-AU Tray
TQFP48
SAMD20G15A-AUT Tape & Reel
32K 4K
SAMD20G15A-MU Tray
QFN48
SAMD20G15A-MUT Tape & Reel
SAMD20G16A-AU Tray
TQFP48
SAMD20G16A-AUT Tape & Reel
64K 8K
SAMD20G16A-MU Tray
QFN48
SAMD20G16A-MUT Tape & Reel
SAMD20G17A-AU Tray
TQFP48
SAMD20G17A-AUT Tape & Reel
128K 16K
SAMD20G17A-MU Tray
QFN48
SAMD20G17A-MUT Tape & Reel
SAMD20G18A-AU Tray
TQFP48
SAMD20G18A-AUT Tape & Reel
256K 32K
SAMD20G18A-MU Tray
QFN48
SAMD20G18A-MUT Tape & Reel
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2.3  Ordering Information SAM D20J

Ordering Code FLASH (bytes) SRAM (bytes) Package Carrier Type
SAMD20J14A-AU Tray
TQFP64
SAMD20J14A-AUT Tape & Reel
16K 2K
SAMD20J14A-MU Tray
QFN64
SAMD20J14A-MUT Tape & Reel
SAMD20J15A-AU Tray
TQFP64
SAMD20J15A-AUT Tape & Reel
32K 4K
SAMD20J15A-MU Tray
QFN64
SAMD20J15A-MUT Tape & Reel
SAMD20J16A-AU Tray
TQFP64
SAMD20J16A-AUT Tape & Reel
64K 8K
SAMD20J16A-MU Tray
QFN64
SAMD20J16A-MUT Tape & Reel
SAMD20J17A-AU Tray
TQFP64
SAMD20J17A-AUT Tape & Reel
128K 16K
SAMD20J17A-MU Tray
QFN64
SAMD20J17A-MUT Tape & Reel
SAMD20J18A-AU Tray
TQFP64
SAMD20J18A-AUT Tape & Reel
256K 32K
SAMD20J18A-MU Tray
QFN64
SAMD20J18A-MUT Tape & Reel

Atmel
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3. About This Document

3.1 Conventions

3.1.1 Numerical Notation

Table 3-1. Numerical Notation

Symbol Description

165 Decimal number

0b0101 Binary number (example 0b0101 = 5 decimal)

0101 Binary numbers are given without suffix if unambiguous

0x3B24 Hexadecimal number

X Represents an unknown or don't care value

Z Represents a high-impedance (floating) state for either a signal or a bus

3.1.2 Memory Size and Type

Table 3-2. Memory Size and Bit Rate

Symbol Description

KB/kbyte kilobyte (21° = 1024)

MB/Mbyte megabyte (22° = 1024*1024)
GB/Gbyte gigabyte (2°° = 1024*1024*1024)
b bit (binary O or 1)

B byte (8 bits)

1kbit/s 1,000 bit/s rate (not 1,024 bit/s)
1Mbit/s 1,000,000 bit/s rate

1Gbit/s 1,000,000,000 bit/s rate

word 32 bit

half-word 16 bit

3.1.3 Frequency and Time

Table 3-3.  Frequency and Time

kHz 1kHz = 10°Hz = 1,000Hz
MHz 10° = 1,000,000Hz

GHz 10° = 1,000,000,000Hz
s second

Atmel SAM D20 [Preliminary DATASHEET 7
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Table 3-3.  Frequency and Time (Continued)

Symbol Description

ms millisecond
us microsecond
ns nanosecond

3.1.4 Registers and Bits

Table 3-4. Register and Bit Mnemonics

Symbol Description

R/W Read/Write accessible register bit. The user can read from and write to this bit.

R Read-only accessible register bit. The user can only read this bit. Writes will be ignored.

W Write-only accessible register bit. The user can only write this bit. Reading this bit will return an
undefined value.

BIT Bit names are shown in uppercase. (Example ENABLE)

FIELD[n:m] A set of bits from bit n down to m. (Example: PINA[3:0] = {PINA3, PINA2, PINA1, PINAO}
Reserved bits are unused and reserved for future use. For compatibility with future devices, always

Reserved write reserved bits to zero when the register is written. Reserved bits will always return zero when
read.

PERIPHERALI If several instances of a peripheral exist, the peripheral name is followed by a number to indicate the
number of the instance in the range 0-n. PERIPHERALO denotes one specific instance.

Reset Value of a register after a power reset. This is also the value of registers in a peripheral after

performing a software reset of the peripheral, except for the Debug Control registers.

Registers with SET/CLR sulffix allows the user to clear and set bits in a register without doing a read-
modify-write operation. These registers always come in pairs. Writing a one to a bit in the CLR
SET/CLR register will clear the corresponding bit in both registers, while writing a one to a bit in the SET
register will set the corresponding bit in both registers. Both registers will return the same value when
read. If both registers are written simultaneously, the write to the CLR register will take precedence.

3.2 Acronyms and Abbreviations

Table 1-5 contains acronyms and abbreviations used in this document.

Table 3-5.  Acronyms and Abbreviations

AC Analog Comparator
ADC Analog-to-Digital Converter
ADDR Address
AHB AMBA Advanced High-performance Bus
AMBA® Advance Microcontroller Bus Architecture
AHB AMBA Advanced High-Performance Bus
At m eL Atmel SAM D20 [Preliminary ADZﬁ;IzSSMI:EEE 8



Table 3-5.  Acronyms and Abbreviations (Continued)

Abbreviation Description

APB AMBA Advanced Peripheral Bus
AREF Analog reference voltage

BLB Boot Lock Bit

BOD Brown-out detector

CAL Calibration

CcC Compare/Capture

CLK Clock

CRC Cyclic Redundancy Check
CTRL Control

DAC Digital-to-Analog Converter
DAP Debug Access Port

DFLL Digital Frequency Locked Loop
DSU Device Service Unit

EEPROM Electrically Erasable Programmable Read-Only Memory
EIC External Interrupt Controller
EVSYS Event System

GCLK Generic Clock Controller

GND Ground

GPIO General Purpose Input/Output
1’c Inter-Integrated Circuit

IF Interrupt flag

INT Interrupt

MBIST Memory built-in self-test
MEM-AP Memory Access Port

NMI Non-maskable interrupt

NVIC Nested Vector Interrupt Controller
NVM Non-Volatile Memory
NVMCTRL Non-Volatile Memory Controller
0osC Oscillator

PAC Peripheral Access Controller
PC Program Counter

PER Period

PM Power Manager

Atmel SAM D20 [Preliminary DATASHEET 9
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Table 3-5.  Acronyms and Abbreviations (Continued)

Abbreviation

Description

POR

Power-on reset

PTC
PWM
RAM
REF
RTC

Peripheral Touch Controller
Pulse Width Modulation
Random-Access Memory
Reference

Real-Time Counter

RX
SERCOM
SMBus™
SP

SPI
SRAM

Receiver/Receive

Serial Communication Interface
System Management Bus
Stack Pointer

Serial Peripheral Interface

Static Random-Access Memory

SYSCTRL
SWD

TC

TX

ULP
USART

System Controller
Serial Wire Debug
Timer/Counter
Transmitter/Transmit
Ultra-low power

Universal Synchronous and Asynchronous Serial Receiver and Transmitter

VDD
VDDIN
VDDIO

VDDANA

VREF
WDT

Common voltage to be applied to VDDIO, VDDIN and VDDANA
Digital supply voltage

Digital supply voltage

Analog supply voltage

Voltage reference

Watchdog Timer

XOSC

Atmel

Crystal Oscillator
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CORTEX-M0+
PROCESSOR
Fnax 48MHz

32/16/8/4KB

HIGH SPEED
BUS MATRIX

RAM

NVM
CONTROLLER

256/128/64/32KB
FLASH

4, Block Diagram
»
SWCLK SERIAL
SWDIO WIRE
DEVICE
SERVICE
UNIT
AHB/APB
BRIDGE A
PERIPHERAL
ACCESS CONTROLLER <):>
SYSTEM CONTROLLER
'_
o [ wRee | [ VREF |
o
| BOD33 | | OSCULP32K | j[
| BOD12 | | oscaxk |
XIN32
XOUT32 X0SC32Kk | | oscsM |
XIN
XOUT xosc | | DFLL4sM |
POWER MANAGER
CLOCK
CONTROLLER <):f\‘/
RESET SLEEP
RESET CONTROLLER || CONTROLLER
GCLK_IO[7:0] GENERIC CLOCK <}:(>
REAL TIME
COUNTER ®
WATCHDOG
TIMER <):I\\/
EXTINT[15:0] »| EXTERNAL INTERRUPT
NMI > CONTROLLER ®
N
Notes:

nals. Refer to “Configuration Summary” on page 3 for details.

Atmel

PAD[3:0]

>

WO[1:0]

AIN[19:0]
VREFA
VREFB

PORT

AIN[3:0]

CMP1:0]

VOouT

VREFP

X[15:0]

Y[15:0]

1. Some products have different number of SERCOM instances, Timer/Counter instances, PTC signals and ADC sig-
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5.

5.1

Pinout Diagrams

SAM D20J

PBO1
PBOO
PB31

0 N
[N ]
m
(ala

PAOO =]
PAO1 =
PAO2
PAO3
PB04
PB05
GNDANA
VDDANA
PBO6
PBO7
PBO8
PB09
PAO4
PAOS
PAOG
PAQ7

N
332529
<O
fEFd g
== DIGITAL PIN
=== ANALOG PIN
—= OSCILLATOR
mmm  GROUND
== |INPUT SUPPLY
——= REGULATED OUTPUT SUPPLY
== RESET PIN

Atmel

PB30

PB10

PA31

PB11
PB12

PA30

PB13

GND
PA28
RESET
PA27
PB23
PB22

Zi=——= \/DDIO
GND
PA25
PA24
PA23
PA22
PA21
PA20
PB17
PB16
PA19
PA18
PA17
PA16
VDDIO
GND

PA14 =38}
PA15 ===V

PB14
PB15
PA12
PA13
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5.2 SAMD20G

|_
— W
22285290
e NN A o Odlraoa

ZV == \/DDIN
ZX— VDDCORE

PAOO =1 fe—— VDDIO
PAQ1 ==l GND
PA02 PA25
PAO3 PA24
GNDANA PA23
VDDANA PA22
PB08 PA21
PB09 PA20
PA0O4 PA19
PAO5 PA18
PA06 PA17
PAO7 PA16
N~ o <
~— AN N
ggo‘\:ggo‘\:c\lm#m
~ =) N m Al sl o
aﬁaﬁaﬂa‘gwhaﬁ&&é
== DIGITAL PIN
== ANALOG PIN
== OSCILLATOR
=== GROUND
== |NPUT SUPPLY
== REGULATED OUTPUT SUPPLY
== RESET PIN
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5.3 SAM D20E

VDDIN
ziss—— VVDDCORE

PA31
PA30
GND
PA28
RESET
PA27

PAOO == PA25
PAO1 PA24
PA02 PA23
PAO3 PA22
PAO4 PA19
PAO5 PA18
PA06 PA17
PAO7 PA16
22
283230
<OFFEEER
@]
== DIGITALPIN >
== ANALOG PIN
== OSCILLATOR
=== GROUND
== |NPUT SUPPLY
== REGULATED OUTPUT SUPPLY
=== RESET PIN
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6. I/O Multiplexing and Considerations

6.1 Multiplexed Signals

Each pin is either controlled by the PORT as a general purpose I/O or can be assigned to one of the peripheral functions
A, B, C, D, E, F, G or H. By default, each pin is controlled by the PORT. To enable a peripheral function on a pin, the
Peripheral Multiplexer Enable bit in the Pin Configuration register corresponding to that pin (PINCFGn.PMUXEN, n = 0O-
31) in the PORT must be written to one. The selection of peripheral function A to H is done by writing to the Peripheral
Multiplexing Odd and Even bits in the Peripheral Multiplexing register (PMUXn.PMUXE/O) in the PORT. Refer to “PORT”"
on page 290 for details on how to configure the 1/O multiplexing.

Table 6-1 describes the peripheral signals multiplexed to the PORT 1/O lines.

Table 6-1. PORT Controller Function Multiplexing (Sheet 1 of 2)

Pin A © H
SAM SAM SAM 1/O
D20ED20GD20J Line Supply Type EIC REF ADC AC PTC SERCOM ACIGCLK
SERCOM1/
1 1 1 PAOO VDDANA EXTINTIO] e TC2/WO[0]
SERCOM1/
2 2 2 PAOL VDDANA EXTINT[1] ek TC2/WO[L]
3 3 3  PA02 VDDANA EXTINT[2] AIN[0] Y[0] VOUT
4 4 4 PAO3 VDDANA EXTINT3] ADCVREFA AiNp1) Y[
5  PBO4 VDDANA EXTINT[4] AIN[12] Y[10]
6 PBO5 VDDANA EXTINT[S] AIN[13] Y[11]
9  PB06 VDDANA EXTINTI6] AIN[14] Y[12]
10 PBO7 VDDANA EXTINT[7] AIN[L5] Y[13]
7 11  PBO8 VDDANA EXTINT[8] AIN[2] Y[14] SEF';\%C[’O’\]"‘“ TC4/WO[0]
8 12 PB09 VDDANA EXTINT[9] AIN[3] Y[15] SE&%%'\]"‘” TCAWO[1]
ADC SERCOMO/
5 9 13 PAO4 VDDANA EXTINTI4] | ACC. AINM4] AINO] Y[2] e TCOMWO[0]
6 10 14 PAO5 VDDANA EXTINT[5] AIN[5] AIN[1] Y[3] SE&%?EO’ TCOWO[L]
7 11 15 PAO6 VDDANA EXTINTI6] AIN[E] AIN[2] Y[4] SEFffACDC[’z"]"O’ TCLWOI0]
8 12 16 PAO7 VDDANA EXTINT[7] AIN[7] AIN[3]| Y5] SE&%C[’?',\]"O’ TCLWOLL]
, SERCOMO/ SERCOM2/
11 13 17 PA0O8 VDDIO PC  NMI AIN[16] X[0] o0l D[] - TCOMO[O]
- SERCOMO/ SERCOM2/
12 14 18 PAO9 VDDIO FPC  EXTINT[9] AIN[L7] X[1] oLl Ao TCOWO[]
SERCOMO/ SERCOM2/
13 15 19 PAL10 VDDIO EXTINT[L0] AIN[L8] X[2] ol aop] - TCLWO[] GCLK/IO[4]
SERCOMO/ SERCOM2/
14 16 20 PAll VDDIO EXTINT[11] AIN[19] X[3] ol npga] - TCLWOLL] GCLK/I0[5]
19 | 23 PB10 VDDIO EXTINT[L0] SEFfZCDC[’Z"]’"” TC5WO[0] GCLK/IO[4]
20 24 PBIl VDDIO EXTINT[L1] SE&%C[’?',\]"‘” TC5/WO[L] GCLK/IO[5]
25 PB12 VDDIO RC  EXTINT[12] X[12] SE;%%“{'“’ TC4WO[0] GCLK/IO[6]
26 PB13 VDDIO PC EXTINT[L3] X[13] SE'BA%%"]"‘” TCAWO[1] GCLK/IO[7]
27 PB14 VDDIO EXTINT[L4] X[14] SE;%?Z"]""" TC5/WO[0] GCLK/I0[0]
At — L Atmel SAM D20 [Preliminary DATASHEET)] 15
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Table 6-1. PORT Controller Function Multiplexing (Sheet 2 of 2)

Pin A © H
SAM SAM SAM 1/0
D20ED20GD20J| Line |Supply Type EIC REF | ADC | AC |PTC SERCOM AC/GCLK
28 PB15 VDDIO EXTINT[15] X[15] SE&%?B"]’"‘/ TC5/WOL] GCLK/IO[1]
21 29 PA12 VDDIO RC EXTINT[12] SE;%?O"]"Z’ SE&%?O’\]"‘” TC2/WO[0] AC/CMPI0]
22 30 PA13 VDDIO IPC EXTINT[13] SE&%C[’{‘]"Z’ SE&‘:DC[’l'\]"“/ TC2/WOL] ACICMP[1]
15 23 31 PAl4 VDDIO EXTINT[14] SE&%%"{'” SEFffACDC[’z"]"‘” TC3/WO[0] GCLK/I0[0]
16 24 | 32 PAl5 VDDIO EXTINT[L5] SEF?ACD%“]"Z’ SE&%C[’?',\]"‘” TC3WO[1] GCLK/IO[1]
17 25 | 35 PAl6 VDDIO EXTINT[O] X[4] SE&%C[’O“]"” SE&%C[’O’\]"S/ TC2/WOI0] GCLK/I0[2]
18 26 36 PAL7 VDDIO EXTINTI[1] X[5] SE&%?I‘]"” SE&%%'\]"?” TC2/WO[L] GCLK/I0[3]
19 27 | 37 PA18 VDDIO EXTINT[2] X[6] SE;%?Z"]"” SE&%?Z’\]"SI TC3/WOI0] AC/CMPI0]
20 28 38 PA19 VDDIO EXTINT[3] X[7] SE&%%"]"” SE&%%}“’ TC3/WO[L] ACICMP[1]
30 PB16 VDDIO I°C  EXTINT[O] SE&%?O“fs’ TC6/WO[0] GCLK/I0[2]
40 PB17 VDDIO PC  EXTINT[L] SEF?ACD%“]"S’ TC6/WO[1] GCLK/IO[3]
29 41 PA20 VDDIO EXTINT[4] X[8] SE&%C[’Z“]’B’ SE&%C[’Z’\]"S/ TC7WO[0] GCLK/I0[4]
30 42 PA21 VDDIO EXTINT[5] X[9] SE&%?B"]"E’/ SE&%%\]"?” TC7/WOL] GCLK/IO[5]
21 31 | 43 PA22 VDDIO IC  EXTINT[6] X[10] SE;%?O"]"S’ SE&%?O’\]W TC4/WOI0] GCLK/IO[6]
22 32 44 PA23 VDDIO PC  EXTINT[7] X[11] SE&%C[’{‘]’B’ SE&‘:DC[’l'\]"E’/ TC4/WO[L] GCLK/IO[7]
23 33 45 PA24 VDDIO EXTINT[12] SEPRACD?Z"]’W SEFffACDC[’z"]"sl TC5/WO[0]
24 34 | 46 PA25 VDDIO EXTINTIL3] SEF?ACD%“]’B’ SE&%C[’?',\]"SI TC5/WO[L]
37 49 PB22 VDDIO EXTINT6] SE&%C[’Z’\]’B/ TC7/IWOIO] GCLK/I0[0]
38 50 PB23 VDDIO EXTINT[7] SE&%%\]’B’ TC7/WO[L] GCLK/I0[1]
25 39 51 PA27 VDDIO EXTINT[15] GCLK/I0[0]
27 41 53 PA28 VDDIO EXTINT[8] GCLK/IO[0]
31 | 45 57 PA30 VDDIO EXTINT[LO] SEF;%?Z'\]"” TCLWO[0] SWCLK  GCLK/IO[0]
32 46 58 PA3L VDDIO EXTINT[11] SE&%%\]“’ TCL/WO[L]
59 PB30 VDDIO PC EXTINT[L4] SE&%?O’\]W TCOMWOIO]
60 PB3L VDDIO 1C  EXTINT[15] SEQ%?E5’ TCOMWO[1]
61 PBOO VDDANA EXTINTIO] AIN[8] Y[6] SEFfZCDC[’Z"I"sl TC7/WO[0]
62 PBOL VDDANA EXTINT[L] AIN[9] Y[7] SE&%C[’?',\]"SI TC7/WO[L]
47 | 63 PBO2 VDDANA EXTINT[2] AIN[10] Yie] SEF;%?O'\]’B’ TC6/WOI0]
48 64 PBO3 VDDANA EXTINT3] AIN[L1] Yol SE&%%'\]’B’ TC6/WO[L]

Note: 1. All analog pad functions are on peripheral function B. Peripheral function B must be selected to disable the digital
control of the pad.
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2. Only some pads can be used in SERCOM I°C mode. Check the Type column before trying to use a SERCOM pad in
12C mode.

3. Note that TC6 and TC7 are not supported on the SAM D20G. Refer to “Configuration Summary” on page 3 for details.
6.2  Other Functions

6.2.1 Oscillator Pinout

The oscillators are not mapped to the normal PORT functions and their multiplexing are controlled by registers in the
System Controller (SYSCTRL). Refer to “SYSCTRL — System Controller” on page 132 for more information.

Oscillator Supply Signal I/O Line
XIN PA14
XOSsC VDDIO
XOuUT PA15
XIN32 PAOO
XOSC32K VDDANA
XOUT32 PAO1

6.2.2 Serial Wire Debug Interface Pinout

Only the SWCLK pin is mapped to the normal PORT functions. A debugger cold-plugging or hot-plugging detection will
automatically switch the SWDIO port to the SWDIO function. Refer to “DSU — Device Service Unit” on page 41 for more

information.
SWCLK VDDIO PA30
SWDIO VDDIO PA31
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7.  Signal Descriptions List

The following table gives details on signal names classified by peripheral.

Active
Signal Name Function Type Level Comments
Analog Comparators - AC
AIN[3:0] Analog Inputs Analog
CMP[1:0] Comparator Outputs Digital
Analog Digital Converter - ADC
AIN[19:0] ADC Analog Inputs Analog
VREFP ADC Voltage External Reference Analog
Digital Analog Converter - DAC
VOUT DAC Voltage output Analog
VREFP DAC Voltage External Reference Analog
External Interrupt Controller - EIC
EXTINT[15:0] External Interrupts Input
NMI External Non-Maskable Interrupt Input
Generic Clock Generator - GCLK
10[7:0] clook generator oty o
Power Manager - PM
RESET_N Reset Input Low
Serial Communication Interface - SERCOMx
PAD[3:0] SERCOM 1/O Pads 110
System Control - SYSCTRL
XIN Crystal Input ADnigli?eﬂ/
XIN32 32kHz Crystal Input AD"ig'i?éT/
XOouT Crystal Output Analog
XOUT32 32kHz Crystal Output Analog
Timer Counter - TCx
WOI1:0] Waveform Outputs Output Low
Peripheral Touch Controller - PTC
X[15:0] PTC Input Analog
Y[15:0] PTC Input Analog

Atmel
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Active

Signal Name Function Level Comments
General Purpose /O - PORT

PA25 - PAOO Parallel /O Controller I/O Port A /0

PA28 - PA27 Parallel /O Controller I/O Port A /0

PA31 - PA30 Parallel /O Controller /O Port A /10

PB17 - PBOO Parallel 1/O Controller I/0 Port B /10

PB23 - PB22 Parallel 1/O Controller /0 Port B /0

PB31 - PB30 Parallel /O Controller I/O Port B /0
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8. Power Supply and Start-Up Considerations

8.1 Power Domain Overview

VDDANA
GNDANA
VDDCORE
GND
VDDIN
VDDIO

PB[31:10]

PA[13:8]

PA[7:2] AC PA[15:14]

PB[9:0] ——— PA[31:16]

PTC

Digital Logic
(CPU, peripherals)

PA[1:0] XOSC32K

0OSC32K

DFLL48M

OSCULP32K

8.2 Power Supply Considerations

8.2.1 Power Supplies

The Atmel® SAM D20 has several different power supply pins:
e VDDIO: Powers I/O lines, OSC8M and XOSC. Voltage is 1.62V to 3.63V, nominal.
e VDDIN: Powers I/O lines and the internal regulator. Voltage is 1.62V to 3.63V, nominal.

e VDDANA: Powers I/O lines and the ADC, AC, DAC, PTC, OSCULP32K, OSC32K, XOSC32K. Voltage is 1.62V to
3.63V, nominal.

e VDDCORE: Internal regulated voltage output. Powers the core, memories and peripherals. Voltage is 1.2V,
nominal.

The same voltage must be applied to both VDDIN, VDDIO and VDDANA. This common voltage is referred to as Vpp in
the datasheet.
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8.2.2

8.2.3

The ground pins, GND, are common to VDDCORE, VDDIO and VDDIN. The ground pin for VDDANA is GNDANA.

For decoupling recommendations for the different power supplies, refer to the schematic checklist.

Voltage Regulator
An embedded voltage regulator supplies all the digital logic.

The voltage regulator features two different modes:
e Normal mode: To be used when the CPU and peripherals are running
e Low Power (LP) mode: To be used when the regulator draws small static current. It can be used in standby mode

Typical Powering Schematics
The SAM D20 uses a single supply from 1.62V to 3.63V.

This is the recommended power supply connection.

Figure 8-1. Power Supply Connection

Main Supply VDDIO
(1.62V — 3.63V)

VDDANA

VDDIN

VDDCORE

GNDANA

8.2.4 Power-Up Sequence

8.2.4.1 Minimum Rise Rate

The integrated power-on reset (POR) circuitry monitoring the VDDANA power supply requires a minimum rise rate.

8.2.4.2 Maximum Rise Rate

To avoid risk of latch-up, the rise rate of the power supply must not exceed the values described in Electrical
Characteristics.
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8.3

8.3.1

8.3.2

8.3.3

8.4

8.4.1

8.4.2

8.4.3

Start-Up Considerations

This section summarizes the boot sequence of the SAM D20. The behavior after power-up is controlled by the Power
Manager. For specific details, refer to “PM — Power Manager” on page 105.

Starting of Clocks

After power-up, the device will be held in its initial state by the power-on reset circuitry, until the power has stabilized
throughout the device. Once the power has stabilized, the device will use a 1MHz clock. This clock is derived from the
8MHz Internal Oscillator (OSC8M), which is divided by eight and used as a clock source for generic clock generator 0.
Generic clock generator 0 is the main clock for the Power Manager (PM).

On system start-up, the 48MHz Digital Frequency Locked Loop (DFLL48M) is disabled. Some synchronous system
clocks are active, allowing software execution.

Refer to the “Clock Mask Register” section in “PM — Power Manager” on page 105 for the list of peripheral clocks
running. Synchronous system clocks that are running are by default not divided and receive a 1MHz clock through
generic clock generator 0. All the generic clocks are disabled except GCLK_WDT, which is used by the Watchdog Timer
(WDT).

I/O Pins

After power-up, the I/O pins are tri-stated.

Fetching of Initial Instructions

After reset has been released, the CPU starts fetching PC and SP values from the reset address, which is 0x00000000.
This address points to the first executable address in the internal flash. The code read from the internal flash is free to
configure the clock system and clock sources. Refer to “PM — Power Manager” on page 105, “GCLK — Generic Clock
Controller” on page 83 and “SYSCTRL — System Controller” on page 132 for details. Refer to the ARM Architecture
Reference Manual for more information on CPU startup.

Power-On Reset and Brown-Out Detector

The SAM D20 embeds three features to monitor, warn and/or reset the device:
e POR: Power-on reset on VDDANA
e BOD33: Brown-out detector on VDDANA
e BOD12: Brown-out detector on VDDCORE

Power-On Reset on VDDANA

POR monitors VDDANA. It is always activated and monitors voltage at startup and also during all the sleep modes. If
VDDANA goes below the threshold voltage, the entire chip is reset.

Brown-Out Detector on VDDANA

BOD33 monitors VDDANA. Refer to “SYSCTRL — System Controller” on page 132 for details.

Brown-Out Detector on VDDCORE

Once the device has started up, BOD12 monitors the internal VDDCORE. Refer to “SYSCTRL — System Controller” on
page 132 for details.
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9. Product Mapping

Figure 9-1. SAM D20 Product Mapping

Global Memory Space

0x00000000
0x20000000
SRAM |
0x20008000
Undefined
0x40000000

0x43000000
Reserved
0x60000000
Undefined
0x60000200
Reserved
0xE0000000
System [T
OXFFFFFFFF

0x40000000
PACO
0x40000400
PM
0x40000800
SYSCTRL
0x40000C00
GCLK
0x40001000
WDT
0x40001400
RTC
0x40001800
EIC
0x40001C00
Reserved
Ox40FFFFFF

Peripheral Bridge A

Code
0x00000000"
0x00040000
Reserved
Ox1FFFFFFF RA
o o SRAM
0x20000000°
Internal SRAM
0x20008000
Peripherals
0x40000000
Peripheral
Bridge A

0x41000000

0x42000000

Ox42FFFFFF
System
0xE0000000
Reserved
OXE000F000
Reserved
o -
0xE0100000
Reserved
OXFFFFFFFF

Peripheral Bridge B

0x41000000

0x41002000

0x41004000

0x41004400

0x41004800

Reserved

Ox41FFFFFF

Peripheral Bridge C

0x42000000

0x42000400
0x42000800
0x42000C00
0x42001000
0x42001400
0x42001800
0x42001C00
0x42002000
0x42002400
0x42002800
0x42002C00
0x42003000
0x42003400
0x42003800
0x42003C00
0x42004000
0x42004400
0x42004800

0x42004C00

0x42005000
Reserved
Ox42FFFFFF

This figure represents the full configuration of the Atmel® SAM D20 with maximum flash and SRAM capabilities and a full

set of peripherals. Refer to the “Configuration Summary” on page 3 for details.
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10. Memories

10.1 Embedded Memories
e Internal high-speed flash
e Internal high-speed RAM, single-cycle access at full speed
e Dedicated flash area for EEPROM emulation

10.2 Physical Memory Map

The High-Speed bus is implemented as a Bus Matrix. Refer to “High-Speed Bus Matrix” on page 29 for details. All High-
Speed bus addresses are fixed, and they are never remapped in any way, even during boot. The 32-bit physical address
space is mapped as follows:

Table 10-1. SAM D20 Physical Memory Map™

Size

SAMD20x18 | SAMD20x17 | SAMD20x16 | SAMD20x15 | SAMD20x14

Memory Start address

Embedded Flash 0x00000000 256KB 128KB 64KB 32KB 16KB
Embedded SRAM 0x20000000 32KB 16KB 8KB 4KB 2KB
Peripheral Bridge A 0x40000000 64KB 64KB 64KB 64KB 64KB
Peripheral Bridge B 0x41000000 64KB 64KB 64KB 64KB 64KB
Peripheral Bridge C 0x42000000 64KB 64KB 64KB 64KB 64KB

Note: 1. x=G, Jor E. SAMD20E18 is not available. Refer to “Ordering Information SAM D20” on page 4 for details.

Table 10-2. Flash Memory Parameters®

Number of Pages (NVMP) Page Size (PSZ) Row Size

SAMD20x18 256KB 4096 64 bytes 4 pages = 256 bytes
SAMD20x17 128KB 2048 64 bytes 4 pages = 256 bytes
SAMD20x16 64KB 1024 64 bytes 4 pages = 256 bytes
SAMD20x15 32KB 512 64 bytes 4 pages = 256 bytes
SAMD20x14 16KB 256 64 bytes 4 pages = 256 bytes

Notes: 1. x =G, Jor E. SAMD20E18 is not available. Refer to “Ordering Information SAM D20” on page 4 for details.
2. The number of pages (NVMP) and page size (PSZ) can be read from the NVM Pages and Page Size bits in

the NVM Parameter register in the NVMCTRL (PARAM.NVMP and PARAM.PSZ, respectively). Refer to
PARAM for details.
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10.3 Non-Volatile Memory (NVM) User Row Mapping
The NVM User Row contains calibration data that are automatically read at device power on.
The NVM User Row can be read at address 0x804000.
To write the NVM User Row refer to “NVMCTRL — Non-Volatile Memory Controller” on page 267.

Note that when writing to the User Row the values will only be loaded at device reset.

Table 10-3. NVM User Row Mapping

Bit Position Description

3 Reserved

6.4 EEPROM Used to select one of eigh_t different EEPROM area sizes<. Refer to
“NVMCTRL — Non-Volatile Memory Controller” on page 267.

7 Reserved

138 BOD33 Level icg;i[;?e?;.Threshold Level (BOD33.LEVEL) at power on. Refer to BOD33

14 BOD33 Enable BOD33 Enable at power on. Refer to BOD33 register.

16:15 BOD33 Action BOD33 Action at power on. Refer to BOD33 register.

21:17 BOD12 Level BOD12 Threshold Level at power on. Refer to BOD12 register.

22 BOD12 Enable BOD12 Enable at power on. Refer to BOD12 register.

24:23 BOD12 Action BOD12 Action at power on. Refer to BOD12 register.

25 WDT Enable WDT Enable at power on. Refer to WDT CTRL register.

26 WDT Always-On WDT Always-On at power on. Refer to WDT CTRL register.

30:27 WDT Period WDT Period at power on. Refer to WDT CONFIG register.

34:31 WDT Window WDT Window mode time-out at power on. Refer to WDT CONFIG register.

38:35 WDT EWOEESET gxgs;il¥£2:2Lng Interrupt Time Offset at power on. Refer to WDT

39 WDT WEN WDT Timer Window Mode Enable at power on. Refer to WDT CTRL register.

47:40 Reserved

6348 LOCK lc\i\olmrgﬁg?grl;%?giit;é$efer to “NVMCTRL — Non-Volatile Memory

Atmel SAM D20 [Preliminary DATASHEET 25
Atmel [ y ]

42129B-SAM-07/2013



10.4 NVM Software Calibration Row Mapping

The NVM Software Calibration Row contains calibration data that are measured and written during production test.
These calibration values should be read by the application software and written back to the corresponding register.

The NVM Software Calibration Row can be read at address 0x806020.

The NVM Software Calibration Row can not be written.

Table 10-4. NVM Software Calibration Row Mapping

Bit Position

2:0
14:3
26:15
34:27

NETTE]

Reserved

ADC GAINCORR
ADC OFFSETCORR
ADC LINEARITY

Description

ADC Gain Correction. Should be written to GAINCORR register.
ADC Offset Correction. Should be written to OFFSETCORR register.

ADC Linearity Calibration. Should be written to CALIB register.

37:35
44:38
63:38

Atmel

ADC BIASCAL
OSC32K CAL

Reserved

ADC Bias Calibration. Should be written to CALIB register.

OSC32KCalibration. Should be written to OSC32K register.
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11.

11.1

Processor and Architecture

Cortex-MO+ Processor

The Atmel® SAM D20 implements the ARM® Cortex®-M0+ processor, which is based on the ARMv6 architecture and

Thumb®-2 ISA. The Cortex MO+ is 100% instruction set compatible with its predecessor, the Cortex-MO0 processor, and
upward compatible with the Cortex-M3 and Cortex-M4 processors. The ARM Cortex-M0O+ implemented is revision rOp1.
For more information, refer to www.arm.com.

11.1.1 Cortex-MO0+ Configuration

Interrupts

Data endianness

SysTick timer

Number of watchpoint comparators
Number of breakpoint comparators
Halting debug support

Multiplier

Single-cycle I/O port

Wake-up interrupt controller
Vector Table Offset Register
Unprivileged/Privileged support
Memory Protection Unit

Reset all registers

Instruction fetch width

Configurable Option

External interrupts 0-32
Little-endian or big-endian
Present or absent

0,1,2

0,123, 4

Present or absent

Fast or small

Present or absent
Supported or not supported
Present or absent
Present or absent

Not present or 8-region
Present or absent

16-bit only or mostly 32-bit

Note: 1. All software run in privileged mode only

The ARM Cortex-M0O+ processor has two bus interfaces:

e Single 32-bit AMBA® 3 AHB-Lite™ system interface that provides connections to peripherals and all system
memory, including flash and RAM

e Single 32-bit I/O port bus interfacing to the PORT with one-cycle loads and stores

11.1.2 Cortex-MO+ Peripherals

e System Control Space (SCS)

SAM D20 Configuration

32
Little-endian
Present

2

4

Present

Fast (single cycle)
Present

Not supported
Present
Absent

Not present
Absent®

32-hit

e The processor provides debug through registers in the SCS. Refer to the Cortex-M0+ Technical Reference

Manual for details.
e System Timer (SysTick)

e The System Timer is a 24-bit timer that extends the functionality of both the processor and the NVIC. Refer

to the Cortex-MO+ Technical Reference Manual for details.

e Nested Vectored Interrupt Controller (NVIC)

Atmel
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e External interrupt signals connect to the NVIC, and the NVIC prioritizes the interrupts. Software can set the
priority of each interrupt. The NVIC and the Cortex-M0+ processor core are closely coupled, providing low
latency interrupt processing and efficient processing of late arriving interrupts. Refer to “Nested Vector
Interrupt Controller” on page 28 and the Cortex-M0+ Technical Reference Manual for details.

e System Control Block (SCB)

e The System Control Block provides system implementation information, and system control. This includes
configuration, control, and reporting of the system exceptions. Refer to the Cortex-M0+ Devices Generic
User Guide for details.
11.1.3 Cortex-M0+ Address Map

Table 11-1. Cortex-M0+ Address Map

Address Peripheral

O0xEOOOEO00 System Control Space (SCS)

O0xEOOOEO010 System Timer (SysTick)

OxEOOOE100 Nested Vectored Interrupt Controller (NVIC)
OXEOOOEDOO System Control Block (SCB)

11.1.4 1/O Interface

11.1.4.1 Overview

Because accesses to the AMBA AHB-Lite and the single-cycle 1/O interface can be made concurrently, the Cortex-MO+
processor can fetch the next instructions while accessing the 1/0s. This enables single-cycle 1/0 accesses to be
sustained for as long as needed.

11.1.4.2 Description

Direct access to PORT registers.

11.2 Nested Vector Interrupt Controller

11.2.1 Overview

The ARMv6-M Nested Vectored Interrupt Controller (NVIC) in the SAM D20 supports 32 interrupt lines with four different
priority levels. For more details, refer to the Cortex-M0+ Technical Reference Manual (www.arm.com).

11.2.2 Interrupt Line Mapping

Each of the 32 interrupt lines is connected to one peripheral instance, as shown in the table below. Each peripheral can
have one or more interrupt flags, located in the peripheral’s Interrupt Flag Status and Clear (INTFLAG) register. The
interrupt flag is set when the interrupt condition occurs. Each interrupt in the peripheral can be individually enabled by
writing a one to the corresponding bit in the peripheral’s Interrupt Enable Set (INTENSET) register, and disabled by
writing a one to the corresponding bit in the peripheral’s Interrupt Enable Clear (INTENCLR) register. An interrupt request
is generated from the peripheral when the interrupt flag is set and the corresponding interrupt is enabled. The interrupt
requests for one peripheral are ORed together on system level, generating one interrupt request for each peripheral. An
interrupt request will set the corresponding interrupt pending bit in the NVIC interrupt pending registers
(SETPEND/CLRPEND bits in ISPR/ICPR). For the NVIC to activate the interrupt, it must be enabled in the NVIC interrupt
enable register (SETENA/CLRENA bits in ISER/ICER). The NVIC interrupt priority registers IPRO-IPR7 provide a priority
field for each interrupt.
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Peripheral Source NVIC Line
EIC NMI — External Interrupt Controller Non Maskable Interrupt NMI
PM — Power Manager 0
SYSCTRL — System Controller 1
WDT — Watchdog Timer 2
RTC — Real Time Counter 3
EIC — External Interrupt Controller 4
NVMCTRL — Non-Volatile Memory Controller 5
EVSYS - Event System 6
SERCOMO - Serial Communication Interface O 7
SERCOML1 — Serial Communication Interface 1 8
SERCOM2 — Serial Communication Interface 2 9
SERCOMB3 — Serial Communication Interface 3 10
SERCOM4 — Serial Communication Interface 4 11
SERCOMS5 — Serial Communication Interface 5 12
TCO — Timer/Counter O 13
TC1 — Timer/Counter 1 14
TC2 — Timer/Counter 2 15
TC3 — Timer/Counter 3 16
TC4 — Timer/Counter 4 17
TC5 — Timer/Counter 5 18
TC6 — Timer/Counter 6 19
TC7 — Timer/Counter 7 20
ADC - Analog-to-Digital Converter 21
AC — Analog Comparator 22
DAC - Digital-to-Analog Converter 23
PTC — Peripheral Touch Controller 24
11.3 High-Speed Bus Matrix
11.3.1 Features
The High-Speed Bus Matrix includes these features:
e Symmetric crossbar bus switch implementation
e Allows concurrent accesses from different masters to different slaves
e 32-bit data bus
e Operation at a one-to-one clock frequency with the bus masters
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11.3.2 Configuration

CMO+

DSU
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11.4

11.5

11.5.1

AHB-APB Bridge

The AHB-APB bridge is an AHB slave, providing an interface between the high-speed AHB domain and the low-power
APB domain. It is used to provide access to the programmable control registers of peripherals (see “Product Mapping” on
page 23).

to operate the AHB-APB bridge, the clock (CLK_HPBx_AHB) must be enabled. See “PM — Power Manager” on page 105
for details.

PAC — Peripheral Access Controller

Overview

There is one PAC associated with each AHB-APB bridge. The PAC can provide write protection for registers of each
peripheral connected on the same bridge.

The PAC peripheral bus clock (CLK_PACx_APB) is enabled by default, and can be enabled and disabled in the Power
Manager. Refer to “PM — Power Manager” on page 105 for details. The PAC will continue to operate in any sleep mode
where the selected clock source is running.

Write-protection does not apply for debugger access. When the debugger makes an access to a peripheral, write-
protection is ignored so that the debugger can update the register.

Write-protect registers allow the user to disable a selected peripheral’s write-protection without doing a read-modify-write
operation. These registers are mapped into two 1/O memory locations, one for clearing and one for setting the register
bits. Writing a one to a bit in the Write Protect Clear register (WPCLR) will clear the corresponding bit in both registers
(WPCLR and WPSET) and disable the write-protection for the corresponding peripheral, while writing a one to a bit in the
Write Protect Set (WPSET) register will set the corresponding bit in both registers (WPCLR and WPSET) and enable the
write-protection for the corresponding peripheral. Both registers (WPCLR and WPSET) will return the same value when
read.

If a peripheral is write-protected, and if a write access is performed, data will not be written, and the peripheral will return
an access error (CPU exception).

The PAC also offers a safety feature for correct program execution, with a CPU exception generated on double write-
protection or double unprotection of a peripheral. If a peripheral n is write-protected and a write to one in WPSET[n] is
detected, the PAC returns an error. This can be used to ensure that the application follows the intended program flow by
always following a write-protect with an unprotect, and vice versa. However, in applications where a write-protected
peripheral is used in several contexts, e.g., interrupts, care should be taken so that either the interrupt can not happen
while the main application or other interrupt levels manipulate the write-protection status, or when the interrupt handler
needs to unprotect the peripheral, based on the current protection status, by reading WPSET.
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11.5.2 Register Description
Atomic 8-, 16- and 32-bit accesses are supported. In addition, the 8-bit quarters and 16-bit halves of a 32-bit register, and
the 8-bit halves of a 16-bit register can be accessed directly.

Please refer to “Product Mapping” on page 23 for PAC locations.

Atmel SAM D20 [Preliminary DATASHEET)] 32
A t m eL 42129B-SAM-07/2013



11.5.2.1 Write Protect Clear

Name: WPCLR

Offset: 0x00

Reset: 0x00000000

Property: -
Bit 31 30 29 28 27 26 25 24
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

EIC RTC WDT GCLK SYSCTRL PM

Access R R/W R/W R/W R/W R/W R/W R
Reset 0 0 0 0 0 0 0 0

e Bits 31:7 — Reserved
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to
zero when this register is written. These bits will always return zero when read.

e Bits 6:1—EIC, RTC, WDT, GCLK, SYSCTRL, PM: Write Protect Disable
0: Write-protection is disabled.
1: Write-protection is enabled.
Writing a zero to these bits has no effect.
Writing a one to these bits will clear the Write Protect bits for the corresponding peripherals.

e Bit0- Reserved
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero
when this register is written. This bit will always return zero when read.
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11.5.3 Write Protect Set

Name: WPSET
Offset: 0x04
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
EIC RTC WDT GCLK SYSCTRL PM
Access R R/W R/IW R/W R/W R/W R/W R
Reset 0 0 0 0 0 0 0 0

e Bits 31:7 — Reserved
These bits are unused and reserved for future use. For compatibility with future devices, always write these bits to

zero when this register is written. These bits will always return zero when read.

e Bits 6:1 - EIC, RTC, WDT, GCLK, SYSCTRL, PM: Write Protect Enable
0: Write-protection is disabled.
1: Write-protection is enabled.
Writing a zero to these bits has no effect.
Writing a one to these bits will set the Write Protect bit for the corresponding peripherals.

e Bit0- Reserved
This bit is unused and reserved for future use. For compatibility with future devices, always write this bit to zero

when this register is written. This bit will always return zero when read.
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11.5.3.1 PAC1 Register Description
Write Protect Clear

Name: WPCLR

Offset: 0x00

Reset: 0x00000002

Property: -
Bit 31 30 29 28 27 26 25 24
Access R R R R R R R R
Res