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12. Peripherals Configuration Summary
Table 12-1. Peripherals Configuration Summary
Periph.

Name

Base

Address

IRQ

Line

AHB Clock APB Clock Generic Clock PAC Events DMA
Index Enabled

at Reset

Index Enabled

at Reset

Index Index Prot.

at Reset

User Generator Index Sleep

Walking

AHB-APB
Bridge A

0x40000000 0 Y

PAC0 0x40000000 0 Y

PM 0x40000400 0 1 Y 1 N Y

SYSCTRL 0x40000800 1 2 Y 0: DFLL48M
reference

1: FDPLL96M clk source

2: FDPLL96M 32kHz

2 N Y

GCLK 0x40000C00 3 Y 3 N Y

WDT 0x40001000 2 4 Y 3 4 N

RTC 0x40001400 3 5 Y 4 5 N 1: CMP0/ALARM0
2: CMP1
3: OVF
4-11: PER0-7

Y

EIC 0x40001800 NMI,
4

6 Y 5 6 N 12-27: EXTINT0-15 Y

AHB-APB
Bridge B

0x41000000 1 Y

PAC1 0x41000000 0 Y

DSU 0x41002000 3 Y 1 Y 1 Y

NVMCTRL 0x41004000 5 4 Y 2 Y 2 N

PORT 0x41004400 3 Y 3 N

DMAC 0x41004800 6 5 Y 4 Y 4 N 0-3: CH0-3 30-33: CH0-3

USB 0x41005000 7 6 Y 5 Y 6 5 N Y

MTB 0x41006000 6 N

AHB-APB
Bridge C

0x42000000 2 Y

PAC2 0x42000000 0 N

EVSYS 0x42000400 8 1 N 7-18: one per CHANNEL 1 N Y

SERCOM0 0x42000800 9 2 N 20: CORE
19: SLOW

2 N 1: RX
2: TX

Y

SERCOM1 0x42000C00 10 3 N 21: CORE
19: SLOW

3 N 3: RX
4: TX

Y

SERCOM2 0x42001000 11 4 N 22: CORE
19: SLOW

4 N 5: RX
6: TX

Y

SERCOM3 0x42001400 12 5 N 23: CORE
19: SLOW

5 N 7: RX
8: TX

Y

SERCOM4 0x42001800 13 6 N 24: CORE
19: SLOW

6 N 9: RX
10: TX

Y

SERCOM5 0x42001C00 14 7 N 25: CORE
19: SLOW

7 N 11: RX
12: TX

Y

TCC0 0x42002000 15 8 N 26 8 N 4-5: EV0-1
6-9: MC0-3

34: OVF
35: TRG

36: CNT
37-40: MC0-3

13: OVF
14-17: MC0-3

Y

TCC1 0x42002400 16 9 N 26 9 N 10-11: EV0-1
12-13: MC0-1

41: OVF
42: TRG

43: CNT
44-45: MC0-1

18: OVF
19-20: MC0-1

Y

TCC2 0x42002800 17 10 N 27 10 N 14-15: EV0-1
16-17: MC0-1

46: OVF
47: TRG

48: CNT
49-50: MC0-1

21: OVF
22-23: MC0-1

Y

TC3 0x42002C00 18 11 N 27 11 N 18: EV 51: OVF
52-53: MC0-1

24: OVF
25-26: MC0-1

Y

TC4 0x42003000 19 12 N 28 12 N 19: EV 54: OVF
55-56: MCX0-1

27: OVF
28-29: MC0-1

Y
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Bit 15 14 13 12 11 10 9 8  
          

Access  
Reset  

Bit 7 6 5 4 3 2 1 0  
 PREAMBLEB2[7:0]  

Access R R R R R R R R  
Reset 0 0 0 0 0 1 0 1  

Bits 7:0 – PREAMBLEB2[7:0]: Preamble Byte 2
These bits will always return 0x05 when read.

13.13.22 Component Identification 3

Name:  CID3
Offset:  0x1FFC
Reset:  0x000000B1
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  
 PREAMBLEB3[7:0]  

Access R R R R R R R R  
Reset 1 0 1 1 0 0 0 1  

Bits 7:0 – PREAMBLEB3[7:0]: Preamble Byte 3
These bits will always return 0xB1 when read.
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Bit 7 6 5 4 3 2 1 0  
 SYNCBUSY         

Access R  
Reset 0  

Bit 7 – SYNCBUSY: Synchronization Busy Status
This bit is cleared when the synchronization of registers between the clock domains is complete.

This bit is set when the synchronization of registers between clock domains is started.

15.8.3 Generic Clock Control

Name:  CLKCTRL
Offset:  0x2
Reset:  0x0000
Property:
 

Write-Protected

Bit 15 14 13 12 11 10 9 8  
 WRTLOCK CLKEN   GEN[3:0]  

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

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

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

Bit 15 – WRTLOCK: Write Lock
When this bit is written, it will lock from further writes the generic clock pointed to by CLKCTRL.ID, the
generic clock generator pointed to in CLKCTRL.GEN and the division factor used in the generic clock
generator. It can only be unlocked by a power reset.

One exception to this is generic clock generator 0, which cannot be locked.

Value Description
0 The generic clock and the associated generic clock generator and division factor are not

locked.
1 The generic clock and the associated generic clock generator and division factor are locked.

Bit 14 – CLKEN: Clock Enable
This bit is used to enable and disable a generic clock.

Value Description
0 The generic clock is disabled.
1 The generic clock is enabled.
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16.8.5 APBB Clock Select

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

Write-Protected

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

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

Bits 2:0 – APBBDIV[2:0]: APBB Prescaler Selection
These bits define the division ratio of the APBB clock prescaler (2n).

APBBDIV[2:0] Name Description

0x0 DIV1 Divide by 1

0x1 DIV2 Divide by 2

0x2 DIV4 Divide by 4

0x3 DIV8 Divide by 8

0x4 DIV16 Divide by 16

0x5 DIV32 Divide by 32

0x6 DIV64 Divide by 64

0x7 DIV128 Divide by 128

16.8.6 APBC Clock Select

Name:  APBCSEL
Offset:  0x0B
Reset:  0x00
Property:
 

Write-Protected

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

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

Bits 2:0 – APBCDIV[2:0]: APBC Prescaler Selection
These bits define the division ratio of the APBC clock prescaler (2n).

APBCDIV[2:0] Name Description

0x0 DIV1 Divide by 1

0x1 DIV2 Divide by 2
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XOSC.RUNSTDBY XOSC.ONDEMAND XOSC.ENABLE Sleep Behavior

- - 0 Disabled

0 0 1 Always run in IDLE sleep modes. Disabled
in STANDBY sleep mode.

0 1 1 Only run in IDLE sleep modes if requested
by a peripheral. Disabled in STANDBY
sleep mode.

1 0 1 Always run in IDLE and STANDBY sleep
modes.

1 1 1 Only run in IDLE or STANDBY sleep
modes if requested by a peripheral.

After a hard reset, or when waking up from a sleep mode where the XOSC was disabled, the XOSC will
need a certain amount of time to stabilize on the correct frequency. This start-up time can be configured
by changing the Oscillator Start-Up Time bit group (XOSC.STARTUP) in the External Multipurpose
Crystal Oscillator Control register. During the start-up time, the oscillator output is masked to ensure that
no unstable clock propagates to the digital logic. The External Multipurpose Crystal Oscillator Ready bit in
the Power and Clock Status register (PCLKSR.XOSCRDY) is set when the user-selected start-up time is
over. An interrupt is generated on a zero-to-one transition on PCLKSR.XOSCRDY if the External
Multipurpose Crystal Oscillator Ready bit in the Interrupt Enable Set register (INTENSET.XOSCRDY) is
set.

Note:  Do not enter standby mode when an oscillator is in start-up:
Wait for the OSCxRDY bit in SYSCTRL.PCLKSR register to be set before going into standby mode.

Related Links
GCLK - Generic Clock Controller

17.6.3 32kHz External Crystal Oscillator (XOSC32K) Operation
The XOSC32K can operate in two different modes:

• External clock, with an external clock signal connected to XIN32
• Crystal oscillator, with an external 32.768kHz crystal connected between XIN32 and XOUT32

The XOSC32K can be used as a source for generic clock generators, as described in the GCLK –
Generic Clock Controller.

At power-on reset (POR) the XOSC32K is disabled, and the XIN32/XOUT32 pins can be used as General
Purpose I/O (GPIO) pins or by other peripherals in the system. When XOSC32K is enabled, the operating
mode determines the GPIO usage. When in crystal oscillator mode, XIN32 and XOUT32 are controlled by
the SYSCTRL, and GPIO functions are overridden on both pins. When in external clock mode, only the
XIN32 pin will be overridden and controlled by the SYSCTRL, while the XOUT32 pin can still be used as
a GPIO pin.

The external clock or crystal oscillator is enabled by writing a one to the Enable bit (XOSC32K.ENABLE)
in the 32kHz External Crystal Oscillator Control register. To enable the XOSC32K as a crystal oscillator, a
one must be written to the XTAL Enable bit (XOSC32K.XTALEN). If XOSC32K.XTALEN is zero, external
clock input will be enabled.

The oscillator is disabled by writing a zero to the Enable bit (XOSC32K.ENABLE) in the 32kHz External
Crystal Oscillator Control register while keeping the other bits unchanged. Writing to the
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Bit 15 14 13 12 11 10 9 8  
 COUNT[15:8]  

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

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

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

Bits 15:0 – COUNT[15:0]: Counter Value
These bits define the value of the 16-bit RTC counter.

19.8.22 Clock Value - MODE2

Name:  CLOCK
Offset:  0x10
Reset:  0x00000000
Property:
 

Read-Synchronized, Write-Protected, Write-Synchronized

Bit 31 30 29 28 27 26 25 24  
 YEAR[5:0] MONTH[3:2]  

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

Bit 23 22 21 20 19 18 17 16  
 MONTH[1:0] DAY[4:0] HOUR[4:4]  

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

Bit 15 14 13 12 11 10 9 8  
 HOUR[3:0] MINUTE[5:2]  

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

Bit 7 6 5 4 3 2 1 0  
 MINUTE[1:0] SECOND[5:0]  

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

Bits 31:26 – YEAR[5:0]: Year
The year offset with respect to the reference year (defined in software).

The year is considered a leap year if YEAR[1:0] is zero.

Bits 25:22 – MONTH[3:0]: Month
1 – January

2 – February

...
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ordered according to their channel number. The figure below shows an example of linked descriptors on
DMA channel 0. For further details on linked descriptors, refer to Linked Descriptors.

Figure 20-3. Memory Sections

Channel 0 – Descriptor n-1

Channel 0 – Last Descriptor

DESCADDR

DESCADDR

Device Memory Space

BASEADDR Channel 0 – First Descriptor
Channel 1 – First Descriptor
Channel 2 – First Descriptor

Channel n – First Descriptor
Descriptor Section

WRBADDR Channel 0 Ongoing Descriptor
Channel 1 Ongoing Descriptor
Channel 2 Ongoing Descriptor

Channel n Ongoing Descriptor
Write-Back Section

Undefined

Undefined

Undefined

Undefined

Undefined

SRCADDR

DSTADDR

BTCTRL

DESCADDR

BTCNT

SRCADDR

DSTADDR

BTCTRL

DESCADDR

BTCNT

SRCADDR

DSTADDR

BTCTRL

0x00000000

BTCNT

The size of the descriptor and write-back memory sections is dependent on the number of the most
significant enabled DMA channel m, as shown below:���� = 128bits ⋅ � + 1
For memory optimization, it is recommended to always use the less significant DMA channels if not all
channels are required.

The descriptor and write-back memory sections can either be two separate memory sections, or they can
share memory section (BASEADDR=WRBADDR). The benefit of having them in two separate sections, is
that the same transaction for a channel can be repeated without having to modify the first transfer
descriptor. The benefit of having descriptor memory and write-back memory in the same section is that it
requires less SRAM. In addition, the latency from fetching the first descriptor of a transaction to the first
burst transfer is executed, is reduced.

20.6.2.4 Arbitration
If a DMA channel is enabled and not suspended when it receives a transfer trigger, it will send a transfer
request to the arbiter. When the arbiter receives the transfer request it will include the DMA channel in the
queue of channels having pending transfers, and the corresponding Pending Channel x bit in the Pending
Channels registers (PENDCH.PENDCHx) will be set. Depending on the arbitration scheme, the arbiter
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Figure 20-14. Conditional Block Transfer with Beat Peripheral Triggers

BEAT BEAT

Block Transfer

BEAT BEAT

Block Transfer

Data Transfer

Peripheral Trigger

Event

PENDCHn

Channel Suspend
The event input is used to suspend an ongoing channel operation. The event is acknowledged when the
current AHB access is completed. For further details on Channel Suspend, refer to Channel Suspend.

Channel Resume
The event input is used to resume a suspended channel operation. The event is acknowledged as soon
as the event is received and the Channel Suspend Interrupt Flag (CHINTFLAG.SUSP) is cleared. For
further details refer to Channel Suspend.

Skip Next Block Suspend
This event can be used to skip the next block suspend action. If the channel is suspended before the
event rises, the channel operation is resumed and the event is acknowledged. If the event rises before a
suspend block action is detected, the event is kept until the next block suspend detection. When the block
transfer is completed, the channel continues the operation (not suspended) and the event is
acknowledged.
Related Links
USER

20.6.3.5 Event Output Selection
Event output selection is available only for the least significant DMA channels. The pulse width of an
event output from a channel is one AHB clock cycle.

The output of channel events is enabled by writing a '1' to the Channel Event Output Enable bit in the
Control B register (CHCTRLB.EVOE). The event output cause is selected by writing to the Event Output
Selection bits in the Block Transfer Control register (BTCTRL.EVOSEL). It is possible to generate events
after each block transfer (BTCTRL.EVOSEL=0x1) or beat transfer (BTCTRL.EVOSEL=0x3). To enable an
event being generated when a transaction is complete, the block event selection must be set in the last
transfer descriptor only.

The figure Figure 20-15 shows an example where the event output generation is enabled in the first block
transfer, and disabled in the second block.
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Bit 7 6 5 4 3 2 1 0  
 FILTEN1 SENSE1[2:0] FILTEN0 SENSE0[2:0]  

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

Bits 31, 27, 23, 19, 15, 11, 7,3 – FILTENx: Filter 0 Enable [x=7..0]

0: Filter is disabled for EXTINT[n*8+x] input.

1: Filter is enabled for EXTINT[n*8+x] input.

Bits 30:28, 26:24, 22:20, 18:16, 14:12, 10:8, 6:4, 2:0 – SENSEx: Input Sense 0 Configuration [x=7..0]

SENSE0[2:0] Name Description

0x0 NONE No detection

0x1 RISE Rising-edge detection

0x2 FALL Falling-edge detection

0x3 BOTH Both-edges detection

0x4 HIGH High-level detection

0x5 LOW Low-level detection

0x6-0x7 Reserved
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with pull enabled via the Pull Enable bit in the Pin Configuration register (PINCFG.PULLEN) will set the
input pull direction to an internal pull-down.

Value Description
0 The corresponding I/O pin in the PORT group will keep its configuration.
1 The corresponding I/O pin output is driven low, or the input is connected to an internal pull-

down.

23.8.7 Data Output Value Set
This register allows the user to set one or more output I/O pin drive levels high, without doing a read-
modify-write operation. Changes in this register will also be reflected in the Data Output Value (OUT),
Data Output Value Toggle (OUTTGL) and Data Output Value Clear (OUTCLR) registers.

Name:  OUTSET
Offset:  0x18
Reset:  0x00000000
Property:
 

PAC Write-Protection

Bit 31 30 29 28 27 26 25 24  
 OUTSET[31:24]  

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

Bit 23 22 21 20 19 18 17 16  
 OUTSET[23:16]  

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

Bit 15 14 13 12 11 10 9 8  
 OUTSET[15:8]  

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

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

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

Bits 31:0 – OUTSET[31:0]: PORT Data Output Value Set
Writing '0' to a bit has no effect.

Writing '1' to a bit will set the corresponding bit in the OUT register, which sets the output drive level high
for I/O pins configured as outputs via the Data Direction register (DIR). For pins configured as inputs via
Data Direction register (DIR) with pull enabled via the Pull Enable register (PULLEN), these bits will set
the input pull direction to an internal pull-up.

Value Description
0 The corresponding I/O pin in the group will keep its configuration.
1 The corresponding I/O pin output is driven high, or the input is connected to an internal pull-

up.
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Figure 26-4. Synchronous Mode XCK Timing

XCK

RxD / TxD

CTRLA.CPOL=1

Change

Sample

XCK

RxD / TxD

CTRLA.CPOL=0

Change

Sample

When the clock is provided through XCK (CTRLA.MODE=0x0), the shift registers operate directly on the
XCK clock. This means that XCK is not synchronized with the system clock and, therefore, can operate at
frequencies up to the system frequency.

26.6.2.4 Data Register
The USART Transmit Data register (TxDATA) and USART Receive Data register (RxDATA) share the
same I/O address, referred to as the Data register (DATA). Writing the DATA register will update the
TxDATA register. Reading the DATA register will return the contents of the RxDATA register.

26.6.2.5 Data Transmission
Data transmission is initiated by writing the data to be sent into the DATA register. Then, the data in
TxDATA will be moved to the shift register when the shift register is empty and ready to send a new
frame. After the shift register is loaded with data, the data frame will be transmitted.

When the entire data frame including stop bit(s) has been transmitted and no new data was written to
DATA, the Transmit Complete interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.TXC)
will be set, and the optional interrupt will be generated.

The Data Register Empty flag in the Interrupt Flag Status and Clear register (INTFLAG.DRE) indicates
that the register is empty and ready for new data. The DATA register should only be written to when
INTFLAG.DRE is set.

Disabling the Transmitter
The transmitter is disabled by writing '0' to the Transmitter Enable bit in the CTRLB register
(CTRLB.TXEN).

Disabling the transmitter will complete only after any ongoing and pending transmissions are completed,
i.e., there is no data in the transmit shift register and TxDATA to transmit.

26.6.2.6 Data Reception
The receiver accepts data when a valid start bit is detected. Each bit following the start bit will be sampled
according to the baud rate or XCK clock, and shifted into the receive shift register until the first stop bit of
a frame is received. The second stop bit will be ignored by the receiver.

When the first stop bit is received and a complete serial frame is present in the receive shift register, the
contents of the shift register will be moved into the two-level receive buffer. Then, the Receive Complete
interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.RXC) will be set, and the optional
interrupt will be generated.

The received data can be read from the DATA register when the Receive Complete interrupt flag is set.
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When paired, the TC peripherals are configured using the registers of the even-numbered TC (TC4 or
TC6 respectively). The odd-numbered partner (TC3 or TC5 respectively) will act as slave, and the Slave
bit in the Status register (STATUS.SLAVE) will be set. The register values of a slave will not reflect the
registers of the 32-bit counter. Writing to any of the slave registers will not affect the 32-bit counter.
Normal access to the slave COUNT and CCx registers is not allowed.

30.6.2.5 Counter Operations
The counter can be set to count up or down. When the counter is counting up and the top value is
reached, the counter will wrap around to zero on the next clock cycle. When counting down, the counter
will wrap around to the top value when zero is reached. In one-shot mode, the counter will stop counting
after a wraparound occurs.

The counting direction is set by the Direction bit in the Control B register (CTRLB.DIR). If this bit is zero
the counter is counting up, and counting down if CTRLB.DIR=1. The counter will count up or down for
each tick (clock or event) until it reaches TOP or ZERO. When it is counting up and TOP is reached, the
counter will be set to zero at the next tick (overflow) and the Overflow Interrupt Flag in the Interrupt Flag
Status and Clear register (INTFLAG.OVF) will be set. It is also possible to generate an event on overflow
or underflow when the Overflow/Underflow Event Output Enable bit in the Event Control register
(EVCTRL.OVFEO) is one.

It is possible to change the counter value (by writing directly in the COUNT register) even when the
counter is running. When starting the TC, the COUNT value will be either ZERO or TOP (depending on
the counting direction set by CTRLBSET.DIR or CTRLBCLR.DIR), unless a different value has been
written to it, or the TC has been stopped at a value other than ZERO. The write access has higher priority
than count, clear, or reload. The direction of the counter can also be changed during normal operation.
See also the figure below.

Figure 30-3. Counter Operation

DIR

COUNT

MAX
"reload" update

TOP

COUNT writtenDirection ChangePeriod (T)

ZERO

"clear" update

Stop Command and Event Action
A Stop command can be issued from software by using Command bits in the Control B Set register
(CTRLBSET.CMD = 0x2, STOP). When a Stop is detected while the counter is running, the counter will
be loaded with the starting value (ZERO or TOP, depending on direction set by CTRLBSET.DIR or
CTRLBCLR.DIR). All waveforms are cleared and the Stop bit in the Status register is set
(STATUS.STOP).

Re-Trigger Command and Event Action
A re-trigger command can be issued from software by writing the Command bits in the Control B Set
register (CTRLBSET.CMD = 0x1, RETRIGGER), or from event when a re-trigger event action is
configured in the Event Control register (EVCTRL.EVACT = 0x1, RETRIGGER).
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31.6.2.2 Enabling, Disabling, and Resetting
The TCC is enabled by writing a '1' to the Enable bit in the Control A register (CTRLA.ENABLE). The
TCC is disabled by writing a zero to CTRLA.ENABLE.

The TCC is reset by writing '1' to the Software Reset bit in the Control A register (CTRLA.SWRST). All
registers in the TCC, except DBGCTRL, will be reset to their initial state, and the TCC will be disabled.
Refer to Control A (CTRLA) register for details.

The TCC should be disabled before the TCC is reset to avoid undefined behavior.

31.6.2.3 Prescaler Selection
The GCLK_TCCx clock is fed into the internal prescaler.

The prescaler consists of a counter that counts up to the selected prescaler value, whereupon the output
of the prescaler toggles.

If the prescaler value is higher than one, the counter update condition can be optionally executed on the
next GCLK_TCC clock pulse or the next prescaled clock pulse. For further details, refer to the Prescaler
(CTRLA.PRESCALER) and Counter Synchronization (CTRLA.PRESYNC) descriptions.

Prescaler outputs from 1 to 1/1024 are available. For a complete list of available prescaler outputs, see
the register description for the Prescaler bit group in the Control A register (CTRLA.PRESCALER).

Note:  When counting events, the prescaler is bypassed.

The joint stream of prescaler ticks and event action ticks is called CLK_TCC_COUNT.

Figure 31-2. Prescaler

TCCx EV0/1
COUNT

PRESCALER

PRESCALER EVACT 0/1

GCLK_TCC
GCLK_TCC / 

{1,2,4,8,64,256,1024 } CLK_TCC_COUNT

31.6.2.4 Counter Operation
Depending on the mode of operation, the counter is cleared, reloaded, incremented, or decremented at
each TCC clock input (CLK_TCC_COUNT). A counter clear or reload mark the end of current counter
cycle and the start of a new one.

The counting direction is set by the Direction bit in the Control B register (CTRLB.DIR). If the bit is zero,
it's counting up and one if counting down.

The counter will count up or down for each tick (clock or event) until it reaches TOP or ZERO. When it's
counting up and TOP is reached, the counter will be set to zero at the next tick (overflow) and the
Overflow Interrupt Flag in the Interrupt Flag Status and Clear register (INTFLAG.OVF) will be set. When
down-counting, the counter is reloaded with the TOP value when ZERO is reached (underflow), and
INTFLAG.OVF is set.

INTFLAG.OVF can be used to trigger an interrupt, a DMA request, or an event. An overflow/underflow
occurrence (i.e. a compare match with TOP/ZERO) will stop counting if the One-Shot bit in the Control B
register is set (CTRLBSET.ONESHOT).
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relative local Minimum (for CAPTMIN) or Maximum (for CAPTMAX) value has been
detected. DERIV0 is equivalent to an OR function of (LOCMIN, LOCMAX).

In CAPT operation, capture is performed on each capture event. The MCx interrupt flag is
set on each new capture.

In CAPTMIN and CAPTMAX operation, capture is performed only when on capture event
time, the counter value is lower (for CAPTMIN) or upper (for CAPMAX) than the last
captured value. The MCx interrupt flag is set only when on capture event time, the counter
value is upper or equal (for CAPTMIN) or lower or equal (for CAPTMAX) to the value
captured on the previous event. So interrupt flag is set when a new absolute local Minimum
(for CAPTMIN) or Maximum (for CAPTMAX) value has been detected.

Interrupt Generation

In CAPT mode, an interrupt is generated on each filtered Fault n and each dedicated CCx
channel capture counter value. In other modes, an interrupt is only generated on an extreme
captured value.

Figure 31-26. Capture Action “CAPTMAX”

COUNT "match"

ZERO

"clear" update

FaultA Input

TOP

CC0

CC0 Event/
Interrupt

Figure 31-27. Capture Action “DERIV0”

COUNT "match"

ZERO

"update"

FaultA Input

TOP

CC0

CC0 Event/
Interrupt

Hardware
Halt Action

This is configured by writing 0x1 to the Fault n Halt mode bits in the Recoverable Fault n
Configuration register (FCTRLn.HALT). When enabled, the timer/counter is halted and the
cycle is extended as long as the corresponding fault is present.

The next figure ('Waveform Generation with Halt and Restart Actions') shows an example
where both restart action and hardware halt action are enabled for Fault A. The compare
channel 0 output is clamped to inactive level as long as the timer/counter is halted. The
timer/counter resumes the counting operation as soon as the fault condition is no longer
present. As the restart action is enabled in this example, the timer/counter is restarted
after the fault condition is no longer present.
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33. ADC – Analog-to-Digital Converter

33.1 Overview
The Analog-to-Digital Converter (ADC) converts analog signals to digital values. The ADC has 12-bit
resolution, and is capable of converting up to 350ksps. The input selection is flexible, and both differential
and single-ended measurements can be performed. An optional gain stage is available to increase the
dynamic range. In addition, several internal signal inputs are available. The ADC can provide both signed
and unsigned results.

ADC measurements can be started by either application software or an incoming event from another
peripheral in the device. ADC measurements can be started with predictable timing, and without software
intervention.

Both internal and external reference voltages can be used.

An integrated temperature sensor is available for use with the ADC. The bandgap voltage as well as the
scaled I/O and core voltages can also be measured by the ADC.

The ADC has a compare function for accurate monitoring of user-defined thresholds, with minimum
software intervention required.

The ADC may be configured for 8-, 10- or 12-bit results, reducing the conversion time. ADC conversion
results are provided left- or right-adjusted, which eases calculation when the result is represented as a
signed value. It is possible to use DMA to move ADC results directly to memory or peripherals when
conversions are done.

33.2 Features
• 8-, 10- or 12-bit resolution
• Up to 350,000 samples per second (350ksps)
• Differential and single-ended inputs

– Up to 32 analog input
– 25 positive and 10 negative, including internal and external

• Five internal inputs
– Bandgap
– Temperature sensor
– DAC
– Scaled core supply
– Scaled I/O supply

• 1/2x to 16x gain
• Single, continuous and pin-scan conversion options
• Windowing monitor with selectable channel
• Conversion range:

– Vref [1v to VDDANA - 0.6V]
– ADCx * GAIN [0V to -Vref ]

• Built-in internal reference and external reference options
– Four bits for reference selection
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37. Electrical Characteristics

37.1 Disclaimer
All typical values are measured at T = 25°C unless otherwise specified. All minimum and maximum
values are valid across operating temperature and voltage unless otherwise specified.

37.2 Absolute Maximum Ratings
Stresses beyond those listed in this section may cause permanent damage to the device. This is a stress
rating only and functional operation of the device at these or other conditions beyond those indicated in
the operational sections of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

Table 37-1. Absolute Maximum Ratings

Symbol Description Min. Max. Units

VDD Power supply voltage 0 3.8 V

IVDD Current into a VDD pin - 92(1) mA

IGND Current out of a GND pin - 130(1) mA

VPIN Pin voltage with respect to GND and VDD GND-0.6V VDD+0.6V V

Tstorage Storage temperature -60 150 °C

1. Maximum source current is 46mA and maximum sink current is 65mA per cluster. A cluster is a
group of GPIOs as shown in the table below. Also note that each VDD/GND pair is connected to
two clusters so current consumption through the pair will be a sum of the clusters source/sink
currents.

Caution:  This device is sensitive to electrostatic discharges (ESD). Improper handling may
lead to permanent performance degradation or malfunctioning.
Handle the device following best practice ESD protection rules: Be aware that the human body
can accumulate charges large enough to impair functionality or destroy the device.

Caution:  In debugger cold-plugging mode, NVM erase operations are not protected by the
BOD33 and BOD12. NVM erase operation at supply voltages below specified minimum can
cause corruption of NVM areas that are mandatory for correct device behavior.

Related Links
GPIO Clusters

37.3 General Operating Ratings
The device must operate within the ratings in order for all other electrical characteristics and typical
characteristics of the device to be valid.
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To use the Master or Slave SCL low extend time-outs, enable the SCL Low
Time-out (CTRLA.LOWTOUT=1).
2 – In USART autobaud mode, missing stop bits are not recognized as
inconsistent sync (ISF) or framing (FERR) errors.
Errata reference: 13852
Fix/Workaround:
None
3 – If the SERCOM is enabled in SPI mode with SSL detection enabled
(CTRLB.SSDE) and CTRLB.RXEN=1, an erroneous slave select low
interrupt (INTFLAG.SSL) can be generated.
Errata reference: 13369
Fix/Workaround:
Enable the SERCOM first with CTRLB.RXEN=0. In a subsequent write, set
CTRLB.RXEN=1.
4 – In TWI master mode, an ongoing transaction should be stalled
immediately when DBGCTRL.DBGSTOP is set and the CPU enters
debug mode. Instead, it is stopped when the current byte transaction is
completed and the corresponding interrupt is triggered if enabled.
Errata reference: 12499
Fix/Workaround:
In TWI master mode, keep DBGCTRL.DBGSTOP=0 when in debug mode.

40.1.3.12 TC
1 – Spurious TC overflow and Match/Capture events may occur.
Errata reference: 13268
Fix/Workaround:
Do not use the TC overflow and Match/Capture events. Use the
corresponding Interrupts instead.

40.1.3.13 TCC
1 – Using TCC in dithering mode with external retrigger events can lead
to unexpected stretch of right aligned pulses, or shrink of left aligned
pulses.
Errata reference: 15625
Fix/Workaround:
Do not use retrigger events/actions when TCC is configured in dithering
mode.
2 – Advance capture mode (CAPTMIN CAPTMAX LOCMIN LOCMAX
DERIV0) doesn’t work if an upper channel is not in one of these mode.
Example: when CC[0]=CAPTMIN, CC[1]=CAPTMAX, CC[2]=CAPTEN,
and CC[3]=CAPTEN, CAPTMIN and CAPTMAX won’t work.
Errata reference: 14817
Fix/Workaround:
Basic capture mode must be set in lower channel and advance capture
mode in upper channel.
Example: CC[0]=CAPTEN , CC[1]=CAPTEN , CC[2]=CAPTMIN,
CC[3]=CAPTMAX
All capture will be done as expected.
3 – In RAMP 2 mode with Fault keep, qualified and restart:
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EVSYS – Event System • CTRL.SWRST: Added recommendation when doing a software
reset.

SERCOM I2C – SERCOM
Inter-Integrated Circuit

• Corrected cross references in the Master CTRLA.SCLSM and Slave 
CTRLASCLSM bits.

TCC – Timer/Counter for
Control Applications

• Value 0 in CAPTMIN mode is captured only in down-counting mode.

ADC – Analog-to-Digital
Converter

• Differential and Single-Ended Conversions: Corrected register
reference from INPUTCTRL.DIFFMODE to CTRLB.DIFFMODE.

• RESULT: Corrected description. Reference to "single-ended mode"
corrected to "single conversion mode".

Electrical Characteristics • Absolute Maximum Ratings: Add ESD warnings.
• I2S Timing: fM_SCKO and fM_SCKI values for VDD=1.8V moved from

the minimum to maximum column.
• XOSC32K Crystal Oscillator Characteristics: Removed conditions

from the parasitic capacitor loads CXIN32 and CXOUT32. The
difference between package types is so small that it can be ingored.

Schematic Checklist • External Real Time Oscillator: Added note on how to minimize jitter.

Appendix A. Electrical
Characteristics at 125°C

• Maximum Clock Frequencies: Corrected heading of Table 44-7 say
"Device Variant B".

43.6 Rev. K – 09/2016

Ordering Information • SAM D21E: Added Device Variant C ordering codes.
• Device Identification: Added Device Variant C to Table 3-8.

I/O Multiplexing and
Considerations

• The section is reorgnaized:
– SERCOM I2C Pins: Replaces the "Type" column in Multiplexed

Signals.
– GPIO Clusters: Moved from Absolute Maximum Ratings.
– TCC Configurations: Moved from the TCC Overview.

PM – Power Manager • APBCMASK updated.

DSU - Device Service
Unit

• System Services Availability when Accessed Externally: MBIST not
available when device is operated from external address range and
device is protected.

RTC – Real-Time
Counter

• Clock/Calendar (Mode 2): Example added on how the clock counter
works in calendar mode.

TC – Timer/Counter • CTRLA.WAVEGEN[1:0]: Name column updated.
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44.6.3 Analog-to-Digital (ADC) characteristics
Table 44-13. Operating Conditions (Device Variant A)

Symbol Parameter Conditions Min. Typ. Max. Units

RES Resolution 8 - 12 bits

fCLK_ADC ADC Clock frequency 30 - 2100 kHz

Sample rate(1) Single shot (with
VDDANA > 3.0V)
(4)

5 - 300 ksps

Free running 5 - 350 ksps

Sampling time(1) 0.5 - - cycles

Conversion time(1) 1x Gain - 6 - cycles

VREF Voltage reference
range

1.0 - VDDANA-0.6 V

VREFINT1V Internal 1V reference
(2)

- 1.0 - V

VREFINTVCC0 Internal ratiometric
reference 0(2)

- VDDANA/
1.48

- V

VREFINTVCC0

Voltage Error

Internal ratiometric
reference 0(2) error

2.0V <
VDDANA<3.63V

-1.0 - +1.0 %

VREFINTVCC1 Internal ratiometric
reference 1(2)

VDDANA>2.0V - VDDANA/2 - V

VREFINTVCC1

Voltage Error

Internal ratiometric
reference 1(2) error

2.0V <
VDDANA<3.63V

-1.0 - +1.0 %

Conversion range(1) Differential mode -VREF/
GAIN

- +VREF/GAIN V

Single-ended
mode

0.0 - +VREF/GAIN V

CSAMPLE Sampling
capacitance(2)

- 3.5 - pF

RSAMPLE Input channel source
resistance(2)

- - 3.5 kΩ

IDD DC supply current(1) fCLK_ADC =
2.1MHz(3)

- 1.25 1.85 mA

Note: 
1. These values are based on characterization. These values are not covered by test limits in

production.
2. These values are based on simulation. These values are not covered by test limits in production or

characterization.
3. In this condition and for a sample rate of 350ksps, 1 Conversion at gain 1x takes 6 clock cycles of

the ADC clock (conditions: 1X gain, 12-bit resolution, differential mode, free-running).
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