At| I leL ARM-based Embedded MPU

SAMA5D3 Series

DATASHEET

Description

The Atmel SAMAS5D3 series is a high-performance, power-efficient embedded MPU
based on the ARM® Cortex®-A5 processor, achieving 536 MHz with power
consumption levels below 0.5 mW in low-power mode. The device features a floating
point unit for high-precision computing and accelerated data processing, and a high
data bandwidth architecture. It integrates advanced user interface and connectivity
peripherals and security features.

The SAMAS5D3 series features an internal multi-layer bus architecture associated with
39 DMA channels to sustain the high bandwidth required by the processor and the
high-speed peripherals. The device offers support for DDR2/LPDDR/LPDDR2 and
MLC NAND Flash memory with 24-bit ECC.

The comprehensive peripheral set includes an LCD controller with overlays for
hardware-accelerated image composition, a touchscreen interface and a CMOS
sensor interface. Connectivity peripherals include Gigabit EMAC with IEEE1588,
10/100 EMAC, multiple CAN, UART, SPI and 12C. With its secure boot mechanism,
hardware accelerated engines for encryption (AES, TDES) and hash function (SHA),
the SAMA5D3 ensures anti-cloning, code protection and secure external data
transfers.

The SAMA5D3 series is optimized for control panel/HMI applications and applications
that require high levels of connectivity in the industrial and consumer markets. Its low-
power consumption levels make the SAMA5D3 particularly suited for battery-powered
devices.

There are five SAMA5D3 devices in this series. Table 1-1 “SAMA5D3 Device
Differences” shows the differences in the embedded features. All other features are
available on all derivatives; this includes the three USB ports as well as the encryption
engine and secure boot features.
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1. Features

e Core
e ARM® Cortex®-A5 Processor with ARM v7-A Thumb2® Instruction Set
e CPU Frequency up to 536 MHz
e 32 Kbyte Data Cache, 32 Kbyte Instruction Cache, Virtual Memory System Architecture (VMSA)
e Fully Integrated MMU and Floating Point Unit (VFPv4)
e Memories

e One 160 Kbyte Internal ROM Single-cycle Access at System Speed, Embedded Boot Loader: Boot on 8-bit
NAND Flash, SDCard, eMMC, serial DataFlash®, selectable Order

e One 128 Kbyte Internal SRAM, Single-cycle Access at System Speed

e High Bandwidth 32-bit Multi-port Dynamic RAM Controller supporting 512 Mbyte 8 bank
DDR2/LPDDR/LPDDR2 with datapath scrambling

e Independent Static Memory Controller with datapath scrambling and SLC/MLC NAND Support with up to
24-bit Error Correcting Code (PMECC)

e  System running up to 166 MHz
e Reset Controller, Shut Down Controller, Periodic Interval Timer, Watchdog Timer and Real-time Clock

e Boot Mode Select Option, Remap Command

e Internal Low-power 32 kHz RC Oscillator and Fast 12 MHz RC Oscillator

e Selectable 32768 Hz Low-power Oscillator and 12 MHz Oscillator

e One 400 to 1000 MHz PLL for the System and one PLL at 480 MHz optimized for USB High Speed

e 39 DMA Channels including two 8-channel 64-bit Central DMA Controllers

e 64-bit Advanced Interrupt Controller

e Three Programmable External Clock Signals

e Programmable Fuse Box with 256 fuse bits, 192 of them available for Customer
e Low Power Management

e  Shut Down Controller

e Battery Backup Registers

e Clock Generator and Power Management Controller

e \ery Slow Clock Operating Mode, Software Programmable Power Optimization Capabilities
e Peripherals
e LCD TFT Controller with Overlay, Alpha-blending, Rotation, Scaling and Color Space Conversion
e ITU-R BT. 601/656 Image Sensor Interface
e Three HS/FS/LS USB Ports with On-Chip Transceivers
e One Device Controller
e One Host Controller with Integrated Root Hub (3 Downstream Ports)
One 10/100/1000 Mbps Gigabit Ethernet MAC Controller (GMAC) with IEEE1588 support
One 10/100 Mbps Ethernet MAC Controller (EMAC)
Two CAN Controllers with 8 Mailboxes, fully Compliant with CAN 2.0 Part A and 2.0 Part B
Softmodem Interface
Three High Speed Memory Card Hosts (eMMC 4.3 and SD 2.0)
Two Master/Slave Serial Peripheral Interfaces
Two Synchronous Serial Controllers
Three Two-wire Interface up to 400 Kbit/s supporting 12C Protocol and SMBUS
Four USARTSs, two UARTSs, one DBGU
Two Three-channel 32-bit Timer/Counters
One 4-channel 16-bit PWM Controller
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One 12-channel 12-bit Analog-to-Digital Converter with Resistive Touch-Screen function

e Safety

Power-on Reset Cells

Independent Watchdog

Main Crystal Clock Failure Detection

Write Protection Registers

SHA: Supports Secure Hash Algorithm (SHA1, SHA224, SHA256, SHA384, SHA512)
Memory Management Unit

®  Security

e |[/O

TRNG: True Random Number Generator
Encryption Engine
e AES: 256-bit, 192-bit, 128-bit Key Algorithm, Compliant with FIPS PUB 197 Specifications
e TDES: Two-key or Three-key Algorithms, Compliant with FIPS PUB 46-3 Specifications
Atmel® Secure Boot Solution

Five 32-bit Parallel Input/Output Controllers

160 I/0Os

Input Change Interrupt Capability on Each I/O Line, Selectable Schmitt Trigger Input

Individually Programmable Open-drain, Pull-up and Pull-down Resistor, Synchronous Output, Filtering
Slew Rate Control on High Speed 1/Os

Impedance Control on DDR 1/Os

e Package

Atmel

324-ball LFBGA, 15 x 15 x 1.4 mm, pitch 0.8 mm
324-ball TFBGA, 12 x 12 x 1.2 mm, pitch 0.5 mm

Table 1-1. SAMAS5D3 Device Differences

Peripherals SAMA5D31 | SAMA5D33 | SAMA5D34 | SAMA5D35 | SAMA5D36
CANO, CAN1 — — X

EMAC X — — X X

GMAC — X X X X

HSMCI2 X — X X X

LCDC X X X — X

TC1 — — — X

UARTO, UART1 X —_ —_ X

SAMASD3 Series [DATASHEET)] 3
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2. Block Diagram

Figure 2-1. SAMA5D3 Block Diagram
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Note: 1. Peripheral Bridge 0 (APBO0) connects HSMCIO, SPI0, USARTO, USART1, TWIO, TWI1, UARTO, SSCO, SMD.
Peripheral Bridge 1 (APB1) connects HSMCI1, HSMCI2, ADC, SSC1, UART1, USART2, USART3, TWI2, DBGU,
SPI1, SHA, AES, TDES.
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3.  Signal Description
Table 3-1 gives details on the signal names classified by peripheral.

Table 3-1.  Signal Description List

Signal Name Function Type Active Level

Clocks, Oscillators and PLLs

XIN Main Oscillator Input Input —
XOUT Main Oscillator Output Output —
XIN32 Slow Clock Oscillator Input Input —
XOuUT32 Slow Clock Oscillator Output Output —
VBG Bias Voltage Reference for USB Analog —
PCKO-PCK2 Programmable Clock Output Output —
Shutdown, Wake-up Logic
SHDN Shut-Down Control Output —
WKUP Wake-Up Input Input —
ICE and JTAG
TCK/SWCLK Test Clock/Serial Wire Clock Input —
TDI Test Data In Input —
TDO Test Data Out Output —
TMS/SWDIO Test Mode Select/Serial Wire Input/Output 1/0 —
JTAGSEL JTAG Selection Input —
Reset/Test
NRST Microcontroller Reset /0 Low
TST Test Mode Select Input —
NTRST Test Reset Signal Input —
BMS Boot Mode Select Input —

Debug Unit - DBGU

DRXD Debug Receive Data Input —
DTXD Debug Transmit Data Output —
Advanced Interrupt Controller - AIC
IRQ External Interrupt Input Input —
FIQ Fast Interrupt Input Input —
PIO Controller - PIOA - PIOB - PIOC - PIOD - PIOE
PAO—PAXX Parallel 10 Controller A I{e] —
PBO-PBxx Parallel 10 Controller B IO —
PCO—PCxx Parallel IO Controller C IO —
PDO-PDxx Parallel IO Controller D I/0 —
PEO—PExx Parallel 10 Controller E I/0 —

External Bus Interface - EBI

SAMASD3 Series [DATASHEET 5
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Table 3-1.  Signal Description List (Continued)
Signal Name Function Type | Active Level
D0-D15 Data Bus l[e} —
AO0-A25 Address Bus Output —
NWAIT External Wait Signal Input Low
Static Memory Controller - HSMC
NCSO0-NCS3 Chip Select Lines Output Low
NWRO-NWR1 Write Signal Output Low
NRD Read Signal Output Low
NWE Write Enable Output Low
NBSO-NBS1 Byte Mask Signal Output Low
NANDOE NAND Flash Output Enable Output Low
NANDWE NAND Flash Write Enable Output Low
DDR2/LPDDR Controller
DDR_VREF Reference Voltage Input —
DDR_CALP Positive Calibration Reference Input —
DDR_CALN Negative Calibration Reference Input —
DDR_CK, DDR_CKN DDR2 differential clock Output —
DDR_CKE DDR2 Clock Enable Output High
DDR_CS DDR2 Controller Chip Select Output Low
DDR_BAJ[2..0] Bank Select Output Low
DDR_WE DDR2 Write Enable Output Low
DDR_RAS, DDR_CAS Row and Column Signal Output Low
DDR_A[13..0] DDR2 Address Bus Output —
DDR_D[31..0] DDR2 Data Bus 110 —
DQSI[3..0] Differential Data Strobe I/0 —
DQSNJ[3..0] DQSN must be connected to DDR_VREF for DDR2 memories I/0 —
DQM[3..0] Write Data Mask Output —
High Speed Multimedia Card Interface - HSMCI0-2

MCIO_CK, MCI1_CK, MCI2_CK Multimedia Card Clock 1’0 —
MCIO_CDA, MCI1_CDA, MCI2_CDA | Multimedia Card Command I/0 —
MCIO0_DAJ[7..0] Multimedia Card O Data I/O —
MCI1_DAJ[3..0] Multimedia Card 1 Data I/0 —
MCI2_DA[3..0) Multimedia Card 2 Data I/0 —

Atmel
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Table 3-1.  Signal Description List (Continued)

Signal Name Function Type | Active Level

Universal Synchronous Asynchronous Receiver Transmitter - USART0-3

SCKx USARTX Serial Clock I} —
TXDx USARTX Transmit Data Output —
RXDx USARTXx Receive Data Input —
RTSx USARTx Request To Send Output —
CTSx USARTx Clear To Send Input —
Universal Asynchronous Receiver Transmitter - UARTXx [1..0]
UTXDx UARTX Transmit Data Qutput —
URXDx UARTX Receive Data Input —

Synchronous Serial Controller - SSCx [1..0]

TDx SSC Transmit Data Output —
RDx SSC Receive Data Input —
TKx SSC Transmit Clock I/0 —
RKx SSC Receive Clock /10 —
TFx SSC Transmit Frame Sync I/O —
RFx SSC Receive Frame Sync I/0 —

Timer/Counter - TCx [5..0]

TCLKx TC Channel x External Clock Input Input —
TIOAX TC Channel x I/O Line A I/O —
TIOBX TC Channel x I/O Line B I/0 —

Serial Peripheral Interface - SPIx [1..0]

SPIX_MISO Master In Slave Out 110 —
SPIx_MOSI Master Out Slave In /0 —
SPIx_SPCK SPI Serial Clock I/0 —
SPIx_NPCSO0 SPI Peripheral Chip Select 0 I/10 Low
SPIX_NPCS[3..1] SPI Peripheral Chip Select Output Low
Two-Wire Interface - TWIx [2..0]
TWDx Two-wire Serial Data /10 —
TWCKX Two-wire Serial Clock /0 —

CAN controller - CANx

CANRXx CAN input Input —
CANTXx CAN output Output —
Soft Modem - SMD
DIBN Soft Modem Signal 110 —
DIBP Soft Modem Signal 110 —
Pulse Width Modulation Controller - PWMC
PWMH][3..0] PWM Waveform Output High ‘ Output ‘ —

SAMASD3 Series [DATASHEET 7
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Table 3-1.  Signal Description List (Continued)

Signal Name Function Type | Active Level
PWMLJ3..0] PWM Waveform Output Low Output —
PWMFIx PWM Fault Input Input —
USB Host High Speed Port - UHPHS
HHSDPA USB Host Port A High Speed Data + Analog —
HHSDMA USB Host Port A High Speed Data - Analog —
HHSDPB USB Host Port B High Speed Data + Analog —
HHSDMB USB Host Port B High Speed Data - Analog —
HHSDPC USB Host Port C High Speed Data + Analog —
HHSDMC USB Host Port C High Speed Data - Analog —
USB Device High Speed Port - UDPHS
DHSDP USB Device High Speed Data + Analog —
DHSDM USB Device High Speed Data - Analog —

Glgabit Ethernet 10/100/1000 - GMAC

GTXCK Transmit Clock or Reference Clock Input —
G125CK 125 MHz input Clock Input —
G125CKO 125 MHz output Clock Output —
GTXEN Transmit Enable Output —
GTX][7..0] Transmit Data Output —
GTXER Transmit Coding Error Output —
GRXCK Receive Clock Input —
GRXDV Receive Data Valid Input —
GRX][7..0] Receive Data Input —
GRXER Receive Error Input —
GCRS Carrier Sense and Data Valid Input —
GCOL Collision Detect Input —
GMDC Management Data Clock Output —
GMDIO Management Data Input/Output 110 —
RMII Ethernet 10/100 - EMAC
EREFCK Transmit Clock or Reference Clock Input —
ETXEN Transmit Enable Output —
ETX[1..0] Transmit Data Output —
ECRSDV Carrier Sense/Data Valid Input —
ERX[1..0] Receive Data Input —
ERXER Receive Error Input —
EMDC Management Data Clock Output —
EMDIO Management Data Input/Output I/O —

LCD Controller - LCDC

SAMASD3 Series [DATASHEET 8
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Table 3-1.  Signal Description List (Continued)

Signal Name Function Type | Active Level
LCDDAT[23..0] LCD Data Bus Output —
LCDVSYNC LCD Vertical Synchronization Output —
LCDHSYNC LCD Horizontal Synchronization Output —
LCDPCK LCD pixel Clock Output —
LCDDEN LCD Data Enable Output —
LCDPWM LCDPWM for Contrast Control Output —
LCDDISP LCD Display ON/OFF Output —
Image Sensor Interface - ISI
ISI_D[11..0] Image Sensor Data Input —
ISI_HSYNC Image Sensor Horizontal Synchro input —
ISI_VSYNC Image Sensor Vertical Synchro input —
ISI_PCK Image Sensor Data clock input —

Touch Screen Analog-to-Digital Converter - ADC

ADO, Upper Left Touch Panel Analog —
AD1 5 Upper Right Touch Panel Analog —
AD2, | Lower Left Touch Panel Analog —
AD3 Lower Right Touch Panel Analog —
AD4,, Panel Input Analog —
AD5-AD11 7 Analog Inputs Analog —
ADTRG ADC Trigger Input —
ADVREF ADC Reference Analog —

SAMASD3 Series [DATASHEET 9
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4, Package and Pinout

The SAMA5D3 product is available in two packages:
e 324-ball LFBGA (15 x 15 x 1.4 mm, pitch 0.8 mm)
e 324-ball TFBGA (12 x 12 x 1.2 mm, pitch 0.5 mm)

4.1  324-ball LFBGA Package (15 x 15 x 1.4 mm, pitch 0.8 mm)
Figure 4-1 shows the ball map of the 324-ball LFBGA package.

Figure 4-1. 324-ball LFBGA Ball Map
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4.2  324-ball LFBGA Package Pinout

Table 4-1. SAMASD3 Pinout for 324-ball LFBGA Package

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,

Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
E3 VDDIOPO GPIO PAO 110 = = LCDDATO o = = = = PIO, I, PU, ST
F5 VDDIOPO GPIO PAL 110 — — LCDDAT1 o — — — — PIO, I, PU, ST
D2 VDDIOPO GPIO PA2 10 = = LCDDAT2 o = = = = PIO, I, PU, ST
F4 VDDIOPO GPIO PA3 110 — — LCDDAT3 o — — — — PIO, I, PU, ST
D1 VDDIOPO GPIO PA4 110 = = LCDDAT4 o = = = = PIO, I, PU, ST
J10 VDDIOPO GPIO PA5 110 — — LCDDAT5 o — — — — PIO, I, PU, ST
G4 VDDIOPO GPIO PA6 10 = = LCDDAT6 o = = = = PIO, I, PU, ST
J9 VDDIOPO GPIO PA7 110 — — LCDDAT? o — — — — PIO, I, PU, ST
F3 VDDIOPO GPIO PA8 10 = = LCDDAT8 o = = = = PIO, I, PU, ST
J8 VDDIOPO GPIO PA9 110 — — LCDDAT9 o — — — — PIO, I, PU, ST
E2 VDDIOPO GPIO PA10 110 = = LCDDAT10 o = = = = PIO, I, PU, ST
K8 VDDIOPO GPIO PALL 10 — — LCDDAT11 o — — — — PIO, I, PU, ST
F2 VDDIOPO GPIO PA12 10 = = LCDDAT12 o = = = = PIO, I, PU, ST
G6 VDDIOPO GPIO PA13 110 — — LCDDAT13 o — — — — PIO, I, PU, ST
E1 VDDIOPO GPIO PA14 10 = = LCDDAT14 o = = = = PIO, I, PU, ST
H5 VDDIOPO GPIO PA15 110 — — LCDDAT15 o — — — — PIO, I, PU, ST
H3 VDDIOPO GPIO PA16 110 = = LCDDAT16 o = = 1SI_DO I PIO, I, PU, ST
H6 VDDIOPO GPIO PA17 110 — — LCDDAT17 o — — ISI_D1 | PIO, I, PU, ST
H4 VDDIOPO GPIO PA18 10 = = LCDDAT18 o TWD2 10 1SI_D2 I PIO, I, PU, ST
H7 VDDIOPO GPIO PA19 10 — — LCDDAT19 o TWCK2 o ISI_D3 | PIO, I, PU, ST
H2 VDDIOPO GPIO PA20 10 = = LCDDAT20 o PWMHO o ISI_D4 I PIO, I, PU, ST
J6 VDDIOPO GPIO PA21 10 — — LCDDAT21 o PWMLO o ISI_D5 I PIO, I, PU, ST
G2 VDDIOPO GPIO PA22 110 = = LCDDAT22 o PWMH1 o 1SI_D6 I PIO, I, PU, ST
J5 VDDIOPO GPIO PA23 10 — — LCDDAT23 o PWML1 o ISI_D7 I PIO, I, PU, ST
F1 VDDIOPO GPIO PA24 10 = = LCDPWM o = = = = PIO, I, PU, ST
J4 VDDIOPO GPIO PA25 110 — — LCDDISP o — — — — PIO, I, PU, ST
G3 VDDIOPO GPIO PA26 110 = = LCDVSYNC o = = = = PIO, I, PU, ST
J3 VDDIOPO GPIO PA27 110 — — LCDHSYNC o — — — — PIO, I, PU, ST
G1 VDDIOPO GPIO_CLK2 PA28 110 = = LCDPCK o = = = = PIO, I, PU, ST
K4 VDDIOPO GPIO PA29 110 — — LCDDEN o — — — — PIO, I, PU, ST
H1 VDDIOPO GPIO PA30 10 = = TWDO 10 URXD1 | ISI_VSYNC I PIO, I, PU, ST
K3 VDDIOPO GPIO PA31 10 — — TWCKO o UTXD1 o ISI_HSYNC | PIO, I, PU, ST
T2 VDDIOP1 GMAC PBO 10 = = GTX0 o PWMHO o = = PIO, I, PU, ST
N7 VDDIOP1 GMAC PB1 110 — — GTX1 o PWMLO o — — PIO, I, PU, ST
T3 VDDIOP1 GMAC PB2 110 = = GTX2 o TK1 10 = = PIO, I, PU, ST
N6 VDDIOP1 GMAC PB3 10 — — GTX3 o TF1 10 — — PIO, I, PU, ST
P5 VDDIOP1 GMAC PB4 110 = = GRX0 I PWMH1 o = = PIO, I, PU, ST
T4 VDDIOP1 GMAC PB5 110 — — GRX1 I PWML1 o — — PIO, I, PU, ST
R4 VDDIOP1 GMAC PB6 110 = = GRX2 | D1 o = = PIO, I, PU, ST
U1 VDDIOP1 GMAC PB7 110 — — GRX3 I RK1 I — — PIO, I, PU, ST
R5 VDDIOP1 GMAC PB8 110 = = GTXCK | PWMH2 o = = PIO, I, PU, ST
P3 VDDIOP1 GMAC PB9 10 — — GTXEN o PWML2 o — — PIO, I, PU, ST
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Table 4-1. SAMASD3 Pinout for 324-ball LFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,

Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
R6 VDDIOP1 GMAC PB10 110 = = GTXER o RF1 10 = = PIO, I, PU, ST
V3 VDDIOP1 GMAC PB11 110 — — GRXCK | RD1 | — — PIO, I, PU, ST
P6 VDDIOP1 GMAC PB12 10 = = GRXDV I PWMH3 o = = PIO, I, PU, ST
Vi VDDIOP1 GMAC PB13 110 — — GRXER | PWML3 o — — PIO, I, PU, ST
R7 VDDIOP1 GMAC PB14 110 = = GCRS | CANRX1 | = = PIO, I, PU, ST
U3 VDDIOP1 GMAC PB15 110 — — GCOL | CANTX1 o — — PIO, I, PU, ST
P7 VDDIOP1 GMAC PB16 10 = = GMDC o = = = = PIO, I, PU, ST
V2 VDDIOP1 GMAC PB17 10 — — GMDIO 10 — — — — PIO, I, PU, ST
V5 VDDIOP1 GMAC PB18 10 = = G125CK | = = = = PIO, I, PU, ST
T6 VDDIOP1 GMAC PB19 10 — — MCI1_CDA 10 GTX4 o — — PIO, I, PU, ST
N8 VDDIOP1 GMAC PB20 110 = = MCI1_DAO 110 GTX5 o = = PIO, I, PU, ST
U4 VDDIOP1 GMAC PB21 10 — — MCI1_DA1 10 GTX6 o — — PIO, I, PU, ST
M7 VDDIOP1 GMAC PB22 10 = = MCI1_DA2 110 GTX7 o = = PIO, I, PU, ST
us VDDIOP1 GMAC PB23 110 — — MCI1_DA3 110 GRX4 | — — PIO, I, PU, ST
VE] VDDIOP1 GMAC PB24 10 = = MCI1_CK 110 GRX5 I = = PIO, I, PU, ST
T5 VDDIOP1 GMAC PB25 110 — — SCK1 110 GRX6 | — — PIO, I, PU, ST
N9 VDDIOP1 GMAC PB26 110 = = CTS1 | GRX7 | = = PIO, I, PU, ST
V4 VDDIOP1 GPIO PB27 110 — — RTS1 o G125CKO o — — PIO, I, PU, ST
M9 VDDIOP1 GPIO PB28 10 = = RXD1 | = = = = PIO, I, PU, ST
P8 VDDIOP1 GPIO PB29 10 — — TXD1 o — — — — PIO, I, PU, ST
M10 VDDIOPO GPIO PB30 10 = = DRXD | = = = = PIO, I, PU, ST
R9 VDDIOPO GPIO PB31 10 — — DTXD o — — — — PIO, I, PU, ST
D8 VDDIOPO GPIO PCO 110 = = ETX0 o TIOA3 10 = = PIO, I, PU, ST
A4 VDDIOPO GPIO PC1 10 — — ETX1 o TIOB3 10 — — PIO, I, PU, ST
E8 VDDIOPO GPIO PC2 10 = = ERX0 I TCLK3 I = = PIO, I, PU, ST
A3 VDDIOPO GPIO pC3 110 — — ERX1 | TIOA4 110 — — PIO, I, PU, ST
A2 VDDIOPO GPIO PC4 10 = = ETXEN o TIOB4 110 = = PIO, I, PU, ST
F8 VDDIOPO GPIO PC5 110 — — ECRSDV | TCLK4 | — — PIO, I, PU, ST
B3 VDDIOPO GPIO PC6 110 = = ERXER | TIOAS 110 = = PIO, I, PU, ST
G8 VDDIOPO GPIO PC7 110 — — EREFCK | TIOB5 110 — — PIO, I, PU, ST
B4 VDDIOPO GPIO PC8 10 = = EMDC o TCLK5 | = = PIO, I, PU, ST
F7 VDDIOPO GPIO PC9 110 — — EMDIO 110 — — — — PIO, I, PU, ST
Al VDDIOPO GPIO PC10 10 = = MCI2_CDA 10 = = LCDDAT20 o PIO, I, PU, ST
D7 VDDIOPO GPIO PC11 10 — — MCI2_DAO 10 — — LCDDAT19 o PIO, I, PU, ST
ce VDDIOPO GPIO PC12 110 = = MCI2_DA1 110 TIOAL 10 LCDDAT18 o PIO, I, PU, ST
E7 VDDIOPO GPIO PC13 10 — — MCI2_DA2 10 TIOB1 10 LCDDAT17 o PIO, I, PU, ST
B2 VDDIOPO GPIO PC14 110 = = MCI2_DA3 110 TCLK1 I LCDDAT16 o PIO, I, PU, ST
F6 VDDIOPO MCI_CLK PC15 110 — — MCI2_CK 110 PCK2 o LCDDAT21 o PIO, I, PU, ST
B1 VDDIOPO GPIO PC16 10 = = TKO 110 = = = = PIO, I, PU, ST
E6 VDDIOPO GPIO PC17 110 — — TFO 110 — — — — PIO, I, PU, ST
c3 VDDIOPO GPIO PC18 110 = = TDO o = = = = PIO, I, PU, ST
D6 VDDIOPO GPIO PC19 110 — — RKO 10 — — — — PIO, I, PU, ST
c4 VDDIOPO GPIO PC20 10 = = RFO 10 = = = = PIO, I, PU, ST
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Table 4-1.

SAMASD3 Pinout for 324-ball LFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,

Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
D5 VDDIOPO GPIO PC21 10 — — RDO | — — — — PIO, I, PU, ST
c2 VDDIOPO GPIO PC22 10 = = SPI1_MISO 110 = = = = PIO, I, PU, ST
G9 VDDIOPO GPIO pPC23 110 — — SPI1_MOSI 110 — — — — PIO, I, PU, ST
c1 VDDIOPO GPIO_CLK PC24 110 = = SPI1_SPCK 110 = = = = PIO, I, PU, ST
H10 VDDIOPO GPIO PC25 lle) — — SPI1_NPCS0 110 — — — — PIO, I, PU, ST
H9 VDDIOPO GPIO PC26 110 = = SPI1_NPCS1 o TWD1 110 ISI_D11 I PIO, I, PU, ST
D4 VDDIOPO GPIO PC27 10 — — SPI1_NPCS2 o TWCK1 o 1SI_D10 I PIO, I, PU, ST
H8 VDDIOPO GPIO PC28 10 = = SPI1_NPCS3 o PWMFIO | 1SI_D9 I PIO, I, PU, ST
G5 VDDIOPO GPIO PC29 110 — — URXDO | PWMFI2 I ISI_D8 I PIO, I, PU, ST
D3 VDDIOPO GPIO PC30 110 = = UTXDO o = = ISI_PCK o PIO, I, PU, ST
E4 VDDIOPO GPIO PC31 10 — — FIQ | PWMFI1 l — — PIO, I, PU, ST
K5 VDDIOP1 GPIO PDO 110 = = MCIO_CDA 110 = = = = PIO, I, PU, ST
P1 VDDIOP1 GPIO PD1 110 — — MCIO_DAO 110 — — — — PIO, I, PU, ST
K6 VDDIOP1 GPIO PD2 10 = = MCIO_DA1 110 = = = = PIO, I, PU, ST
R1 VDDIOP1 GPIO PD3 110 — — MCIO_DA2 110 — — — — PIO, I, PU, ST
L7 VDDIOP1 GPIO PD4 110 = = MCIO_DA3 110 = = = = PIO, I, PU, ST
P2 VDDIOP1 GPIO PD5 110 — — MCIO_DA4 110 TIOAD 110 PWMH2 o PIO, I, PU, ST
L8 VDDIOP1 GPIO PD6 110 = = MCIO_DA5 110 TIOBO 110 PWML2 o PIO, I, PU, ST
R2 VDDIOP1 GPIO PD7 110 — — MCIO_DA6 10 TCLKO | PWMH3 o PIO, I, PU, ST
K7 VDDIOP1 GPIO PD8 10 = = MCIO_DA7 10 = = PWML3 o PIO, I, PU, ST
u2 VDDIOP1 MCI_CLK PD9 110 — — MCI0_CK 10 — — — — PIO, I, PU, ST
K9 VDDIOP1 GPIO PD10 110 = = SPIO_MISO 110 = = = = PIO, I, PU, ST
M5 VDDIOP1 GPIO PD11 10 — — SPIO_MOSI 110 — — — — PIO, I, PU, ST
K10 VDDIOP1 GPIO_CLK PD12 110 = = SPI0_SPCK 110 = = = = PIO, I, PU, ST
N4 VDDIOP1 GPIO PD13 110 — — SPI0_NPCS0 10 — — — — PIO, I, PU, ST
L9 VDDIOP1 GPIO PD14 10 = = SCKO 110 SPI0_NPCS1 CANRXO I PIO, I, PU, ST
N3 VDDIOP1 GPIO PD15 110 — — CTS0 I SPI0_NPCS2 CANTX0 o PIO, I, PU, ST
L10 VDDIOP1 GPIO PD16 110 = = RTSO o SPI0_NPCS3 o PWMFI3 I PIO, I, PU, ST
N5 VDDIOP1 GPIO PD17 110 — — RXDO | — — — — PIO, I, PU, ST
M6 VDDIOP1 GPIO PD18 110 = = TXDO o = = = = PIO, I, PU, ST
T1 VDDIOP1 GPIO PD19 10 — — ADTRG | — — — — PIO, I, PU, ST
N2 VDDANA GPIO_ANA PD20 10 = = ADO | = = = = PIO, I, PU, ST
M3 VDDANA GPIO_ANA PD21 10 — — AD1 | — — — — PIO, I, PU, ST
M2 VDDANA GPIO_ANA PD22 110 = = AD2 I = = = = PIO, I, PU, ST
L3 VDDANA GPIO_ANA PD23 110 — — AD3 | — — — — PIO, I, PU, ST
M1 VDDANA GPIO_ANA PD24 110 = = AD4 I = = = = PIO, I, PU, ST
N1 VDDANA GPIO_ANA PD25 110 — — AD5 | — — — — PIO, I, PU, ST
L1 VDDANA GPIO_ANA PD26 10 = = AD6 I = = = = PIO, I, PU, ST
L2 VDDANA GPIO_ANA PD27 o) — — AD7 I — — — — PIO, I, PU, ST
K1 VDDANA GPIO_ANA PD28 110 = = AD8 | = = = = PIO, I, PU, ST
K2 VDDANA GPIO_ANA PD29 110 — — AD9 | — — — — PIO, I, PU, ST
J1 VDDANA GPIO_ANA PD30 10 = = AD10 | PCKO o = = PIO, I, PU, ST
32 VDDANA GPIO_ANA PD31 110 — — AD11 | PCK1 o — — PIO, I, PU, ST
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Table 4-1.

SAMASD3 Pinout for 324-ball LFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,
Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
P13 VDDIOM EBI PEO 110 = = AO/NBSO o = = = = Al PD, ST
R14 VDDIOM EBI PE1 110 — — Al o — — — — Al PD, ST
R13 VDDIOM EBI PE2 110 = = A2 o = = = = Al PD, ST
vis VDDIOM EBI PE3 110 — — A3 o — — — — Al PD, ST
P14 VDDIOM EBI PE4 110 = = A4 o = = = = Al PD, ST
u1s VDDIOM EBI PE5 110 — — A5 o — — — — Al PD, ST
Ti8 VDDIOM EBI PE6 10 = = A6 o = = = = Al PD, ST
R15 VDDIOM EBI PE7 10 — — A7 o) — — — — Al PD, ST
P17 VDDIOM EBI PES 10 = = A8 o = = = = Al PD, ST
P15 VDDIOM EBI PE9 110 — — A9 o — — — — Al PD, ST
P18 VDDIOM EBI PE10 110 = = A0 o = = = = Al PD, ST
R16 VDDIOM EBI PE11 10 — — All o — — — — Al PD, ST
N16 VDDIOM EBI PE12 110 = = A12 o = = = = Al PD, ST
R17 VDDIOM EBI PE13 o) — — A13 o — — — — Al PD, ST
N17 VDDIOM EBI PE14 110 = = Al4 o = = = = Al PD, ST
R18 VDDIOM EBI PE15 110 — — Al5 o SCK3 110 — — Al PD, ST
N18 VDDIOM EBI PE16 110 = = Al6 o CTS3 | = = Al PD, ST
P16 VDDIOM EBI PE17 110 — — AL7 o RTS3 o — — Al PD, ST
M18 VDDIOM EBI PE18 10 = = A18 o RXD3 I = = Al PD, ST
N15 VDDIOM EBI PE19 10 — — Al9 o TXD3 o — — Al PD, ST
M15 VDDIOM EBI PE20 10 = = A20 o SCK2 110 = = Al PD, ST
N14 VDDIOM EBI PE21 10 — — A21/NANDALE o — — — — Al PD, ST
M17 VDDIOM EBI PE22 10 = = A22/NANDCLE o = = = = Al PD, ST
M13 VDDIOM EBI PE23 110 — — A23 o CTS2 I — — Al PD, ST
M16 VDDIOM EBI PE24 110 = = A24 o RTS2 o = = Al PD, ST
N12 VDDIOM EBI PE25 110 — — A25 o RXD2 | — — Al PD, ST
M14 VDDIOM EBI PE26 110 = = NCS0 o TXD2 o = = Al PD, ST
M12 VDDIOM EBI PE27 o) — — NCS1 o TIOA2 110 LCDDAT22 PIO,I, PD, ST
L13 VDDIOM EBI PE28 110 = = NCS2 o TIOB2 110 LCDDAT23 o PIO, |, PD, ST
L15 VDDIOM EBI PE29 10 — — NWR1/NBS1 o) TCLK2 I — — PIO, |, PD, ST
L14 VDDIOM EBI PE30 10 = = NWAIT I = = = = PIO, I, PD, ST
L16 VDDIOM EBI PE31 10 — — IRQ | PWML1 o — — PIO,I, PD, ST
u1s VDDBU sysc TST I = = = = = = = = I, PD,
u9 VDDIOPO sysc BMS I — — — — — — — — I
us VDDIOPO cLock XIN I = = = = = = = = I
va VDDIOPO cLock XouT o — — — — — — — _ o
u1e VDDBU cLock XIN32 I = = = = = = = = I
V16 VDDBU cLock XOUT32 o — — — — — — — — o
T12 VDDBU sysc SHDN o = = — — — — — _ o
T10 VDDBU sysc WKUP | — — — — — — — — I, ST
Vo VDDIOPO RSTJITAG NRST 110 = = = = = = = = I, PU, ST
P11 VDDIOPO RSTITAG NTRST I — — — — — _ — _ I, PU, ST
RS VDDIOPO RSTJITAG DI I = = = = = = = = I, ST
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Table 4-1.

SAMASD3 Pinout for 324-ball LFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, Hiz,
Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
M11 VDDIOPO RSTITAG TDO o} — — — — — — — _ o
N10 VDDIOPO RSTITAG ™S I SwWDIo | /o — — — — — — I, ST
P9 VDDIOPO RSTJITAG TCK I SWCLK I — — — — — — I, ST
T9 VDDBU syYsc JTAGSEL I = = = = — - — — |, PD
V6 VDDIOPO DIB DIBP o} — — — — — - — — 0,PU
ue VDDIOPO DIB DIBN o} = = = = — - — — 0,PU
K12 VDDIOM EBI DO 110 — — — — — — — — I, PD
K15 VDDIOM EBI D1 110 = = — = — — — — I, PD
K14 VDDIOM EBI D2 110 — — — — — — — — I, PD
K16 VDDIOM EBI D3 110 = = — = — — — — |, PD
K13 VDDIOM EBI D4 110 — — — — — — — — I, PD
K17 VDDIOM EBI D5 110 = = — = — — — — |, PD
J12 VDDIOM EBI D6 110 — — — — — — — — I, PD
K18 VDDIOM EBI D7 110 = = — — — — — — |, PD
J14 VDDIOM EBI D8 110 — — — — — — — — |, PD
J16 VDDIOM EBI D9 110 = = = = — - — — |, PD
J13 VDDIOM EBI D10 110 — — — — — - — — I, PD
17 VDDIOM EBI D11 110 = = = = — - — — |, PD
J15 VDDIOM EBI D12 110 — — — — — — — _ I, PD
Ji8 VDDIOM EBI D13 110 = = — — — — — — I, PD
H16 VDDIOM EBI D14 e} — — — — — — — _ I, PD
H18 VDDIOM EBI D15 110 = — — — — — — _ |, PD
L12 VDDIOM EBI NCS3/NANDCS o — — — — — — — — 0,PU
L18 VDDIOM EBI NANDRDY I — — — — — — — _ |, PU
L17 VDDIOM EBI NRD/NANDOE — — — — — — — _ o,PU
K11 VDDIOM EBI NWE/NANDWE o} = = — — — — — — 0,PU
c13 | VDDIODDR R%‘ngge DDR_VREF | — — — — _ _ _ _ |
B10 | VDDIODDR DDR_IO DDR_AO o} = = = = — — — — o
c11 | VDDIODDR DDR_IO DDR_AL o — — — — — — — _ o
A9 | VDDIODDR DDR_IO DDR_A2 o = = = — = — — — o
D11 | VDDIODDR DDR_IO DDR_A3 o — — — — — — — _ o
B9 | VDDIODDR DDR_IO DDR_A4 o = — = — — — — _ o
E10 | VDDIODDR DDR_IO DDR_A5 o — — — — — — — _ o
D10 | VDDIODDR DDR_IO DDR_A6 o = — = — — — — _ o
A8 | VDDIODDR DDR_IO DDR_A7 o — — — — — — — _ o
C10 | VDDIODDR DDR_IO DDR_A8 o} = = — — — — — — o
B8 | VDDIODDR DDR_IO DDR_A9 o — — — — — — — _ o
F11 | VDDIODDR DDR_IO DDR_AL0 o} = = = = — — — — o
A7 | VDDIODDR DDR_IO DDR_A1L o — — — — — — — — o)
D9 | VDDIODDR DDR_IO DDR_A12 o = = = — = — — — o
A6 | VDDIODDR DDR_IO DDR_AL3 o — — — — — — — — o
H12 | VDDIODDR DDR_IO DDR_DO 110 = = — — — — — — Hiz
H17 | VDDIODDR DDR_IO DDR_D1 110 — — — — — — — — Hiz
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Table 4-1.

SAMASD3 Pinout for 324-ball LFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, Hiz,
Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
H13 | VDDIODDR DDR_IO DDR_D2 110 = — = — — — — _ HiZ
G17 | VDDIODDR DDR_IO DDR_D3 e} — — — — — — — — Hiz
G16 | VDDIODDR DDR_IO DDR_D4 e} — = = — — — — — Hiz
H15 | VDDIODDR DDR_IO DDR_D5 e} — — — — — - — — Hiz
F17 | VDDIODDR DDR_IO DDR_D6 110 = = = = — - — — Hiz
G15 | VDDIODDR DDR_IO DDR_D7 e} — — — — — - — — Hiz
F16 | VDDIODDR DDR_IO DDR_D8 110 = = = = — — — — Hiz
E17 | VDDIODDR DDR_IO DDR_D9 110 — — — — — — — _ Hiz
G14 | VDDIODDR DDR_IO DDR_D10 110 = = = = — — — — Hiz
E16 | VDDIODDR DDR_IO DDR_D11 110 — — — — — — — — HiZ
D17 | VDDIODDR DDR_IO DDR_D12 110 = — = — — — — _ HiZ
c18 | VDDIODDR DDR_IO DDR_D13 110 — — — — — — — — Hiz
D16 | VDDIODDR DDR_IO DDR_D14 e} — = = — — — — — Hiz
C17 | VDDIODDR DDR_IO DDR_D15 e} — — — — — — — — Hiz
B16 | VDDIODDR DDR_IO DDR_D16 e} — = = — — — — — Hiz
B18 | VDDIODDR DDR_IO DDR_D17 e} — — — — — - — — Hiz
C15 | VDDIODDR DDR_IO DDR_D18 110 = = = = — - — — Hiz
A18 | VDDIODDR DDR_IO DDR_D19 e} — — — — — - — — Hiz
C16 | VDDIODDR DDR_IO DDR_D20 110 = = = — — — — — Hiz
Cl4 | VDDIODDR DDR_IO DDR_D21 110 — — — — — — — — Hiz
D15 | VDDIODDR DDR_IO DDR_D22 110 = = = — — — — — Hiz
B14 | VDDIODDR DDR_IO DDR_D23 110 — — — — — — — _ HiZ
A15 | VDDIODDR DDR_IO DDR_D24 110 = — = — — — — _ HiZ
Al4 | VDDIODDR DDR_IO DDR_D25 110 — — — — — — — — Hiz
E12 | VDDIODDR DDR_IO DDR_D26 110 — = = — — — — — Hiz
All | VDDIODDR DDR_IO DDR_D27 1o — — — — — — — — Hiz
Bl | VDDIODDR DDR_IO DDR_D28 e} — = = — — — — — Hiz
F12 | VDDIODDR DDR_IO DDR_D29 1o — — — — — — — — Hiz
A10 | VDDIODDR DDR_IO DDR_D30 110 = = = = — - — — Hiz
E1l | VDDIODDR DDR_IO DDR_D31 e} — — — — — - — — HiZ
G12 | VDDIODDR DDR_IO DDR_DQMO = = — = — — — _
E15 | VDDIODDR DDR_IO DDR_DQM1 — — — — — — — _
B15 | VDDIODDR DDR_IO DDR_DQM2 = = — = — — — _
D12 | VDDIODDR DDR_IO DDR_DQM3 o — — — — — — — _ o
E18 | VDDIODDR DDR_IO DDR_DQS0 110 = = — = — — — — |, PD
G18 | VDDIODDR DDR_IO DDR_DQS1 110 — — — — — — — _ I, PD
B17 | VDDIODDR DDR_IO DDR_DQS2 110 — = = — — — — — |, PD
B13 | VDDIODDR DDR_IO DDR_DQS3 e} — — — — — — — — |, PD
D18 | VDDIODDR DDR_IO DDR_DQSNO 110 — = = — — — — — I, PU
F18 | VDDIODDR DDR_IO DDR_DQSN1 e} — — — — — - — — I, PU
A17 | VDDIODDR DDR_IO DDR_DQSN2 110 = = = = — - — — I, PU
A13 | VDDIODDR DDR_IO DDR_DQSN3 110 — — — — — — — _ I, PU
c8 | VDDIODDR DDR_IO DDR_CS o = = = — = — — — o

Atmel

SAMASDS3 Series [DATASHEET] 16

11121C-ATARM-15-Oct-13



Table 4-1.

SAMASD3 Pinout for 324-ball LFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, Hiz,
Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
B12 VDDIODDR DDR_IO DDR_CLK o — — — — — — — — o
Al2 VDDIODDR DDR_IO DDR_CLKN (0] = = — — — — — = o
B7 VDDIODDR DDR_IO DDR_CKE o — — — — — — — — o
C12 VDDIODDR DDR_IO DDR_CALN | — — — — — — = — o
E13 VDDIODDR DDR_IO DDR_CALP | — — — — — — — — o
Gl1 VDDIODDR DDR_IO DDR_RAS o — — — — — — = — o
A5 VDDIODDR DDR_IO DDR_CAS o — — — — — — — J— o
B5 VDDIODDR DDR_IO DDR_WE o = = = = — - — — o
E9 VDDIODDR DDR_IO DDR_BAO o — — — — — — — — o)
B6 VDDIODDR DDR_IO DDR_BA1 (0] — — — — — — = = 0
F9 VDDIODDR DDR_IO DDR_BA2 o — — — — — — — — 0
R11 VBG VBG VBG | — — — — — — = — |
u14 VDDUTMII USBHS HHSDPC 110 — — — — — — — — 0O, PD
V14 VDDUTMII USBHS HHSDMC 110 = = — — — — — = 0O, PD
u12 VDDUTMII USBHS HHSDPB 110 — — — — — — — — 0O, PD
Vi2 VDDUTMII USBHS HHSDMB /10 — — — — — — = = 0O, PD
u10 VDDUTMII USBHS HHSDPA I[e] DHSDP — — — — — — — O, PD
V10 VDDUTMII USBHS HHSDMA /10 DHSDM — — — — — — — O, PD
V15 VDDBU power supply VDDBU | — — — — — - — — |
T13 GNDBU ground GNDBU | = = — - — — — — |
C5,
C7,
D14,
T15, VDDCORE power supply VDDCORE — — — — — — — —
T7,
u17,
\24
Al6,
C9,
N13,
T14 GNDCORE ground GNDCORE | — — — — — — == = |
T8,
V17
D13,
F14,
G10, VDDIODDR power supply VDDIODDR — — — — — — — —
G13,
H11
E14,
F10,
F13, GNDIODDR ground GNDIODDR | — — — — — — = — |
[R5,
H14
:.ié VDDIOM power supply VDDIOM — — — — — — — —
Ji1,
17 GNDIOM ground GNDIOM | = — — — — — = = |
G7,
Vil VDDIOPO power supply VDDIOPO — — — — — — — —
L11,
M4 VDDIOP1 power supply VDDIOP1 | — — — — — — = = |
ES5,
J7,
N1, GNDIOP Ground GNDIOP | — — — — — — — — |
u7
V13 VDDUTMIC Power supply VDDUTMIC | — — — — — — = — |
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Table 4-1.  SAMAS5D3 Pinout for 324-ball LFBGA Package (Continued)
Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,
Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
u13 VDDUTMII Power supply VDDUTMII | — — — — — — — — |
R12 GNDUTMI Ground GNDUTMI I — = = — — — — — |
R10 VDDPLLA Power supply VDDPLLA | — — — — — — — — |
P10 GNDPLL Ground GNDPLL I = = = = — — — _ |
U1l VDDOSC Power supply VDDOSC | — — — — — — — — |
T11 GNDOSC Ground GNDOSC I = = = = = — — — |
L6 VDDANA Power supply VDDANA | — — — — J— — — — |
L4 GNDANA Ground GNDANA I = = = = = — — — |
L5 VDDANA Power supply ADVREF I — — — — — — — — I
R3 VDDFUSE Power supply VDDFUSE | — — — — — — = — |
P4 GNDFUSE Ground GNDFUSE I — — — — — — — — I
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4.3  324-ball TFBGA Package (12 x 12 x 1.2 mm, pitch 0.5 mm)
Figure 4-2 shows the ball map of the 324-ball TFBGA package.

Figure 4-2. 324-ball TFBGA Ball Map
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4.4  324-ball TFBGA Package Pinout

Table 4-2. SAMAS5D3 Pinout for 324-ball TFBGA Package

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,
Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
D2 VDDIOPO GPIO PAO 110 = = LCDDATO o = = = = PIO, I, PU, ST
G4 VDDIOPO GPIO PAL 110 — — LCDDAT1 o — — — — PIO, I, PU, ST
c2 VDDIOPO GPIO PA2 10 = = LCDDAT2 o = = = = PIO, I, PU, ST
F3 VDDIOPO GPIO PA3 110 — — LCDDAT3 o — — — — PIO, I, PU, ST
F2 VDDIOPO GPIO PA4 110 = = LCDDAT4 o = = = = PIO, I, PU, ST
G3 VDDIOPO GPIO PA5 110 — — LCDDAT5 o — — — — PIO, I, PU, ST
B1 VDDIOPO GPIO PA6 10 = = LCDDAT6 o = = = = PIO, I, PU, ST
G2 VDDIOPO GPIO PA7 10 — — LCDDAT7 o — — — — PIO, I, PU, ST
c1 VDDIOPO GPIO PA8 10 = = LCDDAT8 o = = = = PIO, I, PU, ST
H3 VDDIOPO GPIO PA9 10 — — LCDDAT9 o — — — — PIO, I, PU, ST
D1 VDDIOPO GPIO PA10 110 = = LCDDAT10 o = = = = PIO, I, PU, ST
H4 VDDIOPO GPIO PA1L 10 — — LCDDAT11 o — — — — PIO, I, PU, ST
E2 VDDIOPO GPIO PA12 10 = = LCDDAT12 o = = = = PIO, I, PU, ST
K9 VDDIOPO GPIO PA13 110 — — LCDDAT13 o — — — — PIO, I, PU, ST
H2 VDDIOPO GPIO PA14 10 = = LCDDAT14 o = = = = PIO, I, PU, ST
K4 VDDIOPO GPIO PA15 110 — — LCDDAT15 o — — — — PIO, I, PU, ST
G1 VDDIOPO GPIO PA16 110 = = LCDDAT16 o = = 1SI_DO I PIO, I, PU, ST
K10 VDDIOPO GPIO PA17 110 — — LCDDAT17 o — — ISI_D1 | PIO, I, PU, ST
F1 VDDIOPO GPIO PA18 10 = = LCDDAT18 o TWD2 10 1SI_D2 I PIO, I, PU, ST
J4 VDDIOPO GPIO PA19 110 — — LCDDAT19 o TWCK2 o ISI_D3 | PIO, I, PU, ST
J3 VDDIOPO GPIO PA20 10 = = LCDDAT20 o PWMHO o ISI_D4 I PIO, I, PU, ST
K2 VDDIOPO GPIO PA21 10 — — LCDDAT21 o PWMLO o ISI_D5 | PIO, I, PU, ST
32 VDDIOPO GPIO PA22 110 = = LCDDAT22 o PWMH1 o 1SI_D6 I PIO, I, PU, ST
L9 VDDIOPO GPIO PA23 10 — — LCDDAT23 o PWML1 o ISI_D7 I PIO, I, PU, ST
H1 VDDIOPO GPIO PA24 10 = = LCDPWM o = = = = PIO, I, PU, ST
K3 VDDIOPO GPIO PA25 110 — — LCDDISP o — — — — PIO, I, PU, ST
J1 VDDIOPO GPIO PA26 110 = = LCDVSYNC o = = = = PIO, I, PU, ST
L10 VDDIOPO GPIO PA27 110 — — LCDHSYNC o — — — — PIO, I, PU, ST
K1 VDDIOPO GPIO_CLK2 PA28 110 = = LCDPCK o = = = = PIO, I, PU, ST
L3 VDDIOPO GPIO PA29 110 — — LCDDEN o — — — — PIO, I, PU, ST
L2 VDDIOPO GPIO PA30 10 = = TWDO 10 URXD1 | ISI_VSYNC I PIO, I, PU, ST
L4 VDDIOPO GPIO PA31 10 — — TWCKO o UTXD1 o ISI_HSYNC | PIO, I, PU, ST
AAL VDDIOP1 GMAC PBO 10 = = GTX0 o PWMHO o = = PIO, I, PU, ST
w3 VDDIOP1 GMAC PB1 110 — — GTX1 o PWMLO o — — PIO, I, PU, ST
Y2 VDDIOP1 GMAC PB2 110 = = GTX2 o TK1 10 = = PIO, I, PU, ST
v3 VDDIOP1 GMAC PB3 10 — — GTX3 o TF1 10 — — PIO, I, PU, ST
AA2 VDDIOP1 GMAC PB4 110 = = GRX0 I PWMH1 o = = PIO, I, PU, ST
W5 VDDIOP1 GMAC PB5 110 — — GRX1 I PWML1 o — — PIO, I, PU, ST
w7 VDDIOP1 GMAC PB6 110 = = GRX2 | D1 o = = PIO, I, PU, ST
AB2 VDDIOP1 GMAC PB7 110 — — GRX3 | RK1 I — — PIO, I, PU, ST
AB1 VDDIOP1 GMAC PB8 110 = = GTXCK | PWMH2 o = = PIO, I, PU, ST
AA3 VDDIOP1 GMAC PB9 10 — — GTXEN o PWML2 o — — PIO, I, PU, ST
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Table 4-2.

SAMASD3 Pinout for 324-ball TFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State

Signal, Dir,

PU, PD, HiZ,

Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST

we VDDIOP1 GMAC PB10 110 = = GTXER o RF1 10 = = PIO, I, PU, ST
AB3 VDDIOP1 GMAC PB11 110 — — GRXCK I RD1 I — — PIO, I, PU, ST
' VDDIOP1 GMAC PB12 10 = = GRXDV I PWMH3 o = = PIO, I, PU, ST
Y4 VDDIOP1 GMAC PB13 110 — — GRXER | PWML3 o — — PIO, I, PU, ST
w8 VDDIOP1 GMAC PB14 110 = = GCRS | CANRX1 | = = PIO, I, PU, ST
AA5 VDDIOP1 GMAC PB15 110 — — GCOL I CANTX1 o — — PIO, I, PU, ST
AA4 VDDIOP1 GMAC PB16 10 = = GMDC o = = = = PIO, I, PU, ST
Y7 VDDIOP1 GMAC PB17 10 — — GMDIO 10 — — — — PIO, I, PU, ST
AB4 VDDIOP1 GMAC PB18 10 = = G125CK | = = = = PIO, I, PU, ST
Y6 VDDIOP1 GMAC PB19 10 — — MCI1_CDA 10 GTX4 o — — PIO, I, PU, ST
v8 VDDIOP1 GMAC PB20 110 = = MCI1_DAO 110 GTX5 o = = PIO, I, PU, ST
AAB VDDIOP1 GMAC PB21 10 — — MCI1_DA1 10 GTX6 o — — PIO, I, PU, ST
w9 VDDIOP1 GMAC PB22 10 = = MCI1_DA2 110 GTX7 o = = PIO, I, PU, ST
AB6 VDDIOP1 GMAC PB23 110 — — MCI1_DA3 110 GRX4 I — — PIO, I, PU, ST
AB5 VDDIOP1 GMAC PB24 10 = = MCI1_CK 110 GRX5 I = = PIO, I, PU, ST
AB7 VDDIOP1 GMAC PB25 110 — — SCK1 110 GRX6 I — — PIO, I, PU, ST
AA7 VDDIOP1 GMAC PB26 110 = = CTS1 | GRX7 | = = PIO, I, PU, ST
AB8 VDDIOP1 GPIO PB27 110 — — RTS1 o G125CKO o — — PIO, I, PU, ST
AA8 VDDIOP1 GPIO PB28 10 = = RXD1 | = = = = PIO, I, PU, ST
Y9 VDDIOP1 GPIO PB29 10 — — TXD1 o — — — — PIO, I, PU, ST
W10 VDDIOPO GPIO PB30 10 = = DRXD | = = = = PIO, I, PU, ST
Y12 VDDIOPO GPIO PB31 10 — — DTXD o — — — — PIO, I, PU, ST
D10 VDDIOPO GPIO PCO 110 = = ETX0 o TIOA3 10 = = PIO, I, PU, ST
B8 VDDIOPO GPIO PC1 10 — — ETX1 o TIOB3 10 — — PIO, I, PU, ST
D9 VDDIOPO GPIO PC2 10 = = ERX0 I TCLK3 I = = PIO, I, PU, ST
cs VDDIOPO GPIO PC3 110 — — ERX1 | TIOA4 110 — — PIO, I, PU, ST
B7 VDDIOPO GPIO PC4 10 = = ETXEN o TIOB4 110 = = PIO, I, PU, ST
D8 VDDIOPO GPIO PC5 110 — — ECRSDV | TCLK4 | — — PIO, I, PU, ST
A6 VDDIOPO GPIO PC6 110 = = ERXER | TIOAS 110 = = PIO, I, PU, ST
A7 VDDIOPO GPIO PC7 110 — — EREFCK | TIOB5 110 — — PIO, I, PU, ST
B6 VDDIOPO GPIO PC8 10 = = EMDC o TCLK5 | = = PIO, I, PU, ST
D7 VDDIOPO GPIO PC9 10 — — EMDIO 10 — — — — PIO, I, PU, ST
A5 VDDIOPO GPIO PC10 10 = = MCI2_CDA 10 = = LCDDAT20 o PIO, I, PU, ST
c7 VDDIOPO GPIO PC11 10 — — MCI2_DAO 10 — — LCDDAT19 o PIO, I, PU, ST
B5 VDDIOPO GPIO PC12 110 = = MCI2_DA1 110 TIOAL 10 LCDDAT18 o PIO, I, PU, ST
ce VDDIOPO GPIO PC13 10 — — MCI2_DA2 110 TIOB1 1/0 LCDDAT17 o PIO, I, PU, ST
B4 VDDIOPO GPIO PC14 110 = = MCI2_DA3 110 TCLK1 I LCDDAT16 o PIO, I, PU, ST
A4 VDDIOPO MCI_CLK PC15 110 — — MCI2_CK 110 PCK2 o LCDDAT21 o PIO, I, PU, ST
A3 VDDIOPO GPIO PC16 10 = = TKO 110 = = = = PIO, I, PU, ST
c5 VDDIOPO GPIO PC17 110 — — TFO 110 — — — — PIO, I, PU, ST
c4 VDDIOPO GPIO PC18 110 = = TDO o = = = = PIO, I, PU, ST
D6 VDDIOPO GPIO PC19 110 — — RKO 10 — — — — PIO, I, PU, ST
B3 VDDIOPO GPIO PC20 10 = = RFO 10 = = = = PIO, I, PU, ST
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Table 4-2.

SAMASD3 Pinout for 324-ball TFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State

Signal, Dir,

PU, PD, HiZ,

Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST

D5 VDDIOPO GPIO PC21 10 — — RDO | — — — — PIO, I, PU, ST
c3 VDDIOPO GPIO PC22 10 = = SPI1_MISO 110 = = = = PIO, I, PU, ST
B2 VDDIOPO GPIO pC23 110 — — SPI1_MOSI 110 — — — — PIO, I, PU, ST
A2 VDDIOPO GPIO_CLK PC24 110 = = SPI1_SPCK 110 = = = = PIO, I, PU, ST
AL VDDIOPO GPIO PC25 110 — — SPI1_NPCS0 110 — — — — PIO, I, PU, ST
D3 VDDIOPO GPIO PC26 110 = = SPI1_NPCS1 o TWD1 110 ISI_D11 I PIO, I, PU, ST
D4 VDDIOPO GPIO PC27 10 — — SPI1_NPCS2 o TWCK1 o 1SI_D10 I PIO, I, PU, ST
E4 VDDIOPO GPIO PC28 10 = = SPI1_NPCS3 o PWMFIO | 1SI_D9 I PIO, I, PU, ST
E3 VDDIOPO GPIO PC29 110 — — URXDO | PWMFI2 | ISI_D8 I PIO, I, PU, ST
El VDDIOPO GPIO PC30 110 = = UTXDO o = = ISI_PCK o PIO, I, PU, ST
F4 VDDIOPO GPIO PC31 10 — — FIQ | PWMFIL l — — PIO, I, PU, ST
M10 VDDIOP1 GPIO PDO 110 = = MCIO_CDA 110 = = = = PIO, I, PU, ST
T1 VDDIOP1 GPIO PD1 110 — — MCI0_DAO 110 — — — — PIO, I, PU, ST
R4 VDDIOP1 GPIO PD2 10 = = MCIO_DA1 110 = = = = PIO, I, PU, ST
U1 VDDIOP1 GPIO PD3 110 — — MCIO_DA2 110 — — — — PIO, I, PU, ST
M9 VDDIOP1 GPIO PD4 110 = = MCIO_DA3 110 = = = = PIO, I, PU, ST
Vi VDDIOP1 GPIO PD5 110 — — MCIO_DA4 110 TIOAD 110 PWMH2 o PIO, I, PU, ST
N10 VDDIOP1 GPIO PD6 110 = = MCIO_DA5 110 TIOBO 110 PWML2 o PIO, I, PU, ST
w1 VDDIOP1 GPIO PD7 10 — — MCIO_DA6 10 TCLKO | PWMH3 o PIO, I, PU, ST
R3 VDDIOP1 GPIO PD8 10 = = MCIO_DA7 10 = = PWML3 o PIO, I, PU, ST
Y1 VDDIOP1 MCI_CLK PD9 10 — — MCI0_CK 110 — — — — PIO, I, PU, ST
T3 VDDIOP1 GPIO PD10 110 = = SPIO_MISO 110 = = = = PIO, I, PU, ST
T2 VDDIOP1 GPIO PD11 10 — — SPIO_MOSI 10 — — — — PIO, I, PU, ST
N9 VDDIOP1 GPIO_CLK PD12 110 = = SPI0_SPCK 110 = = = = PIO, I, PU, ST
u2 VDDIOP1 GPIO PD13 110 — — SPI0_NPCS0 10 — — — — PIO, I, PU, ST
T4 VDDIOP1 GPIO PD14 10 = = SCKO 110 SPI0_NPCS1 CANRXO I PIO, I, PU, ST
V2 VDDIOP1 GPIO PD15 110 — — CTS0 | SPIO_NPCS2 CANTX0 o PIO, I, PU, ST
u3 VDDIOP1 GPIO PD16 110 = = RTSO o SPI0_NPCS3 o PWMFI3 I PIO, I, PU, ST
V3 VDDIOP1 GPIO PD17 110 — — RXDO | — — — — PIO, I, PU, ST
u4 VDDIOP1 GPIO PD18 110 = = TXDO o = = = = PIO, I, PU, ST
w2 VDDIOP1 GPIO PD19 10 — — ADTRG | — — — — PIO, I, PU, ST
P3 VDDANA GPIO_ANA PD20 10 = = ADO | = = = = PIO, I, PU, ST
R2 VDDANA GPIO_ANA PD21 10 — — AD1 | — — — — PIO, I, PU, ST
P2 VDDANA GPIO_ANA PD22 110 = = AD2 I = = = = PIO, I, PU, ST
R1 VDDANA GPIO_ANA PD23 10 — — AD3 I — — — — PIO, I, PU, ST
P1 VDDANA GPIO_ANA PD24 110 = = AD4 I = = = = PIO, I, PU, ST
N3 VDDANA GPIO_ANA PD25 110 — — AD5 | — — — — PIO, I, PU, ST
N1 VDDANA GPIO_ANA PD26 10 = = AD6 I = = = = PIO, I, PU, ST
N2 VDDANA GPIO_ANA PD27 110 — — AD7 I — — — — PIO, I, PU, ST
M2 VDDANA GPIO_ANA PD28 110 = = AD8 | = = = = PIO, I, PU, ST
M1 VDDANA GPIO_ANA PD29 110 — — AD9 | — — — — PIO, I, PU, ST
M3 VDDANA GPIO_ANA PD30 10 = = AD10 | PCKO o = = PIO, I, PU, ST
L1 VDDANA GPIO_ANA PD31 10 — — AD11 | PCK1 o — — PIO, I, PU, ST

Atmel

SAMASDS3 Series [DATASHEET] 22

11121C-ATARM-15-Oct-13



Table 4-2.

SAMASD3 Pinout for 324-ball TFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,

Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
w17 VDDIOM EBI PEO 110 = = AO/NBSO o = = = = Al PD, ST
Y18 VDDIOM EBI PE1 o) — — Al o — — — — Al PD, ST
wis VDDIOM EBI PE2 110 = = A2 o = = = = Al PD, ST
AA21 VDDIOM EBI PE3 110 — — A3 o — — — — Al PD, ST
Y16 VDDIOM EBI PE4 110 = = A4 o = = = = Al PD, ST
Y20 VDDIOM EBI PE5 110 — — A5 o — — — — Al PD, ST
w19 VDDIOM EBI PE6 10 = = A6 o = = = = Al PD, ST
Y22 VDDIOM EBI PE7 10 — — A7 o — — — — Al PD, ST
Y21 VDDIOM EBI PES 10 = = A8 o = = = = Al PD, ST
w22 VDDIOM EBI PE9 110 — — A9 o — — — — Al PD, ST
V19 VDDIOM EBI PE10 110 = = A0 o = = = = Al PD, ST
W20 VDDIOM EBI PE11 10 — — ALl o — — — — Al PD, ST
w21 VDDIOM EBI PE12 110 = = A12 o = = = = Al PD, ST
T19 VDDIOM EBI PE13 110 — — A13 o — — — — Al PD, ST
V22 VDDIOM EBI PE14 110 = = Al4 o = = = = Al PD, ST
V20 VDDIOM EBI PE15 110 — — Al5 o SCK3 110 — — Al PD, ST
v21 VDDIOM EBI PE16 110 = = Al6 o CTS3 | = = Al PD, ST
T20 VDDIOM EBI PE17 110 — — AL7 o RTS3 o — — Al PD, ST
u20 VDDIOM EBI PE18 10 = = A18 o RXD3 I = = Al PD, ST
u21 VDDIOM EBI PE19 10 — — Al9 o TXD3 o — — Al PD, ST
u22 VDDIOM EBI PE20 10 = = A20 o SCK2 110 = = Al PD, ST
R19 VDDIOM EBI PE21 10 — — A21/NANDALE o — — — — Al PD, ST
R20 VDDIOM EBI PE22 10 = = A22/NANDCLE o = = = = Al PD, ST
T21 VDDIOM EBI PE23 10 — — A23 o CTS2 I — — Al PD, ST
T22 VDDIOM EBI PE24 110 = = A24 o RTS2 o = = Al PD, ST
P19 VDDIOM EBI PE25 110 — — A25 o RXD2 | — — Al PD, ST
R22 VDDIOM EBI PE26 110 = = NCS0 o TXD2 o = = Al PD, ST
R21 VDDIOM EBI PE27 110 — — NCS1 o TIOA2 110 LCDDAT22 PIO,I, PD, ST
P20 VDDIOM EBI PE28 110 = = NCS2 o TIOB2 110 LCDDAT23 PIO, |, PD, ST
P21 VDDIOM EBI PE29 110 — — NWR1/NBS1 o TCLK2 | — — PIO, |, PD, ST
N19 VDDIOM EBI PE30 10 = = NWAIT I = = = = PIO, I, PD, ST
N21 VDDIOM EBI PE31 110 — — IRQ I PWML1 o — — PIO,I, PD, ST
Y15 VDDBU sysc TST I = = = = = = = = I, PD,
AB14 | VDDIOPO sYsc BMS I — — — — — — I

ABI11 | VDDIOPO CLOCK XIN | = = = = = = = = |

AA1l |  VDDIOPO cLock XouT o — — — — — — o
AB19 VDDBU cLock XIN32 I = = = = = = = = I
AA19 VDDBU cLock XOUT32 o — — — — — — o

W16 VDDBU sysc SHDN o = = — — — — — _ o
AB16 VDDBU sysc WKUP I — — — — — — I, ST
Y13 VDDIOPO RSTJITAG NRST 110 = = = = = = = = I, PU, ST
AA14 |  VDDIOPO RSTJITAG NTRST I — — — — — _ _ _ I, PU, ST
w13 VDDIOPO RSTJITAG DI I = = = = = = = = I, ST
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Table 4-2.

SAMASD3 Pinout for 324-ball TFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,
Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
wil | VDDIOPO RSTITAG TDO o} — — — — — — — _ o
W12 |  VDDIOPO RSTITAG ™S I SwWDIo | /o — — — — — — I, ST
Y14 VDDIOPO RSTJITAG TCK I SWCLK I — — — — — — I, ST
AA16 VDDBU syYsc JTAGSEL I = = = = — — — — |, PD
AA9 VDDIOPO DIB DIBP o} — — — — — - — — 0,PU
AB9 VDDIOPO DIB DIBN o} = = = = — — — — 0,PU
M19 VDDIOM EBI DO e} — — — — — — — — I, PD
M22 VDDIOM EBI D1 110 = = — — — — — — I, PD
M20 VDDIOM EBI D2 e} — — — — — — — — I, PD
L22 VDDIOM EBI D3 110 = = — = — — — — |, PD
L20 VDDIOM EBI D4 110 — — — — — — — — |, PD
L21 VDDIOM EBI D5 110 = = — = — — — — |, PD
K21 VDDIOM EBI D6 110 — — — — — — — — I, PD
H22 VDDIOM EBI D7 110 = = — — — — — — |, PD
L19 VDDIOM EBI D8 e} — — — — — — — — |, PD
J22 VDDIOM EBI D9 110 = = = = — — — — |, PD
K19 VDDIOM EBI D10 110 — — — — — — — — I, PD
J21 VDDIOM EBI D11 110 = = = = — — — — |, PD
K22 VDDIOM EBI D12 110 — — — — — — — — |, PD
H20 VDDIOM EBI D13 110 = = — — — — — — I, PD
K20 VDDIOM EBI D14 110 — — — — — — — — I, PD
320 VDDIOM EBI D15 110 = — — — — — — _ |, PD
N20 VDDIOM EBI NCS3/NANDCS o — — — — — — — — o,PU
M21 VDDIOM EBI NANDRDY I — — — — — — — _ |, PU
N22 VDDIOM EBI NRD/NANDOE — — — — — — — — o,PU
P22 VDDIOM EBI NWE/NANDWE o} = = — — — — — — 0,PU
JJlli VDDIODDR R%‘ngge DDR_VREF | — — — — _ — _ _ |
B13 | VDDIODDR DDR_IO DDR_AO o} = = = = — — — — o
Cl4 | VDDIODDR DDR_IO DDR_AL o — — — — — — — _ o
B16 | VDDIODDR DDR_IO DDR_A2 o = = = — = — — — o
C13 | VDDIODDR DDR_IO DDR_A3 o — — — — — — — _ o
Al4 | VDDIODDR DDR_IO DDR_A4 o = — = — — — — _ o
D13 | VDDIODDR DDR_IO DDR_A5 o — — — — — — — _ o
C12 | VDDIODDR DDR_IO DDR_A6 o = — — — — — — _ o
B12 | VDDIODDR DDR_IO DDR_A7 o — — — — — — — — o
D12 | VDDIODDR DDR_IO DDR_A8 o} = = — — — — — — o
A13 | VDDIODDR DDR_IO DDR_A9 o — — — — — — — — o
C11 | VDDIODDR DDR_IO DDR_AL0 o} = = = = — — — — o
B1l | VDDIODDR DDR_IO DDR_A1L o — — — — — — — — o
A12 | VDDIODDR DDR_IO DDR_A12 o = = = — = — — — o
All | VDDIODDR DDR_IO DDR_AL3 o — — — — — — — _ o
J19 | VDDIODDR DDR_IO DDR_DO 110 = = = — — — — — HiZ
H21 | VDDIODDR DDR_IO DDR_D1 110 — — — — — — — — Hiz
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Table 4-2.

SAMASD3 Pinout for 324-ball TFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,
Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
F20 | VDDIODDR DDR_IO DDR_D2 110 = = — = — — — — Hiz
G20 | VDDIODDR DDR_IO DDR_D3 e} — — — — — — — — Hiz
F21 | VDDIODDR DDR_IO DDR_D4 e} — = = — = — — — Hiz
H19 | VDDIODDR DDR_IO DDR_D5 e} — — — — — - — — Hiz
G21 | VDDIODDR DDR_IO DDR_D6 110 = = = = — - — — Hiz
D21 | VDDIODDR DDR_IO DDR_D7 110 — — — — — - — — Hiz
G19 | VDDIODDR DDR_IO DDR_D8 110 = = = — = — — — HiZ
D20 | VDDIODDR DDR_IO DDR_D9 110 — — — — — — — — Hiz
C22 | VDDIODDR DDR_IO DDR_D10 110 = = = — = — — — Hiz
C20 | VDDIODDR DDR_IO DDR_D11 110 — — — — — — — — Hiz
B21 | VDDIODDR DDR_IO DDR_D12 110 = = — = — — — — Hiz
c21 | VDDIODDR DDR_IO DDR_D13 110 — — — — — — — — Hiz
D19 | VDDIODDR DDR_IO DDR_D14 e} — = = — — — — — Hiz
F19 | VDDIODDR DDR_IO DDR_D15 1o — — — — — — — — HiZ
B20 | VDDIODDR DDR_IO DDR_D16 e} — = = — — — — — Hiz
E21 | VDDIODDR DDR_IO DDR_D17 e} — — — — — - — — Hiz
E19 | VDDIODDR DDR_IO DDR_D18 110 = = = = — - — — Hiz
C17 | VDDIODDR DDR_IO DDR_D19 110 — — — — — - — — HiZ
D18 | VDDIODDR DDR_IO DDR_D20 110 = = = — = — — — HiZ
A18 | VDDIODDR DDR_IO DDR_D21 e} — — — — — — — — HiZ
C19 | VDDIODDR DDR_IO DDR_D22 110 = = = — = — — — HiZ
c18 | VDDIODDR DDR_IO DDR_D23 110 — — — — — — — — Hiz
C16 | VDDIODDR DDR_IO DDR_D24 110 = — — — — — — — Hiz
A21 | VDDIODDR DDR_IO DDR_D25 110 — — — — — — — — Hiz
D15 | VDDIODDR DDR_IO DDR_D26 110 — = = — — — — — Hiz
A20 | VDDIODDR DDR_IO DDR_D27 e} — — — — — — — — Hiz
B14 | VDDIODDR DDR_IO DDR_D28 e} — = = — — — — — Hiz
A22 | VDDIODDR DDR_IO DDR_D29 e} — — — — — - — — Hiz
Al6 | VDDIODDR DDR_IO DDR_D30 110 = = = = — - — — Hiz
D14 | VDDIODDR DDR_IO DDR_D31 110 — — — — — - — — HiZ
E20 | VDDIODDR DDR_IO DDR_DQMO = = — = — — — _
B22 | VDDIODDR DDR_IO DDR_DQM1 — — — — — — — _
B18 | VDDIODDR DDR_IO DDR_DQM2 = = — = — — — _
C15 | VDDIODDR DDR_IO DDR_DQM3 o — — — — — — — _ o
G22 | VDDIODDR DDR_IO DDR_DQS0 110 = = — = — — — — |, PD
E22 | VDDIODDR DDR_IO DDR_DQS1 110 — — — — — — — — |, PD
A19 | VDDIODDR DDR_IO DDR_DQS2 110 — = = — — — — — |, PD
B17 | VDDIODDR DDR_IO DDR_DQS3 e} — — — — — — — — |, PD
F22 | VDDIODDR DDR_IO DDR_DQSNO 110 — = = — = — — — I, PU
D22 | VDDIODDR DDR_IO DDR_DQSN1 110 — — — — — - — — I, PU
B19 | VDDIODDR DDR_IO DDR_DQSN2 110 = = = = = — - — I, PU
A17 | VDDIODDR DDR_IO DDR_DQSN3 110 — — — — — — — — I, PU
co | VDDIODDR DDR_IO DDR_CS o = = = — = — — — o
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Table 4-2.

SAMASD3 Pinout for 324-ball TFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State
Signal, Dir,
PU, PD, HiZ,
Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST
D17 VDDIODDR DDR_IO DDR_CLK o — — — — — — — — o
D16 VDDIODDR DDR_IO DDR_CLKN (0] = = — — — — — — o
A9 VDDIODDR DDR_IO DDR_CKE o — — — — — — — — o
Al15 VDDIODDR DDR_IO DDR_CALN | — — — — — — = — o
B15 VDDIODDR DDR_IO DDR_CALP | — — — — — — — — o
B10 VDDIODDR DDR_IO DDR_RAS o — — — — — — = — o
B9 VDDIODDR DDR_IO DDR_CAS o — — — — — — — J— o
A8 VDDIODDR DDR_IO DDR_WE o = = = = — - — — o
D11 VDDIODDR DDR_IO DDR_BAO (o] — — — — — — — J— o
A10 VDDIODDR DDR_IO DDR_BA1 (0] — — — — — — = = 0
C10 VDDIODDR DDR_IO DDR_BA2 o — — — — — — — — 0
P12 VBG VBG VBG | — — — — — — — — |
AAL7 VDDUTMII USBHS HHSDPC I[e] — — — — — — — — 0, PD
AB17 VDDUTMII USBHS HHSDMC 110 = = — — — — — — 0O, PD
AA15 VDDUTMII USBHS HHSDPB /10 — — — — — — — — 0O, PD
AB15 VDDUTMII USBHS HHSDMB /10 — — — — — — = — 0O, PD
AA13 VDDUTMII USBHS HHSDPA I[e] DHSDP — — — — — — — O, PD
AB13 VDDUTMII USBHS HHSDMA /10 DHSDM — — — — — — — O, PD
N13 VDDBU Power supply VDDBU | — — — — — — —_ — |
N12 GNDBU Ground GNDBU | — — — — — — — — |
Y17,
Y19,
AA20,
AA22, VDDCORE Power supply VDDCORE | — — — — J— — — — |
AB20,
AB22
Y10,
Y11,
AA10,
AAL2. GNDCORE Ground GNDCORE | — — — — — — == = |
AB10,
AB12
Ji2,
K12,
K13, VDDIODDR Power supply VDDIODDR — — — — — — — —
K14,
L12
L13,
L14,
M12, GNDIODDR Ground GNDIODDR | — — — — — — — — |
M13,
N11
’\LAJ::llg VDDIOM Power supply VDDIOM — — — J— — — — —
N14,
P14 GNDIOM Ground GNDIOM | — — — — = — = = |
J9,
J10 VDDIOPO Power supply VDDIOPO — — — — — — — —
P9,
P10 VDDIOP1 Power supply VDDIOP1 | — — — — — — — = |
Ji1,
Eﬂ GNDIOP Ground GNDIOP | — — — — — — — — |
Mi11
AB18 | VDDUTMIC | Power supply VDDUTMIC | = = = = — - — — |
AA18 VDDUTMII Power supply VDDUTMII | — — — — — — — — |

Atmel
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Table 4-2.

SAMASD3 Pinout for 324-ball TFBGA Package (Continued)

Primary Alternate PIO Peripheral A PIO Peripheral B | PIO Peripheral C | Reset State

Signal, Dir,

PU, PD, HiZ,

Pin | Power Rail | 1/0 Type Signal Dir | Signal | Dir Signal Dir Signal Dir Signal Dir ST

P13 GNDUTMI Ground GNDUTMI I = = — = — — — — |
w14 VDDPLLA Power supply VDDPLLA | — — — — — — — — |
w15 GNDPLL Ground GNDPLL I — = = — — — — — |
AB21 VDDOSC Power supply VDDOSC | — — — — — — — — |
P11 GNDOSC Ground GNDOSC I = = = = = — — — |
M4 VDDANA Power supply VDDANA | — — — — — — — — |
P4 GNDANA Ground GNDANA I = = = — — — — — |
N4 VDDANA Power supply ADVREF I — — — — — — — — I
w4 VDDFUSE | Power supply VDDFUSE I = = = — — — — — |
V4 GNDFUSE Ground GNDFUSE I — — — — — — — — I

Atmel
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4.5 Input/Output Description

Table 4-3. SAMAGS I/O Types Description

Pull-up Typ. Pull-down Typ. Schmitt
I/O Type Voltage Range Analog Pull-up Value (Ohm) Pull-down Value (Ohm) Trigger
GPIO 1.65-3.6V — Switchable 100K Switchable 100K Switchable
GPIO_CLK 1.65-3.6V — Switchable 100K Switchable 100K Switchable
GPIO_CLK2 1.65-3.6V — Switchable 100K Switchable 100K Switchable
GPIO_ANA 3.0-3.6V | Switchable 100K — — Switchable
EBI 1.65-1.95V, 3.0-3.6V — Switchable 100K Switchable 100K —
RSTJTAG 3.0-3.6V — Reset State 100K Reset State 100K Reset State
SYSC 1.65-3.6V — — — Reset State 15K Reset State
USBHS 3.0-3.6V 110 — — — — —
CLOCK 1.65-3.6V 110 — — — — —
DiB 3.0-3.6V I/0 — — — — —

When “Reset State” is indicated, the configuration is defined by the “Reset State” column of the Pin Description table
(see Table 4-1 on page 11).

Table 4-4.  SAMAS I/O Type Assignation and Frequency

Max 1/0
Frequency
110 Type (MHz) Load (pF) Fan-out Drive Control Signal Name
GPIO 33 40 . High/Medium/Low AI_I PIO lines except the lines indicated further on in
this table
MCI_CLK 52 20 — High/Medium/Low | MCIOCK, MCI1CK, MCI2CK
GPIO_CLK 66 20 — High/Medium/Low | SPIOCK, SPI1CK, ETXCLK, ERXCLK
GPIO_CLK2 75 20 — High/Medium/Low | LCDDOTCK
16 mA, ) )
GPIO_ANA 25 20 Fixed to Medium ADX
40 mA (peak)
High/Medium/Low .
EBI 66 50 — All EBI signals
1.8v/3.3V
DDR_IO 166 20 — High/Medium/Low | All DDR signals
RST 3 10 — Fixed to Low NRST, NTRST, BMS
JTAG 10 10 — Fixed to Medium TCK, TDI, TMS, TDO
SYSC 0.25 10 — No WKUP, SHDN, JTAGSEL, TST, SHDN
VBG 0.25 10 — No VBG
HHSDPC, HHSDPB, HHSDPA/DHSDP,
USBHS 480 20 T No HHSDMC, HHSDMB, HHSDMA/DHSDM
CLOCK 50 50 — No XIN, XOUT, XIN32, XOUT32
GMAC 125 15 — High/Medium/Low | Gigabit Ethernet I/Os
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5.1

5.2

5.3

Atmel

Power Considerations

Power Supplies

Table 5-1 defines the power supply rails and the estimated power consumption at typical voltage.

Table 5-1. SAMAS5D3 Power supplies
Name Voltage Range, Nominal | Associated Ground |Powers
VDDCORE | 1.1-1.32V, 1.2V GNDCORE The core, |np|ud|ng the processor, the embedded memories
and the peripherals
1.7-1.9V, 1.8V LPDDR/DDR?2 Interface I/O lines
VDDIODDR GNDIODDR .
1.14-1.30, 1.2V LPDDR?2 Interface I/O lines
1.65-1.95V, 1.8V .
VDDIOM GNDIOM NAND and HSMC Interface /O lines
3.0-3.6V, 3.3V
VDDIOPO | 1.65-3.6V GNDIOP Peripheral I/O lines
VDDIOP1 1.65-3.6V GNDIOP Peripheral I/O lines
VDDBU 165-3.6V GNDBU The Slow Clock Oscillator, the internal 32 kHz RC Oscillator
and a part of the System Controller
The USB device and host UTMI+ core
VDDUTMIC | 1.1-1.32V, 1.2V GNDUTMI
The UTMI PLL
VDDUTMII | 3.0-3.6V, 3.3V GNDUTMI The USB device and host UTMI+ interface
VDDPLLA |1.1-1.32V, 1.2V GNDPLL The PLLA cell
VDDOSC 1.65-3.6V GNDOSC Main Qscnlator Cell and PLL UTMI. If PLL UTMI is used the
range is to be 3.0V to 3.6V.
VDDANA 3.0-3.6V, 3.3V GNDANA The Analog-to-Digital Converter
Fuse box for programming.
VDDFUSE | 2.25-2.75V, 2.5V GNDFUSE It can be tied to ground with a 100 Q resistor for fuse
reading only.

Power-up Consideration

The user must first activate VDDIOP and VDDIOM, then VDDPLL and VDDCORE with the constraint that VDDPLL is
established no later than 1 ms after VDDCORE.

The VDDCORE and VDDBU power supplies rising time must be defined according to the Core and Backup Power-On-
Reset characteristics to ensure VDDCORE or VDDBU has reached V,, after the POR reset time.

Please refer to the “Core Power Supply POR Characteristics” and “Backup Power Supply POR Characteristics” sections
of the product datasheet for power-up constraints.

Power-down Consideration

The user must remove VDDPLL first, then VDDCORE, and at last VDDIOP and VDDIOM, to ensure a reliable operation
of the device.
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6.

Figure 6-1.

Addressl Memory Space

0x0000 0000

OXOFFF FFFF
0x1000 0000

OX1FFF FFFF
0x2000 0000

OX3FFF FFFF
0x4000 0000

OX4FFF FFFF
0x5000 0000

OXSFFF FFFF
0x6000 0000

OX6FFF FFFF
0x7000 0000

OXTFFF FFFF

OXEFFF FFFF
0xF000 0000

OXFFFF FFFF

Atmel

Memories

Memory Mapping

Internal Memories

Notes:
(1) Can be ROM, EBI_NCS0 or SRAM
depending on BMS and REMAP

256 MBytes
Peripheral Mapping
EBI 0xF000 0000
Chip Select 0 256 MBytes HSMCI0
0xF000 4000
SPIO
0xF000 8000
SSCo
0xFO00 C000
DDRCS 512 MBytes CANO
0xF001 0000
TCO, TC1, TC2
0xF001 4000
TWIO
EBI 0xF001 8000
Chip Select 1 256 MBytes TWI1
0xF001 C000
USARTO
- 0xF002 0000
USART1
Chip Select 2 256 MBytes
0xF002 4000
UARTO
o ESB: . 0xF002 8000 e
ip Selec 256 MBytes OXE002 CO00
PWMC
0xF003 0000
NFC LCDC
Command Registers | 256 MBytes 0xF003 4000
ISI
0xF003 8000
SFR
0xF003 C000
Reserved
0xF800 0000
HSMCI1
0xF800 4000
HSMCI2
0xF800 8000
SPI1
0xF800 C000
SSC1
0xF801 0000
CAN1
0xF801 4000
TC3,TC4,TC5
Undefined 0xF801 8000
(Abort) TSADC
0xF801 C000
TWI2
0xF802 0000
USART2
0xF802 4000
USART3
0xF802 8000
UART1
0xF802 C000
EMAC
0xF803 0000
UDPHS
0xF803 4000
SHA
0xF803 8000
Internal Peripherals 256 MBytes AES
0xF803 C000
TDES
0xF804 0000
TRNG
0xF804 4000
Reserved
OxFFFF C000
SYSC
OXFFFF FFFF

Internal Memory Mapping

0x0000 0000
Boot Memory )
0x0010 0000
ROM
0x0020 0000
NFC SRAM
0x0030 0000
SRAMO
0x0031 0000
SRAM1
0x0040 0000
SMD
0x0050 0000
UDPH SRAM
0x0060 0000
UHP OHCI
0x0070 0000
UHP EHCI
0x0080 0000
AXI Matrix
0x0090 0000
DAP
0x00A0 0000
Undefined
(Abort)
OXOFFF FFFF

System Controller Mapping

OXFFFF C000 HSMC
OxFFFF D000
Reserved
OXFFFF E400
FUSE
OxFFFF E600
DMACO
OxFFFF E800
DMAC1
O0xFFFF EAOO
MPDDRC
OxFFFF ECO0
MATRIX
OxFFFF EE00
DBGU
O0xFFFF FO00
AIC
OxFFFF F200
PIOA
OXFFFF F400
PIOB
OxFFFF F600
PIOC
OxFFFF F800
PIOD
OxFFFF FAOO
PIOE
OxFFFF FCO0
PMC
OxFFFF FEOO
RSTC
OxFFFF FE10
SHDC
OXFFFF FE20
Reserved
OxFFFF FE30
PITC
OxFFFF FE40
WDT
OxFFFF FE50
SCKC_CR
OXFFFF FE54
BSC
OxFFFF FE60
GPBR
OXFFFF FE70
Reserved
OxFFFF FEBO
RTCC
OXFFFF FEEO
Reserved
OXFFFF FFFF
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6.1

6.1.1

6.1.2

6.1.3

6.2

6.2.1

6.2.2

Embedded Memories

Internal SRAM

The SAMA5D3 product embeds a total of 128 Kbytes high-speed SRAMO and SRAML1. After Remap the SRAM is
accessible at address 0 but also at address 0x00300000. Only the ARM core has access to the SRAM at address 0. The
others masters (DMA, peripherals, etc.) always access the SRAM at address 0x00300000.

SRAMO and SRAM1 can be accessed in parallel to improve the overall bandwidth of the system.

Internal ROM
The SAMA5D3 product embeds one 160-Kbyte internal ROM containing a standard and a secure bootloader. The secure
bootloader is described in a separate document, under NDA. The standard bootloader supports booting from:
e  8-bit NAND Flash with ECC management
e SPI Serial Flash
e SDCARD
e EMMC
e TWIEEPROM
The boot sequence can be selected using the boot order facility (Boot Select Control Register). The internal ROM

embeds Galois field tables that are used to compute NandFlash ECC. Please refer to Figure 12-9 “Galois Field Table
Mapping” in the “Boot Strategies” section of this datasheet.

Boot Strategies
For standard boot strategies, please refer to the “Boot Strategies” section of this datasheet.
For secure boot strategies, please refer to the Application Note “Secure Boot on SAMAS5D3 Series” (NDA required).

External Memory

The SAMAS5D3 features interfaces to offer connexion to a wide range of external memories or to parallel peripherals.

DDR2/LPDDR/LPDDR?2 Interface
e  32-bit external interface
512 Mbytes address space on CS1
Supports DDR2, LPDDR and LPDDR2 memories
Drive level control
I/O impedance control embedded
Supports 4-banks and 8-banks and up to 512 Mbytes
Multi-port

Static Memories and NAND Flash

The static memory controller is dedicated to interfacing external memory devices:

The static memory controller is able to drive up to four chip selects. NCS3 is dedicated to the NAND Flash control.
e Asynchronous SRAM-like memories and parallel peripherals
e NAND Flash (8-bit MLC and SLC)

The HSMC embeds a NAND Flash Controller (NFC). The NFC can handle automatic transfers, sending the commands
and address cycles to the NAND Flash and transferring the contents of the page (for read and write) to the NFC SRAM.
It minimizes the CPU overhead.
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In order to improve overall system performance the DATA phase of the transfer can be DMA assisted. The static memory
embeds a NAND Flash Error Correcting Code controller with the features as follows:

e Algorithm based on BCH codes
e Supports also SLC 1-bit (BCH 2-bit), SLC 4-bit (BCH 4-bit)
e Programmable Error Correcting Capability:
e 2-bit, 4-bit, 8-bit and 16-bit errors for 512 bytes/sector (4 Kbyte page)
e 24-bit error for 1024 bytes/sector (8 Kbyte page)
Programmable sector size: 512 bytes or 1024 bytes
Programmable number of sector per page: 1, 2, 4 or 8 blocks of data per page
Programmable spare area size
Supports spare area ECC protection
Supports 8 Kbyte page size using 1024 bytes/sector and 4 Kbyte page size using 512 bytes/sector
Error detection is interrupt driven
Provides hardware acceleration for error location
Finds roots of error-locator polynomial
Programmable number of roots
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7. Real-time Event Management

The events generated by peripherals are designed to be directly routed to peripherals managing/using these events
without processor intervention. Peripherals receiving events contain logic by which to select the one required.

7.1 Embedded Characteristics

Peripherals generate event triggers which are directly routed to event managers such as ADC, for example, to start
measurement/conversion without processor intervention.

7.2 Real-time Event Mapping List

Table 7-1.  Real-time Event Mapping List

Event Generator

Event Manager

Function

PMC

Pulse Width Modulation (PWM)

Safety / Puts the PWM Outputs in Safe Mode (Main
Crystal Clock Failure Detection)

Analog-to-Digital Converter (ADC)

PWM

Safety / Puts the PWM Outputs in Safe Mode
(Overspeed, Overcurrent detection, etc.)

Atmel
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8.  System Controller

The System Controller is a set of peripherals that allows handling of key elements of the system, such as power, resets,
clocks, time, interrupts, watchdog, etc.

The System Controller User Interface also embeds the registers that configure the Matrix and a set of registers for the
chip configuration. The chip configuration registers configure the EBI chip select assignment and voltage range for
external memories.

The System Controller’s peripherals are all mapped within the highest 16 KB of address space, between addresses
OxFFFF D000 and OxFFFF FFFF.

However, all the registers of System Controller are mapped on the top of the address space. All the registers of the
System Controller can be addressed from a single pointer by using the standard ARM instruction set, as the Load/Store
instruction have an indexing mode of +4 KB.

Figure 8-1 on page 35 shows the System Controller block diagram.
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Figure 8-1. SAMA5D3 System Controller Block Diagram

NRST

VDDBU

SHDN

WKUP

XIN32
XOUT32

XIN

XOouT

PA0-PA31
PB0-PB31
PCO-PC31
PDO-PD31
PEO-PE31

Atmel

System Controller

VDDCORE Powered
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nirq
irg ———> irq_vect
fig ———> X =
ol GG Advanced nfig
[FRELIG 2A2) ——ry Interrupt fig_vect
W%':_:;g — |  Controller > Cortex-A5
dbgu_irg ——»
. ntrst
pmc_irq por_ntrst
rste.ifg proc_nreset
- PCK
MCK ———— ] :
periph_nreset —— | DS?]‘:IQ —> dbgu_irq debug
dbgu_rxd —— ) > GG
MCK ——— ] Periodic f
debug ——— ] Interval pit_irg jtag_nreset Boundary Scan
periph_nreset —— | Timer TAP Controller
SLCK ———— ]
deb;lg B — Watchdog wdt_irg MCK
e ———— Timer - Bus Matrix
proc_nreset ——————| periph_nreset
wdt_fault
WDRPROC
por_ntrst ——> periph_nreset
VDDCORE F: [ periph_
POR Reset ——> proc_nreset
Controller ——> backup_nreset
UPLLCK
VDDBU VDDBU Powered UHPA48M
POR__| 510k UHP12M USB High Speed
Stck ——— I RealiTime L rtc_irg periph_nreset Host Port
backup_nreset ——— | Clock ——> rtc_alarm periph_irg[32]
SLCK ———
Shut-Down UPLLCK
backup_nreset —>] Controller
rtc_alarm —»| ) USB High Speed
periph_nreset Device Port
4 General-purpose
32kHz RC iph i
| OSZC | Backup Registers periph_irq[33]
SLOW
CLOCK
osC SCKC_CR
SLCK | periph_clk[2..49] SMDCK
int —— > ET_"(EZ;L periph_nreset SMD
> Software Modem
v MAINCK > UHP12M periph_irg[11]
z SMDCK —> PCK
MAIN OSC Power |, MCK
M(a:nagewent —> DDR sysclk
UPLL UPLLCK ontroller > LCD Pixel clock
—— pmc_irq
PLLA —> idle
PLLACK > SMDCK = periph_clk[11] periph_clk[2..49]
periph_nreset —— >}
periph_nreset
periph_nreset ——| —> periph_irq[5..9] Embedded
periph_clk[5.9] ——>] —— irq o Peripherals
dbgu_rxd ——» PIO —— fiq periph_irq[2..49]
Controllers L > dbgu_txd
in
out
enable
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8.1 Chip Identification
e Chip ID: 0X8A5C07C2
e Extended ID:

Table 8-1.  Chip Identification of SAMA5D3 Devices

Device Extended ID
SAMA5D31 0x00444300
SAMA5D33 0x00414300
SAMA5D34 0x00414301
SAMA5D35 0x00584300
SAMA5D36 0x00004301

e Boundary JTAG ID: 0x05B3103F
e Cortex-A5 JTAG IDCODE: 0x4BA00477
e Cortex-A5 Serial Wire IDCODE: 0x2BA01477

8.2 Backup Section

The SAMA5D3 features a Backup Section that embeds:
e RC Oscillator

Slow Clock Oscillator

SCKR register

Real-time Clock (RTC)

Shutdown Controller

4 Backup registers

Part of the Reset Controller (RSTC)

e Boot Select Control Register

This section is powered by the VDDBU rail.
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9. Peripherals

9.1 Peripheral Mapping

As shown in Section 6. “Memories” the peripherals are mapped in the upper 256 Mbytes of the address space between
the addresses OxFFF7 8000 and OxFFFC FFFF.

Each user peripheral is allocated 16 Kbytes of address space.
9.2 Peripheral Identifiers

Table 9-1.  Peripheral Identifiers

Instance Interrupt
ID Name Description External Wired-OR Clock Type
0 AlC Advanced Interrupt Controller FIQ — SYS_CLK
1 SYS System Controller Interrupt — PMC, RSTC, RTC SYS_CLK
2 DBGU Debug Unit Interrupt — — PCLOCK
3 PIT Periodic Interval Timer Interrupt — — SYS_CLK
4 WDT Watchdog timer Interrupt — — SYS_CLK
5 HSMC Multi-bit ECC Interrupt — — HCLOCK
6 PIOA Parallel /0O Controller A — — PCLOCK
7 PIOB Parallel 1/0O Controller B — — PCLOCK
8 PIOC Parallel 1/0 Controller C — — PCLOCK
9 PIOD Parallel /0O Controller D — — PCLOCK
10 PIOE Parallel /O Controller E — — PCLOCK
11 SMD SMD Soft Modem — — HCLOCK
12 USARTO USART 0 — — PCLOCK
13 USART1 USART 1 — — PCLOCK
14 USART2 USART 2 — — PCLOCK
15 USART3 USART 3 — — PCLOCK
16 UARTO UART 0 — — PCLOCK
17 UART1 UART 1 — — PCLOCK
18 TWIO Two-Wire Interface O — — PCLOCK
19 TWI1 Two-Wire Interface 1 — — PCLOCK
20 TWI2 Two-Wire Interface 2 — — PCLOCK
21 HSMCIO High Speed Multimedia Card Interface 0 — — PCLOCK
22 HSMCI1 High Speed Multimedia Card Interface 1 — — PCLOCK
23 HSMCI2 High Speed Multimedia Card Interface 2 — — PCLOCK
24 SPIO Serial Peripheral Interface 0 — — PCLOCK
25 SPI1 Serial Peripheral Interface 1 — — PCLOCK
26 TCO Timer Counter 0 (ch. 0, 1, 2) — — PCLOCK
27 TC1 Timer Counter 1 (ch. 3, 4, 5) — — PCLOCK
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Table 9-1.  Peripheral Identifiers (Continued)

Instance Interrupt
ID Name Description External Wired-OR Clock Type
28 PWM Pulse Width Modulation Controller — — PCLOCK
29 ADC Touch Screen ADC Controller — — PCLOCK
30 DMACO DMA Controller 0 — — HCLOCK
31 DMAC1 DMA Controller 1 — — HCLOCK
32 UHPHS USB Host High Speed — — HCLOCK
33 UDPHS USB Device High Speed — — HCLOCK
34 GMAC Gigabit Ethernet MAC — — HCLOCK + PCLOCK
35 EMAC Ethernet MAC — — HCLOCK + PCLOCK
36 LCDC LCD Controller — — HCLOCK
37 1SI Image Sensor Interface — — HCLOCK
38 SSCO Synchronous Serial Controller 0 — — PCLOCK
39 SSC1 Synchronous Serial Controller 1 — — PCLOCK
40 CANO CAN Controller 0 — — PCLOCK
41 CAN1 CAN Controller 1 — — PCLOCK
42 SHA Secure Hash Algorithm — — PCLOCK
43 AES Advanced Encryption Standard — — PCLOCK
44 TDES Triple Data Encryption Standard — — PCLOCK
45 TRNG True Random Number Generator — — PCLOCK
46 ARM Performance Monitor Unit — — PROC_CLOCK
a7 AlC Advanced Interrupt Controller IRQ — SYS_CLK
48 FUSE Fuse Controller — — PCLOCK
49 MPDDRC MPDDR controller — — HCLOCK
50-63 | Reserved — — — —
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9.3 Peripheral Signal Multiplexing on 1/O Lines

The SAMAS5D3 product features five P1O controllers (PIOA, PIOB, PIOC, PIOD and PIOE) which multiplex the 1/O lines of
the peripheral set.

Each PIO Controller controls 32 lines. Each line can be assigned to one of three peripheral functions: A, B or C. The
multiplexing tables (Table 4-1 “SAMA5D3 Pinout for 324-ball LFBGA Package” and Table 4-2 “SAMA5D3 Pinout for 324-
ball TFBGA Package”) define how the 1/O lines of the peripherals A, B and C are multiplexed on the PI1O controllers. Note
that some output-only peripheral functions might be duplicated within the tables.

The column “Reset State” indicates whether the PIO line resets in I/O mode or in peripheral mode. If I/O is mentioned,
the PIO line resets in input with the pull-up enabled, so that the device is maintained in a static state as soon as the reset
is released. As a result, the bit corresponding to the PIO line in the register PIO_PSR (Peripheral Status Register) resets
low.

If a signal name is mentioned in the “Reset State” column, the PIO line is assigned to this function and the corresponding
bit in PIO_PSR resets high. This is the case of pins controlling memories, in particular the address lines, which require
the pin to be driven as soon as the reset is released. Note that the pull-up resistor is also enabled in this case.

9.4  Peripheral Clock Type

The SAMA5D3 Series embeds peripherals with five different clock types:

e HCLOCK: AHB Clock, managed with the PMC_SCER, PMC_SCDR and PMC_SCSR registers of PMC System
Clock

e PCLOCK: APB Clock, managed with the PMC_PCER, PMC_PCDR, PMC_PCSR and PMC_PCR registers of
Peripheral Clock

e HCLOCK+PCLOCK: Both clock types coexist. The clock is managed with the PMC_PCER, PMC_PCDR,
PMC_PCSR and PMC_PCR registers of Peripheral Clock
SYS_CLOCK: This clock cannot be disabled.

e PROC_CLOCK: The clock related to Processor Clock (PCK) and managed with the PMC_SCDR and PMC_SCSR
registers of PMC System Clock

Please refer to Table 9-1 “Peripheral Identifiers” for details.
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10.

10.1

10.11

ARM Cortex-A5 Processor

Description

The ARM Cortex-A5 processor is a high-performance, low-power, ARM macrocell with an L1 cache subsystem that
provides full virtual memory capabilities. The Cortex-A5 processor implements the ARMv7 architecture and runs 32-bit
ARM instructions, 16-bit and 32-bit Thumb instructions, and 8-bit Java™ byte codes in Jazelle® state.

The Floating-Point Unit (FPU) supports the ARMv7 VFPv4-D16 architecture without Advanced SIMD extensions
(NEON). It is tightly integrated to the Cortex-A5 processor pipeline. It provides trapless execution and is optimized for
scalar operation. It can generate an Undefined instruction exception on vector instructions that enables the programmer
to emulate vector capability in software.

The design can include the FPU only, in which case the Media Processing Engine (MPE) is not included.

See the Cortex-A5 Floating-Point Unit Technical Reference Manual.

Power Management

The Cortex-A5 design supports the following main levels of power management:
e Run Mode
e Standby Mode

10.1.1.1 Run Mode

Run mode is the normal mode of operation where all of the processor functionality is available. Everything, including core
logic and embedded RAM arrays, is clocked and powered up.

10.1.1.2 Standby Mode

10.2

Standby mode disables most of the clocks of the processor, while keeping it powered up. This reduces the power drawn
to the static leakage current, plus a small clock power overhead required to enable the processor to wake up from
Standby mode. The transition from Standby mode to Run mode is caused by one of the following:

e the arrival of an interrupt, either masked or unmasked

e the arrival of an event, if standby mode was initiated by a Wait for Event (WFE) instruction
e adebug request, when either debug is enabled or disabled

® areset.

Embedded Characteristics
e In-order pipeline with dynamic branch prediction
ARM, Thumb, and ThumbEE instruction set support
Harvard level 1 memory system with a Memory Management Unit (MMU)
32 Kbytes Data Cache
32 Kbytes Instruction Cache
64-bit AXI master interface
ARM v7 debug architecture
VFPv4-D16 FPU with trapless execution
Jazelle hardware acceleration
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10.3 Block Diagram

Figure 10-1. Cortex-A5 Processor Top-level Diagram
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10.4 Programmer Model

10.4.1 Processor Operating Modes

The following operation modes are present in all states:
e User mode (USR) is the usual ARM program execution state. It is used for executing most application programs.

e Fast Interrupt (FIQ) mode is used for handling fast interrupts. It is suitable for high-speed data transfer or channel
process.

Interrupt (IRQ) mode is used for general-purpose interrupt handling.

Supervisor mode (SVC) is a protected mode for the operating system.

Abort mode (ABT) is entered after a data or instruction prefetch abort.

System mode (SYS) is a privileged user mode for the operating system.

Undefined mode (UND) is entered when an undefined instruction exception occurs.

Mode changes may be made under software control, or may be brought about by external interrupts or exception
processing. Most application programs execute in User Mode. The non-user modes, known as privileged modes, are
entered in order to service interrupts or exceptions or to access protected resources.

10.4.2 Processor Operating States

The processor has the following instruction set states controlled by the T bit and J bit in the CPSR.
e ARM state:

The processor executes 32-bit, word-aligned ARM instructions.
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e Thumb state:

The processor executes 16-bit and 32-bit, halfword-aligned Thumb instructions.
e ThumbEE state:

The processor executes a variant of the Thumb instruction set designed as a target for dynamically generated
code. This is code compiled on the device either shortly before or during execution from a portable bytecode or
other intermediate or native representation.

e Jazelle state:

The processor executes variable length, byte-aligned Java bytecodes.

The J bit and the T bit determine the instruction set used by the processor. Table 10-1 shows the encoding of these bits.

Table 10-1. CPSRJ and T Bit Encoding

J T Instruction Set State
0 0 ARM

0 1 Thumb

1 0 Jazelle

1 1 ThumbEE

Changing between ARM and Thumb states does not affect the processor mode or the register contents. See the ARM
Architecture Reference Manual for information on entering and exiting ThumbEE state.

10.4.2.1 Switching State
It is possible to change the instruction set state of the processor between:

e ARM state and Thumb state using the BX and BLX instructions.

Thumb state and ThumbEE state using the ENTERX and LEAVEX instructions.

[ ]
e ARM and Jazelle state using the BXJ instruction.
e Thumb and Jazelle state using the BXJ instruction.

See the ARM Architecture Reference Manual for more information about changing instruction set state.

10.4.3 Cortex-A5 Registers

This view provides 16 ARM core registers, RO to R15, that include the Stack Pointer (SP), Link Register (LR), and
Program Counter (PC). These registers are selected from a total set of either 31 or 33 registers, depending on whether or
not the Security Extensions are implemented. The current execution mode determines the selected set of registers, as
shown in Table 10-2. This shows that the arrangement of the registers provides duplicate copies of some registers, with
the current register selected by the execution mode. This arrangement is described as banking of the registers, and the
duplicated copies of registers are referred to as banked registers.

Table 10-2. Cortex-A5 Modes and Registers Layout

User and Fast
System Monitor Supervisor Abort Undefined Interrupt Interrupt
RO RO RO RO RO RO RO
R1 R1 R1 R1 R1 R1 R1
R2 R2 R2 R2 R2 R2 R2
R3 R3 R3 R3 R3 R3 R3
R4 R4 R4 R4 R4 R4 R4
R5 R5 R5 R5 R5 R5 R5
R6 R6 R6 R6 R6 R6 R6

Atmel
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Table 10-2. Cortex-A5 Modes and Registers Layout (Continued)

User and Fast
System Monitor Supervisor Abort Undefined Interrupt Interrupt
R7 R7 R7 R7 R7 R7 R7
R8 R8 R8 R8 R8 R8 R8_FIQ
R9 R9 R9 R9 R9 R9 R9_FIQ
R10 R10 R10 R10 R10 R10 R10_FIQ
R11 R11 R11 R11 R11 R11 R11_FIQ
R12 R12 R12 R12 R12 R12 R12_FIQ
R13 R13 MON | R13 SVC | R13_ABT | R13_UND R13_IRQ R13 FIQ
R14 R14 MON | R14 SVC | R14_ABT | R14 UND | R14_IRQ R14_FIQ

PC PC PC PC PC PC PC
CPSR CPSR CPSR CPSR CPSR CPSR CPSR
SPSR_MON | SPSR_SVC | SPSR_ABT | SPSR_UND | SPSR_IRQ | SPSR_FIQ

Mode-specific banked registers

The core contains one CPSR, and six SPSRs for exception handlers to use. The program status registers:

hold information about the most recently performed ALU operation
control the enabling and disabling of interrupts
set the processor operation mode

Figure 10-2. Status Register Format

Atmel
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M
[1:0] ode

GE[3:0] IT[7:2]

m

NlZ|C|V]|Q Reserved All[F|T

—

N: Negative, Z: Zero, C: Carry, and V: Overflow are the four ALU flags
Q: cumulative saturation flag

IT: If-Then execution state bits for the Thumb IT (If-Then) instruction
J: Jazelle bit, see the description of the T bit

GE: Greater than or Equal flags, for SIMD instructions

E: Endianness execution state bit. Controls the load and store endianness for data accesses. This bit is ignored by
instruction fetches.

e E =0: Little endian operation

e E =1: Big endian operation
A: Asynchronous abort disable bit. Used to mask asynchronous aborts.
I: Interrupt disable bit. Used to mask IRQ interrupts.
F: Fast interrupt disable bit. Used to mask FIQ interrupts.

T: Thumb execution state bit. This bit and the J execution state bit, bit [24], determine the instruction set state of
the processor, ARM, Thumb, Jazelle, or ThumbEE.

SAMASDS3 Series [DATASHEET]

11121C-ATARM-15-Oct-13

43



e Mode: five bits to encode the current processor mode. The effect of setting M[4:0] to a reserved value is

UNPREDICTABLE.

Table 10-3. Processor Mode vs. Mode Field
Mode M[4:0]
USR 10000

FIQ 10001
IRQ 10010
SvC 10011
ABT 10111
UND 11011
SYS 11111
Reserved Other

10.4.3.1 CP15 Coprocessor

Coprocessor 15, or System Control Coprocessor CP15, is used to configure and control all the items in the list below:

e Cortex A5

e Caches (ICache, DCache and write buffer)
e MMU

e  Security

e  Other system options

To control these features, CP15 provides 16 additional registers.

Table 10-4. CP15 Registers

See Table 10-4.

Register Name Read/Write

0 ID Code™ Read/Unpredictable
0 Cache type® Read/Unpredictable
1 Control™ Read/Write

1 Security™® Read/Write

2 Translation Table Base Read/Write

3 Domain Access Control Read/Write

4 Reserved None

5 Data fault Status” Read/Write

5 Instruction fault status Read/Write

6 Fault Address Read/Write

7 Cache and MMU Operations™® Read/Write

8 TLB operations Unpredictable/Write
9 Cache lockdown Read/Write

10 TLB lockdown Read/Write

11 Reserved None

12 Interrupts management Read/Write

13 FCSE PID®" Read/Write

Atmel
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Table 10-4. CP15 Registers (Continued)

Register Name Read/Write
13 Context ID® Read/Write
14 Reserved None
15 Test configuration Read/Write

Note: 1. This register provides access to more than one register. The register accessed depends on the value of the
CRm field or Opcode_2 field.
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10.4.4 CP 15 Register Access
CP15 registers can only be accessed in privileged mode by:
* MCR (Move to Coprocessor from ARM Register) instruction is used to write an ARM register to CP15.

* MRC (Move to ARM Register from Coprocessor) instruction is used to read the value of CP15 to an ARM
register.

Other instructions such as CDP, LDC, STC can cause an undefined instruction exception.

The assembler code for these instructions is:
MCR/ MRC{ cond} pl15, opcode_1, Rd, CRn, CRm opcode_2.

The MCR/MRC instructions bit pattern is shown below:

31 30 29 28 27 26 25 24

| cond | 1 1 1 0 |
23 22 21 20 19 18 17 16

| opcode_1 L | CRn |
15 14 13 12 11 10 9 8

| Rd | 1 1 1 1 |
7 6 5 4 3 2 1 0

| opcode_2 | 1 | CRm |

» CRm[3:0]: Specified Coprocessor Action

Determines specific coprocessor action. Its value is dependent on the CP15 register used. For details, refer to CP15 specific reg-
ister behavior.

e opcode_2[7:5]
Determines specific coprocessor operation code. By default, set to 0.

* Rd[15:12]: ARM Register
Defines the ARM register whose value is transferred to the coprocessor. If R15 is chosen, the result is unpredictable.

* CRn[19:16]: Coprocessor Register
Determines the destination coprocessor register.

e L: Instruction Bit
0: MCR instruction
1: MRC instruction

e opcode_1[23:20]: Coprocessor Code
Defines the coprocessor specific code. Value is c15 for CP15.

» cond [31:28]: Condition
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10.4.5 Addresses in the Cortex-A5 processor

The Cortex-A5 processor operates using virtual addresses (VAs). The Memory Management Unit (MMU) translates
these VAs into the physical addresses (PAs) used to access the memory system. Translation tables hold the mappings
between VAs and PAs.

See the ARM Architecture Reference Manual for more information.

When the Cortex-A5 processor is executing in Non-secure state, the processor performs translation table look-ups using
the Non-secure versions of the Translation Table Base Registers. In this situation, any VA can only translate into a Non-
secure PA. When it is in Secure state, the Cortex-A5 processor performs translation table look-ups using the Secure
versions of the Translation Table Base Registers. In this situation, the security state of any VA is determined by the NS
bit of the translation table descriptors for that address.

Following is an example of the address manipulation that occurs when the Cortex-A5 processor requests an instruction:

1. The Cortex-A5 processor issues the VA of the instruction as Secure or Non-secure VA accesses according to the
state the processor is in.

2. The instruction cache is indexed by the bits of the VA. The MMU performs the translation table look-up in parallel
with the cache access. If the processor is in the Secure state it uses the Secure translation tables, otherwise it
uses the Non-secure translation tables.

3. Ifthe protection check carried out by the MMU on the VA does not abort and the PA tag is in the instruction cache,
the instruction data is returned to the processor.

4. Ifthere is a cache miss, the MMU passes the PA to the AXI bus interface to perform an external access. The exter-
nal access is always Non-secure when the core is in the Non-secure state. In the Secure state, the external access
is Secure or Non-secure according to the NS attribute value in the selected translation table entry. In Secure state,
both L1 and L2 translation table walk accesses are marked as Secure, even if the first level descriptor is marked
as NS.
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10.5

10.5.1

10.5.2

Memory Management Unit

About the MMU
The MMU works with the L1 and L2 memory system to translate virtual addresses to physical addresses. It also controls
accesses to and from external memory.
The ARM v7 Virtual Memory System Architecture (VMSA) features include the following:
e Page table entries that support:
e 16-Mbyte supersections. The processor supports supersections that consist of 16-Mbyte blocks of memory.
e 1-Mbyte sections
e 64-Kbyte large pages
e 4-Kbyte small pages
e 16 access domains
e Global and application-specific identifiers to remove the requirement for context switch TLB flushes.
e Extended permissions checking capability.
TLB maintenance and configuration operations are controlled through a dedicated coprocessor, CP15, integrated with
the core. This coprocessor provides a standard mechanism for configuring the L1 memory system.

See the ARM Architecture Reference Manual for a full architectural description of the ARMv7 VMSA.

Memory Management System

The Cortex-A5 processor supports the ARM v7 VMSA The translation of a Virtual Address (VA) used by the instruction
set architecture to a Physical Address (PA) used in the memory system and the management of the associated attributes
and permissions is carried out using a two-level MMU.

The first level MMU uses a Harvard design with separate micro TLB structures in the PFU for instruction fetches (IuTLB)
and in the DPU for data read and write requests (DUTLB).

A miss in the micro TLB results in a request to the main unified TLB shared between the data and instruction sides of the
memory system. The TLB consists of a 128-entry two-way set-associative RAM based structure. The TLB page-walk
mechanism supports page descriptors held in the L1 data cache. The caching of page descriptors is configured globally
for each translation table base register, TTBRX, in the system coprocessor, CP15.

The TLB contains a hitmap cache of the page types which have already been stored in the TLB.

10.5.2.1 Memory types

Although various different memory types can be specified in the page tables, the Cortex-A5 processor does not
implement all possible combinations:

e Write-through caches are not supported. Any memory marked as write-through is treated as Non-cacheable.

e The outer shareable attribute is not supported. Anything marked as outer shareable is treated in the same way as
inner shareable.
e Write-back no write-allocate is not supported. It is treated as write-back write-allocate.
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Table 10-5 shows the treatment of each different memory type in the Cortex-A5 processor in addition to the architectural

requirements.

Table 10-5. Treatment of Memory Attributes

write allocate

Write-back cacheable,
no write allocate

Memory Type Attribute Shareability Other attributes Notes
Strongly Ordered — — —
Non-shareable | — —
Device
Shareable — —
Non-cacheable Does not access L1 caches
Write-through cacheable | Treated as non-cacheable
Non-shareable Wr_ite-back cacheable, Can dynamically_ switch to no Wri_te aIIocate_, if more than
write allocate three full cache lines are written in succession
Write-back cacheable, Treated as non-shareable write-back cacheable, write
no write allocate allocate
Non-cacheable —
Write-through cacheable | Treated as inner shareable non-cacheable
Inner i .
Normal shareable Write-back cacheable, Treated as inner shareable non-cacheable unless the SMP
write allocate bit in the Auxiliary Control Register is set (ACTLR[6] = b1).
Write-back cacheable, If this bit is set the area is treated as write-back cacheable
no write allocate write allocate.
Non-cacheable _
- Treated as inner shareable non-cacheable
Write-through cacheable
Outer Write-back cacheable i
shareable Treated as inner shareable non-cacheable unless the SMP

bit in the Auxiliary Control Register is set (ACTLR[6] = b1l).
If this bit is set the area is treated as write-back cacheable
write allocate.

10.5.3 TLB Organization

TLB Organization is described in the sections that follow:

e Micro TLB

e Main TLB

10.5.3.1 Micro TLB

The first level of caching for the page table information is a micro TLB of 10 entries that is implemented on each of the
instruction and data sides. These blocks provide a lookup of the virtual addresses in a single cycle.

The micro TLB returns the physical address to the cache for the address comparison, and also checks the access

permissions to signal either a Prefetch Abort or a Data Abort.

All main TLB related maintenance operations affect both the instruction and data micro TLBs, causing them to be
flushed. In the same way, any change of the following registers causes the micro TLBs to be flushed:

e Context ID Register (CONTEXTIDR)

Domain Access Control Register (DACR)
Primary Region Remap Register (PRRR)
Normal Memory Remap Register (NMRR)

Translation Table Base Registers (TTBRO and TTBR1)
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10.5.3.2 Main TLB

Misses from the instruction and data micro TLBs are handled by a unified main TLB. Accesses to the main TLB take a
variable number of cycles, according to competing requests from each of the micro TLBs and other implementation-
dependent factors.

The main TLB is 128-entry two-way set-associative.

TLB match process

Each TLB entry contains a virtual address, a page size, a physical address, and a set of memory properties. Each is
marked as being associated with a particular application space (ASID), or as global for all application spaces. The
CONTEXTIDR determines the currently selected application space.
A TLB entry matches when these conditions are true:

e its virtual address matches that of the requested address

e jts Non-secure TLB ID (NSTID) matches the Secure or Non-secure state of the MMU request

e jts ASID matches the current ASID in the CONTEXTIDR or is global

The operating system must ensure that, at most, one TLB entry matches at any time. The TLB can store entries based
on the following block sizes:

Supersections Describe 16-Mbyte blocks of memory.
Sections Describe 1-Mbyte blocks of memory.
Large pages Describe 64-Kbyte blocks of memory.
Small pages Describe 4-Kbyte blocks of memory

Supersections, sections and large pages are supported to permit mapping of a large region of memory while using only a
single entry in the TLB. If no mapping for an address is found within the TLB, then the translation table is automatically
read by hardware and a mapping is placed in the TLB.

10.5.4 Memory Access Sequence

When the processor generates a memory access, the MMU:
1. Performs a lookup for the requested virtual address and current ASID and security state in the relevant instruction
or data micro TLB.
2. Ifthere is a miss in the micro TLB, performs a lookup for the requested virtual address and current ASID and secu-
rity state in the main TLB.

3. Ifthere is a miss in main TLB, performs a hardware translation table walk.

The MMU can be configured to perform hardware translation table walks in cacheable regions by setting the IRGN bits in
Translation Table Base Register 0 and Translation Table Base Register 1. If the encoding of the IRGN bits is write-back,
an L1 data cache lookup is performed and data is read from the data cache. If the encoding of the IRGN bits is write-
through or non-cacheable, an access to external memory is performed. For more information refer to: Cortex-A5
Technical Reference Manual.

The MMU might not find a global mapping, or a mapping for the currently selected ASID, with a matching Non-secure
TLB ID (NSTID) for the virtual address in the TLB. In this case, the hardware does a translation table walk if the
translation table walk is enabled by the PDO or PD1 bit in the Translation Table Base Control Register. If translation table
walks are disabled, the processor returns a Section Translation fault. For more information refer to: Cortex-A5 Technical
Reference Manual.

If the TLB finds a matching entry, it uses the information in the entry as follows:

1. The access permission bits and the domain determine if the access is enabled. If the matching entry does not pass
the permission checks, the MMU signals a memory abort. See the ARM Architecture Reference Manual for a
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10.5.5

10.5.6

description of access permission bits, abort types and priorities, and for a description of the Instruction Fault Status
Register (IFSR) and Data Fault Status Register (DFSR).

2. The memory region attributes specified in both the TLB entry and the CP15 c10 remap registers determine if the
access is

e Secure or Non-secure
e Shared or not
e Normal memory, Device, or Strongly-ordered

For more information refer to: Cortex-A5 Technical Reference Manual, Memory region remap.
3. The TLB translates the virtual address to a physical address for the memory access.

Interaction with Memory System

The MMU can be enabled or disabled as described in the ARM Architecture Reference Manual.

External Aborts

External memory errors are defined as those that occur in the memory system rather than those that are detected by the
MMU. External memory errors are expected to be extremely rare. External aborts are caused by errors flagged by the
AXIl interfaces when the request goes external to the Cortex-A5 processor. External aborts can be configured to trap to
Monitor mode by setting the EA bit in the Secure Configuration Register. For more information refer to: Cortex-A5
Technical Reference Manual.

10.5.6.1 External Aborts on Data Write

Externally generated errors during a data write can be asynchronous. This means that the r14_abt on entry into the abort
handler on such an abort might not hold the address of the instruction that caused the exception.

The DFAR is Unpredictable when an asynchronous abort occurs.

Externally generated errors during data read are always synchronous. The address captured in the DFAR matches the
address which generated the external abort.

10.5.6.2 Synchronous and Asynchronous Aborts

10.5.7

Chapter 4, System Control in the Cortex-A5 Technical Reference Manual describes synchronous and asynchronous
aborts, their priorities, and the IFSR and DFSR. To determine a fault type, read the DFSR for a data abort or the IFSR for
an instruction abort.

The processor supports an Auxiliary Fault Status Register for software compatibility reasons only. The processor does
not modify this register because of any generated abort.

MMU Software Accessible Registers

The system control coprocessor registers, CP15, in conjunction with page table descriptors stored in memory, control the
MMU.

Access all the registers with instructions of the form:

MRC p15, 0, <Rd>, <CRn>, <CRm>, <Opcode_2>

MCR p15, 0, <Rd>, <CRn>, <CRm>, <Opcode_2>

CRn is the system control coprocessor register. Unless specified otherwise, CRm and Opcode_2 Should Be Zero.
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11.

11.1

11.2

SAMAGD3 Series Debug and Test

Description

The device features a number of complementary debug and test capabilities.

A common JTAG/ICE (In-Circuit Emulator) port is used for standard debugging functions, such as downloading code and
single-stepping through programs.

A 2-pin debug port Serial Wire Debug (SWD). SWD replaces the 5-pin JTAG port and provides an easy and risk free
alternative to JTAG as the two signals SWDIO and SWCLK are overlaid on the TMS and TCK pins, allowing for bi-modal
devices that provide the other JTAG signals. These extra JTAG pins can be switched to other uses when in SWD mode.

The Debug Unit provides a two-pin UART that can be used to upload an application into internal SRAM. It manages the
interrupt handling of the internal COMMTX and COMMRX signals that trace the activity of the Debug Communication
Channel.

A set of dedicated debug and test input/output pins gives direct access to these capabilities from a PC-based test
environment.

Embedded Characteristics

e Cortex-A5 Real-time In-circuit Emulator
e Two real-time Watchpoint Units
e Two Independent Registers: Debug Control Register and Debug Status Register
e Test Access Port Accessible through JTAG Protocol
e Debug Communications Channel
e Serial Wire Debug

e Debug Unit
e Two-pin UART
e Debug Communication Channel Interrupt Handling
e Chip ID Register

e |EEE1149.1 JTAG Boundary-scan on All Digital Pins.
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11.3 Block Diagram

Figure 11-1. Debug and Test Block Diagram
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11.4 Application Examples

11.4.1 Debug Environment

Figure 11-2 on page 54 shows a complete debug environment example. The ICE/JTAG interface is used for standard
debugging functions, such as downloading code and single-stepping through the program. A software debugger running
on a personal computer provides the user interface for configuring a Trace Port interface utilizing the ICE/JTAG interface.

Figure 11-2. Application Debug and Trace Environment Example

/
/ Host Debugger PC \

ICE/JTAG
Interface
ICENJTAG
Connector
SAM device | Rs232 Terminal
Connector
SAM-based Application Board
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11.4.2 Test Environment

Figure 11-3 on page 55 shows a test environment example. Test vectors are sent and interpreted by the tester. In this

example, the “board in test” is designed using a number of JTAG-compliant devices. These devices can be connected to
form a single scan chain.

Figure 11-3. Application Test Environment Example
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11.5 Debug and Test Pin Description

Table 11-1. Debug and Test Pin List

Pin Name Function Type Active Level
Reset/Test
NRST Microcontroller Reset Input/Output Low
TST Test Mode Select Input High
ICE and JTAG
NTRST Test Reset Signal Input Low
TCK Test Clock Input
TDI Test Data In Input
TDO Test Data Out Output
T™MS Test Mode Select Input
JTAGSEL JTAG Selection Input
SWD
SWCLK Serial Debug Clock Input
SWDIO Serial Debug 10 Input/Output
Debug Unit
DRXD Debug Receive Data Input
DTXD Debug Transmit Data Output

Atmel
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11.6 Functional Description

11.6.1 Test Pin

One dedicated pin, TST, is used to define the device operating mode. The user must make sure that this pin is tied at low
level to ensure normal operating conditions. Other values associated with this pin are reserved for manufacturing test.

11.6.2 EmbeddedICE

The Cortex-A5 EmbeddedICE-RT™ is supported via the ICE/JTAG port. It is connected to a host computer via an ICE
interface.The internal state of the Cortex-A5 is examined through an ICE/JTAG port which allows instructions to be
serially inserted into the pipeline of the core without using the external data bus. Therefore, when in debug state, a store-
multiple (STM) can be inserted into the instruction pipeline. This exports the contents of the Cortex-A5 registers. This
data can be serially shifted out without affecting the rest of the system.

There are two scan chains inside the Cortex-A5 processor which support testing, debugging, and programming of the
EmbeddedICE-RT. The scan chains are controlled by the ICE/JTAG port.

EmbeddedICE mode is selected when JTAGSEL is low. It is not possible to switch directly between ICE and JTAG
operations. A chip reset must be performed after JTAGSEL is changed.

For further details on the EmbeddedICE-RT, see the ARM document:
ARM IHI 0031A_ARM_debug_interface_v5.pdf

11.6.3 JTAG Signal Description
TMS is the Test Mode Select input which controls the transitions of the test interface state machine.

TDI is the Test Data Input line which supplies the data to the JTAG registers (Boundary Scan Register, Instruction
Register, or other data registers).

TDO is the Test Data Output line which is used to serially output the data from the JTAG registers to the equipment
controlling the test. It carries the sampled values from the boundary scan chain (or other JTAG registers) and propagates
them to the next chip in the serial test circuit.

NTRST (optional in IEEE Standard 1149.1) is a Test-ReSeT input which is mandatory in ARM cores and used to reset
the debug logic. On Atmel Cortex-A5-based cores, NTRST is a Power On Reset output. It is asserted on power on. If
necessary, the user can also reset the debug logic with the NTRST pin assertion during 2.5 MCK periods.

TCK is the Test ClocK input which enables the test interface. TCK is pulsed by the equipment controlling the test and not
by the tested device. It can be pulsed at any frequency.

11.6.4 Chip Access Using JTAG Connection

In some cases, the JTAG connection is not allowed on this chip (JMem, SAM-BA, etc.) due to the Secure ROM Code
implementation.

By default, the SAMA5D3 devices boot in Standard mode and not in Secure mode. When the Secure ROM Code starts,
it disables the JTAG access for the whole boot sequence.

If the Secure ROM Code does not find any program in the external memory, it enables the USB connection and waits for
a dedicated command to switch the chip into Secure mode.

If any other character is received, the Secure ROM Code starts the Standard SAM-BA Monitor, locks access to the ROM
memory, and enables the JTAG.

Then you can access to the chip using the JTAG connection.

If the Secure ROM Code finds a bootable program, it disables automatically ROM access and enables JTAG just before
launching the program.
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11.6.5

11.6.6

The procedure to enable JTAG access is as follows:
e Connect your computer to the board with JTAG and USB (J20 USB-A)
e Power on the chip

e Open aterminal console (TeraTerm or HyperTerminal, etc.) on your computer and connect to the USB CDC Serial
COM port related to the J20 connector on the board

e Send the '# character. You will see then the prompt '>' character sent by the device (indicating that the Standard
SAM-BA Monitor is running)

e Use the Standard SAM-BA Monitor to connect to the chip with JTAG
Note that you don't need to follow this sequence in order to connect the Standard SAM-BA Monitor with USB.

Debug Unit

The Debug Unit provides a two-pin (DXRD and TXRD) USART that can be used for several debug and trace purposes
and offers an ideal means for in-situ programming solutions and debug monitor communication. Moreover, the
association with two peripheral data controller channels permits packet handling of these tasks with processor time
reduced to a minimum.

The Debug Unit also manages the interrupt handling of the COMMTX and COMMRX signals that come from the ICE and
that trace the activity of the Debug Communication Channel.The Debug Unit allows blockage of access to the system
through the ICE interface.

A specific register, the Debug Unit Chip ID Register, gives information about the product version and its internal
configuration.

For further details on the Debug Unit, see the Debug Unit section.

IEEE 1149.1 JTAG Boundary Scan
IEEE 1149.1 JTAG Boundary Scan allows pin-level access independent of the device packaging technology.

IEEE 1149.1 JTAG Boundary Scan is enabled when JTAGSEL is high. The SAMPLE, EXTEST and BYPASS functions
are implemented. In ICE debug mode, the ARM processor responds with a non-JTAG chip ID that identifies the
processor to the ICE system. This is not IEEE 1149.1 JTAG-compliant.

It is not possible to switch directly between JTAG and ICE operations. A chip reset must be performed after JTAGSEL is
changed.

A Boundary-scan Descriptor Language (BSDL) file is provided to set up test.
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11.7 The Boundary JTAG ID Register

Access: Read-only

31 30 29 28 27 26 25 24
| VERSION PART NUMBER |
23 22 21 20 19 18 17 16

| PART NUMBER |

15 14 13 12 11 10 9 8

| PART NUMBER MANUFACTURER IDENTITY |
7 6 5 4 3 2 1 0

| MANUFACTURER IDENTITY 1 |

» VERSIONJ[31:28]: Product Version Number
Set to 0x0.

 PART NUMBER[27:12]: Product Part Number
Product part Number is 0x5B31

* MANUFACTURER IDENTITY[11:1]
Set to Ox01F.

Bit[0] required by IEEE Std. 1149.1.

Set to Ox1.

JTAG ID Code value is 0x05B3_103F.
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11.8 The Cortex-A5 DP Identification Code Register IDCODE
The Identification Code Register is always present on all DP implementations. It provides identification information about
the ARM Debug Interface.

11.8.1 JTAG Debug Port (JTAG-DP)

It is accessed using its own scan chain, the JTAG-DP Device ID Code Register

Access: Read-only

31 30 29 28 27 26 25 24
| VERSION PART NUMBER |
23 22 21 20 19 18 17 16

| PART NUMBER |

15 14 13 12 11 10 9 8

| PART NUMBER DESIGNER |
7 6 5 4 3 2 1 0

| DESIGNER 1 |

» VERSION[31:28]: Product Version Number
Set to 0x0.

* PART NUMBER[27:12]: Product Part Number
Product part Number is 0OXBAOO

* DESIGNER[11:1]

Set to 0x23B.

Bit[0] required by IEEE Std. 1149.1.

Set to Ox1.

Cortex-A5 JTAG-DP IDCODE value is 0xOBAO_0477
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11.8.2 Serial Wire Debug Port (SW-DP)

Itis at address 0x0 on read operations when the APnDP bit = 0. Access to the Identification Code Register is not affected
by the value of the CTRLSEL bit in the Select Register

Access: Read-only

31 30 29 28 27 26 25 24
| VERSION | PART NUMBER |
23 22 21 20 19 18 17 16

| PART NUMBER |

15 14 13 12 11 10 9 8

| PART NUMBER DESIGNER |
7 6 5 4 3 2 1 0

| DESIGNER 1 |

* VERSION[31:28]: Product Version Number
Set to 0x0.

* PART NUMBER[27:12]: Product Part Number
Product part Number is OxBAO1

* DESIGNER[11:1]

Set to 0x23B.

Bit[O] required by IEEE Std. 1149.1.

Set to Ox1.

Cortex-A5 SW-DP IDCODE is 0xOBAQ_1477
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12.

Standard Boot Strategies

The system always boots from the ROM memory at address 0x0.
The ROM Code is a boot program contained in the embedded ROM. It is also called “First level bootloader”.

This microcontroller can be configured to run a Standard Boot Mode or a Secure Boot Mode. More information on how
the Secure Boot Mode can be enabled, and how the chip operates in this mode, is provided in the application note
“Secure Boot on SAMAD3 Series”, literature number 11165A. Please refer to the Atmel web site at www.atmel.com.
By default, the chip starts in Standard Boot Mode.

Note: JTAG access is disabled during the execution of ROM Code Sequence. It is re-enabled when jumping into
SRAM when a valid code has been found on an external NVM, in the same time the ROM memory is hidden. If
no valid boot has been found on an external NVM, the ROM Code enables the USB connection and waits for a
special command to set the chip in Secure mode. If any other character is received, the ROM Code starts the
Standard SAM-BA Monitor, locks access to the ROM memory and re-enables the JTAG.

The user can choose to boot from an external NOR Flash memory with the help of the BMS pin. The sampling of the
BMS pin is done by hardware at reset, and the result is available in the BMS_EBI bit of the SFR_EBICFG register.
The first steps of the ROM Code program is to check the state of this pin by reading this register.

If BMS signal is tied to 0, BMS_BIT is read at 1

The ROM Code allows execution of the code contained into the memory connected to Chip Select 0 of the External Bus
Interface.
To achieve that, the following sequence is preformed by the ROM Code:
e The main clock is the on-chip 12 MHz RC oscillator
e The Static Memory Controller is configured with timing allowing code execution inCS0 external memory at 12 MHz
e AXI matrix is configured to remap EBI CSO address at 0x0
e 0x0 is loaded in the Program Counter register
The user software in the external memory must perform the next operation in order to complete the clocks and SMC
timings configuration to run at a higher clock frequency:
e Enable the 32768 Hz oscillator if best accuracy is needed
e Reprogram the SMC setup, cycle, hold, mode timing registers for EBI CS0, to adapt them to the new clock
e Program the PMC (Main Oscillator Enable or Bypass mode)
e Program and Start the PLL
e  Switch the system clock to the new value
If BMS signal is tied to 1, BMS_BIT is read at 0
The ROM Code standard sequence is executed as follows:
e Basic chip initialization: crystal or external clock frequency detection
e Attempt to retrieve a valid code from external non-volatile memories (NVM)
e Execution of a monitor called SAM-BA Monitor, in case no valid application has been found on any NVM
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12.1 Flow Diagram
The ROM Code implements the algorithm shown in Figure 12-1.

Figure 12-1. ROM Code Algorithm Flow Diagram

Chip Setup

Valid boot code
found in one
NVM

Copy and run it
in internal SRAM

SAM-BA Monitor

12.2 Chip Setup
At boot start-up, the processor clock (PCK) and the master clock (MCK) source is the 12 MHz fast RC oscillator.

Initialization follows the steps described below:

1. Stack Setup for ARM supervisor mode

2. Main Oscillator Detection: The Main Clock is switched to the 32 kHz RC oscillator to allow external clock fre-
qguency to be measured. Then the Main Oscillator is enabled and set in the bypass mode. If the MOSCSELS bit
rises, an external clock is connected, and the next step is Main Clock Selection (3). If not, the bypass mode is
cleared to attempt external quartz detection. This detection is successful when the MOSCXTS and MOSCSELS
bits rise, else the internal 12 MHz fast RC oscillator is used as the Main Clock.

3. Main Clock Selection: The Master Clock source is switched from the Slow Clock to the Main Oscillator without
prescaler. The PMC Status Register is polled to wait for MCK Ready. PCK and MCK are now the Main Clock.

4. C Variable Initialization: Non zero-initialized data is initialized in the RAM (copy from ROM to RAM). Zero-initial-
ized data is set to 0 in the RAM.

5. PLLA Initialization: PLLA is configured to get a PCK at 96 MHz and an MCK at 48 MHz. If an external clock or
crystal frequency running at 12 MHz is found, then the PLLA is configured to allow communication on the USB link
for the SAM-BA Monitor; else the Main Clock is switched to the internal 12 MHz fast RC oscillator, but USB will not
be activated.
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12.3 NVM Boot

12.3.1 NVM Boot Sequence

The boot sequence on external memory devices can be controlled using the Boot Sequence Configuration Register
(BSC_CR).

The user can then choose to bypass some steps shown in Figure 12-2 “NVM Bootloader Sequence Diagram” according
to the BOOT value in the BSC_CR.

Table 12-1. Values of the Boot Sequence Configuration Register

SD Card / SD Card / 8-hit
eMMC eMMC NAND SAM-BA
BOOT Value | SPI0O NPCSO (MCI0) (MCI1) Flash SPI0O NPCS1 | TWI EEPROM Monitor
0 Y Y Y
1 Y — Y Y Y Y Y
2 Y — — Y Y Y Y
3 Y — — — Y Y Y
4 Y — — — Y Y Y
5 — — — — — — Y
6 — — — — — — Y
7 — — — — — — Y
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Figure 12-2. NVM Bootloader Sequence Diagram
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12.3.2 NVM Bootloader Program Description

Figure 12-3. NVM Bootloader Program Diagram
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The NVM bootloader program first initializes the P1Os related to the NVM device. Then it configures the right peripheral
depending on the NVM and tries to access this memory. If the initialization fails, it restores the reset values for the PIO
and the peripheral, and then tries to fulfill the same operations on the next NVM of the sequence.

If the initialization is successful, the NVM bootloader program reads the beginning of the NVM and determines if the NVM
contains a valid code.

If the NVM does not contain a valid code, the NVM bootloader program restores the reset value for the peripherals and
then tries to fulfill the same operations on the next NVM of the sequence.

If a valid code is found, this code is loaded from the NVM into the internal SRAM and executed by branching at address
0x0000_0000 after remap. This code may be the application code or a second-level bootloader. All the calls to f