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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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6. I/O Multiplexing and Considerations

6.1 Multiplexed Signals
Each pin is by default controlled by the PORT as a general purpose I/O and alternatively it can be
assigned a different peripheral functions. To enable a peripheral function on a pin, the Peripheral
Multiplexer Enable bit in the Pin Configuration register corresponding to that pin (PINCFGn.PMUXEN, n =
0-31) in the PORT must be written to '1'. The selection of peripheral function A to N is done by writing to
the Peripheral Multiplexing Odd and Even bits in the Peripheral Multiplexing register (PMUXn.PMUXE/O)
of the PORT.

This table describes the peripheral signals multiplexed to the PORT I/O pins.

Important:  Not all signals are available on all devices. Refer to the Configuration Summary for
available peripherals.

Table 6-1. Multiplexed Peripheral Signals
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Bits 5:0 – SECOND[5:0] Second
0 – 59
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22.10.5 Next Descriptor Address

Name:  DESCADDR
Offset:  0x0C
Property:  -

The DESCADDR register offset is relative to (BASEADDR or WRBADDR) + Channel Number * 0x10

Bit 31 30 29 28 27 26 25 24  
 DESCADDR[31:24]  

Access  
Reset  

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

Access  
Reset  

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

Access  
Reset  

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

Access  
Reset  

Bits 31:0 – DESCADDR[31:0] Next Descriptor Address
This bit group holds the SRAM address of the next descriptor. The value must be 128-bit aligned. If the
value of this SRAM register is 0x00000000, the transaction will be terminated when the DMAC tries to
load the next transfer descriptor.
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4. Write address of transmit buffer descriptor list and control information to GMAC register transmit
buffer queue pointer.

5. The transmit circuits can then be enabled by writing to the Network Control register.

24.7.1.4 Address Matching
The GMAC register pair hash address and the four Specific Address register pairs must be written with
the required values. Each register pair comprises of a bottom register and top register, with the bottom
register being written first. The address matching is disabled for a particular register pair after the bottom
register has been written and re-enabled when the top register is written. Each register pair may be
written at any time, regardless of whether the receive circuits are enabled or disabled.

As an example, to set Specific Address register 1 to recognize destination address 21:43:65:87:A9:CB,
the following values are written to Specific Address register 1 bottom and Specific Address register 1 top:

• Specific Address register 1 bottom bits 31:0 (0x98): 0x8765_4321.
• Specific Address register 1 top bits 31:0 (0x9C): 0x0000_CBA9.

24.7.1.5 PHY Maintenance
The PHY Maintenance register is implemented as a shift register. Writing to the register starts a shift
operation which is signalled as complete when bit two is set in the Network Status register (about 2000
MCK cycles later when bits 18:16 are set to 010 in the Network Configuration register). An interrupt is
generated as this bit is set.

During this time, the MSB of the register is output on the MDIO pin and the LSB updated from the MDIO
pin with each Management Data Clock (MDC) cycle. This causes the transmission of a PHY management
frame on MDIO. See section 22.2.4.5 of the IEEE 802.3 standard.

Reading during the shift operation will return the current contents of the shift register. At the end of the
management operation the bits will have shifted back to their original locations. For a read operation the
data bits are updated with data read from the PHY. It is important to write the correct values to the register
to ensure a valid PHY management frame is produced.

The Management Data Clock (MDC) should not toggle faster than 2.5 MHz (minimum period of 400 ns),
as defined by the IEEE 802.3 standard. MDC is generated by dividing down MCK. Three bits in the
Network Configuration register determine by how much MCK should be divided to produce MDC.

24.7.1.6 Interrupts
There are 18 interrupt conditions that are detected within the GMAC. The conditions are ORed to make a
single interrupt. Depending on the overall system design this may be passed through a further level of
interrupt collection (interrupt controller). On receipt of the interrupt signal, the CPU enters the interrupt
handler. Refer to the device interrupt controller documentation to identify that it is the GMAC that is
generating the interrupt. To ascertain which interrupt, read the Interrupt Status register. Note that in the
default configuration this register will clear itself after being read, though this may be configured to be
write-one-to-clear if desired.

At reset all interrupts are disabled. To enable an interrupt, write to Interrupt Enable register with the
pertinent interrupt bit set to 1. To disable an interrupt, write to Interrupt Disable register with the pertinent
interrupt bit set to 1. To check whether an interrupt is enabled or disabled, read Interrupt Mask register. If
the bit is set to 1, the interrupt is disabled.

24.7.1.7 Transmitting Frames
The procedure to set up a frame for transmission is the following:

1. Enable transmit in the Network Control register.
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24.9.58 GMAC Octets Received Low Register

Name:  ORLO
Offset:  0x150
Reset:  0x00000000
Property:  Read-Only

When reading the Octets Transmitted and Octets Received Registers, bits [31:0] should be read prior to
bits [47:32] to ensure reliable operation.

Bit 31 30 29 28 27 26 25 24  
 RXO[31:24]  

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

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

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  
 RXO[15:8]  

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

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

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

Bits 31:0 – RXO[31:0] Received Octets
Received octets in frame without errors [31:0]. The number of octets received in valid frames of any type.
This counter is 48-bits and is read through two registers. This count does not include octets from pause
frames, and is only incremented if the frame is successfully filtered and copied to memory.
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Bit 18 – DPLL0TO DPLL0 Lock Timeout
0: DPLL0 Lock time-out not detected.

1: DPLL0 Lock time-out detected.

Bit 17 – DPLL0LCKF DPLL0 Lock Fall
0: DPLL0 Lock fall edge not detected.

1: DPLL0 Lock fall edge detected.

Bit 16 – DPLL0LCKR DPLL0 Lock Rise
0: DPLL0 Lock rise edge not detected.

1: DPLL0 Lock fall edge detected.

Bit 12 – DFLLRCS DFLL Reference Clock Stopped
0: DFLL reference clock is running.

1: DFLL reference clock has stopped.

Bit 11 – DFLLLCKC DFLL Lock Coarse
0: No DFLL coarse lock detected.

1: DFLL coarse lock detected.

Bit 10 – DFLLLCKF DFLL Lock Fine
0: No DFLL fine lock detected.

1: DFLL fine lock detected.

Bit 9 – DFLLOOB DFLL Out Of Bounds
0: No DFLL Out Of Bounds detected.

1: DFLL Out Of Bounds detected.

Bit 8 – DFLLRDY DFLL Ready
0: DFLL is not ready.

1: DFLL is stable and ready to be used as a clock source.

Bit 5 – XOSCCKSW1 XOSC1 Clock Switch
0: XOSC1 is not switched and provides the external clock or crystal oscillator clock.

1: XOSC is switched and provides the safe clock.

Bit 4 – XOSCCKSW0 XOSC0 Clock Switch
0: XOSC0 is not switched and provides the external clock or crystal oscillator clock.

1: XOSC0 is switched and provides the safe clock.

Bit 3 – XOSCFAIL1 XOSC1 Clock Failure
0: XOSC1 failure not detected.

1: XOSC1 failure detected.
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Table 34-3. Asynchronous Receiver Error for 16-fold Oversampling

D 
(Data bits+Parity)

RSLOW [%] RFAST [%] Max. total error [%] Recommended max. Rx error [%]

5 94.12 107.69 +5.88/-7.69 ±2.5

6 94.92 106.67 +5.08/-6.67 ±2.0

7 95.52 105.88 +4.48/-5.88 ±2.0

8 96.00 105.26 +4.00/-5.26 ±2.0

9 96.39 104.76 +3.61/-4.76 ±1.5

10 96.70 104.35 +3.30/-4.35 ±1.5

The following equations calculate the ratio of the incoming data rate and internal receiver baud rate:�SLOW = �+ 1 �� − 1 + � ⋅ �+ �� , �FAST = �+ 2 ��+ 1 �+ ��
• RSLOW is the ratio of the slowest incoming data rate that can be accepted in relation to the receiver

baud rate
• RFAST is the ratio of the fastest incoming data rate that can be accepted in relation to the receiver

baud rate
• D is the sum of character size and parity size (D = 5 to 10 bits)
• S is the number of samples per bit (S = 16, 8 or 3)
• SF is the first sample number used for majority voting (SF = 7, 3, or 2) when CTRLA.SAMPA=0.
• SM is the middle sample number used for majority voting (SM = 8, 4, or 2) when CTRLA.SAMPA=0.

The recommended maximum Rx Error assumes that the receiver and transmitter equally divide the
maximum total error. Its connection to the SERCOM Receiver error acceptance is depicted in this figure:
Figure 34-5. USART Rx Error Calculation

+ +
Error Max (%)

Error Min (%)

Baud Rate

SERCOM Receiver error acceptance
from RSLOW and RFAST formulas

Baud Generator offset error 
depends on BAUD register value  

+

Clock source error
Recommended max. Rx Error (%)

The recommendation values in the table above accommodate errors of the clock source and the baud
generator. The following figure gives an example for a baud rate of 3Mbps:
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37.8.10 Instruction Address

Name:  INSTRADDR
Offset:  0x30
Reset:  0x00000000
Property:  -

Bit 31 30 29 28 27 26 25 24  
 ADDR[31:24]  

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

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

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

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

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

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

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

Bits 31:0 – ADDR[31:0] Instruction Address
Address to send to the serial flash memory in the instruction frame.
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39.8.16 Interrupt

Name:  IR
Offset:  0x50
Reset:  0x00000000
Property:  -

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.

Bit 31 30 29 28 27 26 25 24  
   ARA PED PEA WDI BO EW  

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

Bit 23 22 21 20 19 18 17 16  
 EP ELO BEU BEC DRX TOO MRAF TSW  

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

Bit 15 14 13 12 11 10 9 8  
 TEFL TEFF TEFW TEFN TFE TCF TC HPM  

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

Bit 7 6 5 4 3 2 1 0  
 RF1L RF1F RF1W RF1N RF0L RF0F RF0W RF0N  

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 29 – ARA Access to Reserved Address

Value Description
0 No access to reserved address occurred.
1 Access to reserved address occurred.

Bit 28 – PED Protocol Error in Data Phase

Value Description
0 No protocol error in data phase.
1 Protocol error in data phase detected (PSR.DLEC != 0,7).

Bit 27 – PEA Protocol Error in Arbitration Phase

Value Description
0 No protocol error in arbitration phase.
1 Protocol error in arbitration phase detected (PSR.LEC != 0,7).

Bit 26 – WDI Watchdog Interrupt
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39.8.45 Tx Event FIFO Configuration

Name:  TXEFC
Offset:  0xF0
Reset:  0x00000000
Property:  Write-restricted

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

Bit 31 30 29 28 27 26 25 24  
   EFWM[5:0]  

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

Bit 23 22 21 20 19 18 17 16  
   EFS[5:0]  

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

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

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

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

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

Bits 29:24 – EFWM[5:0] Event FIFO Watermark

Value Description
0 Watermark interrupt disabled.
1 - 32 Level for Tx Event FIFO watermark interrupt (IR.TEFW).
>32 Watermark interrupt disabled.

Bits 21:16 – EFS[5:0] Event FIFO Size
The Tx Event FIFO elements are indexed from 0 to EFS - 1.

Value Description
0 Tx Event FIFO disabled
1 - 32 Number of Tx Event FIFO elements.
>32 Values greater than 32 are interpreted as 32.

Bits 15:0 – EFSA[15:0] Event FIFO Start Address
Start address of Tx Event FIFO in Message RAM. 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”.

 SAMD5x/E5x Family Data Sheet
CAN - Control Area Network

© 2018 Microchip Technology Inc.  Datasheet DS60001507B-page 1341



Figure 41-3. Masked Input Selection

Internal Feedback Inputs (FEEDBACK)
When selected (LUTCTRLx.INSELy=FEEDBACK), the Sequential (SEQ) output is used as input for the
corresponding LUT.

The output from an internal sequential sub-module can be used as input source for the LUT, see figure
below for an example for LUT0 and LUT1. The sequential selection for each LUT follows the formula:IN 2N � = SEQ �IN 2N+1 � = SEQ �
With N representing the sequencer number and i=0,1,2 representing the LUT input index.

For details, refer to 41.6.2.7  Sequential Logic.

Figure 41-4. Feedback Input Selection

Linked LUT (LINK)
When selected (LUTCTRLx.INSELy=LINK), the subsequent LUT output is used as the LUT input (e.g.,
LUT2 is the input for LUT1), as shown in this figure:

 SAMD5x/E5x Family Data Sheet
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41.7 Register Summary

Offset Name Bit Pos.         

0x00 CTRL 7:0  RUNSTDBY     ENABLE SWRST

0x01

...

0x03

Reserved          

0x04 SEQCTRL0 7:0     SEQSEL[3:0]

0x05 SEQCTRL1 7:0     SEQSEL[3:0]

0x06

...

0x07

Reserved          

0x08 LUTCTRL0

7:0 EDGESEL  FILTSEL[1:0]   ENABLE  

15:8 INSELx[3:0] INSELx[3:0]

23:16  LUTEO LUTEI INVEI INSELx[3:0]

31:24 TRUTH[7:0]

0x0C LUTCTRL1

7:0 EDGESEL  FILTSEL[1:0]   ENABLE  

15:8 INSELx[3:0] INSELx[3:0]

23:16  LUTEO LUTEI INVEI INSELx[3:0]

31:24 TRUTH[7:0]

0x10 LUTCTRL2

7:0 EDGESEL  FILTSEL[1:0]   ENABLE  

15:8 INSELx[3:0] INSELx[3:0]

23:16  LUTEO LUTEI INVEI INSELx[3:0]

31:24 TRUTH[7:0]

0x14 LUTCTRL3

7:0 EDGESEL  FILTSEL[1:0]   ENABLE  

15:8 INSELx[3:0] INSELx[3:0]

23:16  LUTEO LUTEI INVEI INSELx[3:0]

31:24 TRUTH[7:0]

41.8 Register Description
Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the
8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.

Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Optional PAC
write-protection is denoted by the "PAC Write-Protection" property in each individual register description.
For details, refer to 41.5.8  Register Access Protection.

Some registers are enable-protected, meaning they can only be written when the peripheral is disabled.
Enable-protection is denoted by the "Enable-Protected" property in each individual register description.
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Parameter Type Direction Location Data Length Before
Executing the
Service

After
Executing the
Service

pfu1ExpBase (see
Note 2)

pfu1 I Any place
(see Note
3)

u2ExpLength
+ 4

Base of the
Exponent

Base of the
Exponent
untouched

u2ExpLength (see
Note 4)

u2 I – – Significant
length of
Exponent

Significant
length of
Exponent

u1Blinding (see
Note 5)

u1 I – – Exponent
unblinding
value

Exponent
unblinding
value
untouched

Note: 
1. This zone contains the number to be exponentiated (u2ModLength bytes) and is used during the

computations as a workspace (four 32-bit words longer than the number to be exponentiated). At
the end of the computation, it contains the correct result of the operation.

2. The exponent must be given with a supplemental word on the LSB side (low addresses). This word
shall be set to zero.

3. If the PUKCL_EXPMOD_EXPINPUKCCRAM option is not set, the location of the exponent MUST
NOT be the Crypto RAM, even partially.

4. The u2ExpLength parameter does not take into account the supplemental word needed on the LSB
side of the exponent.

5. It is possible to mask the exponent in memory using an 8-bits XOR mask value. Be aware that not
only the exponent, but also the supplemental word has to be masked. If masking is not desired,
then this parameter should be set to 0.

43.3.5.2.5 Options
The options are set by the u2Options input parameter, which is composed of:

• the mandatory Calculus Mode Option described in Table 43-51
• the mandatory Window Size Option described in Table 43-52
• the indication of the presence of the exponent in Crypto RAM

Note:  Please check precisely if one part of the exponent is in Crypto RAM. If this is the case the
PUKCL_EXPMOD_EXPINPUKCCRAM must be used.

The u2Options number is calculated by an “Inclusive OR” of the options. Some examples in C language
are:

• Operation:Fast Modular Exponentiation with the window size equal to 1 and with no part of the
Exponent in the Crypto RAM
PUKCL(u2Options) = PUKCL_EXPMOD_FASTRSA | PUKCL_EXPMOD_WINDOWSIZE_1;

• Operation: Regular Modular Exponentiation with the window size equal to 2 and with one part of the
Exponent in the Crypto RAM
PUKCL(u2Options) = PUKCL_EXPMOD_REGULARRSA | PUKCL_EXPMOD_WINDOWSIZE_2 |
PUKCL_EXPMOD_EXPINPUKCCRAM;
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Value Description
0 DMA update of the Window Monitor Upper Threshold register is disabled.
1 DMA update of the Window Monitor Upper Threshold register is enabled.

Bit 5 – WINLT Window Monitor Lower Threshold

Value Description
0 DMA update of the Window Monitor Lower Threshold register is disabled.
1 DMA update of the Window Monitor Lower Threshold register is enabled.

Bit 4 – SAMPCTRL Sampling Time Control

Value Description
0 DMA update of the Sampling Time Control register is disabled.
1 DMA update of the Sampling Time Control register is enabled.

Bit 3 – AVGCTRL Average Control

Value Description
0 DMA update of the Average Control register is disabled.
1 DMA update of the Average Control register is enabled.

Bit 2 – REFCTRL Reference Control

Value Description
0 DMA update of the Reference Control register is disabled.
1 DMA update of the Reference Control register is enabled.

Bit 1 – CTRLB Control B

Value Description
0 DMA update of the Control B register is disabled.
1 DMA update of the Control B register is enabled.

Bit 0 – INPUTCTRL Input Control

Value Description
0 DMA update of the Input Control register is disabled.
1 DMA update of the Input Control register is enabled.

 SAMD5x/E5x Family Data Sheet
ADC – Analog-to-Digital Converter
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Some registers are synchronized when read and/or written. Synchronization is denoted by the "Write-
Synchronized" or the "Read-Synchronized" property in each individual register description. For details,
refer to 47.6.8  Synchronization.

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

 SAMD5x/E5x Family Data Sheet
DAC – Digital-to-Analog Converter
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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.

 SAMD5x/E5x Family Data Sheet
TC – Timer/Counter
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48.7.3.5 Interrupt Enable Clear

Name:  INTENCLR
Offset:  0x08
Reset:  0x00
Property:  PAC Write-Protection

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).

Bit 7 6 5 4 3 2 1 0  
   MC1 MC0   ERR OVF  

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

Bit 5 – MC1 Match or Capture Channel x Interrupt Enable
Writing a '0' to these bits has no effect.

Writing a '1' to MCx will clear the corresponding Match or Capture Channel x Interrupt Enable bit, which
disables the Match or Capture Channel x interrupt.

Value Description
0 The Match or Capture Channel x interrupt is disabled.
1 The Match or Capture Channel x interrupt is enabled.

Bit 4 – MC0 Match or Capture Channel x Interrupt Enable
Writing a '0' to these bits has no effect.

Writing a '1' to MCx will clear the corresponding Match or Capture Channel x Interrupt Enable bit, which
disables the Match or Capture Channel x interrupt.

Value Description
0 The Match or Capture Channel x interrupt is disabled.
1 The Match or Capture Channel x interrupt is enabled.

Bit 1 – ERR Error Interrupt Disable
Writing a '0' to this bit has no effect.

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

Value Description
0 The Error interrupt is disabled.
1 The Error interrupt is enabled.

Bit 0 – OVF Overflow Interrupt Disable
Writing a '0' to this bit has no effect.

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

Value Description
0 The Overflow interrupt is disabled.
1 The Overflow interrupt is enabled.

 SAMD5x/E5x Family Data Sheet
TC – Timer/Counter
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Bit 11 – DFS Non-Recoverable Debug Fault State Interrupt Flag
This flag is set on the next CLK_TCC_COUNT cycle after an Debug Fault State occurs.

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

Writing a '1' to this bit clears the Debug Fault State interrupt flag.

Bit 3 – ERR Error Interrupt Flag
This flag is set if a new capture occurs on a channel when the corresponding Match or Capture Channel x
interrupt flag is one. In which case there is nowhere to store the new capture.

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

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

Bit 2 – CNT Counter Interrupt Flag
This flag is set on the next CLK_TCC_COUNT cycle after a counter event occurs.

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

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

Bit 1 – TRG Retrigger Interrupt Flag
This flag is set on the next CLK_TCC_COUNT cycle after a counter retrigger occurs.

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

Writing a '1' to this bit clears the re-trigger interrupt flag.

Bit 0 – OVF Overflow Interrupt Flag
This flag is set on the next CLK_TCC_COUNT cycle after an overflow condition occurs.

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

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

 SAMD5x/E5x Family Data Sheet
TCC – Timer/Counter for Control Applications
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Value Description
0 The Error interrupt is disabled.
1 The Error interrupt is enabled.

Bit 0 – OVF Overflow/Underflow Interrupt Disable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Overflow Interrupt Disable/Enable bit, which disables the Overflow
interrupt.

Value Description
0 The Overflow interrupt is disabled.
1 The Overflow interrupt is enabled.

 SAMD5x/E5x Family Data Sheet
PDEC – Position Decoder
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Figure 56-12. Crystal Circuit With Internal, External and Parasitic Capacitance
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Using this model the total capacitive load for the crystal can be calculated as shown in the equation
below:�tot = ��1+ ��1+ �EL1 ��2+ ��2+ �EL2��1+ ��1+ �EL1+ ��2+ ��2+ �EL2
where Ctot is the total load capacitance seen by the crystal. This value should be equal to the load
capacitance value found in the crystal manufacturer datasheet.

The parasitic capacitance CELn can in most applications be disregarded as these are usually very small. If
accounted for, these values are dependent on the PCB material and PCB layout.

For some crystal the internal capacitive load provided by the device itself can be enough. To calculate the
total load capacitance in this case. CELn and CPn are both zero, CL1 = CL2 = CL, and the equation reduces
to the following:�tot = ��2
See the related links for equivalent internal pin capacitance values.

56.7 Programming and Debug Ports
For programming and/or debugging the SAM D5x/E5x, the device should be connected using the Serial
Wire Debug, SWD, interface. Currently the SWD interface is supported by several Microchip and third
party programmers and debuggers, like the Atmel-ICE, SAM-ICE or SAM D5x/E5x Xplained Pro (SAM
D5x/E5x evaluation kit) Embedded Debugger.

Refer to the Atmel-ICE, SAM-ICE or SAM D5x/E5x Xplained Pro user guides for details on debugging
and programming connections and options. For connecting to any other programming or debugging tool,
refer to that specific programmer or debugger’s user guide.

The SAM D5x/E5x Xplained Pro evaluation board supports programming and debugging through the
onboard embedded debugger so no external programmer or debugger is needed.

Note:  A pull-up resistor on the SWCLK pin is critical for reliable operation. Refer to related link for more
information.

 SAMD5x/E5x Family Data Sheet
Schematic Checklist
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