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Examples
LDR R8, [R10] ; Loads R8 fromthe address in R10.
LDRNE R2, [R5, #960]! ; Loads (conditionally) R2 froma word
; 960 bytes above the address in R5, and
; increnments R5 by 960.
STR R2, [R9,#const-struc] ; const-struc is an expression eval uating
; to a constant in the range 0-4095.
STRH R3, [R4], #4 ;. Store R3 as halfword data into address in
; R4, then increnent R4 by 4
LDRD R8, R9, [R3, #0x20] ; Load R8 froma word 32 bytes above the

; address in R3, and load RO froma word 36
; bytes above the address in R3

STRD RO, R1, [R8], #-16 : Store RO to address in R8, and store Rl to
; a wrd 4 bytes above the address in RS,
; and then decrenment R8 by 16.

12.6.4.3 LDR and STR, Register Offset
Load and Store with register offset.

Syntax

op{type}{cond} R, [Rn, Rm{, LSL #n}]
where:
op is one of:

LDR Load Register.
STR  Store Register.

type is one of:
B unsigned byte, zero extend to 32 bits on loads.
SB signed byte, sign extend to 32 bits (LDR only).
H unsigned halfword, zero extend to 32 bits on loads.

SH signed halfword, sign extend to 32 bits (LDR only).

- omit, for word.

cond is an optional condition code, see “Conditional Execution” .
Rt is the register to load or store.

Rn is the register on which the memory address is based.

Rm is a register containing a value to be used as the offset.
LSL #n is an optional shift, with n in the range 0 to 3.

Operation

LDR instructions load a register with a value from memory.
STR instructions store a register value into memory.

The memory address to load from or store to is at an offset from the register Rn. The offset is specified by the
register Rm and can be shifted left by up to 3 bits using LSL.

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

Restrictions

In these instructions:
e Rn must not be PC
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12.6.5.9 SADD16 and SADD8
Signed Add 16 and Signed Add 8

Syntax
op{cond}{Rd,} Rn, Rm

where:

op is any of:
SADD16 Performs two 16-bit signed integer additions.
SADDS8 Performs four 8-bit signed integer additions.

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

Rd is the destination register.

Rn is the first register holding the operand.

Rm is the second register holding the operand.

Operation

Use these instructions to perform a halfword or byte add in parallel:
The SADD16 instruction:

1. Adds each halfword from the first operand to the corresponding halfword of the second operand.
2.  Writes the result in the corresponding halfwords of the destination register.

The SADDS instruction:
1. Adds each byte of the first operand to the corresponding byte of the second operand.
Writes the result in the corresponding bytes of the destination register.
Restrictions
Do not use SP and do not use PC.
Condition Flags
These instructions do not change the flags.

Examples
SADD16 R1, RO ; Adds the halfwords in RO to the correspondi ng
; halfwords of Rl and wites to correspondi ng hal fword
; of RIL.

SADD8 R4, RO, R5 ; Adds bytes of RO to the corresponding byte in R5 and
; Wwites to the corresponding byte in R4.
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12.11.2.9 MPU Region Attribute and Size Register Alias 2

Name: MPU_RASR_A2

Access: Read/Write
31 30 29 28 27 26 25 24

I - I - I - XN - I AP |
23 22 21 20 19 18 17 16

| — | - | TEX | S C B |
15 14 13 12 11 10 9 8

| SRD |
7 6 5 4 3 2 1 0

| - | - | SIZE | ENABLE |

The MPU_RASR defines the region size and memory attributes of the MPU region specified by the MPU_RNR, and
enables that region and any subregions.

MPU_RASR is accessible using word or halfword accesses:
» The most significant halfword holds the region attributes.
 The least significant halfword holds the region size, and the region and subregion enable bits.

* XN: Instruction Access Disable
0: Instruction fetches enabled.
1: Instruction fetches disabled.

* AP: Access Permission
See Table 12-38.

* TEX, C, B: Memory Access Attributes
See Table 12-36.

* S: Shareable
See Table 12-36.

¢ SRD: Subregion Disable

For each bit in this field:

0: Corresponding subregion is enabled.
1: Corresponding subregion is disabled.
See “Subregions” for more information.

Region sizes of 128 bytes and less do not support subregions. When writing the attributes for such a region, write the SRD
field as 0x00.
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26.16.3 SMC Cycle Register

Name: SMC_CYCLE[0..3]

Address: 0x400E0008 [0], 0x400E0018 [1], 0x400E0028 [2], 0x400E0038 [3]

Access: Read/Write
31 30 29 28 27 26 25 24

| - | - | - - - — - NRD_CYCLE |
23 22 21 20 19 18 17 16

| NRD_CYCLE |
15 14 13 12 11 10 9 8

| - - - - - - - NWE_CYCLE |
7 6 5 4 3 2 1 0

| NWE_CYCLE |

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

* NWE_CYCLE: Total Write Cycle Length

The total write cycle length is the total duration in clock cycles of the write cycle. It is equal to the sum of the setup, pulse
and hold steps of the NWE and NCS signals. It is defined as:

Write cycle length = (NWE_CYCLE[8:7]*256 + NWE_CYCLE][6:0]) clock cycles

* NRD_CYCLE: Total Read Cycle Length

The total read cycle length is the total duration in clock cycles of the read cycle. It is equal to the sum of the setup, pulse
and hold steps of the NRD and NCS signals. It is defined as:

Read cycle length = (NRD_CYCLE[8:7]*256 + NRD_CYCLE[6:0]) clock cycles
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» Ready Mode: The NWAIT signal indicates the availability of the external device at the end of the pulse of the controlling
read or write signal, to complete the access. If high, the access normally completes. If low, the access is extended until
NWAIT returns high.

« TDF_CYCLES: Data Float Time

This field gives the integer number of clock cycles required by the external device to release the data after the rising edge
of the read controlling signal. The SMC always provide one full cycle of bus turnaround after the TDF_CYCLES period. The
external bus cannot be used by another chip select during TDF_CYCLES + 1 cycles. From 0 up to 15 TDF_CYCLES can
be set.

« TDF_MODE: TDF Optimization
0: TDF optimization is disabled.
— The number of TDF wait states is inserted before the next access begins.
1: TDF optimization is enabled.
— The number of TDF wait states is optimized using the setup period of the next read/write access.

¢ PMEN: Page Mode Enabled
0: Standard read is applied.
1: Asynchronous burst read in Page mode is applied on the corresponding chip select.

* PS: Page Size
If Page mode is enabled, this field indicates the size of the page in bytes.

Value Name Description
0 4 BYTE 4-byte page
1 8 BYTE 8-byte page
2 16_BYTE 16-byte page
3 32_BYTE 32-byte page
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29.3 Block Diagram

Figure 29-1. General Clock Block Diagram
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29.4 Master Clock Controller

The Master Clock Controller provides selection and division of the master clock (MCK). MCK is the source clockof
the peripheral clocks. The master clock is selected from one of the clocks provided by the Clock Generator.

Selecting the slow clock provides a slow clock signal to the whole device. Selecting the main clock saves power
consumption of the PLLs. The Master Clock Controller is made up of a clock selector and a prescaler.

The master clock selection is made by writing the CSS field (Clock Source Selection) in PMC_MCKR.
The prescaler supports the division by a power of 2 of the selected clock between 1 and 64, and the division by 3.
The PRES field in PMC_MCKR programs the prescaler.

Each time PMC_MCKR is written to define a new master clock, the MCKRDY bit is cleared in PMC_SR. It reads 0
until the master clock is established. Then, the MCKRDY bit is set and can trigger an interrupt to the processor.
This feature is useful when switching from a high-speed clock to a lower one to inform the software when the
change is actually done.
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Once all of the previous steps have been completed, the peripheral clocks can be enabled and/or disabled
via registers PMC_PCERO, PMC_PCER, PMC_PCDRO0 and PMC_PCDR.
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31.6.2 PIO Disable Register

Name: PIO_PDR

Address:  Ox400EOE04 (PIOA), 0x400E1004 (PIOB), 0x400E1204 (PIOC)

Access: Write-only
31 30 29 28 27 26 25 24

| P31 | P30 | P29 | P28 | P27 | P26 | P25 | P24 |
23 22 21 20 19 18 17 16

| P23 | P22 | P21 | P20 | P19 | P18 | P17 | P16 |
15 14 13 12 11 10 9 8

| P15 | P14 | P13 | P12 | P11 | P10 | P9 | P8 |
7 6 5 4 3 2 1 0

| P7 | P6 | P5 | P4 | P3 | P2 | P1 | PO |

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

» P0-P31: PIO Disable
0: No effect.

1: Disables the PIO from controlling the corresponding pin (enables peripheral control of the pin).

SAMA4S Series [DATASHEET 589
Atmel [ ]

Atmel-11100K-ATARM-SAM4S-Datasheet_09-Jun-15



31.6.16 PIO Interrupt Mask Register

Name: PIO_IMR

Address:  Ox400EOQE48 (PIOA), 0x400E1048 (PIOB), 0x400E1248 (PIOC)

Access: Read-only
31 30 29 28 27 26 25 24

| P31 | P30 | P29 | P28 | P27 | P26 | P25 | P24 |
23 22 21 20 19 18 17 16

| P23 | P22 | P21 | P20 | P19 | P18 | P17 | P16 |
15 14 13 12 11 10 9 8

| P15 | P14 | P13 | P12 | P11 | P10 | P9 | P8 |
7 6 5 4 3 2 1 0

| P7 | P6 | P5 | P4 | P3 | P2 | P1 | PO |

» PO-P31: Input Change Interrupt Mask
0: Input change interrupt is disabled on the 1/O line.

1: Input change interrupt is enabled on the I/O line.
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31.6.22 PIO Pull-Up Enable Register

Name: PIO_PUER

Address:  Ox400EOQE64 (PIOA), 0x400E1064 (PIOB), 0x400E1264 (PIOC)

Access: Write-only
31 30 29 28 27 26 25 24

| P31 | P30 | P29 | P28 | P27 | P26 | P25 | P24 |
23 22 21 20 19 18 17 16

| P23 | P22 | P21 | P20 | P19 | P18 | P17 | P16 |
15 14 13 12 11 10 9 8

| P15 | P14 | P13 | P12 | P11 | P10 | P9 | P8 |
7 6 5 4 3 2 1 0

| P7 | P6 | P5 | P4 | P3 | P2 | P1 | PO |

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

* PO0—P31: Pull-Up Enable
0: No effect.
1: Enables the pull-up resistor on the 1/O line.
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31.6.30 PIO Pad Pull-Down Disable Register

Name: PIO_PPDDR

Address: 0x400EOQE90 (PIOA), 0x400E1090 (PIOB), 0x400E1290 (PIOC)

Access: Write-only
31 30 29 28 27 26 25 24

| P31 | P30 | P29 | P28 | P27 | P26 | P25 | P24 |
23 22 21 20 19 18 17 16

| P23 | P22 | P21 | P20 | P19 | P18 | P17 | P16 |
15 14 13 12 11 10 9 8

| P15 | P14 | P13 | P12 | P11 | P10 | P9 | P8 |
7 6 5 4 3 2 1 0

| P7 | P6 | P5 | P4 | P3 | P2 | P1 | PO |

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

e PO-P31: Pull-Down Disable
0: No effect.
1: Disables the pull-down resistor on the 1/O line.
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32. Synchronous Serial Controller (SSC)

32.1 Description

The Synchronous Serial Controller (SSC) provides a synchronous communication link with external devices. It
supports many serial synchronous communication protocols generally used in audio and telecom applications
such as 12S, Short Frame Sync, Long Frame Sync, etc.

The SSC contains an independent receiver and transmitter and a common clock divider. The receiver and the
transmitter each interface with three signals: the TD/RD signal for data, the TK/RK signal for the clock and the
TF/RF signal for the Frame Sync. The transfers can be programmed to start automatically or on different events
detected on the Frame Sync signal.

The SSC high-level of programmability and its two dedicated PDC channels of up to 32 bits permit a continuous
high bit rate data transfer without processor intervention.
Featuring connection to two PDC channels, the SSC permits interfacing with low processor overhead to the
following:

e Codecs in master or slave mode

e DAC through dedicated serial interface, particularly 12S

e Magnetic card reader
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transfer either by writing a new Compare 0, or by receiving continuously until Compare 1 occurs. This selection is
done with the STOP bit in the SSC_RCMR.

32.8.7 Data Format

The data framing format of both the transmitter and the receiver are programmable through the Transmitter Frame
Mode Register (SSC_TFMR) and the Receiver Frame Mode Register (SSC_RFMR). In either case, the user can
independently select the following parameters:

e Event that starts the data transfer (START)

Delay in number of bit periods between the start event and the first data bit (STTDLY)
Length of the data (DATLEN)

Number of data to be transferred for each start event (DATNB)

Length of synchronization transferred for each start event (FSLEN)

e Bit sense: most or lowest significant bit first (MSBF)

Additionally, the transmitter can be used to transfer synchronization and select the level driven on the TD pin while
not in data transfer operation. This is done respectively by the Frame Sync Data Enable (FSDEN) and by the Data
Default Value (DATDEF) bits in SSC_TFMR.

Table 32-4. Data Frame Registers
Transmitter | Receiver Field Length Comment
SSC_TFMR | SSC_RFMR | DATLEN | Upto 32 Size of word
SSC_TFMR | SSC_RFMR | DATNB Upto 16 Number of words transmitted in frame
SSC_TFMR | SSC_RFMR | MSBF - Most significant bit first
SSC_TFMR | SSC_RFMR | FSLEN Up to 256 | Size of Synchro data register
SSC_TFMR | — EATDE Oor1l Data default value ended
SSC_TFMR | — FSDEN - Enable send SSC_TSHR
SSC_TCMR | SSC_RCMR | PERIOD | Upto 512 | Frame size
SSC_TCMR | SSC_RCMR | STTDLY | Upto 255 | Size of transmit start delay

Atmel
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34.7.4 Multi-master Mode

34.7.4.1 Definition

In Multi-master mode, more than one master may handle the bus at the same time without data corruption by using
arbitration.

Arbitration starts as soon as two or more masters place information on the bus at the same time, and stops
(arbitration is lost) for the master that intends to send a logical one while the other master sends a logical zero.

As soon as a master lose arbitration, it stops sending data and listens to the bus in order to detect a stop. When
the stop is detected, the master may put its data on the bus by performing arbitration.

Arbitration is illustrated in Figure 34-21.

34.7.4.2 Two Multi-master Modes
Two Multi-master modes may be distinguished:
1. TWIis considered as a master only and will never be addressed.

2.  TWI may be either a master or a slave and may be addressed.

Note:  Arbitration is supported in both Multi-master modes.
TWI as Master Only

In this mode, TWI is considered as a Master only (MSEN is always one) and must be driven like a Master with the
ARBLST (Arbitration Lost) flag in addition.

If arbitration is lost (ARBLST = 1), the user must reinitiate the data transfer.
If the user starts a transfer (ex.: DADR + START + W + Write in THR) and if the bus is busy, the TWI automatically
waits for a STOP condition on the bus to initiate the transfer (see Figure 34-20).

Note:  The state of the bus (busy or free) is not shown in the user interface.
TWI as Master or Slave

The automatic reversal from Master to Slave is not supported in case of a lost arbitration.
Then, in the case where TWI may be either a Master or a Slave, the user must manage the pseudo Multi-master
mode described in the steps below.
1. Program TWI in Slave mode (SADR + MSDIS + SVEN) and perform a slave access (if TWI is addressed).
2. Ifthe TWI has to be set in Master mode, wait until the TXCOMP flag is at 1.
3. Program the Master mode (DADR + SVDIS + MSEN) and start the transfer (ex: START + Write in THR).
4. As soon as the Master mode is enabled, the TWI scans the bus in order to detect if it is busy or free. When
the bus is considered free, TWI initiates the transfer.
5. As soon as the transfer is initiated and until a STOP condition is sent, the arbitration becomes relevant and
the user must monitor the ARBLST flag.
6. If the arbitration is lost (ARBLST is set to 1), the user must program the TWI in Slave mode in case the
Master that won the arbitration is required to access the TWI.
7. If the TWI has to be set in Slave mode, wait until TXCOMP flag is at 1 and then program the Slave mode.

Note: If the arbitration is lost and the TWI is addressed, the TWI will not acknowledge even if it is programmed in Slave mode
as soon as ARBLST is set to 1. Then the Master must repeat SADR.
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36.7 Universal Synchronous Asynchronous Receiver Transmitter (USART) User Interface

Table 36-15.  Register Mapping

Offset Register Name Access Reset
0x0000 Control Register US_CR Write-only -
0x0004 Mode Register US_MR Read/Write 0x0
0x0008 Interrupt Enable Register US_IER Write-only -
0x000C Interrupt Disable Register US_IDR Write-only -
0x0010 Interrupt Mask Register US_IMR Read-only 0x0
0x0014 Channel Status Register US_CSR Read-only 0x0
0x0018 Receive Holding Register US_RHR Read-only 0x0
0x001C Transmit Holding Register US_THR Write-only -
0x0020 Baud Rate Generator Register US_BRGR Read/Write 0x0
0x0024 Receiver Time-out Register US_RTOR Read/Write 0x0
0x0028 Transmitter Timeguard Register US_TTGR Read/Write 0x0
0x002C-0x003C | Reserved - - -
0x0040 FI DI Ratio Register US_FIDI Read/Write 0x174
0x0044 Number of Errors Register US_NER Read-only 0x0
0x0048 Reserved - - -
0x004C IrDA Filter Register US_IF Read/Write 0x0
0x0050 Manchester Configuration Register US_MAN Read/Write 0x30011004
0x0054-0x005C | Reserved - - -
0x0060—0x00EOQ Reserved - - -
Ox00E4 Write Protection Mode Register US_WPMR Read/Write 0x0
OxO0E8 Write Protection Status Register US_WPSR Read-only 0x0
O0XOOEC-0x00FC | Reserved - - -
0x0100-0x0128 Reserved for PDC Registers - - -
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¢ UNRE: Underrun Error (cleared by writing a one to bit US_CR.RSTSTA)
0: No SPI underrun error has occurred since the last RSTSTA.
1: At least one SPI underrun error has occurred since the last RSTSTA.

e TXBUFE: TX Buffer Empty (cleared by writing US_TCR or US_TNCR)
0: US_TCR or US_TNCR have a value other than 0“).
1: Both US_TCR and US_TNCR have a value of 0V,

¢ RXBUFF: RX Buffer Full (cleared by writing US_RCR or US_RNCR)
0: US_RCR or US_RNCR have a value other than 0V,

1: Both US_RCR and US_RNCR have a value of 0V,
Note: 1. US_RCR, US_RNCR, US_TCR and US_TNCR are PDC registers.
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39.3 Block Diagram

Figure 39-1. Pulse Width Modulation Controller Block Diagram
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39.4 1/0 Lines Description

Each channel outputs two complementary external 1/O lines.

Table 39-1. I/O Line Description

Name Description Type
PWMHXx PWM Waveform Output High for channel x Output
PWMLx PWM Waveform Output Low for channel x Output
PWMFIx PWM Fault Input x Input

39.5 Product Dependencies

39.5.1 1/O Lines

The pins used for interfacing the PWM are multiplexed with PIO lines. The programmer must first program the P1O
controller to assign the desired PWM pins to their peripheral function. If I/O lines of the PWM are not used by the
application, they can be used for other purposes by the PIO controller.
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Figure 39-5. Waveform Properties
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CHIDx(PWM_ISR)
CES(PWM_CMRXx) =1

Left Aligned
CALG(PWM_CMRx) =0
|

PWM_CCNTx

CPRD(PWM_CPRDX) -

CDTY(PWM_CDTYx) -

Output Waveform OCx
CPOL(PWM_CMRx) = 0

Output Waveform OCx
CPOL(PWM_CMRXx) = 1

Counter Event
CHIDX(PWM_ISR)
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49. Revision History

In the tables that follow, the most recent version of the document appears first.

Table 49-1. SAMA4S Datasheet Rev. 11100K Revision History

Doc. Date | Changes

“Features”: updated “Memories” section.

Added section “Safety Features Highlight”.

Section 8., “Memories”
09-Jun-15 | Added Section 8.1.3.4 “Error Code Correction (ECC)”.

Section 44., “Electrical Characteristics”

Added Table 44-24, “SAM4SD32/SA16/SD16 Typical Active Power Consumption with VDDCORE@ 1.2V running
from Flash Memory (AMP2) or SRAM”.

Table 49-2. SAMA4S Datasheet Rev. 11100J Revision History

Doc. Date Changes

“Features”: updated “System” and “Peripherals” sections

Section 2., “Block Diagram”
Updated Figures

Section 4., “Package and Pinout”

Modified AD13 and AD14 position in Table 4-2 “SAM4SD32/SD16/SA16/S16/S8/S4/S2 100-ball TFBGA Pinout” and
28-May-15 | Table 4-3 “SAM4SD32/SD16/SA16/S16/S8/S4/S2 100-ball VFBGA Pinout”

Section 44., “Electrical Characteristics”
Updated Table 44-41, “ADC Timing Characteristics”
Table 44-74, “AC Flash Characteristics”: added one “Endurance” value

Section 48., “Errata”
Section 48.1.5, “Low-power Mode” and Section 48.3.4, “Low-power Mode”: modified Workaround 2 (code example)
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Table 49-9. SAMA4S Datasheet Rev. 11100C 09-Jan-13 Revision History

Change

Doc. Rev. Request
11100C  |Comments Ref.

Introduction

In Section 2. “Block Diagram”, USB linked to Peripheral Bridge instead of AHB Bus Matrix in Figure 2-3, Figure 8386

2-4, Figure 3. and Figure 2-2.

Reference to the LPM bit removed in the whole datasheet. 8392

Flash rails mentioned in Section 5.1 “Power Supplies”. 8406

Section 9. “Real Time Event Management” created. 8439

WKUPJ[15:0] pins added on each block diagram in Section 2. “Block Diagram” and in Table 3-1, “Signal 8459

Description List”.

All diagrams updated with Real Time Events in Section 2. “Block Diagram”. 8484

JTAG and PA7 pins details added in Section 6.2.1 “Serial Wire JTAG Debug Port (SWJ-DP) Pins”. 8547

CORTEX

Section 12.8.3 “Nested Vectored Interrupt Controller (NVIC) User Interface”, offset information for NVIC register {g>14
mapping updated in Table 12-31 "Nested Vectored Interrupt Controller (NVIC) Register Mapping”.

Section 12.9.1 “System Control Block (SCB) User Interface”, deleted lines with MMFSR, BFSR, UFSR and
updated the note in Table 12-32, “System Control Block (SCB) Register Mapping”.

Table 12-34 "System Timer (SYST) Register Mapping”: table name updated (SysTick changed to SYST).

Harmonized instructions code fonts in Section 12.6 “Cortex-M4 Instruction Set”. Fixed various typos. 8343
RTT

RTC 1Hz calibrated clock feature added in Section 15.1 “Description”, Section 15.4 “Functional Description”

and in RTT_MR register, see Section 15.5.1 “Real-time Timer Mode Register”.

RTC

New bullet “Safety/security features” added in Section 16.2 “Embedded Characteristics”. 8544
WDT

Note added in Section 17.5.3 “Watchdog Timer Status Register”. 8128
SUPC

Offsets updated and SYSC_WPMR in Table 18-1 "System Controller Registers”. Section 18.4.9 “System 8253
Controller Write Protection Mode Register” added.

Force Wake Up Pin removed from Section 18.1 “Embedded Characteristics”. 8263

In Section 18.3.3 “Core Voltage Regulator Control/Backup Low-power Mode”, removed informations related to |8363, 8407
WFE and WFI, deleted reference to 1.8V for voltage regulator.

Figure 18-1 Block Diagram updated. 8515

EEFC

In Section 20.5.2 “EEFC Flash Command Register”, table added in FCMD bitfield, details added in table in 8352

FARG bhitfield.

Note concerning bit number limitation added in Section 20.4.3.5 “GPNVM Bit". 8390
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