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Peripheral Source NVIC Line

TC6 – Timer Counter 6

TC2 – Timer Counter 2

TC7 – Timer Counter 7

22

TC3 – Timer Counter 3Reserved 23

TC4 – Timer Counter 4Reserved 24

ADC0 – Analog-to-Digital Converter 0 25

Reserved 26

AC – Analog Comparator 27

Reserved 28

Reserved 29

PTC – Peripheral Touch Controller 30

Reserved 31

10.3 Micro Trace Buffer

10.3.1 Features
• Program flow tracing for the Cortex-M0+ processor
• MTB SRAM can be used for both trace and general purpose storage by the processor
• The position and size of the trace buffer in SRAM is configurable by software
• CoreSight compliant

10.3.2 Overview
When enabled, the MTB records changes in program flow, reported by the Cortex-M0+ processor over
the execution trace interface shared between the Cortex-M0+ processor and the CoreSight MTB-M0+.
This information is stored as trace packets in the SRAM by the MTB. An off-chip debugger can extract the
trace information using the Debug Access Port to read the trace information from the SRAM. The
debugger can then reconstruct the program flow from this information.

The MTB simultaneously stores trace information into the SRAM, and gives the processor access to the
SRAM. The MTB ensures that trace write accesses have priority over processor accesses.

The execution trace packet consists of a pair of 32-bit words that the MTB generates when it detects the
processor PC value changes non-sequentially. A non-sequential PC change can occur during branch
instructions or during exception entry. See the CoreSight MTB-M0+ Technical Reference Manual for more
details on the MTB execution trace packet format.

Tracing is enabled when the MASTER.EN bit in the Master Trace Control Register is 1. There are various
ways to set the bit to 1 to start tracing, or to 0 to stop tracing. See the CoreSight Cortex-M0+ Technical
Reference Manual for more details on the Trace start and stop and for a detailed description of the MTB’s
MASTER register. The MTB can be programmed to stop tracing automatically when the memory fills to a
specified watermark level or to start or stop tracing by writing directly to the MASTER.EN bit. If the
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14.7 Register Summary

Offset Name Bit Pos.         

0x00 CTRLA 7:0       DLZ SIGNED

0x01

...

0x03

Reserved          

0x04 STATUS 7:0       DBZ BUSY

0x05

...

0x07

Reserved          

0x08

DIVIDEND

7:0 DIVIDEND[7:0]

0x09 15:8 DIVIDEND[15:8]

0x0A 23:16 DIVIDEND[23:16]

0x0B 31:24 DIVIDEND[31:24]

0x0C

DIVISOR

7:0 DIVISOR[7:0]

0x0D 15:8 DIVISOR[15:8]

0x0E 23:16 DIVISOR[23:16]

0x0F 31:24 DIVISOR[31:24]

0x10

RESULT

7:0 RESULT[7:0]

0x11 15:8 RESULT[15:8]

0x12 23:16 RESULT[23:16]

0x13 31:24 RESULT[31:24]

0x14

REMAINDER

7:0 REMAINDER[7:0]

0x15 15:8 REMAINDER[15:8]

0x16 23:16 REMAINDER[23:16]

0x17 31:24 REMAINDER[31:24]

0x18

SQRNUM

7:0 SQRNUM[7:0]

0x19 15:8 SQRNUM[15:8]

0x1A 23:16 SQRNUM[23:16]

0x1B 31:24 SQRNUM[31:24]

14.8 Register Description
Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16-, and 32-bit accesses are supported. In addition,
the 8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

14.8.1 Control A

Name:  CTRLA
Offset:  0x00
Reset:  0x00
Property:
 

-
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Frequencies must never exceed the specified maximum frequency for each clock domain.

Value Name Description
0x01 DIV1 Divide by 1
0x02 DIV2 Divide by 2
0x04 DIV4 Divide by 4
0x08 DIV8 Divide by 8
0x10 DIV16 Divide by 16
0x20 DIV32 Divide by 32
0x40 DIV64 Divide by 64
0x80 DIV128 Divide by 128
others - Reserved

17.8.6 AHB Mask

Note:  This register is only available for SAMC2x "N" series devices.

Name:  AHBMASK
Offset:  0x10 [ID-00001086]
Reset:  0x000003CFF
Property:
 

PAC Write-Protection

Bit 31 30 29 28 27 26 25 24  
    

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

Bit 23 22 21 20 19 18 17 16  
  

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

Bit 15 14 13 12 11 10 9 8  
 PAC CAN1 CAN0  

Access R R R R R R/W R/W R/W  
Reset 0 0 0 0 1 1 0 0  

Bit 7 6 5 4 3 2 1 0  
 DMAC HSRAM NVMCTRL HMATRIXHS DSU APBC APBB APBA  

Access R/W R/W R/W R/W R/W R/W R/W R/W  
Reset 1 1 1 1 1 1 1 1  

Bit 13 – APBD: APBD AHB Clock Enable

Value Description
0 The AHB clock for the APBD is stopped.
1 The AHB clock for the APBD is enabled.

Bit 12 – DIVAS: DIVAS AHB Clock Enable
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This startup time can be configured by changing the Oscillator Start-Up Time bit group
(OSC32K.STARTUP) in the OSC32K Control register. During the start-up time, the oscillator output is
masked to ensure that no unstable clock propagates to the digital logic.

Once the external clock or crystal oscillator is stable and ready to be used as a clock source, the
OSC32K Ready bit in the Status register is set (STATUS.OSC32KRDY=1). The transition of
STATUS.OSC32KRDY from '0' to '1' generates an interrupt if the OSC32K Ready bit in the Interrupt
Enable Set register is set (INTENSET.OSC32KRDY=1).

The OSC32K can be used as a source for Generic Clock Generators (GCLK) or for the Real-Time
Counter (RTC). Before enabling the GCLK or the RTC module, the corresponding oscillator output must
be enabled (OSC32K.EN32K or OSC32K.EN1K) in order to ensure proper operation. In the same way,
the GCLK or RTC modules must be disabled before the clock selection is changed.

Related Links
NVM Software Calibration Area Mapping
RTC – Real-Time Counter
Real-Time Counter Clock Selection

21.6.5 32KHz Ultra Low Power Internal Oscillator (OSCULP32K) Operation
The OSCULP32K provides a tunable, low-speed, and ultra-low-power clock source. The OSCULP32K is
factory-calibrated under typical voltage and temperature conditions. The OSCULP32K should be
preferred to the OSC32K whenever the power requirements are prevalent over frequency stability and
accuracy.

The OSCULP32K is enabled by default after a power-on reset (POR) and will always run except during
POR. The frequency of the OSCULP32K oscillator is controlled by the value in the 32KHz Ultra Low
Power Internal Oscillator Calibration bits in the 32KHz Ultra Low Power Internal Oscillator Control register
(OSCULP32K.CALIB). This data is used to compensate for process variations.

OSCULP32K.CALIB is automatically loaded from Flash Factory Calibration during start-up. The
calibration value can be overridden by the user by writing to OSCULP32K.CALIB.

It is also possible to lock the OSCULP32K configuration by setting the Write Lock bit in the 32KHz Ultra
Low Power Internal Oscillator Control register (OSCULP32K.WRTLOCK=1). If set, the OSCULP32K
configuration is locked until a power-on reset (POR) is detected.

The OSCULP32K can be used as a source for Generic Clock Generators (GCLK) or for the Real-Time
Counter (RTC). To ensure proper operation, the GCLK or RTC modules must be disabled before the
clock selection is changed.

Related Links
RTC – Real-Time Counter
Real-Time Counter Clock Selection
GCLK - Generic Clock Controller

21.6.6 Watchdog Timer Clock Selection
The Watchdog Timer (WDT) uses the internal 1.024kHz OSCULP32K output clock. This clock is running
all the time and internally enabled when requested by the WDT module.

Related Links
WDT – Watchdog Timer

 SAM C20/C21

© 2017 Microchip Technology Inc.  Datasheet Complete DS60001479B-page 235



Bit 31 30 29 28 27 26 25 24  
 EXTINT[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  
 EXTINT[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  
 EXTINT[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  
 EXTINT[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 – EXTINT[31:0]: External Interrupt
The flag bit x is cleared by writing a '1' to it.

This flag is set when EXTINTx pin matches the external interrupt sense configuration and will generate an
interrupt request if INTENCLR/SET.EXTINT[x] is '1'.

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

Writing a '1' to this bit clears the External Interrupt x flag.

26.8.9 External Interrupt Asynchronous Mode

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

PAC Write-Protection, Enable-Protected
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Bit 31 30 29 28 27 26 25 24  
 ASYNCH[31:24]  

Access RW RW RW RW RW RW RW RW  
Reset 0 0 0 0 0 0 0 0  

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

Access RW RW RW RW RW RW RW RW  
Reset 0 0 0 0 0 0 0 0  

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

Access RW RW RW RW RW RW RW RW  
Reset 0 0 0 0 0 0 0 0  

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

Access RW RW RW RW RW RW RW RW  
Reset 0 0 0 0 0 0 0 0  

Bits 31:0 – ASYNCH[31:0]: Asynchronous Edge Detection Mode
The bit x of ASYNCH set the Asynchronous Edge Detection Mode for the interrupt associated with the
EXTINTx pin.

Value Description
0 The EXTINT x edge detection is synchronously operated.
1 The EXTINT x edge detection is asynchronously operated.

26.8.10 External Interrupt Sense Configuration n

Name:  CONFIG0, CONFIG1, CONFIG2, CONFIG3
Offset:  0x1C + n*0x04 [n=0..3]
Reset:  0x00000000
Property:
 

PAC Write-Protection, Enable-Protected
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Related Links
Physical Memory Map

27.6.6 Security Bit
The security bit allows the entire chip to be locked from external access for code security. The security bit
can be written by a dedicated command, Set Security Bit (SSB). Once set, the only way to clear the
security bit is through a debugger Chip Erase command. After issuing the SSB command, the PROGE
error bit can be checked.

In order to increase the security level it is recommended to enable the internal BODVDD when the
security bit is set.

Related Links
DSU - Device Service Unit

27.6.7 Cache
The NVM Controller cache reduces the device power consumption and improves system performance
when wait states are required. Only the NVM main array address space is cached. It is a direct-mapped
cache that implements 8 lines of 64 bits (i.e., 64 Bytes). NVM Controller cache can be enabled by writing
a '0' to the Cache Disable bit in the Control B register (CTRLB.CACHEDIS).

The cache can be configured to three different modes using the Read Mode bit group in the Control B
register (CTRLB.READMODE).

The INVALL command can be issued using the Command bits in the Control A register to invalidate all
cache lines (CTRLA.CMD=INVALL). Commands affecting NVM content automatically invalidate cache
lines.
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Figure 33-4. Bus State Diagram
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The bus state machine is active when the I2C master is enabled.

After the I2C master has been enabled, the bus state is UNKNOWN (0b00). From the UNKNOWN state,
the bus will transition to IDLE (0b01) by either:

• Forcing by writing 0b01 to STATUS.BUSSTATE
• A stop condition is detected on the bus
• If the inactive bus time-out is configured for SMBus compatibility (CTRLA.INACTOUT) and a time-

out occurs.

Note:  Once a known bus state is established, the bus state logic will not re-enter the UNKNOWN state.

When the bus is IDLE it is ready for a new transaction. If a start condition is issued on the bus by another
I2C master in a multi-master setup, the bus becomes BUSY (0b11). The bus will re-enter IDLE either
when a stop condition is detected, or when a time-out occurs (inactive bus time-out needs to be
configured).

If a start condition is generated internally by writing the Address bit group in the Address register
(ADDR.ADDR) while IDLE, the OWNER state (0b10) is entered. If the complete transaction was
performed without interference, i.e., arbitration was not lost, the I2C master can issue a stop condition,
which will change the bus state back to IDLE.

However, if a packet collision is detected while in OWNER state, the arbitration is assumed lost and the
bus state becomes BUSY until a stop condition is detected. A repeated start condition will change the bus
state only if arbitration is lost while issuing a repeated start.

Note:  Violating the protocol may cause the I2C to hang. If this happens it is possible to recover from this
state by a software reset (CTRLA.SWRST='1').

Related Links
CTRLA
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DATA before acknowledging. For master reads, an address and data interrupt will be issued
simultaneously after the address acknowledge. However, for master writes, the first data interrupt will be
seen after the first data byte has been received by the slave and the acknowledge bit has been sent to
the master.

Note:  For I2C High-speed mode (Hs), SCLSM=1 is required.

Figure 33-11. I2C Slave Behavioral Diagram (SCLSM=1)
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Receiving Address Packets (SCLSM=0)
When CTRLA.SCLSM=0, the I2C slave stretches the SCL line according to Figure 33-10. When the I2C
slave is properly configured, it will wait for a start condition.

When a start condition is detected, the successive address packet will be received and checked by the
address match logic. If the received address is not a match, the packet will be rejected, and the I2C slave
will wait for a new start condition. If the received address is a match, the Address Match bit in the
Interrupt Flag register (INTFLAG.AMATCH) will be set.

SCL will be stretched until the I2C slave clears INTFLAG.AMATCH. As the I2C slave holds the clock by
forcing SCL low, the software has unlimited time to respond.

The direction of a transaction is determined by reading the Read / Write Direction bit in the Status register
(STATUS.DIR). This bit will be updated only when a valid address packet is received.

If the Transmit Collision bit in the Status register (STATUS.COLL) is set, this indicates that the last packet
addressed to the I2C slave had a packet collision. A collision causes the SDA and SCL lines to be
released without any notification to software. Therefore, the next AMATCH interrupt is the first indication
of the previous packet’s collision. Collisions are intended to follow the SMBus Address Resolution
Protocol (ARP).

After the address packet has been received from the I2C master, one of two cases will arise based on
transfer direction.

Case 1: Address packet accepted – Read flag set

The STATUS.DIR bit is ‘1’, indicating an I2C master read operation. The SCL line is forced low, stretching
the bus clock. If an ACK is sent, I2C slave hardware will set the Data Ready bit in the Interrupt Flag
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Case 2: Data sent

When a byte transmission is successfully completed, the INTFLAG.DRDY interrupt flag is set. If NACK is
received, indicated by STATUS.RXNACK=1, the I2C slave must expect a stop or a repeated start to be
received. The I2C slave must release the data line to allow the I2C master to generate a stop or repeated
start. Upon detecting a stop condition, the Stop Received bit in the Interrupt Flag register
(INTFLAG.PREC) will be set and the I2C slave will return to IDLE state.

High-Speed Mode
When the I2C slave is configured in High-speed mode (Hs, CTRLA.SPEED=0x2) and CTRLA.SCLSM=1,
switching between Full-speed and High-speed modes is automatic. When the slave recognizes a START
followed by a master code transmission and a NACK, it automatically switches to High-speed mode and
sets the High-speed status bit (STATUS.HS). The slave will then remain in High-speed mode until a
STOP is received.

10-Bit Addressing
When 10-bit addressing is enabled (ADDR.TENBITEN=1), the two address bytes following a START will
be checked against the 10-bit slave address recognition. The first byte of the address will always be
acknowledged, and the second byte will raise the address interrupt flag, see 10-bit Addressing.

If the transaction is a write, then the 10-bit address will be followed by N data bytes.

If the operation is a read, the 10-bit address will be followed by a repeated START and reception of '11110
ADDR[9:8] 1', and the second address interrupt will be received with the DIR bit set. The slave matches
on the second address as it it was addressed by the previous 10-bit address.

Figure 33-12. 10-bit Addressing

S AW addr[7:0] A11110 addr[9:8] Sr RS
W

S
W11110 addr[9:8]

AMATCH INTERRUPT AMATCH INTERRUPT

PMBus Group Command
When the PMBus Group Command bit in the CTRLB register is set (CTRLB.GCMD=1) and 7-bit
addressing is used, INTFLAG.PREC will be set if the slave has been addressed since the last STOP
condition. When CTRLB.GCMD=0, a STOP condition without address match will not be set
INTFLAG.PREC.

The group command protocol is used to send commands to more than one device. The commands are
sent in one continuous transmission with a single STOP condition at the end. When the STOP condition
is detected by the slaves addressed during the group command, they all begin executing the command
they received.

PMBus Group Command Example shows an example where this slave, bearing ADDRESS 1, is
addressed after a repeated START condition. There can be multiple slaves addressed before and after
this slave. Eventually, at the end of the group command, a single STOP is generated by the master. At
this point a STOP interrupt is asserted.
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Bit 22 – MEXTTOEN: Master SCL Low Extend Time-Out
This bit enables the master SCL low extend time-out. If SCL is cumulatively held low for greater than
10ms from START-to-ACK, ACK-to-ACK, or ACK-to-STOP the master will release its clock hold if
enabled, and complete the current transaction. A STOP will automatically be transmitted.

SB or MB will be set as normal, but CLKHOLD will be released. The MEXTTOUT and BUSERR status
bits will be set.

This bit is not synchronized.

Value Description
0 Time-out disabled
1 Time-out enabled

Bits 21:20 – SDAHOLD[1:0]: SDA Hold Time
These bits define the SDA hold time with respect to the negative edge of SCL.

These bits are not synchronized.

Value Name Description
0x0 DIS Disabled
0x1 75NS 50-100ns hold time
0x2 450NS 300-600ns hold time
0x3 600NS 400-800ns hold time

Bit 16 – PINOUT: Pin Usage
This bit set the pin usage to either two- or four-wire operation:

This bit is not synchronized.

Value Description
0 4-wire operation disabled.
1 4-wire operation enabled.

Bit 7 – RUNSTDBY: Run in Standby
This bit defines the functionality in standby sleep mode.

This bit is not synchronized.

Value Description
0 GCLK_SERCOMx_CORE is disabled and the I2C master will not operate in standby sleep

mode.
1 GCLK_SERCOMx_CORE is enabled in all sleep modes.

Bits 4:2 – MODE[2:0]: Operating Mode
These bits must be written to 0x5 to select the I2C master serial communication interface of the
SERCOM.

These bits are not synchronized.

Bit 1 – ENABLE: Enable
Due to synchronization, there is delay from writing CTRLA.ENABLE until the peripheral is enabled/
disabled. The value written to CTRL.ENABLE will read back immediately and the Synchronization Enable
Busy bit in the Synchronization Busy register (SYNCBUSY.ENABLE) will be set. SYNCBUSY.ENABLE
will be cleared when the operation is complete.
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Bit 31 30 29 28 27 26 25 24  
 NDn NDn NDn NDn NDn NDn NDn NDn  

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  
 NDn NDn NDn NDn NDn NDn NDn NDn  

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  
 NDn NDn NDn NDn NDn NDn NDn NDn  

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  
 NDn NDn NDn NDn NDn NDn NDn NDn  

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 – NDn: New Data [n = 32..64]
The register holds the New Data flags of Rx Buffers 32 to 63. The flags are set when the respective Rx
Buffer has been updated from a received frame. The flags remain set until the Host clears them. A flag is
cleared by writing 1 to the corresponding bit position. Writing a 0 has no effect. A hard reset will clear the
register.

34.8.27 Rx FIFO 0 Configuration

Name:  RXF0C
Offset:  0xA0 [ID-0000a4bb]
Reset:  0x00000000
Property:
 

Write-restricted
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Name:  DBGCTRL
Offset:  0x0F
Reset:  0x00
Property:
 

PAC Write-Protection

Bit 7 6 5 4 3 2 1 0  
        DBGRUN  

Access R/W  
Reset 0  

Bit 0 – DBGRUN: Run in Debug Mode
This bit is not affected by a software Reset, and should not be changed by software while the TC is
enabled.

Value Description
0 The TC is halted when the device is halted in debug mode.
1 The TC continues normal operation when the device is halted in debug mode.

35.7.1.12 Synchronization Busy

Name:  SYNCBUSY
Offset:  0x10
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  
  CCx PER COUNT STATUS CTRLB ENABLE SWRST  

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

Bit 6 – CCx: Compare/Capture Channel x Synchronization Busy
For details on CC channels number, refer to each TC feature list.

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

 SAM C20/C21

© 2017 Microchip Technology Inc.  Datasheet Complete DS60001479B-page 733



Condition Interrupt
request

Event
output

Event
input

DMA
request

DMA request is
cleared

Capture Overflow Error Yes

Debug Fault State Yes

Recoverable Faults Yes

Non-Recoverable Faults Yes

TCCx Event 0 input Yes(4)

TCCx Event 1 input Yes(5)

Notes:
1. DMA request set on overflow, underflow or re-trigger conditions.
2. Can perform capture or generate recoverable fault on an event input.
3. In capture or circular modes.
4. On event input, either action can be executed:

– re-trigger counter
– control counter direction
– stop the counter
– decrement the counter
– perform period and pulse width capture
– generate non-recoverable fault

5. On event input, either action can be executed:
– re-trigger counter
– increment or decrement counter depending on direction
– start the counter
– increment or decrement counter based on direction
– increment counter regardless of direction
– generate non-recoverable fault

36.6.5.1 DMA Operation
The TCC can generate the following DMA requests:

Counter
overflow
(OVF)

If the Ones-shot Trigger mode in the control A register (CTRLA.DMAOS) is written to '0',
the TCC generates a DMA request on each cycle when an update condition (overflow,
underflow or re-trigger) is detected.
When an update condition (overflow, underflow or re-trigger) is detected while
CTRLA.DMAOS=1, the TCC generates a DMA trigger on the cycle following the DMA
One-Shot Command written to the Control B register (CTRLBSET.CMD=DMAOS).

In both cases, the request is cleared by hardware on DMA acknowledge.

Channel
Match (MCx)

A DMA request is set only on a compare match if CTRLA.DMAOS=0. The request is
cleared by hardware on DMA acknowledge.
When CTRLA.DMAOS=1, the DMA requests are not generated.
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36.7 Register Summary

Offset Name Bit Pos.         

0x00

CTRLA

7:0  RESOLUTION[1:0]    ENABLE SWRST

0x01 15:8 MSYNC ALOCK PRESCYNC[1:0] RUNSTDBY PRESCALER[2:0]

0x02 23:16         

0x03 31:24     CPTEN3 CPTEN2 CPTEN1 CPTEN0

0x04 CTRLBCLR 7:0 CMD[2:0] IDXCMD[1:0] ONESHOT LUPD DIR

0x05 CTRLBSET 7:0 CMD[2:0] IDXCMD[1:0] ONESHOT LUPD DIR

0x06

...

0x07

Reserved          

0x08

SYNCBUSY

7:0 PER WAVE PATT COUNT STATUS CTRLB ENABLE SWRST

0x09 15:8     CC3 CC2 CC1 CC0

0x0A 23:16         

0x0B 31:24         

0x0C

FCTRLA

7:0 RESTART BLANK[1:0] QUAL KEEP  SRC[1:0]

0x0D 15:8  CAPTURE[2:0] CHSEL[1:0] HALT[1:0]

0x0E 23:16 BLANKVAL[7:0]

0x0F 31:24     FILTERVAL[3:0]

0x10

FCTRLB

7:0 RESTART BLANK[1:0] QUAL KEEP  SRC[1:0]

0x11 15:8  CAPTURE[2:0] CHSEL[1:0] HALT[1:0]

0x12 23:16 BLANKVAL[7:0]

0x13 31:24     FILTERVAL[3:0]

0x14

WEXCTRL

7:0       OTMX[1:0]

0x15 15:8     DTIENx DTIENx DTIENx DTIENx

0x16 23:16 DTLS[7:0]

0x17 31:24 DTHS[7:0]

0x18

DRVCTRL

7:0 NREx NREx NREx NREx NREx NREx NREx NREx

0x19 15:8 NRVx NRVx NRVx NRVx NRVx NRVx NRVx NRVx

0x1A 23:16 INVENx INVENx INVENx INVENx INVENx INVENx INVENx INVENx

0x1B 31:24 FILTERVAL1[3:0] FILTERVAL0[3:0]

0x1C

...

0x1D

Reserved          

0x1E DBGCTRL 7:0      FDDBD  DBGRUN

0x1F Reserved          

0x20

EVCTRL

7:0 CNTSEL[1:0] EVACT1[2:0] EVACT0[2:0]

0x21 15:8 TCEIx TCEIx TCINVx TCINVx  CNTEO TRGEO OVFEO

0x22 23:16     MCEIx MCEIx MCEIx MCEIx

0x23 31:24     MCEOx MCEOx MCEOx MCEOx

0x24

INTENCLR

7:0     ERR CNT TRG OVF

0x25 15:8 FAULTx FAULTx FAULTB FAULTA DFS UFS   

0x26 23:16     MCx MCx MCx MCx

0x27 Reserved          

0x28
INTENSET

7:0     ERR CNT TRG OVF

0x29 15:8 FAULTx FAULTx FAULTB FAULTA DFS UFS   
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38.3 Block Diagram
Figure 38-1. ADC Block Diagram

ADC

AIN0

AINn

...

INT.SIG

AIN0

AINn

...

REFCTRL

INTREF

INTVCC1

OFFSETCORR

GAINCORRSWTRIG

EVCTRL

AVGCTRL

SEQCTRL

SAMPCTRL WINUT

POST 
PROCESSING

PRESCALER

CTRLB

WINLT

VREFA
CTRLA

RESULT

INPUTCTRL

SEQSTATUS
INTVCC0

DAC
INTVCC2

38.4 Signal Description

Signal Description Type

VREFA Analog input External reference voltage

AIN[11..0] Analog input Analog input channels

Note:  One signal can be mapped on several pins.

Related Links
Configuration Summary
I/O Multiplexing and Considerations

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

38.5.1 I/O Lines
Using the ADC's I/O lines requires the I/O pins to be configured using the port configuration (PORT).
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39.3 Block Diagram
Figure 39-1. SDADC Block Diagram.

SDADC

INN0

INNn

...

INP0

INPn

...

SWTRIG

EVCTRL

SEQCTRL
SAMPCTRL

WINUT

POST 
PROCESSING

CTRLB

WINLT

CTRLA

INPUTCTRL

SEQSTATUS

CTRLC

RESULT

SHIFTCORR

OFFSETCORR

GAINCORR

ANACTRL

PRESCALER

INTREF

VDDANA

REFCTRL

VREFB
DAC

39.4 Signal Description
One signal can be mapped on several pins.

Signal Description Type

VREF Analog input External reference voltage

AINN0 Analog input Analog input channel

AINP0 Analog input Analog input channel

AINN1 Analog input Analog input channel

AINP1 Analog input Analog input channel

AINN2 Analog input Analog input channel

AINP2 Analog input Analog input channel
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Value Name Description
0x0 OFF No filtering
0x1 MAJ3 3-bit majority function (2 of 3)
0x2 MAJ5 5-bit majority function (3 of 5)
0x3-0x7 N/A Reserved

Bit 19 – HYSTEN: Hysteresis Enable
This bit indicates the hysteresis mode of comparator n. Hysteresis is available only for continuous mode
(COMPCTRLn.SINGLE=0).

This bit is not synchronized.

Value Description
0 Hysteresis is disabled.
1 Hysteresis is enabled.

Bits 17:16 – SPEED[1:0]: Speed Selection
This bit indicates the speed/propagation delay mode of comparator n. COMPCTRLn.SPEED can be
written only while COMPCTRLn.ENABLE is zero.

These bits are not synchronized.

Value Name Description

0x0 LOW Low speed

0x3 HIGH High speed

Bit 15 – SWAP: Swap Inputs and Invert
This bit swaps the positive and negative inputs to COMPn and inverts the output. This function can be
used for offset cancellation. COMPCTRLn.SWAP can be written only while COMPCTRLn.ENABLE is
zero.

These bits are not synchronized.

Value Description
0 The output of MUXPOS connects to the positive input, and the output of MUXNEG connects

to the negative input.
1 The output of MUXNEG connects to the positive input, and the output of MUXPOS connects

to the negative input.

Bits 14:12 – MUXPOS[2:0]: Positive Input Mux Selection
These bits select which input will be connected to the positive input of comparator n.
COMPCTRLn.MUXPOS can be written only while COMPCTRLn.ENABLE is zero.

These bits are not synchronized.

Value Name Description
0x0 PIN0 I/O pin 0
0x1 PIN1 I/O pin 1
0x2 PIN2 I/O pin 2
0x3 PIN3 I/O pin 3
0x4 VSCALE VDD scaler
0x5–0x7 Reserved
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• Enable bit in the Control A register (CTRLA.ENABLE)
• All bits in the Data register (DATA)
• All bits in the Data Buffer register (DATABUF)

Write-synchronization is denoted by the Write-Synchronized property in the register description.

No bits need synchronization when read.

41.6.8 Additional Features

41.6.8.1 DAC as an Internal Reference
The DAC output can be internally enabled as input to the analog comparator. This is enabled by writing a
one to the Internal Output Enable bit in the Control B register (CTRLB.IOEN). It is possible to have the
internal and external output enabled simultaneously.

The DAC output can also be enabled as input to the Analog-to-Digital Converter. In this case, the output
buffer must be enabled.

41.6.8.2 Data Buffer
The Data Buffer register (DATABUF) and the Data register (DATA) are linked together to form a two-stage
FIFO. The DAC uses the Start Conversion event to load data from DATABUF into DATA and start a new
conversion. The Start Conversion event is enabled by writing a one to the Start Event Input bit in the
Event Control register (EVCTRL.STARTEI). If a Start Conversion event occurs when DATABUF is empty,
an Underrun interrupt request is generated if the Underrun interrupt is enabled.

The DAC can generate a Data Buffer Empty event when DATABUF becomes empty and new data can be
loaded to the buffer. The Data Buffer Empty event is enabled by writing a one to the Empty Event Output
bit in the Event Control register (EVCTRL.EMPTYEO). A Data Buffer Empty interrupt request is
generated if the Data Buffer Empty interrupt is enabled.

41.6.8.3 Voltage Pump
When the DAC is used at operating voltages lower than 2.5V, the voltage pump must be enabled. This
enabling is done automatically, depending on operating voltage.

The voltage pump can be disabled by writing a one to the Voltage Pump Disable bit in the Control B
register (CTRLB.VPD). This can be used to reduce power consumption when the operating voltage is
above 2.5V.

The voltage pump uses the asynchronous GCLK_DAC clock, and requires that the clock frequency be at
least four times higher than the sampling period.

41.6.8.4 Dithering mode
In dithering mode, DATA is a 14-bit signed value where DATA[13:4] is the 10-bit data converted by DAC
and DATA[3:0] the dither bits, used to minimize the quantization error.

The principle is to make 16 sub-conversions of DATA[13:4] value or (DATA[13:4] + 1) value so that by
averaging those 2 values, the 14-bit value (DATA[13:0]) conversion is accurate.

To operate, START event must be configured to generate 16 events for each DATA[15:0] conversion and
DATABUF must be loaded every 16 DAC conversions. EMPTY event and DMA request are therefore
generated every 16 DATABUF to DATA transfer.

Writing a one to the Left Adjust bit in Control B register (CTRLB.LEFTADJ) change the data to DATA[15:6]
and the dithering bits to DATA[5:2]. Refer to DATA description for further details.

Following timing diagram shows examples with DATA[15:0] = 0x1210 then DATA[15:0] = 0x12E0 and
CTRLB.LEFTADJ=1.

 SAM C20/C21

© 2017 Microchip Technology Inc.  Datasheet Complete DS60001479B-page 966



Table 47-20. Digital Clock Characteristics(1)

Symbol Parameter Condition Typ Units

fCPXIN32 XIN32 clock frequency Digital mode 32.768 kHz

DCXIN32 XIN32 clock duty cycle Digital mode 50 %

1. These are based on simulation. These values are not covered by test or characterization

The following table describes the characteristics for the oscillator when a crystal is connected between
XIN32 and XOUT32.

Figure 47-6. Oscillator Connection

XIN32

CSTRAY

CLEXT

CLEXT

CM

RM

LM

CSHUNT

XOUT32

DEVICE

Crystal

The user must choose a crystal oscillator where the crystal load capacitance CL is within the range given
in the table. The exact value of CL can be found in the crystal datasheet. The capacitance of the external
capacitors (CLEXT) can then be computed as follows:

CLEXT=2(CL-CSTRAY-CSHUNT)
where CSTRAY is the capacitance of the pins and PCB and CSHUNT is the shunt capacitance of
the crystal.

Table 47-21. 32kHz Crystal Oscillator Characteristics

Symbol Parameter Conditions Min. Typ. Max Units

fOUT
 (1) Crystal oscillator frequency - 32768 - Hz

CL
 (1) Crystal load capacitance - - 12.5 pF

CSHUNT (1) Crystal shunt capacitance - - 1.75

CM (1) Motional capacitance - 1.25 - fF

ESR Crystal Equivalent Series Resistance - SF =
3

F = 32.768kHz, CL=12.5
pF

- - 70 kΩ

CXIN32K Parasitic capacitor load - 3.8 - pF
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