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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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4.2 SAM C21G / SAM C20G

4.2.1 QFN48 / TQFP48
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Figure 13-3. Hot-Plugging Detection Timing Diagram
SWCLK

Hot-Plugging

CPU_STATE reset running 

RESET

The presence of a debugger probe is detected when either Hot-Plugging or Cold-Plugging is detected.
Once detected, the Debugger Present bit of the Status B register (STATUSB.DBGPRES) is set. For
security reasons, Hot-Plugging is not available when the device is protected by the NVMCTRL security
bit.

This detection requires that pads are correctly powered. Thus, at cold startup, this detection cannot be
done until POR is released. If the device is protected, Cold-Plugging is the only way to detect a debugger
probe, and so the external reset timing must be longer than the POR timing. If external reset is
deasserted before POR release, the user must retry the procedure above until it gets connected to the
device.

Related Links
NVMCTRL – Non-Volatile Memory Controller
Security Bit

13.7 Chip Erase
Chip-Erase consists of removing all sensitive information stored in the chip and clearing the NVMCTRL
security bit. Therefore, all volatile memories and the Flash memory (including the EEPROM emulation
area) will be erased. The Flash auxiliary rows, including the user row, will not be erased.

When the device is protected, the debugger must first reset the device in order to be detected. This
ensures that internal registers are reset after the protected state is removed. The Chip-Erase operation is
triggered by writing a '1' to the Chip-Erase bit in the Control register (CTRL.CE). This command will be
discarded if the DSU is protected by the Peripheral Access Controller (PAC). Once issued, the module
clears volatile memories prior to erasing the Flash array. To ensure that the Chip-Erase operation is
completed, check the Done bit of the Status A register (STATUSA.DONE).

The Chip-Erase operation depends on clocks and power management features that can be altered by the
CPU. For that reason, it is recommended to issue a Chip- Erase after a Cold-Plugging procedure to
ensure that the device is in a known and safe state.

The recommended sequence is as follows:
1. Issue the Cold-Plugging procedure (refer to Cold Plugging). The device then:

1.1. Detects the debugger probe.
1.2. Holds the CPU in reset.

2. Issue the Chip-Erase command by writing a '1' to CTRL.CE. The device then:
2.1. Clears the system volatile memories.
2.2. Erases the whole Flash array (including the EEPROM emulation area, not including

auxiliary rows).
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16.7 Register Summary

Offset Name Bit Pos.         

0x00 CTRLA 7:0        SWRST

0x01

...

0x03

Reserved          

0x04

SYNCBUSY

7:0 GENCTRL5 GENCTRL4 GENCTRL3 GENCTRL2 GENCTRL1 GENCTRL0  SWRST

0x05 15:8       GENCTRL7 GENCTRL6

0x06 23:16         

0x07 31:24         

0x08

...

0x1F

Reserved          

0x20

GENCTRL0

7:0    SRC[4:0]

0x21 15:8   RUNSTDBY DIVSEL OE OOV IDC GENEN

0x22 23:16 DIV[7:0]

0x23 31:24 DIV[15:8]

0x24

GENCTRL1

7:0    SRC[4:0]

0x25 15:8   RUNSTDBY DIVSEL OE OOV IDC GENEN

0x26 23:16 DIV[7:0]

0x27 31:24 DIV[15:8]

0x28

GENCTRL2

7:0    SRC[4:0]

0x29 15:8   RUNSTDBY DIVSEL OE OOV IDC GENEN

0x2A 23:16 DIV[7:0]

0x2B 31:24 DIV[15:8]

0x2C

GENCTRL3

7:0    SRC[4:0]

0x2D 15:8   RUNSTDBY DIVSEL OE OOV IDC GENEN

0x2E 23:16 DIV[7:0]

0x2F 31:24 DIV[15:8]

0x30

GENCTRL4

7:0    SRC[4:0]

0x31 15:8   RUNSTDBY DIVSEL OE OOV IDC GENEN

0x32 23:16 DIV[7:0]

0x33 31:24 DIV[15:8]

0x34

GENCTRL5

7:0    SRC[4:0]

0x35 15:8   RUNSTDBY DIVSEL OE OOV IDC GENEN

0x36 23:16 DIV[7:0]

0x37 31:24 DIV[15:8]

0x38

GENCTRL6

7:0    SRC[4:0]

0x39 15:8   RUNSTDBY DIVSEL OE OOV IDC GENEN

0x3A 23:16 DIV[7:0]

0x3B 31:24 DIV[15:8]

0x3C

GENCTRL7

7:0    SRC[4:0]

0x3D 15:8   RUNSTDBY DIVSEL OE OOV IDC GENEN

0x3E 23:16 DIV[7:0]

0x3F 31:24 DIV[15:8]

0x40 GENCTRL8 7:0    SRC[4:0]
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Bit 7 6 5 4 3 2 1 0  
        CKRDY  

Access R/W  
Reset 0  

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

Writing a '1' to this bit will set the Clock Ready Interrupt Enable bit and enable the Clock Ready interrupt.

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

17.8.4 Interrupt Flag Status and Clear

Name:  INTFLAG
Offset:  0x03
Reset:  0x01
Property:
 

–

Bit 7 6 5 4 3 2 1 0  
        CKRDY  

Access R/W  
Reset 1  

Bit 0 – CKRDY: Clock Ready
This flag is cleared by writing a '1' to the flag.

This flag is set when the synchronous CPU, APBx, and AHBx clocks have frequencies as indicated in the
CLKCFG registers and will generate an interrupt if INTENCLR/SET.CKRDY is '1'.

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

Writing a '1' to this bit clears the Clock Ready interrupt flag.

17.8.5 CPU Clock Division

Name:  CPUDIV
Offset:  0x05 [ID-00001086]
Reset:  0x01
Property:
 

PAC Write-Protection

Bit 7 6 5 4 3 2 1 0  
 CPUDIV[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 1  

Bits 7:0 – CPUDIV[7:0]: CPU Clock Division Factor
These bits define the division ratio of the main clock prescaler related to the CPU clock domain.
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Note: 
1. Start-up time is given by STARTUP + three OSC32K cycles.
2. The given time assumes an XTAL frequency of 32.768kHz.

Bit 7 – ONDEMAND: On Demand Control
This bit controls how the OSC32K behaves when a peripheral clock request is detected. For details, refer
to OSC32K Sleep Behavior.

Bit 6 – RUNSTDBY: Run in Standby
This bit controls how the OSC32K behaves during standby sleep mode. For details, refer to OSC32K
Sleep Behavior.

Bit 3 – EN1K: 1KHz Output Enable

Value Description
0 The 1KHz output is disabled.
1 The 1KHz output is enabled.

Bit 2 – EN32K: 32KHz Output Enable

Value Description
0 The 32KHz output is disabled.
1 The 32KHz output is enabled.

Bit 1 – ENABLE: Oscillator Enable

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

21.8.9 32KHz Ultra Low Power Internal Oscillator (OSCULP32K) Control

Name:  OSCULP32K
Offset:  0x1C [ID-00001010]
Reset:  0x0000XX06
Property:
 

PAC Write-Protection
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Bit 3 – CLOCK: Clock Register Synchronization Busy Status

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

Bit 2 – FREQCORR: Frequency Correction Synchronization Busy Status

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

Bit 1 – ENABLE: Enable Synchronization Busy Status

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

Bit 0 – SWRST: Software Reset Synchronization Busy Status

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

24.12.8 Frequency Correction

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

PAC Write-Protection, Write-Synchronized

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

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

Bit 7 – SIGN: Correction Sign

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

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

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

24.12.9 Clock Value in Clock/Calendar mode (CTRLA.MODE=2)
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25.6.2.6 Transfer Triggers and Actions
A DMA transfer through a DMA channel can be started only when a DMA transfer request is detected,
and the DMA channel has been granted access to the DMA. A transfer request can be triggered from
software, from a peripheral, or from an event. There are dedicated Trigger Source selections for each
DMA Channel Control B (CHCTRLB.TRIGSRC).

The trigger actions are available in the Trigger Action bit group in the Channel Control B register
(CHCTRLB.TRIGACT). By default, a trigger generates a request for a block transfer operation. If a single
descriptor is defined for a channel, the channel is automatically disabled when a block transfer has been
completed. If a list of linked descriptors is defined for a channel, the channel is automatically disabled
when the last descriptor in the list is executed. If the list still has descriptors to execute, the channel will
be waiting for the next block transfer trigger. When enabled again, the channel will wait for the next block
transfer trigger. The trigger actions can also be configured to generate a request for a beat transfer
(CHCTRLB.TRIGACT=0x2) or transaction transfer (CHCTRLB.TRIGACT=0x3) instead of a block transfer
(CHCTRLB.TRIGACT=0x0).

Figure 25-7 shows an example where triggers are used with two linked block descriptors.

Figure 25-7. Trigger Action and Transfers
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If the trigger source generates a transfer request for a channel during an ongoing transfer, the new
transfer request will be kept pending (CHSTATUS.PEND=1), and the new transfer can start after the
ongoing one is done. Only one pending transfer can be kept per channel. If the trigger source generates
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Bit 31 30 29 28 27 26 25 24  
 OUTCLR[31:24]  

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

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

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

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

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

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

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

Bits 31:0 – OUTCLR[31:0]: PORT Data Output Value Clear
Writing '0' to a bit has no effect.

Writing '1' to a bit will clear the corresponding bit in the OUT register. Pins configured as outputs via the
Data Direction register (DIR) will be set to low output drive level. Pins configured as inputs via DIR and
with pull enabled via the Pull Enable bit in the Pin Configuration register (PINCFG.PULLEN) will set the
input pull direction to an internal pull-down.

Value Description
0 The corresponding I/O pin in the PORT group will keep its configuration.
1 The corresponding I/O pin output is driven low, or the input is connected to an internal pull-

down.

28.9.7 Data Output Value Set

This register allows the user to set one or more output I/O pin drive levels high, without doing a read-
modify-write operation. Changes in this register will also be reflected in the Data Output Value (OUT),
Data Output Value Toggle (OUTTGL) and Data Output Value Clear (OUTCLR) registers.

Tip:  The I/O pins are assembled in pin groups (”PORT groups”) with up to 32 pins. Group 0
consists of the PA pins, group 1 is for the PB pins, etc. Each pin group has its own PORT
registers. For example, the register address offset for the Data Direction (DIR) register for group
0 (PA00 to PA31) is 0x00, and the register address offset for the DIR register for group 1 (PB00
to PB31) is 0x80.

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

PAC Write-Protection
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Related Links
PORT: IO Pin Controller

32.5.2 Power Management
This peripheral can continue to operate in any sleep mode where its source clock is running. The
interrupts can wake up the device from sleep modes.

Related Links
PM – Power Manager

32.5.3 Clocks
The SERCOM bus clock (CLK_SERCOMx_APB) can be enabled and disabled in the Main Clock
Controller. Refer to Peripheral Clock Masking for details and default status of this clock.

A generic clock (GCLK_SERCOMx_CORE) is required to clock the SPI. This clock must be configured
and enabled in the Generic Clock Controller before using the SPI.

This generic clock is asynchronous to the bus clock (CLK_SERCOMx_APB). Therefore, writes to certain
registers will require synchronization to the clock domains.

Related Links
GCLK - Generic Clock Controller
Peripheral Clock Masking
Synchronization

32.5.4 DMA
The DMA request lines are connected to the DMA Controller (DMAC). In order to use DMA requests with
this peripheral the DMAC must be configured first. Refer to DMAC – Direct Memory Access Controller for
details.

Related Links
DMAC – Direct Memory Access Controller

32.5.5 Interrupts
The interrupt request line is connected to the Interrupt Controller. In order to use interrupt requests of this
peripheral, the Interrupt Controller (NVIC) must be configured first. Refer to Nested Vector Interrupt
Controller for details.

Related Links
Nested Vector Interrupt Controller

32.5.6 Events
Not applicable.

32.5.7 Debug Operation
When the CPU is halted in debug mode, this peripheral will continue normal operation. If the peripheral is
configured to require periodical service by the CPU through interrupts or similar, improper operation or
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.

32.5.8 Register Access Protection
Registers with write-access can be write-protected optionally by the peripheral access controller (PAC).

PAC Write-Protection is not available for the following registers:
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33.5.2 Power Management
This peripheral can continue to operate in any sleep mode where its source clock is running. The
interrupts can wake up the device from sleep modes.

Related Links
PM – Power Manager

33.5.3 Clocks
The SERCOM bus clock (CLK_SERCOMx_APB) can be enabled and disabled in the Main Clock
Controller. Refer to Peripheral Clock Masking for details and default status of this clock.

Two generic clocks are used by SERCOM, GCLK_SERCOMx_CORE and GCLK_SERCOM_SLOW. The
core clock (GCLK_SERCOMx_CORE) can clock the I2C when working as a master. The slow clock
(GCLK_SERCOM_SLOW) is required only for certain functions, e.g. SMBus timing. These two clocks
must be configured and enabled in the Generic Clock Controller (GCLK) before using the I2C.

These generic clocks are asynchronous to the bus clock (CLK_SERCOMx_APB). Due to this
asynchronicity, writes to certain registers will require synchronization between the clock domains. Refer to 
Synchronization for further details.

Related Links
GCLK - Generic Clock Controller
Peripheral Clock Masking
PM – Power Manager

33.5.4 DMA
The DMA request lines are connected to the DMA Controller (DMAC). In order to use DMA requests with
this peripheral the DMAC must be configured first. Refer to DMAC – Direct Memory Access Controller for
details.

Related Links
DMAC – Direct Memory Access Controller

33.5.5 Interrupts
The interrupt request line is connected to the Interrupt Controller. In order to use interrupt requests of this
peripheral, the Interrupt Controller (NVIC) must be configured first. Refer to Nested Vector Interrupt
Controller for details.

Related Links
Nested Vector Interrupt Controller

33.5.6 Events
Not applicable.

33.5.7 Debug Operation
When the CPU is halted in debug mode, this peripheral will continue normal operation. If the peripheral is
configured to require periodical service by the CPU through interrupts or similar, improper operation or
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.

33.5.8 Register Access Protection
Registers with write-access can be write-protected optionally by the peripheral access controller (PAC).

PAC Write-Protection is not available for the following registers:
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Enable-protection is denoted by the "Enable-Protection" property in the register description.

Before the I2C is enabled it must be configured as outlined by the following steps:
1. Select I2C Master or Slave mode by writing 0x4 (Master mode) or 0x5 (Slave mode) to the

Operating Mode bits in the CTRLA register (CTRLA.MODE).
2. If desired, select the SDA Hold Time value in the CTRLA register (CTRLA.SDAHOLD).
3. If desired, enable smart operation by setting the Smart Mode Enable bit in the CTRLB register

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

(CTRLA.LOWTOUT).
5. In Master mode:

5.1. 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 I2C 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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Value Name Description
0x0 NONE No Error: No error occurred since LEC has been reset by successful reception or

transmission.
0x1 STUFF Stuff Error: More than 5 equal bits in a sequence have occurred in a part of a

received message where this is not allowed.
0x2 FORM Form Error: A fixed format part of a received frame has the wrong format.
0x3 ACK Ack Error: The message transmitted by the CAN was not acknowledged by another

node.
0x4 BIT1 Bit1 Error: During the transmission of a message (with the exception of the

arbitration field), the device wanted to send a recessive level (bit of logical value ‘1’),
but the monitored bus was dominant.

0x5 BIT0 Bit0 Error: During the transmission of a message (or acknowledge bit, or active
error flag, or overload flag), the device wanted to send a dominant level (data or
identifier bit logical value ‘0’), but the monitored bus value was recessive. During
Bus_Off recovery this status is set each time a sequence of 11 recessive bits have
been monitored. This enables the CPU to monitor the proceeding of the Bus_Off
recovery sequence (indicating the bus is not stuck at dominant or continuously
disturbed).

0x6 CRC CRC Error: The CRC checksum of a received message was incorrect. The CRC of
an incoming message does not match with the CRC calculated from the received
data.

0x7 NC No Change: Any read access to the Protocol Status Register re-initializes the LEC
to ‘7’. When the LEC shows the value ‘7’, no CAN bus event was detected since the
last CPU read access to the Protocol Status Register.

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

Name:  TDCR
Offset:  0x48 [ID-0000a4bb]
Reset:  0x00000000
Property:
 

Write-restricted
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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  
  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  
  TDCF[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 -
0x7F

Offset value defining the distance between the measured delay from CAN_TX to CAN_RX
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 -
0x7F

Defines the minimum value for the SSP position, dominant edges on CAN_RX that would
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:  0x0F
Reset:  0x00
Property:
 

PAC Write-Protection

Bit 7 6 5 4 3 2 1 0  
        DBGRUN  

Access R/W  
Reset 0  

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

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

35.7.1.12 Synchronization Busy

Name:  SYNCBUSY
Offset:  0x10
Reset:  0x00000000
Property:
 

-

Bit 31 30 29 28 27 26 25 24  
          

Access  
Reset  

Bit 23 22 21 20 19 18 17 16  
          

Access  
Reset  

Bit 15 14 13 12 11 10 9 8  
          

Access  
Reset  

Bit 7 6 5 4 3 2 1 0  
  CCx PER COUNT STATUS CTRLB ENABLE SWRST  

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

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

This bit is set when the synchronization of CCx between clock domains is started.
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Bits 16, 17 – CAPTENx: Capture Channel x Enable
Bit x of CAPTEN[1:0] selects whether channel x is a capture or a compare channel.

These bits are not synchronized.

Value Description
0 CAPTEN disables capture on channel x.
1 CAPTEN enables capture on channel x.

Bit 11 – ALOCK: Auto Lock
When this bit is set, Lock bit update (LUPD) is set to '1' on each overflow/underflow or re-trigger event.

This bit is not synchronized.

Value Description
0 The LUPD bit is not affected on overflow/underflow, and re-trigger event.
1 The LUPD bit is set on each overflow/underflow or re-trigger event.

Bits 10:8 – PRESCALER[2:0]: Prescaler
These bits select the counter prescaler factor.

These bits are not synchronized.

Value Name Description
0x0 DIV1 Prescaler: GCLK_TC
0x1 DIV2 Prescaler: GCLK_TC/2
0x2 DIV4 Prescaler: GCLK_TC/4
0x3 DIV8 Prescaler: GCLK_TC/8
0x4 DIV16 Prescaler: GCLK_TC/16
0x5 DIV64 Prescaler: GCLK_TC/64
0x6 DIV256 Prescaler: GCLK_TC/256
0x7 DIV1024 Prescaler: GCLK_TC/1024

Bit 7 – ONDEMAND: Clock On Demand
This bit selects the clock requirements when the TC is stopped.

In standby mode, if the Run in Standby bit (CTRLA.RUNSTDBY) is '0', ONDEMAND is forced to '0'.

This bit is not synchronized.

Value Description
0 The On Demand is disabled. If On Demand is disabled, the TC will continue to request the

clock when its operation is stopped (STATUS.STOP=1).
1 The On Demand is enabled. When On Demand is enabled, the stopped TC will not request

the clock. The clock is requested when a software re-trigger command is applied or when an
event with start/re-trigger action is detected.

Bit 6 – RUNSTDBY: Run in Standby
This bit is used to keep the TC running in standby mode.

This bit is not synchronized.

Value Description
0 The TC is halted in standby.
1 The TC continues to run in standby.
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Bits 5:4 – PRESCSYNC[1:0]: Prescaler and Counter Synchronization
These bits select whether the counter should wrap around on the next GCLK_TCx clock or the next
prescaled GCLK_TCx clock. It also makes it possible to reset the prescaler.

These bits are not synchronized.

Value Name Description
0x0 GCLK Reload or reset the counter on next generic clock
0x1 PRESC Reload or reset the counter on next prescaler clock
0x2 RESYNC Reload or reset the counter on next generic clock. Reset the prescaler counter
0x3 - Reserved

Bits 3:2 – MODE[1:0]: Timer Counter Mode
These bits select the counter mode.

These bits are not synchronized.

Value Name Description
0x0 COUNT16 Counter in 16-bit mode
0x1 COUNT8 Counter in 8-bit mode
0x2 COUNT32 Counter in 32-bit mode
0x3 - Reserved

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

This bit is not enable protected.

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

Bit 0 – SWRST: Software Reset
Writing a '0' to this bit has no effect.

Writing a '1' to this bit resets all registers in the TC, except DBGCTRL, to their initial state, and the TC will
be disabled.

Writing a '1' to CTRLA.SWRST will always take precedence; all other writes in the same write-operation
will be discarded.

Due to synchronization there is a delay from writing CTRLA.SWRST until the reset is complete.
CTRLA.SWRST and SYNCBUSY.SWRST will both be cleared when the reset is complete.

This bit is not enable protected.

Value Description
0 There is no reset operation ongoing.
1 The reset operation is ongoing.

35.7.2.2 Control B Clear
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Critical RAMP2 (RAMP2C) Operation
Critical RAMP2 operation provides a way to cover RAMP2 operation requirements without the update
constraint associated to the use of circular buffers. In this mode, CC0 is controlling the period of ramp A
and PER is controlling the period of ramp B. When using more than two channels, WO[0] output is
controlled by CC2 (HIGH) and CC0 (LOW). On TCC with 2 channels, a pulse on WO[0] will last the entire
period of ramp A, if WAVE.POL0=0.

Figure 36-20. RAMP2 Critical Operation With More Than 2 Channels
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Figure 36-21. RAMP2 Critical Operation With 2 Channels

COUNT

"match"

ZERO

"clear" updateA B A BRamp

WO[0]

WO[1]

CC0
TOP

CC1

TOP

CC1

Retrigger 
on 

FaultA

Keep on FaultB

POL0 = 0

POL1 = 1

FaultA input

FaultB input

36.6.3.5 Recoverable Faults
Recoverable faults can restart or halt the timer/counter. Two faults, called Fault A and Fault B, can trigger
recoverable fault actions on the compare channels CC0 and CC1 of the TCC. The compare channels'
outputs can be clamped to inactive state either as long as the fault condition is present, or from the first
valid fault condition detection on until the end of the timer/counter cycle.
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Writing a '1' to this bit will clear the Data Buffer Empty Interrupt Enable bit, which disables the Data Buffer
Empty interrupt.

Value Description
0 The Data Buffer Empty interrupt is disabled.
1 The Data Buffer Empty interrupt is enabled.

Bit 0 – UNDERRUN: Underrun Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Data Buffer Underrun Interrupt Enable bit, which disables the Data
Buffer Underrun interrupt.

Value Description
0 The Data Buffer Underrun interrupt is disabled.
1 The Data Buffer Underrun interrupt is enabled.

41.8.5 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:  0x05 [ID-00000bc7]
Reset:  0x00
Property:
 

PAC Write-Protection

Bit 7 6 5 4 3 2 1 0  
       EMPTY UNDERRUN  

Access R/W R/W  
Reset 0 0  

Bit 1 – EMPTY: Data Buffer Empty Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Data Buffer Empty Interrupt Enable bit, which enables the Data Buffer
Empty interrupt.

Value Description
0 The Data Buffer Empty interrupt is disabled.
1 The Data Buffer Empty interrupt is enabled.

Bit 0 – UNDERRUN: Underrun Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Data Buffer Underrun Interrupt Enable bit, which enables the Data Buffer
Underrun interrupt.

Value Description
0 The Data Buffer Underrun interrupt is disabled.
1 The Data Buffer Underrun interrupt is enabled.

41.8.6 Interrupt Flag Status and Clear
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Symbol Parameters Conditions Min Typ Max Unit

Vcmin Input common mode voltage CTRLC.R2R=1 0.2 - VREF-0.2 V

CTRLC.R2R=0 VREF/2-0.2 - VREF/2+0.2 V

CSAMPLE Input sampling capacitance - 1.6 4.5 pF

RSAMPLE Input sampling on-resistance For a sampling rate at 1 Msps - 1000 1715 Ω

Rref Reference input source resistance 0 - 1000 kΩ

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

Figure 45-4. ADC Analog Input AINx

The minimum sampling time tsamplehold for a given Rsource can be found using this formula:�samplehold ≥ �sample+ �source × �sample × �+ 2 × ln 2
For 12-bit accuracy:�samplehold ≥ �sample+ �source × �sample × 9.7
where �samplehold ≥ 12 × �ADC  .

Table 45-19. Differential Mode(1)

Symbol Parameter Conditions Measurement Unit

Min Typ Max

ENOB(2) Effective Number
of bits

Fadc = 500 ksps Vddana=5.0V
Vref=Vddana

10.0 10.7 11 bits

Vddana=2.7V
Vref=2.0V

10.3 10.5 10.9

Fadc = 1 Msps Vddana=5.0V
Vref=Vddana

10.5 10.8 11.1

Vddana=2.7V
Vref=2.0V

9.9 10.0 10.6

TUE Total Unadjusted
Error

Fadc = 500 ksps Vddana=5.0V
Vref=Vddana

- 7.8 17.0 LSB
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Table 48-10. Package Reference

JEDEC Drawing Reference MO-220

JESD97 Classification E3

48.2.4 56-Ball WLCSP

Table 48-11. Device and Package Maximum Weight

9.63 mg
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