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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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Pin Pin
Name

Supply A B(1) C(2)(3) D(2)(3) E G H I Reset
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2
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VDDIO EXTIN
T[6]

XY[18] SERCO
M1/
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WO[0]

SWCLK GCLK_I
O[0]

IN[3] SWCLK
, I, PU
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SWDIO(

4)

VDDIO EXTIN
T[7]

XY[19] SERCO
M1/

PAD[3]

TC1/
WO[1]

OUT[1] I/O, Hi-Z

1. All analog pin functions are on the peripheral function B. The peripheral function B must be
selected to disable the digital control of the pin.

2. Refer to SERCOM Configurations to get the list of the supported features for each SERCOM
instance.

3. 24-pin packages only have two SERCOM instances: SERCOM0 and SERCOM1.
4. The following pins are High Sink pins and have different properties than standard pins: PA16, PA17,

PA22, PA23 and PA31.

4.2 Oscillators Pinout
The oscillators are not mapped to the I/O Pin Controller (PORT) functions and their multiplexing is
controlled by the Oscillators Controller (OSCCTRL) and 32 kHz Oscillators Controller (OSC32KCTRL)
registers.

Table 4-2. Oscillator Pinout

Oscillator Supply Signal I/O pin

XOSC VDDIO XIN PA14

XOUT PA15

XOSC32K VDDANA XIN32 PA00

XOUT32 PA01

To improve the cycle-to-cycle jitter of the XOSC32 oscillator, it is recommended to keep the neighboring
pins of XIN32 and the following pins of XOUT32 as static as possible:

Table 4-3. XOSC32 Jitter Minimization

Package Pin Count Static Signal Recommended

32 PA02, PA03

24 PA02, PA03

4.3 Serial Wire Debug Interface Pinout
The SWCLK pin is by default assigned to the SWCLK peripheral function G to allow debugger probe
detection.

A debugger probe detection (cold-plugging or hot-plugging) will automatically switch the SWDIO I/O pin to
the SWDIO function, as long as the SWLCK peripheral function is selected.

 SAM L10/L11 Family
Pinouts
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The RUNSTDBY bit in the Generator Control register controls clock output to pin during standby sleep
mode. If the bit is cleared, the Generator output is not available on pin. When set, the GCLK can
continuously output the generator output to GCLK_IO. Refer to 18.6.2.9  External Clock for details.

Related Links
22.  PM – Power Manager

18.6.5.2 Minimize Power Consumption in Standby
The following table identifies when a Clock Generator is off in Standby Mode, minimizing the power
consumption:

Table 18-2. Clock Generator n Activity in Standby Mode

Request for Clock n present GENCTRLn.RUNSTDBY GENCTRLn.OE Clock Generator n

yes - - active

no 1 1 active

no 1 0 OFF

no 0 1 OFF

no 0 0 OFF

18.6.5.3 Entering Standby Mode
There may occur a delay when the device is put into Standby, until the power is turned off. This delay is
caused by running Clock Generators: if the Run in Standby bit in the Generator Control register
(GENCTRLn.RUNSTDBY) is '0', GCLK must verify that the clock is turned of properly. The duration of this
verification is frequency-dependent.

Related Links
22.  PM – Power Manager

18.6.6 Synchronization
Due to asynchronicity between the main clock domain and the peripheral clock domains, some registers
need to be synchronized when written or read.

An exception is the Channel Enable bit in the Peripheral Channel Control registers (PCHCTRLm.CHEN).
When changing this bit, the bit value must be read-back to ensure the synchronization is complete and to
assert glitch free internal operation. Note that changing the bit value under ongoing synchronization will
not generate an error.

The following registers are synchronized when written:

• Generic Clock Generator Control register (GENCTRLn)
• Control A register (CTRLA)

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

Related Links
18.8.1  CTRLA
18.8.4  PCHCTRLm

 SAM L10/L11 Family
GCLK - Generic Clock Controller
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Table 18-4. Generator Clock Source Selection

Value Name Description

0x00 XOSC XOSC oscillator output

0x01 GCLK_IN Generator input pad (GCLK_IO)

0x02 GCLK_GEN1 Generic clock generator 1 output

0x03 OSCULP32K OSCULP32K oscillator output

0x04 XOSC32K XOSC32K oscillator output

0x05 OSC16M OSC16M oscillator output

0x06 DFLLULP DFLLULP ultra low power output

0x07 FDPLL96M FDPLL96M output

0x08-0x1F Reserved Reserved for future use

A Power Reset will reset all GENCTRLn registers. the Reset values of the GENCTRLn registers are
shown in table below.

Table 18-5. GENCTRLn Reset Value after a Power Reset

GCLK Generator Reset Value after a Power Reset

0 0x00000105

others 0x00000000

A User Reset will reset the associated GENCTRL register unless the Generator is the source of a locked
Peripheral Channel (PCHCTRLm.WRTLOCK=1). The reset values of the GENCTRL register are as
shown in the table below.

Table 18-6. GENCTRLn Reset Value after a User Reset

GCLK Generator Reset Value after a User Reset

0 0x00000105

others No change if the generator is used by a Peripheral Channel m with
PCHCTRLm.WRTLOCK=1
else 0x00000000

Related Links
18.8.4  PCHCTRLm

 SAM L10/L11 Family
GCLK - Generic Clock Controller
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18.8.4 Peripheral Channel Control

Name:  PCHCTRLm
Offset:  0x80 + m*0x04 [m=0..20]
Reset:  0x00000000
Property:  PAC Write-Protection

PCHTRLm controls the settings of Peripheral Channel number m (m=0..20).

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  
 WRTLOCK CHEN    GEN[2:0]  

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

Bit 7 – WRTLOCK Write Lock
After this bit is set to '1', further writes to the PCHCTRLm register will be discarded. The control register of
the corresponding Generator n (GENCTRLn), as assigned in PCHCTRLm.GEN, will also be locked. It can
only be unlocked by a Power Reset.

Note that Generator 0 cannot be locked.

Value Description
0 The Peripheral Channel register and the associated Generator register are not locked
1 The Peripheral Channel register and the associated Generator register are locked

Bit 6 – CHEN Channel Enable
This bit is used to enable and disable a Peripheral Channel.

Value Description
0 The Peripheral Channel is disabled
1 The Peripheral Channel is enabled

Bits 2:0 – GEN[2:0] Generator Selection
This bit field selects the Generator to be used as the source of a peripheral clock, as shown in the table
below:

 SAM L10/L11 Family
GCLK - Generic Clock Controller
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Related Links
15.  PAC - Peripheral Access Controller

20.5.9 SAM L11 TrustZone Specific Register Access Protection
On SAM L11 devices, this peripheral has different access permissions depending on PAC Security
Attribution (Secure or Non-Secure):

• If the peripheral is configured as Non-Secure in the PAC:
– Secure access and Non-Secure access are granted

• If the peripheral is configured as Secure in the PAC:
– Secure access is granted
– Non-Secure access is discarded (Write is ignored, read 0x0) and a PAC error is triggered

Refer to Peripherals Security Attribution for more information.

20.6 Functional Description

20.6.1 Principle of Operation
FREQM counts the number of periods of the measured clock (GCLK_FREQM_MSR) with respect to the
reference clock (GCLK_FREQM_REF). The measurement is done for a period of REFNUM/fCLK_REF and
stored in the Value register (VALUE.VALUE). REFNUM is the number of Reference clock cycles selected
in the Configuration A register (CFGA.REFNUM).

The frequency of the measured clock, �CLK_MSR, is calculated by�CLK_MSR = VALUEREFNUM �CLK_REF
20.6.2 Basic Operation

20.6.2.1 Initialization
Before enabling FREQM, the device and peripheral must be configured:

• Each of the generic clocks (GCLK_FREQM_REF and GCLK_FREQM_MSR) must be configured
and enabled.

•

Important:  The reference clock must be slower than the measurement clock.

• Write the number of Reference clock cycles for which the measurement is to be done in the
Configuration A register (CFGA.REFNUM). This must be a non-zero number.

The following register is enable-protected, meaning that it can only be written when the FREQM is
disabled (CTRLA.ENABLE=0):

• Configuration A register (CFGA)

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

Related Links
18.  GCLK - Generic Clock Controller

 SAM L10/L11 Family
FREQM – Frequency Meter
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20.8.9 Value

Name:  VALUE
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  
 VALUE[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  
 VALUE[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  
 VALUE[7:0]  

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

Bits 23:0 – VALUE[23:0] Measurement Value
Result from measurement.

 SAM L10/L11 Family
FREQM – Frequency Meter
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23.8.3 Interrupt Enable Set

Name:  INTENSET
Offset:  0x08
Reset:  0x00000000
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 Clear register (INTENCLR).

Bit 31 30 29 28 27 26 25 24  
          

Access  
Reset  

Bit 23 22 21 20 19 18 17 16  
     DPLLLDRTO DPLLLTO DPLLLCKF DPLLLCKR  

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

Bit 15 14 13 12 11 10 9 8  
      DFLLULPNOLO

CK
DFLLULPLOCK DFLLULPRDY  

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

Bit 7 6 5 4 3 2 1 0  
    OSC16MRDY   CLKFAIL XOSCRDY  

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

Bit 19 – DPLLLDRTO DPLL Loop Divider Ratio Update Complete Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will set the DPLL Loop Ratio Update Complete Interrupt Enable bit, which enables
the DPLL Loop Ratio Update Complete interrupt.

Value Description
0 The DPLL Loop Divider Ratio Update Complete interrupt is disabled.
1 The DPLL Loop Ratio Update Complete interrupt is enabled, and an interrupt request will be

generated when the DPLL Loop Ratio Update Complete Interrupt flag is set.

Bit 18 – DPLLLTO DPLL Lock Timeout Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will set the DPLL Lock Timeout Interrupt Enable bit, which enables the DPLL Lock
Timeout interrupt.

 SAM L10/L11 Family
OSCCTRL – Oscillators Controller
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23.8.11 DFLLULP Read Request

Name:  DFLLULPRREQ
Offset:  0x1F
Reset:  0x00
Property:  -

Bit 7 6 5 4 3 2 1 0  
 RREQ  

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

Bit 7 – RREQ Read Request
Writing a zero to this bit has no effect.

Writing a one to this bit requests synchronization of the DFLLULPDLY register with the current oscillator
delay value and sets the Delay Busy bit in the Synchronization Busy register
(DFLLULPSYNCBUSY.DELAY).

This bit is cleared automatically when synchronization is complete.

 SAM L10/L11 Family
OSCCTRL – Oscillators Controller
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Value Name Description
0x4 8MS Time-out if no lock within 8ms
0x5 9MS Time-out if no lock within 9ms
0x6 10MS Time-out if no lock within 10ms
0x7 11MS Time-out if no lock within 11ms

Bits 5:4 – REFCLK[1:0] Reference Clock Selection
Write these bits to select the DPLL clock reference:

Value Name Description
0x0 XOSC32K XOSC32K clock reference
0x1 XOSC XOSC clock reference
0x2 GCLK GCLK_DPLL clock reference
0x3 Reserved -

Bit 3 – WUF Wake Up Fast

Value Description
0 DPLL clock is output after startup and lock time.
1 DPLL clock is output after startup time.

Bit 2 – LPEN Low-Power Enable

Value Description
0 The low-power mode is disabled. Time to Digital Converter is enabled.
1 The low-power mode is enabled. Time to Digital Converter is disabled. This will improve

power consumption but increase the output jitter.

Bits 1:0 – FILTER[1:0] Proportional Integral Filter Selection
These bits select the DPLL filter type:

Value Name Description
0x0 DEFAULT Default filter mode
0x1 LBFILT Low bandwidth filter
0x2 HBFILT High bandwidth filter
0x3 HDFILT High damping filter

 SAM L10/L11 Family
OSCCTRL – Oscillators Controller
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24.8.8 Event Control

Name:  EVCTRL
Offset:  0x17
Reset:  0x00
Property:  PAC Write-Protection

Bit 7 6 5 4 3 2 1 0  
        CFDEO  

Access R/W  
Reset 0  

Bit 0 – CFDEO Clock Failure Detector Event Out Enable
This bit controls whether the Clock Failure Detector event output is enabled and an event will be
generated when the CFD detects a clock failure.

Value Description
0 Clock Failure Detector Event output is disabled, no event will be generated.
1 Clock Failure Detector Event output is enabled, an event will be generated.

 SAM L10/L11 Family
OSC32KCTRL – 32KHz Oscillators Controller
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The GP registers share internal resources with the COMPARE/ALARM features. Each COMPARE/
ALARM register have a separate read buffer and write buffer. When the general purpose feature is
enabled the even GP uses the read buffer while the odd GP uses the write buffer.

When the COMPARE/ALARM register is written, the write buffer hold temporarily the COMPARE/ALARM
value until the synchronisation is complete (bit SYNCBUSY.COMPn going to 0). After the write is
completed the write buffer can be used as a odd general purpose register whithout affecting the
COMPARE/ALARM function.

If the COMPARE/ALARM function is not used, the read buffer can be used as an even general purpose
register. In this case writing the even GP will temporarirely use the write buffer until the synchronisation is
complete (bit SYNCBUSY.GPn going to 0). Thus an even GP must be written before writing the odd GP.
Changing or writing an even GP needs to temporarily save the value of the odd GP.

Before using an even GP, the associated COMPARE/ALARM feature must be disabled by writing a '1' to
the General Purpose Enable bit in the Control B register (CTRLB.GPnEN). To re-enable the compare/
alarm, CTRLB.GPnEN must be written to zero and the associated COMPn/ALARMn must be written with
the correct value.

An example procedure to write the general purpose registers GP0 and GP1 is:
1. Wait for any ongoing write to COMP0 to complete (SYNCBUSY.COMP0 = 0). If the RTC is

operating in Mode 1, wait for any ongoing write to COMP1 to complete as well
(SYNCBUSY.COMP1 = 0).

2. Write CTRLB.GP0EN = 1 if GP0 is needed.
3. Write GP0 if needed.
4. Wait for any ongoing write to GP0 to complete (SYNCBUSY.GP0 = 0). Note that GP1 will also show

as busy when GP0 is busy.
5. Write GP1 if needed.

The following table provides the correspondence of General Purpose Registers and the COMPARE/
ALARM read or write buffer in all RTC modes.
Table 27-2. General Purpose Registers Versus Compare/Alarm Registers: n in 0, 2, 4, 6...

Register Mode 0 Mode 1 Mode 2 Write Before

GPn COMPn/2 write
buffer

(COMPn , COMPn
+1) write buffer

ALARMn/2 write
buffer

GPn+1

GPn+1 COMPn/2 read
buffer

(COMPn , COMPn
+1) read buffer

ALARMn/2 read
buffer

-

27.6.8.4 Tamper Detection
The RTC provides four tamper channels that can be used for tamper detection.

The action of each tamper channel is configured using the Input n Action bits in the Tamper Control
register (TAMPCTRL.INnACT):

• Off: Detection for tamper channel n is disabled.
• Wake: A transition on INn input (tamper channel n) matching TAMPCTRL.TAMPLVLn will be

detected and the tamper interrupt flag (INTFLAG.TAMPER) will be set. The RTC value will not be
captured in the TIMESTAMP register.

• Capture: A transition on INn input (tamper channel n) matching TAMPCTRL.TAMPLVLn will be
detected and the tamper interrupt flag (INTFLAG.TAMPER) will be set. The RTC value will be
captured in the TIMESTAMP register.

 SAM L10/L11 Family
RTC – Real-Time Counter
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27.12.13 General Purpose n

Name:  GP
Offset:  0x40 + n*0x04 [n=0..1]
Reset:  0x00000000
Property:  -

Bit 31 30 29 28 27 26 25 24  
 GP[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  
 GP[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  
 GP[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  
 GP[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 – GP[31:0] General Purpose
These bits are for user-defined general purpose use, see 27.6.8.3  General Purpose Registers.

 SAM L10/L11 Family
RTC – Real-Time Counter
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Value Name Description
0x3 F/16 EIC clock divided by 16
0x4 F/32 EIC clock divided by 32
0x5 F/64 EIC clock divided by 64
0x6 F/128 EIC clock divided by 128
0x7 F/256 EIC clock divided by 256

 SAM L10/L11 Family
EIC – External Interrupt Controller
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30.8.17 Non-secure Write Enable

Name:  NONSEC
Offset:  0x40
Reset:  0x00000001
Property:  PAC Write-Protection, Write-Secure

This register allows the non-secure writes to the non-secure APB alias and also non-secure AHB writes
to the Page Buffer.

Important:  This register is only available for SAM L11 and has no effect for SAM L10.

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  
        WRITE  

Access RW/R/RW  
Reset 1  

Bit 0 – WRITE Non-secure Write Enable
Non-secure APB alias write enable, non-secure AHB writes to non-secure regions enable

Value Description
0 The non-secure APB alias is not writable, AHB secure or non-secure writes to non-secure

regions (Page Buffer) return a hardfault.
1 No restriction.

 SAM L10/L11 Family
NVMCTRL – Nonvolatile Memory Controller
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In the second strategy (CTRLA.SCLSM=1), interrupts only occur after the ACK bit is sent as shown in 
Slave Behavioral Diagram (SCLSM=1). This strategy can be used when it is not necessary to check
DATA before acknowledging. For master reads, an address and data interrupt will be issued
simultaneously after the address acknowledge. However, for master writes, the first data interrupt will be
seen after the first data byte has been received by the slave and the acknowledge bit has been sent to
the master.

Note:  For I2C High-speed mode (Hs), SCLSM=1 is required.

Figure 37-11. I2C Slave Behavioral Diagram (SCLSM=1)
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37.6.2.5.1 Receiving Address Packets (SCLSM=0)
When CTRLA.SCLSM=0, the I2C slave stretches the SCL line according to Figure 37-10. When the I2C
slave is properly configured, it will wait for a start condition.

When a start condition is detected, the successive address packet will be received and checked by the
address match logic. If the received address is not a match, the packet will be rejected, and the I2C slave
will wait for a new start condition. If the received address is a match, the Address Match bit in the
Interrupt Flag register (INTFLAG.AMATCH) will be set.

SCL will be stretched until the I2C slave clears INTFLAG.AMATCH. As the I2C slave holds the clock by
forcing SCL low, the software has unlimited time to respond.

The direction of a transaction is determined by reading the Read / Write Direction bit in the Status register
(STATUS.DIR). This bit will be updated only when a valid address packet is received.

If the Transmit Collision bit in the Status register (STATUS.COLL) is set, this indicates that the last packet
addressed to the I2C slave had a packet collision. A collision causes the SDA and SCL lines to be
released without any notification to software. Therefore, the next AMATCH interrupt is the first indication
of the previous packet’s collision. Collisions are intended to follow the SMBus Address Resolution
Protocol (ARP).

After the address packet has been received from the I2C master, one of two cases will arise based on
transfer direction.

 SAM L10/L11 Family
SERCOM I2C – SERCOM Inter-Integrated Circ...
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This bit is set when a '1' is written to the Capture Channel Buffer Valid status flags (STATUS.CCBUFVx)
and the synchronization of STATUS between clock domains is started.

Bit 2 – CTRLB CTRLB Synchronization Busy
This bit is cleared when the synchronization of CTRLB between the clock domains is complete.

This bit is set when the synchronization of CTRLB between clock domains is started.

Bit 1 – ENABLE ENABLE Synchronization Busy
This bit is cleared when the synchronization of ENABLE bit between the clock domains is complete.

This bit is set when the synchronization of ENABLE bit between clock domains is started.

Bit 0 – SWRST SWRST Synchronization Busy
This bit is cleared when the synchronization of SWRST bit between the clock domains is complete.

This bit is set when the synchronization of SWRST bit between clock domains is started.

 SAM L10/L11 Family
TC – Timer/Counter
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38.7.3.6 Interrupt Enable Set

Name:  INTENSET
Offset:  0x09
Reset:  0x00
Property:  PAC Write-Protection

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).

Bit 7 6 5 4 3 2 1 0  
    MCx   ERR OVF  

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

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

Writing a '1' to MCx will set the corresponding Match or Capture Channel x Interrupt Enable bit, which
enables 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 Enable
Writing a '0' to this bit has no effect.

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

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

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

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

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

 SAM L10/L11 Family
TC – Timer/Counter
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41. ADC – Analog-to-Digital Converter

41.1 Overview
The Analog-to-Digital Converter (ADC) converts analog signals to digital values. The ADC has up to 12-
bit resolution, and is capable of a sampling rate of up to 1MSPS. The input selection is flexible, and both
differential and single-ended measurements can be performed. In addition, several internal signal inputs
are available. The ADC can provide both signed and unsigned results.

ADC measurements can be started by either application software or an incoming event from another
peripheral in the device. ADC measurements can be started with predictable timing, and without software
intervention.

Both internal and external reference voltages can be used.

An integrated temperature sensor is available for use with the ADC. The INTREF voltage reference, as
well as the scaled I/O and core voltages, can also be measured by the ADC.

The ADC has a compare function for accurate monitoring of user-defined thresholds, with minimum
software intervention required.

The ADC can be configured for 8-, 10- or 12-bit results. ADC conversion results are provided left- or right-
adjusted, which eases calculation when the result is represented as a signed value. It is possible to use
DMA to move ADC results directly to memory or peripherals when conversions are done.

41.2 Features
• 8-, 10- or 12-bit resolution
• Up to 1,000,000 samples per second (1MSPS)
• Differential and single-ended inputs

– Up to 10 analog inputs
10 positive and 8 negative, including internal and external

• Internal inputs:
– Internal temperature sensor
– INTREF voltage reference
– Scaled core supply
– Scaled I/O supply
– DAC

• Single, continuous and sequencing options
• Windowing monitor with selectable channel
• Conversion range: Vref = [1.0V to VDDANA ]
• Built-in internal reference and external reference options
• Event-triggered conversion for accurate timing (one event input)
• Optional DMA transfer of conversion settings or result
• Hardware gain and offset compensation
• Averaging and oversampling with decimation to support up to 16-bit result
• Selectable sampling time

 SAM L10/L11 Family
ADC – Analog-to-Digital Converter
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Value Description
0 The ADC run in single conversion mode.
1 The ADC is in free running mode and a new conversion will be initiated when a previous

conversion completes.

Bit 1 – LEFTADJ Left-Adjusted Result

Value Description
0 The ADC conversion result is right-adjusted in the RESULT register.
1 The ADC conversion result is left-adjusted in the RESULT register. The high byte of the 12-

bit result will be present in the upper part of the result register. Writing this bit to zero
(default) will right-adjust the value in the RESULT register.

Bit 0 – DIFFMODE Differential Mode

Value Description
0 The ADC is running in singled-ended mode.
1 The ADC is running in differential mode. In this mode, the voltage difference between the

MUXPOS and MUXNEG inputs will be converted by the ADC.

 SAM L10/L11 Family
ADC – Analog-to-Digital Converter
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42.8.3 Event Control

Name:  EVCTRL
Offset:  0x02
Reset:  0x0000
Property:  PAC Write-Protection, Enable-Protected

Bit 15 14 13 12 11 10 9 8  
   INVEIx INVEIx   COMPEIx COMPEIx  

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

Bit 7 6 5 4 3 2 1 0  
    WINEO0   COMPEOx COMPEOx  

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

Bits 13,12 – INVEIx Inverted Event Input Enable x

Value Description
0 Incoming event is not inverted for comparator x.
1 Incoming event is inverted for comparator x.

Bits 9,8 – COMPEIx Comparator x Event Input
Note that several actions can be enabled for incoming events. If several events are connected to the
peripheral, the enabled action will be taken for any of the incoming events. There is no way to tell which
of the incoming events caused the action.

These bits indicate whether a comparison will start or not on any incoming event.

Value Description
0 Comparison will not start on any incoming event.
1 Comparison will start on any incoming event.

Bit 4 – WINEO0 Window 0 Event Output Enable
These bits indicate whether the window 0 function can generate a peripheral event or not.

Value Description
0 Window 0 Event is disabled.
1 Window 0 Event is enabled.

Bits 1,0 – COMPEOx Comparator x Event Output Enable
These bits indicate whether the comparator x output can generate a peripheral event or not.

Value Description
0 COMPx event generation is disabled.
1 COMPx event generation is enabled.

 SAM L10/L11 Family
AC – Analog Comparators
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