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12.6.5 General Data Processing Instructions

The table below shows the data processing instructions.

Table 12-20. Data Processing Instructions

Mnemonic Description

ADC Add with Carry

ADD Add

ADDW Add

AND Logical AND

ASR Arithmetic Shift Right

BIC Bit Clear

CLz Count leading zeros

CMN Compare Negative

CMP Compare

EOR Exclusive OR

LSL Logical Shift Left

LSR Logical Shift Right

MOV Move

MOVT Move Top

MOVW Move 16-bit constant

MVN Move NOT

ORN Logical OR NOT

ORR Logical OR

RBIT Reverse Bits

REV Reverse byte order in a word

REV16 Reverse byte order in each halfword
REVSH Reverse byte order in bottom halfword and sign extend
ROR Rotate Right

RRX Rotate Right with Extend

RSB Reverse Subtract

SADD16 Signed Add 16

SADDS8 Signed Add 8

SASX Signed Add and Subtract with Exchange
SSAX Signed Subtract and Add with Exchange
SBC Subtract with Carry

SHADD16 Signed Halving Add 16

SHADDS Signed Halving Add 8

SHASX Signed Halving Add and Subtract with Exchange
SHSAX Signed Halving Subtract and Add with Exchange
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— If the instruction is conditional, it must be the last instruction in the IT block

e With the exception of the ADD{cond} PC, PC, Rm instruction, Rn can be PC only in ADD and SUB, and only
with the additional restrictions:

—  The user must not specify the S suffix
—  The second operand must be a constant in the range 0 to 4095.

— Note: When using the PC for an addition or a subtraction, bits[1:0] of the PC are rounded to O0b00
before performing the calculation, making the base address for the calculation word-aligned.

— Note: To generate the address of an instruction, the constant based on the value of the PC must be
adjusted. ARM recommends to use the ADR instruction instead of ADD or SUB with Rn equal to the
PC, because the assembler automatically calculates the correct constant for the ADR instruction.

When Rd is PC in the ADD{cond} PC, PC, Rm instruction:
e  Bit[0] of the value written to the PC is ignored
e A branch occurs to the address created by forcing bit[0] of that value to 0.

Condition Flags
If s is specified, these instructions update the N, Z, C and V flags according to the result.

Examples
ADD R2, R1, R3 ; Sets the flags on the result
SUBS R8, R6, #240 ; Subtracts contents of R4 from 1280
RSB R4, R4, #1280 ; Only executed if Cflag set and Z
ADCHI R11, RO, R3 ; flag clear.

Multiword Arithmetic Examples

The example below shows two instructions that add a 64-bit integer contained in R2 and R3 to another 64-bit
integer contained in RO and R1, and place the result in R4 and R5.

64-bit Addition Example
ADDS R4, RO, R2 ; add the | east significant words
ADC R5, R1, R3 ; add the nost significant words with carry

Multiword values do not have to use consecutive registers. The example below shows instructions that subtract a
96-bit integer contained in R9, R1, and R11 from another contained in R6, R2, and R8. The example stores the
result in R6, R9, and R2.

96-bit Subtraction Example

SUBS R6, R6, RO ; subtract the least significant words
SBCS R9, R2, R1 ; Subtract the middle words with carry
SBC R2, R8, Rl1 ; subtract the nost significant words with carry

12.6.5.2 AND, ORR, EOR, BIC, and ORN
Logical AND, OR, Exclusive OR, Bit Clear, and OR NOT.

Syntax
op{S}{cond} {Rd,} Rn, Operand2

where:
op is one of:
AND logical AND.
ORR logical OR, or bit set.
EOR logical Exclusive OR.
BIC logical AND NOT, or bit clear.
ORN logical OR NOT.
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12.11.2.11 MPU Region Attribute and Size Register Alias 3

Name: MPU_RASR_A3

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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« WDDBGHLT: Watchdog Debug Halt
0: The watchdog runs when the processor is in debug state.
1: The watchdog stops when the processor is in debug state.

« WDIDLEHLT: Watchdog Idle Halt
0: The watchdog runs when the system is in idle mode.

1: The watchdog stops when the system is in idle state.
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23.7.5 CRCCU DMA Interrupt Enable Register

Name: CRCCU_DMA_IER

Address: 0x40044014

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

. - rr - - - r - r - ¢ - [ - 1}
23 22 21 20 19 18 17 16

. - r - ¢ - - r - r - ¢ - [ - 1]
15 14 13 12 11 10 9 8

. - r - ¢ - - r -+ - ¢ - [ - 1}
7 6 5 4 3 2 1 0

| - | - | - | - | - | - | - | OMAER |

 DMAIER: Interrupt Enable
0: No effect
1: Enable interrupt
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Figure 26-22. TDF Mode = 0: TDF wait states between read and write accesses on the same chip select
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26.13 External Wait

Any access can be extended by an external device using the NWAIT input signal of the SMC. The EXNW_MODE
field of the SMC_MODE register on the corresponding chip select must be set either to “10” (Frozen mode) or “11”
(Ready mode). When the EXNW_MODE is set to “00” (disabled), the NWAIT signal is simply ignored on the
corresponding chip select. The NWAIT signal delays the read or write operation in regards to the read or write
controlling signal, depending on the Read and Write modes of the corresponding chip select.

26.13.1 Restriction

When one of the EXNW_MODE is enabled, it is mandatory to program at least one hold cycle for the
read/write controlling signal. For that reason, the NWAIT signal cannot be used in Page mode (Section
26.15 "Asynchronous Page Mode”), or in Slow clock mode (Section 26.14 " Slow Clock Mode™).

The NWAIT signal is assumed to be a response of the external device to the read/write request of the SMC. Then
NWAIT is examined by the SMC only in the pulse state of the read or write controlling signal. The assertion of the
NWAIT signal outside the expected period has no impact on SMC behavior.
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29.17.3 PMC System Clock Status Register

Name: PMC_SCSR

Address: 0x400E0408

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

. - r - ¢ - - [ - [ - /| - -]
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

| - | - | - | - | - | PCK2 | PCK1 | PCKO |
7 6 5 4 3 2 1 0

[ UDP | - - - °r - | - - [ - ]

UDP: USB Device Port Clock Status
0: The 48 MHz clock (UDPCK) of the USB Device Port is disabled.
1: The 48 MHz clock (UDPCK) of the USB Device Port is enabled.

PCKXx: Programmable Clock x Output Status
0: The corresponding Programmable Clock output is disabled.
1: The corresponding Programmable Clock output is enabled.
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31.6.33 PIO Output Write Enable Register

Name: PIO_OWER

Address:  Ox400EOEAOQ (PIOA), 0x400E10A0 (PIOB), 0x400E12A0 (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: Output Write Enable
0: No effect.
1: Enables writing PIO_ODSR for the 1/O line.
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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.

SAMA4S Series [DATASHEET 735
Atmel [ ]

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



» ARBLST: Arbitration Lost (cleared on read)

This bit is only used in Master mode.

0: Arbitration won.

1: Arbitration lost. Another master of the TWI bus has won the multi-master arbitration. TXCOMP is set at the same time.

¢ SCLWS: Clock Wait State
This bit is only used in Slave mode.
0: The clock is not stretched.

1: The clock is stretched. TWI_THR / TWI_RHR buffer is not filled / emptied before transmission / reception of a new
character.

SCLWS behavior can be seen in Figure 34-27 and Figure 34-28.

e EOSACC: End Of Slave Access (cleared on read)

This bit is only used in Slave mode.

0: A slave access is being performed.

1: The Slave access is finished. End Of Slave Access is automatically set as soon as SVACC is reset.
EOSACC behavior can be seen in Figure 34-29 and Figure 34-30.

« ENDRX: End of RX buffer (cleared by writing TWI_RCR or TWI_RNCR)
0: The Receive Counter Register has not reached 0 since the last write in TWI_RCR or TWI_RNCR.
1: The Receive Counter Register has reached 0 since the last write in TWI_RCR or TWI_RNCR.

« ENDTX: End of TX buffer (cleared by writing TWI_TCR or TWI_TNCR)
0: The Transmit Counter Register has not reached 0 since the last write in TWI_TCR or TWI_TNCR.
1: The Transmit Counter Register has reached 0 since the last write in TWI_TCR or TWI_TNCR.

* RXBUFF: RX Buffer Full (cleared by writing TWI_RCR or TWI_RNCR)
0: TWI_RCR or TWI_RNCR have a value other than 0.
1: Both TWI_RCR and TWI_RNCR have a value of 0.

e TXBUFE: TX Buffer Empty (cleared by writing TWI_TCR or TWI_TNCR)
0: TWI_TCR or TWI_TNCR have a value other than O.
1: Both TWI_TCR and TWI_TNCR have a value of 0.
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34.8.10 TWI Receive Holding Register

Name: TWI_RHR

Address: 0x40018030 (0), 0x4001C030 (1)

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

. - r - r - -+ -1 - ¢ - [ - |
23 22 21 20 19 18 17 16

I - I - - - I - I - - I - |
15 14 13 12 11 10 9 8

. - r - r -+ -+ - 1 - ¢ - [ - |
7 6 5 4 3 2 1 0

| RXDATA |

» RXDATA: Master or Slave Receive Holding Data
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36.7.8 USART Interrupt Disable Register (SPI_MODE)

Name: US_IDR (SPI_MODE)

Address: 0x4002400C (0), 0x4002800C (1)

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

. - r - r - -+ -1 - ¢ - [ - |
23 22 21 20 19 18 17 16

L - -+ - ¢ - | - [ - | - - ]
15 14 13 12 11 10 9 8

| - | - | - | RXBUFF | TXBUFE | UNRE | TXEMPTY | - |
7 6 5 4 3 2 1 0

| - | - | OVRE | ENDTX | ENDRX | — | TXRDY | RXRDY |

This configuration is relevant only if USART_MODE = OxE or OxF in the USART Mode Register.
The following configuration values are valid for all listed bit names of this register:
0: No effect

1: Disables the corresponding interrupt.

 RXRDY: RXRDY Interrupt Disable

e TXRDY: TXRDY Interrupt Disable

« ENDRX: End of Receive Buffer Transfer Interrupt Disable
e ENDTX: End of Transmit Buffer Interrupt Disable

e OVRE: Overrun Error Interrupt Disable

e TXEMPTY: TXEMPTY Interrupt Disable

e UNRE: SPI Underrun Error Interrupt Disable

e TXBUFE: Transmit Buffer Empty Interrupt Disable

* RXBUFF: Receive Buffer Full Interrupt Disable
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36.7.19 USART Number of Errors Register

Name: US_NER

Address: 0x40024044 (0), 0x40028044 (1)

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

. - r - ¢ - - - ¢ - ¢ - [ - 1}
23 22 21 20 19 18 17 16

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

. - r - ¢ - - - rr - ¢ - [ - /]
7 6 5 4 3 2 1 0

| NB_ERRORS |

This register is relevant only if USART_MODE = 0x4 or 0x6 in the USART Mode Register.

* NB_ERRORS: Number of Errors
Total number of errors that occurred during an 1ISO7816 transfer. This register automatically clears when read.
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37.7.5 TC Counter Value Register
Name: TC_CVx [x=0..2]

Address:  0x40010010 (0)[0], 0x40010050 (0)[1], 0x40010090 (0)[2], 0x40014010 (1)[0], 0x40014050 (1)[1],
0x40014090 (1)[2]

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

I cv |
23 22 21 20 19 18 17 16

I cv |
15 14 13 12 11 10 9 8

I cv |
7 6 5 4 3 2 1 0

I cv |

¢ CV: Counter Value
CV contains the counter value in real time.
IMPORTANT: For 16-bit channels, CV field size is limited to register bits 15:0.
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37.7.14 TC Block Mode Register

Name: TC_BMR

Address: 0x400100C4 (0), 0x400140C4 (1)

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

| - [ - | - - [ - [ - MAXFILT |
23 22 21 20 19 18 17 16

| MAXFILT | - | — IDXPHB | SWAP |
15 14 13 12 11 10 9 8

| INVIDX | INVB | INVA EDGPHA | QDTRANS | SPEEDEN POSEN | QDEN |
7 6 5 4 3 2 1 0

| TC1XC1S TCOXCO0S |

| TC2XC2S

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

e TCOXCOS: External C

lock Signal 0 Selection

Value Name Description
0 TCLKO Signal connected to XCO: TCLKO
1 - Reserved
2 TIOAL Signal connected to XCO: TIOA1
3 TIOA2 Signal connected to XCO: TIOA2
» TC1XC1S: External Clock Signal 1 Selection
Value Name Description
0 TCLK1 Signal connected to XC1: TCLK1
1 - Reserved
2 TIOAO Signal connected to XC1: TIOAO
3 TIOA2 Signal connected to XC1: TIOA2
e TC2XC2S: External Clock Signal 2 Selection
Value Name Description
0 TCLK2 Signal connected to XC2: TCLK2
1 - Reserved
2 TIOAO Signal connected to XC2: TIOAO
3 TIOAl Signal connected to XC2: TIOA1

» QDEN: Quadrature Decoder Enabled

0: Disabled.

1. Enables the QDEC (filter, edge detection and quadrature decoding).

Quadrature decoding (direction change) can be disabled using QDTRANS bit.

Atmel
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Figure 38-8.

Note: 1.

Atmel

Read Functional Flow Diagram

Send SELECT/DESELECT_CARD
command® to select the card

Send SET_BLOCKLEN command®

No

Yes

Read with PDC

Reset the PDCMODE bit
HSMCI_MR &= ~PDCMODE
Set the block length (in bytes)

HSMCI_BLKR |= (BlockLength <<16)

Set the PDCMODE bit

HSMCI_MR |= PDCMODE

Set the block length (in bytes)
HSMCI_BLKR |= (BlockLength << 16)

Send READ_SINGLE_BLOCK
command®

Configure the PDC channel
HSMCI_RPR = Data Buffer Address
HSMCI_RCR = BlockLength/4
HSMCI_PTCR = RXTEN

Number of words to read = BlockLength/4

Number of words to read =0 ?

Send READ_SINGLE_BLOCK
command®

Read status register HSMCI_SR

Read status register HSMCI_SR

Poll the bit
RXRDY = 0?

Yes

Read data = HSMCI_RDR

Number of words to read =
Number of words to read -1

RETURN

Poll the bit
ENDRX = 0?

RETURN

It is assumed that this command has been correctly sent (see Figure 38-7).
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Figure 38-10. Multiple Write Functional Flow Diagram

Send SELECT/DESELECT_CARD
command® to select the card

Send SET_BLOCKLEN command®

Set the PDCMODE bit

HSMCI_MR |= PDCMODE

Set the block length

HSMCI_BLKR |= (BlockLength << 16)

Configure the PDC channel
HSMCI_TPR = Data Buffer Address
HSMCI_TCR = BlockLength/4

Send WRITE_MULTIPLE_BLOCK
command®

HSMCI_PTCR = TXTEN

Read status register HSMCI_SR

Poll the bit Yes

BLKE =07?

Send STOP_TRANSMISSION
command®

Yes

Poll the bit
NOTBUSY =0?

RETURN

Note: 1. Itis assumed that this command has been correctly sent (see Figure 38-7).

38.9 SD/SDIO Card Operation

The High Speed MultiMedia Card Interface allows processing of SD Memory (Secure Digital Memory Card) and
SDIO (SD Input Output) Card commands.

SD/SDIO cards are based on the MultiMedia Card (MMC) format, but are physically slightly thicker and feature
higher data transfer rates, a lock switch on the side to prevent accidental overwriting and security features. The
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38.14.4 HSMCI SDCard/SDIO Register

Name: HSMCI_SDCR

Address: 0x4000000C

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

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

I - I - - - I - I - - I - |
15 14 13 12 11 10 9 8

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

| SDCBUS | - | - | — | - | SDCSEL |

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

 SDCSEL: SDCard/SDIO Slot

Value Name Description
0 SLOTA | Slot A is selected.
1 SLOTB -
2 SLOTC | —
3 SLOTD | —

» SDCBUS: SDCard/SDIO Bus Width

Value Name Description

0 1 1 bit

1 - Reserved
2 4 4 bits

3 8 8 bits
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39.7.11 PWM Sync Channels Update Period Register

Name: PWM_SCUP

Address: 0x4002002C

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

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

I - I - I - I - I - I - I - I - |
15 14 13 12 11 10 9 8

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

| UPRCNT | UPR |

* UPR: Update Period

Defines the time between each update of the synchronous channels if automatic trigger of the update is activated
(UPDM =1 or UPDM = 2 in PWM Sync Channels Mode Register). This time is equal to UPR+1 periods of the synchronous
channels.

» UPRCNT: Update Period Counter
Reports the value of the update period counter.
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Note: 1. For output signals (TF, TD, RF), Min and Max access times are defined. The Min access time is the time between the TK (or
RK) edge and the signal change. The Max access time is the time between the TK edge and the signal stabilization. Figure
44-34 illustrates Min and Max accesses for SSC,,. This also applies for SSC,, SSC,, and SSC,, SSC;, and SSC,.

Figure 44-34. Min and Max Access Time of Output Signals

TK (CKI = 1) \I

R S N

TK (CKI = 0)
SSC()min
SSComax |l
TF/TD

Atmel

SAM4S Series [DATASHEET] 1193

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



