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16.6.3 Peripheral Clock
Figure 16-4. Peripheral Clock

16.6.3.1 Enabling a Peripheral Clock
Before a Peripheral Clock is enabled, one of the Generators must be enabled (GENCTRLn.GENEN) and
selected as source for the Peripheral Channel by setting the Generator Selection bits in the Peripheral
Channel Control register (PCHCTRL.GEN). Any available Generator can be selected as clock source for
each Peripheral Channel.

When a Generator has been selected, the peripheral clock is enabled by setting the Channel Enable bit in
the Peripheral Channel Control register, PCHCTRLm.CHEN = 1. The PCHCTRLm.CHEN bit must be
synchronized to the generic clock domain. PCHCTRLm.CHEN will continue to read as its previous state
until the synchronization is complete.

16.6.3.2 Disabling a Peripheral Clock
A Peripheral Clock is disabled by writing PCHCTRLm.CHEN=0. The PCHCTRLm.CHEN bit must be
synchronized to the Generic Clock domain. PCHCTRLm.CHEN will stay in its previous state until the
synchronization is complete. The Peripheral Clock is gated when disabled.

Related Links
PCHCTRL0, PCHCTRL1, PCHCTRL2, PCHCTRL3, PCHCTRL4, PCHCTRL5, PCHCTRL6, PCHCTRL7,
PCHCTRL8, PCHCTRL9, PCHCTRL10, PCHCTRL11, PCHCTRL12, PCHCTRL13, PCHCTRL14,
PCHCTRL15, PCHCTRL16, PCHCTRL17, PCHCTRL18, PCHCTRL19, PCHCTRL20, PCHCTRL21,
PCHCTRL22, PCHCTRL23, PCHCTRL24, PCHCTRL25, PCHCTRL26, PCHCTRL27, PCHCTRL28,
PCHCTRL29, PCHCTRL30, PCHCTRL31, PCHCTRL32, PCHCTRL33, PCHCTRL34, PCHCTRL35,
PCHCTRL36, PCHCTRL37, PCHCTRL38, PCHCTRL39, PCHCTRL40, PCHCTRL41, PCHCTRL42,
PCHCTRL43, PCHCTRL44, PCHCTRL45

16.6.3.3 Selecting the Clock Source for a Peripheral
When changing a peripheral clock source by writing to PCHCTRLm.GEN, the peripheral clock must be
disabled before re-enabling it with the new clock source setting. This prevents glitches during the
transition:

1. Disable the Peripheral Channel by writing PCHCTRLm.CHEN=0
2. Assert that PCHCTRLm.CHEN reads '0'
3. Change the source of the Peripheral Channel by writing PCHCTRLm.GEN
4. Re-enable the Peripheral Channel by writing PCHCTRLm.CHEN=1

Related Links
PCHCTRL0, PCHCTRL1, PCHCTRL2, PCHCTRL3, PCHCTRL4, PCHCTRL5, PCHCTRL6, PCHCTRL7,
PCHCTRL8, PCHCTRL9, PCHCTRL10, PCHCTRL11, PCHCTRL12, PCHCTRL13, PCHCTRL14,
PCHCTRL15, PCHCTRL16, PCHCTRL17, PCHCTRL18, PCHCTRL19, PCHCTRL20, PCHCTRL21,

 SAM C20/C21

© 2017 Microchip Technology Inc.  Datasheet Complete DS60001479B-page 146



Value Description
0 The OSC32K Ready interrupt is disabled.
1 The OSC32K Ready interrupt is enabled.

Bit 0 – XOSC32KRDY: XOSC32K Ready Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the XOSC32K Ready Interrupt Enable bit, which disables the XOSC32K
Ready interrupt.

Value Description
0 The XOSC32K Ready interrupt is disabled.
1 The XOSC32K Ready interrupt is enabled.

21.8.2 Interrupt Enable Set

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 Clear register (INTENCLR).

Name:  INTENSET
Offset:  0x04 [ID-00001010]
Reset:  0x00000000
Property:
 

PAC Write-Protection

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  
      CLKFAIL OSC32KRDY XOSC32KRDY  

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

Bit 2 – CLKFAIL: XOSC32K Clock Failure Detection Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the XOSC32K Clock Failure Interrupt Enable bit, which enables the
XOSC32K Clock Failure interrupt.

 SAM C20/C21

© 2017 Microchip Technology Inc.  Datasheet Complete DS60001479B-page 239



24.5.9 Analog Connections
A 32.768kHz crystal can be connected to the XIN32 and XOUT32 pins, along with any required load
capacitors. See Electrical Characteristics for details on recommended crystal characteristics and load
capacitors.

24.6 Functional Description

24.6.1 Principle of Operation
The RTC keeps track of time in the system and enables periodic events, as well as interrupts and events
at a specified time. The RTC consists of a 10-bit prescaler that feeds a 32-bit counter. The actual format
of the 32-bit counter depends on the RTC operating mode.

The RTC can function in one of these modes:
• Mode 0 - COUNT32: RTC serves as 32-bit counter
• Mode 1 - COUNT16: RTC serves as 16-bit counter
• Mode 2 - CLOCK: RTC serves as clock/calendar with alarm functionality

24.6.2 Basic Operation

24.6.2.1 Initialization
The following bits are enable-protected, meaning that they can only be written when the RTC is disabled
(CTRLA.ENABLE=0):

• Operating Mode bits in the Control A register (CTRLA.MODE)
• Prescaler bits in the Control A register (CTRLA.PRESCALER)
• Clear on Match bit in the Control A register (CTRLA.MATCHCLR)
• Clock Representation bit in the Control A register (CTRLA.CLKREP)

The following registers are enable-protected:

• Event Control register (EVCTRL)

Enable-protected bits and registers can be changed only when the RTC is disabled (CTRLA.ENABLE=0).
If the RTC is enabled (CTRLA.ENABLE=1), these operations are necessary: first write
CTRLA.ENABLE=0 and check whether the write synchronization has finished, then change the desired
bit field value. Enable-protected bits in CTRLA register can be written at the same time as
CTRLA.ENABLE is written to '1', but not at the same time as CTRLA.ENABLE is written to '0'.

Enable-protection is denoted by the "Enable-Protected" property in the register description.

The RTC prescaler divides the source clock for the RTC counter.

Note:  In Clock/Calendar mode, the prescaler must be configured to provide a 1Hz clock to the counter
for correct operation.

The frequency of the RTC clock (CLK_RTC_CNT) is given by the following formula:�CLK_RTC_CNT = �CLK_RTC_OSC2PRESCALER
The frequency of the oscillator clock, CLK_RTC_OSC, is given by fCLK_RTC_OSC, and fCLK_RTC_CNT is the
frequency of the internal prescaled RTC clock, CLK_RTC_CNT.
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Bit 3 – COUNT: Count Value Synchronization Busy Status

Value Description
0 Read/write synchronization for COUNT register is complete.
1 Read/write synchronization for COUNT register is ongoing.

Bit 2 – FREQCORR: Frequency Correction Synchronization Busy Status

Value Description
0 Write synchronization for FREQCORR register is complete.
1 Write synchronization for FREQCORR register is ongoing.

Bit 1 – ENABLE: Enable Synchronization Busy Status

Value Description
0 Write synchronization for CTRLA.ENABLE bit is complete.
1 Write synchronization for CTRLA.ENABLE bit is ongoing.

Bit 0 – SWRST: Software Reset Synchronization Busy Status

Value Description
0 Write synchronization for CTRLA.SWRST bit is complete.
1 Write synchronization for CTRLA.SWRST bit is ongoing.

24.10.8 Frequency Correction

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

PAC Write-Protection, Write-Synchronized

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

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  

Bit 7 – SIGN: Correction Sign

Value Description
0 The correction value is positive, i.e., frequency will be decreased.
1 The correction value is negative, i.e., frequency will be increased.

Bits 6:0 – VALUE[6:0]: Correction Value
These bits define the amount of correction applied to the RTC prescaler.

Value Description
0 Correction is disabled and the RTC frequency is unchanged.
1 - 127 The RTC frequency is adjusted according to the value.

24.10.9 Counter Value in COUNT16 mode (CTRLA.MODE=1)
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Name:  CTRL
Offset:  0x00 [ID-00001ece]
Reset:  0x00X0
Property:
 

PAC Write-Protection, Enable-Protected

Bit 15 14 13 12 11 10 9 8  
     LVLENx3 LVLENx2 LVLENx1 LVLENx0  

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

Bit 7 6 5 4 3 2 1 0  
      CRCENABLE DMAENABLE SWRST  

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

Bits 8, 9, 10, 11 – LVLENx: Priority Level x Enable
When this bit is set, all requests with the corresponding level will be fed into the arbiter block. When
cleared, all requests with the corresponding level will be ignored.

For details on arbitration schemes, refer to the Arbitration section.

These bits are not enable-protected.

Value Description
0 Transfer requests for Priority level x will not be handled.
1 Transfer requests for Priority level x will be handled.

Bit 2 – CRCENABLE: CRC Enable
Writing a '0' to this bit will disable the CRC calculation when the CRC Status Busy flag is cleared
(CRCSTATUS. CRCBUSY). The bit is zero when the CRC is disabled.

Writing a '1' to this bit will enable the CRC calculation.

Value Description
0 The CRC calculation is disabled.
1 The CRC calculation is enabled.

Bit 1 – DMAENABLE: DMA Enable
Setting this bit will enable the DMA module.

Writing a '0' to this bit will disable the DMA module. When writing a '0' during an ongoing transfer, the bit
will not be cleared until the internal data transfer buffer is empty and the DMA transfer is aborted. The
internal data transfer buffer will be empty once the ongoing burst transfer is completed.

This bit is not enable-protected.

Value Description
0 The peripheral is disabled.
1 The peripheral is enabled.

Bit 0 – SWRST: Software Reset
Writing a '0' to this bit has no effect.
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Bit 31 30 29 28 27 26 25 24  
 RRLVLEN3    LVLPRI3[3:0]  

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

Bit 23 22 21 20 19 18 17 16  
 RRLVLEN2    LVLPRI2[3:0]  

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

Bit 15 14 13 12 11 10 9 8  
 RRLVLEN1    LVLPRI1[3:0]  

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

Bit 7 6 5 4 3 2 1 0  
 RRLVLEN0    LVLPRI0[3:0]  

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

Bit 31 – RRLVLEN3: Level 3 Round-Robin Arbitration Enable
This bit controls which arbitration scheme is selected for DMA channels with priority level 3. For details on
arbitration schemes, refer to Arbitration.

Value Description
0 Static arbitration scheme for channels with level 3 priority.
1 Round-robin arbitration scheme for channels with level 3 priority.

Bits 27:24 – LVLPRI3[3:0]: Level 3 Channel Priority Number
When round-robin arbitration is enabled (PRICTRL0.RRLVLEN3=1) for priority level 3, this register holds
the channel number of the last DMA channel being granted access as the active channel with priority
level 3.

When static arbitration is enabled (PRICTRL0.RRLVLEN3=0) for priority level 3, and the value of this bit
group is non-zero, it will not affect the static priority scheme.

This bit group is not reset when round-robin arbitration gets disabled (PRICTRL0.RRLVLEN3 written to
'0').

Bit 23 – RRLVLEN2: Level 2 Round-Robin Arbitration Enable
This bit controls which arbitration scheme is selected for DMA channels with priority level 2. For details on
arbitration schemes, refer to Arbitration.

Value Description
0 Static arbitration scheme for channels with level 2 priority.
1 Round-robin arbitration scheme for channels with level 2 priority.

Bits 19:16 – LVLPRI2[3:0]: Level 2 Channel Priority Number
When round-robin arbitration is enabled (PRICTRL0.RRLVLEN2=1) for priority level 2, this register holds
the channel number of the last DMA channel being granted access as the active channel with priority
level 2.
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Offset Name Bit Pos.         

0x2C

...

0x2F

Reserved          

0x30

DEBOUNCEN

7:0 DEBOUNCEN[7:0]

0x31 15:8 DEBOUNCEN[15:8]

0x32 23:16 DEBOUNCEN[23:16]

0x33 31:24 DEBOUNCEN[31:24]

0x34

DPRESCALER

7:0 STATESx PRESCALERx[2:0] STATESx PRESCALERx[2:0]

0x35 15:8 STATESx PRESCALERx[2:0] STATESx PRESCALERx[2:0]

0x36 23:16        TICKON

0x37 31:24         

0x38

PINSTATE

7:0 PINSTATE[7:0]

0x39 15:8 PINSTATE[15:8]

0x3A 23:16 PINSTATE[23:16]

0x3B 31:24 PINSTATE[31:24]

26.8 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.

Some registers require synchronization when read and/or written. Synchronization is denoted by the
"Read-Synchronized" and/or "Write-Synchronized" property in each individual register description.

Some registers are enable-protected, meaning they can only be written when the module is disabled.
Enable-protection is denoted by the "Enable-Protected" property in each individual register description.

26.8.1 Control A

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

PAC Write-Protection

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

Access RW RW W  
Reset 0 0 0  

Bit 4 – CKSEL: Clock Selection
The EIC can be clocked either by GCLK_EIC (when a frequency higher than 32KHz is required for
filtering) or by CLK_ULP32K (when power consumption is the priority).

This bit is not Write-Synchronized.
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Name:  SYNCBUSY
Offset:  0x04
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  
       ENABLE SWRST  

Access R R  
Reset 0 0  

Bit 1 – ENABLE: Enable Synchronization Busy Status

Value Description
0 Write synchronization for CTRLA.ENABLE bit is complete.
1 Write synchronization for CTRLA.ENABLE bit is ongoing.

Bit 0 – SWRST: Software Reset Synchronization Busy Status

Value Description
0 Write synchronization for CTRLA.SWRST bit is complete.
1 Write synchronization for CTRLA.SWRST bit is ongoing.

26.8.5 Event Control

Name:  EVCTRL
Offset:  0x08
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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31.5.8 Register Access Protection
Registers with write-access can be write-protected optionally by the peripheral access controller (PAC).

PAC Write-Protection is not available for the following registers:

• Interrupt Flag Clear and Status register (INTFLAG)
• Status register (STATUS)
• Data register (DATA)

Optional PAC Write-Protection is denoted by the "PAC Write-Protection" property in each individual
register description.

Write-protection does not apply to accesses through an external debugger.

Related Links
PAC - Peripheral Access Controller

31.5.9 Analog Connections
Not applicable.

31.6 Functional Description

31.6.1 Principle of Operation
The USART uses the following lines for data transfer:

• RxD for receiving
• TxD for transmitting
• XCK for the transmission clock in synchronous operation

USART data transfer is frame based. A serial frame consists of:

• 1 start bit
• From 5 to 9 data bits (MSB or LSB first)
• No, even or odd parity bit
• 1 or 2 stop bits

A frame starts with the start bit followed by one character of data bits. If enabled, the parity bit is inserted
after the data bits and before the first stop bit. After the stop bit(s) of a frame, either the next frame can
follow immediately, or the communication line can return to the idle (high) state. The figure below
illustrates the possible frame formats. Brackets denote optional bits.

Figure 31-2. Frame Formats

Frame

(IDLE) St 0 1 2 3 4 [5] [6] [7] [8] [P] Sp1 [Sp2] [St/IDL]

St Start bit. Signal is always low.

n, [n] Data bits. 0 to [5..9]

[P] Parity bit. Either odd or even.
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Offset Name Bit Pos.         

0x86 23:16 LSS[7:0]

0x87 31:24         

0x88

XIDFC

7:0 FLESA[7:0]

0x89 15:8 FLESA[15:8]

0x8A 23:16  LSE[6:0]

0x8B 31:24         

0x8C

...

0x8F

Reserved          

0x90

XIDAM

7:0 EIDM[7:0]

0x91 15:8 EIDM[15:8]

0x92 23:16 EIDM[23:16]

0x93 31:24    EIDM[28:24]

0x94

HPMS

7:0 MSI[1:0] BIDX[5:0]

0x95 15:8 FLST FIDX[6:0]

0x96 23:16         

0x97 31:24         

0x98

NDAT1

7:0 NDn NDn NDn NDn NDn NDn NDn NDn

0x99 15:8 NDn NDn NDn NDn NDn NDn NDn NDn

0x9A 23:16 NDn NDn NDn NDn NDn NDn NDn NDn

0x9B 31:24 NDn NDn NDn NDn NDn NDn NDn NDn

0x9C

NDAT2

7:0 NDn NDn NDn NDn NDn NDn NDn NDn

0x9D 15:8 NDn NDn NDn NDn NDn NDn NDn NDn

0x9E 23:16 NDn NDn NDn NDn NDn NDn NDn NDn

0x9F 31:24 NDn NDn NDn NDn NDn NDn NDn NDn

0xA0

RXF0C

7:0 F0SA[7:0]

0xA1 15:8 F0SA[15:8]

0xA2 23:16  F0S[6:0]

0xA3 31:24 F0OM F0WM[6:0]

0xA4

RXF0S

7:0  F0FL[6:0]

0xA5 15:8   F0GI[5:0]

0xA6 23:16   F0PI[5:0]

0xA7 31:24       RF0L F0F

0xA8

RXF0A

7:0   F0AI[5:0]

0xA9 15:8         

0xAA 23:16         

0xAB 31:24         

0xAC

RXBC

7:0 RBSA[7:0]

0xAD 15:8 RBSA[15:8]

0xAE 23:16         

0xAF 31:24         

0xB0

RXF1C

7:0 F1SA[7:0]

0xB1 15:8 F1SA[15:8]

0xB2 23:16  F1S[6:0]

0xB3 31:24 F1OM F1WM[6:0]

0xB4
RXF1S

7:0  F1FL[6:0]

0xB5 15:8   F1GI[5:0]
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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  
      RBDS[2:0]  

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

Bit 7 6 5 4 3 2 1 0  
  F1DS[2:0]  F0DS[2:0]  

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

Bits 10:8 – RBDS[2:0]: Rx Buffer Data Field Size
In case the data field size of an accepted CAN frame exceeds the data field size configured for the
matching Rx Buffer, only the number of bytes as configured by RXESC are stored to the Rx Buffer
element. The rest of the frame’s data field is ignored.

Value Name Description
0x0 DATA8 8 byte data field.
0x1 DATA12 12 byte data field.
0x2 DATA16 16 byte data field.
0x3 DATA20 20 byte data field.
0x4 DATA24 24 byte data field.
0x5 DATA32 32 byte data field.
0x6 DATA48 48 byte data field.
0x7 DATA64 64 byte data field.

Bits 6:4 – F1DS[2:0]: Rx FIFO 1 Data Field Size
In case the data field size of an accepted CAN frame exceeds the data field size configured for the
matching Rx FIFO 1, only the number of bytes as configured by RXESC are stored to the Rx FIFO 1
element. The rest of the frame’s data field is ignored.

Value Name Description
0x0 DATA8 8 byte data field.
0x1 DATA12 12 byte data field.
0x2 DATA16 16 byte data field.
0x3 DATA20 20 byte data field.
0x4 DATA24 24 byte data field.
0x5 DATA32 32 byte data field.
0x6 DATA48 48 byte data field.
0x7 DATA64 64 byte data field.
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The following bits are synchronized when written:

• Software Reset and Enable bits in Control A register (CTRLA.SWRST and CTRLA.ENABLE)

The following registers are synchronized when written:

• Control B Clear and Control B Set registers (CTRLBCLR and CTRLBSET)
• Status register (STATUS)
• Pattern and Pattern Buffer registers (PATT and PATTBUF)
• Waveform register (WAVE)
• Count Value register (COUNT)
• Period Value and Period Buffer Value registers (PER and PERBUF)
• Compare/Capture Channel x and Channel x Compare/Capture Buffer Value registers (CCx and

CCBUFx)

The following registers are synchronized when read:

• Control B Clear and Control B Set registers (CTRLBCLR and CTRLBSET)
• Count Value register (COUNT): synchronization is done on demand through READSYNC command

(CTRLBSET.CMD)
• Pattern and Pattern Buffer registers (PATT and PATTBUF)
• Waveform register (WAVE)
• Period Value and Period Buffer Value registers (PER and PERBUF)
• Compare/Capture Channel x and Channel x Compare/Capture Buffer Value registers (CCx and

CCBUFx)

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

Required read-synchronization is denoted by the "Read-Synchronized" property in the register
description.

Related Links
Register Synchronization
Register Synchronization
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Value Name Description
0x0 NONE No action
0x1 RETRIGGER Force start, restart or retrigger
0x2 STOP Force stop
0x3 UPDATE Force update of double buffered registers
0x4 READSYNC Force a read synchronization of COUNT

Bits 4:3 – IDXCMD[1:0]: Ramp Index Command
These bits can be used to force cycle A and cycle B changes in RAMP2 and RAMP2A operation. On
timer/counter update condition, the command is executed, the IDX flag in STATUS register is updated
and the IDXCMD command is cleared.

Writing a zero to these bits has no effect.

Writing a valid value to these bits will set a command.

Value Name Description
0x0 DISABLE Command disabled: IDX toggles between cycles A and B
0x1 SET Set IDX: cycle B will be forced in the next cycle
0x2 CLEAR Clear IDX: cycle A will be forced in next cycle
0x3 HOLD Hold IDX: the next cycle will be the same as the current cycle.

Bit 2 – ONESHOT: One-Shot
This bit controls one-shot operation of the TCC. When in one-shot operation, the TCC will stop counting
on the next overflow/underflow condition or a stop command.

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

Writing a '1' to this bit will enable the one-shot operation.

Value Description
0 The TCC will count continuously.
1 The TCC will stop counting on the next underflow/overflow condition.

Bit 1 – LUPD: Lock Update
This bit controls the update operation of the TCC buffered registers.

When CTRLB.LUPD is set, no any update of the registers with value of its buffered register is performed
on hardware UPDATE condition. Locking the update ensures that all buffer registers are valid before an
hardware update is performed. After all the buffer registers are loaded correctly, the buffered registers
can be unlocked.

This bit has no effect when input capture operation is enabled.

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

Writing a '1' to this bit will lock updating.

Value Description
0 The CCBx, PERB, PGVB, PGOB, and SWAPBx buffer registers values are copied into the

corresponding CCx, PER, PGV, PGO and SWAPx registers on hardware update condition.
1 The CCBx, PERB, PGVB, PGOB, and SWAPBx buffer registers values are not copied into

CCx, PER, PGV, PGO and SWAPx registers on hardware update condition.

Bit 0 – DIR: Counter Direction
This bit is used to change the direction of the counter.
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Value Description
0 Reference buffer offset compensation is disabled.
1 Reference buffer offset compensation is enabled.

Bits 3:0 – REFSEL[3:0]: Reference Selection
These bits select the reference for the ADC.

Value Name Description
0x0 INTREF internal reference voltage
x01 INTVCC0 1/1.6 VDDANA
0x2 INTVCC1 1/2 VDDANA (only for VDDANA > 4.0V)
0x3 VREFA External reference
0x4 DAC DAC internal output
0x5 INTVCC2 VDDANA
0x6 - 0xF Reserved

38.8.4 Event Control

Name:  EVCTRL
Offset:  0x03 [ID-0000120e]
Reset:  0x00
Property:
 

PAC Write-Protection, Enable-Protected

Bit 7 6 5 4 3 2 1 0  
   WINMONEO RESRDYEO STARTINV FLUSHINV STARTEI FLUSHEI  

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

Bit 5 – WINMONEO: Window Monitor Event Out
This bit indicates whether the Window Monitor event output is enabled or not and an output event will be
generated when the window monitor detects something.

Value Description
0 Window Monitor event output is disabled and an event will not be generated.
1 Window Monitor event output is enabled and an event will be generated.

Bit 4 – RESRDYEO: Result Ready Event Out
This bit indicates whether the Result Ready event output is enabled or not and an output event will be
generated when the conversion result is available.

Value Description
0 Result Ready event output is disabled and an event will not be generated.
1 Result Ready event output is enabled and an event will be generated.

Bit 3 – STARTINV: Start Conversion Event Invert Enable
For the slave ADC, this bit has no effect when the SLAVEEN bit is set (CTRLA.SLAVEEN= 1).

Value Description
0 Start event input source is not inverted.
1 Start event input source is inverted.
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Bit 15 14 13 12 11 10 9 8  
 WINLT[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  
 WINLT[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 – WINLT[15:0]: Window Lower Threshold
If the window monitor is enabled, these bits define the lower threshold value.

38.8.14 Window Monitor Upper Threshold

Name:  WINUT
Offset:  0x10 [ID-0000120e]
Reset:  0x0000
Property:
 

PAV Write-Protection, Write-Synchronized

Bit 15 14 13 12 11 10 9 8  
 WINUT[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  
 WINUT[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 – WINUT[15:0]: Window Upper Threshold
If the window monitor is enabled, these bits define the upper threshold value.

38.8.15 Gain Correction

Name:  GAINCORR
Offset:  0x12 [ID-0000120e]
Reset:  0x0000
Property:
 

PAC Write-Protection, Write-Synchronized
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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

 SAM C20/C21

© 2017 Microchip Technology Inc.  Datasheet Complete DS60001479B-page 907



Bit 15 14 13 12 11 10 9 8  
 SKPCNT[3:0]  OSR[2:0]  

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

Bit 7 6 5 4 3 2 1 0  
 PRESCALER[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 15:12 – SKPCNT[3:0]: Skip Count
How many skip samples before retrieve the first valid sample.

The first valid sample starts from the third sample onward.

Bits 10:8 – OSR[2:0]: Over Sampling Ratio
OSR is the Over Sampling Ratio which can be modified to change the output data rate.

The OSR must never be changed while the SDADC is running. One must first place the SDADC in reset
state, modify the OSR and then run the SDADC again.

Example: The sampling rate of the SDADC is 1.5Msps/OSR. The maximum sampling rate is then
1.5MSPS/OSR64 ≅ 23.4ksps and the minimum sampling rate is 1.5Msps/OSR1024 ≅ 1.5ksps

Value Name Description
0x0 OSR64 Over Sampling Ratio is 64
x01 OSR128 Over Sampling Ratio is 128
0x2 OSR256 Over Sampling Ratio is 256
0x3 OSR512 Over Sampling Ratio is 512
0x4 OSR1024 Over Sampling Ratio is 1024
0x4 - 0xF - Reserved

Bits 7:0 – PRESCALER[7:0]: Prescaler Configuration
The ADC uses the SDADC Clock to perform conversions.

The CLK_SDADC_PRESCAL clock range is between CLK_GEN_SDADC/2, if PRESCAL is 0, and
CLK_GEN_SDADC/512, if PRESCAL is set to 255 (0xFF). PRESCAL must be programmed in order to
provide an CLK_SDADC_PRESCAL clock frequency according to the parameters given in the product
Electrical Characteristics section.

39.8.4 Event Control

Name:  EVCTRL
Offset:  0x04 [ID-0000243d]
Reset:  0x00
Property:
 

PAC Write-Protection, Enable-Protected
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Name:  INTENCLR
Offset:  0x05 [ID-0000243d]
Reset:  0x00
Property:
 

PAC Write-Protection

Bit 7 6 5 4 3 2 1 0  
      WINMON OVERRUN RESRDY  

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

Bit 2 – WINMON: Window Monitor Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will clear the Window Monitor Interrupt Enable bit, which disables the
corresponding interrupt request.

Value Description
0 The window monitor interrupt is disabled.
1 The window monitor interrupt is enabled, and an interrupt request will be generated when the

Window Monitor interrupt flag is set.

Bit 1 – OVERRUN: Overrun Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will clear the Overrun Interrupt Enable bit, which disables the corresponding
interrupt request.

Value Description
0 The Overrun interrupt is disabled.
1 The Overrun interrupt is enabled, and an interrupt request will be generated when the

Overrun interrupt flag is set.

Bit 0 – RESRDY: Result Ready Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will clear the Result Ready Interrupt Enable bit, which disables the corresponding
interrupt request.

Value Description
0 The Result Ready interrupt is disabled.
1 The Result Ready interrupt is enabled, and an interrupt request will be generated when the

Result Ready interrupt flag is set.

39.8.6 Interrupt Enable Set

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear (INTENCLR) register.

Name:  INTENSET
Offset:  0x06 [ID-0000243d]
Reset:  0x00
Property:
 

PAC Write-Protection
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

• Product Support – Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

• General Technical Support – Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

• Business of Microchip – Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.
Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support
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