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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

48MHz

I2C, LINbus, SPI, UART/USART, USB
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
52

64KB (64K x 8)

FLASH

8K x 8

1.62V ~ 3.6V

A/D 20x12b; D/A 1x10b

Internal

-40°C ~ 125°C (TA)

Surface Mount

64-TQFP

64-TQFP (10x10)
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13.10.1

13.10.2

13.11

13.111

32-bit ARM-Based Microcontrollers

CoreSight Identification

A system-level ARM CoreSight ROM table is present in the device to identify the vendor and the chip
identification method. Its address is provided in the MEM-AP BASE register inside the ARM Debug
Access Port. The CoreSight ROM implements a 64-bit conceptual ID composed as follows from the PIDO
to PID7 CoreSight ROM Table registers:

Figure 13-5. Conceptual 64-bit Peripheral ID
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Table 13-2. Conceptual 64-Bit Peripheral ID Bit Descriptions

Fod s Dasepion—————oaton

JEP-106 CC code 4 Atmel continuation code: 0x0 PID4
JEP-106 ID code 7 Atmel device ID: Ox1F PID1+PID2
4KB count 4 Indicates that the CoreSight component is a ROM: 0x0 PID4
RevAnd 4 Not used; read as 0 PID3
CUSMOD 4 Not used; read as 0 PID3
PARTNUM 12  Contains OxCDO to indicate that DSU is present PIDO+PID1
REVISION 4 DSU revision (starts at 0x0 and increments by 1 at both major PID3

and minor revisions). Identifies DSU identification method
variants. If 0x0, this indicates that device identification can be
completed by reading the Device Identification register (DID)

For more information, refer to the ARM Debug Interface Version 5 Architecture Specification.

Chip Identification Method
The DSU DID register identifies the device by implementing the following information:

*  Processor identification

*  Product family identification
*  Product series identification
*  Device select

Functional Description

Principle of Operation

The DSU provides memory services such as CRC32 or MBIST that require almost the same interface.
Hence, the Address, Length and Data registers (ADDR, LENGTH, DATA) are shared. These shared
registers must be configured first; then a command can be issued by writing the Control register. When a
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32-bit ARM-Based Microcontrollers

Bit 7 6 5 4 3 2 1 0
| PERR | FAIL | BERR | CRSTEXT | DONE |
Access RIW RIW RIW RIW RIW
Reset 0 0 0 0 0

Bit 4 — PERR: Protection Error
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Protection Error bit.

This bit is set when a command that is not allowed in protected state is issued.
Bit 3 — FAIL: Failure

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

Writing a '1' to this bit clears the Failure bit.

This bit is set when a DSU operation failure is detected.

Bit 2 - BERR: Bus Error

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

Writing a '1' to this bit clears the Bus Error bit.

This bit is set when a bus error is detected.

Bit 1 - CRSTEXT: CPU Reset Phase Extension

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

Writing a '1' to this bit clears the CPU Reset Phase Extension bit.

This bit is set when a debug adapter Cold-Plugging is detected, which extends the CPU reset phase.
Bit 0 — DONE: Done

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

Writing a '1' to this bit clears the Done bit.

This bit is set when a DSU operation is completed.

13.13.3 Status B
Name: STATUSB
Offset: 0x0002
Reset: O0Ox1X
Property: PAC Write-Protection
Bit 7 6 5 4 3 2 1 0
HPE DCCD1 DCCDO DBGPRES PROT
Access R R R R R
Reset 1 0 0 X X

Bit 4 —- HPE: Hot-Plugging Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit has no effect.
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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
FKBC[3:0] JEPCCJ3:0]
Access R R R R R
Reset 0 0 0 0 0 0 0 0

Bits 7:4 - FKBC[3:0]: 4KB Count

These bits will always return zero when read, indicating that this debug component occupies one 4KB
block.

Bits 3:0 — JEPCC[3:0]: JEP-106 Continuation Code
These bits will always return zero when read, indicating an Atmel device.

13.13.15 Peripheral Identification 0

Name: PIDO
Offset: Ox1FEO
Reset: 0x000000DO0

Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
PARTNBL][7:0]
Access R R R R R
Reset 1 1 0 1 0 0 0 0
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32KHz to 2MHz input reference clock frequency range
Three possible sources for the reference clock
Adjustable proportional integral controller
Fractional part used to achieve 1/16th of reference clock step
* 3.3V Brown-Out Detector (BOD33)
— Programmable threshold
Threshold value loaded from Flash User Calibration at startup
Triggers resets or interrupts
Operating modes:
+  Continuous mode
+  Sampled mode for low power applications (programmable refresh frequency)
Hysteresis
* Internal Voltage Regulator system (VREG)
— Operating modes:
* Normal mode
*+ Low-power mode
— With an internal non-configurable Brown-out detector (BOD12)
* 1.2V Brown-Out Detector (BOD12)
— Programmable threshold
— Threshold value loaded from Flash User Calibration at start-up
— Triggers resets or interrupts
— Operating modes:
+ Continuous mode
+ Sampled mode for low power applications (programmable refresh frequency)
— Hysteresis
*  Voltage Reference System (VREF)
— Bandgap voltage generator with programmable calibration value
— Temperature sensor
— Bandgap calibration value loaded from Flash Factory Calibration at start-up
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Property: PAC Write-Protection, Enable-Protected

Bit 31 30 29 28 27 26 25 24
BASEADDR][31:24]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
BASEADDRI[23:16]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
BASEADDR[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
BASEADDR(7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:0 —- BASEADDR[31:0]: Descriptor Memory Base Address
These bits store the Descriptor memory section base address. The value must be 128-bit aligned.

20.8.16 Write-Back Memory Section Base Address

Name: WRBADDR

Offset: 0x38

Reset: 0x00000000

Property: PAC Write-Protection, Enable-Protected

Bit 31 30 29 28 27 26 25 24
WRBADDR[31:24]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
WRBADDR[23:16]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
WRBADDR[15:8]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0
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SERCOM USART - SERCOM Universal Synchronous and
Asynchronous Receiver and Transmitter

Overview

The Universal Synchronous and Asynchronous Receiver and Transmitter (USART) is one of the available
modes in the Serial Communication Interface (SERCOM).

The USART uses the SERCOM transmitter and receiver, see Block Diagram. Labels in uppercase letters
are synchronous to CLK_SERCOMx_APB and accessible for CPU. Labels in lowercase letters can be
programmed to run on the internal generic clock or an external clock.

The transmitter consists of a single write buffer, a shift register, and control logic for different frame
formats. The write buffer support data transmission without any delay between frames. The receiver
consists of a two-level receive buffer and a shift register. Status information of the received data is
available for error checking. Data and clock recovery units ensure robust synchronization and noise
filtering during asynchronous data reception.

Related Links
SERCOM - Serial Communication Interface

USART Features
e Full-duplex operation
* Asynchronous (with clock reconstruction) or synchronous operation
* Internal or external clock source for asynchronous and synchronous operation
*  Baud-rate generator
»  Supports serial frames with 5, 6, 7, 8 or 9 data bits and 1 or 2 stop bits
* Odd or even parity generation and parity check
*  Selectable LSB- or MSB-first data transfer
+  Buffer overflow and frame error detection
* Noise filtering, including false start-bit detection and digital low-pass filter
*  Collision detection
*  Can operate in all sleep modes
*  Operation at speeds up to half the system clock for internally generated clocks
*  Operation at speeds up to the system clock for externally generated clocks
*+ RTS and CTS flow control
* IrDA modulation and demodulation up to 115.2kbps
+  Start-of-frame detection
*  Can work with DMA

Related Links

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

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

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

Bit 3 — SSL: Slave Select Low Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will set the Slave Select Low Interrupt Enable bit, which enables the Slave Select Low
interrupt.

Value Description
0 Slave Select Low interrupt is disabled.
1 Slave Select Low interrupt is enabled.

Bit 2 - RXC: Receive Complete Interrupt Enable
Writing '0' to this bit has no effect.

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

Value Description
0 Receive Complete interrupt is disabled.
1 Receive Complete interrupt is enabled.

Bit 1 — TXC: Transmit Complete Interrupt Enable
Writing '0' to this bit has no effect.

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

Value Description
0 Transmit Complete interrupt is disabled.
1 Transmit Complete interrupt is enabled.

Bit 0 — DRE: Data Register Empty Interrupt Enable
Writing '0' to this bit has no effect.

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

Value Description
0 Data Register Empty interrupt is disabled.
1 Data Register Empty interrupt is enabled.

Interrupt Flag Status and Clear

Name: INTFLAG
Offset: 0x18
Reset: 0x00
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PORT - I/O Pin Controller

Frequency Operation

Normal Frequency Generation (NFRQ)

For Normal Frequency Generation, the period time (T) is controlled by the period register (PER) for 8-bit
counter mode and MAX for 16- and 32-bit mode. The waveform generation output (WO[x]) is toggled on
each compare match between COUNT and CCx, and the corresponding Match or Capture Channel x
Interrupt Flag (INTFLAG.MCx) will be set.

Figure 30-4. Normal Frequency Operation
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Match Frequency Generation (MFRQ)
For Match Frequency Generation, the period time (T) is controlled by the CCO register instead of PER or
MAX. WOIO0] toggles on each update condition.

Figure 30-5. Match Frequency Operation
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PWM Operation
Normal Pulse-Width Modulation Operation (NPWM)
NPWM uses single-slope PWM generation.

For single-slope PWM generation, the period time (T) is controlled by the TOP value, and CCx controls
the duty cycle of the generated waveform output. When up-counting, the WO[x] is set at start or compare
match between the COUNT and TOP values, and cleared on compare match between COUNT and CCx
register values. When down-counting, the WOIx] is cleared at start or compare match between the
COUNT and ZERO values, and set on compare match between COUNT and CCx register values.

The following equation calculates the exact resolution for a single-slope PWM (Rpw\_ss) waveform:

R _ log(TOP+1)
PWMSS = 7 og(2)
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31.6.3.5 Recoverable Faults
Recoverable faults can restart or halt the timer/counter. Two faults, called Fault A and Fault B, can trigger
recoverable fault actions on the compare channels CC0O and CC1 of the TCC. The compare channels'
outputs can be clamped to inactive state either as long as the fault condition is present, or from the first
valid fault condition detection on until the end of the timer/counter cycle.

Fault Inputs

The first two channel input events (TCCxMCO and TCCxMC1) can be used as Fault A and Fault B inputs,
respectively. Event system channels connected to these fault inputs must be configured as
asynchronous. The TCC must work in a PWM mode.

Fault Filtering

There are three filters available for each input Fault A and Fault B. They are configured by the
corresponding Recoverable Fault n Configuration registers (FCTRLA and FCTRLB). The three filters can
either be used independently or in any combination.

Input By default, the event detection is asynchronous. When the event occurs, the fault system

Filtering  will immediately and asynchronously perform the selected fault action on the compare
channel output, also in device power modes where the clock is not available. To avoid false
fault detection on external events (e.g. due to a glitch on an 1/O port) a digital filter can be
enabled and configured by the Fault B Filter Value bits in the Fault n Configuration registers
(FCTRLN.FILTERVAL). If the event width is less than FILTERVAL (in clock cycles), the
event will be discarded. A valid event will be delayed by FILTERVAL clock cycles.

Fault This ignores any fault input for a certain time just after a selected waveform output edge.
Blanking This can be used to prevent false fault triggering due to signal bouncing, as shown in the
figure below. Blanking can be enabled by writing an edge triggering configuration to the
Fault n Blanking Mode bits in the Recoverable Fault n Configuration register
(FCTRLN.BLANK). The desired duration of the blanking must be written to the Fault n
Blanking Time bits (FCTRLn.BLANKVAL).
The blanking time tyis calculated by

_ 1+ BLANKVAL

b f
GCLK_TCCx_PRESC
Here, focLk _Tcex Presc is the frequency of the prescaled peripheral clock frequency

focLk_Tcex

The maximum blanking time (FCTRLn.BLANKVAL=

255) at fgeLk Teex=96MHz is 2.67us (no prescaler) or 170us (prescaling). For

fecLk TCCX=1T\/IHZ, the maximum blanking time is either 170us (no prescaling) or 10.9ms
(presc_:aling enabled).

t
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Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Recoverable Fault B interrupt flag.

Bit 12 — FAULTA: Recoverable Fault A Interrupt Flag

This flag is set on the next CLK_TCC_COUNT cycle after a Recoverable Fault B occurs.
Writing a '0' to this bit has no effect.

Writing a '1' to this bit clears the Recoverable Fault B interrupt flag.

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.

Status

Name: STATUS

Offset: 0x30
Reset: 0x00000001
Property: -
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32.6.2

32.6.2.1

32.6.2.2

32.6.2.3

32-bit ARM-Based Microcontrollers

Refer to USB Device Operations for the basic operation of the device mode.
Refer to Host Operations for the basic operation of the host mode.

Related Links
NVM Software Calibration Area Mapping

USB Device Operations
This section gives an overview of the USB module device operation during normal transactions. For more
details on general USB and USB protocol, refer to the Universal Serial Bus specification revision 2.1.

Initialization

To attach the USB device to start the USB communications from the USB host, a zero should be written
to the Detach bit in the Device Control B register (CTRLB.DETACH). To detach the device from the USB
host, a one must be written to the CTRLB.DETACH.

After the device is attached, the host will request the USB device descriptor using the default device
address zero. On successful transmission, it will send a USB reset. After that, it sends an address to be
configured for the device. All further transactions will be directed to this device address. This address
should be configured in the Device Address field in the Device Address register (DADD.DADD) and the
Address Enable bit in DADD (DADD.ADDEN) should be written to one to accept communications directed
to this address. DADD.ADDEN is automatically cleared on receiving a USB reset.

Endpoint Configuration

Endpoint data can be placed anywhere in the device RAM. The USB controller accesses these endpoints
directly through the AHB master (built-in DMA) with the help of the endpoint descriptors. The base
address of the endpoint descriptors needs to be written in the Descriptor Address register (DESCADD) by
the user. Refer also to the Endpoint Descriptor structure in Endpoint Descriptor Structure.

Before using an endpoint, the user should configure the direction and type of the endpoint in Type of
Endpoint field in the Device Endpoint Configuration register (EPCFG.EPTYPEOQ/1). The endpoint
descriptor registers should be initialized to known values before using the endpoint, so that the USB
controller does not read random values from the RAM.

The Endpoint Size field in the Packet Size register (PCKSIZE.SIZE) should be configured as per the size
reported to the host for that endpoint. The Address of Data Buffer register (ADDR) should be set to the
data buffer used for endpoint transfers.

The RAM Access Interrupt bit in Device Interrupt Flag register (INTFLAG.RAMACER) is set when a RAM
access underflow error occurs during IN data stage.

When an endpoint is disabled, the following registers are cleared for that endpoint:

*  Device Endpoint Interrupt Enable Clear/Set (EPINTENCLR/SET) register

*  Device Endpoint Interrupt Flag (EPINTFLAG) register

»  Transmit Stall O bit in the Endpoint Status register (EPSTATUS.STALLRQO)
*  Transmit Stall 1 bit in the Endpoint Status register (EPSTATUS.STALLRQ1)

Multi-Packet Transfers

Multi-packet transfer enables a data payload exceeding the endpoint maximum transfer size to be
transferred as multiple packets without software intervention. This reduces the number of interrupts and
software intervention required to manage higher level USB transfers. Multi-packet transfer is identical to
the IN and OUT transactions described below unless otherwise noted in this section.

The application software provides the size and address of the RAM buffer to be proceeded by the USB
module for a specific endpoint, and the USB module will split the buffer in the required USB data transfers
without any software intervention.
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Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
STALL RXSTP TRFAIL TRCPT
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 5 — STALL: Transmit STALL x Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will clear the Transmit Stall x Interrupt Enable bit and disable the corresponding
interrupt request.

Value Description
0 The Transmit Stall x interrupt is disabled.
1 The Transmit Stall x interrupt is enabled and an interrupt request will be generated when the

Transmit Stall x Interrupt Flag is set.

Bit 4 —- RXSTP: Received Setup Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will clear the Received Setup Interrupt Enable bit and disable the corresponding
interrupt request.

Value Description
0 The Received Setup interrupt is disabled.
1 The Received Setup interrupt is enabled and an interrupt request will be generated when the

Received Setup Interrupt Flag is set.

Bit 2 — TRFAIL: Transfer Fail x Interrupt Enable
The user should look into the descriptor table status located in ram to be informed about the error
condition : ERRORFLOW, CRC.

Writing a zero to this bit has no effect.

Writing a one to this bit will clear the Transfer Fail x Interrupt Enable bit and disable the corresponding
interrupt request.

Value Description
0 The Transfer Fail bank x interrupt is disabled.
1 The Transfer Fail bank x interrupt is enabled and an interrupt request will be generated when

the Transfer Fail x Interrupt Flag is set.

Bit 0 — TRCPT: Transfer Complete x interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will clear the Transfer Complete x interrupt Enable bit and disable the
corresponding interrupt request.

Value Description

0 The Transfer Complete bank x interrupt is disabled.
1 The Transfer Complete bank x interrupt is enabled and an interrupt request will be generated
when the Transfer Complete x Interrupt Flag is set.
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33.6.2.3

33.6.3

32-bit ARM-Based Microcontrollers

SYSCTRL — System Controller

Enabling, Disabling and Reset

The ADC is enabled by writing a "1' to the Enable bit in the Control A register (CTRLA.ENABLE). The
ADC is disabled by writing CTRLA.ENABLE=0. The ADC is reset by writing a '1' to the Software Reset bit
in the Control A register (CTRLA.SWRST). All registers in the ADC, except DBGCTRL, will be reset to
their initial state, and the ADC will be disabled.

The ADC must be disabled before it is reset.

Operation

In the most basic configuration, the ADC samples values from the configured internal or external sources
(INPUTCTRL register). The rate of the conversion depends on the combination of the GCLK_ADCx
frequency and the clock prescaler.

To convert analog values to digital values, the ADC needs to be initialized first, as described in
Initialization. Data conversion can be started either manually by setting the Start bit in the Software
Trigger register (SWTRIG.START=1), or automatically by configuring an automatic trigger to initiate the
conversions. A free-running mode can be used to continuously convert an input channel. When using
free-running mode the first conversion must be started, while subsequent conversions will start
automatically at the end of previous conversions.

The automatic trigger can be configured to trigger on many different conditions.

The result of the conversion is stored in the Result register (RESULT) overwriting the result from the
previous conversion.

To avoid data loss if more than one channel is enabled, the conversion result must be read as soon as it
is available (INTFLAG.RESRDY). Failing to do so will result in an overrun error condition, indicated by the
OVERRUN bit in the Interrupt Flag Status and Clear register (INTFLAG.OVERRUN). When the RESRDY
interrupt flag is set, the new result has been synchronized to the RESULT register.

To enable one of the available interrupts sources, the corresponding bit in the Interrupt Enable Set
register (INTENSET) must be written to '1".

Prescaler

The ADC is clocked by GCLK_ADC. There is also a prescaler in the ADC to enable conversion at lower
clock rates.

Refer to CTRLB for details on prescaler settings.
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T S

0x5-0xE Reserved

OxF DIV2 1/2x

Bits 23:20 — INPUTOFFSET[3:0]: Positive Mux Setting Offset

The pin scan is enabled when INPUTSCAN != 0. Writing these bits to a value other than zero causes the
first conversion triggered to be converted using a positive input equal to MUXPOS + INPUTOFFSET.
Setting this register to zero causes the first conversion to use a positive input equal to MUXPOS.

After a conversion, the INPUTOFFSET register will be incremented by one, causing the next conversion
to be done with the positive input equal to MUXPOS + INPUTOFFSET. The sum of MUXPOS and
INPUTOFFSET gives the input that is actually converted.

Bits 19:16 — INPUTSCAN][3:0]: Number of Input Channels Included in Scan

This register gives the number of input sources included in the pin scan. The number of input sources
included is INPUTSCAN + 1. The input channels included are in the range from MUXPOS +
INPUTOFFSET to MUXPOS + INPUTOFFSET + INPUTSCAN.

The range of the scan mode must not exceed the number of input channels available on the device.

Bits 12:8 — MUXNEG[4:0]: Negative Mux Input Selection
These bits define the Mux selection for the negative ADC input. selections.

Value Name Description
0x00 PINO ADC AINO pin
0x01 PIN1 ADC AIN1 pin
0x02 PIN2 ADC AIN2 pin
0x03 PIN3 ADC AIN3 pin
0x04 PIN4 ADC AIN4 pin
0x05 PINS ADC AIN5 pin
0x06 PING ADC AING pin
0x07 PIN7 ADC AIN7 pin
0x08-0x1 | Reserved

7

0x18 GND Internal ground
0x19 IOGND I/0 ground

0x1A-0x1 Reserved
F Note: 1. Only available in SAM R21G.

Bits 4:0 — MUXPOS[4:0]: Positive Mux Input Selection

These bits define the Mux selection for the positive ADC input. The following table shows the possible
input selections. If the internal bandgap voltage or temperature sensor input channel is selected, then the
Sampling Time Length bit group in the SamplingControl register must be written.

MUXPOS[4:0] Group configuration

0x00 PINO ADC AINO pin
0x01 PIN1 ADC AIN1 pin
0x02 PIN2 ADC AIN2 pin
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Writing a one to this bit will set the Synchronization Ready Interrupt Enable bit, which enables the
Synchronization Ready interrupt.

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

Bit 2 — WINMON: Window Monitor Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will set the Window Monitor Interrupt bit and enable the Window Monitor interrupt.

Value Description
0 The Window Monitor interrupt is disabled.
1 The Window Monitor interrupt is enabled.

Bit 1 - OVERRUN: Overrun Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will set the Overrun Interrupt bit and enable the Overrun interrupt.

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

Bit 0 — RESRDY: Result Ready Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will set the Result Ready Interrupt bit and enable the Result Ready interrupt.

Value Description
0 The Result Ready interrupt is disabled.
1 The Result Ready interrupt is enabled.
33.8.12 Interrupt Flag Status and Clear
Name: INTFLAG
Offset: 0x18
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
SYNCRDY WINMON OVERRUN RESRDY
Access R/W R/W R/W R/W
Reset 0 0 0 0

Bit 3 — SYNCRDY: Synchronization Ready
This flag is cleared by writing a one to the flag.

This flag is set on a one-to-zero transition of the Synchronization Busy bit in the Status register
(STATUS.SYNCBUSY), except when caused by an enable or software reset, and will generate an
interrupt request if INTENCLR/SET.SYNCRDY is one.

Writing a zero to this bit has no effect.
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*  Enable bit in control register (CTRLA.ENABLE)
*  Enable bit in Comparator Control register (COMPCTRLN.ENABLE)

The following registers are synchronized when written:
*  Window Control register (WINCTRL)

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

Related Links

Register Synchronization
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37.5 Maximum Clock Frequencies
Table 37-5. Maximum GCLK Generator Output Frequencies

e ot e

fGCLKGENO / fGCLK MAIN GCLK Generator Output Frequency Undivided

facLKGENT Divided 48 MHz
focLkGEN2

focLKGENs
fecLkGENa
fecLkGENs
focLkaENe
fecLkGEN?

focLkaENS

Table 37-6. Maximum Peripheral Clock Frequencies

T

fepu CPU clock frequency

faAHB AHB clock frequency 48 MHz
faPBA APBA clock frequency 48 MHz
fapBB APBB clock frequency 48 MHz
fapec APBC clock frequency 48 MHz
fecLK DFLL48M_REF DFLL48M Reference clock frequency 33 KHz
facLk ppPLL FDPLL96M Reference clock frequency 2 MHz
facLk pPLL 32K FDPLL96M 32k Reference clock frequency 32 KHz
facLk woT WDT input clock frequency 48 MHz
facLk RTC RTC input clock frequency 48 MHz
facLk EIC EIC input clock frequency 48 MHz
facLk_uss USB input clock frequency 48 MHz
facLk EVSYS_CHANNEL 0 EVSYS channel 0 input clock frequency 48 MHz
fGCLK_EVSYS CHANNEL_1 EVSYS channel 1 input clock frequency 48 MHz
focLk _EVsYs_CHANNEL 2 EVSYS channel 2 input clock frequency 48 MHz
facLk_EvsYs_CHANNEL 3 EVSYS channel 3 input clock frequency 48 MHz
facLk EVsYs_CHANNEL 4 EVSYS channel 4 input clock frequency 48 MHz
fGCLK_EVSYS _CHANNEL 5 EVSYS channel 5 input clock frequency 48 MHz
facLk _EVsYs_CHANNEL 6 EVSYS channel 6 input clock frequency 48 MHz
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Table 38-24. Package Characteristics
Moisture Sensitivity Level MSL3

Table 38-25. Package Reference
JEDEC Drawing Reference MO-220
JESD97 Classification E3

38.2.9 35 ball WLCSP (Device Variant B)

DRAWINGS NOT SCALED

S [Bo0E @I
[£0.05 @[ C[A[5]

b=0 0.260+/-0.030 (35X)

PIN A1 CORNER

E F

: s 000003

-

z .| 000000 |
’ 2.529+/-0.03 2.000 ti@ QQ ‘Q QQ i,s
: 000000 |

€}

: 1000000
° —@ O\@O@ °

2.821+/-0.03— 0.400
[~ ]o.03 [(4x) 2.000
TOP VIEW BOTTOM VIEW
COMMON DIMENSIONS SIDE VIEW
(Unit of Measure = mm)
]0.075

BALL SIGNAL | X COORD | Y COORD BALL SIGNAL | X COORD | Y COORD C

Al PAQOO 1 -1 D6 GND -0.2 1 0.483 max

A2 PAO1 0.6 -0.6 E1l RESET_N 1 -1 :

A3 GNDANA 0.2 -0.2 E2 PA27 1 -0.6 —=| |=—0.20 +/-0.03

A4 VDDANA -0.2 0.2 E3 PA22 0.6 -0.2 ]

A5 PAO 1 0.4 E4 PA17 0.2 0.2

A6 VDDIO 1 1 ES5 PA16 -0.2 0.4

B1 PA30 0.6 -1 E6 PA14 1 1 :)

B2 PA31 0.2 -0.6 F1 PA25 1 -1

B3 PAQ2 -0.2 -0.2 F2 PA24 0.6 -0.6 3

B4 PAO4 1 0.2 F3 PA23 0.2 -0.2

B5 PAQ7 1 0.4 F4 PA19 -0.2 0.2

B6 O BALL F5 PA18 1 0.4 3

C1 VDDCORE 0.2 -1 F6 PA15 1 1 | - (-

Cc2 VDDIO -0.2 -0.6

C3 PAO3 1 -0.2 :)

C4 PAOS 1 0.2 -

cs PAOS 0.6 0.4 SEATING PLANE

Cé PA10 0.2 1

D1 GND -0.2 -1

D2 PA28 1 -0.6 D

D3 GND 1 -0.2

D4 PA11 0.6 0.2

D5 PA0O9 0.2 0.4 L]

—=||={ | Backside Coating : 0.04mm
Notes : 1. Dimension "b" is measured at the maximum ball diameter in a plane to the seating plane. —=1  |=1-0.203 +/- 0.025
01/07/2016
Atmel TITLE GPC DRAWING NO.| REV.
Package Dra\n_llng Contact: 35 ball - (6X6 Array), 0.4mm pitch GIR vl B
aw mel.com 2.821 x 2.529 x 0.483mm, WLCSP

Table 38-26. Device and Package Maximum Weight
6.2 mg
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capacitor (Cgayppp)- IN @ddition, the source resistance (Rgq;rcp) Must be taken into account when

calculating the required sample and hold time. The next figure shows the ADC input channel equivalent
circuit.

Figure 44-3. ADC Input

| VDDANA/2

|
Analog Input |
AINX | M CsaMPLE
Rsource RsamPLE

|

|

VIN |

|
- |

To achieve n bits of accuracy, the C,yp.p Capacitor must be charged at least to a voltage of

—(n+1
Vesampre = Vi X (1 +-27 ))

The minimum sampling time tg, vipreroLp fOr @ given Regyrcpcan be found using this formula:

{SAMPLEHOLD = (RSAMPLE + RSOURCE) X (Csampre) X (n+ 1) xIn(2)

for a 12 bits accuracy: tsaupLeHOLD = (RSAMPLE + RSOURCE) X (CsampLp) X 9-02

where

1
ESAMPLEHOLD = 7% Fanc

Digital to Analog Converter (DAC) Characteristics
Table 44-19. Operating Conditions(!)(Device Variant A)

Symool paramsr—————Condions ———bin .l uns

Vpopana | Analog supply voltage 1.62 - 3.63 \%

AVRer External reference voltage 1.0 - Vopana-0.6  V
Internal reference voltage 1 - 1 - V
Internal reference voltage 2 - VDDANA - \Y%
Linear output voltage range 0.05 - Vppana-0.05 |V
Minimum resistive load 5 - - kQ
Maximum capacitance load - - 100 pF

Iop DC supply current(@) Voltage pump disabled - 160 242 pA

© 2017 Microchip Technology Inc. Datasheet Complete 40001882A-page 948



