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2. The three TCC instances have different configurations, including the number of Waveform Output
(WO) lines.
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13.7.12. Peripheral Write Protection Status B
Writing to this register has no effect.

Reading STATUS register returns peripheral write protection status:

Value Description

0 Peripheral is not write protected.

1 Peripheral is write protected.

Name:  STATUSB
Offset:  0x38
Reset:  0x000000
Property:
 

–

Bit 31 30 29 28 27 26 25 24  
          

Access  
Reset  

Bit 23 22 21 20 19 18 17 16  
          

Access  
Reset  

Bit 15 14 13 12 11 10 9 8  
          

Access  
Reset  

Bit 7 6 5 4 3 2 1 0  
    HMATRIXHS MTB NVMCTRL DSU USB  

Access R R R R R  
Reset 0 0 0 0 0  

Bit 4 – HMATRIXHS: Peripheral HMATRIXHS Write Protection Status

Bit 3 – MTB: Peripheral MTB Write Protection Status

Bit 2 – NVMCTRL: Peripheral NVMCTRLWrite Protection Status

Bit 1 – DSU: Peripheral DSU Write Protection Status

Bit 0 – USB: Peripheral USB Write Protection Status
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19.4. Signal Description

Signal Name Type Description

RESET Digital input External reset

EXTWAKE[7:0] Digital input External wakeup for backup mode

One signal can be mapped on several pins.

Related Links
I/O Multiplexing and Considerations on page 30

19.5. Product Dependencies
In order to use this peripheral, other parts of the system must be configured correctly, as described below.

19.5.1. I/O Lines
Using the External Wake-up Lines requires the I/O pins to be configured in input mode before entering
backup mode. External Wake-up function is active only in backup mode.

Caution:  The EXTWAKE pins can not wake up the device after it has entered Battery Backup
Mode, as the I/O pin configuration is lost in this mode.

19.5.2. Power Management
The Reset Controller module is always on.

19.5.3. Clocks
The RSTC bus clock (CLK_RSTC_APB) can be enabled and disabled in the Main Clock Controller.

A 32KHz clock is required to clock the RSTC if the debounce counter of the external wake-up detector is
used.

Related Links
MCLK – Main Clock on page 154
Peripheral Clock Masking on page 157
OSC32KCTRL – 32KHz Oscillators Controller on page 273

19.5.4. DMA
Not applicable.

19.5.5. Interrupts
Not applicable.

19.5.6. Events
Not applicable.

19.5.7. Debug Operation
When the CPU is halted in debug mode, the RSTC continues normal operation.
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Figure 20-2. Power Domain Partitioning
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26.8.11. Interrupt Status

Name:  INTSTATUS
Offset:  0x24
Reset:  0x00000000
Property:
 

-

Bit 31 30 29 28 27 26 25 24  
          

Access  
Reset  

Bit 23 22 21 20 19 18 17 16  
          

Access  
Reset  

Bit 15 14 13 12 11 10 9 8  
 CHINT15 CHINT14 CHINT13 CHINT12 CHINT11 CHINT10 CHINT9 CHINT8  

Access R R R R R R R R  
Reset 0 0 0 0 0 0 0 0  

Bit 7 6 5 4 3 2 1 0  
 CHINT7 CHINT6 CHINT5 CHINT4 CHINT3 CHINT2 CHINT1 CHINT0  

Access R R R R R R R R  
Reset 0 0 0 0 0 0 0 0  

Bits 15:0 – CHINTn: Channel n Pending Interrupt [n=15..0]
This bit is set when Channel n has a pending interrupt/the interrupt request is received.

This bit is cleared when the corresponding Channel n interrupts are disabled or the interrupts sources are
cleared.
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28.8.7. Status

Name:  STATUS
Offset:  0x18
Reset:  0x0X00
Property:
 

–

Bit 15 14 13 12 11 10 9 8  
        SB  

Access R  
Reset x  

Bit 7 6 5 4 3 2 1 0  
    NVME LOCKE PROGE LOAD PRM  

Access R/W R/W R/W R/W R  
Reset 0 0 0 0 0  

Bit 8 – SB: Security Bit Status

Value Description
0 The Security bit is inactive.

1 The Security bit is active.

Bit 4 – NVME: NVM Error
This bit can be cleared by writing a '1' to its bit location.

Value Description
0 No programming or erase errors have been received from the NVM controller since this bit

was last cleared.

1 At least one error has been registered from the NVM Controller since this bit was last
cleared.

Bit 3 – LOCKE: Lock Error Status
This bit can be cleared by writing a '1' to its bit location.

Value Description
0 No programming of any locked lock region has happened since this bit was last cleared.

1 Programming of at least one locked lock region has happened since this bit was last cleared.

Bit 2 – PROGE: Programming Error Status
This bit can be cleared by writing a '1' to its bit location.

Value Description
0 No invalid commands or bad keywords were written in the NVM Command register since this

bit was last cleared.

1 An invalid command and/or a bad keyword was/were written in the NVM Command register
since this bit was last cleared.
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29.7. Register Summary

Offset Name Bit Pos.         

0x00

DIR

7:0 DIR[7:0]

0x01 15:8 DIR[15:8]

0x02 23:16 DIR[23:16]

0x03 31:24 DIR[31:24]

0x04

DIRCLR

7:0 DIRCLR[7:0]

0x05 15:8 DIRCLR[15:8]

0x06 23:16 DIRCLR[23:16]

0x07 31:24 DIRCLR[31:24]

0x08

DIRSET

7:0 DIRSET[7:0]

0x09 15:8 DIRSET[15:8]

0x0A 23:16 DIRSET[23:16]

0x0B 31:24 DIRSET[31:24]

0x0C

DIRTGL

7:0 DIRTGL[7:0]

0x0D 15:8 DIRTGL[15:8]

0x0E 23:16 DIRTGL[23:16]

0x0F 31:24 DIRTGL[31:24]

0x10

OUT

7:0 OUT[7:0]

0x11 15:8 OUT[15:8]

0x12 23:16 OUT[23:16]

0x13 31:24 OUT[31:24]

0x14

OUTCLR

7:0 OUTCLR[7:0]

0x15 15:8 OUTCLR[15:8]

0x16 23:16 OUTCLR[23:16]

0x17 31:24 OUTCLR[31:24]

0x18

OUTSET

7:0 OUTSET[7:0]

0x19 15:8 OUTSET[15:8]

0x1A 23:16 OUTSET[23:16]

0x1B 31:24 OUTSET[31:24]

0x1C

OUTTGL

7:0 OUTTGL[7:0]

0x1D 15:8 OUTTGL[15:8]

0x1E 23:16 OUTTGL[23:16]

0x1F 31:24 OUTTGL[31:24]

0x20

IN

7:0 IN[7:0]

0x21 15:8 IN[15:8]

0x22 23:16 IN[23:16]

0x23 31:24 IN[31:24]

0x24

CTRL

7:0 SAMPLING[7:0]

0x25 15:8 SAMPLING[15:8]

0x26 23:16 SAMPLING[23:16]

0x27 31:24 SAMPLING[31:24]

0x28

WRCONFIG

7:0 PINMASK[7:0]

0x29 15:8 PINMASK[15:8]

0x2A 23:16  DRVSTR    PULLEN INEN PMUXEN

0x2B 31:24 HWSEL WRPINCFG  WRPMUX PMUX[3:0]
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32.8.9. Synchronization Busy

Name:  SYNCBUSY
Offset:  0x1C
Reset:  0x00000000
Property:
 

-

Bit 31 30 29 28 27 26 25 24  
          

Access  
Reset  

Bit 23 22 21 20 19 18 17 16  
          

Access  
Reset  

Bit 15 14 13 12 11 10 9 8  
          

Access  
Reset  

Bit 7 6 5 4 3 2 1 0  
      CTRLB ENABLE SWRST  

Access R R R  
Reset 0 0 0  

Bit 2 – CTRLB: CTRLB Synchronization Busy
Writing to the CTRLB register when the SERCOM is enabled requires synchronization. When writing to
CTRLB the SYNCBUSY.CTRLB bit will be set until synchronization is complete. If CTRLB is written while
SYNCBUSY.CTRLB is asserted, an APB error will be generated.

Value Description
0 CTRLB synchronization is not busy.

1 CTRLB synchronization is busy.

Bit 1 – ENABLE: SERCOM Enable Synchronization Busy
Enabling and disabling the SERCOM (CTRLA.ENABLE) requires synchronization. When written, the
SYNCBUSY.ENABLE bit will be set until synchronization is complete.

Writes to any register (except for CTRLA.SWRST) while enable synchronization is on-going will be
discarded and an APB error will be generated.

Value Description
0 Enable synchronization is not busy.

1 Enable synchronization is busy.
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33.6.2.4. Data Register
The SPI Transmit Data register (TxDATA) and SPI Receive Data register (RxDATA) share the same I/O
address, referred to as the SPI Data register (DATA). Writing DATA register will update the Transmit Data
register. Reading the DATA register will return the contents of the Receive Data register.

33.6.2.5. SPI Transfer Modes
There are four combinations of SCK phase and polarity to transfer serial data. The SPI data transfer
modes are shown in SPI Transfer Modes (Table) and SPI Transfer Modes (Figure).

SCK phase is configured by the Clock Phase bit in the CTRLA register (CTRLA.CPHA). SCK polarity is
programmed by the Clock Polarity bit in the CTRLA register (CTRLA.CPOL). Data bits are shifted out and
latched in on opposite edges of the SCK signal. This ensures sufficient time for the data signals to
stabilize.

Table 33-3. SPI Transfer Modes

Mode CPOL CPHA Leading Edge Trailing Edge

0 0 0 Rising, sample Falling, setup

1 0 1 Rising, setup Falling, sample

2 1 0 Falling, sample Rising, setup

3 1 1 Falling, setup Rising, sample

Note: 
Leading edge is the first clock edge in a clock cycle.

Trailing edge is the second clock edge in a clock cycle.
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Figure 33-5. Multiple Slaves in Parallel
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Another configuration is multiple slaves in series, as in Multiple Slaves in Series. In this configuration, all
n attached slaves are connected in series. A common SS line is provided to all slaves, enabling them
simultaneously. The master must shift n characters for a complete transaction. Depending on the Master
Slave Select Enable bit (CTRLB.MSSEN), the SS line can be controlled either by hardware or user
software and normal GPIO.

Figure 33-6. Multiple Slaves in Series
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33.6.3.4. Loop-Back Mode
For loop-back mode, configure the Data In Pinout (CTRLA.DIPO) and Data Out Pinout (CTRLA.DOPO) to
use the same data pins for transmit and receive. The loop-back is through the pad, so the signal is also
available externally.

33.6.3.5. Hardware Controlled SS
In master mode, a single SS chip select can be controlled by hardware by writing the Master Slave Select
Enable (CTRLB.MSSEN) bit to '1'. In this mode, the SS pin is driven low for a minimum of one baud cycle
before transmission begins, and stays low for a minimum of one baud cycle after transmission completes.
If back-to-back frames are transmitted, the SS pin will always be driven high for a minimum of one baud
cycle between frames.

In Hardware Controlled SS, the time T is between one and two baud cycles depending on the SPI
transfer mode.
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34.8.3. Interrupt Enable Clear
This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Set register (INTENSET).

Name:  INTENCLR
Offset:  0x14
Reset:  0x00
Property:
 

PAC Write-Protection

Bit 7 6 5 4 3 2 1 0  
 ERROR     DRDY AMATCH PREC  

Access R/W R/W R/W R/W  
Reset 0 0 0 0  

Bit 7 – ERROR: Error Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the Error Interrupt Enable bit, which disables the Error interrupt.

Value Description
0 Error interrupt is disabled.

1 Error interrupt is enabled.

Bit 2 – DRDY: Data Ready Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the Data Ready bit, which disables the Data Ready interrupt.

Value Description
0 The Data Ready interrupt is disabled.

1 The Data Ready interrupt is enabled.

Bit 1 – AMATCH: Address Match Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the Address Match Interrupt Enable bit, which disables the Address Match
interrupt.

Value Description
0 The Address Match interrupt is disabled.

1 The Address Match interrupt is enabled.

Bit 0 – PREC: Stop Received Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the Stop Received Interrupt Enable bit, which disables the Stop Received
interrupt.
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Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the status.

Value Description
0 No collision detected on last data byte sent.

1 Collision detected on last data byte sent.

Bit 0 – BUSERR: Bus Error
The Bus Error bit (STATUS.BUSERR) indicates that an illegal bus condition has occurred on the bus,
regardless of bus ownership. An illegal bus condition is detected if a protocol violating start, repeated start
or stop is detected on the I2C bus lines. A start condition directly followed by a stop condition is one
example of a protocol violation. If a time-out occurs during a frame, this is also considered a protocol
violation, and will set STATUS.BUSERR.

This bit is cleared automatically if responding to an address match with an ACK or a NACK (writing 0x3 to
CTRLB.CMD) or INTFLAG.AMATCH is cleared.

Writing a '1' to this bit will clear the status.

Writing a '0' to this bit has no effect.

Value Description
0 No bus error detected.

1 Bus error detected.
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The figure after that ('Waveform Generation with Fault Qualification, Halt, and Restart
Actions') shows a similar example, but with additionally enabled fault qualification. Here,
counting is resumed after the fault condition is no longer present.

Note that in RAMP2 and RAMP2A operations, when a new timer/counter cycle starts, the
cycle index will automatically change.

Figure 36-30. Waveform Generation with Halt and Restart Actions
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Figure 36-31. Waveform Generation with Fault Qualification, Halt, and Restart Actions
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This is configured by writing 0x2 to the Fault n Halt mode bits in the Recoverable Fault n
configuration register (FCTRLn.HALT). Software halt action is similar to hardware halt
action, but in order to restart the timer/counter, the corresponding fault condition must not
be present anymore, and the corresponding FAULT n bit in the STATUS register must be
cleared by software.
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In the case where the CTRLB.UPRSM bit is set while a host initiated downstream resume is already
started, the CTRLB.UPRSM is cleared and the upstream resume request is ignored.

39.6.2.15. Link Power Management L1 (LPM-L1) Suspend State Entry and Exit as Device
The LPM Handshake bit in CTRLB.LPMHDSK should be configured to accept the LPM transaction.

When a LPM transaction is received on any enabled endpoint n and a handshake has been sent in
response by the controller according to CTRLB.LPMHDSK, the Device Link Power Manager (EXTREG)
register is updated in the bank 0 of the addressed endpoint's descriptor. It contains information such as
the Best Effort Service Latency (BESL), the Remote Wake bit (bRemoteWake), and the Link State
parameter (bLinkState). Usually, the LPM transaction uses only the endpoint number 0.

If the LPM transaction was positively acknowledged (ACK handshake), USB sets the Link Power
Management Interrupt bit in INTFLAG(INTFLAG.LPMSUSP) bit which indicates that the USB transceiver
is suspended, reducing power consumption. This suspend occurs 9 microseconds after the LPM
transaction according to the specification.

To further reduce consumption, it is recommended to stop the USB clock while the device is suspended.

The MCU can also enter in one of the available sleep modes if the wakeup time latency of the selected
sleep mode complies with the host latency constraint (see the BESL parameter in EXTREG register).

Recovering from this LPM-L1 suspend state is exactly the same as the Suspend state (see Section 
Suspend State and Pad Behavior) except that the remote wakeup duration initiated by USB is shorter to
comply with the Link Power Management specification.

If the LPM transaction is responded with a NYET, the Link Power Management Not Yet Interrupt Flag
INTFLAG(INTFLAG.LPMNYET) is set. This generates an interrupt if the Link Power Management Not Yet
Interrupt Enable bit in INTENCLR/SET (INTENCLR/SET.LPMNYET) is set.

If the LPM transaction is responded with a STALL or no handshake, no flag is set, and the transaction is
ignored.
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Figure 40-10. TCC Input Selection

Serial Communication Output Transmit Inputs (SERCOM)
The serial engine transmitter output from Serial Communication Interface (SERCOM TX, TXd for USART,
MOSI for SPI) can be used as input source for the LUT. The figure below shows an example for LUT0
and LUT1. The SERCOM selection for each LUT follows the formula:IN � � = ������[�%SERCOM_Instance_Number
With N representing the LUT number and i=0,1,2 representing the LUT input index.

Before selecting the SERCOM as input source, the SERCOM must be configured first: the SERCOM TX
signal must be output on SERCOMn/pad[0], which serves as input pad to the CCL.

Figure 40-11. SERCOM Input Selection

Related Links
I/O Multiplexing and Considerations on page 30
PORT: IO Pin Controller on page 512
GCLK - Generic Clock Controller on page 133
AC – Analog Comparators on page 1076
TC – Timer/Counter on page 713
TCC – Timer/Counter for Control Applications on page 765
SERCOM – Serial Communication Interface on page 568
Multiplexed Signals on page 30

40.6.2.5. Filter
By default, the LUT output is a combinatorial function of the LUT inputs. This may cause some short
glitches when the inputs change value. These glitches can be removed by clocking through filters, if
demanded by application needs.

The Filter Selection bits in LUT Control register (LUTCTRLx.FILTSEL) define the synchronizer or digital
filter options. When a filter is enabled, the OUT output will be delayed by two to five GCLK cycles. One
APB clock after the corresponding LUT is disabled, all internal filter logic is cleared.
Note:  Events used as LUT input will also be filtered, if the filter is enabled.
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42.8.8. Sequence Status

Name:  SEQSTATUS
Offset:  0x07
Reset:  0x00
Property:
 

-

Bit 7 6 5 4 3 2 1 0  
 SEQBUSY   SEQSTATE[4:0]  

Access R R R R R R  
Reset 0 0 0 0 0 0  

Bit 7 – SEQBUSY: Sequence busy
This bit is set when the sequence start.

This bit is clear when the last conversion in a sequence is done.

Bits 4:0 – SEQSTATE[4:0]: Sequence State
These bit fields are the pointer of sequence. This value identifies the last conversion done in the
sequence.
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43.8.7. Status A

Name:  STATUSA
Offset:  0x07
Reset:  0x00
Property:
 

Read-Only

Bit 7 6 5 4 3 2 1 0  
   WSTATE0[1:0]   STATE1 STATE0  

Access R R R R  
Reset 0 0 0 0  

Bits 5:4 – WSTATE0[1:0]: Window 0 Current State
These bits show the current state of the signal if the window 0 mode is enabled.

Value Name Description
0x0 ABOVE Signal is above window

0x1 INSIDE Signal is inside window

0x2 BELOW Signal is below window

0x3 Reserved

Bits 1,0 – STATEx: Comparator x Current State
This bit shows the current state of the output signal from COMPx. STATEx is valid only when
STATUSB.READYx is one.
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43.8.10. Window Control

Name:  WINCTRL
Offset:  0x0A
Reset:  0x00
Property:
 

PAC Write-Protection, Write-Synchronized

Bit 7 6 5 4 3 2 1 0  
      WINTSEL0[1:0] WEN0  

Access R/W R/W R/W  
Reset 0 0 0  

Bits 2:1 – WINTSEL0[1:0]: Window 0 Interrupt Selection
These bits configure the interrupt mode for the comparator window 0 mode.

Value Name Description
0x0 ABOVE Interrupt on signal above window

0x1 INSIDE Interrupt on signal inside window

0x2 BELOW Interrupt on signal below window

0x3 OUTSIDE Interrupt on signal outside window

Bit 0 – WEN0: Window 0 Mode Enable

Value Description
0 Window mode is disabled for comparators 0 and 1.

1 Window mode is enabled for comparators 0 and 1.
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Figure 46-1. BOD Reset Behavior at Startup and Default Levels
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46.10.4. Brown-Out Detectors (BOD) Characteristics
Table 46-20. BOD33 Characteristics(1)

Symbol Parameters Conditions Min. Typ. Max. Unit

VBOD+ BOD33 high
threshold
Level

VBAT, 15 1.67 1.74 1.81 V

VDDIN, 7 1.75 1.75 1.80

VDDIN, 6 1.66 1.72 1.75

VBAT, 55 2.80 2.90 3.01

VDDIN, 39 2.65 2.87 2.95

VBAT, 63 3.02 3.14 3.26

VDDIN, 48 03.12 3.20 3.29

VBOD- / VBOD BOD33 low
threshold
Level

VBAT, 15 1.60 1.66 1.72 V

VDDIN, 7 1.63 1.673 1.71

VDDIN, 6 1.60 1.65 1.68

VBAT, 55 2.70 2.81 2.92

VDDIN, 39 2.70 2.77 2.84

VBAT, 63 2.92 3.04 3.16

VDDIN, 48 3.00 3.08 3.16

Step size - 34 mV
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Symbol Parameters Conditions Min. Typ. Max. Unit

Integrated Noise, BW=[0.1Hz-1MHz], 16X gain - VOUT=1V Mode 3 - 262 - µVrms

Mode 2 - 247 -

Mode 1 - 235 -

Mode 0 - 235 -

Note:  1.These values are based on simulation. They are not covered by production test limits or
characterization.

46.11. NVM Characteristics
Table 46-39. NVM Max Speed Characteristics

Conditions CPU Fmax (MHz)

0WS 1WS 2WS 3WS

PL0 (-40/85°C) VDDIN>1.6 V 6 12 12 12

VDDIN>2.7 V 7.5 12 12 12

PL2 (-40/85°C) VDDIN>1.6 V 14 28 42 48

VDDIN>2.7 V 24 45 48 48

Table 46-40. NVM Timing Characteristics

Symbol Timings Max Units

tFPP Page Write(1) 2.5 ms

tFRE Row erase(1) 6

Note: 
1. These values are based on simulation. They are not covered by production test limits or

characterization.
2. For this Flash technology, a maximum number of 8 consecutive writes is allowed per row. Once this

number is reached, a row erase is mandatory.

Table 46-41. NVM Reliability Characteristics

Symbol Parameter Conditions Min. Typ. Max
.

Units

RetNVM25k Retention after up to 25k Average ambient 55°C 10 50 - Years

RetNVM2.5k Retention after up to 2.5k Average ambient 55°C 20 100 - Years

RetNVM100 Retention after up to 100 Average ambient 55°C 25 >100 - Years

CycNVM Cycling Endurance(1) -40°C < Ta < 85°C 25K 100K - Cycles

Note:  1. An endurance cycle is a write and an erase operation.
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