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SAM C20/C21

The DCCO and DCC1 registers are accessible when the protected state is active. When the device is
protected, however, it is not possible to connect a debugger while the CPU is running
(STATUSA.CRSTEXT is not writable and the CPU is held under Reset).

Two Debug Communication Channel status bits in the Status B registers (STATUS.DCCDXx) indicate
whether a new value has been written in DCCO or DCC1. These bits, DCCOD and DCC1D, are located in
the STATUSB registers. They are automatically set on write and cleared on read.

Note: The DCCO and DCCH1 registers are shared with the on-board memory testing logic (MBIST).
Accordingly, DCCO and DCC1 must not be used while performing MBIST operations.

Related Links

NVMCTRL — Non-Volatile Memory Controller
Security Bit

13.11.5 Testing of On-Board Memories MBIST
The DSU implements a feature for automatic testing of memory also known as MBIST (memory built-in
self test). This is primarily intended for production test of on-board memories. MBIST cannot be operated
from the external address range when the device is protected by the NVMCTRL security bit. If an MBIST
command is issued when the device is protected, a protection error is reported in the Protection Error bit
in the Status A register (STATUSA.PERR).

1. Algorithm
The algorithm used for testing is a type of March algorithm called "March LR". This algorithm is able
to detect a wide range of memory defects, while still keeping a linear run time. The algorithm is:

1.1. Write entire memory to '0', in any order.

1.2. Bit for bit read '0', write '1", in descending order.

1.3. Bit for bit read '1', write '0', read '0', write '1", in ascending order.
1.4. Bit for bit read '1', write '0, in ascending order.

1.5. Bit for bit read '0', write '1', read '1', write '0'", in ascending order.
1.6. Read '0' from entire memory, in ascending order.

The specific implementation used has a run time which depends on the CPU clock frequency and
the number of bytes tested in the RAM. The detected faults are:

— Address decoder faults

—  Stuck-at faults

— Transition faults

—  Coupling faults

— Linked Coupling faults
2. Starting MBIST

To test a memory, you need to write the start address of the memory to the ADDR.ADDR bit field,
and the size of the memory into the Length register.

For best test coverage, an entire physical memory block should be tested at once. It is possible to
test only a subset of a memory, but the test coverage will then be somewhat lower.

The actual test is started by writing a '1' to CTRL.MBIST. A running MBIST operation can be
canceled by writing a '1' to CTRL.SWRST.

3. Interpreting the Results
The tester should monitor the STATUSA register. When the operation is completed,
STATUSA.DONE is set. There are two different modes:
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SAM C20/C21

Bit 7 6 5 4 3 2 1 0
PERR FAIL BERR | CRSTEXT | DONE |
Access RIW RIW RIW RIW RIW
Reset 0 0 0 0 0

13.13.3

Bit 4 — PERR: Protection Error
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Protection Error bit.

This bit is set when a command that is not allowed in protected state is issued.

Bit 3 — FAIL: Failure
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Failure bit.

This bit is set when a DSU operation failure is detected.

Bit 2 - BERR: Bus Error

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

Writing a '1' to this bit clears the Bus Error bit.

This bit is set when a bus error is detected.

Bit 1 - CRSTEXT: CPU Reset Phase Extension

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

Writing a '1' to this bit clears the CPU Reset Phase Extension bit.

This bit is set when a debug adapter Cold-Plugging is detected, which extends the CPU reset phase.

Bit 0 —- DONE: Done
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Done bit.

This bit is set when a DSU operation is completed.

Status B

Name: STATUSB

Offset:  0x0002 [ID-00001c14]
Reset: 0x1X

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
HPE DCCDx DCCDx DBGPRES PROT

Access R R R R R

Reset 1 0 0 X X

Bit 4 — HPE: Hot-Plugging Enable
Writing a '0' to this bit has no effect.
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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
Access
Reset
Bit 7 6 5 4 3 2 1 0
PREAMBLEBO[7:0]
Access R R R R R R
Reset 0 0 0 0 1 1 0 1

Bits 7:0 - PREAMBLEBO[7:0]: Preamble Byte 0
These bits will always return 0x0000000D when read.

13.13.20 Component Identification 1

Name:
Offset:
Reset:

0x00000010
Property: -
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17.6.2.4

17.6.2.5

17.6.2.6

SAM C20/C21

Selecting the Synchronous Clock Division Ratio

The main clock GCLK_MAIN feeds an 8-bit prescaler, which can be used to generate the synchronous
clocks. By default, the synchronous clocks run on the undivided main clock. The user can select a
prescaler division for the CPU clock domain by writing the Division (DIV) bits in the CPU Clock Division
register CPUDIV, resulting in a CPU clock domain frequency determined by this equation:

f main

feru = ChuDIV

If the application attempts to write forbidden values in CPUDIV register, registers are written but these
bad values are not used and a violation is reported to the PAC module.

Division bits (DIV) can be written without halting or disabling peripheral modules. Writing DIV bits allows a
new clock setting to be written to all synchronous clocks belonging to the corresponding clock domain at
the same time.

Figure 17-2. Synchronous Clock Selection and Prescaler
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Clock Ready Flag
There is a slight delay between writing to CPUDIV until the new clock settings become effective.

During this interval, the Clock Ready flag in the Interrupt Flag Status and Clear register
(INTFLAG.CKRDY) will return zero when read. If CKRDY in the INTENSET register is set to '1', the Clock
Ready interrupt will be triggered when the new clock setting is effective. The clock settings (CLKCFG)
must not be re-written while INTFLAG. CKRDY reads '0'. The system may become unstable or hang, and
a violation is reported to the PAC module.

Related Links

PAC - Peripheral Access Controller

Peripheral Clock Masking
It is possible to disable/enable the AHB or APB clock for a peripheral by writing the corresponding bit in
the Clock Mask registers (APBxMASK) to '0'/'1". The default state of the peripheral clocks is shown here.

Table 17-1. Peripheral Clock Default State

CPU Clock Domain
Peripheral Clock Default State

CLK_AC_APB Disabled
CLK_ADCO_APB Disabled
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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 1" 10 9 8
OVFEO CMPEON CMPEOnN
Access R/W R/W R/W
Reset 0 0 0
Bit 7 6 5 4 3 2 1 0
PEREON PEREOnN PEREOnN PEREOnN PEREOnN PEREOnN PEREOnN PEREON
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

24.10.3

Bit 15 - OVFEO: Overflow Event Output Enable

Value Description

0 Overflow event is disabled and will not be generated.
1 Overflow event is enabled and will be generated for every overflow.

Bits 9:8 —- CMPEONn: Compare n Event Output Enable [n =1..0]

Value Description

0 Compare n event is disabled and will not be generated.
1 Compare n event is enabled and will be generated for every compare match.

Bits 7:0 — PEREOnN: Periodic Interval n Event Output Enable [n =7..0]

Value Description
0 Periodic Interval n event is disabled and will not be generated. [n = 7..0]
1 Periodic Interval n event is enabled and will be generated. [n = 7..0]

Interrupt Enable Clear in COUNT16 mode (CTRLA.MODE=1)

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

Name: INTENCLR
Offset: 0x08
Reset: 0x0000

Property: PAC Write-Protection
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25.6.1.2

25.6.2

25.6.2.1

SAM C20/C21

Figure 25-2. DMA Transfer Sizes
Link Enabled Link Enabled Link Enabled

A A 4 4

LTJ | R |
Beat transfer Burst transfer Block y’ansfer

DMA transaction

» Beat transfer: The size of one data transfer bus access, and the size is selected by writing the Beat
Size bit group in the Block Transfer Control register (BTCTRL.BEATSIZE)

. Burst transfer: Defined as n beat transfers, where n will differ from one device family to another. A
burst transfer is atomic, cannot be interrupted and the length of the burst is selected by writing the
Burst Length bit group in each Channel n Control A register (CHCTRLA.BURSTLEN).

. Block transfer: The amount of data one transfer descriptor can transfer, and the amount can range
from 1 to 64k beats. A block transfer can be interrupted, in contrast to the burst transfer.

» Transaction: The DMAC can link several transfer descriptors by having the first descriptor pointing

to the second and so forth, as shown in the figure above. A DMA transaction is the complete
transfer of all blocks within a linked list.

A transfer descriptor describes how a block transfer should be carried out by the DMAC, and it must
remain in SRAM. For further details on the transfer descriptor refer to Transfer Descriptors.

The figure above shows several block transfers linked together, which are called linked descriptors. For
further information about linked descriptors, refer to Linked Descriptors.

A DMA transfer is initiated by an incoming transfer trigger on one of the DMA channels. This trigger can
be configured to be either a software trigger, an event trigger, or one of the dedicated peripheral triggers.
The transfer trigger will result in a DMA transfer request from the specific channel to the arbiter. If there
are several DMA channels with pending transfer requests, the arbiter chooses which channel is granted
access to become the active channel. The DMA channel granted access as the active channel will carry
out the transaction as configured in the transfer descriptor. A current transaction can be interrupted by a
higher prioritized channel after each burst transfer, but will resume the block transfer when the according
DMA channel is granted access as the active channel again.

For each beat transfer, an optional output event can be generated. For each block transfer, optional
interrupts and an optional output event can be generated. When a transaction is completed, dependent of
the configuration, the DMA channel will either be suspended or disabled.

CRC

The internal CRC engine supports two commonly used CRC polynomials: CRC-16 (CRC-CCITT) and
CRC-32 (IEEE 802.3). It can be used on a selectable DMA channel, or on the I/O interface. Refer to CRC
Operation for details.

Basic Operation

Initialization
The following DMAC registers are enable-protected, meaning that they can only be written when the
DMAC is disabled (CTRL.DMAENABLE=0):

*  Descriptor Base Memory Address register (BASEADDR)

*  Write-Back Memory Base Address register (WRBADDR)
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Figure 28-6. 1/0 Configuration - Totem-Pole Output with Disabled Input

- __________ PULLEN INEN DIR

0 1

Figure 28-7. 1/0 Configuration - Totem-Pole Output with Enabled Input
PULLEN INEN DIR
0 1 1

Figure 28-8. 1/0 Configuration - Output with Pull

PULLEN INEN DIR
1 0 0

28.6.3.4 Digital Functionality Disabled
Neither Input nor Output functionality are enabled.

Figure 28-9. 1/0 Configuration - Reset or Analog I/O: Digital Output, Input and Pull Disabled

- __________ PULLEN INEN DIR

L 0 0 0

28.6.4 Events

The PORT allows input events to control individual I/O pins. These input events are generated by the
EVSYS module and can originate from a different clock domain than the PORT module.

The PORT can perform the following actions:
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Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

There are up to four input event pins for each PORT group. Each byte of this register addresses one
Event input pin.

Name: EVCTRL

Offset: 0x2C

Reset:  0x00000000
Property: PAC Write-Protection

31 30 29 28 27 26 25 24
PORTEIx EVACTX[1:0] | PIDx[4:0]
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
PORTEIx EVACTX[1:0] | PIDx[4:0]
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
PORTEIx EVACTX[1:0] PIDX[4:0]
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
PORTEIx EVACTX[1:0] PIDX[4:0]
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Bits 31,23,15,7 — PORTEIx: PORT Event Input Enable x [x = 3..0]

Value Description

0 The event action x (EVACTx) will not be triggered on any incoming event.
1 The event action x (EVACTXx) will be triggered on any incoming event.

Bits 30:29, 22:21,14:13,6:5 — EVACTx: PORT Event Action x [x = 3..0]
These bits define the event action the PORT will perform on event input x. See also Table 28-4.

Bits 28:24,20:16,12:8,4:0 — PIDx: PORT Event Pin Identifier x [x = 3..0]
These bits define the 1/0 pin on which the event action will be performed, according to Table 28-5.

Table 28-4. PORT Event x Action ( x = [3..0])

S S T S

0x0 ouT Output register of pin will be set
to level of event.

0x1 SET Set output register of pin on
event.
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Bit 31 30 29 28 27 26 25 24
CHBUSYn CHBUSYn | CHBUSYn | CHBUSYn |
Access R R R R
Reset 0 0 0 0
Bit 23 22 21 20 19 18 17 16
CHBUSYn CHBUSYnN CHBUSYn CHBUSYnN CHBUSYn CHBUSYn CHBUSYn CHBUSYnN
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
USRRDYn USRRDYn USRRDYn USRRDYn
Access R R R R
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
USRRDYn USRRDYn USRRDYn USRRDYn USRRDYn USRRDYn USRRDYn USRRDYn
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 1

Bits 27:16 — CHBUSYn: Channel Busy n [n = 11..0]
This bit is cleared when channel n is idle.

This bit is set if an event on channel n has not been handled by all event users connected to channel n.
Bits 11:0 - USRRDYn: User Ready for Channel n [n = 11..0]
This bit is cleared when at least one of the event users connected to the channel is not ready.

This bit is set when all event users connected to channel n are ready to handle incoming events on
channel n.

Related Links
PAC - Peripheral Access Controller

29.8.3 Interrupt Enable Clear

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

Name: INTENCLR

Offset:  0x10 [ID-0000120d]
Reset:  0x00000000
Property: PAC Write-Protection
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held low by the master (STATUS.CLKHOLD is set). An exception is reading the last data byte after the
stop condition has been sent.

Accessing DATA.DATA auto-triggers 12C bus operations. The operation performed depends on the state
of CTRLB.ACKACT, CTRLB.SMEN and the type of access (read/write).

Writing or reading DATA.DATA when not in smart mode does not require synchronization.

33.10.11 Debug Control

Name: DBGCTRL

Offset:  0x30 [ID-00001bb3]
Reset:  0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
DBGSTOP
Access R/W
Reset 0

Bit 0 —- DBGSTOP: Debug Stop Mode
This bit controls functionality when the CPU is halted by an external debugger.

Value Description

0 The baud-rate generator continues normal operation when the CPU is halted by an external
debugger.
1 The baud-rate generator is halted when the CPU is halted by an external debugger.
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Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16

TDC DBRP[4:0]

RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0
15 14 13 12 11 10 9 8

DTSEG1[4:0]
RIW RIW RIW RIW RIW
0 1 0 1 0
7 6 5 4 3 2 1 0
DTSEG2[3:0] DSJW[3:0]

RIW RIW RIW RIW RIW RIW RIW RIW

0 0 1 1 0 0 1 1

Bit 23 — TDC: Transceiver Delay Compensation

Value Description
0 Transceiver Delay Compensation disabled.
1 Transceiver Delay Compensation enabled.

Bits 20:16 — DBRP[4:0]: Data Baud Rate Prescaler

Value Description
0x00 - The value by which the oscillator frequency is divided for generating the bit time quanta. The
Ox1F bit time is built up from a multiple of this quanta. Valid values for the Baud Rate Prescaler are

0 to 31. The actual interpretation by the hardware of this value is such that one more than
the value programmed here is used.

Bits 12:8 — DTSEG1[4:0]: Fast time segment before sample point

0x00 - Valid values are 0 to 31. The actual interpretation by the hardware of this value is such that
Ox1F one more than the programmed value is used. DTSEGH1 is the sum of Prop_Seg and
Phase_Seg1.

Bits 7:4 — DTSEG2[3:0]: Data time segment after sample point

Value Description
0x0 - OxF | Valid values are 0 to 15. The actual interpretation by the hardware of this value is such that
one more than the programmed value is used. DTSEG2 is Phase_Seg2.

Bits 3:0 — DSJWI[3:0]: Data (Re)Syncronization Jump Width

Value Description
0x0 - OxF | Valid values are 0 to 15. The actual interpretation by the hardware of this value is such that
one more than the programmed value is used.
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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 1 10 9 8
TDCO[6:0]
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
TDCFI[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bits 14:8 — TDCO[6:0]: Transmitter Delay Compensation Offset
Value Description
0x00 - Offset value defining the distance between the measured delay from CAN_TX to CAN_RX
Ox7F and the secondary sample point. Valid values are 0 to 127 mtq.
Bits 6:0 — TDCF[6:0]: Transmitter Delay Compensation Filter Window Length
Value Description
0x00 - Defines the minimum value for the SSP position, dominant edges on CAN_RX that would
Ox7F result in an earlier SSP position are ignored for transmitter delay measurement. The feature

is enabled when TDCF is configured to a value greater than TDCO. Valid values are 0 to 127

mtq.

34.8.16 Interrupt

The flags are set when one of the listed conditions is detected (edge-sensitive). A flag is cleared by
writing a 1 to the corresponding bit field. Writing a 0 has no effect. A hard reset will clear the register.

Name: IR

Offset:  0x50 [ID-0000a4bb]
Reset: 0x00000000

Property: -
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Name: DBGCTRL

Offset: OxOF

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 1 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.
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Bit

Access
Reset

Bit

Access
Reset

15 14 13 12 11 10 9 8
MCEOXx MCEOx | | OVFEO |
RIW RIW RIW
0 0 0
7 6 5 4 3 2 1 0
TCEI TCINV EVACT[2:0]
RIW RIW RIW RIW RIW
0 0 0 0 0

Bits 13,12 —- MCEOx: Match or Capture Channel x Event Output Enable [x = 1..0]
These bits enable the generation of an event for every match or capture on channel x.

Value
0
1

Description

Match/Capture event on channel x is disabled and will not be generated.
Match/Capture event on channel x is enabled and will be generated for every compare/
capture.

Bit 8 — OVFEO: Overflow/Underflow Event Output Enable
This bit enables the Overflow/Underflow event. When enabled, an event will be generated when the
counter overflows/underflows.

Value
0
1

Description

Overflow/Underflow event is disabled and will not be generated.

Overflow/Underflow event is enabled and will be generated for every counter overflow/
underflow.

Bit 5 — TCEIl: TC Event Enable
This bit is used to enable asynchronous input events to the TC.

Value
0
1

Description
Incoming events are disabled.
Incoming events are enabled.

Bit 4 — TCINV: TC Inverted Event Input Polarity
This bit inverts the asynchronous input event source.

Value
0
1

Description
Input event source is not inverted.
Input event source is inverted.

Bits 2:0 — EVACT[2:0]: Event Action
These bits define the event action the TC will perform on an event.

Value Name Description

0x0 OFF Event action disabled

0x1 RETRIGGER Start, restart or retrigger TC on event

0x2 COUNT Count on event

0x3 START Start TC on event

Ox4 STAMP Time stamp capture

0x5 PPW Period captured in CCO, pulse width in CC1
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Bit 31 30 29 28 27 26 25 24
PERBUF[31:24] |
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
PERBUF[23:16]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
PERBUF[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PERBUF[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 1

Bits 31:0 — PERBUF[31:0]: Period Buffer Value
These bits hold the value of the period buffer register. The value is copied to PER register on UPDATE
condition.

35.7.3.17 Channel x Compare Buffer Value, 32-bit Mode

Name: CCBUFx

Offset: 0x30 + x*0x04 [x=0..1]
Reset:  0x00000000
Property: Write-Synchronized
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Figure 36-22. Fault Blanking in RAMP1 Operation with Inverted Polarity
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Fault This is enabled by writing a '1' to the Fault n Qualification bit in the Recoverable Fault
Qualification n Configuration register (FCTRLn.QUAL). When the recoverable fault qualification is

enabled (FCTRLn.QUAL=1), the fault input is disabled all the time the corresponding
channel output has an inactive level, as shown in the figures below.

Figure 36-23. Fault Qualification in RAMP1 Operation

COUNT
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Bit 1 - OVERRUN: Overrun
This flag is cleared by writing a one to the flag.

This flag is set if RESULT is written before the previous value has been read by CPU, and an interrupt
request will be generated if INTENCLR/SET.OVERRUN is one.

Writing a zero to this bit has no effect.

Writing a one to this bit clears the Overrun interrupt flag.

Bit 0 — RESRDY: Result Ready

This flag is cleared by writing a one to the flag or by reading the RESULT register.

This flag is set when the conversion result is available, and an interrupt will be generated if INTENCLR/
SET.RESRDY is one.

Writing a zero to this bit has no effect.

Writing a one to this bit clears the Result Ready interrupt flag.

39.8.8 Sequence Status
Name: SEQSTATUS
Offset:  0x08 [ID-0000243d]
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
SEQBUSY SEQSTATE[3:0]
Access R R R R R
Reset 0 0 0 0 0
Bit 7 — SEQBUSY: Sequence busy
This bit is set when the sequence start.
This bit is clear when the last conversion in a sequence is done.
Bits 3:0 — SEQSTATE[3:0]: Sequence State
This bit field is the pointer of sequence. This value identifies the last conversion done in the sequence.
39.8.9 Input Control

Name: INPUTCTRL

Offset:  0x09 [ID-0000243d]

Reset:  0x00

Property: PAC Write-Protection, Write-Synchronized
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SAM C20/C21

»  Select the interrupt source with COMPCTRLX.INTSEL.

»  Select the positive and negative input sources with the COMPCTRLx.MUXPOS and
COMPCTRLX.MUXNEG bits. See Selecting Comparator Inputs for more details.

»  Select the filtering option with COMPCTRLx.FLEN.
»  Select standby operation with Run in Standby bit (COMPCTRLx.RUNSTDBY).

The individual comparators are enabled by writing a '1' to the Enable bit in the Comparator x Control
registers (COMPCTRLXx.ENABLE). The individual comparators are disabled by writing a '0' to
COMPCTRLx.ENABLE. Writing a '0' to CTRLA.ENABLE will also disable all the comparators, but will not
clear their COMPCTRLx.ENABLE bits.

Starting a Comparison
Each comparator channel can be in one of two different measurement modes, determined by the Single
bit in the Comparator x Control register (COMPCTRLx.SINGLE):

¢ Continuous measurement
»  Single-shot

After being enabled, a start-up delay is required before the result of the comparison is ready. This start-up
time is measured automatically to account for environmental changes, such as temperature or voltage
supply level, and is specified in Electrical Characteristics. During the start-up time, the COMP output is
not available.

The comparator can be configured to generate interrupts when the output toggles, when the output
changes from '0' to '1' (rising edge), when the output changes from '1" to '0" (falling edge) or at the end of
the comparison. An end-of-comparison interrupt can be used with the single-shot mode to chain further
events in the system, regardless of the state of the comparator outputs. The interrupt mode is set by the
Interrupt Selection bit group in the Comparator Control register (COMPCTRLX.INTSEL). Events are
generated using the comparator output state, regardless of whether the interrupt is enabled or not.

Related Links
Electrical Characteristics 85°C (SAM C20/C21 E/G/J)

Continuous Measurement

Continuous measurement is selected by writing COMPCTRLX.SINGLE to zero. In continuous mode, the
comparator is continuously enabled and performing comparisons. This ensures that the result of the
latest comparison is always available in the Current State bit in the Status A register (STATUSA.STATEX).

After the start-up time has passed, a comparison is done and STATUSA is updated. The Comparator x
Ready bit in the Status B register (STATUSB.READYX) is set, and the appropriate peripheral events and
interrupts are also generated. New comparisons are performed continuously until the
COMPCTRLx.ENABLE bit is written to zero. The start-up time applies only to the first comparison.

In continuous operation, edge detection of the comparator output for interrupts is done by comparing the
current and previous sample. The sampling rate is the GCLK_AC frequency. An example of continuous
measurement is shown in the Figure 40-3.

Figure 40-3. Continuous Measurement Example
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otherwise GCLK_AC is disabled until the next edge detection. Filtering is not possible with this
configuration.

Figure 40-10. Continuous Mode SleepWalking
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40.6.14.2 Single-Shot Measurement during Sleep

40.6.15

For low-power operation, event-triggered measurements can be performed during sleep modes. When
the event occurs, the Power Manager will start GCLK_AC. The comparator is enabled, and after the start-
up time has passed, a comparison is done, with filtering if desired, and the appropriate peripheral events
and interrupts are also generated, as shown in Figure 40-11. The comparator and GCLK_AC are then
disabled again automatically, unless configured to wake the system from sleep. Filtering is allowed with
this configuration.

Figure 40-11. Single-Shot SleepWalking
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Synchronization
Due to asynchronicity between the main clock domain and the peripheral clock domains, some registers
need to be synchronized when written or read.

The following bits are synchronized when written:

»  Software Reset bit in control register (CTRLA.SWRST)
*  Enable bit in control register (CTRLA.ENABLE)
*  Enable bit in Comparator Control register (COMPCTRLN.ENABLE)

The following registers are synchronized when written:
*  Window Control register (WINCTRL)

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

Related Links

Register Synchronization
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41.6.3

41.6.4

SAM C20/C21

The DAC output buffer provides a high-drive-strength output, and is capable of driving both resistive and
capacitive loads. To minimize power consumption, the output buffer should be enabled only when
external output is needed.

Digital to Analog Conversion

The DAC converts a digital value (stored in the DATA register) into an analog voltage. The conversion
range is between GND and the selected DAC voltage reference. The default voltage reference is the
internal reference voltage. Other voltage reference options are the analog supply voltage (VDDANA) and
the external voltage reference (VREFA). The voltage reference is selected by writing to the Reference
Selection bits in the Control B register (CTRLB.REFSEL).

The output voltage from the DAC can be calculated using the following formula:

DATA

oUT = 0x3FF ~ VREF

A new conversion starts as soon as a new value is loaded into DATA. DATA can either be loaded via the
APB bus during a CPU write operation, using DMA, or from the DATABUF register when a START event
occurs. Refer to Events for details. As there is no automatic indication that a conversion is done, the
sampling period must be greater than or equal to the specified conversion time.

DMA Operation
The DAC generates the following DMA request:

»  Data Buffer Empty (EMPTY): The request is set when data is transferred from DATABUF to the
internal data buffer of DAC. The request is cleared when DATABUF register is written, or by writing
a one to the EMPTY bit in the Interrupt Flag register (INTFLAG.EMPTY).

For each Start Conversion event, DATABUF is transferred into DATA and the conversion starts. When
DATABUF is empty, the DAC generates the DMA request for new data. As DATABUF is initially empty, a
DMA request is generated whenever the DAC is enabled.

If the CPU accesses the registers that are the source of a DMA request set/clear condition, the DMA
request can be lost or the DMA transfer can be corrupted, if enabled.

Interrupts
The DAC Controller has the following interrupt sources:

«  Data Buffer Empty (EMPTY): Indicates that the internal data buffer of the DAC is empty.

* Underrun (UNDERRUN): Indicates that the internal data buffer of the DAC is empty and a DAC
start of conversion event occurred. Refer to Events for details.

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear register (INTFLAG) is set when the interrupt condition occurs. Each interrupt can be
individually enabled by writing a one to the corresponding bit in the Interrupt Enable Set register
(INTENSET), and disabled by writing a one to the corresponding bit in the Interrupt Enable Clear register
(INTENCLR).

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled.
The interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled or the DAC
is reset. See INTFLAG register for details on how to clear interrupt flags.

All interrupt requests from the peripheral are ORed together on system level to generate one combined
interrupt request to the NVIC. The user must read the INTFLAG register to determine which interrupt
condition is present.

Note that interrupts must be globally enabled for interrupt requests to be generated..
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