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Pre-indexed Addressing 

The offset value is added to or subtracted from the address obtained from the register Rn. The result is used as the
address for the memory access and written back into the register Rn. The assembly language syntax for this mode
is:

[Rn, #offset]!

Post-indexed Addressing 

The address obtained from the register Rn is used as the address for the memory access. The offset value is
added to or subtracted from the address, and written back into the register Rn. The assembly language syntax for
this mode is:

[Rn], #offset

The value to load or store can be a byte, halfword, word, or two words. Bytes and halfwords can either be signed
or unsigned. See “Address Alignment” .

The table below shows the ranges of offset for immediate, pre-indexed and post-indexed forms.

Restrictions

For load instructions:

 Rt can be SP or PC for word loads only

 Rt must be different from Rt2 for two-word loads

 Rn must be different from Rt and Rt2 in the pre-indexed or post-indexed forms.

When Rt is PC in a word load instruction:

 Bit[0] of the loaded value must be 1 for correct execution

 A branch occurs to the address created by changing bit[0] of the loaded value to 0

 If the instruction is conditional, it must be the last instruction in the IT block.

For store instructions:

 Rt can be SP for word stores only

 Rt must not be PC

 Rn must not be PC

 Rn must be different from Rt and Rt2 in the pre-indexed or post-indexed forms.

Condition Flags

These instructions do not change the flags.

Table 11-18. Offset Ranges

Instruction Type Immediate Offset Pre-indexed Post-indexed

Word, halfword, signed 
halfword, byte, or signed byte

-255 to 4095 -255 to 255 -255 to 255

Two words
multiple of 4 in the 
range -1020 to 1020

multiple of 4 in the 
range -1020 to 1020

multiple of 4 in the 
range -1020 to 1020
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11.6.10.1 B, BL, BX, and BLX

Branch instructions.

Syntax
B{cond} label
BL{cond} label
BX{cond} Rm
BLX{cond} Rm

where:

B is branch (immediate).

BL is branch with link (immediate).

BX is branch indirect (register).

BLX is branch indirect with link (register).

cond is an optional condition code, see “Conditional Execution” .

label is a PC-relative expression. See “PC-relative Expressions” .

Rm is a register that indicates an address to branch to. Bit[0] of the value in Rm
must be 1, but the address to branch to is created by changing bit[0] to 0.

Operation

All these instructions cause a branch to label, or to the address indicated in Rm. In addition:

 The BL and BLX instructions write the address of the next instruction to LR (the link register, R14).

 The BX and BLX instructions result in a UsageFault exception if bit[0] of Rm is 0.

Bcond label is the only conditional instruction that can be either inside or outside an IT block. All other branch
instructions must be conditional inside an IT block, and must be unconditional outside the IT block, see “IT” .

The table below shows the ranges for the various branch instructions.

 The .W suffix might be used to get the maximum branch range. See “Instruction Width Selection” .

Restrictions

The restrictions are:

 Do not use PC in the BLX instruction

 For BX and BLX, bit[0] of Rm must be 1 for correct execution but a branch occurs to the target address 
created by changing bit[0] to 0

 When any of these instructions is inside an IT block, it must be the last instruction of the IT block.

 Bcond is the only conditional instruction that is not required to be inside an IT block. However, it has a longer
branch range when it is inside an IT block.

Table 11-26. Branch Ranges

Instruction Branch Range

B label −16 MB to +16 MB

Bcond label (outside IT block) −1 MB to +1 MB

Bcond label (inside IT block) −16 MB to +16 MB

BL{cond} label −16 MB to +16 MB

BX{cond} Rm Any value in register 

BLX{cond} Rm Any value in register 
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VPUSH Push extension registers

VSQRT Floating-point square root

VSTM Store Multiple extension registers

VSTR Stores an extension register to memory

VSUB Floating-point Subtract

Table 11-27. Floating-point Instructions (Continued)

Mnemonic Description
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11.6.11.4 VCVT, VCVTR between Floating-point and Integer

Converts a value in a register from floating-point to a 32-bit integer.

Syntax
VCVT{R}{cond}.Tm.F32 Sd, Sm
VCVT{cond}.F32.Tm Sd, Sm

where:

R If R is specified, the operation uses the rounding mode specified by the FPSCR.
If R is omitted. the operation uses the Round towards Zero rounding mode.

cond is an optional condition code, see “Conditional Execution” .

Tm is the data type for the operand. It must be one of:

S32 signed 32- U32     unsigned 32-bit value.

bit value.

Sd, Sm are the destination register and the operand register.

Operation

These instructions:

1. Either

̶ Converts a value in a register from floating-point value to a 32-bit integer.

̶ Converts from a 32-bit integer to floating-point value.

2. Places the result in a second register.

The floating-point to integer operation normally uses the Round towards Zero rounding mode, but can optionally
use the rounding mode specified by the FPSCR. 

The integer to floating-point operation uses the rounding mode specified by the FPSCR.

Restrictions

There are no restrictions.

Condition Flags

These instructions do not change the flags.
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11.9.1.3 Interrupt Control and State Register

Name: SCB_ICSR

Access: Read/Write

The SCB_ICSR provides a set-pending bit for the Non-Maskable Interrupt (NMI) exception, and set-pending and clear-
pending bits for the PendSV and SysTick exceptions.

It indicates:

• The exception number of the exception being processed, and whether there are preempted active exceptions,

• The exception number of the highest priority pending exception, and whether any interrupts are pending.

• NMIPENDSET: NMI Set-pending

Write:

PendSV set-pending bit.

Write:

0: No effect.

1: Changes NMI exception state to pending.

Read:

0: NMI exception is not pending.

1: NMI exception is pending.

As NMI is the highest-priority exception, the processor normally enters the NMI exception handler as soon as it registers a 
write of 1 to this bit. Entering the handler clears this bit to 0. A read of this bit by the NMI exception handler returns 1 only if 
the NMI signal is reasserted while the processor is executing that handler.

• PENDSVSET: PendSV Set-pending

Write:

0: No effect.

1: Changes PendSV exception state to pending.

Read:

0: PendSV exception is not pending.

1: PendSV exception is pending.

Writing a 1 to this bit is the only way to set the PendSV exception state to pending.

31 30 29 28 27 26 25 24

NMIPENDSET – PENDSVSET PENDSVCLR PENDSTSET PENDSTCLR –

23 22 21 20 19 18 17 16

– ISRPENDING VECTPENDING

15 14 13 12 11 10 9 8

VECTPENDING RETTOBASE – – VECTACTIVE

7 6 5 4 3 2 1 0

VECTACTIVE
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18.5.8 Supply Controller Status Register

Name: SUPC_SR

Address: 0x400E1824

Access: Read-only 

Note: Because of the asynchronism between the Slow Clock (SLCK) and the System Clock (MCK), the status register flag reset is taken 
into account only 2 slow clock cycles after the read of the SUPC_SR.

This register is located in the VDDIO domain.

• FWUPS: FWUP Wake-up Status (cleared on read)

0 (NO): No wake-up due to the assertion of the FWUP pin has occurred since the last read of SUPC_SR.

1 (PRESENT): At least one wake-up due to the assertion of the FWUP pin has occurred since the last read of SUPC_SR.

• WKUPS: WKUP Wake-up Status (cleared on read)

0 (NO): No wake-up due to the assertion of the WKUP pins has occurred since the last read of SUPC_SR.

1 (PRESENT): At least one wake-up due to the assertion of the WKUP pins has occurred since the last read of SUPC_SR.

• SMWS: Supply Monitor Detection Wake-up Status (cleared on read)

0 (NO): No wake-up due to a supply monitor detection has occurred since the last read of SUPC_SR.

1 (PRESENT): At least one wake-up due to a supply monitor detection has occurred since the last read of SUPC_SR.

• BODRSTS: Brownout Detector Reset Status (cleared on read)

0 (NO): No core brownout rising edge event has been detected since the last read of the SUPC_SR.

1 (PRESENT): At least one brownout output rising edge event has been detected since the last read of the SUPC_SR.

When the voltage remains below the defined threshold, there is no rising edge event at the output of the brownout detec-
tion cell. The rising edge event occurs only when there is a voltage transition below the threshold.

• SMRSTS: Supply Monitor Reset Status (cleared on read)

0 (NO): No supply monitor detection has generated a core reset since the last read of the SUPC_SR.

1 (PRESENT): At least one supply monitor detection has generated a core reset since the last read of the SUPC_SR.

• SMS: Supply Monitor Status (cleared on read)

0 (NO): No supply monitor detection since the last read of SUPC_SR.

1 (PRESENT): At least one supply monitor detection since the last read of SUPC_SR.

31 30 29 28 27 26 25 24

WKUPIS15 WKUPIS14 WKUPIS13 WKUPIS12 WKUPIS11 WKUPIS10 WKUPIS9 WKUPIS8

23 22 21 20 19 18 17 16

WKUPIS7 WKUPIS6 WKUPIS5 WKUPIS4 WKUPIS3 WKUPIS2 WKUPIS1 WKUPIS0

15 14 13 12 11 10 9 8

– LPDBCS1 LPDBCS0 FWUPIS – – – –

7 6 5 4 3 2 1 0

OSCSEL SMOS SMS SMRSTS BODRSTS SMWS WKUPS FWUPS
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20. Enhanced Embedded Flash Controller (EEFC)

20.1 Description

The Enhanced Embedded Flash Controller (EEFC) provides the interface of the Flash block with the 32-bit internal
bus. 

Its 128-bit or 64-bit wide memory interface increases performance. It also manages the programming, erasing,
locking and unlocking sequences of the Flash using a full set of commands. One of the commands returns the
embedded Flash descriptor definition that informs the system about the Flash organization, thus making the
software generic.

20.2 Embedded Characteristics
 Increases Performance in Thumb-2 Mode with 128-bit or 64-bit-wide Memory Interface up to 120 MHz 

 Code Loop Optimization

 128 Lock Bits, Each Protecting a Lock Region 

 GPNVMx General-purpose GPNVM Bits

 One-by-one Lock Bit Programming

 Commands Protected by a Keyword

 Erase the Entire Flash

 Erase by Plane

 Erase by Sector

 Erase by Page

 Provides Unique Identifier

 Provides 512-byte User Signature Area 

 Supports Erasing before Programming

 Locking and Unlocking Operations 

 Supports Read of the Calibration Bits

20.3 Product Dependencies

20.3.1 Power Management

The Enhanced Embedded Flash Controller (EEFC) is continuously clocked. The Power Management Controller
has no effect on its behavior.

20.3.2 Interrupt Sources

The EEFC interrupt line is connected to the interrupt controller. Using the EEFC interrupt requires the interrupt
controller to be programmed first. The EEFC interrupt is generated only if the value of EEFC_FMR.FRDY is ‘1’.

20.4 Functional Description

20.4.1 Embedded Flash Organization

The embedded Flash interfaces directly with the internal bus. The embedded Flash is composed of:

Table 20-1. Peripheral IDs

Instance ID

EFC 6
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Note: Do not poll the DMAC_CTRLAx.DONE bit in the DMAC memory map. Instead, poll the LLI.DMAC_CTRLAx.DONE bit 
in the LLI for that buffer. If the poll LLI.DMAC_CTRLAx.DONE bit is asserted, then this buffer transfer has completed. 
This LLI.DMAC_CTRLAx.DONE bit was cleared at the start of the transfer.

16. The DMAC does not wait for the buffer interrupt to be cleared, but continues and fetches the next LLI from 
the memory location pointed to by the current DMAC_DSCRx register, then automatically reprograms the 
DMAC_SADDRx, DMAC_CTRLAx, DMAC_CTRLBx and DMAC_DSCRx channel registers. 
DMAC_DADDRx is left unchanged. The DMAC transfer continues until the DMAC samples the 
DMAC_CTRLAx, DMAC_CTRLBx and DMAC_DSCRx registers at the end of a buffer transfer match that 
described in Row 1 of Table 25-3 on page 473. The DMAC then knows that the previous buffer transferred 
was the last buffer in the DMAC transfer. 

The DMAC transfer might look like that shown in Figure 25-8. Note that the destination address is decrementing.

Figure 25-8. DMAC Transfer with Linked List Source Address and Contiguous Destination Address

The DMAC transfer flow is shown in Figure 25-9 on page 481.
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29.18.10 PMC Master Clock Register

Name: PMC_MCKR

Address: 0x400E0430

Access: Read/Write 

This register can only be written if the WPEN bit is cleared in the “PMC Write Protection Mode Register” .

• CSS: Master Clock Source Selection

• PRES: Processor Clock Prescaler

• PLLADIV2: PLLA Divisor by 2

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – – – – –

15 14 13 12 11 10 9 8

– – – PLLADIV2 – – – –

7 6 5 4 3 2 1 0

– PRES – – CSS

Value Name Description

0 SLOW_CLK Slow Clock is selected

1 MAIN_CLK Main Clock is selected

2 PLLA_CLK PLLA Clock is selected

Value Name Description

0 CLK_1 Selected clock

1 CLK_2 Selected clock divided by 2

2 CLK_4 Selected clock divided by 4

3 CLK_8 Selected clock divided by 8

4 CLK_16 Selected clock divided by 16

5 CLK_32 Selected clock divided by 32

6 CLK_64 Selected clock divided by 64

7 CLK_3 Selected clock divided by 3

PLLADIV2 PLLA Clock Division

0 PLLA clock frequency is divided by 1.

1 PLLA clock frequency is divided by 2.
SAM4E Series [DATASHEET]
Atmel-11157H-ATARM-SAM4E16-SAM4E8-Datasheet_31-Mar-16

604



Handling the AES interrupt requires programming the Interrupt Controller before configuring the AES.

30.4 Functional Description

The Advanced Encryption Standard (AES) specifies a FIPS-approved cryptographic algorithm that can be used to
protect electronic data. The AES algorithm is a symmetric block cipher that can encrypt (encipher) and decrypt
(decipher) information.

Encryption converts data to an unintelligible form called ciphertext. Decrypting the ciphertext converts the data
back into its original form, called plaintext. The CIPHER bit in the AES Mode register (AES_MR) allows selection
between the encryption and the decryption processes.

The AES is capable of using cryptographic keys of 128/192/256 bits to encrypt and decrypt data in blocks of 128
bits. This 128-bit/192-bit/256-bit key is defined in the AES_KEYWRx.

The input to the encryption processes of the CBC, CFB, and OFB modes includes, in addition to the plaintext, a
128-bit data block called the initialization vector (IV), which must be set in the AES_IVRx. The initialization vector
is used in an initial step in the encryption of a message and in the corresponding decryption of the message. The
AES_IVRx are also used by the CTR mode to set the counter value.

30.4.1 AES Register Endianness

In ARM processor-based products, the system bus and processors manipulate data in little-endian form. The AES
interface requires little-endian format words. However, in accordance with the protocol of the FIPS 197
specification, data is collected, processed and stored by the AES algorithm in big-endian form.

The following example illustrates how to configure the AES:

If the first 64 bits of a message (according to FIPS 197, i.e., big-endian format) to be processed is
0xcafedeca_01234567, then the AES_IDATAR0 and AES_IDATAR1 registers must be written with the following
pattern:

 AES_IDATAR0 = 0xcadefeca

 AES_IDATAR1 = 0x67452301

30.4.2 Operation Modes

The AES supports the following modes of operation:

 ECB: Electronic Code Book

 CBC: Cipher Block Chaining

 OFB: Output Feedback

 CFB: Cipher Feedback

̶ CFB8 (CFB where the length of the data segment is 8 bits)

̶ CFB16 (CFB where the length of the data segment is 16 bits)

̶ CFB32 (CFB where the length of the data segment is 32 bits)

̶ CFB64 (CFB where the length of the data segment is 64 bits)

̶ CFB128 (CFB where the length of the data segment is 128 bits)

 CTR: Counter

The data pre-processing, post-processing and data chaining for the concerned modes are automatically
performed. Refer to the NIST Special Publication 800-38A for more complete information.

Table 30-1. Peripheral IDs

Instance ID

AES 39
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Example of bit timing determination for CAN baudrate of 500 kbit/s:

fPeripheral clock = 48 MHz

CAN baudrate = 500 kbit/s => bit time = 2 µs

Delay of the bus driver: 50 ns

Delay of the receiver: 30 ns

Delay of the bus line (20 m): 110 ns

The total number of time quanta in a bit time must be comprised between 8 and 25. If we fix the bit time to 16 
time quanta:

tCSC = 1 time quanta = bit time / 16 = 125 ns

=> BRP = (tCSC x fperipheral clock) - 1 = 5

The propagation segment time is equal to twice the sum of the signal’s propagation time on the bus line, the 
receiver delay and the output driver delay:

tPRS = 2 * (50+30+110) ns = 380 ns = 3 tCSC

=> PROPAG = tPRS/tCSC - 1 = 2

The remaining time for the two phase segments is:

tPHS1 + tPHS2 = bit time - tCSC - tPRS = (16 - 1 - 3)tCSC

tPHS1 + tPHS2 = 12 tCSC

Because this number is even, we choose tPHS2 = tPHS1 (else we would choose tPHS2 = tPHS1 + tCSC).

tPHS1 = tPHS2 = (12/2) tCSC = 6 tCSC

=> PHASE1 = PHASE2 = tPHS1/tCSC - 1 = 5

The resynchronization jump width must comprise between one tCSC and the minimum of four tCSC and tPHS1. 
We choose its maximum value:

tSJW = Min(4 tCSC,tPHS1) = 4 tCSC

=> SJW = tSJW/tCSC - 1 = 3

Finally: CAN_BR = 0x00053255

CAN Bus Synchronization

Two types of synchronization are distinguished: “hard synchronization” at the start of a frame and
“resynchronization” inside a frame. After a hard synchronization, the bit time is restarted with the end of the
SYNC_SEG segment, regardless of the phase error. Resynchronization causes a reduction or increase in the bit
time so that the position of the sample point is shifted with respect to the detected edge.

The effect of resynchronization is the same as that of hard synchronization when the magnitude of the phase error
of the edge causing the resynchronization is less than or equal to the programmed value of the resynchronization
jump width (tSJW). 

When the magnitude of the phase error is larger than the resynchronization jump width and 

 the phase error is positive, then PHASE_SEG1 is lengthened by an amount equal to the resynchronization 
jump width.
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Baud Rate Calculation Example

Table 37-4 shows calculations of CD to obtain a baud rate at 38,400 bit/s for different source clock frequencies.
This table also shows the actual resulting baud rate and the error.

In this example, the baud rate is calculated with the following formula:

The baud rate error is calculated with the following formula. It is not recommended to work with an error higher
than 5%.

37.6.1.2 Fractional Baud Rate in Asynchronous Mode

The baud rate generator is subject to the following limitation: the output frequency changes only by integer
multiples of the reference frequency. An approach to this problem is to integrate a fractional N clock generator that
has a high resolution. The generator architecture is modified to obtain baud rate changes by a fraction of the
reference source clock. This fractional part is programmed with the FP field in the US_BRGR. If FP is not 0, the

Table 37-4. Baud Rate Example (OVER = 0)

Source Clock
(MHz)

Expected Baud Rate
(bit/s) Calculation Result CD

Actual Baud Rate
(bit/s) Error

3,686,400 38,400 6.00 6 38,400.00 0.00%

4,915,200 38,400 8.00 8 38,400.00 0.00%

5,000,000 38,400 8.14 8 39,062.50 1.70%

7,372,800 38,400 12.00 12 38,400.00 0.00%

8,000,000 38,400 13.02 13 38,461.54 0.16%

12,000,000 38,400 19.53 20 37,500.00 2.40%

12,288,000 38,400 20.00 20 38,400.00 0.00%

14,318,180 38,400 23.30 23 38,908.10 1.31%

14,745,600 38,400 24.00 24 38,400.00 0.00%

18,432,000 38,400 30.00 30 38,400.00 0.00%

24,000,000 38,400 39.06 39 38,461.54 0.16%

24,576,000 38,400 40.00 40 38,400.00 0.00%

25,000,000 38,400 40.69 40 38,109.76 0.76%

32,000,000 38,400 52.08 52 38,461.54 0.16%

32,768,000 38,400 53.33 53 38,641.51 0.63%

33,000,000 38,400 53.71 54 38,194.44 0.54%

40,000,000 38,400 65.10 65 38,461.54 0.16%

50,000,000 38,400 81.38 81 38,580.25 0.47%

Baud Rate Selected Clock CD 16×⁄=

Error 1
Expected Baud Rate

Actual Baud Rate
------------------------------------------------- 
 –=
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The USART cannot operate concurrently in both Receiver and Transmitter modes as the communication is
unidirectional at a time. It has to be configured according to the required mode by enabling or disabling either the
receiver or the transmitter as desired. Enabling both the receiver and the transmitter at the same time in ISO7816
mode may lead to unpredictable results.

The ISO7816 specification defines an inverse transmission format. Data bits of the character must be transmitted
on the I/O line at their negative value.

37.6.4.2 Protocol T = 0

In T = 0 protocol, a character is made up of one start bit, eight data bits, one parity bit and one guard time, which
lasts two bit times. The transmitter shifts out the bits and does not drive the I/O line during the guard time. 

If no parity error is detected, the I/O line remains at 1 during the guard time and the transmitter can continue with
the transmission of the next character, as shown in Figure 37-30. 

If a parity error is detected by the receiver, it drives the I/O line to 0 during the guard time, as shown in Figure 37-
31. This error bit is also named NACK, for Non Acknowledge. In this case, the character lasts 1 bit time more, as
the guard time length is the same and is added to the error bit time which lasts 1 bit time. 

When the USART is the receiver and it detects an error, it does not load the erroneous character in the Receive
Holding register (US_RHR). It appropriately sets the PARE bit in the Status register (US_SR) so that the software
can handle the error.

Figure 37-30. T = 0 Protocol without Parity Error 

Figure 37-31. T = 0 Protocol with Parity Error 

Receive Error Counter

The USART receiver also records the total number of errors. This can be read in the Number of Error (US_NER)
register. The NB_ERRORS field can record up to 255 errors. Reading US_NER automatically clears the
NB_ERRORS field. 

Receive NACK Inhibit

The USART can also be configured to inhibit an error. This can be achieved by setting the INACK bit in US_MR. If
INACK is to 1, no error signal is driven on the I/O line even if a parity bit is detected. 

Moreover, if INACK is set, the erroneous received character is stored in the Receive Holding register, as if no error
occurred and the RXRDY bit does rise.

D0 D1 D2 D3 D4 D5 D6 D7

RXD

Parity
Bit

Baud Rate
Clock

Start 
Bit

Guard
Time 1

Next 
Start 

Bit

Guard
Time 2

D0 D1 D2 D3 D4 D5 D6 D7

I/O

Parity
Bit

Baud Rate
Clock

Start
Bit

Guard
Time 1

Start 
Bit

Guard
Time 2

D0 D1

Error

Repetition
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37.7.20 USART IrDA Filter Register

Name: US_IF

Address: 0x400A004C (0), 0x400A404C (1)

Access: Read/Write

This register is relevant only if USART_MODE = 0x8 in the USART Mode Register.

• IRDA_FILTER: IrDA Filter

The IRDA_FILTER value must be defined to meet the following criteria: 

tperipheral clock × (IRDA_FILTER + 3) < 1.41 µs

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – – – – –

15 14 13 12 11 10 9 8

– – – – – – – –

7 6 5 4 3 2 1 0

IRDA_FILTER

This register can only be written if the WPEN bit is cleared in the USART Write Protection Mode Register.
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• ACPA: RA Compare Effect on TIOAx

• ACPC: RC Compare Effect on TIOAx

• AEEVT: External Event Effect on TIOAx

• ASWTRG: Software Trigger Effect on TIOAx

• BCPB: RB Compare Effect on TIOBx

Value Name Description

0 NONE None

1 SET Set

2 CLEAR Clear

3 TOGGLE Toggle

Value Name Description

0 NONE None

1 SET Set

2 CLEAR Clear

3 TOGGLE Toggle

Value Name Description

0 NONE None

1 SET Set

2 CLEAR Clear

3 TOGGLE Toggle

Value Name Description

0 NONE None

1 SET Set

2 CLEAR Clear

3 TOGGLE Toggle

Value Name Description

0 NONE None

1 SET Set

2 CLEAR Clear

3 TOGGLE Toggle
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39.7.10 PWM DMA Register

Name: PWM_DMAR

Access: Write- only 

Only the first 16 bits (channel counter size) are significant.

• DMADUTY: Duty-Cycle Holding Register for DMA Access

Each write access to PWM_DMAR sequentially updates the CDTY field of PWM_CDTYx with DMADUTY (only for channel 
configured as synchronous). See “Method 3: Automatic write of duty-cycle values and automatic trigger of the update” .

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

DMADUTY

15 14 13 12 11 10 9 8

DMADUTY

7 6 5 4 3 2 1 0

DMADUTY
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• SFR: PTP Sync Frame Received

• DRQFT: PTP Delay Request Frame Transmitted

• SFT: PTP Sync Frame Transmitted

• PDRQFR: PDelay Request Frame Received

• PDRSFR: PDelay Response Frame Received

• PDRQFT: PDelay Request Frame Transmitted

• PDRSFT: PDelay Response Frame Transmitted

• SRI: TSU Seconds Register Increment

• WOL: Wake On LAN
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43.3 Block Diagram

Figure 43-1. Analog Front-End Controller Block Diagram

43.4 Signal Description 

Note: 1. AFE_AD15 is not an actual pin but is connected to a temperature sensor.

Table 43-1. AFEC Signal Description

Pin Name Description

ADVREF Reference voltage

AFE_AD0—AFE_AD15(1) Analog input channels

AFE_ADTRG External trigger

AFE_ADTRG

VDDIO

ADVREF

GND

Trigger 
Selection Channel

Sequencer

Timer 
Counter

Channels

User
Interface

Interrupt
Controller

Peripheral Bridge

APB

PDC

System Bus

Analog Inputs
Multiplexed

with I/O lines

AFE_AD0

PIO
Extra
Funct.

AFE Controller (AFEC)

AFE Analog Cell

CHx
12-bit DA
Converter

AOFFx

AFEC Interrupt

en.

Analog
 Mux
n->1

CHENx

S&H

Sample
and Hold

PGA

Prog. Gain
Amplifier

+-
12-bit AD
Converter

Digital 
Averaging
with OSR

GAINx

RES

AFE_AD1

AFE_ADn-1 Peripheral Clock
PMC

Bus Clock
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46.3.2.2 Wait Mode

Figure 46-7.  Measurement Setup for Wait Mode

 VDDIO = VDDIN = 3.6V

 Core Clock and Master Clock stopped

 Current measurement as shown in the above figure

 All peripheral clocks deactivated

 BOD disabled

 RTT enabled

Table 46-12 gives current consumption in typical conditions.

Note: 1. Value from characterization, not tested in production.

46.3.3 Active Mode Power Consumption

The Active Mode configuration and measurements are defined as follows:

 VDDIO = VDDIN = 3.3V

 VDDCORE = 1.2V (internal voltage regulator used)

 TA = 25°C

 Application running from Flash Memory with 128-bit access mode 

 All peripheral clocks are deactivated.

 Master Clock (MCK) running at various frequencies with PLLA or the fast RC oscillator

 Current measurement on AMP1 (VDDCORE) and total current on AMP2

Table 46-12. Typical Current Consumption in Wait Mode (1)

Conditions

Typical Value 

Unit

@25°C  @85°C @105°C

VDDOUT 
Consumption

(AMP1)

Total 
Consumption 

(AMP2) 

Total 
Consumption 

(AMP2)

Total 
Consumption 

(AMP2)

See Figure 46-7 on page 1364 

There is no activity on the I/Os of the 
device; Flash in Standby mode.

43 56 550 1200

µASee Figure 46-7 on page 1364 

There is no activity on the I/Os of the 
device; Flash in Deep Power Down 
Mode.

39 47 496 980

VDDIO

VDDOUT

VDDCORE

VDDIN

Voltage
Regulator

VDDPLL

3.6V

AMP1

AMP2
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25-Apr-2013

Electrical Characteristics:

Added references to 100-ball TFBGA and 100-lead LQFP packages in Table 46-1 “Absolute Maximum Ratings*”.

Updated data in:

- Table 46-2 “DC Characteristics”

- Table 46-3 “1.2V Voltage Regulator Characteristics”

- Section 46.3.1.2 “Configuration B: 32768 kHz Crystal Oscillator Enabled”

- Section 46.3.2.1 “Sleep Mode”

- Section 46.3.2.2 “Wait Mode”, including Table 46-12 “Typical Current Consumption in Wait Mode”

- Table 46-13 “Active Power Consumption with VDDCORE @ 1.2V running from Embedded Memory (IDDCORE- AMP1)”

- Table 46-15 “Power Consumption on VDDCORE(1)”

- Table 46-16 “32 kHz RC Oscillator Characteristics”

- Table 46-27 “Analog Power Supply Characteristics”

- Table 46-28 “Channel Conversion Time and ADC Clock”

- Table 46-29 “External Voltage Reference Input”

- Section 46.7.1 “ADC Resolution”

- Section 46.7.2 “Static Performance Characteristics”

- Section 46.7.3 “Dynamic Performance Characteristics”

- Notes in Table 46-47 “I/O Characteristics”

Added:

- Figure 46-6 “Current Consumption in Sleep Mode (AMP1) versus Master Clock Ranges (Condition from Table 46-10)”

- Figure 46-9 “Active Power Consumption with VDDCORE @ 1.2V”

- Section 46.3.3.2 “SAM4E Active Total Power Consumption” 

- Figure 46-14 “12-bit AFE (Analog Front End) Diagram”

Updated temperature range from “-40°C - +125°C” to “-40°C - +85°C” in Table 46-16 “32 kHz RC Oscillator 
Characteristics”.

Added missing titles in:

- Figure 46-11 “32.768 kHz Crystal Oscillator Schematics”

- Figure 46-12 “3 to 20 MHz Crystal Oscillator Schematics”
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