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SAM C20/C21

8. Product Mapping
Figure 8-1. SAM C21 N Product Mapping
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SAM C20/C21

Bits 1, 2, 3, 4, 5, 6 — SERCOM: Peripheral SERCOMn Write Protection Status [n = 5..0]
Bit 0 — EVSYS: Peripheral EVSYS Write Protection Status

11.7.13 Peripheral Write Protection Status D

Writing to this register has no effect.

Reading STATUS register returns peripheral write protection status:

0 Peripheral is not write protected.
1 Peripheral is write protected.
Name: STATUSD
Offset: 0x40 [ID-00000a18]
Reset: 0x000000
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
TC7 TC6 TC5 SERCOM?7 SERCOM6
Access R R R R R
Reset 0 0 0 0 0

Bits 2, 3,4 - TC5, TC6, TC7: Peripheral TCn Write Protection Status [n = 7..5]

Bits 0, 1 - SERCOMG6, SERCOM7: Peripheral SERCOMn Write Protection Status [n = 7..6]
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20.6.4

SAM C20/C21

In the case the application can recover the XOSC, the application can switch back to the XOSC clock by
writing a '1' to Switch Back Enable bit in the Clock Failure Control register (XOSCCTRL.SWBACK). Once
the XOSC clock is switched back, the Switch Back bit (XOSCCTRL.SWBACK) is cleared by hardware.

Prescaler

The CFD has an internal configurable prescaler to generate the safe clock from the OSC48M oscillator.
The prescaler size allows to scale down the OSC48M oscillator so the safe clock frequency is not higher
than the XOSC clock frequency monitored by the CFD. The division factor is 2*P, with P being the value
of the CFD Prescaler bits in the CFD Prescaler Register (CFDPRESC.CFDPRESC).

Example

For an external crystal oscillator at 0.4MHz and the OSC48M frequency at 16MHz, the
CFDPRESC.CFDPRESC value should be set scale down by more than factor 16/0.4=80,
e.g. to 128, for a safe clock of adequate frequency.

Event

If the Event Output Enable bit in the Event Control register (EVCTRL.CFDEOQ) is set, the CFD clock
failure will be output on the Event Output. When the CFD is switched to the safe clock, the CFD clock
failure will not be output on the Event Output.

Sleep Mode

The CFD is halted depending on configuration of the XOSC and the peripheral clock request. For further
details, refer to the Sleep Behavior table above. The CFD interrupt can be used to wake up the device
from sleep modes.

48MHz Internal Oscillator (OSC48M) Operation

The OSC48M is an internal oscillator operating in open-loop mode and generating 48MHz frequency. The
OSC48M frequency is selected by writing to the Division Factor field in the OSC48MDIV register
(OSC48MDIV.DIV). OSC48M is enabled by writing '1' to the Oscillator Enable bit in the OSC48M Control
register (OSC48MCTRL.ENABLE), and disabled by writing a '0' to this bit.

After enabling OSC48M, the OSC48M clock is output as soon as the oscillator is ready
(STATUS.OSC48MRDY=1). User must ensure that the OSC48M is fully disabled before enabling it by
reading STATUS.OSC48MRDY=0.

After reset, OSC48M is enabled and serves as the default clock source at 4AMHz.

OSC48M will behave differently in different sleep modes based on the settings of
OSC48MCTRL.RUNSTDBY, OSC48MCTRL.ONDEMAND, and OSC48MCTRL.ENABLE. If
OSC48MCTRL.ENABLE=0, the OSC48M will be always stopped. For OSC48MCTRL.ENABLE=1, this
table is valid:

Table 20-2. OSC48M Sleep Behavior

CPU Mode OSC48MCTRL.RUN | OSC48MCTRL.OND | Sleep Behavior
STDBY EMAND

Active or Idle Always run
Active or Idle - 1 Run if requested by peripheral
Standby 1 0 Always run
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SAM C20/C21

Bit 8 —- DPLLLCKR: DPLL Lock Rise Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the DPLL Lock Rise Interrupt Enable bit, which disables the DPLL Lock Rise
interrupt.

Value Description
0 The DPLL Lock Rise interrupt is disabled.
1 The DPLL Lock Rise interrupt is enabled, and an interrupt request will be generated when

the DPLL Lock Rise Interrupt flag is set.
Bit 4 —- OSC48MRDY: OSC48M Ready Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the OSC48M Ready Interrupt Enable bit, which disables the OSC48M
Ready interrupt.

Value Description
0 The OSC48M Ready interrupt is disabled.
1 The OSC48M Ready interrupt is enabled, and an interrupt request will be generated when

the OSC48M Ready Interrupt flag is set.
Bit 1 — CLKFAIL: Clock Failure Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the XOSC Clock Failure Interrupt Enable bit, which disables the XOSC
Clock Failure interrupt.

Value Description
0 The XOSC Clock Failure interrupt is disabled.
1 The XOSC Clock Failure interrupt is enabled, and an interrupt request will be generated

when the XOSC Clock Failure Interrupt flag is set.
Bit 0 — XOSCRDY: XOSC Ready Interrupt Enable
Writing '0' to this bit has no effect.

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

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

XOSC Ready Interrupt flag is set.

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-00001eee]
Reset:  0x00000000
Property: PAC Write-Protection
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24.6.2.2

24.6.2.3

24.6.2.4

24.6.2.5

SAM C20/C21

Enabling, Disabling, and Resetting

The RTC is enabled by setting the Enable bit in the Control A register (CTRLA.ENABLE=1). The RTC is
disabled by writing CTRLA.ENABLE=0.

The RTC is reset by setting the Software Reset bit in the Control A register (CTRLA.SWRST=1). All
registers in the RTC, except DEBUG, will be reset to their initial state, and the RTC will be disabled. The
RTC must be disabled before resetting it.

32-Bit Counter (Mode 0)

When the RTC Operating Mode bits in the Control A register (CTRLA.MODE) are written to 0x0, the
counter operates in 32-bit Counter mode. The block diagram of this mode is shown in Figure 24-1. When
the RTC is enabled, the counter will increment on every 0-to-1 transition of CLK_RTC_CNT. The counter
will increment until it reaches the top value of OXFFFFFFFF, and then wrap to 0x00000000. This sets the
Overflow Interrupt flag in the Interrupt Flag Status and Clear register (INTFLAG.OVF).

The RTC counter value can be read from or written to the Counter Value register (COUNT) in 32-bit
format.

The counter value is continuously compared with the 32-bit Compare register (COMPO0). When a compare
match occurs, the Compare 0 Interrupt flag in the Interrupt Flag Status and Clear register
(INTFLAG.CMPO) is set on the next 0-to-1 transition of CLK_RTC_CNT.

If the Clear on Match bit in the Control A register (CTRLA.MATCHCLR) is '1', the counter is cleared on
the next counter cycle when a compare match with COMPO occurs. This allows the RTC to generate
periodic interrupts or events with longer periods than the prescaler events. Note that when
CTRLA.MATCHCLR is "1', INTFLAG.CMPO and INTFLAG.OVF will both be set simultaneously on a
compare match with COMPO.

16-Bit Counter (Mode 1)

When the RTC Operating Mode bits in the Control A register (CTRLA.MODE) are written to 0x1, the
counter operates in 16-bit Counter mode as shown in Figure 24-2. When the RTC is enabled, the counter
will increment on every 0-to-1 transition of CLK_RTC_CNT. In 16-bit Counter mode, the 16-bit Period
register (PER) holds the maximum value of the counter. The counter will increment until it reaches the
PER value, and then wrap to 0x0000. This sets the Overflow Interrupt flag in the Interrupt Flag Status and
Clear register (INTFLAG.OVF).

The RTC counter value can be read from or written to the Counter Value register (COUNT) in 16-bit
format.

The counter value is continuously compared with the 16-bit Compare registers (COMPn, n=0..1). When a
compare match occurs, the Compare n Interrupt flag in the Interrupt Flag Status and Clear register
(INTFLAG.CMPn, n=0..1) is set on the next 0-to-1 transition of CLK_RTC_CNT.

Clock/Calendar (Mode 2)

When the RTC Operating Mode bits in the Control A register (CTRLA.MODE) are written to 0x2, the
counter operates in Clock/Calendar mode, as shown in Figure 24-3. When the RTC is enabled, the
counter will increment on every 0-to-1 transition of CLK_RTC_CNT. The selected clock source and RTC
prescaler must be configured to provide a 1Hz clock to the counter for correct operation in this mode.

The time and date can be read from or written to the Clock Value register (CLOCK) in a 32-bit time/date
format. Time is represented as:

* Seconds

*  Minutes

*  Hours
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25.6.3.3

25.6.3.4

SAM C20/C21

Channel Resume and Next Suspend Skip

A channel operation can be resumed by software by setting the Resume command in the Command bit
field of the Channel Control B register (CHCTRLB.CMD). If the channel is already suspended, the
channel operation resumes from where it previously stopped when the Resume command is detected.
When the Resume command is issued before the channel is suspended, the next suspend action is
skipped and the channel continues the normal operation.

Figure 25-10. Channel Suspend/Resume Operation
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Event Input Actions
The event input actions are available only on the least significant DMA channels. For details on channels
with event input support, refer to the in the Event system documentation.

Before using event input actions, the event controller must be configured first according to the following
table, and the Channel Event Input Enable bit in the Channel Control B register (CHCTRLB.EVIE) must
be written to '1'. Refer also to Events.

Table 25-1. Event Input Action

_ CHCTRLB.EVACT CHCTRLB.TRGSRC

None NOACT -

Normal Transfer TRIG DISABLE
Conditional Transfer on Strobe TRIG any peripheral
Conditional Transfer CTRIG

Conditional Block Transfer CBLOCK

Channel Suspend SUSPEND

Channel Resume RESUME

Skip Next Block Suspend SSKIP

Normal Transfer

The event input is used to trigger a beat or burst transfer on peripherals.

The event is acknowledged as soon as the event is received. When received, both the Channel Pending
status bit in the Channel Status register (CHSTATUS.PEND) and the corresponding Channel n bit in the
Pending Channels register (PENDCH.PENDCHDN) are set. If the event is received while the channel is

pending, the event trigger is lost.

The figure below shows an example where beat transfers are enabled by internal events.
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Figure 25-16. CRC Generator Block Diagram
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CRC on CRC-16 or CRC-32 calculations can be performed on data passing through any DMA

DMA channel. Once a DMA channel is selected as the source, the CRC engine will continuously

data generate the CRC on the data passing through the DMA channel. The checksum is available
for readout once the DMA transaction is completed or aborted. A CRC can also be generated
on SRAM, Flash, or /O memory by passing these data through a DMA channel. If the latter is
done, the destination register for the DMA data can be the data input (CRCDATAIN) register in
the CRC engine.

CRC using the I/O Before using the CRC engine with the I/O interface, the application must set the
interface CRC Beat Size bits in the CRC Control register (CRCCTRL.CRCBEATSIZE).
8/16/32-bit bus transfer type can be selected.

CRC can be performed on any data by loading them into the CRC engine using the CPU and writing the
data to the CRCDATAIN register. Using this method, an arbitrary number of bytes can be written to the
register by the CPU, and CRC is done continuously for each byte. This means if a 32-bit data is written to
the CRCDATAIN register the CRC engine takes four cycles to calculate the CRC. The CRC complete is
signaled by a set CRCBUSY bit in the CRCSTATUS register. New data can be written only when
CRCBUSY flag is not set.

DMA Operation
Not applicable.
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SAM C20/C21

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

Before the 12C is enabled it must be configured as outlined by the following steps:

1.

Select 12C Master or Slave mode by writing 0x4 (Master mode) or 0x5 (Slave mode) to the
Operating Mode bits in the CTRLA register (CTRLA.MODE).

If desired, select the SDA Hold Time value in the CTRLA register (CTRLA.SDAHOLD).

If desired, enable smart operation by setting the Smart Mode Enable bit in the CTRLB register
(CTRLB.SMEN).

If desired, enable SCL low time-out by setting the SCL Low Time-Out bit in the Control A register
(CTRLA.LOWTOUT).

In Master mode:

51. Select the inactive bus time-out in the Inactive Time-Out bit group in the CTRLA register
(CTRLA.INACTOUT).

5.2. Write the Baud Rate register (BAUD) to generate the desired baud rate.

In Slave mode:

5.1. Configure the address match configuration by writing the Address Mode value in the
CTRLB register (CTRLB.AMODE).

5.2. Set the Address and Address Mask value in the Address register (ADDR.ADDR and
ADDR.ADDRMASK) according to the address configuration.

33.6.2.2 Enabling, Disabling, and Resetting
This peripheral is enabled by writing '1' to the Enable bit in the Control A register (CTRLA.ENABLE), and
disabled by writing '0' to it.

Writing ‘1" to the Software Reset bit in the Control A register (CTRLA.SWRST) will reset all registers of
this peripheral to their initial states, except the DBGCTRL register, and the peripheral is disabled.

33.6.2.3

I2C Bus State Logic

The bus state logic includes several logic blocks that continuously monitor the activity on the 12C bus lines
in all sleep modes with running GCLK_SERCOM _x clocks. The start and stop detectors and the bit
counter are all essential in the process of determining the current bus state. The bus state is determined
according to Bus State Diagram. Software can get the current bus state by reading the Master Bus State
bits in the Status register (STATUS.BUSSTATE). The value of STATUS.BUSSTATE in the figure is shown
in binary.
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33.6.2.4 I2C Master Operation
The 12C master is byte-oriented and interrupt based. The number of interrupts generated is kept at a
minimum by automatic handling of most incidents. The software driver complexity and code size are
reduced by auto-triggering of operations, and a special smart mode, which can be enabled by the Smart
Mode Enable bit in the Control A register (CTRLA.SMEN).

The 12C master has two interrupt strategies.

When SCL Stretch Mode (CTRLA.SCLSM) is '0', SCL is stretched before or after the acknowledge bit . In
this mode the I2C master operates according to Master Behavioral Diagram (SCLSM=0). The circles
labelled "Mn" (M1, M2..) indicate the nodes the bus logic can jump to, based on software or hardware
interaction.

This diagram is used as reference for the description of the 12C master operation throughout the
document.

Figure 33-5. 12C Master Behavioral Diagram (SCLSM=0)
WAPPLICATION v Master Bus INTERRUPT + SCL HOLD

[ o

| S ADDRESS }—

@ Software interaction

1 1
1 1
1 [
1 1
1 [
: D The master provides data on the bus |

[
[ 1
| Addressed slave provides data on the bus [
[ 1
[ |
[

In the second strategy (CTRLA.SCLSM=1), interrupts only occur after the ACK bit, as in Master
Behavioral Diagram (SCLSM=1). This strategy can be used when it is not necessary to check DATA
before acknowledging.

Note: 12C High-speed (Hs) mode requires CTRLA.SCLSM=1.
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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
Access
Reset

Bit 7 6 5 4 3 2 1 0

ENABLE SWRST
Access R R
Reset 0 0

33.8.8

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.

Writes to any register while synchronization is on-going will be discarded and an APB error will be
generated.

Value Description

0 SWRST synchronization is not busy.
1 SWRST synchronization is busy.

Address

Name: ADDR

Offset: 0x24 [ID-00001bb3]

Reset: 0x00000000

Property: PAC Write-Protection, Enable-Protected
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Register Summary - 12C Master

oren tene e L

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08

0x0B
0x0C
0x0D
0x0E
OxOF
0x10

0x13
0x14
0x15
0x16
0x17
0x18
0x18
0x19
Ox1A
0x1B
0x1C
0x1D
Ox1E
Ox1F
0x21

0x23
0x24
0x25
0x26
0x27
0x28

0x2F
0x30

RUNSTDBY
15:8
CTRLA
23:16 SEXTTOEN = MEXTTOEN
31:24 LOWTOUT
7:0
15:8
CTRLB
23:16
31:24
Reserved
7:0
15:8
BAUD
23:16
31:24
Reserved
INTENCLR 7:0 ERROR
Reserved
INTENSET 7:0 ERROR
Reserved
INTFLAG 7:0 ERROR
7:0
DATA
15:8
7:0 CLKHOLD & LOWTOUT
STATUS
15:8
7:0
15:8
SYNCBUSY
23:16
31:24
Reserved
7:0
15:8 TENBITEN HS
ADDR
23:16
31:24
Reserved
DBGCTRL 7:0

MODE[2:0]

SDAHOLDI[1:0]
INACTOUT[1:0] SCLSM

BAUDI[7:0]
BAUDLOW([7:0]
HSBAUD[7:0]
HSBAUDLOW[7:0]

DATA[7:0]
BUSSTATE[1:0]
ADDR[7:0]
LENEN
LEN[7:0]

ACKACT

RXNACK
LENERR
SYSOP

ENABLE SWRST

PINOUT
SPEED[1:0]

QCEN SMEN
CMD[1:0]

SB MB

SB MB

SB MB

ARBLOST BUSERR
SEXTTOUT | MEXTTOUT
ENABLE SWRST

ADDR([10:8]

DBGSTOP
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SAM C20/C21

Name: INTENCLR

Offset:  0x14 [ID-00001bb3]
Reset: 0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
ERROR SB MB
Access R/W R/W R/W
Reset 0 0 0

33.10.5

Bit 7 — ERROR: Error Interrupt Enable
Writing '0' to this bit has no effect.

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

Value Description

0 Error interrupt is disabled.
1 Error interrupt is enabled.

Bit 1 — SB: Slave on Bus Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the Slave on Bus Interrupt Enable bit, which disables the Slave on Bus
interrupt.

Value Description

0 The Slave on Bus interrupt is disabled.
1 The Slave on Bus interrupt is enabled.

Bit 0 — MB: Master on Bus Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the Master on Bus Interrupt Enable bit, which disables the Master on Bus
interrupt.

Value Description

0 The Master on Bus interrupt is disabled.
1 The Master on Bus interrupt is enabled.

Interrupt Enable Clear

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 register INTENCLR).

Name: INTENSET

Offset: 0x16 [ID-00001bb3]
Reset:  0x00

Property: PAC Write-Protection
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Table 34-4. Example Filter Configuration for Rx Buffers

Filter Element | SFID1[10:0] / EFID1[28:0] | SFID2[10:9] / EFID2[10:9] | SFID2[5:0]/ EFID2[5:0]

ID message 1 00 0000
1 ID message 2 00 00 0001
2 ID message 3 00 00 0010

After the last word of a matching received message has been written to the Message RAM, the
respective New Data flag in register NDAT1, NDAT2 is set. As long as the New Data flag is set, the
respective Rx Buffer is locked against updates from received matching frames. The New Data flags have
to be reset by the CPU by writing a ‘1’ to the respective bit position.

While an Rx Buffer’s New Data flag is set, a Message ID Filter Element referencing this specific Rx Buffer
will not match, causing the acceptance filtering to continue. Following Message ID Filter Elements may
cause the received message to be stored into another Rx Buffer, or into an Rx FIFO, or the message may
be rejected, depending on filter configuration.

Rx Buffer Handling

* Resetinterrupt flag IR.DRX

* Read New Data registers

* Read messages from Message RAM

* Reset New Data flags of processed messages

Debug on CAN Support

Debug messages are stored into Rx Buffers. For debug handling three consecutive Rx buffers (e.g. #61,
#62, #63) have to be used for storage of debug messages A, B, and C. The format is the same as for an
Rx Buffer or an Rx FIFO element (see Rx Buffer and FIFO Element ).

Advantage: Fixed start address for the DMA transfers (relative to RXBC.RBSA), no additional
configuration required.

For filtering of debug messages Standard / Extended Filter Elements with SFEC / EFEC = “111” have to
be set up. Messages matching these filter elements are stored into the Rx Buffers addressed by SFID2 /
EFID2[5:0].

After message C has been stored, the DMA request output is activated and the three messages can be
read from the Message RAM under DMA control. The RAM words holding the debug messages will not
be changed by the CAN while DMA request is activated. The behavior is similar to that of an Rx Buffers
with its New Data flag set.

After the DMA has completed the DMA unit sets the DMA acknowledge. This resets DMA request. Now
the CAN is prepared to receive the next set of debug messages.

Filtering for Debug Messages

Filtering for debug messages is done by configuring one Standard / Extended Message ID Filter Element
for each of the three debug messages. To enable a filter element to filter for debug messages SFEC /
EFEC has to be programmed to “111”. In this case fields SFID1 / SFID2 and EFID1 / EFID2 have a
different meaning (see Standard Message ID Filter Element and Extended Message ID Filter Element).
While SFID2 / EFID2[10:9] controls the debug message handling state machine, SFID2 / EFID2[5:0]
controls the location for storage of a received debug message.

When a debug message is stored, neither the respective New Data flag nor IR.DRX are set. The
reception of debug messages can be monitored via RXF1S.DMS.
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Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

34.8.23

31 30 29 28 27 26 25 24
23 22 21 20 19 18 17 16
LSE[6:0]
RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
FLESA[15:8]

RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0

FLESA[7:0]

RIW RIW RIW RIW RIW RIW RIW RIW

0 0 0 0 0 0 0 0

Bits 22:16 — LSE[6:0]: List Size Extended

Value Description

0 No extended Message ID filter.
1-64 Number of Extended Message ID filter elements.
> 64 Values greater than 64 are interpreted as 64.

Bits 15:0 — FLESA[15:0]: Filter List Extended Start Address

Start address of extended Message ID filter list. When the CAN module addresses the Message RAM it
addresses 32-bit words, not single bytes. The configurable start addresses are 32-bit word addresses, i.e.
only bits 15 to 2 are evaluated, the two least significant bits are ignored. Bits 1 to 0 will always be read

back as “00”.

Extended ID AND Mask

This register is write-restricted and only writable if bit fields CCCR.CCE = 1 and CCCR.INIT = 1.

Name: XIDAM

Offset: 0x90

Reset: Ox1FFFFFFF
Property: Write-restricted
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Figure 36-9. Compare Channel Double Buffering
"APB write enable" "data write"

UPDATE

Both the registers (PATT/WAVE/PER/CCx) and corresponding buffer registers (PATTBUF/WAVEBUFV/
PERBUF/CCBUFx) are available in the I/O register map, and the double buffering feature is not
mandatory. The double buffering is disabled by writing a '1' to CTRLSET.LUPD.

Note: In NFRQ, MFRQ or PWM down-counting counter mode (CTRLBSET.DIR=1), when double
buffering is enabled (CTRLBCLR.LUPD=1), PERBUF register is continuously copied into the PER
independently of update conditions.

Changing the Period

The counter period can be changed by writing a new Top value to the Period register (PER or CCO,
depending on the waveform generation mode), any period update on registers (PER or CCx) is effective
after the synchronization delay, whatever double buffering enabling is.

Figure 36-10. Unbuffered Single-Slope Up-Counting Operation

‘ Counter Wraparound ‘
I
: MAC——— -
I "clear" update
: "write"
I
COUNT :
I
I
| W
I
| - ZERO ——— - __¥__¥ _
I
New value written to New value written to
PER that is higher PER that is lower
than current COUNT than current COUNT

© 2017 Microchip Technology Inc. Datasheet Complete DS60001479B-page 787



SAM C20/C21

A, odd channel output is disabled, and in cycle B, even channel output is disabled. The ramp index
changes after each update, but can be software modified using the Ramp index command bits in Control
B Set register (CTRLBSET.IDXCMD).

Standard RAMP2 (RAMP2) Operation

Ramp A and B periods are controlled by the PER register value. The PER value can be different on each
ramp by the Circular Period buffer option in the Wave register (WAVE.CIPEREN=1). This mode uses a
two-channel TCC to generate two output signals, or one output signal with another CC channel enabled
in capture mode.

Figure 36-18. RAMP2 Standard Operation

Ramp - ——A—e— B—r—A B——— “clear" update
"match"
TOP(B) Retrigger TOP(B)
TOP(A) on CIPEREN = 1
FaultA
CC1 CC1
COUNT cco i cco i
i I | |
| | | |
vV Vv
Y v i | l
WO[0] i I | POLO=1
vy A
WOI[1] : Keep on FaultB  POL1=1
| 4
FaultA input M |
|
|
FaultB input [_I

Alternate RAMP2 (RAMP2A) Operation

Alternate RAMP2 operation is similar to RAMP2, but CCO controls both WO[0] and WO[1] waveforms
when the corresponding circular buffer option is enabled (CIPEREN=1). The waveform polarity is the
same on both outputs. Channel 1 can be used in capture mode.

Figure 36-19. RAMP2 Alternate Operation

Ramp ——— A——«——B— A B nclear” update
"match"
TOP(B) Retrigger TOP(B)
TOP(A) on CIPEREN =1
FaultA
cco(B cco(B )
COUNT CCo(A 1 CCO(A ! CICCENO =1
ZERO : : : | : T :
Y_ v | } !
WOI0] } | !
A
WO[1] T Y 3 Y—‘ Keep on FaultB POL0 =1
1 A
FaultA input M |
FaultB input ﬂ
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Figure 37-15. JK Flip Flop

JK

ouT
GCLK_CCL

LUT(2x+1)

When the even LUT is disabled (LUTCTRLO.ENABLE=0 / LUTCTRL2.ENABLE=0), the flip-flop is
asynchronously cleared. The reset command (R) is kept enabled for one APB clock cycle. In all other
cases, the flip-flop output (OUT) is refreshed on rising edge of the GCLK_CCL, as shown in Table 37-3.

Table 37-3. JK Characteristics

e Jo e jow ]
1 X

X Clear
0 0 0 Hold state (no change)
0 0 1 Clear
0 1 0 Set
0 1 1 Toggle

Gated D-Latch (DLATCH)
When the DLATCH is selected, the D-input is driven by the even LUT output (LUTO and LUT2), and the
G-input is driven by the odd LUT output (LUT1 and LUT3), as shown in Figure 37-14.

Figure 37-16. D-Latch

even LUT

OuT

odd LUT

When the even LUT is disabled (LUTCTRLO.ENABLE=0 / LUTCTRL2.ENABLE=0), the latch output will
be cleared. The G-input is forced enabled for one more APB clock cycle, and the D-input to zero. In all
other cases, the latch output (OUT) is refreshed as shown in Table 37-4.
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Table 37-4. D-Latch Characteristics

0 X Hold state (no change)
1 0 Clear
1 1 Set

RS Latch (RS)
When this configuration is selected, the S-input is driven by the even LUT output (LUTO and LUT2), and
the R-input is driven by the odd LUT output (LUT1 and LUT3), as shown in Figure 37-17.

Figure 37-17. RS-Latch

even LUT

OuUT

odd LUT

When the even LUT is disabled LUTCTRLO.ENABLE=0 / LUTCTRL2.ENABLE=0), the latch output will be
cleared. The R-input is forced enabled for one more APB clock cycle and S-input to zero. In all other
cases, the latch output (OUT) is refreshed as shown in Table 37-5.

Table 37-5. RS-Latch Characteristics

RN G 2

0 0 Hold state (no change)
0 1 Clear

1 0 Set

1 1 Forbidden state
Events

The CCL can generate the following output events:
*  OUTx: Lookup Table Output Value

Writing a '1' to the LUT Control Event Output Enable bit (LUTCTRL.LUTEOQ) enables the corresponding
output event. Writing a '0' to this bit disables the corresponding output event.

The CCL can take the following actions on an input event:
* INSELx: The event is used as input for the TRUTH table. For further details refer to Events.

Writing a '1' to the LUT Control Event Input Enable bit (LUTCTRL.LUTEI) enables the corresponding
action on input event. Writing a '0' to this bit disables the corresponding action on input event.
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45.10.4 Analog-to-Digital Converter (ADC) Characteristics
Table 45-18. Operating Conditions(")

Symbol | Paameters ————Jconations W T | U
Res - 12

Resolution - bits
Rs Sampling rate 10 - 1000 ksps
fs Sampling clock 10 - 1000 kHz
Differential mode Number of ADC clock resolution 12 bit - 16 - cycles
cycles SAMPCTRL.OFFCOMP=1 (CTRLC.RESSEL=0)
resolution 10 bit 14

(CTRLC.RESSEL=2)

resolution 8 bit 12
(CTRLC.RESSEL=3)

Differential mode Number of ADC clock resolution 12 bit - SAMPLEN - cycles
cycles SAMPCTRL.OFFCOMP=0 (CTRLC.RESSEL=0) +13
SAMPLEN corresponds to the decimal . .
value of SAMPCTRL.SAMPLEN(5:0] resolution 10 bit sl
register (CTRLC.RESSEL=2) +11
resolution 8 bit SAMPLEN+9
(CTRLC.RESSEL=3)
Single-ended mode Number of ADC clock ' resolution 12 bit - 16 - cycles
cycles SAMPCTRL.OFFCOMP=1 (CTRLC.RESSEL=0)
resolution 10 bit 15

(CTRLC.RESSEL=2)

resolution 8 bit 13
(CTRLC.RESSEL=3)

Single-ended mode Number of ADC clock | resolution 12 bit - SAMPLEN - cycles
cycles SAMPCTRL.OFFCOMP=0 (CTRLC.RESSEL=0) +13
SAMPLEN corresponds to the decimal . .
value of SAMPCTRL.SAMPLEN(5:0] resolution 10 bit SAMPLEN
register (CTRLC.RESSEL=2) +12
resolution 8 bit SAMPLEN
(CTRLC.RESSEL=3) +10
fadc ADC Clock frequency SAMPCTRL.OFFCOMP=1 or - fs*16 - Hz
CTRLC.R2R=1
SAMPCTRL.OFFCOMP=0 - fs*13 -
Ts Sampling time SAMPCTRL.OFFCOMP=1 or 250 - 25000 ns
CTRLC.R2R=1
SAMPCTRL.OFFCOMP=0 76 - 7692
Sampling time with DAC as input SAMPCTRL.OFFCOMP=1 or 3000 - 25000
CTRLC.R2R=1
SAMPCTRL.OFFCOMP=0 3000 - 7692
Conversion range Differential mode -VREF - +VREF V
Conversion range Single-ended mode 0 - VREF
Vref Reference input REFCTRL.REFCOMP=1 2 - VDDANA-0.6 V
REFCTRL.REFCOMP=0 VDDANA - VDDANA
Vin Input channel range - 0 - VDDANA \Y
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Product Identification System

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

SAMC 21 N18 A - MU T

Product Family
SAMC = 5V Microcontroller
Product Series

21 = Cortex M0+ CPU, DMA, CAN,
16-bit SDADC
20 = Cortex M0+ CPU, DMA

Pin Count

E = 32 Pins
G =48 Pins
J =64 Pins
N =100 Pins

Flash Memory Density

18 = 256KB
17 = 128KB
16 = 64KB
15 = 32KB

Device Variant

Package Carrier

No character = Tray (Default)
T = Tape and Reel

Package Grade

U = -40 - 85.C Matte Sn Plating
N = -40 - 105.C Matte Sn Plating

Package Type

A = Default Variant

Microchip Devices Code Protection Feature

A=TQFP
M = QFN
U=WLCSP

Note the following details of the code protection feature on Microchip devices:

*  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

* There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is

engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concerned about the integrity of their code.

*  Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
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