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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M3

32-Bit Single-Core

48MHz

12C, IrDA, SPI, UART/USART
Brown-out Detect/Reset, DMA, POR, PWM, WDT
47

16KB (16K x 8)

FLASH

4K x 8

1.62V ~ 3.6V

A/D 10x10b; D/A 1x10b
Internal

-40°C ~ 85°C (TA)

Surface Mount

64-LQFP

64-LQFP (10x10)
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2. SAM3N Block Diagram

Figure 2-1. SAM3N 100-pin version Block Diagram
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Table 3-1. Signal Description List (Continued)

Active Voltage
Signal Name Function Type Level Reference | Comments
Flash Memory
Reset State:
- Erase Input
ERASE Flash and NVM Configuration Bits Erase Input High VDDIO - Internal pull-down
Command enabled
- Schmitt Trigger
enabled™
Reset/Test
. Permanent Internal
NRST Microcontroller Reset 1/0 Low VDDIO
pull-up
Permanent Internal
TST Test Mode Select Input VDDIO
pull-down
Universal Asynchronous Receiver Transceiver - UARTX
URXDx UART Receive Data Input
UTXDx UART Transmit Data Output
PIO Controller - PIOA - PIOB - PIOC
PAO - PA31 Parallel IO Controller A I/0 Reset State:
PBO - PB14 Parallel IO Controller B 110 |-0P|<(2)> or System
S
VDDIO - Internal pull-up
PCO - PC31 Parallel 10 Controller C 10 enabled
- Schmitt Trigger
enabled™
Universal Synchronous Asynchronous Receiver Transmitter USARTX
SCKXx USARTX Serial Clock I/0
TXDx USARTX Transmit Data 1/0
RXDx USARTXx Receive Data Input
RTSx USARTXx Request To Send Output
CTSx USARTX Clear To Send Input
Timer/Counter - TC
TCLKx TC Channel x External Clock Input Input
TIOAX TC Channel x I/0O Line A 1/0
TIOBx TC Channel x I/O Line B I/0
Pulse Width Modulation Controller- PWMC
PWMx PWM Waveform Output for channel x Output
8 SAWKINS Iz
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Table 3-1. Signal Description List (Continued)
Active Voltage
Signal Name Function Type Level Reference | Comments
Serial Peripheral Interface - SPI
MISO Master In Slave Out I/0
MOSI Master Out Slave In I/0
SPCK SPI Serial Clock I/0
SPI_NPCSO0 SPI Peripheral Chip Select 0 1/0 Low
gi:zmiggg ) SPI Peripheral Chip Select Output Low
Two-Wire Interface- TWIx
TWDx TWIx Two-wire Serial Data I/0
TWCKXx TWIx Two-wire Serial Clock I/0
Analog
ADVREF ADC and DAC Reference Analog
10-bit Analog-to-Digital Converter - ADC
ADO - AD15 Analog Inputs Analog
ADTRG ADC Trigger Input VDDIO
Digital-to-Analog Converter Controller- DACC
DACO DACC channel analog output Analog
DATRG DACC Trigger Input VvDDIO
Fast Flash Programming Interface
PGMENO-PGMEN2 Programming Enabling Input
PGMMO-PGMM3 Programming Mode Input
PGMDO0-PGMD15 Programming Data /0
PGMRDY Programming Ready Output High
VDDIO
PGMNVALID Data Direction Output Low
PGMNOE Programming Read Input Low
PGMCK Programming Clock Input
PGMNCMD Programming Command Input Low
Notes: 1. Schmitt Triggers can be disabled through PIO registers.

2. Some PIO lines are shared with System 10s.

3. See Section 5.3 “Typical Powering Schematics” for restriction on voltage range of Analog Cells.
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4. Package and Pinout

SAM3N4/2/1/0/00 series is pin-to-pin compatible with SAM3S products. Furthermore
SAM3N4/2/1/0/00 devices have new functionalities referenced in italic inTable 4-1, Table 4-3
and Table 4-4.

4.1 SAM3N4/2/1/0/00C Package and Pinout
411 100-lead LQFP Package Outline

Figure 4-1. Orientation of the 100-lead LQFP Package
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41.2 100-ball TFBGA Package Outline

The 100-Ball TFBGA package has a 0.8 mm ball pitch and respects Green Standards. Its
dimensions are 9 x 9 x 1.1 mm.

Figure 4-2.  Orientation of the 100-ball TFBGA Package
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4.3.1 48-Lead LQFP and QFN Pinout

Table 4-4. 48-pin SAM3N4/2/1/0/00A Pinout

1 ADVREF 13 VDDIO 25 TDI/PB4 37 TDO/TRPAB(;ESWO/
2 GND 14 PA16/PGMD4 26 PAG6/PGMNOE 38 JTAGSEL
3 PBO/AD4 15 PA15/PGMD3 27 PA5/PGMRDY 39 TMS/SWDIO/PB6
4 PB1/AD5 16 PA14/PGMD2 28 PA4/PGMNCMD 40 TCK/SWCLK/PB7
5 PB2/AD6 17 PA13/PGMD1 29 NRST 41 VDDCORE
6 PB3/AD7 18 VDDCORE 30 TST 42 ERASE/PB12
7 VDDIN 19 PA12/PGMDO 31 PA3 43 PB10
8 VDDOUT 20 PA11/PGMM3 32 PA2/PGMEN2 44 PB11
9 PA17/PGMDS/ADO 21 PA10/PGMM2 33 VvDDIO 45 XOUT/PB8
10 PA18/PGMDG6/AD1 22 PA9/PGMM1 34 GND 46 XIN/P/PB9/GMCK
11 PA19/PGMD7/AD2 23 PAS/XS/I;JAB32/PG 35 PA1/PGMEN1 47 VDDIO
12 PA20/AD3 24 PA7/X\|/':\?_2”/DPGMN 36 PAO/PGMENO 48 VDDPLL
Note:  The bottom pad of the QFN package must be connected to ground.
1 SYAWRINES i glgcle
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5. Power Considerations

5.1 Power Supplies
The SAM3N product has several types of power supply pins:

* VDDCORE pins: Power the core, including the processor, the embedded memories and the
peripherals. Voltage ranges from 1.62V and 1.95V.

» VDDIO pins: Power the Peripherals 1/O lines, Backup part, 32 kHz crystal oscillator and
oscillator pads. Voltage ranges from 1.62V and 3.6V

» VDDIN pin: Voltage Regulator, ADC and DAC Power Supply. Voltage ranges from 1.8V to
3.6V for the Voltage Regulator

» VDDPLL pin: Powers the PLL, the Fast RC and the 3 to 20 MHz oscillators. Voltage ranges
from 1.62V and 1.95V.

5.2  Voltage Regulator
The SAM3N embeds a voltage regulator that is managed by the Supply Controller.

This internal regulator is intended to supply the internal core of SAM3N. It features two different
operating modes:

* In Normal mode, the voltage regulator consumes less than 700 pA static current and draws
60 mA of output current. Internal adaptive biasing adjusts the regulator quiescent current
depending on the required load current. In Wait Mode quiescent current is only 7 pA.

* In Backup mode, the voltage regulator consumes less than 1 pA while its output (VDDOUT)
is driven internally to GND. The default output voltage is 1.80V and the start-up time to reach
Normal mode is less than100 ps.

For adequate input and output power supply decoupling/bypassing, refer to the Voltage Regula-
tor section in the Electrical Characteristics section of the datasheet.

5.3 Typical Powering Schematics
The SAM3N supports a 1.62V-3.6V single supply mode. The internal regulator input connected
to the source and its output feeds VDDCORE. Figure 5-1 shows the power schematics.

As VDDIN powers the voltage regulator and the ADC/DAC, when the user does not want to use
the embedded voltage regulator, it can be disabled by software via the SUPC (note that it is dif-
ferent from Backup mode).

ATMEL 1

11011BS-ATARM-22-Feb-12



ATMEL

5.6 Wake-up Sources
The wake-up events allow the device to exit backup mode. When a wake-up event is detected,
the Supply Controller performs a sequence which automatically reenables the core power sup-
ply and the SRAM power supply, if they are not already enabled.

Figure 5-4. Wake-up Source

ol
brown_out )]
GEZI I
rtc_alarm /
Core
[Rren | Sore
rtt_alarm ___ ——————— | /] Roctat
[ wkuPENO| | wKuPISO
Falling/Rising I—
WKUPO | |— Edge
Detector
[ wkupTt | [ wkupen1] | wkupist | SLC|_K)>
|
Falling/Rising D_l; Debouncer ®
WKUP1 D— Edge
| Detector
[wkuPEN15| | wKuUPIS15|
. Falling/Rising
WKUP15 | |— Edge
Detector
2 SAM3N Summary—

11011BS-ATARM-22-Feb-12



S A V3N Summary

7.7 Debug and Test Features

» Debug access to all memory and registers in the system, including Cortex-M3 register bank
when the core is running, halted, or held in reset.

+ Serial Wire Debug Port (SW-DP) and Serial Wire JTAG Debug Port (SWJ-DP) debug access
* Flash Patch and Breakpoint (FPB) unit for implementing breakpoints and code patches

» Data Watchpoint and Trace (DWT) unit for implementing watchpoints, data tracing, and
system profiling

* Instrumentation Trace Macrocell (ITM) for support of printf style debugging

» IEEE1149.1 JTAG Boundary-can on All Digital Pins

ATMEL 2
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10. System Controller

The System Controller is a set of peripherals, which allow handling of key elements of the sys-
tem, such as power, resets, clocks, time, interrupts, watchdog, etc...

See the System Controller block diagram in Figure 10-1 on page 35.
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— Multi-drive option enables driving in open drain

— Programmable pull up on each I/O line

— Pin data status register, supplies visibility of the level on the pin at any time
+ Selection of the drive level
» Synchronous output, provides Set and Clear of several I/O lines in a single write

11. Peripherals

11.1 Peripheral Identifiers
Table 11-1 defines the Peripheral |dentifiers of the SAM3N4/2/1/0/00. A peripheral identifier is
required for the control of the peripheral interrupt with the Nested Vectored Interrupt Controller
and for the control of the peripheral clock with the Power Management Controller.

Table 11-1.  Peripheral Identifiers

Instance ID Instance Name NVIC Interrupt PMC Clock Control | Instance Description
0 SUPC X Supply Controller
1 RSTC X Reset Controller
2 RTC X Real Time Clock
3 RTT X Real Time Timer
4 WDT X Watchdog Timer
5 PMC X Power Management Controller
6 EEFC X Enhanced Flash Controller
7 - - Reserved
8 UARTO X UART 0
9 UART1 X X UART 1
10 - - - Reserved
11 PIOA X X Parallel I/O Controller A
12 PIOB X X Parallel I/O Controller B
13 PIOC X X Parallel I/O Controller C
14 USARTO X X USART 0
15 USART1 X X USART 1
16 - - - Reserved
17 - - - Reserved
18 - - - Reserved
19 TWIO X X Two Wire Interface 0
20 TWH X X Two Wire Interface 1
21 SPI X X Serial Peripheral Interface
22 - - - Reserved
23 TCO X X Timer/Counter 0
24 TC1 X X Timer/Counter 1

ATMEL i

11011BS-ATARM-22-Feb-12



S A V3N Summary

11.2.1 P10 Controller A Multiplexing
Table 11-2.  Multiplexing on PIO Controller A (PIOA)
I/O Line Peripheral A Peripheral B Peripheral C Extra Function System Function Comments

PAO PWMO TIOAO WKUPO High drive

PA1 PWM1 TIOBO WKUP1 High drive

PA2 PWM2 SCKo DATRG WKUP2 High drive

PA3 TWDO NPCS3 High drive

PA4 TWCKO TCLKO WKUP3

PA5 RXDO NPCS3 WKUP4

PAG TXDO PCKO

PA7 RTSO PWM3 XIN32

PA8 CTSO ADTRG WKUP5 XOUT32

PA9 URXDO NPCS1 WKUP6

PA10 UTXDO NPCS2

PA11 NPCSO0 PWMO WKUP7

PA12 MISO PWM1

PA13 MOSI PWM2

PA14 SPCK PWM3 WKUP8

PA15 TIOA1 WKUP14

PA16 TIOB1 WKUP15

PA17 PCK1 ADO

PA18 PCK2 AD1

PA19 AD2/WKUP9

PA20 AD3/WKUP10

PA21 RXD1 PCKA1 AD8 64/100-pin versions
PA22 TXD1 NPCS3 AD9 64/100-pin versions
PA23 SCK1 PWMO 64/100-pin versions
PA24 RTS1 PWM1 64/100-pin versions
PA25 CTSH1 PWM2 64/100-pin versions
PA26 TIOA2 64/100-pin versions
PA27 TIOB2 64/100-pin versions
PA28 TCLK1 64/100-pin versions
PA29 TCLK2 64/100-pin versions
PA30 NPCS2 WKUP11 64/100-pin versions
PA31 NPCS1 PCK2 64/100-pin versions

11011BS-ATARM-22-Feb-12
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11.2.2 P10 Controller B Multiplexing
Table 11-3.  Multiplexing on PIO Controller B (PIOB)
I/0 Line Peripheral A Peripheral B Peripheral C Extra Function System Function Comments
PBO PWMO AD4
PB1 PWM1 AD5
PB2 URXD1 NPCS2 AD6/WKUP12
PB3 UTXD1 PCK2 AD7
PB4 TWD1 PWM2 TDI
PB5 TWCK1 WKUP13 TRA-\I—(IZDEOS/WO
PB6 TMS/SWDIO
PB7 TCK/SWCLK
PB8 XOuT
PB9 XIN
PB10
PB11
PB12 ERASE
PB13 PCKO DACO 64/100-pin versions
PB14 NPCS1 PWM3 64/100-pin versions
4 SYAWRINES i glgcle
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— Support for two PDC channels with connection to receiver and transmitter (for
UARTO only)

12.4 USART

* Programmable Baud Rate Generator

* 5- to 9-bit full-duplex synchronous or asynchronous serial communications
— 1, 1.5 or 2 stop bits in Asynchronous Mode or 1 or 2 stop bits in Synchronous Mode
— Parity generation and error detection
— Framing error detection, overrun error detection
— MSB- or LSB-first
— Optional break generation and detection
— By 8 or by-16 over-sampling receiver frequency
— Hardware handshaking RTS-CTS
— Receiver time-out and transmitter timeguard
— Optional Multi-drop Mode with address generation and detection

» RS485 with driver control signal

+ ISO7816, T = 0 or T = 1 Protocols for interfacing with smart cards (Only on USARTO)
— NACK handling, error counter with repetition and iteration limit

* SPI Mode
— Master or Slave
— Serial Clock programmable Phase and Polarity
— SPI Serial Clock (SCK) Frequency up to MCK/4

* IrDA modulation and demodulation (Only on USARTO)
— Communication at up to 115.2 Kbps

* Test Modes
— Remote Loopback, Local Loopback, Automatic Echo

» PDC support (for USARTO only)

12.5 Timer Counter (TC)

* Six 16-bit Timer Counter Channels
» Wide range of functions including:
— Frequency Measurement

— Event Counting
— Interval Measurement
— Pulse Generation
— Delay Timing
— Pulse Width Modulation
— Up/down Capabilities
» Each channel is user-configurable and contains:
— Three external clock inputs
— Five internal clock inputs

ATMEL i
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— Two multi-purpose input/output signals
» Two global registers that act on all three TC Channels
* Quadrature decoder

— Advanced line filtering

— Position/revolution/speed
+ 2-bit Gray Up/Down Counter for Stepper Motor

12.6 Pulse Width Modulation Controller (PWM)
» Four channels, one 16-bit counter per channel
» Common clock generator, providing thirteen different clocks
— One Modulo n counter providing eleven clocks
— Two independent linear dividers working on modulo n counter outputs
* Independent channel programming
— Independent enable/disable commands
— Independent clock selection
— Independent period and duty cycle, with double buffering
— Programmable selection of the output waveform polarity

12.7 10-bit Analog-to-Digital Converter
* Up to 16-channel ADC

+ 10-bit 384 Ksamples/sec. or 8-bit 583 Ksamples/sec. Successive Approximation Register
ADC

» +2 LSB Integral Non Linearity, +1 LSB Differential Non Linearity
* Integrated 8-to-1 multiplexer, offering eight independent 3.3V analog inputs
 External voltage reference for better accuracy on low voltage inputs
* Individual enable and disable of each channel
» Multiple trigger source
— Hardware or software trigger
— External trigger pin
— Timer Counter 0 to 2 outputs TIOAO to TIOA2 trigger
+ Sleep Mode and conversion sequencer

— Automatic wakeup on trigger and back to sleep mode after conversions of all
enabled channels

12.8 Digital-to-Analog Converter (DAC)
* 1 channel 10-bit DAC
* Up to 500 ksamples/s conversion rate
* Flexible conversion range
» Multiple trigger sources
» One PDC channel

4 S A M BN S U M NN QL 5000000000000
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13. Package Drawings
The SAM3N series devices are available in LQFP, QFN and TFBGA packages.

Figure 13-1. 100-lead LQFP Package Drawing
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Note: 1. This drawing is for general information only. Refer to JEDEC Drawing MS-026 for additional information.
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Table 13-2.  64-lead LQFP Package Dimensions (in mm)
Millimeter Inch
Symbol Min Nom Max Min Nom Max
A - - 1.60 - - 0.063
A1 0.05 - 0.15 0.002 - 0.006
A2 1.35 1.40 1.45 0.053 0.055 0.057
D 12.00 BSC 0.472 BSC
D1 10.00 BSC 0.383 BSC
E 12.00 BSC 0.472 BSC
E1 10.00 BSC 0.383 BSC
R2 0.08 - 0.20 0.003 - 0.008
R1 0.08 - - 0.003 - -
q 0° 3.5° 7° 0° 3.5° 7°
8, 0° - - 0° - -
0, 11° 12° 13° 11° 12° 13°
0, 11° 12° 13° 11° 12° 13°
0.09 - 0.20 0.004 - 0.008
0.45 0.60 0.75 0.018 0.024 0.030
L1 1.00 REF 0.039 REF
S 0.20 - - 0.008 - -
b 0.17 0.20 0.27 0.007 0.008 0.011
e 0.50 BSC. 0.020 BSC.
D2 7.50 0.285
E2 7.50 0.285
Tolerances of Form and Position
aaa 0.20 0.008
bbb 0.20 0.008
cce 0.08 0.003
ddd 0.08 0.003
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Table 13-3.  48-pad QFN Package Dimensions (in mm)
Millimeter Inch
Symbol Min Nom Max Min Nom Max
A - - 090 - - 0.035
A1 - - 0.050 - - 0.002
A2 - 0.65 0.70 - 0.026 0.028
A3 0.20 REF 0.008 REF
0.18 ‘ 0.20 0.23 0.007 0.008 0.009
D 7.00 bsc 0.276 bsc
D2 5.45 ‘ 5.60 5.75 0.215 0.220 0.226
E 7.00 bsc 0.276 bsc
E2 5.45 5.60 5.75 0.215 0.220 0.226
L 0.35 0.40 0.45 0.014 0.016 0.018
e 0.50 bsc 0.020 bsc
R 0.09 - - 0.004 - -
Tolerances of Form and Position
aaa 0.10 0.004
bbb 0.10 0.004
cce 0.05 0.002
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Figure 13-5. 64-pad QFN Package Drawing
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Table 14-1.
Flash Temperature
Ordering Code MRL (Kbytes) Package Package Type Operating Range

ATSAM3N1AA-AU A 64 LQFP48 Green naustial
ATSAM3N1AB-AU B 64 LQFP48 Green  naustial
ATSAM3N1AA-MU A 64 QFN48 Green apasral
ATSAM3N1AB-MU B 64 QFN48 Green apasrel
ATSAM3NOCA-AU A 32 LQFP100 Green ] 4(;[‘8“;‘22‘00
ATSAM3NOCA-CU A 32 TFBGA100 Green 4 (')’jg”tf)tg‘goc
ATSAM3NOBA-AU A 32 LQFP64 Green sl
ATSAM3NOBA-MU A 32 QFN64 Green  haustial
ATSAM3NOAA-AU A 32 LQFP48 Green pasral
ATSAM3NOAA-MU A 32 QFN48 Green sl
ATSAM3NOOBA-AU A 16 LQFP64 Green  ndustial
ATSAM3NOOBA-MU A 16 QFN64 Green pasral
ATSAM3NOOAA-AU A 16 LQFP48 Green sl
ATSAM3NOOAA-MU A 16 QFN48 Green 4 (')’jg”tztg"g'oc
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