EXFL

Microchip Technology - ATSAMD21E15B-AU Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

Voltage - Supply (Vcc/Vdd)
Data Converters
Oscillator Type
Operating Temperature
Mounting Type

Package / Case

Supplier Device Package

Purchase URL

Email: info@E-XFL.COM

Welcome to E-XFL.COM

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
26

32KB (32K x 8)

FLASH

4K x 8

1.62V ~ 3.6V

A/D 10x12b; D/A 1x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

32-TQFP

32-TQFP (7x7)
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32-bit ARM-Based Microcontrollers

3.2 SAM D21G
Table 3-4. Device Variant A

Ordering Code FLASH (bytes) | SRAM (bytes) Carrier Type

ATSAMD21G15A-AU TQFP48 Tray
ATSAMD21G15A-AUT Tape & Reel
ATSAMD21G15A-AF Tray
ATSAMD21G15A-AFT Tape & Reel
ATSAMD21G15A-MU QFN48 Tray
ATSAMD21G15A-MUT Tape & Reel
ATSAMD21G15A-MF Tray
ATSAMD21G15A-MFT Tape & Reel
ATSAMD21G16A-AU 64K 8K TQFP48 Tray
ATSAMD21G16A-AUT Tape & Reel
ATSAMD21G16A-AF Tray
ATSAMD21G16A-AFT Tape & Reel
ATSAMD21G16A-MU QFN48 Tray
ATSAMD21G16A-MUT Tape & Reel
ATSAMD21G16A-MF Tray
ATSAMD21G16A-MFT Tape & Reel
ATSAMD21G17A-AU 128K 16K TQFP48 Tray
ATSAMD21G17A-AUT Tape & Reel
ATSAMD21G17A-AF Tray
ATSAMD21G17A-AFT Tape & Reel
ATSAMD21G17A-MU QFN48 Tray
ATSAMD21G17A-MUT Tape & Reel
ATSAMD21G17A-MF Tray
ATSAMD21G17A-MFT Tape & Reel
ATSAMD21G17A-UUT WLCSP45 Tape & Reel
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Bit 5 - USB
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 4 —- DMAC:
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 3 - PORT
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 - NVMCTRL
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 — DSU
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.

Write Protect Set

Name: WPSET

Offset: 0x04
Reset:  0x000002
Property: —

© 2017 Microchip Technology Inc. Datasheet Complete 40001882A-page 60



32-bit ARM-Based Microcontrollers

Bit 20 - I12S
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 19 - PTC
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 18 — DAC:
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 17 — AC
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 16 — ADC
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.

Bits 11,12, 13, 14, 15 - TC3, TC4, TC5, TC6, TC7
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.

Bits 8,9, 10 - TCCn
Writing a zero to these bits has no effect.
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14.3.1.4

14.3.1.5

14.3.1.6

32-bit ARM-Based Microcontrollers

stall. APB registers can also be read while the synchronization is ongoing without causing the peripheral
bus to stall.

Read-Synchronization

Reading a read-synchronized peripheral core register will cause the peripheral bus to stall immediately
until the read-synchronization is complete. STATUS.SYNCBUSY will not be set. Refer to Synchronization
Delay for details on the synchronization delay. Note that reading a read-synchronized peripheral core
register while STATUS.SYNCBUSY is one will cause the peripheral bus to stall twice; first because of the
ongoing synchronization, and then again because reading a read-synchronized core register will cause
the peripheral bus to stall immediately.

Completion of synchronization

The user can either poll STATUS.SYNCBUSY or use the Synchronisation Ready interrupt (if available) to
check when the synchronization is complete. It is also possible to perform the next read/write operation
and wait, as this next operation will be started once the previous write/read operation is synchronized
and/or complete.

Read Request
The read request functionality is only available to peripherals that have the Read Request register
(READREQ) implemented. Refer to the register description of individual peripheral chapters for details.

To avoid forcing the peripheral bus to stall when reading read-synchronized peripheral core registers, the
read request mechanism can be used.

Basic Read Request

Writing a '1' to the Read Request bit in the Read Request register (READREQ.RREQ) will request read-
synchronization of the register specified in the Address bits in READREQ (READREQ.ADDR) and set
STATUS.SYNCBUSY. When read-synchronization is complete, STATUS.SYNCBUSY is cleared. The
read-synchronized value is then available for reading without delay until READREQ.RREQ is written to "1’
again.

The address to use is the offset to the peripheral's base address of the register that should be
synchronized.

Continuous Read Request

Writing a '1' to the Read Continuously bit in READREQ (READREQ.RCONT) will force continuous read-
synchronization of the register specified in READREQ.ADDR. The latest value is always available for
reading without stalling the bus, as the synchronization mechanism is continuously synchronizing the
given value.

SYNCBUSY is set for the first synchronization, but not for the subsequent synchronizations. If another
synchronization is attempted, i.e. by executing a write-operation of a write-synchronized register, the read
request will be stopped, and will have to be manually restarted.

Note:
The continuous read-synchronization is paused in sleep modes where the generic clock is not running.
This means that a new read request is required if the value is needed immediately after exiting sleep.

Enable Write-Synchronization

Writing to the Enable bit in the Control register (CTRL.ENABLE) will also trigger write-synchronization and
set STATUS.SYNCBUSY. CTRL.ENABLE will read its new value immediately after being written. The
Synchronisation Ready interrupt (if available) cannot be used for Enable write-synchronization.

When the enable write-synchronization is ongoing (STATUS.SYNCBUSY is one), attempt to do any of the
following will cause the peripheral bus to stall until the enable synchronization is complete:
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Optional write-protection by the Peripheral Access Controller (PAC) is denoted by the "PAC Write-
Protection" property in each individual register description.

16.8.1 Control

Name: CTRL
Offset: 0x00
Reset: 0x00

Property: Write-Protected

Bit 7 6 5 4 3 2 1 0

Access
Reset

16.8.2 Sleep Mode

Name: SLEEP

Offset: 0x01

Reset: 0x00

Property: Write-Protected

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

Bits 1:0 — IDLE[1:0]: Idle Mode Configuration
These bits select the Idle mode configuration after a WFI instruction.

0x0 CPU The CPU clock domain is stopped

0x1 AHB The CPU and AHB clock domains are stopped

0x2 APB The CPU, AHB and APB clock domains are stopped
0x3 Reserved

16.8.3 CPU Clock Select

Name: CPUSEL
Offset: 0x08

Reset: 0x00

Property: Write-Protected
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3. Start DFLL close loop
This procedure will reduce DFLL Lock time to DFLL Fine lock time.

Related Links
GCLK - Generic Clock Controller
NVM Software Calibration Area Mapping

Frequency Locking

The locking of the frequency in closed-loop mode is divided into two stages. In the first, coarse stage, the
control logic quickly finds the correct value for DFLLVAL.COARSE and sets the output frequency to a
value close to the correct frequency. On coarse lock, the DFLL Locked on Coarse Value bit
(PCLKSR.DFLLLOCKC) in the Power and Clocks Status register will be set.

In the second, fine stage, the control logic tunes the value in DFLLVAL.FINE so that the output frequency
is very close to the desired frequency. On fine lock, the DFLL Locked on Fine Value bit
(PCLKSR.DFLLLOCKEF) in the Power and Clocks Status register will be set.

Interrupts are generated by both PCLKSR.DFLLLOCKC and PCLKSR.DFLLLOCKF if
INTENSET.DFLLOCKC or INTENSET.DFLLOCKEF are written to one.

CLK_DFLL48M is ready to be used when the DFLL Ready bit (PCLKSR.DFLLRDY) in the Power and
Clocks Status register is set, but the accuracy of the output frequency depends on which locks are set.
For lock times, refer to the Electrical Characteristics.

Related Links
Electrical Characteristics

Frequency Error Measurement

The ratio between CLK_DFLL48M_REF and CLK48M_DFLL is measured automatically when the
DFLL48M is in closed-loop mode. The difference between this ratio and the value in DFLLMUL.MUL is
stored in the DFLL Multiplication Ratio Difference bit group(DFLLVAL.DIFF) in the DFLL Value register.
The relative error on CLK_DFLL48M compared to the target frequency is calculated as follows:

DIFF

Drift Compensation

If the Stable DFLL Frequency bit (DFLLCTRL.STABLE) in the DFLL Control register is zero, the
frequency tuner will automatically compensate for drift in the CLK_DFLL48M without losing either of the
locks. This means that DFLLVAL.FINE can change after every measurement of CLK_DFLL48M.

The DFLLVAL.FINE value overflows or underflows can occur in close loop mode when the clock source
reference drifts or is unstable. This will set the DFLL Out Of Bounds bit (PCLKSR.DFLLOOB) in the
Power and Clocks Status register.

To avoid this error, the reference clock in close loop mode must be stable, an external oscillator is
recommended and internal oscillator forbidden. The better choice is to use an XOSC32K.

Reference Clock Stop Detection

If CLK_DFLL48M_REF stops or is running at a very low frequency (slower than CLK_DFLL48M/(2 *
MULmax)), the DFLL Reference Clock Stopped bit (PCLKSR.DFLLRCS) in the Power and Clocks Status
register will be set. Detecting a stopped reference clock can take a long time, on the order of 217
CLK_DFLL48M cycles. When the reference clock is stopped, the DFLL48M will operate as if in open-loop
mode. Closed-loop mode operation will automatically resume if the CLK_DFLL48M_REF is restarted. An
interrupt is generated on a zero-to-one transition on PCLKSR.DFLLRCS if the DFLL Reference Clock
Stopped bit (INTENSET.DFLLRCS) in the Interrupt Enable Set register is set.
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Value Description
0 The XOSC32K Ready interrupt is disabled.
1 The XOSC32K Ready interrupt is enabled, and an interrupt request will be generated when

the XOSC32K Ready Interrupt flag is set.

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

Writing a one to this bit will set the XOSC Ready Interrupt Enable bit, which enables the XOSC Ready

interrupt.

Value Description

0 The XOSC Ready interrupt is disabled.

1 The XOSC Ready interrupt is enabled, and an interrupt request will be generated when the

XOSC Ready Interrupt flag is set.

17.8.3 Interrupt Flag Status and Clear

Note: Depending on the fuse settings, various bits of the INTFLAG register can be set to one at startup.
Therefore the user should clear those bits before using the corresponding interrupts.

Name: INTFLAG

Offset: 0x08
Reset:  0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DPLLLTO DPLLLCKF
Access R R R R R R R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1" 10 9 8
DPLLLCKR B33SRDY BOD33DET BOD33RDY DFLLRCS
Access R/W R R R 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
DFLLLCKC DFLLLCKF DFLLOOB DFLLRDY OSC8MRDY | OSC32KRDY |XOSC32KRDY| XOSCRDY
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 17 — DPLLLTO: DPLL Lock Timeout
This flag is cleared by writing a one to it.

This flag is set on a zero-to-one transition of the DPLL Lock Timeout bit in the Status register
(PCLKSR.DPLLLTO) and will generate an interrupt request if INTENSET.DPLLLTO is one.

Writing a zero to this bit has no effect.
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Figure 18-2. Normal-Mode Operation
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18.6.2.5 Window Mode

18.6.3
18.6.3.1

In Window mode operation, the WDT uses two different time specifications: the WDT can only be cleared
by writing 0xA5 to the CLEAR register after the closed window time-out period (TOwpTw), during the
subsequent Normal time-out period (TOwpTw)- If the WDT is cleared before the time window opens
(before TOwpTw is over), the WDT will issue a system reset. Both parameters TOptw and TOypT are
periods in a range from 8ms to 16s, so the total duration of the WDT time-out period is the sum of the two
parameters. The closed window period is defined by the Window Period bits in the Configuration register
(CONFIG.WINDOW), and the open window period is defined by the Period bits in the Configuration
register (CONFIG.PER).

By default, the Early Warning interrupt is disabled. If it is desired, the Early Warning Interrupt Enable bit in
the Interrupt Enable register INTENSET.EW) must be written to '1". The Early Warning Interrupt is
disabled again by writing a '1' to the Early Warning Interrupt bit in the Interrupt Enable Clear
(INTENCLR.EW) register. If the Early Warning interrupt is enabled in Window mode, the interrupt is
generated at the start of the open window period, i.e. after TO\yptw. The Window mode operation is
illustrated in figure Window-Mode Operation.

Figure 18-3. Window-Mode Operation
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Additional Features

Always-On Mode

The Always-On mode is enabled by setting the Always-On bit in the Control register
(CTRLA.ALWAYSON=1). When the Always-On mode is enabled, the WDT runs continuously, regardless
of the state of CTRL.ENABLE. Once written, the Always-On bit can only be cleared by a power-on reset.
The Configuration (CONFIG) and Early Warning Control (EWCTRL) registers are read-only registers
while the CTRL.ALWAYSON bit is set. Thus, the time period configuration bits (CONFIG.PER,
CONFIG.WINDOW, EWCTRL.EWOFFSET) of the WDT cannot be changed.

Enabling or disabling Window mode operation by writing the Window Enable bit (CTRLA.WEN) is allowed
while in Always-On mode, but note that CONFIG.PER cannot be changed.

Datasheet Complete
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19.3 Block Diagram

Figure 19-1. RTC Block Diagram (Mode 0 — 32-Bit Counter)
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Figure 19-2. RTC Block Diagram (Mode 1 — 16-Bit Counter)
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Figure 19-3. RTC Block Diagram (Mode 2 — Clock/Calendar)
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19.4  Signal Description
Not applicable.

19.5 Product Dependencies
In order to use this peripheral, other parts of the system must be configured correctly, as described below.

19.5.1 /O Lines
Not applicable.
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SERCOM - Serial Communication Interface

Overview
There are up to six instances of the serial communication interface (SERCOM) peripheral.

A SERCOM can be configured to support a number of modes: 12C, SPI, and USART. When SERCOM is
configured and enabled, all SERCOM resources will be dedicated to the selected mode.

The SERCOM serial engine consists of a transmitter and receiver, baud-rate generator and address
matching functionality. It can use the internal generic clock or an external clock to operate in all sleep
modes.

Related Links

SERCOM USART — SERCOM Universal Synchronous and Asynchronous Receiver and Transmitter
SERCOM SPI — SERCOM Serial Peripheral Interface

SERCOM 12C — SERCOM Inter-Integrated Circuit

Features
» Interface for configuring into one of the following:

— 12C - Two-wire serial interface
SMBus™ compatible

—  SPI — Serial peripheral interface
— USART - Universal synchronous and asynchronous serial receiver and transmitter
»  Single transmit buffer and double receive buffer
*  Baud-rate generator
*  Address match/mask logic
*  Operational in all sleep modes
*  Can be used with DMA

See the Related Links for full feature lists of the interface configurations.

Related Links

SERCOM USART — SERCOM Universal Synchronous and Asynchronous Receiver and Transmitter
SERCOM SPI — SERCOM Serial Peripheral Interface

SERCOM 12C — SERCOM Inter-Integrated Circuit
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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 2 - DRDY: Data Ready Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will set the Data Ready bit, which enables the Data Ready interrupt.

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

Bit 1 — AMATCH: Address Match Interrupt Enable
Writing '0' to this bit has no effect.

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

Value Description
0 The Address Match interrupt is disabled.
1 The Address Match interrupt is enabled.

Bit 0 — PREC: Stop Received Interrupt Enable
Writing '0' to this bit has no effect.

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

Value Description
0 The Stop Received interrupt is disabled.
1 The Stop Received interrupt is enabled.
28.8.5 Interrupt Flag Status and Clear
Name: INTFLAG
Offset: 0x18
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
ERROR DRDY AMATCH PREC
Access R/W R/W R/W R/W
Reset 0 0 0 0
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0 The Clock Unit x is disabled.
1 The Clock Unit x is enabled.

Bit 1 - ENABLE: Enable
Writing a '0' to this bit will disable the module.

Writing a '1' to this bit will enable the module.

Value Description

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

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

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

Writing a '1' to CTRL.SWRST will always take precedence, meaning that all other writes in the same
write-operation will be discarded.

Value Description

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

29.9.2 Clock Unit n Control

Name: CLKCTRLn

Offset: 0x04 + n*0x04 [n=0..1]

Reset: 0x00000000

Property: Enable-Protected, PAC Write-Protection

Bit 31 30 29 28 27 26 25 24
MCKOUTINV | SCKOUTINV | FSOUTINV MCKOUTDIV[4:0]

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 23 22 21 20 19 18 17 16

MCKDIV[4:0] MCKEN MCKSEL

Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8

SCKSEL FSINV FSSEL

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

BITDELAY FSWIDTHI[1:0] NBSLOTS[2:0] SLOTSIZE[1:0]

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
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Bit 1 — ERR: Error Interrupt Flag
This flag is set when a new capture occurs on a channel while the corresponding Match or Capture
Channel x interrupt flag is set, 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 0 — OVF: Overflow Interrupt Flag

This flag is set on the next CLK_TC_CNT cycle after an overflow condition occurs, and will generate an
interrupt request if INTENCLR.OVF or INTENSET.OVF is '1".

Writing a '0' to this bit has no effect.
Writing a '1' to this bit clears the Overflow interrupt flag.

Status

Name: STATUS

Offset: OxOF
Reset: 0x08
Property: -
Bit 7 6 5 4 3 2 1 0
SYNCBUSY SLAVE STOP
Access R R R
Reset 0 0 1

Bit 7 — SYNCBUSY: Synchronization Busy
This bit is cleared when the synchronization of registers between the clock domains is complete.

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

Bit 4 — SLAVE: Slave Status Flag
This bit is only available in 32-bit mode on the slave TC (i.e., TC1 and/or TC3). The bit is set when the
associated master TC (TCO and TC2, respectively) is set to run in 32-bit mode.

Bit 3 — STOP: Stop Status Flag
This bit is set when the TC is disabled, on a Stop command, or on an overflow/underflow condition when
the One-Shot bit in the Control B Set register (CTRLBSET.ONESHOT) is '1".

Value Description

0 Counter is running.
1 Counter is stopped.

30.8.12 Counter Value

30.8.12.1 Counter Value, 8-bit Mode

Name: COUNT
Offset: 0x10
Reset: 0x00
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m Update Output Waveform OVFIF/Event

—---m 9l i m-m

NPWM Single- TOP/ See section 'Output ZERO
slope PWM ZERO Polarity' below

DSCRITICAL Dual-slope PER ZERO - ZERO
PWM

DSBOTTOM | Dual-slope PER ZERO - ZERO
PWM

DSBOTH Dual-slope PER TOP(M & TOP ZERO
PWM ZERO

DSTOP Dual-slope | PER ZERO TOP -
PWM

1. The UPDATE condition on TOP only will occur when circular buffer is enabled for the channel.

Related Links
Circular Buffer
PORT: IO Pin Controller

Normal Frequency (NFRQ)

For Normal Frequency generation, the period time (T) is controlled by the period register (PER). The
waveform generation output (WOIx]) is toggled on each compare match between COUNT and CCx, and
the corresponding Match or Capture Channel x Interrupt Flag (EVCTRL.MCEOX) will be set.

Figure 31-4. Normal Frequency Operation

Period (T) [ Direction Change | [ COUNT Wwritten

MAX - ——- "reload" update

"clear" update
"match”

COUNT

WOIx] 1 [ r I

Match Frequency (MFRQ)
For Match Frequency generation, the period time (T) is controlled by CCO register instead of PER. WO[0]
toggles on each update condition.
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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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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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«  Control B register (CTRLB)
* Interrupt Flag register (INTFLAG)

Optional write-protection by the Peripheral Access Controller (PAC) is denoted by the "PAC Write-
Protection" property in each individual register description.

PAC write-protection does not apply to accesses through an external debugger.

Related Links
PAC - Peripheral Access Controller

Analog Connections

Each comparator has up to four I/O pins that can be used as analog inputs. Each pair of comparators
shares the same four pins. These pins must be configured for analog operation before using them as
comparator inputs.

Any internal reference source, such as a bandgap voltage reference, or DAC must be configured and
enabled prior to its use as a comparator input.

Functional Description

Principle of Operation

Each comparator has one positive input and one negative input. Each positive input may be chosen from
a selection of analog input pins. Each negative input may be chosen from a selection of both analog input
pins and internal inputs, such as a bandgap voltage reference.

The digital output from the comparator is '1' when the difference between the positive and the negative
input voltage is positive, and '0' otherwise.

The individual comparators can be used independently (normal mode) or paired to form a window
comparison (window mode).

Basic Operation

Initialization
Before enabling the AC, the input and output events must be configured in the Event Control register
(EVCTRL). These settings cannot be changed while the AC is enabled.

Enabling, Disabling and Resetting
The AC is enabled by writing a '1' to the Enable bit in the Control A register (CTRLA.ENABLE). The AC is
disabled writing a '0' to CTRLA.ENABLE.

The AC is reset by writing a '1' to the Software Reset bit in the Control A register (CTRLA.SWRST). All
registers in the AC will be reset to their initial state, and the AC will be disabled. Refer to CTRLA for
details.

The individual comparators must be also enabled by writing a '1' to the Enable bit in the Comparator x
Control registers (COMPCTRLx.ENABLE). However, when the AC is disabled, this will also disable the
individual comparators, but will not clear their COMPCTRLX.ENABLE bits.

Related Links
CTRLA

© 2017 Microchip Technology Inc. Datasheet Complete 40001882A-page 747



36.4

36.5

36.5.1

36.5.1.1

32-bit ARM-Based Microcontrollers

Signal Description
Table 36-1. Signal Description for PTC

ame e omserion

Y[m:0] Analog Y-line (Input/Output)
X[n:0] Digital X-line (Output)

Note: The number of X and Y lines are device dependent. Refer to Configuration Summary for details.

Refer to I/O Multiplexing and Considerations for details on the pin mapping for this peripheral. One signal
can be mapped on several pins.

Related Links

I/O Multiplexing and Considerations

Configuration Summary

Product Dependencies

In order to use this Peripheral, configure the other components of the system as described in the
following sections.

/0 Lines

The I/O lines used for analog X-lines and Y-lines must be connected to external capacitive touch sensor
electrodes. External components are not required for normal operation. However, to improve the EMC
performance, a series resistor of 1kQ or more can be used on X-lines and Y-lines.

Mutual-capacitance Sensor Arrangement

A mutual-capacitance sensor is formed between two 1/O lines - an X electrode for transmitting and Y
electrode for receiving. The mutual capacitance between the X and Y electrode is measured by the
Peripheral Touch Controller.

Figure 36-3. Mutual Capacitance Sensor Arrangement

MCU

Sensor Capacitance C,

CxO,yO CxO,y1 CxO,ym

an,yO an,y1 an,ym

X% %
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Description VDD—1 .8V VDD=3.3V

WMWW

dm_mcki I2S MCK duty cycle Master mode, pin is
input (1b)
tm_ScKor I2S SCK rise time(® Master mode / 9 46 ns
Capacitive load CL = 15
pF
tv_sckoF I2S SCK fall time®®  Master mode / 9.7 45 ns
Capacitive load CL = 15
pF
dm_scko I2S SCK duty cycle | Master mode 45.6 50 45.6 50 %
fm_scko,1/ 128 SCK frequency Master mode,Supposing 8 9.5 MHz
tm_scko external device

response delay is 30ns

fs_scki, 1/ I2S SCK frequency | Slave mode,Supposing 14.4 14.8 MHz
ts_scki external device
response delay is 30ns

ds_scko I2S SCK duty cycle @ Slave mode 50 50 %

tm_Fsov FS valid time Master mode 4.1 4 ns

tm_FsoH FS hold time Master mode -0.9 -0.9 ns

ts Fsis FS setup time Slave mode 2.3 1.5 ns

ts FsiH FS hold time Slave mode 0 0 ns

tvm_spis Data input setup Master mode 34.7 24.5 ns
time

tm_spiH Data input hold time Master mode -8.2 -8.2 ns

ts spis Data input setup Slave mode 4.6 3.9 ns
time

ts spiH Data input hold time Slave mode 1.2 1.2 ns

tm_spov Data output valid Master transmitter 5.6 4.8 ns
time

tm_spoH Data output hold Master transmitter -0.5 -0.5 ns
time

ts_spbov Data output valid Slave transmitter 36.2 259 | ns
time

ts_spoH Data output hold Slave transmitter 36 25.7 ns
time

tromoLs Data input setup Master mode PDM2 Left | 34.7 24.5 ns
time

teoM2LH Data input hold time Master mode PDM2 Left -8.2 -8.2 ns
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3 — In RAMP 2 mode with Fault keep, qualified and restart:

If a fault occurred at the end of the period during the qualified state, the
switch to the next ramp can have two restarts.

Errata reference: 13262

Fix/Workaround:

Avoid faults few cycles before the end or the beginning of a ramp.

4 — With blanking enabled, a recoverable fault that occurs during the
first increment of a rising TCC is not blanked.

Errata reference: 12519

Fix/Workaround:

None

5 — In Dual slope mode a Retrigger Event does not clear the TCC
counter.

Errata reference: 12354

Fix/Workaround:

None

6 — In two ramp mode, two events will be generated per cycle, one on
each ramp’s end. EVCTRL.CNTSEL.END cannot be used to identify the
end of a double ramp cycle.

Errata reference: 12224

Fix/Workaround:

None

7 — If an input event triggered STOP action is performed at the same
time as the counter overflows, the first pulse width of the subsequent
counter start can be altered with one prescaled clock cycle.

Errata reference: 12107

Fix/Workaround:

None

8 — When the RUNSTDBY bit is written after the TCC is enabled, the
respective TCC APB bus is stalled and the RUNDSTBY bit in the TCC
CTRLA register is not enabled-protected.

Errata reference: 12477

Fix/Workaround:

None.

9 — TCC fault filtering on inverted fault is not working.
Errata reference: 12512

Fix/Workaround:

Use only non-inverted faults.

10 — When waking up from the STANDBY power save mode, the
SYNCBUSY.CTRLB, SYNCBUSY.STATUS, SYNCBUSY.COUNT,
SYNCBUSY.PATT, SYNCBUSY.WAVE, SYNCBUSY.PER and
SYNCBUSY.CCx bits may be locked to 1.

Errata reference: 12227

Fix/Workaround:

After waking up from STANDBY power save mode, perform a software reset
of the TCC if you are using the SYNCBUSY.CTRLB, SYNCBUSY.STATUS,
SYNCBUSY.COUNT, SYNCBUSY.PATT, SYNCBUSY.WAVE,
SYNCBUSY.PER or SYNCBUSY.CCx bits
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