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AT91SAM7XC512/256/128
• Fully Static Operation: Up to 55 MHz at 1.65V and 85⋅ C Worst Case Conditions
• Available in 100-lead LQFP Green and 100-ball TFBGA Green Packages
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1. Description
Atmel's AT91SAM7XC512/256/128 is a member of a series of highly integrated Flash microcon-
trollers based on the 32-bit ARM RISC processor. It features 512/256/128 Kbyte high-speed
Flash and 128/64/32 Kbyte SRAM, a large set of peripherals, including an 802.3 Ethernet MAC,
a CAN controller, an AES 128 Encryption accelerator and a Triple Data Encryption System. A
complete set of system functions minimizes the number of external components. 

The embedded Flash memory can be programmed in-system via the JTAG-ICE interface or via
a parallel interface on a production programmer prior to mounting. Built-in lock bits and a secu-
rity bit protect the firmware from accidental overwrite and preserve its confidentiality.

The AT91SAM7XC512/256/128 system controller includes a reset controller capable of manag-
ing the power-on sequence of the microcontroller and the complete system. Correct device
operation can be monitored by a built-in brownout detector and a watchdog running off an inte-
grated RC oscillator.

By combining the ARM7TDMI processor with on-chip Flash and SRAM, and a wide range of
peripheral functions, including USART, SPI, CAN Controller, Ethernet MAC, AES 128 accelera-
tor, TDES, Timer Counter, RTT and Analog-to-Digital Converters on a monolithic chip, the
AT91SAM7XC512/256/128 is a powerful device that provides a flexible, cost-effective solution
to many embedded control applications requiring secure communication over, for example,
Ethernet, CAN wired and Zigbee™ wireless networks.

1.1 Configuration Summary of the AT91SAM7XC512/256/128
The AT91SAM7XC512, AT91SAM7XC256 and AT91SAM7XC128 differ only in memory sizes.
Table 1-1 summarizes the configurations of the two devices.

Table 1-1. Configuration Summary

Device Flash Flash Organization SRAM AES TDES

AT91SAM7XC512 512K bytes dual plane 128K bytes 1 AES 256/192/128 1

AT91SAM7XC256 256K bytes single plane 64K bytes 1 AES 128 1

AT91SAM7XC128 128K bytes single plane 32K bytes 1 AES 128 1
4
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3. Signal Description

Table 3-1. Signal Description List

Signal Name Function Type
Active 
Level Comments

Power

VDDIN
Voltage Regulator and ADC Power 
Supply Input 

Power 3V to 3.6V

VDDOUT Voltage Regulator Output Power 1.85V

VDDFLASH Flash and USB Power Supply Power 3V to 3.6V

VDDIO I/O Lines Power Supply Power 3V to 3.6V

VDDCORE Core Power Supply Power 1.65V to 1.95V

VDDPLL PLL Power 1.65V to 1.95V

GND Ground Ground

Clocks, Oscillators and PLLs

XIN Main Oscillator Input Input

XOUT Main Oscillator Output Output

PLLRC PLL Filter Input

PCK0 - PCK3 Programmable Clock Output Output

ICE and JTAG

TCK Test Clock Input No pull-up resistor

TDI Test Data In Input No pull-up resistor

TDO Test Data Out Output

TMS Test Mode Select Input No pull-up resistor

JTAGSEL JTAG Selection Input Pull-down resistor(1)

Flash Memory

ERASE
Flash and NVM Configuration Bits Erase 
Command

Input High Pull-down resistor(1)

Reset/Test

NRST Microcontroller Reset I/O Low
Pull-Up resistor, Open Drain 
Output.

TST Test Mode Select Input High Pull-down resistor(1)

Debug Unit

DRXD Debug Receive Data Input

DTXD Debug Transmit Data Output

AIC

IRQ0 - IRQ1 External Interrupt Inputs Input

FIQ Fast Interrupt Input Input

PIO

PA0 - PA30 Parallel IO Controller A I/O Pulled-up input at reset.

PB0 - PB30 Parallel IO Controller B I/O Pulled-up input at reset.
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AT91SAM7XC512/256/128
4. Package
The AT91SAM7XC512/256/128 is available in 100-lead LQFP Green and 100-ball TFBGA
RoHS-compliant packages.

4.1 100-lead LQFP Package Outline
Figure 4-1 shows the orientation of the 100-lead LQFP package. A detailed mechanical descrip-
tion is given in the Mechanical Characteristics section of the full datasheet.

Figure 4-1. 100-lead LQFP Package Outline (Top View)
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4.2 100-lead LQFP Pinout 
Table 4-1. Pinout in 100-lead LQFP Package

1 ADVREF 26 PA18/PGMD6 51 TDI 76 TDO

2 GND 27 PB9 52 GND 77 JTAGSEL
3 AD4 28 PB8 53 PB16 78 TMS

4 AD5 29 PB14 54 PB4 79 TCK

5 AD6 30 PB13 55 PA23/PGMD11 80 PA30

6 AD7 31 PB6 56 PA24/PGMD12 81 PA0/PGMEN0
7 VDDOUT 32 GND 57 NRST 82 PA1/PGMEN1

8 VDDIN 33 VDDIO 58 TST 83 GND

9 PB27/AD0 34 PB5 59 PA25/PGMD13 84 VDDIO
10 PB28/AD1 35 PB15 60 PA26/PGMD14 85 PA3

11 PB29/AD2 36 PB17 61 VDDIO 86 PA2

12 PB30/AD3 37 VDDCORE 62 VDDCORE 87 VDDCORE
13 PA8/PGMM0 38 PB7 63 PB18 88 PA4/PGMNCMD

14 PA9/PGMM1 39 PB12 64 PB19 89 PA5/PGMRDY

15 VDDCORE 40 PB0 65 PB20 90 PA6/PGMNOE
16 GND 41 PB1 66 PB21 91 PA7/PGMNVALID

17 VDDIO 42 PB2 67 PB22 92 ERASE

18 PA10/PGMM2 43 PB3 68 GND 93 DDM
19 PA11/PGMM3 44 PB10 69 PB23 94 DDP

20 PA12/PGMD0 45 PB11 70 PB24 95 VDDFLASH

21 PA13/PGMD1 46 PA19/PGMD7 71 PB25 96 GND
22 PA14/PGMD2 47 PA20/PGMD8 72 PB26 97 XIN/PGMCK

23 PA15/PGMD3 48 VDDIO 73 PA27/PGMD15 98 XOUT

24 PA16/PGMD4 49 PA21/PGMD9 74 PA28 99 PLLRC
25 PA17/PGMD5 50 PA22/PGMD10 75 PA29 100 VDDPLL
10
6209DS–ATARM–17-Feb-09

AT91SAM7XC512/256/128



AT91SAM7XC512/256/128
Adequate input supply decoupling is mandatory for VDDIN in order to improve startup stability
and reduce source voltage drop. The input decoupling capacitor should be placed close to the
chip. For example, two capacitors can be used in parallel: 100 nF NPO and 4.7 µF X7R.

5.4 Typical Powering Schematics
The AT91SAM7XC512/256/128 supports a 3.3V single supply mode. The internal regulator
input connected to the 3.3V source and its output feeds VDDCORE and the VDDPLL. Figure 5-
1 shows the power schematics to be used for USB bus-powered systems.

Figure 5-1. 3.3V System Single Power Supply Schematic

Power Source
ranges 

from 4.5V (USB) 
to 18V

3.3V

VDDIN

Voltage
Regulator

VDDOUT

VDDIO
DC/DC Converter

VDDCORE

VDDFLASH

VDDPLL
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8. Memory

8.1 AT91SAM7XC512
• 512 Kbytes of dual-plane Flash Memory 

– 2 contiguous banks of 1024 pages of 256 bytes

– Fast access time, 30 MHz single-cycle access in Worst Case conditions

– Page programming time: 6 ms, including page auto-erase

– Page programming without auto-erase: 3 ms

– Full chip erase time: 15 ms

– 10,000 write cycles, 10-year data retention capability

– 32 lock bits, protecting 32 sectors of 64 pages

– Protection Mode to secure contents of the Flash

• 128 Kbytes of Fast SRAM

– Single-cycle access at full speed

8.2 AT91SAM7XC256
• 256 Kbytes of Flash Memory

– 1024 pages of 256 bytes

– Fast access time, 30 MHz single-cycle access in Worst Case conditions

– Page programming time: 6 ms, including page auto-erase

– Page programming without auto-erase: 3 ms

– Full chip erase time: 15 ms

– 10,000 write cycles, 10-year data retention capability

– 16 lock bits, each protecting 16 sectors of 64 pages

– Protection Mode to secure contents of the Flash

• 64 Kbytes of Fast SRAM

– Single-cycle access at full speed

8.3 AT91SAM7XC128
• 128 Kbytes of Flash Memory

– 512 pages of 256 bytes

– Fast access time, 30 MHz single-cycle access in Worst Case conditions

– Page programming time: 6 ms, including page auto-erase

– Page programming without auto-erase: 3 ms

– Full chip erase time: 15 ms

– 10,000 write cycles, 10-year data retention capability

– 8 lock bits, each protecting 8 sectors of 64 pages

– Protection Mode to secure contents of the Flash

• 32 Kbytes of Fast SRAM

– Single-cycle access at full speed
18
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AT91SAM7XC512/256/128
Figure 8-1. AT91SAM7XC512/256/128 Memory Mapping
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8.4 Memory Mapping

8.4.1 Internal RAM

• The AT91SAM7XC512 embeds a high-speed 128-Kbyte SRAM bank.

• The AT91SAM7XC256 embeds a high-speed 64-Kbyte SRAM bank.

• The AT91SAM7XC128 embeds a high-speed 32-Kbyte SRAM bank. 

After reset and until the Remap Command is performed, the SRAM is only accessible at address
0x0020 0000. After Remap, the SRAM also becomes available at address 0x0.

8.4.2 Internal ROM
The AT91SAM7XC512/256/128 embeds an Internal ROM. At any time, the ROM is mapped at
address 0x30 0000. The ROM contains the FFPI and the SAM-BA program.

8.4.3 Internal Flash

• The AT91SAM7XC512 features two banks (dual plane) of 256 Kbytes of Flash.

• The AT91SAM7XC256 features one bank (single plane) of 256 Kbytes of Flash. 

• The AT91SAM7XC128 features one bank (single plane) of 128 Kbytes of Flash. 

At any time, the Flash is mapped to address 0x0010 0000. It is also accessible at address 0x0
after the reset, if GPNVM bit 2 is set and before the Remap Command.

A general purpose NVM (GPNVM) bit is used to boot either on the ROM (default) or from the
Flash.

This GPNVM bit can be cleared or set respectively through the commands “Clear General-pur-
pose NVM Bit” and “Set General-purpose NVM Bit” of the EFC User Interface.

Setting the GPNVM Bit 2 selects the boot from the Flash. Asserting ERASE clears the GPNVM
Bit 2 and thus selects the boot from the ROM by default.

Figure 8-2. Internal Memory Mapping with GPNVM Bit 2 = 0 (default)
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AT91SAM7XC512/256/128
9. System Controller
The System Controller manages all vital blocks of the microcontroller: interrupts, clocks, power,
time, debug and reset. 

The System Controller peripherals are all mapped to the highest 4 Kbytes of address space,
between addresses 0xFFFF F000 and 0xFFFF FFFF.

Figure 9-1 on page 26 shows the System Controller Block Diagram. 

Figure 8-1 on page 19 shows the mapping of the User Interface of the System Controller periph-
erals. Note that the Memory Controller configuration user interface is also mapped within this
address space.
25
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AT91SAM7XC512/256/128
9.3 Power Management Controller
The Power Management Controller uses the Clock Generator outputs to provide:

• the Processor Clock PCK

• the Master Clock MCK

• the USB Clock UDPCK

• all the peripheral clocks, independently controllable

• four programmable clock outputs

The Master Clock (MCK) is programmable from a few hundred Hz to the maximum operating fre-
quency of the device.

The Processor Clock (PCK) switches off when entering processor idle mode, thus allowing
reduced power consumption while waiting for an interrupt.

Figure 9-3. Power Management Controller Block Diagram

9.4 Advanced Interrupt Controller
• Controls the interrupt lines (nIRQ and nFIQ) of an ARM Processor

• Individually maskable and vectored interrupt sources

– Source 0 is reserved for the Fast Interrupt Input (FIQ)
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AT91SAM7XC512/256/128
10.3 Peripheral Multiplexing on PIO Lines
The AT91SAM7XC512/256/128 features two PIO controllers, PIOA and PIOB, that multiplex the
I/O lines of the peripheral set.

Each PIO Controller controls 31 lines. Each line can be assigned to one of two peripheral func-
tions, A or B. Some of them can also be multiplexed with the analog inputs of the ADC
Controller. 

Table 10-2 on page 34 and Table 10-3 on page 35 defines how the I/O lines of the peripherals A,
B or the analog inputs are multiplexed on the PIO Controller A and PIO Controller B. The two
columns “Function” and “Comments” have been inserted for the user’s own comments; they may
be used to track how pins are defined in an application.

Note that some peripheral functions that are output only, may be duplicated in the table.

At reset, all I/O lines are automatically configured as input with the programmable pull-up
enabled, so that the device is maintained in a static state as soon as a reset is detected.
33
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10.4 PIO Controller A Multiplexing

Table 10-2. Multiplexing on PIO Controller A

PIO Controller A Application Usage

I/O Line Peripheral A Peripheral B Comments Function Comments

PA0 RXD0 High-Drive

PA1 TXD0 High-Drive

PA2 SCK0 SPI1_NPCS1 High-Drive

PA3 RTS0 SPI1_NPCS2 High-Drive

PA4 CTS0 SPI1_NPCS3

PA5 RXD1

PA6 TXD1

PA7 SCK1 SPI0_NPCS1

PA8 RTS1 SPI0_NPCS2

PA9 CTS1 SPI0_NPCS3

PA10 TWD

PA11 TWCK

PA12 SPI_NPCS0

PA13 SPI0_NPCS1 PCK1

PA14 SPI0_NPCS2 IRQ1

PA15 SPI0_NPCS3 TCLK2

PA16 SPI0_MISO

PA17 SPI0_MOSI

PA18 SPI0_SPCK

PA19 CANRX

PA20 CANTX

PA21 TF SPI1_NPCS0

PA22 TK SPI1_SPCK

PA23 TD SPI1_MOSI

PA24 RD SPI1_MISO

PA25 RK SPI1_NPCS1

PA26 RF SPI1_NPCS2

PA27 DRXD PCK3

PA28 DTXD

PA29 FIQ SPI1_NPCS3

PA30 IRQ0 PCK2
34
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AT91SAM7XC512/256/128
10.5 PIO Controller B Multiplexing

Table 10-3. Multiplexing on PIO Controller B 

PIO Controller B Application Usage

I/O Line Peripheral A Peripheral B Comments Function Comments

PB0 ETXCK/EREFCK PCK0

PB1 ETXEN

PB2 ETX0

PB3 ETX1

PB4 ECRS

PB5 ERX0

PB6 ERX1

PB7 ERXER

PB8 EMDC

PB9 EMDIO

PB10 ETX2 SPI1_NPCS1

PB11 ETX3 SPI1_NPCS2

PB12 ETXER TCLK0

PB13 ERX2 SPI0_NPCS1

PB14 ERX3 SPI0_NPCS2

PB15 ERXDV/ECRSDV

PB16 ECOL SPI1_NPCS3

PB17 ERXCK SPI0_NPCS3

PB18 EF100 ADTRG

PB19 PWM0 TCLK1

PB20 PWM1 PCK0

PB21 PWM2 PCK1

PB22 PWM3 PCK2

PB23 TIOA0 DCD1

PB24 TIOB0 DSR1

PB25 TIOA1 DTR1

PB26 TIOB1 RI1

PB27 TIOA2 PWM0 AD0

PB28 TIOB2 PWM1 AD1

PB29 PCK1 PWM2 AD2

PB30 PCK2 PWM3 AD3
35
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10.11 Timer Counter
• Three 16-bit Timer Counter Channels

– Two output compare or one input capture per channel

• Wide range of functions including:

– Frequency measurement

– Event counting

– Interval measurement

– Pulse generation

– Delay timing

– Pulse Width Modulation

– Up/down capabilities

• Each channel is user-configurable and contains:

– Three external clock inputs

• Five internal clock inputs, as defined in Table 10-4

– Two multi-purpose input/output signals

– Two global registers that act on all three TC channels

10.12 Pulse Width Modulation Controller
• Four channels, one 16-bit counter per channel

• Common clock generator, providing thirteen different clocks

– One Modulo n counter providing eleven clocks

– Two independent linear dividers working on modulo n counter outputs

• Independent channel programming

– Independent enable/disable commands

– Independent clock selection

– Independent period and duty cycle, with double buffering

– Programmable selection of the output waveform polarity 

– Programmable center or left aligned output waveform

Table 10-4. Timer Counter Clocks Assignment

TC Clock input Clock

TIMER_CLOCK1 MCK/2

TIMER_CLOCK2 MCK/8

TIMER_CLOCK3 MCK/32

TIMER_CLOCK4 MCK/128

TIMER_CLOCK5 MCK/1024
38
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10.13 USB Device Port
• USB V2.0 full-speed compliant,12 Mbits per second

• Embedded USB V2.0 full-speed transceiver

• Embedded 1352-byte dual-port RAM for endpoints

• Six endpoints 

– Endpoint 0: 8 bytes

– Endpoint 1 and 2: 64 bytes ping-pong

– Endpoint 3: 64 bytes

– Endpoint 4 and 5: 256 bytes ping-pong

– Ping-pong Mode (two memory banks) for bulk endpoints

• Suspend/resume logic

10.14 CAN Controller
• Fully compliant with CAN 2.0A and 2.0B

• Bit rates up to 1Mbit/s

• Eight object oriented mailboxes each with the following properties:

– CAN Specification 2.0 Part A or 2.0 Part B Programmable for each Message

– Object configurable to receive (with overwrite or not) or transmit

– Local tag and mask filters up to 29-bit identifier/channel

– 32-bit access to data registers for each mailbox data object

– Uses a 16-bit time stamp on receive and transmit message

– Hardware concatenation of ID unmasked bitfields to speedup family ID processing

– 16-bit internal timer for time stamping and network synchronization

– Programmable reception buffer length up to 8 mailbox objects

– Priority management between transmission mailboxes

– Autobaud and listening mode

– Low power mode and programmable wake-up on bus activity or by the application

– Data, remote, error and overload frame handling

10.15 128-bit Advanced Encryption Standard 
• Compliant with FIPS Publication 197, Advanced Encryption Standard (AES)

• 128-bit (AT91SAM7XC256/128) or 128-bit/192-bit/256-bit (AT91SAM7XC512) Cryptographic 
Key

• 12-clock Cycles Encryption/Decryption Processing Time (AT91SAM7XC256/128)

• 12/13/14-clock Cycles Encryption/Decryption Processing Time (AT91SAM7XC512)

• Support of the Five Standard Modes of Operation specified in the NIST Special Publication 
800-38A: 

– Electronic Codebook (ECB)

– Cipher Block Chaining (CBC)

– Cipher Feedback (CFB)

– Output Feedback (OFB)
39
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– Counter (CTR)

• 8-, 16-, 32-, 64- and 128-bit Data Sizes Possible in CFB Mode

• Last Output Data Mode allowing Message Authentication Code (MAC) generation

• Hardware Countermeasures against Differential Power Analysis attacks

• Connection to PDC Channel Capabilities Optimizes Data Transfers for all Operating Modes:

– One Channel for the Receiver, One Channel for the Transmitter

– Next Buffer Support 

10.16 Triple Data Encryption Standard
• Single Data Encryption Standard (DES) and Triple Data Encryption 

• Algorithm (TDEA or TDES) supports

• Compliant with FIPS Publication 46-3, Data Encryption Standard (DES)

• 64-bit Cryptographic Key

• Two-key or Three-key Algorithms

• 18-clock Cycles Encryption/Decryption Processing Time for DES

• 50-clock Cycles Encryption/Decryption Processing Time for TDES

• Support the Four Standard Modes of Operation specified in the FIPS Publication 81, DES

• Modes of Operation:

– Electronic Codebook (ECB)

– Cipher Block Chaining (CBC)

– Cipher Feedback (CFB)

– Output Feedback (OFB)

• 8-, 16-, 32- and 64- Data Sizes Possible in CFB Mode

• Last Output Data Mode allowing Optimized Message (Data) Authentication Code (MAC) 
generation

• Connection to PDC Channel Capabilities Optimizes Data Transfers for all Operating Modes:

– One Channel for the Receiver, One Channel for the Transmitter

– Next Buffer Support

10.17 Analog-to-Digital Converter
• 8-channel ADC 

• 10-bit 384 Ksamples/sec. Successive Approximation Register ADC

• ±2 LSB Integral Non Linearity, ±1 LSB Differential Non Linearity

• Integrated 8-to-1 multiplexer, offering eight independent 3.3V analog inputs

• External voltage reference for better accuracy on low voltage inputs

• Individual enable and disable of each channel

• Multiple trigger sources

– Hardware or software trigger

– External trigger pin

– Timer Counter 0 to 2 outputs TIOA0 to TIOA2 trigger

• Sleep Mode and conversion sequencer
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11. Package Drawings

Figure 11-1. LQFP Package Drawing
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AT91SAM7XC512/256/128
Table 11-1. 100-lead LQFP Package Dimensions

Symbol

Millimeter Inch

Min Nom Max Min Nom Max

A 1.60 0.63

A1 0.05 0.15 0.002 0.006

A2 1.35 1.40 1.45 0.053 0.055 0.057

D 16.00 BSC 0.630 BSC

D1 14.00 BSC 0.551 BSC

E 16.00 BSC 0.630 BSC

E1 14.00 BSC 0.551 BSC

R2 0.08 0.20 0.003 0.008

R1 0.08 0.003

Q 0⋅ 3.5⋅ 7⋅ 0⋅ 3.5⋅ 7⋅
θ1 0⋅ 0⋅
θ2 11⋅ 12⋅ 13⋅ 11⋅ 12⋅ 13⋅
θ3 11⋅ 12⋅ 13⋅ 11⋅ 12⋅ 13⋅
c 0.09 0.20 0.004 0.008

L 0.45 0.60 0.75 0.018 0.024 0.030

L1 1.00 REF 0.039 REF

S 0.20 0.008

b 0.17 0.20 0.27 0.007 0.008 0.011

e 0.50 BSC 0.020 BSC

D2 12.00 0.472

E2 12.00 0.472

Tolerances of Form and Position

aaa 0.20 0.008

bbb 0.20 0.008

ccc 0.08 0.003

ddd 0.08 0.003
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Figure 11-2.  100-TFBGA Package Drawing 

All dimensions are in mm
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