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Name:  DIVIDEND
Offset:  0x08
Reset:  0x0000
Property:
 

-

Bit 31 30 29 28 27 26 25 24  
 DIVIDEND[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  
 DIVIDEND[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  
 DIVIDEND[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  
 DIVIDEND[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 – DIVIDEND[31:0]: Dividend Value
Holds the 32-bit dividend for the divide operation. If the Signed bit in Control A register (CTRLA.SIGNED)
is zero, DIVIDEND is unsigned. If CTRLA.SIGNED = 1, DIVIDEND is signed two’s complement. Refer to 
Performing Division, Operand Size and Signed Division.

14.8.4 Divisor

Name:  DIVISOR
Offset:  0x0C
Reset:  0x0000
Property:
 

-
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Bit 12 – TC0: TC0 APBC Mask Clock Enable

Value Description
0 The APBC clock for the TC0 is stopped.
1 The APBC clock for the TC0 is enabled.

Bit 11 – TCC2: TCC2 APBC Mask Clock Enable

Value Description
0 The APBC clock for the TCC2 is stopped.
1 The APBC clock for the TCC2 is enabled.

Bit 10 – TCC1: TCC1 APBC Mask Clock Enable

Value Description
0 The APBC clock for the TCC1 is stopped.
1 The APBC clock for the TCC1 is enabled.

Bit 9 – TCC0: TCC0 APBC Mask Clock Enable

Value Description
0 The APBC clock for the TCC0 is stopped.
1 The APBC clock for the TCC0 is enabled.

Bit 6 – SERCOM5: SERCOM5 APBC Mask Clock Enable

Value Description
0 The APBC clock for the SERCOM5 is stopped.
1 The APBC clock for the SERCOM5 is enabled.

Bit 5 – SERCOM4: SERCOM4 APBC Mask Clock Enable

Value Description
0 The APBC clock for the SERCOM4 is stopped.
1 The APBC clock for the SERCOM4 is enabled.

Bit 4 – SERCOM3: SERCOM3 APBC Mask Clock Enable

Value Description
0 The APBC clock for the SERCOM3 is stopped.
1 The APBC clock for the SERCOM3 is enabled.

Bit 3 – SERCOM2: SERCOM2 APBC Mask Clock Enable

Value Description
0 The APBC clock for the SERCOM2 is stopped.
1 The APBC clock for the SERCOM2 is enabled.

Bit 2 – SERCOM1: SERCOM1 APBC Mask Clock Enable

Value Description
0 The APBC clock for the SERCOM1 is stopped.
1 The APBC clock for the SERCOM1 is enabled.

 SAM C20/C21

© 2017 Microchip Technology Inc.  Datasheet Complete DS60001479B-page 180



20.8.11 OSC48M Synchronization Busy

Name:  OSC48MSYNCBUSY
Offset:  0x18 [ID-00001eee]
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  
      OSC48MDIV    

Access R/W  
Reset 1  

Bit 2 – OSC48MDIV: Oscillator Divider Synchronization Status
This bit is set when OSC48MDIV register is written.

This bit is cleared when OSC48MDIV synchronization is completed.

Value Description
0 No synchronized access.
1 Synchronized access is ongoing.

20.8.12 DPLL Control A

Name:  DPLLCTRLA
Offset:  0x1C [ID-00001eee]
Reset:  0x80
Property:
 

PAC Write-Protection, Write-Synchronized (ENABLE)
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Bit 1 – BODVDDDET:  BODVDD Detection Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the BODVDD Detection Interrupt Enable bit, which enables the BODVDD
Detection interrupt.

Value Description
0 The BODVDD Detection interrupt is disabled.
1 The BODVDD Detection interrupt is enabled, and an interrupt request will be generated

when the BODVDD Detection Interrupt flag is set.

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

Writing a '1' to this bit will set the BODVDD Ready Interrupt Enable bit, which enables the BODVDD
Ready interrupt.

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

the BODVDD Ready Interrupt flag is set.

22.8.3 Interrupt Flag Status and Clear

Name:  INTFLAG
Offset:  0x08 [ID-00001e33]
Reset:  0x0000010X, X= determined from NVM User Row (0xX=0bx00y)
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  
      BVDDSRDY BODVDDDET BODVDDRDY  

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

Bit 2 – BVDDSRDY:  BODVDD Synchronization Ready
This flag is cleared by writing a '1' to it.
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Figure 24-2. RTC Block Diagram (Mode 1 — 16-Bit Counter)
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Figure 24-3. RTC Block Diagram (Mode 2 — Clock/Calendar)
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Related Links
32-Bit Counter (Mode 0)
16-Bit Counter (Mode 1)
Clock/Calendar (Mode 2)

24.4 Signal Description
Not applicable.

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

24.5.1 I/O Lines
Not applicable.

24.5.2 Power Management
The RTC will continue to operate in any sleep mode where the selected source clock is running. The RTC
interrupts can be used to wake up the device from sleep modes. Events connected to the event system
can trigger other operations in the system without exiting sleep modes. Refer to the Power Manager for
details on the different sleep modes.

The RTC will be reset only at power-on (POR) or by setting the Software Reset bit in the Control A
register (CTRLA.SWRST=1).

Related Links
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• 32-bit 0x2 written to address 1
– Page buffer[127:0] = 0xFFFFFFFF_00000001_00000002_FFFFFFFF
– PBLDATA[63:0] = 0x00000002_FFFFFFFF

• 32-bit 0x3 written to address 3
– Page buffer[127:0] = 0x00000003_FFFFFFFF_00000002_FFFFFFFF
– PBLDATA[63:0] = 0x00000003_0xFFFFFFFF

Both the NVM main array and the RWWEE array share the same page buffer. Writing to the NVM block
via the AHB bus is performed by a load operation to the page buffer. For each AHB bus write, the address
is stored in the ADDR register. After the page buffer has been loaded with the required number of bytes,
the page can be written to the NVM main array or the RWWEE array by setting CTRLA.CMD to 'Write
Page' or 'RWWEE Write Page', respectively, and setting the key value to CMDEX. The LOAD bit in the
STATUS register indicates whether the page buffer has been loaded or not. Before writing the page to
memory, the accessed row must be erased.

Automatic page writes are enabled by writing the manual write bit to zero (CTRLB.MANW=0). This will
trigger a write operation to the page addressed by ADDR when the last location of the page is written.

Because the address is automatically stored in ADDR during the I/O bus write operation, the last given
address will be present in the ADDR register. There is no need to load the ADDR register manually,
unless a different page in memory is to be written.

Procedure for Manual Page Writes (CTRLB.MANW=1)
The row to be written to must be erased before the write command is given.

• Write to the page buffer by addressing the NVM main address space directly
• Write the page buffer to memory: CTRL.CMD='Write Page' and CMDEX
• The READY bit in the INTFLAG register will be low while programming is in progress, and access

through the AHB will be stalled

Procedure for Automatic Page Writes (CTRLB.MANW=0)
The row to be written to must be erased before the last write to the page buffer is performed.

Note that partially written pages must be written with a manual write.

• Write to the page buffer by addressing the NVM main address space directly.
When the last location in the page buffer is written, the page is automatically written to NVM main
address space.

• INTFLAG.READY will be zero while programming is in progress and access through the AHB will
be stalled.

27.6.4.4 Page Buffer Clear
The page buffer is automatically set to all '1' after a page write is performed. If a partial page has been
written and it is desired to clear the contents of the page buffer, the Page Buffer Clear command can be
used.

27.6.4.5 Erase Row
Before a page can be written, the row containing that page must be erased. The Erase Row command
can be used to erase the desired row in the NVM main address space. The RWWEE Erase Row can be
used to erase the desired row in the RWWEE array. Erasing the row sets all bits to '1'. If the row resides
in a region that is locked, the erase will not be performed and the Lock Error bit in the Status register
(STATUS.LOCKE) will be set.

Procedure for Erase Row
• Write the address of the row to erase to ADDR. Any address within the row can be used.
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data loss may result during debugging. This peripheral can be forced to halt operation during debugging -
refer to the Debug Control (DBGCTRL) register for details.

29.5.8 Register Access Protection
Registers with write-access can be optionally write-protected by the Peripheral Access Controller (PAC),
except for the following:

• Channel Status (CHSTATUS)
• Interrupt Flag Status and Clear register (INTFLAG)

Note:  Optional write-protection is indicated by the "PAC Write-Protection" property in the register
description.

When the CPU is halted in debug mode, all write-protection is automatically disabled. Write-protection
does not apply for accesses through an external debugger.

29.5.9 Analog Connections
Not applicable.

29.6 Functional Description

29.6.1 Principle of Operation
The Event System consists of several channels which route the internal events from peripherals
(generators) to other internal peripherals or IO pins (users). Each event generator can be selected as
source for multiple channels, but a channel cannot be set to use multiple event generators at the same
time.

A channel path can be configured in asynchronous, synchronous or re-synchronized mode of operation.
The mode of operation must be selected based on the requirements of the application.

When using synchronous or resynchronized path, the Event System includes options to transfer events to
users when rising, falling or both edges are detected on on event generators.

For further details, refer to Channel Path section of this chapter.

29.6.2 Basic Operation

29.6.2.1 Initialization
Before enabling event routing within the system, the Event Users Multiplexer and Event Channels must
be selected in the Event System (EVSYS), and the two peripherals that generate and use the event have
to be configured. The recommended sequence is:

1. In the event generator peripheral, enable output of event by writing a '1' to the respective Event
Output Enable bit ("EO") in the peripheral's Event Control register (e.g., TCC.EVCTRL.MCEO1,
AC.EVCTRL.WINEO0, RTC.EVCTRL.OVFEO).

2. Configure the EVSYS:
2.1. Configure the Event User multiplexer by writing the respective EVSYS.USERm register,

see also User Multiplexer Setup.
2.2. Configure the Event Channel by writing the respective EVSYS.CHANNELn register, see

also Event System Channel.
3. Configure the action to be executed by the event user peripheral by writing to the Event Action bits

(EVACT) in the respective Event control register (e.g., TC.EVCTRL.EVACT,
PDEC.EVCTRL.EVACT). Note: not all peripherals require this step.
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Name:  SWEVT
Offset:  0x1C [ID-0000120d]
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  
     CHANNELn CHANNELn CHANNELn CHANNELn  

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

Bit 7 6 5 4 3 2 1 0  
 CHANNELn CHANNELn CHANNELn CHANNELn CHANNELn CHANNELn CHANNELn CHANNELn  

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 11:0 – CHANNELn: Channel n Software [n=11..0] Selection
Writing '0' to this bit has no effect.

Writing '1' to this bit will trigger a software event for the channel n.

These bits will always return zero when read.

Related Links
PAC - Peripheral Access Controller

29.8.7 Channel

This register allows the user to configure channel n. To write to this register, do a single, 32-bit write of all
the configuration data.

Name:  CHANNELn
Offset:  0x20+n*0x4 [0..11n=0..11] [ID-0000120d]
Reset:  0x00000000
Property:
 

PAC Write-Protection
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Value Event Generator Description

0x19 EIC EXTINT11 External Interrupt 11

0x1A EIC EXTINT12 External Interrupt 12

0x1B EIC EXTINT13 External Interrupt 13

0x1C EIC EXTINT14 External Interrupt 14

0x1D EIC EXTINT15 External Interrupt 15

0x1E TSENS WINMON- Window MonitorReserved

0x1F DMAC CH0 Channel 0

0x20 DMAC CH1 Channel 1

0x21 DMAC CH2 Channel 2

0x22 DMAC CH3 Channel 3

0x23 TCC0 OVF Overflow

0x24 TCC0 TRG Trig

0x25 TCC0 CNT Counter

0x26 TCC0 MC0 Match/Capture 1

0x27 TCC0 MC1 Match/Capture 1

0x28 TCC0 MC2 Match/Capture 2

0x29 TCC0 MC3 Match/Capture 3

0x2A TCC1 OVF Overflow

0x2B TCC1 TRG Trig

0x2C TCC1 CNT Counter

0x2D TCC1 MC0 Match/Capture 0

0x2E TCC1 MC1 Match/Capture 1

0x2F TCC2 OVF Overflow

0x30 TCC2 TRG Trig

0x31 TCC2 CNT Counter

0x32 TCC2 MC0 Match/Capture 0

0x33 TCC2 MC1 Match/Capture 1

0x2A - 0x33 - Reserved

0x34 TC0 OVF Overflow/Underflow

0x35 TC0 MC0 Match/Capture 0

0x36 TC0 MC1 Match/Capture 1

0x37 TC1 OVF Overflow/Underflow
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counter is stopped. At this moment, the 13 most significant bits of the counter (value divided by 8) give
the new clock divider (BAUD.BAUD), and the 3 least significant bits of this value (the remainder) give the
new Fractional Part (BAUD.FP).

When the Sync Field has been received, the clock divider (BAUD.BAUD) and the Fractional Part
(BAUD.FP) are updated after a synchronization delay. After the Break and Sync Fields are received,
multiple characters of data can be received.

31.6.3.5 LIN Master
LIN master is available with the following configuration:

• LIN master format (CTRLA.FORM = 0x02)
• Asynchronous mode (CTRLA.CMODE = 0)
• 16x sample rate using fractional baud rate generation (CTRLA.SAMPR = 1)

LIN frames start with a header transmitted by the master. The header consists of the break, sync, and
identifier fields. After the master transmits the header, the addressed slave will respond with 1-8 bytes of
data plus checksum.

Figure 31-12. LIN Frame Format
Header

Slave response
Break Sync ID

1-8 Data bytes Checksum

TxD

RxD

Using the LIN command field (CTRLB.LINCMD), the complete header can be automatically transmitted,
or software can control transmission of the various header components.

When CTRLB.LINCMD=0x1, software controls transmission of the LIN header. In this case, software
uses the following sequence.

• CTRLB.LINCMD is written to 0x1.
• DATA register written to 0x00. This triggers transmission of the break field by hardware. Note that

writing the DATA register with any other value will also result in the transmission of the break field
by hardware.

• DATA register written to 0x55. The 0x55 value (sync) is transmitted.
• DATA register written to the identifier. The identifier is transmitted.

When CTRLB.LINCMD=0x2, hardware controls transmission of the LIN header. In this case, software
uses the following sequence.

• CTRLB.LINCMD is written to 0x2.
• DATA register written to the identifier. This triggers transmission of the complete header by

hardware. First the break field is transmitted. Next, the sync field is transmitted, and finally the
identifier is transmitted.

In LIN master mode, the length of the break field is programmable using the break length field
(CTRLC.BRKLEN). When the LIN header command is used (CTRLB.LINCMD=0x2), the delay between
the break and sync fields, in addition to the delay between the sync and ID fields are configurable using
the header delay field (CTRLC.HDRDLY). When manual transmission is used (CTRLB.LINCMD=0x1),
software controls the delay between break and sync.
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Name:  CTRLB
Offset:  0x04
Reset:  0x00000000
Property:
 

PAC Write-Protection, Enable-Protected, Write-Synchronized

Bit 31 30 29 28 27 26 25 24  
       LINCMD[1:0]  

Access R/W R/W  
Reset 0 0  

Bit 23 22 21 20 19 18 17 16  
       RXEN TXEN  

Access R/W R/W  
Reset 0 0  

Bit 15 14 13 12 11 10 9 8  
   PMODE   ENC SFDE COLDEN  

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

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

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

Bits 25:24 – LINCMD[1:0]: LIN Command
These bits define the LIN header transmission control. This field is only valid in LIN master mode
(CTRLA.FORM= LIN Master).

These are strobe bits and will always read back as zero.

These bits are not enable-protected.

Value Description
0x0 Normal USART transmission.
0x1 Break field is transmitted when DATA is written.
0x2 Break, sync and identifier are automatically transmitted when DATA is written with the

identifier.
0x3 Reserved

Bit 17 – RXEN: Receiver Enable
Writing '0' to this bit will disable the USART receiver. Disabling the receiver will flush the receive buffer
and clear the FERR, PERR and BUFOVF bits in the STATUS register.

Writing '1' to CTRLB.RXEN when the USART is disabled will set CTRLB.RXEN immediately. When the
USART is enabled, CTRLB.RXEN will be cleared, and SYNCBUSY.CTRLB will be set and remain set
until the receiver is enabled. When the receiver is enabled, CTRLB.RXEN will read back as '1'.

Writing '1' to CTRLB.RXEN when the USART is enabled will set SYNCBUSY.CTRLB, which will remain
set until the receiver is enabled, and CTRLB.RXEN will read back as '1'.

This bit is not enable-protected.
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register (INTFLAG.DRDY), indicating data are needed for transmit. If a NACK is sent, the I2C slave will
wait for a new start condition and address match.

Typically, software will immediately acknowledge the address packet by sending an ACK/NACK bit. The
I2C slave Command bit field in the Control B register (CTRLB.CMD) can be written to '0x3' for both read
and write operations as the command execution is dependent on the STATUS.DIR bit. Writing ‘1’ to
INTFLAG.AMATCH will also cause an ACK/NACK to be sent corresponding to the CTRLB.ACKACT bit.

Case 2: Address packet accepted – Write flag set

The STATUS.DIR bit is cleared, indicating an I2C master write operation. The SCL line is forced low,
stretching the bus clock. If an ACK is sent, the I2C slave will wait for data to be received. Data, repeated
start or stop can be received.

If a NACK is sent, the I2C slave will wait for a new start condition and address match. Typically, software
will immediately acknowledge the address packet by sending an ACK/NACK. The I2C slave command
CTRLB.CMD = 3 can be used for both read and write operation as the command execution is dependent
on STATUS.DIR.

Writing ‘1’ to INTFLAG.AMATCH will also cause an ACK/NACK to be sent corresponding to the
CTRLB.ACKACT bit.

Receiving Address Packets (SCLSM=1)
When SCLSM=1, the I2C slave will stretch the SCL line only after an ACK, see Slave Behavioral Diagram
(SCLSM=1). When the I2C slave is properly configured, it will wait for a start condition to be detected.

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 address matches, the acknowledge action as configured by the Acknowledge Action bit Control B
register (CTRLB.ACKACT) will be sent and the Address Match bit in the Interrupt Flag register
(INTFLAG.AMATCH) is 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 is given unlimited time to respond to the
address.

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, 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. The next AMATCH interrupt is, therefore, 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, INTFLAG.AMATCH be set to ‘1’ to clear
it.

Receiving and Transmitting Data Packets
After the I2C slave has received an address packet, it will respond according to the direction either by
waiting for the data packet to be received or by starting to send a data packet by writing to DATA.DATA.
When a data packet is received or sent, INTFLAG.DRDY will be set. After receiving data, the I2C slave
will send an acknowledge according to CTRLB.ACKACT.

Case 1: Data received

INTFLAG.DRDY is set, and SCL is held low, pending for SW interaction.
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Writing '0' to this bit has no effect.

Writing '1' to this bit will clear it.

This bit is not write-synchronized.

33.10.8 Synchronization Busy

Name:  SYNCBUSY
Offset:  0x1C
Reset:  0x00000000

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  
      SYSOP ENABLE SWRST  

Access R R R  
Reset 0 0 0  

Bit 2 – SYSOP: System Operation Synchronization Busy

Value Description
0 System operation synchronization is not busy.
1 System operation synchronization is busy.

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

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

Value Description
0 Enable synchronization is not busy.
1 Enable synchronization is busy.

Bit 0 – SWRST: Software Reset Synchronization Busy
Resetting the SERCOM (CTRLA.SWRST) requires synchronization. When written, the
SYNCBUSY.SWRST bit will be set until synchronization is complete.
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Bit 9 – TC: Timestamp Completed

Value Description
0 No transmission completed.
1 Transmission completed.

Bit 8 – HPM: High Priority Message

Value Description
0 No high priority message received.
1 High priority message received.

Bit 7 – RF1L: Rx FIFO 1 Message Lost

Value Description
0 No Rx FIFO 1 message lost.
1 Rx FIFO 1 message lost. also set after write attempt to Rx FIFO 1 of size zero.

Bit 6 – RF1F: Rx FIFO 1 Full

Value Description
0 Rx FIFO 1 not full.
1 Rx FIFO 1 full.

Bit 5 – RF1W: Rx FIFO 1 Watermark Reached

Value Description
0 Rx FIFO 1 fill level below watermark.
1 Rx FIFO 1 fill level reached watermark.

Bit 4 – RF1N: Rx FIFO 1 New Message

Value Description
0 No new message written to Rx FIFO 1.
1 New message written to Rx FIFO 1.

Bit 3 – RF0L: Rx FIFO 0 Message Lost

Value Description
0 No Rx FIFO 0 message lost.
1 Rx FIFO 0 message lost. also set after write attempt to Rx FIFO 0 of size zero.

Bit 2 – RF0F: Rx FIFO 0 Full

Value Description
0 Rx FIFO 0 not full.
1 Rx FIFO 0 full.

Bit 1 – RF0W: Rx FIFO 0 Watermark Reached

Value Description
0 Rx FIFO 0 fill level below watermark.
1 Rx FIFO 0 fill level reached watermark.

 SAM C20/C21

© 2017 Microchip Technology Inc.  Datasheet Complete DS60001479B-page 653



Figure 36-8. Dual-Slope Critical Pulse Width Modulation (N=CC_NUM)
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Output Polarity
The polarity (WAVE.POLx) is available in all waveform output generation. In single-slope and dual-slope
PWM operation, it is possible to invert the pulse edge alignment individually on start or end of a PWM
cycle for each compare channels. The table below shows the waveform output set/clear conditions,
depending on the settings of timer/counter, direction, and polarity.

Table 36-3. Waveform Generation Set/Clear Conditions

Waveform Generation
operation

DIR POLx Waveform Generation Output Update

Set Clear

Single-Slope PWM 0 0 Timer/counter matches TOP Timer/counter matches CCx

1 Timer/counter matches CC Timer/counter matches TOP

1 0 Timer/counter matches CC Timer/counter matches ZERO

1 Timer/counter matches ZERO Timer/counter matches CC

Dual-Slope PWM x 0 Timer/counter matches CC
when counting up

Timer/counter matches CC
when counting down

1 Timer/counter matches CC
when counting down

Timer/counter matches CC
when counting up

In Normal and Match Frequency, the WAVE.POLx value represents the initial state of the waveform
output.

36.6.2.6 Double Buffering
The Pattern (PATT), Waveform (WAVE), Period (PER) and Compare Channels (CCx) registers are all
double buffered. Each buffer register has a buffer valid (PATTBUFV, WAVEBUFV, PERBUFV or
CCBUFVx) bit in the STATUS register, which indicates that the buffer register contains a valid value that
can be copied into the corresponding register. .

When the buffer valid flag bit in the STATUS register is '1' and the Lock Update bit in the CTRLB register
is set to '0', (writing CTRLBCLR.LUPD to '1'), double buffering is enabled: the data from buffer registers
will be copied into the corresponding register under hardware UPDATE conditions, then the buffer valid
flags bit in the STATUS register are automatically cleared by hardware.
Note:  Software update command (CTRLBSET.CMD=0x3) act independently of LUPD value.

A compare register is double buffered as in the following figure.
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37. CCL – Configurable Custom Logic

37.1 Overview
The Configurable Custom Logic (CCL) is a programmable logic peripheral which can be connected to the
device pins, to events, or to other internal peripherals. This allows the user to eliminate logic gates for
simple glue logic functions on the PCB.

Each LookUp Table (LUT) consists of three inputs, a truth table, an optional synchronizer/filter, and an
optional edge detector. Each LUT can generate an output as a user programmable logic expression with
three inputs. Inputs can be individually masked.

The output can be combinatorially generated from the inputs, and can be filtered to remove spikes.
Optional sequential logic can be used. The inputs of the sequential module are individually controlled by
two independent, adjacent LUT (LUT0/LUT1, LUT2/LUT3 etc.) outputs, enabling complex waveform
generation.

37.2 Features
• Glue logic for general purpose PCB design
• Up to 4 programmable LookUp Tables (LUTs)
• Combinatorial logic functions:

AND, NAND, OR, NOR, XOR, XNOR, NOT
• Sequential logic functions:

Gated D Flip-Flop, JK Flip-Flop, gated D Latch, RS Latch
• Flexible LUT inputs selection:

– I/Os
– Events
– Internal peripherals
– Subsequent LUT output

• Output can be connected to the I/O pins or the Event System
• Optional synchronizer, filter, or edge detector available on each LUT output
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Figure 37-8. AC Input Selection

COMP2

COMP3

COMP0

COMP1

CMP0

CMP1

CMP2

CMP3

LUT0

LUT1

LUT2

LUT3

OUT0

OUT1

OUT2

OUT3

TRUTH

TRUTH

TRUTH

TRUTH

Timer/Counter Inputs (TC)
The TC waveform output WO[0] can be used as input source for the LUT (LUTCTRLx.INSELy=TC). Only
consecutive instances of the TC, i.e. TCx and the subsequent TC(x+1), are available as default and
alternative TC selections (e.g., TC0 and TC1 are sources for LUT0, TC1 and TC2 are sources for LUT1,
etc). See the figure below for an example for LUT0. More general, the Timer/Counter selection for each
LUT follows the formula:IN � � = ��������� �%TC_Instance_NumberIN � � = ������������� �+ 1 %TC_Instance_Number
Where N represents the LUT number and i represents the LUT input index (i=0,1,2).

For devices with more than four TC instances, it is also possible to enable a second alternative option
(LUTCTRLx.INSEL=ALT2TC). This option is intended to relax the alternative pin function or PCB design
constraints when the default or the alternative TC instances are used for other purposes. When enabled,
the Timer/Counter selection for each LUT follows the formula:
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39.7 Register Summary

Offset Name Bit Pos.         

0x00 CTRLA 7:0 ONDEMAND RUNSTDBY     ENABLE SWRST

0x01 REFCTRL 7:0 ONREFBUF  REFRANGE[1:0]   REFSEL[1:0]

0x02
CTRLB

7:0 PRESCALER[7:0]

0x03 15:8 SKPCNT[3:0]  OSR[2:0]

0x04 EVCTRL 7:0   WINMONEO RESRDYEO STARTINV FLUSHINV STARTEI FLUSHEI

0x05 INTENCLR 7:0      WINMON OVERRUN RESRDY

0x06 INTENSET 7:0      WINMON OVERRUN RESRDY

0x07 INTFLAG 7:0      WINMON OVERRUN RESRDY

0x08 SEQSTATUS 7:0 SEQBUSY    SEQSTATE[3:0]

0x09 INPUTCTRL 7:0     MUXSEL[3:0]

0x0A CTRLC 7:0        FREERUN

0x0B WINCTRL 7:0      WINMODE[2:0]

0x0C

WINLT

7:0 WINLT[7:0]

0x0D 15:8 WINLT[15:8]

0x0E 23:16 WINLT[23:16]

0x0F 31:24         

0x10

WINUT

7:0 WINUT[7:0]

0x11 15:8 WINUT[15:8]

0x12 23:16 WINUT[23:16]

0x13 31:24         

0x14

OFFSETCORR

7:0 OFFSETCORR[7:0]

0x15 15:8 OFFSETCORR[15:8]

0x16 23:16 OFFSETCORR[23:16]

0x17 31:24         

0x18
GAINCORR

7:0 GAINCORR[7:0]

0x19 15:8   GAINCORR[13:8]

0x1A SHIFTCORR 7:0     SHIFTCORR[3:0]

0x1B Reserved          

0x1C SWTRIG 7:0       START FLUSH

0x1D

...

0x1F

Reserved          

0x20

SYNCBUSY

7:0
OFFSETCOR

R
WINUT WINLT WINCTRL MUXCTRL CTRLC ENABLE SWRST

0x21 15:8     ANACTRL SWTRIG SHIFTCORR GAINCORR

0x22 23:16         

0x23 31:24         

0x24

RESULT

7:0 RESULT[7:0]

0x25 15:8 RESULT[15:8]

0x26 23:16 RESULT[23:16]

0x27 31:24         

0x28 SEQCTRL 7:0      SEQENn SEQENn SEQENn

0x29

...
Reserved          
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Related Links
Nested Vector Interrupt Controller

41.6.5 Events
The DAC Controller can generate the following output events:

• Data Buffer Empty (EMPTY): Generated when the internal data buffer of the DAC is empty. Refer to
DMA Operation for details.

Writing a '1' to an Event Output bit in the Event Control register (EVCTRL.EMPTYEO) enables the
corresponding output event. Writing a '0' to this bit disables the corresponding output event.

The DAC can take the following action on an input event:

• Start Conversion (START): DATABUF value is transferred into DATA as soon as the DAC is ready
for the next conversion, and then conversion is started. START is considered as asynchronous to
GCLK_DAC thus it is resynchronized in DAC Controller. Refer to Digital to Analog Conversion for
details.

Writing a '1' to an Event Input bit in the Event Control register (EVCTRL.STARTEI) enables the
corresponding action on an input event. Writing a '0' to this bit disables the corresponding action on input
event.

Note: When several events are connected to the DAC Controller, the enabled action will be taken on any
of the incoming events.

By default, DAC Controller detects rising edge events. Falling edge detection can be enabled by writing a
'1' to EVCTRL.INVEIx.

Related Links
EVSYS – Event System

41.6.6 Sleep Mode Operation
The generic clock for the DAC is running in idle sleep mode. If the Run In Standby bit in the Control A
register (CTRLA.RUNSTDBY) is one, the DAC output buffer will keep its value in standby sleep mode. If
CTRLA.RUNSTDBY is zero, the DAC output buffer will be disabled in standby sleep mode.

41.6.7 Synchronization
Due to the asynchronicity between main clock domain and the peripheral clock domains, some registers
need to be synchronized when written or read. A register can require:

• Synchronization when written
• Synchronization when read
• Synchronization when written and read
• No synchronization

When executing an operation that requires synchronization, the corresponding status bit in the
Synchronization Busy register (SYNCBUSY) will be set immediately, and cleared when synchronization is
complete.

If an operation that requires synchronization is executed while its busy bit is one, the operation is
discarded and an error is generated.

The following bits need synchronization when written:

• Software Reset bit in the Control A register (CTRLA.SWRST)
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Figure 49-4. External Analog Reference Schematic With One Reference
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Table 49-2. External Analog Reference Connections

Signal Name Recommended Pin Connection Description

VREFA 2.0V to VDDANA - 0.6V for ADC

1.0V to VDDANA - 0.6V for DAC

Decoupling/filtering capacitors: 100nF(1)(2) and 4.7µF(1)

External reference from VREFA
pin on the analog port.

VREFB 1.0V to 5.5V for SDADC

Decoupling/filtering capacitors: 100nF(1)(2) and 4.7µF(1)

External reference from VREFB
pin on the analog port.

GND Ground

Note: 
1. These values are given as a typical example.
2. Decoupling capacitor should be placed close to the device for each supply pin pair in the signal

group.
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