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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

64MHz

12C, MMC, SPI, SSC, UART/USART, USB
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
47

256KB (256K x 8)

FLASH

48K x 8

1.62V ~ 3.6V

A/D 10x10/12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-LQFP

64-LQFP (10x10)
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2. SAMS3S Block Diagram

Figure 2-1. SAMS3S 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
Universal Asynchronous Receiver Transmitter - 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 10 Controller B Te} vDplo |~ P10 or System 10s
- Internal pull-up enabled
PCO - PC31 Parallel 10 Controller C 1’0 - Schmitt Trigger enabled("
PIO Controller - Parallel Capture Mode (PIOA Only)

PIODCO-PIODC7 Parallel Capture Mode Data Input

PIODCCLK Parallel Capture Mode Clock Input VDDIO

PIODCEN1-2 Parallel Capture Mode Enable Input

External Bus Interface

DO - D7 Data Bus I/0

AO - A23 Address Bus Output

NWAIT External Wait Signal Input Low

Static Memory Controller - SMC

NCSO0 - NCS3 Chip Select Lines Output Low

NRD Read Signal Output Low

NWE Write Enable Output Low

NAND Flash Logic
NANDOE NAND Flash Output Enable Output Low
NANDWE NAND Flash Write Enable Output Low
High Speed Multimedia Card Interface - HSMCI

MCCK Multimedia Card Clock I/0

MCCDA Multimedia Card Slot A Command I/0

MCDAO - MCDA3 Multimedia Card Slot A Data I/0

Universal Synchronous Asynchronous Receiver Transmitter USARTx

SCKXx USARTX Serial Clock I/0

TXDx USARTX Transmit Data I/O

RXDx USARTXx Receive Data Input

RTSx USARTx Request To Send Output

CTSx USARTXx Clear To Send Input

DTR1 USART1 Data Terminal Ready I/O

DSR1 USART1 Data Set Ready Input

DCD1 USART1 Data Carrier Detect Input

RI1 USART1 Ring Indicator Input

ATMEL 7
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4.3 SAM3S4/2/1A Package and Pinout

Figure 4-5. Orientation of the 48-pad QFN Package
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Figure 4-6. Orientation of the 48-lead LQFP Package
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4.31 48-Lead LQFP and QFN Pinout
Table 4-4. 48-pin SAM3S4/2/1A Pinout
1 ADVREF 13 VDDIO 25 TDI/PB4 a7 | TPOT RP’;%ESWO/
2 GND 14 |  PA16/PGMDA4 26 PAG/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/PB?
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 DDM/PB10
8 VDDOUT 20 | PA11/PGMM3 32 PA2/PGMEN2 44 DDP/PB11
9 PA”;PD%MDS/ 21 | PA10/PGMM2 33 VDDIO 45 XOUT/PBS8
10 PA182PDG1MD6/ 22 PA9/PGMM1 34 GND 46 | XIN/PB9/PGMCK
PA19/PGMD7/ PA8/XOUT32/
11 AD2 23 PGMMO 35 PA1/PGMENT 47 VDDIO
PA7/XIN32/
12 PA20/AD3 24 | o VALD 36 PAO/PGMENO 48 VDDPLL
Note:  The bottom pad of the QFN package must be connected to ground.
16 SAM3S Summary e
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Figure 5-1.  Single Supply
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Note:  Restrictions
With Main Supply < 2.0 V, USB and ADC/DAC and Analog comparator are not usable.
With Main Supply > 2.0V and < 3V, USB is not usable.
With Main Supply > 3V, all peripherals are usable.

Figure 5-2. Core Externally Supplied
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Note:  Restrictions
With Main Supply < 2.0V, USB is not usable.
With VDDIN < 2.0V, ADC/DAC and Analog comparator are not usable.
With Main Supply > 2.0V and < 3V, USB is not usable.
With Main Supply and VDDIN 2 3V, all peripherals are usable.

Figure 5-3 below provides an example of the powering scheme when using a backup battery.
Since the PIO state is preserved when in backup mode, any free PIO line can be used to switch
off the external regulator by driving the PIO line at low level (PIO is input, pull-up enabled after
backup reset). External wake-up of the system can be from a push button or any signal. See
Section 5.6 “Wake-up Sources” for further details.

18 SAM3S Summary e
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5.5.4 Low Power Mode Summary Table
The modes detailed above are the main low power modes. Each part can be set to on or off sep-
arately and wake up sources can be individually configured. Table 5-1 below shows a summary
of the configurations of the low power modes.
Table 5-1. Low Power Mode Configuration Summary
SUPC,
32 kHz
Oscillator
RTC RTT
Backup
Registers,
POR Core PIO State
(Backup Memory Potential Wake Up | Core at |whilein Low | PIO State | Consumption | Wake-up
Mode Region) |Regulator |Peripherals| Mode Entry Sources Wake Up |Power Mode |at Wake Up @ Time™"
WFE WUPO-15 pins PIOA &
Backup OFF SM alarm Previous PIOB & @
Mode ON OFF (Not powered) +SLE,EPDEEP RTC alarm Reset state saved PIOC . SuAtyp <0.1ms
bit = 1 Inputs with
RTT alarm
pull ups
Any Event from: Fast
WFE startup through
Wait Powered | +SLEEPDEEP |WUPO0-15 pins Clocked |Previous ®)
Mode ON ON (Not clocked) bit=0 RTC alarm back state saved Unchanged |5 WA/T5 A <10us
+LPMbit=1 |RTT alarm
USB wake-up
Entry mode =WFI
Interrupt Only; Entry
mode =WFE Any
WEFEE or WFI Eng/blei Int%rrupt
Powered” and/or Any Event .
l\S/Ilce)gep ON ON +SLEE 'i%EEP from: Fast start-up g;%iked :t:'t\g(:;ie 4 |Unchanged © ©
(Not clocked) = through WUPO-15
+LPMbit=0 |oing
RTC alarm
RTT alarm
USB wake-up
Notes: 1. When considering wake-up time, the time required to start the PLL is not taken into account. Once started, the device works

with the 4/8/12 MHz fast RC oscillator. The user has to add the PLL start-up time if it is needed in the system. The wake-up
time is defined as the time taken for wake up until the first instruction is fetched.

A A

(without using internal voltage regulator).

o

Depends on MCK frequency.

Supply Monitor current consumption is not included.
Total Current consumption.
5 pA on VDDCORE, 15 pA for total current consumption (using internal voltage regulator), 8 pA for total current consumption

The external loads on PIOs are not taken into account in the calculation.

7. In this mode the core is supplied and not clocked but some peripherals can be clocked.

6500CS-ATARM-24-Jan-11
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Table 7-4. Peripheral DMA Controller (Continued)

Instance Name Channel T/R 100 & 64 Pins 48 Pins
UARTO Receive X X
USART1 Receive X X
USARTO Receive X X
ADC Receive X X
SPI Receive X X
SSC Receive X X
HSMCI Receive X N/A
PIOA Receive X X

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.

e 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

e 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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One of the commands returns the embedded Flash descriptor definition that informs the system
about the Flash organization, thus making the software generic.

9.1.34 Flash Speed
The user needs to set the number of wait states depending on the frequency used.
For more details, refer to the AC Characteristics sub section in the product Electrical Character-

istics Section.

9.1.3.5 Lock Regions
Several lock bits used to protect write and erase operations on lock regions. A lock region is
composed of several consecutive pages, and each lock region has its associated lock bit.

Table 9-1. Number of Lock Bits

Product Number of Lock Bits Lock Region Size
ATSAM3S4 16 16 kbytes (64 pages)
ATSAM3S2 8 16 kbytes (64 pages)
ATSAM3SH1 4 16 kbytes (64 pages)

If a locked-region’s erase or program command occurs, the command is aborted and the EEFC
triggers an interrupt.

The lock bits are software programmable through the EEFC User Interface. The command “Set
Lock Bit” enables the protection. The command “Clear Lock Bit” unlocks the lock region.

Asserting the ERASE pin clears the lock bits, thus unlocking the entire Flash.

9.1.3.6 Security Bit Feature
The SAM3S features a security bit, based on a specific General Purpose NVM bit (GPNVM bit
0). When the security is enabled, any access to the Flash, SRAM, Core Registers and Internal
Peripherals either through the ICE interface or through the Fast Flash Programming Interface, is
forbidden. This ensures the confidentiality of the code programmed in the Flash.

This security bit can only be enabled, through the command “Set General Purpose NVM Bit 0” of
the EEFC User Interface. Disabling the security bit can only be achieved by asserting the
ERASE pin at 1, and after a full Flash erase is performed. When the security bit is deactivated,
all accesses to the Flash, SRAM, Core registers, Internal Peripherals are permitted.

It is important to note that the assertion of the ERASE pin should always be longer than 200 ms.

As the ERASE pin integrates a permanent pull-down, it can be left unconnected during normal
operation. However, it is safer to connect it directly to GND for the final application.

9.1.3.7 Calibration Bits
NVM bits are used to calibrate the brownout detector and the voltage regulator. These bits are
factory configured and cannot be changed by the user. The ERASE pin has no effect on the cal-
ibration bits.

9.1.3.8 Unique Identifier
Each device integrates its own 128-bit unique identifier. These bits are factory configured and
cannot be changed by the user. The ERASE pin has no effect on the unique identifier.

32 SAM3S Summary e
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— Asynchronous read in Page Mode supported (4- up to 32-byte page size)
¢ Multiple device adaptability
— Control signals programmable setup, pulse and hold time for each Memory Bank
* Multiple Wait State Management
— Programmable Wait State Generation
— External Wait Request
— Programmable Data Float Time
¢ Slow Clock mode supported
» Additional Logic for NAND Flash

34 SAM3S Summary e
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System Controller and Peripherals Mapping

Please refer to Section 8-1 “SAM3S Product Mapping” on page 30.

All the peripherals are in the bit band region and are mapped in the bit band alias region.

10.2 Power-on-Reset, Brownout and Supply Monitor

10.2.1

10.2.2

10.2.3

The SAM3S embeds three features to monitor, warn and/or reset the chip:
* Power-on-Reset on VDDIO

* Brownout Detector on VDDCORE

* Supply Monitor on VDDIO

Power-on-Reset

The Power-on-Reset monitors VDDIO. It is always activated and monitors voltage at start up but
also during power down. If VDDIO goes below the threshold voltage, the entire chip is reset. For
more information, refer to the Electrical Characteristics section of the datasheet.

Brownout Detector on VDDCORE

The Brownout Detector monitors VDDCORE. It is active by default. It can be deactivated by soft-
ware through the Supply Controller (SUPC_MR). It is especially recommended to disable it
during low-power modes such as wait or sleep modes.

If VDDCORE goes below the threshold voltage, the reset of the core is asserted. For more infor-
mation, refer to the Supply Controller (SUPC) and Electrical Characteristics sections of the
datasheet.

Supply Monitor on VDDIO

The Supply Monitor monitors VDDIO. It is not active by default. It can be activated by software
and is fully programmable with 16 steps for the threshold (between 1.9V to 3.4V). It is controlled
by the Supply Controller (SUPC). A sample mode is possible. It allows to divide the supply mon-
itor power consumption by a factor of up to 2048. For more information, refer to the SUPC and
Electrical Characteristics sections of the datasheet.

10.3 Reset Controller

The Reset Controller is based on a Power-on-Reset cell, and a Supply Monitor on VDDCORE.

The Reset Controller is capable to return to the software the source of the last reset, either a
general reset, a wake-up reset, a software reset, a user reset or a watchdog reset.

The Reset Controller controls the internal resets of the system and the NRST pin input/output. It
is capable to shape a reset signal for the external devices, simplifying to a minimum connection
of a push-button on the NRST pin to implement a manual reset.

The configuration of the Reset Controller is saved as supplied on VDDIO.

10.4 Supply Controller (SUPC)

36

The Supply Controller controls the power supplies of each section of the processor and the
peripherals (via Voltage regulator control)

The Supply Controller has its own reset circuitry and is clocked by the 32 kHz Slow clock
generator.

SAM3S Summary e
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10.14 UART
e Two-pin UART
— Implemented features are 100% compatible with the standard Atmel USART

— Independent receiver and transmitter with a common programmable Baud Rate
Generator

— Even, Odd, Mark or Space Parity Generation

— Parity, Framing and Overrun Error Detection

— Automatic Echo, Local Loopback and Remote Loopback Channel Modes
— Support for two PDC channels with connection to receiver and transmitter

10.15 PIO Controllers

* 3 PIO Controllers, PIOA, PIOB and PIOC (100-pin version only) controlling a maximum of 79
I/O Lines

 Fully programmable through Set/Clear Registers

Table 10-2.  PIO available according to pin count

Version 48 pin 64 pin 100 pin
PIOA 21 32 32
PIOB 13 15 15
PlOC - - 32

* Multiplexing of four peripheral functions per I/O Line
e For each I/O Line (whether assigned to a peripheral or used as general purpose I/O)
— Input change, rising edge, falling edge, low level and level interrupt
— Debouncing and Gilitch filter
— Multi-drive option enables driving in open drain
— Programmable pull-up or pull-down on each I/O line
— Pin data status register, supplies visibility of the level on the pin at any time
* Synchronous output, provides Set and Clear of several I/O lines in a single write

ATMEL o

6500CS-ATARM-24-Jan-11



ATMEL

11.2.1 PIO Controller A Multiplexing
Table 11-2.  Multiplexing on P1O Controller A (PIOA)
I/O Line Peripheral A Peripheral B | Peripheral C Extra Function System Function Comments
PAO PWMHO TIOAO A17 WKUPO High drive
PA1 PWMH1 TIOBO A18 WKUP1 High drive
PA2 PWMH2 SCKO DATRG WKUP2 High drive
PA3 TWDO NPCS3 High drive
PA4 TWCKO TCLKO WKUP3
PA5 RXDO NPCS3 WKUP4
PAG6 TXDO PCKO
PA7 RTSO PWMH3 XIN32
PA8 CTSO ADTRG WKUP5 XOUT32
PA9 URXDO NPCS1 PWMFIO WKUP6
PA10 UTXDO NPCS2
PA11 NPCS0 PWMHO WKUP7
PA12 MISO PWMH1
PA13 MOSI PWMH2
PA14 SPCK PWMH3 WKUP8
PA15 TF TIOA1 PWML3 WKUP14/PIODCENT
PA16 TK TIOB1 PWML2 WKUP15/PIODCEN2
PA17 TD PCK1 PWMH3 ADO
PA18 RD PCK2 A4 AD1
PA19 RK PWMLO A15 AD2/WKUP9
PA20 RF PWMLA1 A16 AD3/WKUP10
PA21 RXD1 PCK1 ADS8 64/100-pin versions
PA22 TXD1 NPCS3 NCS2 AD9 64/100-pin versions
PA23 SCK1 PWMHO A19 PIODCCLK 64/100-pin versions
PA24 RTS1 PWMH1 A20 PIODCO 64/100-pin versions
PA25 CTSH PWMH2 A23 PIODCA1 64/100-pin versions
PA26 DCD1 TIOA2 MCDA2 PIODC2 64/100-pin versions
PA27 DTR1 TIOB2 MCDA3 PIODC3 64/100-pin versions
PA28 DSR1 TCLKA1 MCCDA PIODC4 64/100-pin versions
PA29 R TCLK2 MCCK PIODC5 64/100-pin versions
PA30 PWML2 NPCS2 MCDAO WKUP11/PIODC6 64/100-pin versions
PA31 NPCSH1 PCK2 MCDA1 PIODC7 64/100-pin versions
a4 SAMS3S Summary m———
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11.2.3 PIO Controller C Multiplexing
Table 11-4.  Multiplexing on PIO Controller C (PIOC)

1/0 Line Peripheral A Peripheral B Peripheral C Extra Function | System Function Comments
PCO DO PWMLO 100-pin version
PC1 D1 PWMLA1 100-pin version
PC2 D2 PWML2 100-pin version
PC3 D3 PWML3 100-pin version
PC4 D4 NPCS1 100-pin version
PC5 D5 100-pin version
PC6 D6 100-pin version
PC7 D7 100-pin version
PC8 NWE 100-pin version
PC9 NANDOE 100-pin version
PC10 NANDWE 100-pin version
PC11 NRD 100-pin version
PC12 NCS3 AD12 100-pin version
PC13 NWAIT PWMLO AD10 100-pin version
PC14 NCSO0 100-pin version
PC15 NCS1 PWMLA AD11 100-pin version
PC16 A21/NANDALE 100-pin version
PC17 A22/NANDCLE 100-pin version
PC18 A0 PWMHO 100-pin version
PC19 Al PWMH1 100-pin version
PC20 A2 PWMH2 100-pin version
PC21 A3 PWMH3 100-pin version
pPC22 A4 PWML3 100-pin version
PC23 A5 TIOA3 100-pin version
PC24 A6 TIOB3 100-pin version
PC25 A7 TCLK3 100-pin version
PC26 A8 TIOA4 100-pin version
PC27 A9 TIOB4 100-pin version
PC28 A10 TCLK4 100-pin version
PC29 A1 TIOA5 AD13 100-pin version
PC30 A12 TIOB5 AD14 100-pin version
PC31 A13 TCLK5 100-pin version

46 SAM3S Summary e
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¢ Programmable Fault Input providing an asynchronous protection of outputs
e Stepper motor control (2 Channels)

12.8 High Speed Multimedia Card Interface (HSMCI)
* 4-bit or 1-bit Interface
¢ Compatibility with MultiMedia Card Specification Version 4.3
* Compatibility with SD and SDHC Memory Card Specification Version 2.0
* Compatibility with SDIO Specification Version V1.1.
¢ Compatibility with CE-ATA Specification 1.1
* Cards clock rate up to Master Clock divided by 2
¢ Boot Operation Mode support
* High Speed mode support
* Embedded power management to slow down clock rate when not used
¢ HSMCI has one slot supporting
— One MultiMediaCard bus (up to 30 cards) or
— One SD Memory Card
— One SDIO Card
¢ Support for stream, block and multi-block data read and write

12.9 USB Device Port (UDP)
e USB V2.0 full-speed compliant,12 Mbits per second.
¢ Embedded USB V2.0 full-speed transceiver
* Embedded 2688-byte dual-port RAM for endpoints
¢ Eight endpoints
— Endpoint 0: 64 bytes
— Endpoint 1 and 2: 64 bytes ping-pong
— Endpoint 3: 64 bytes
— Endpoint 4 and 5: 512 bytes ping-pong
— Endpoint 6 and 7: 64 bytes ping-pong
— Ping-pong Mode (two memory banks) for Isochronous and bulk endpoints
* Suspend/resume logic
¢ Integrated Pull-up on DDP
* Pull-down resistor on DDM and DDP when disabled

12.10 Analog-to-Digital Converter (ADC)
e up to 16 Channels,
* 10/12-bit resolution
e up to 1 MSample/s
* programmable sequence of conversion on each channel
* Integrated temperature sensor
* Single ended/differential conversion

50 SAM3S Summary ]
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Figure 13-3. 64- and 48-lead LQFP Package Drawing
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Table 13-1.  48-lead LQFP Package Dimensions (in mm)

Millimeter Inch
Symbol
Min Nom Max Min Nom Max
A - - 1.60 - - 0.063
Al 0.05 - 0.15 0.002 - 0.006
A2 1.35 1.40 1.45 0.053 0.055 0.057
D 9.00 BSC 0.354 BSC
D1 7.00 BSC 0.276 BSC
E 9.00 BSC 0.354 BSC
E1 7.00 BSC 0.276 BSC
R2 0.08 - 0.20 0.003 - 0.008
R1 0.08 - - 0.003 - -
q 0° 3.5° 7° 0° 3.5° 7°
0, 0° - - 0° - -
0, 11° 12° 13° 11° 12° 13°
03 11° 12° 13° 11° 12° 13°
c 0.09 - 0.20 0.004 - 0.008
L 0.45 0.60 0.75 0.018 0.024 0.030
L1 1.00 REF 0.039 REF
S 0.20 - - 0.008 - -
0.17 0.20 0.27 0.007 0.008 0.011
e 0.50 BSC. 0.020 BSC.
D2 5.50 0.217
E2 5.50 0.217
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)
Symbol Millimeter Inch
Min Nom Max Min Nom Max
A - - 090 - - 0.035
A1l - - 0.050 - - 0.002
A2 - 0.65 0.70 - 0.026 0.028
A3 0.20 REF 0.008 REF
b 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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Revision History

Change
Doc. Rev Comments Request Ref.
Missing PGMD8 to 15 added to Tgble 4-1, “100-lead LQFP SAM3S4/2/1C Pinout” and Table 4-2, o
“100-ball LFBGA SAM3S4/2/1C Pinout”.
Section 5.7 “Fast Startup” updated.
Typo fixed on back page: ‘techincal’ --> ‘technical’. 7536
Typos fixed in Section 1. “SAM3S Description”. 7524
6500CS Missing title added to Table 14-1.
PLLA input frequency range updated in Section 10.5 “Clock Generator”. 7494
A sentence completed in Section 5.5.2 “Wait Mode”. 7492
Last sentence removed from Section 9.1.3.10 “SAM-BA® Boot”. 7428
‘three GPNVM bits’ replaced by ‘two GPNVM bits’ in Section 9.1.3.11 “GPNVM Bits”.
Leftover sentence removed from Section 4.1 “SAM3S4/2/1C Package and Pinout”. 7394
“Packages” on page 1, package size or pitch updated.
Table 1-1, “Configuration Summary”, ADC column updated, footnote gives precision on reserved 7214
channel. 6981
Table 4-2, “100-ball LFBGA SAM3S4/2/1C Pinout”, pinout information is available. 7201
6500BS Figure 5-1, "Single Supply",Figure 5-2, "Core Externally Supplied" , updated notes below figures. 7243/rfo
Figure 5-2, "Core Externally Supplied", Figure 5-3, "Backup Battery", ADC, DAC, Analog Comparator
supply is 2.0V-3.6V.
Section 12.13 “Analog Comparator”, “Peripherals” on page 1, reference to “window function” 7103
removed.
Section 9.1.3.8 “Unique Identifier”, Each device integrates its own 128-bit unique identifier. 7307
6500AS First issue
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