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11.6.5.17  UASX and USAX

Add and Subtract with Exchange and Subtract and Add with Exchange.

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

where:

op is one of:

UASX Add and Subtract with Exchange.

USAX Subtract and Add with Exchange.

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

Rd is the destination register.

Rn, Rm are registers holding the first and second operands.

Operation

The UASX instruction:

1. Subtracts the top halfword of the second operand from the bottom halfword of the first operand.

2. Writes the unsigned result from the subtraction to the bottom halfword of the destination register.

3. Adds the top halfword of the first operand with the bottom halfword of the second operand.

4. Writes the unsigned result of the addition to the top halfword of the destination register.

The USAX instruction:

1. Adds the bottom halfword of the first operand with the top halfword of the second operand.

2. Writes the unsigned result of the addition to the bottom halfword of the destination register.

3. Subtracts the bottom halfword of the second operand from the top halfword of the first operand.

4. Writes the unsigned result from the subtraction to the top halfword of the destination register.

Restrictions

Do not use SP and do not use PC.

Condition Flags

These instructions do not affect the condition code flags.

Examples
UASX R0, R4, R5 ; Adds top halfword of R4 to bottom halfword of R5 and

; writes to top halfword of R0
 ; Subtracts bottom halfword of R5 from top halfword of R0
 ; and writes to bottom halfword of R0

USAX R7, R3, R2 ; Subtracts top halfword of R2 from bottom halfword of R3
 ; and writes to bottom halfword of R7
; Adds top halfword of R3 to bottom halfword of R2 and 

 ; writes to top halfword of R7.
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11.6.6 Multiply and Divide Instructions

The table below shows the multiply and divide instructions:

Table 11-21. Multiply and Divide Instructions

Mnemonic Description

MLA Multiply with Accumulate, 32-bit result

MLS Multiply and Subtract, 32-bit result

MUL Multiply, 32-bit result

SDIV Signed Divide

SMLA[B,T] Signed Multiply Accumulate (halfwords)

SMLAD, SMLADX Signed Multiply Accumulate Dual

SMLAL Signed Multiply with Accumulate (32x32+64), 64-bit result

SMLAL[B,T] Signed Multiply Accumulate Long (halfwords)

SMLALD, SMLALDX Signed Multiply Accumulate Long Dual

SMLAW[B|T] Signed Multiply Accumulate (word by halfword)

SMLSD Signed Multiply Subtract Dual

SMLSLD Signed Multiply Subtract Long Dual

SMMLA Signed Most Significant Word Multiply Accumulate

SMMLS, SMMLSR Signed Most Significant Word Multiply Subtract

SMUAD, SMUADX Signed Dual Multiply Add

SMUL[B,T] Signed Multiply (word by halfword)

SMMUL, SMMULR Signed Most Significant Word Multiply

SMULL Signed Multiply (32x32), 64-bit result

SMULWB, SMULWT Signed Multiply (word by halfword)

SMUSD, SMUSDX Signed Dual Multiply Subtract

UDIV Unsigned Divide

UMAAL
Unsigned Multiply Accumulate Accumulate Long 
(32x32+32+32), 64-bit result

UMLAL Unsigned Multiply with Accumulate (32x32+64), 64-bit result

UMULL Unsigned Multiply (32x32), 64-bit result
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11.9.1.9   System Handler Priority Register 1

Name: SCB_SHPR1

Access: Read-write

Reset: 0x000000000

• PRI_6: Priority

Priority of system handler 6, UsageFault.

• PRI_5: Priority

Priority of system handler 5, BusFault.

• PRI_4: Priority

Priority of system handler 4, MemManage.

31 30 29 28 27 26 25 24

–

23 22 21 20 19 18 17 16

PRI_6

15 14 13 12 11 10 9 8

PRI_5

7 6 5 4 3 2 1 0

PRI_4
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Little-endian memory

Memory in which:
a byte or halfword at a word-aligned address is the least significant byte or halfword within the word at 
that address, 
a byte at a halfword-aligned address is the least significant byte within the halfword at that address. 

See also “Big-endian memory” .

Load/store architecture A processor architecture where data-processing operations only operate on register contents, not 
directly on memory contents.

Memory Protection Unit 
(MPU)

Hardware that controls access permissions to blocks of memory. An MPU does not perform any 
address translation.

Prefetching In pipelined processors, the process of fetching instructions from memory to fill up the pipeline before 
the preceding instructions have finished executing. Prefetching an instruction does not mean that the 
instruction has to be executed.

Preserved Preserved by writing the same value back that has been previously read from the same field on the 
same processor.

Read Reads are defined as memory operations that have the semantics of a load. Reads include the Thumb 
instructions LDM, LDR, LDRSH, LDRH, LDRSB, LDRB, and POP.

Region A partition of memory space.

Reserved

A field in a control register or instruction format is reserved if the field is to be defined by the 
implementation, or produces Unpredictable results if the contents of the field are not zero. These fields 
are reserved for use in future extensions of the architecture or are implementation-specific. All 
reserved bits not used by the implementation must be written as 0 and read as 0.

Thread-safe
In a multi-tasking environment, thread-safe functions use safeguard mechanisms when accessing 
shared resources, to ensure correct operation without the risk of shared access conflicts.

Thumb instruction One or two halfwords that specify an operation for a processor to perform. Thumb instructions must be 
halfword-aligned.

Unaligned
A data item stored at an address that is not divisible by the number of bytes that defines the data size 
is said to be unaligned. For example, a word stored at an address that is not divisible by four.
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16.4 Functional Description

The Watchdog Timer can be used to prevent system lock-up if the software becomes trapped in a deadlock. It is
supplied with VDDCORE. It restarts with initial values on processor reset.

The Watchdog is built around a 12-bit down counter, which is loaded with the value defined in the field WDV of the
Mode Register (WDT_MR). The Watchdog Timer uses the Slow Clock divided by 128 to establish the maximum
Watchdog period to be 16 seconds (with a typical Slow Clock of 32.768 kHz).

After a Processor Reset, the value of WDV is 0xFFF, corresponding to the maximum value of the counter with the
external reset generation enabled (field WDRSTEN at 1 after a Backup Reset). This means that a default
Watchdog is running at reset, i.e., at power-up. The user must either disable it (by setting the WDDIS bit in
WDT_MR) if he does not expect to use it or must reprogram it to meet the maximum Watchdog period the
application requires.

If the watchdog is restarted by writing into the WDT_CR register, the WDT_MR register must not be programmed
during a period of time of 3 slow clock periods following the WDT_CR write access. In any case, programming a
new value in the WDT_MR register automatically initiates a restart instruction.

The Watchdog Mode Register (WDT_MR) can be written only once . Only a processor reset resets it. Writing the
WDT_MR register reloads the timer with the newly programmed mode parameters.

In normal operation, the user reloads the Watchdog at regular intervals before the timer underflow occurs, by
writing the Control Register (WDT_CR) with the bit WDRSTT to 1. The Watchdog counter is then immediately
reloaded from WDT_MR and restarted, and the Slow Clock 128 divider is reset and restarted. The WDT_CR
register is write-protected. As a result, writing WDT_CR without the correct hard-coded key has no effect. If an
underflow does occur, the “wdt_fault” signal to the Reset Controller is asserted if the bit WDRSTEN is set in the
Mode Register (WDT_MR). Moreover, the bit WDUNF is set in the Watchdog Status Register (WDT_SR). 

To prevent a software deadlock that continuously triggers the Watchdog, the reload of the Watchdog must occur
while the Watchdog counter is within a window between 0 and WDD, WDD is defined in the WatchDog Mode
Register WDT_MR.

Any attempt to restart the Watchdog while the Watchdog counter is between WDV and WDD results in a
Watchdog error, even if the Watchdog is disabled. The bit WDERR is updated in the WDT_SR and the “wdt_fault”
signal to the Reset Controller is asserted. 

Note that this feature can be disabled by programming a WDD value greater than or equal to the WDV value. In
such a configuration, restarting the Watchdog Timer is permitted in the whole range [0; WDV] and does not
generate an error. This is the default configuration on reset (the WDD and WDV values are equal).

The status bits WDUNF (Watchdog Underflow) and WDERR (Watchdog Error) trigger an interrupt, provided the bit
WDFIEN is set in the mode register. The signal “wdt_fault” to the reset controller causes a Watchdog reset if the
WDRSTEN bit is set as already explained in the reset controller programmer Datasheet. In that case, the
processor and the Watchdog Timer are reset, and the WDERR and WDUNF flags are reset.

If a reset is generated or if WDT_SR is read, the status bits are reset, the interrupt is cleared, and the “wdt_fault”
signal to the reset controller is deasserted.

Writing the WDT_MR reloads and restarts the down counter. 

While the processor is in debug state or in idle mode, the counter may be stopped depending on the value
programmed for the bits WDIDLEHLT and WDDBGHLT in the WDT_MR.
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19.4.3.3 Erase Commands

Erase commands are allowed only on unlocked regions. Depending on the Flash memory, several commands can
be used to erase the Flash:

 Erase all memory (EA): all memory is erased. The processor must not fetch code from the Flash memory.

 Erase pages (EPA): 4, 8, 16 or 32 pages are erased in the memory plane. The first page to be erased is 
specified in the FARG[15:2] field of the MC_FCR register. The first page number must be modulo 4, 8,16 or 
32 according to the number of pages to erase at the same time. The processor must not fetch code from the 
Flash memory.

 Erase Sector (ES): A full memory sector is erased. Sector size depends on the Flash memory. FARG must 
be set with a page number that is in the sector to be erased. The processor must not fetch code from the 
Flash memory.

The erase sequence is:

 Erase starts as soon as one of the erase commands and the FARG field are written in the Flash Command 
Register. 

̶ For the EPA command, the 2 lowest bits of the FARG field define the number of pages to be erased 
(FARG[1:0]): 

 When the programming completes, the FRDY bit in the Flash Programming Status Register (EEFC_FSR) 
rises. If an interrupt has been enabled by setting the FRDY bit in EEFC_FMR, the interrupt line of the NVIC 
is activated.

Two errors can be detected in the EEFC_FSR register after a programming sequence: 

 Command Error: a bad keyword has been written in the EEFC_FCR register.

 Lock Error: at least one page to be erased belongs to a locked region. The erase command has been 
refused, no page has been erased. A command must be run previously to unlock the corresponding region.

 Flash Error: at the end of the programming, the EraseVerify test of the Flash memory has failed.

19.4.3.4 Lock Bit Protection

Lock bits are associated with several pages in the embedded Flash memory plane. This defines lock regions in the
embedded Flash memory plane. They prevent writing/erasing protected pages. 

The lock sequence is:

 The Set Lock command (SLB) and a page number to be protected are written in the Flash Command 
Register.

 When the locking completes, the FRDY bit in the Flash Programming Status Register (EEFC_FSR) rises. If 
an interrupt has been enabled by setting the FRDY bit in EEFC_FMR, the interrupt line of the NVIC is 
activated.

 The result of the SLB command can be checked running a GLB (Get Lock Bit) command.

Note: The value of the FARG argument passed together with SLB command must not exceed the higher lock bit index 
available in the product.

One error can be detected in the EEFC_FSR register after a programming sequence:

 Command Error: a bad keyword has been written in the EEFC_FCR register.

Table 19-4. FARG Field for EPA command:

FARG[1:0] Number of pages to be erased with EPA command

0 4 pages

1 8 pages

2 16 pages

3 32 pages
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22. Bus Matrix (MATRIX)

22.1 Description

The Bus Matrix implements a multi-layer AHB that enables parallel access paths between multiple AHB masters
and slaves in a system, which increases the overall bandwidth. Bus Matrix interconnects 3 AHB Masters to 4 AHB
Slaves. The normal latency to connect a master to a slave is one cycle except for the default master of the
accessed slave which is connected directly (zero cycle latency). 

The Bus Matrix user interface also provides a Chip Configuration User Interface with Registers that allow to
support application specific features.

22.2 Embedded Characteristics

22.2.1 Matrix Masters 

The Bus Matrix of the SAM4N product manages 3 masters, which means that each master can perform an access
concurrently with others, to an available slave.

Each master has its own decoder, which is defined specifically for each master. In order to simplify the addressing,
all the masters have the same decodings.  

22.2.2 Matrix Slaves

The Bus Matrix of the SAM4N product manages 4 slaves. Each slave has its own arbiter, allowing a different
arbitration per slave.  

Table 22-1. List of Bus Matrix Masters

Master 0 Cortex-M4 Instruction/Data

Master 1 Cortex-M4 System 

Master 2 Peripheral DMA Controller (PDC)

Table 22-2. List of Bus Matrix Slaves

Slave 0 Internal SRAM

Slave 1 Internal ROM

Slave 2 Internal Flash

Slave 3 Peripheral Bridge
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25.16.16  PMC Fast Start-up Mode Register

Name: PMC_FSMR

Address: 0x400E0470

Access: Read-write 

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

• FSTT0 - FSTT15: Fast Start-up Input Enable 0 to 15

0 = The corresponding wake-up input has no effect on the Power Management Controller.

1 = The corresponding wake-up input enables a fast restart signal to the Power Management Controller.

• RTTAL: RTT Alarm Enable

0 = The RTT alarm has no effect on the Power Management Controller.

1 = The RTT alarm enables a fast restart signal to the Power Management Controller.

• RTCAL: RTC Alarm Enable

0 = The RTC alarm has no effect on the Power Management Controller.

1 = The RTC alarm enables a fast restart signal to the Power Management Controller.

• LPM: Low Power Mode

0 = The WaitForInterrupt (WFI) or the WaitForEvent (WFE) instruction of the processor makes the processor enter Sleep 
Mode.

1 = The WaitForEvent (WFE) instruction of the processor makes the system to enter in Wait Mode.

• FLPM: Flash Low Power Mode

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– FLPM LPM – – RTCAL RTTAL

15 14 13 12 11 10 9 8

FSTT15 FSTT14 FSTT13 FSTT12 FSTT11 FSTT10 FSTT9 FSTT8

7 6 5 4 3 2 1 0

FSTT7 FSTT6 FSTT5 FSTT4 FSTT3 FSTT2 FSTT1 FSTT0

Value Name Description

0 FLASH_STANDBY  Flash is in Standby Mode when system enters Wait Mode

1 FLASH_DEEP_POWERDOWN  Flash is in deep power down mode when system enters Wait Mode

2 FLASH_IDLE  idle mode
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25.16.19  PMC Write Protect Mode Register 

Name: PMC_WPMR

Address: 0x400E04E4

Access: Read-write

Reset: See Table 25-2

• WPEN: Write Protect Enable

0 = Disables the Write Protect if WPKEY corresponds to 0x504D43 (“PMC” in ASCII).

1 = Enables the Write Protect if WPKEY corresponds to 0x504D43 (“PMC” in ASCII).

Protects the registers:

“PMC System Clock Enable Register” 

“PMC System Clock Disable Register” 

“PMC Peripheral Clock Enable Register 0” 

“PMC Peripheral Clock Disable Register 0” 

“PMC Clock Generator Main Oscillator Register” 

“PMC Clock Generator PLLA Register” 

“PMC Master Clock Register” 

“PMC Programmable Clock Register” 

“PMC Fast Start-up Mode Register” 

“PMC Fast Start-up Polarity Register” 

“PMC Oscillator Calibration Register” 

• WPKEY: Write Protect KEY

31 30 29 28 27 26 25 24

WPKEY

23 22 21 20 19 18 17 16

WPKEY

15 14 13 12 11 10 9 8

WPKEY

7 6 5 4 3 2 1 0

– – – – – – – WPEN

Value Name Description

0x504D43 PASSWD
Writing any other value in this field aborts the write operation of the WPEN 
bit. Always reads as 0.
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27.7.8 PIO Input Filter Disable Register

Name: PIO_IFDR

Address: 0x400E0E24 (PIOA), 0x400E1024 (PIOB), 0x400E1224 (PIOC)

Access: Write-only 

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

• P0-P31: Input Filter Disable

0: No effect.

1: Disables the input glitch filter on the I/O line.

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 P0
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27.7.29 PIO Slow Clock Divider Debouncing Register

Name: PIO_SCDR

Address: 0x400E0E8C (PIOA), 0x400E108C (PIOB), 0x400E128C (PIOC)

Access: Read-write 

• DIV: Slow Clock Divider Selection for Debouncing

Tdiv_slclk = 2*(DIV+1)*Tslow_clock.

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – – – – –

15 14 13 12 11 10 9 8

– – DIV

7 6 5 4 3 2 1 0

DIV
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Figure 29-16. TWI Write Operation with Single Data Byte and Internal Address

BEGIN

Set TWI clock
(CLDIV, CHDIV, CKDIV) in TWI_CWGR

(Needed only once)

Set the Control register:
- Master enable

TWI_CR = MSEN + SVDIS

Set the Master Mode register:
- Device slave address (DADR)

- Internal address size (IADRSZ)
- Transfer direction bit

Write ==> bit MREAD = 0

Load transmit register
TWI_THR = Data to send

Read Status register

TXRDY = 1?

Read Status register

TXCOMP = 1?

Transfer finished

Set the internal address
TWI_IADR = address

Yes

Yes

No

No

Write STOP command
TWI_CR = STOP
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29.11.2 TWI Master Mode Register

Name: TWI_MMR

Address: 0x40018004 (0), 0x4001C004 (1), 0x40040004 (2)

Access: Read-write

Reset: 0x00000000

• IADRSZ: Internal Device Address Size

• MREAD: Master Read Direction

0 = Master write direction. 

1 = Master read direction.

• DADR: Device Address

The device address is used to access slave devices in read or write mode. Those bits are only used in Master mode.

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– DADR

15 14 13 12 11 10 9 8

– – – MREAD – – IADRSZ

7 6 5 4 3 2 1 0

– – – – – – – –

Value Name Description

0 NONE No internal device address

1 1_BYTE One-byte internal device address

2 2_BYTE Two-byte internal device address

3 3_BYTE Three-byte internal device address
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30.6 Universal Asynchronous Receiver Transmitter (UART) User Interface  

Table 30-3. Register Mapping

Offset Register Name Access Reset

0x0000 Control Register UART_CR Write-only –

0x0004 Mode Register UART_MR Read-write 0x0

0x0008 Interrupt Enable Register UART_IER Write-only –

0x000C Interrupt Disable Register UART_IDR Write-only –

0x0010 Interrupt Mask Register UART_IMR Read-only 0x0

0x0014 Status Register UART_SR Read-only –

0x0018 Receive Holding Register UART_RHR Read-only 0x0

0x001C Transmit Holding Register UART_THR Write-only –

0x0020 Baud Rate Generator Register UART_BRGR Read-write 0x0

0x0024 - 0x003C Reserved – – –

0x004C - 0x00FC Reserved – – –

0x0100 - 0x0124 Reserved for PDC registers – – –
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Figure 31-28. SPI Transfer Format (CPHA=1, 8 bits per transfer)

Figure 31-29. SPI Transfer Format (CPHA=0, 8 bits per transfer)

31.7.7.4 Receiver and Transmitter Control

See “Receiver and Transmitter Control” on page 606.
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31.7.7.5 Character Transmission

The characters are sent by writing in the Transmit Holding Register (US_THR). An additional condition for
transmitting a character can be added when the USART is configured in SPI master mode. In the USART_MR
register, the value configured on INACK field can prevent any character transmission (even if US_THR has been
written) while the receiver side is not ready (character not read). When WRDBT equals 0, the character is
transmitted whatever the receiver status. If WRDBT is set to 1, the transmitter waits for the receiver holding
register to be read before transmitting the character (RXRDY flag cleared), thus preventing any overflow
(character loss) on the receiver side.

The transmitter reports two status bits in the Channel Status Register (US_CSR): TXRDY (Transmitter Ready),
which indicates that US_THR is empty and TXEMPTY, which indicates that all the characters written in US_THR
have been processed. When the current character processing is completed, the last character written in US_THR
is transferred into the Shift Register of the transmitter and US_THR becomes empty, thus TXRDY rises.

Both TXRDY and TXEMPTY bits are low when the transmitter is disabled. Writing a character in US_THR while
TXRDY is low has no effect and the written character is lost.

If the USART is in SPI Slave Mode and if a character must be sent while the Transmit Holding Register (US_THR)
is empty, the UNRE (Underrun Error) bit is set. The TXD transmission line stays at high level during all this time.
The UNRE bit is cleared by writing the Control Register (US_CR) with the RSTSTA (Reset Status) bit to 1.

In SPI Master Mode, the slave select line (NSS) is asserted at low level 1 Tbit (Time bit) before the transmission of
the MSB bit and released at high level 1 Tbit after the transmission of the LSB bit. So, the slave select line (NSS)
is always released between each character transmission and a minimum delay of 3 Tbits always inserted.
However, in order to address slave devices supporting the CSAAT mode (Chip Select Active After Transfer), the
slave select line (NSS) can be forced at low level by writing the Control Register (US_CR) with the RTSEN bit to 1.
The slave select line (NSS) can be released at high level only by writing the Control Register (US_CR) with the
RTSDIS bit to 1 (for example, when all data have been transferred to the slave device).

In SPI Slave Mode, the transmitter does not require a falling edge of the slave select line (NSS) to initiate a
character transmission but only a low level. However, this low level must be present on the slave select line (NSS)
at least 1 Tbit before the first serial clock cycle corresponding to the MSB bit.

31.7.7.6 Character Reception

When a character reception is completed, it is transferred to the Receive Holding Register (US_RHR) and the
RXRDY bit in the Status Register (US_CSR) rises. If a character is completed while RXRDY is set, the OVRE
(Overrun Error) bit is set. The last character is transferred into US_RHR and overwrites the previous one. The
OVRE bit is cleared by writing the Control Register (US_CR) with the RSTSTA (Reset Status) bit to 1. 

To ensure correct behavior of the receiver in SPI Slave Mode, the master device sending the frame must ensure a
minimum delay of 1 Tbit between each character transmission. The receiver does not require a falling edge of the
slave select line (NSS) to initiate a character reception but only a low level. However, this low level must be
present on the slave select line (NSS) at least 1 Tbit before the first serial clock cycle corresponding to the MSB
bit.

31.7.7.7 Receiver Timeout

Because the receiver baudrate clock is active only during data transfers in SPI Mode, a receiver timeout is
impossible in this mode, whatever the Time-out value is (field TO) in the Time-out Register (US_RTOR).

31.7.8 Test Modes

The USART can be programmed to operate in three different test modes. The internal loopback capability allows
on-board diagnostics. In the loopback mode the USART interface pins are disconnected or not and reconfigured
for loopback internally or externally. 
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31.8.9  USART Interrupt Mask Register

Name:  US_IMR

Address: 0x40024010 (0), 0x40028010 (1), 0x4002C010 (2)

Access:  Read-only

For SPI specific configuration, see “USART Interrupt Mask Register (SPI_MODE)” on page 643.

• RXRDY: RXRDY Interrupt Mask

• TXRDY: TXRDY Interrupt Mask

• RXBRK: Receiver Break Interrupt Mask

• ENDRX: End of Receive Transfer Interrupt Mask (available in all USART modes of operation)

• ENDTX: End of Transmit Interrupt Mask (available in all USART modes of operation)

• OVRE: Overrun Error Interrupt Mask

• FRAME: Framing Error Interrupt Mask

• PARE: Parity Error Interrupt Mask

• TIMEOUT: Time-out Interrupt Mask

• TXEMPTY: TXEMPTY Interrupt Mask

• ITER: Max Number of Repetitions Reached Interrupt Mask

• TXBUFE: Buffer Empty Interrupt Mask (available in all USART modes of operation)

• RXBUFF: Buffer Full Interrupt Mask (available in all USART modes of operation)

• NACK: Non AcknowledgeInterrupt Mask

• CTSIC: Clear to Send Input Change Interrupt Mask

0: The corresponding interrupt is not enabled.

1: The corresponding interrupt is enabled.

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – CTSIC – – – 

15 14 13 12 11 10 9 8

– – NACK RXBUFF TXBUFE ITER TXEMPTY TIMEOUT

7 6 5 4 3 2 1 0

PARE FRAME OVRE ENDTX ENDRX RXBRK TXRDY RXRDY
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32.6.13 External Event/Trigger Conditions

An external event can be programmed to be detected on one of the clock sources (XC0, XC1, XC2) or TIOB. The
external event selected can then be used as a trigger. 

The EEVT parameter in TC_CMR selects the external trigger. The EEVTEDG parameter defines the trigger edge
for each of the possible external triggers (rising, falling or both). If EEVTEDG is cleared (none), no external event
is defined.

If TIOB is defined as an external event signal (EEVT = 0), TIOB is no longer used as an output and the compare
register B is not used to generate waveforms and subsequently no IRQs. In this case the TC channel can only
generate a waveform on TIOA.

When an external event is defined, it can be used as a trigger by setting bit ENETRG in the TC_CMR.

As in Capture mode, the SYNC signal and the software trigger are also available as triggers. RC Compare can
also be used as a trigger depending on the parameter WAVSEL.

32.6.14 Output Controller

The output controller defines the output level changes on TIOA and TIOB following an event. TIOB control is used
only if TIOB is defined as output (not as an external event).

The following events control TIOA and TIOB: software trigger, external event and RC compare. RA compare
controls TIOA and RB compare controls TIOB. Each of these events can be programmed to set, clear or toggle the
output as defined in the corresponding parameter in TC_CMR.

32.6.15 Quadrature Decoder

32.6.15.1 Description

The quadrature decoder (QDEC) is driven by TIOA0, TIOB0, TIOB1 input pins and drives the timer/counter of
channel 0 and 1. Channel 2 can be used as a time base in case of speed measurement requirements (refer to
Figure 32-16).

When writing a 0 to bit QDEN of the TC_BMR, the QDEC is bypassed and the IO pins are directly routed to the
timer counter function. See 

TIOA0 and TIOB0 are to be driven by the two dedicated quadrature signals from a rotary sensor mounted on the
shaft of the off-chip motor.

A third signal from the rotary sensor can be processed through pin TIOB1 and is typically dedicated to be driven by
an index signal if it is provided by the sensor. This signal is not required to decode the quadrature signals PHA,
PHB.

Field TCCLKS of TC_CMRx must be configured to select XC0 input (i.e., 0x101). Field TC0XC0S has no effect as
soon as the QDEC is enabled.

Either speed or position/revolution can be measured. Position channel 0 accumulates the edges of PHA, PHB
input signals giving a high accuracy on motor position whereas channel 1 accumulates the index pulses of the
sensor, therefore the number of rotations. Concatenation of both values provides a high level of precision on
motion system position.

In Speed mode, position cannot be measured but revolution can be measured.

Inputs from the rotary sensor can be filtered prior to down-stream processing. Accommodation of input polarity,
phase definition and other factors are configurable.

Interruptions can be generated on different events.

A compare function (using TC_RC) is available on channel 0 (speed/position) or channel 1 (rotation) and can
generate an interrupt by means of the CPCS flag in the TC_SRx.
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33.6.3.4 Interrupts

Depending on the interrupt mask in the PWM_IMR register, an interrupt is generated at the end of the
corresponding channel period. The interrupt remains active until a read operation in the PWM_ISR register occurs.

A channel interrupt is enabled by setting the corresponding bit in the PWM_IER register. A channel interrupt is
disabled by setting the corresponding bit in the PWM_IDR register. 
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34.7.5 ADC Channel Enable Register 

Name: ADC_CHER

Address: 0x40038010

Access: Write-only 

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

• CHx: Channel x Enable

0 = No effect.

1 = Enables the corresponding channel.

Note: If USEQ = 1 in the ADC_MR register, CHx corresponds to the xth channel of the sequence described in ADC_SEQR1 and 
ADC_SEQR2.

31 30 29 28 27 26 25 24

– – – – – – – –

23 22 21 20 19 18 17 16

– – – – – – – CH16

15 14 13 12 11 10 9 8

CH15 CH14 CH13 CH12 CH11 CH10 CH9 CH8

7 6 5 4 3 2 1 0

CH7 CH6 CH5 CH4 CH3 CH2 CH1 CH0
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