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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"

Active

ARM® Cortex®-M0+

32-Bit Single-Core
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12C, LINbus SBC, SPI, UART/USART
Brown-out Detect/Reset, DMA, POR, PWM, WDT
19
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2Kx 8

8K x 8

oV ~ 3.8V

A/D 6x12b; D/A 1x10b

Internal
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32-VQFN (5x5)
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ATSAMHAXEXXA

Processor And Architecture

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 3 - GCLK
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 2 - SYSCTRL
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 1 — PM
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.
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ATSAMHAXEXXA

Processor And Architecture

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 3 - GCLK
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 2 - SYSCTRL
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 1 — PM
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

13.6.2.2 PAC1 Register Description
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ATSAMHAXEXXA
GCLK - Generic Clock Controller

Module Reset Value after a User Reset
Instance

CLKCTRL.GEN CLCTRL.CLKEN CLKCTRL.WRTLOCK

Row written to zero
If WRTLOCK=1 no change

Others 0x00 if WRTLOCK=0 0x00 if WRTLOCK=0 No change
No change if WRTLOCK=1 | No change if WRTLOCK=1

Value Name Description

0x00 GCLK_DFLL48M_REF DFLL48M Reference

0x01 GCLK_DPLL FDPLL96M input clock source for reference

0x02 GCLK _DPLL_32K FDPLL96M 32kHz clock for FDPLL96M internal lock timer
0x03 GCLK_WDT WDT

0x04 GCLK_RTC RTC

0x05 GCLK_EIC EIC

0x06

0x07 GCLK_EVSYS_CHANNEL_0 EVSYS_CHANNEL 0
0x08 GCLK_EVSYS_CHANNEL_1  EVSYS_CHANNEL_1
0x09 GCLK_EVSYS_CHANNEL_2 EVSYS_CHANNEL_2
0x0A GCLK_EVSYS CHANNEL 3 EVSYS_CHANNEL 3
0x0B GCLK_EVSYS_CHANNEL 4 EVSYS_CHANNEL 4
0x0C GCLK_EVSYS_CHANNEL 5 EVSYS_CHANNEL 5
0x0D GCLK_EVSYS_CHANNEL_6 EVSYS_CHANNEL_6
O0XOE GCLK_EVSYS_CHANNEL 7 EVSYS_CHANNEL 7
OXOF GCLK_EVSYS_CHANNEL 8 EVSYS_CHANNEL_ 8
0x10 GCLK_EVSYS_CHANNEL_9 EVSYS_CHANNEL_9

0x11 GCLK_EVSYS_CHANNEL_10 EVSYS_CHANNEL 10
0x12 GCLK_EVSYS CHANNEL_11 EVSYS_CHANNEL 11
0x13 GCLK_SERCOMx_SLOW SERCOMx_SLOW
0x14 GCLK_SERCOMO_CORE SERCOMO0_CORE
0x15 GCLK_SERCOM1_CORE SERCOM1_CORE
0x16 GCLK_SERCOM2_CORE SERCOM2_CORE
0x17 GCLK_SERCOM3_CORE SERCOM3_CORE
0x18 GCLK_SERCOM4_CORE SERCOM4_CORE
0x19 GCLK_SERCOM5_CORE SERCOM5_CORE
0x1A GCLK_TCCO0, GCLK_TCcCH1 TCCO0,TCC1

0x1B GCLK_TCC2, GCLK_TC3 TCC2,TC3

0x1C GCLK_TC4, GCLK_TC5 TC4,TC5

0x1D GCLK_TC6, GCLK_TC7 TC6,TC7

Ox1E GCLK_ADC ADC

0x1F GCLK_AC_DIG AC DIG

0x20 - -

0x21 GCLK_AC_ANA AC_ANA

0x22 - -

0x23 GCLK_DAC DAC

0x24 GCLK_PTC PTC
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18.6.3

18.6.4

18.6.5

ATSAMHAXEXXA

PM - Power Manager

IDLE mode, the user must configure the IDLE mode configuration bit group and must write a zero
to the SCR.SLEEPDEERP bit.

«  Exiting IDLE mode: The processor wakes the system up when it detects the occurrence of any
interrupt that is not masked in the NVIC Controller with sufficient priority to cause exception entry.
The system goes back to the ACTIVE mode. The CPU and affected modules are restarted.

STANDBY Mode
The STANDBY mode allows achieving very low power consumption.

In this mode, all clocks are stopped except those which are kept running if requested by a running
module or have the ONDEMAND bit set to zero. For example, the RTC can operate in STANDBY mode.
In this case, its Generic Clock clock source will also be enabled.

The regulator and the RAM operate in low-power mode.
A SLEEPONEXIT feature is also available.

»  Entering STANDBY mode: This mode is entered by executing the WFI instruction with the
SCR.SLEEPDEEP bit of the CPU is written to 1.

« Exiting STANDBY mode: Any peripheral able to generate an asynchronous interrupt can wake up
the system. For example, a module running on a Generic clock can trigger an interrupt. When the
enabled asynchronous wake-up event occurs and the system is woken up, the device will either
execute the interrupt service routine or continue the normal program execution according to the
Priority Mask Register (PRIMASK) configuration of the CPU.

SleepWalking

SleepWalking is the capability for a device to temporarily wake-up clocks for the peripheral to perform a
task without waking-up the CPU in STANDBY sleep mode. At the end of the sleepwalking task, the device
can either be awakened by an interrupt (from a peripheral involved in SleepWalking) or enter into
STANDBY sleep mode again.

In this device, SleepWalking is supported only on GCLK clocks by using the on-demand clock principle of
the clock sources. Refer to On-demand, Clock Requests for more details.

Related Links
On-demand, Clock Requests

DMA Operation
Not applicable.

Interrupts
The peripheral has the following interrupt sources:

*  Clock Ready flag

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear (INTFLAG) register is set when the interrupt condition occurs. Each interrupt can be
individually enabled by writing a one to the corresponding bit in the Interrupt Enable Set (INTENSET)
register, and disabled by writing a one to the corresponding bit in the Interrupt Enable Clear (INTENCLR)
register. An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is
enabled. The interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled or
the peripheral is reset. An interrupt flag is cleared by writing a one to the corresponding bit in the
INTFLAG register. Each peripheral can have one interrupt request line per interrupt source or one
common interrupt request line for all the interrupt sources. Refer to Nested Vector Interrupt Controller for
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ATSAMHAXEXXA
WDT - Watchdog Timer

20.8.1

Bit

Access
Reset

Control

Name: CTRL

Offset: 0x0

Reset: N/A - Loaded from NVM User Row at start-up

Property: Write-Protected, Enable-Protected, Write-Synchronized

7 6 5 4 3 2 1 0
ALWAYSON WEN ENABLE
R/wW RwW R/wW
X X X

Bit 7 — ALWAYSON Always-On

This bit allows the WDT to run continuously. After being written to one, this bit cannot be written to zero,
and the WDT will remain enabled until a power-on reset is received. When this bit is one, the Control
register (CTRL), the Configuration register (CONFIG) and the Early Warning Control register (EWCTRL)
will be read-only, and any writes to these registers are not allowed. Writing a zero to this bit has no effect.

This bit is not enable-protected.

These bits are loaded from NVM User Row at start-up. Refer to NVM User Row Mapping for more details.

Value Description
0 The WDT is enabled and disabled through the ENABLE bit.
1 The WDT is enabled and can only be disabled by a power-on reset (POR).

Bit 2 - WEN Watchdog Timer Window Mode Enable
The initial value of this bit is loaded from Flash Calibration.

This bit is loaded from NVM User Row at start-up. Refer to NVM User Row Mapping for more details.

Value Description

0 Window mode is disabled (normal operation).
1 Window mode is enabled.

Bit 1 - ENABLE Enable
This bit enables or disables the WDT. Can only be written while CTRL.ALWAYSON is zero.

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

This bit is not enable-protected.

This bit is loaded from NVM User Row at start-up. Refer to NVM User Row Mapping for more details.

Value Description

0 The WDT is disabled.
1 The WDT is enabled.

Related Links
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ATSAMHAXEXXA
WDT - Watchdog Timer

20.8.4 Interrupt Enable Clear

Name: INTENCLR
Offset: 0x4
Reset: 0x00

Property: Write-Protected

Bit 7 6 5 4 3 2 1 0

EW

Access R/W
Reset 0

Bit 0 — EW Early Warning Interrupt Enable
Writing a zero to this bit has no effect.
Writing a one to this bit disables the Early Warning interrupt.

Value Description

0 The Early Warning interrupt is disabled.
1 The Early Warning interrupt is enabled.
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ATSAMHAXEXXA
RTC - Real-Time Counter

21.8.19 Frequency Correction

Name: FREQCORR
Offset: 0x0C
Reset: 0x00
Property: Write-Protected, 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
1

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

1-127: The RTC frequency is adjusted according to the value.

Value Description

Correction is disabled and the RTC frequency is unchanged.

0

The correction value is positive, i.e., frequency will be decreased.
The correction value is negative, i.e., frequency will be increased.
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ATSAMHAXEXXA
DMAC - Direct Memory Access Controller

22.6.2.6 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 22-7 shows an example where triggers are used with two linked block descriptors.

Figure 22-7. Trigger Action and Transfers

Beat Trigger Action
CHENNn
Trigger Lost
Trigger ? ? @ ? ? ? ?
PENDCHn M \
BUSYCHn \ 7 <\ ﬁ
Block Transfer \ ) Block Transfer /
Data Transfer | BEAT BEAT | | BEAT | | BEAT BEAT | | BEAT |
Block Trigger Action
CHENn
Trigger Lost
Trigger ? l® ?
PENDCHn %
BUSYCHn O <\
(Block Transfer Block Transfer
Data Transfer | BEAT | BEAT | | BEAT | | BEAT | BEAT | | BEAT
Transaction Trigger Action
CHENn
Trigger Lost
Trigger ? @
PENDCHn
BUSYCHn O k
({Block Transfer Block Transfer AV,
Data Transfer | BEAT | BEAT | | BEAT | | BEAT | BEAT | | BEAT |

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
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ATSAMHAXEXXA
DMAC - Direct Memory Access Controller

22.8.9 Priority Control 0
Name: PRICTRLO
Offset: 0x14
Reset: 0x00000000
Property: PAC Write-Protection
Bit 31 30 29 28 27 26 25 24
RRLVLEN3 LVLPRI3[3:0]
Access R/W R/W R/W RIW R/W
Reset 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
RRLVLEN2 LVLPRI2[3:0]
Access R/W R/W R/W RIW R/W
Reset 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
RRLVLEN1 LVLPRI1[3:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RRLVLENO LVLPRIO[3:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 31 — RRLVLEN3 Level 3 Round-Robin Arbitration Enable
This bit controls which arbitration scheme is selected for DMA channels with priority level 3. For details on
arbitration schemes, refer to Arbitration.

Value Description

0 Static arbitration scheme for channels with level 3 priority.
1 Round-robin arbitration scheme for channels with level 3 priority.

Bits 27:24 — LVLPRI3[3:0] Level 3 Channel Priority Number

When round-robin arbitration is enabled (PRICTRLO.RRLVLEN3=1) for priority level 3, this register holds
the channel number of the last DMA channel being granted access as the active channel with priority
level 3.

When static arbitration is enabled (PRICTRLO.RRLVLEN3=0) for priority level 3, and the value of this bit
group is non-zero, it will not affect the static priority scheme.

This bit group is not reset when round-robin arbitration gets disabled (PRICTRLO.RRLVLENS written to
IOI)-

Bit 23 - RRLVLEN2 Level 2 Round-Robin Arbitration Enable
This bit controls which arbitration scheme is selected for DMA channels with priority level 2. For details on
arbitration schemes, refer to Arbitration.
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ATSAMHAXEXXA
DMAC - Direct Memory Access Controller

22.8.15 Descriptor Memory Section Base Address

Name: BASEADDR
Offset: 0x34
Reset: 0x00000000

Property: PAC Write-Protection, Enable-Protected

Bit 31 30 29 28 27 26 25 24

Access
Reset

Bit 23 22 21 20 19 18 17 16

Access
Reset

Bit 15 14 13 12 1" 10 9 8

Access
Reset

Bit 7 6 5 4 3 2 1 0

Access
Reset
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ATSAMHAXEXXA
NVMCTRL - Nonvolatile Memory Controller

24.8.7 Status

Name: STATUS
Offset: 0x18
Reset: 0x0X00

Property: -
Bit 15 14 13 12 11 10 9 8
SB
Access R
Reset X
Bit 7 6 5 4 3 2 1 0
NVME LOCKE PROGE LOAD PRM
Access R/W R/W R/W R/W R
Reset 0 0 0 0 0

Bit 8 — SB Security Bit Status

Value Description
0 The Security bit is inactive.
1 The Security bit is active.

Bit 4 — NVME NVM Error
This bit can be cleared by writing a '1' to its bit location.

0 No programming or erase errors have been received from the NVM controller since this bit
was last cleared.

1 At least one error has been registered from the NVM Controller since this bit was last
cleared.

Bit 3 - LOCKE Lock Error Status
This bit can be cleared by writing a '1' to its bit location.

Value Description
0 No programming of any locked lock region has happened since this bit was last cleared.
1 Programming of at least one locked lock region has happened since this bit was last cleared.

Bit 2 - PROGE Programming Error Status
This bit can be cleared by writing a '1' to its bit location.

0 No invalid commands or bad keywords were written in the NVM Command register since this
bit was last cleared.
1 An invalid command and/or a bad keyword was/were written in the NVM Command register

since this bit was last cleared.
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27.5.3

27.5.4

27.5.5

27.5.6

27.5.7

27.5.8

ATSAMHAXEXXA

SERCOM - Serial Communication Interface

Related Links
PM — Power Manager

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

The SERCOM uses two generic clocks: GCLK_SERCOMx_CORE and GCLK_SERCOMx_SLOW. The
core clock (GCLK_SERCOMx_CORE) is required to clock the SERCOM while working as a master. The
slow clock (GCLK_SERCOMx_SLOW) is only required for certain functions. See specific mode chapters
for details.

These clocks must be configured and enabled in the Generic Clock Controller (GCLK) before using the
SERCOM.

The generic clocks are asynchronous to the user interface clock (CLK_SERCOMx_APB). Due to this
asynchronicity, writing to certain registers will require synchronization between the clock domains. Refer
to Synchronization for details.

Related Links

GCLK - Generic Clock Controller

Peripheral Clock Masking

DMA

The DMA request lines are connected to the DMA Controller (DMAC). The DMAC must be configured
before the SERCOM DMA requests are used.

Related Links

DMAC — Direct Memory Access Controller

Interrupts

The interrupt request line is connected to the Interrupt Controller (NVIC). The NVIC must be configured
before the SERCOM interrupts are used.

Related Links

Nested Vector Interrupt Controller

Events
Not applicable.

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.

Register Access Protection
All registers with write-access can be write-protected optionally by the Peripheral Access Controller
(PAC), except for the following registers:

* Interrupt Flag Clear and Status register (INTFLAG)

»  Status register (STATUS)
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ATSAMHAXEXXA
SERCOM I2C - Inter-Integrated Circuit

This bit is automatically cleared when the corresponding interrupt is also cleared.
Bit 6 — LOWTOUT SCL Low Time-out
This bit is set if an SCL low time-out occurs.

This bit is cleared automatically if responding to a new start condition with ACK or NACK (write 3 to
CTRLB.CMD) or when INTFLAG.AMATCH is cleared.

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

Writing a '1' to this bit will clear the status.

Value Description
0 No SCL low time-out has occurred.
1 SCL low time-out has occurred.

Bit 4 — SR Repeated Start
When INTFLAG.AMATCH is raised due to an address match, SR indicates a repeated start or start
condition.

This flag is only valid while the INTFLAG.AMATCH flag is one.

Value Description
0 Start condition on last address match
1 Repeated start condition on last address match

Bit 3 — DIR Read / Write Direction
The Read/Write Direction (STATUS.DIR) bit stores the direction of the last address packet received from
a master.

Value Description
0 Master write operation is in progress.
1 Master read operation is in progress.

Bit 2 — RXNACK Received Not Acknowledge
This bit indicates whether the last data packet sent was acknowledged or not.

Value Description
0 Master responded with ACK.
1 Master responded with NACK.

Bit 1 — COLL Transmit Collision
If set, the 12C slave was not able to transmit a high data or NACK bit, the 12C slave will immediately
release the SDA and SCL lines and wait for the next packet addressed to it.

This flag is intended for the SMBus address resolution protocol (ARP). A detected collision in non-ARP
situations indicates that there has been a protocol violation, and should be treated as a bus error.

Note that this status will not trigger any interrupt, and should be checked by software to verify that the
data were sent correctly. This bit is cleared automatically if responding to an address match with an ACK
or a NACK (writing 0x3 to CTRLB.CMD), or INTFLAG.AMATCH is cleared.

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

Writing a '1' to this bit will clear the status.
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31.6.4.3

31.6.5

31.6.6

ATSAMHAXEXXA

TC — Timer/Counter

Each interrupt can be individually enabled by writing a '1' to the corresponding bit in the Interrupt Enable
Set register (INTENSET), and disabled by writing a '1' to the corresponding bit in the Interrupt Enable
Clear register (INTENCLR).

An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled.
The interrupt request remains active until either the interrupt flag is cleared, the interrupt is disabled, or
the TC is reset. on how to clear interrupt flags.

The TC has one common interrupt request line for all the interrupt sources. The user must read the
INTFLAG register to determine which interrupt condition is present.

Note that interrupts must be globally enabled for interrupt requests to be generated. Refer to Nested
Vector Interrupt Controller for details.
Related Links

Nested Vector Interrupt Controller

Events
The TC can generate the following output events:

*  Overflow/Underflow (OVF)
*  Match or Capture (MC)

Writing a '1' to an Event Output bit in the Event Control register (EVCTRL.MCEOX) enables the
corresponding output event. The output event is disabled by writing EVCTRL.MCEOx=0.

One of the following event actions can be selected by the Event Action bit group in the Event Control
register (EVCTRL.EVACT):

« Start TC (START)

* Re-trigger TC (RETRIGGER)

* Increment or decrement counter (depends on counter direction)

*  Count on event (COUNT)

»  Capture Period (PPW and PWP)
Writing a '1' to the TC Event Input bit in the Event Control register (EVCTRL.TCEI) enables input events
to the TC. Writing a '0' to this bit disables input events to the TC. The TC requires only asynchronous
event inputs. For further details on how configuring the asynchronous events, refer to EVSYS - Event
System.
Related Links
EVSYS — Event System

Sleep Mode Operation

The TC can be configured to operate in any sleep mode. To be able to run in standby, the RUNSTDBY bit
in the Control A register (CTRLA.RUNSTDBY) must be written to one. The TC can wake up the device
using interrupts from any sleep mode or perform actions through the Event System.

Synchronization

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

The following bits are synchronized when written:

»  Software Reset bit in the Control A register (CTRLA.SWRST)
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32.6.2.5

ATSAMHAXEXXA

TCC - Timer/Counter for Control Applications

One-Shot Operation

Compare Operations
By default, the Compare/Capture channel is configured for compare operations. To perform capture
operations, it must be re-configured.

When using the TCC with the Compare/Capture Value registers (CCx) for compare operations, the
counter value is continuously compared to the values in the CCx registers. This can be used for timer or
for waveform operation.

The Channel x Compare/Capture Buffer Value (CCBXx) registers provide double buffer capability. The
double buffering synchronizes the update of the CCx register with the buffer value at the UPDATE
condition or a force update command (CTRLBSET.CMD=0x3, UPDATE). For further details, refer to
Double Buffering. The synchronization prevents the occurrence of odd-length, non-symmetrical pulses
and ensures glitch-free output.

Waveform Output Generation Operations
The compare channels can be used for waveform generation on output port pins. To make the waveform
available on the connected pin, the following requirements must be fulfilled:
1. Choose a waveform generation mode in the Waveform Generation Operation bit in Waveform
register (WAVE.WAVEGEN).
2. Optionally invert the waveform output WOI[x] by writing the corresponding Waveform Output x
Inversion bit in the Driver Control register (DRVCTRL.INVENX).
3. Configure the pins with the I1/0O Pin Controller. Refer to PORT - I/O Pin Controller for details.

The counter value is continuously compared with each CCx value. On a comparison match, the Match or
Capture Channel x bit in the Interrupt Flag Status and Clear register (INTFLAG.MCx) will be set on the
next zero-to-one transition of CLK_TCC_COUNT (see Normal Frequency Operation). An interrupt and/or
event can be generated on the same condition if Match/Capture occurs, i.e. INTENSET.MCx and/or
EVCTRL.MCEOx is '1'. Both interrupt and event can be generated simultaneously. The same condition
generates a DMA request.

There are seven waveform configurations for the Waveform Generation Operation bit group in the
Waveform register (WAVE.WAVEGEN). This will influence how the waveform is generated and impose
restrictions on the top value. The configurations are:

*  Normal Frequency (NFRQ)

*  Match Frequency (MFRQ)

*  Normal Pulse-Width Modulation (NPWM)

*  Dual-slope, interrupt/event at TOP (DSTOP)

*  Dual-slope, interrupt/event at ZERO (DSBOTTOM)

*  Dual-slope, interrupt/event at Top and ZERO (DSBOTH)

*  Dual-slope, critical interrupt/event at ZERO (DSCRITICAL)

When using MFRQ configuration, the TOP value is defined by the CCO register value. For the other
waveform operations, the TOP value is defined by the Period (PER) register value.

For dual-slope waveform operations, the update time occurs when the counter reaches ZERO. For the
other waveforms generation modes, the update time occurs on counter wraparound, on overflow,
underflow, or re-trigger.

The table below shows the update counter and overflow event/interrupt generation conditions in different
operation modes.
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33.6.5

33.6.5.1

ATSAMHAXEXXA
ADC - Analog-to-Digital Converter

Differential and Single-Ended Conversions
The ADC has two conversion options: differential and single-ended:
+ If the positive input may go below the negative input, the differential mode should be used in order
to get correct results.
« If the positive input is always positive, the single-ended conversion should be used in order to
have full 12-bit resolution in the conversion.

The negative input must be connected to ground. This ground could be the internal GND, IOGND or an
external ground connected to a pin. Refer to the Control B (CTRLB) register for selection details.

If the positive input may go below the negative input, creating some negative results, the differential mode
should be used in order to get correct results. The differential mode is enabled by setting DIFFMODE bit
in the Control B register (CTRLB.DIFFMODE). Both conversion types could be run in single mode or in
free-running mode. When the free-running mode is selected, an ADC input will continuously sample the
input and performs a new conversion. The INTFLAG.RESRDY bit will be set at the end of each
conversion.

Related Links
CTRLB

Conversion Timing

The following figure shows the ADC timing for one single conversion. A conversion starts after the
software or event start are synchronized with the GCLK_ADC clock. The input channel is sampled in the
first half CLK_ADC period.

Figure 33-3. ADC Timing for One Conversion in Differential Mode without Gain

b1 | 2] 3] 4| 5 | 6 | 7} 8 |

TN I e o o o I o B e B
START _i :
SAMPLE _l_| :
INT ; :[
Converting Bit ; @naa‘aanna‘@ ;

The sampling time can be increased by using the Sampling Time Length bit group in the Sampling Time
Control register (SAMPCTRL.SAMPLEN). As example, the next figure is showing the timing conversion.
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ATSAMHAXEXXA
ADC - Analog-to-Digital Converter

Table 33-3. Averaging

Number of AVGCTRL. Intermediate Number of Division AVGCTRL.ADJRES | Total Final Result | Automatic

Accumulated SAMPLENUM Result Automatic Factor Number Precision Division

Samples Precision Right Shifts of Right Factor
Shifts

1 0x0 12 bits 0 1 0x0 12 bits 0

2 0x1 13 0 2 0x1 1 12 bits 0

4 0x2 14 0 4 0x2 2 12 bits 0

8 0x3 15 0 8 0x3 3 12 bits 0

16 0x4 16 0 16 0x4 4 12 bits 0

32 0x5 17 1 16 0x4 5 12 bits 2

64 0x6 18 2 16 0x4 6 12 bits 4

128 0x7 19 3 16 0x4 7 12 bits 8

256 0x8 20 4 16 0x4 8 12 bits 16

512 0x9 21 5 16 0x4 9 12 bits 32

1024 OxA 22 6 16 0x4 10 12 bits 64

Reserved 0xB-0xF 0x0 12 bits 0

Oversampling and Decimation

By using oversampling and decimation, the ADC resolution can be increased from 12 bits up to 16 bits,
for the cost of reduced effective sampling rate.

To increase the resolution by n bits, 4" samples must be accumulated. The result must then be right-
shifted by n bits. This right-shift is a combination of the automatic right-shift and the value written to
AVGCTRL.ADJRES. To obtain the correct resolution, the ADJRES must be configured as described in the
table below. This method will result in n bit extra LSB resolution.

Table 33-4. Configuration Required for Oversampling and Decimation

Result Number of | AVGCTRL.SAMPLENUM]I[3:0] | Number of AVGCTRL.ADJRES[2:0]
Resolution | Samples to Automatic
Average Right Shifts
13 bits 41=4 0x2 0 0x1
14 bits 42 =16 0x4 0 0x2
15 bits 43 =64 0x6 2 0x1
16 bits 44 = 256 0x8 4 0x0

Window Monitor

The window monitor feature allows the conversion result in the RESULT register to be compared to
predefined threshold values. The window mode is selected by setting the Window Monitor Mode bits in
the Window Monitor Control register (WINCTRL.WINMODE[2:0]). Threshold values must be written in the
Window Monitor Lower Threshold register (WINLT) and Window Monitor Upper Threshold register
(WINUT).

If differential input is selected, the WINLT and WINUT are evaluated as signed values. Otherwise they are
evaluated as unsigned values. The significant WINLT and WINUT bits are given by the precision selected
in the Conversion Result Resolution bit group in the Control B register (CTRLB.RESSEL). This means
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33.8.4 Sampling Time Control

Name: SAMPCTRL
Offset: 0x03
Reset: 0x00

Property: Write-Protected

Bit 7 6 5 4 3 2 1 0
SAMPLEN]5:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0

Bits 5:0 —- SAMPLEN[5:0] Sampling Time Length
These bits control the ADC sampling time in number of half CLK_ADC cycles, depending of the prescaler
value, thus controlling the ADC input impedance. Sampling time is set according to the equation:

CLKADC)

Sampling time = (SAMPLEN+1) - ( 5
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34.7

0x00
0x01

0x02

0x04
0x05
0x06
0x07
0x08
0x09
Ox0A
0x0B
0x0C
0x0D

O0xOF

0x10

0x14

0x18
0x1F

0x20
0x21

34.8

ATSAMHAXEXXA
AC - Analog Comparators

Register Summary

) I ) I N S I N

CTRLA
CTRLB

EVCTRL

INTENCLR
INTENSET
INTFLAG
Reserved
STATUSA
STATUSB
STATUSC
Reserved

WINCTRL

Reserved

COMPCTRLO

COMPCTRL1

Reserved

SCALERO
SCALER1

7:0
7:0
15:8
7:0
7:0
7:0

7:0
7:0
7:0

7:0

7:0
15:8
23:16
31:24
7:0
15:8
23:16
31:24

7:0
7:0

LPMUX
WINEOO
WINO
WINO
WINO
WSTATEO[1:0]
SYNCBUSY
WSTATEO[1:0]
INTSEL[1:0]
SWAP MUXPOSI[1:0]
INTSEL[1:0]
SWAP MUXPOSI[1:0]

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.

RUNSTDBY ENABLE SWRST
STARTx STARTx

COMPEOx | COMPEOXx

COMPEIx COMPEIx

COMPx COMPx
COMPx COMPx
COMPx COMPx
STATEX STATEX

READYx READYXx

STATEx STATEx
WINTSELO[1:0] WENO
SPEED[1:0] SINGLE ENABLE
MUXNEG[2:0]
HYST OUT[1:0]
FLEN[2:0]
SPEED[1:0] SINGLE ENABLE
MUXNEG[2:0]
HYST OUT[1:0]
FLEN[2:0]

VALUE[5:0]
VALUE[5:0]

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 Register Access Protection.

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 Synchronization.
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Packaging Information

32-Lead Very Thin Plastic Quad Flat, No Lead Package (RTB) - 5x5 mm Body [VQFN]
With 3.6x3.6 mm Exposed Pad and Wettable Flanks

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
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RECOMMENDED LAND PATTERN

H<— X1

Units MILLIMETERS

Dimension Limits|  MIN | NOM | MAX
Contact Pitch E 0.50 BSC
Optional Center Pad Width X2 3.70
Optional Center Pad Length Y2 3.70
Exposed Pad 45° Corner Chamfer | CH 0.25
Contact Pad Spacing C1 5.00
Contact Pad Spacing C2 5.00
Contact Pad Width (X32) X1 0.30
Contact Pad Length (X32) Y1 0.80
Contact Pad to Center Pad (X32) G1 0.25
Contact Pad to Contact Pad (X28) | G2 0.20
Thermal Via Diameter V 0.30
Thermal Via Pitch EV 1.00

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

2. For best soldering results, thermal vias, if used, should be filled or tented to avoid solder loss during
reflow process

Microchip Technology Drawing C04-23391 Rev. A
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