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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

12C, LINbus, SPI, UART/USART, USB
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
38

256KB (256K x 8)

FLASH

32K x 8

1.62V ~ 3.6V

A/D 14x12b; D/A 1x10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

48-VFQFN Exposed Pad

48-QFN (7x7)
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11.3.2

32-bit ARM-Based Microcontrollers

Peripheral Source NVIC Line

TC6 — Timer Counter 6 21
TC7 — Timer Counter 7 22
ADC - Analog-to-Digital Converter 23
AC — Analog Comparator 24
DAC - Digital-to-Analog Converter 25
PTC — Peripheral Touch Controller 26
I2S - Inter IC Sound 27

Micro Trace Buffer

Features
*  Program flow tracing for the Cortex-MO+ processor
« MTB SRAM can be used for both trace and general purpose storage by the processor
»  The position and size of the trace buffer in SRAM is configurable by software
*  CoreSight compliant

Overview

When enabled, the MTB records changes in program flow, reported by the Cortex-M0+ processor over
the execution trace interface shared between the Cortex-MO0+ processor and the CoreSight MTB-MO+.
This information is stored as trace packets in the SRAM by the MTB. An off-chip debugger can extract the
trace information using the Debug Access Port to read the trace information from the SRAM. The
debugger can then reconstruct the program flow from this information.

The MTB simultaneously stores trace information into the SRAM, and gives the processor access to the
SRAM. The MTB ensures that trace write accesses have priority over processor accesses.

The execution trace packet consists of a pair of 32-bit words that the MTB generates when it detects the
processor PC value changes non-sequentially. A non-sequential PC change can occur during branch
instructions or during exception entry. See the CoreSight MTB-MO0+ Technical Reference Manual for more
details on the MTB execution trace packet format.

Tracing is enabled when the MASTER.EN bit in the Master Trace Control Register is 1. There are various
ways to set the bit to 1 to start tracing, or to 0 to stop tracing. See the CoreSight Cortex-M0+ Technical
Reference Manual for more details on the Trace start and stop and for a detailed description of the MTB’s
MASTER register. The MTB can be programmed to stop tracing automatically when the memory fills to a
specified watermark level or to start or stop tracing by writing directly to the MASTER.EN bit. If the
watermark mechanism is not being used and the trace buffer overflows, then the buffer wraps around
overwriting previous trace packets.

The base address of the MTB registers is 0x41006000; this address is also written in the CoreSight ROM
Table. The offset of each register from the base address is fixed and as defined by the CoreSight MTB-
MO+ Technical Reference Manual. The MTB has 4 programmable registers to control the behavior of the
trace features:

* POSITION: Contains the trace write pointer and the wrap bit,
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characteristics). The system continues to be held in this static state until the internally regulated
supplies have reached a safe operating state.

2. The PM starts, clocks are switched to the slow clock (Core Clock, System Clock, Flash Clock and
any Bus Clocks that do not have clock gate control). Internal resets are maintained due to the
external reset.

3. The debugger maintains a low level on SWCLK. RESET is released, resulting in a debugger Cold-
Plugging procedure.

4. The debugger generates a clock signal on the SWCLK pin, the Debug Access Port (DAP) receives
a clock.

5. The CPU remains in Reset due to the Cold-Plugging procedure; meanwhile, the rest of the system
is released.

6. A Chip-Erase is issued to ensure that the Flash is fully erased prior to programming.

7. Programming is available through the AHB-AP.

8. After the operation is completed, the chip can be restarted either by asserting RESET, toggling
power, or writing a '1' to the Status A register CPU Reset Phase Extension bit
(STATUSA.CRSTEXT). Make sure that the SWCLK pin is high when releasing RESET to prevent
extending the CPU reset.

Related Links

Electrical Characteristics

NVMCTRL — Non-Volatile Memory Controller
Security Bit

Intellectual Property Protection

Intellectual property protection consists of restricting access to internal memories from external tools
when the device is protected, and this is accomplished by setting the NVMCTRL security bit. This
protected state can be removed by issuing a Chip-Erase (refer to Chip Erase). When the device is
protected, read/write accesses using the AHB-AP are limited to the DSU address range and DSU
commands are restricted. When issuing a Chip-Erase, sensitive information is erased from volatile
memory and Flash.

The DSU implements a security filter that monitors the AHB transactions generated by the ARM AHB-AP
inside the DAP. If the device is protected, then AHB-AP read/write accesses outside the DSU external
address range are discarded, causing an error response that sets the ARM AHB-AP sticky error bits
(refer to the ARM Debug Interface v5 Architecture Specification on http://www.arm.com).

The DSU is intended to be accessed either:
* Internally from the CPU, without any limitation, even when the device is protected
« Externally from a debug adapter, with some restrictions when the device is protected

For security reasons, DSU features have limitations when used from a debug adapter. To differentiate
external accesses from internal ones, the first 0x100 bytes of the DSU register map have been mirrored
at offset 0x100:

*  The first 0x100 bytes form the internal address range
*  The next 0x100 bytes form the external address range

When the device is protected, the DAP can only issue MEM-AP accesses in the DSU address range
limited to the 0x100- 0x2000 offset range.

© 2017 Microchip Technology Inc. Datasheet Complete 40001882A-page 74


http://www.arm.com

14.2

14.3

14.3.1
14.3.11

32-bit ARM-Based Microcontrollers

Figure 14-2. Example of SERCOM clock
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Synchronous and Asynchronous Clocks

As the CPU and the peripherals can be in different clock domains, i.e. they are clocked from different
clock sources and/or with different clock speeds, some peripheral accesses by the CPU need to be
synchronized. In this case the peripheral includes a SYNCBUSY status register that can be used to check
if a sync operation is in progress.

For a general description, see Register Synchronization. Some peripherals have specific properties
described in their individual sub-chapter “Synchronization”.

In the datasheet, references to Synchronous Clocks are referring to the CPU and bus clocks, while
asynchronous clocks are generated by the Generic Clock Controller (GCLK).

Register Synchronization

There are two different register synchronization schemes implemented on this device: common
synchronizer register synchronization and distributed synchronizer register synchronization.

The modules using a common synchronizer register synchronization are: GCLK, WDT, RTC, EIC, TC,
ADC, AC and DAC.

The modules adopting a distributed synchronizer register synchronization are: SERCOM USART,
SERCOM SPI, SERCOM I2C, 12S, TCC, USB.

Common Synchronizer Register Synchronization

Overview

All peripherals are composed of one digital bus interface connected to the APB or AHB bus and running
from a corresponding clock in the Main Clock domain, and one peripheral core running from the
peripheral Generic Clock (GCLK).

Communication between these clock domains must be synchronized. This mechanism is implemented in
hardware, so the synchronization process takes place even if the peripheral generic clock is running from
the same clock source and on the same frequency as the bus interface.

All registers in the bus interface are accessible without synchronization. All registers in the peripheral
core are synchronized when written. Some registers in the peripheral core are synchronized when read.
Each individual register description will have the properties "Read-Synchronized" and/or "Write-
Synchronized" if a register is synchronized.

As shown in the figure below, the common synchronizer is used for all registers in one peripheral.
Therefore, status register (STATUS) of each peripheral can be synchronized at a time.
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17.6.7.1 Basic Operation

Open-Loop Operation

After any reset, the open-loop mode is selected. When operating in open-loop mode, the output
frequency of the DFLL48M will be determined by the values written to the DFLL Coarse Value bit group
and the DFLL Fine Value bit group (DFLLVAL.COARSE and DFLLVAL.FINE) in the DFLL Value register.
Using "DFLL48M COARSE CAL" value from NVM Software Calibration Area Mapping in DFLL.COARSE
helps to output a frequency close to 48 MHz.

It is possible to change the values of DFLLVAL.COARSE and DFLLVAL.FINE and thereby the output
frequency of the DFLL48M output clock, CLK_DFLL48M, while the DFLL48M is enabled and in use.
CLK_DFLL48M is ready to be used when PCLKSR.DFLLRDY is set after enabling the DFLL48M.

Related Links
NVM Software Calibration Area Mapping

Closed-Loop Operation

In closed-loop operation, the output frequency is continuously regulated against a reference clock. Once
the multiplication factor is set, the oscillator fine tuning is automatically adjusted. The DFLL48M must be
correctly configured before closed-loop operation can be enabled. After enabling the DFLL48M, it must
be configured in the following way:

1. Enable and select a reference clock (CLK_DFLL48M_REF). CLK_DFLL48M_REF is Generic Clock
Channel 0 (GCLK_DFLL48M_REF). Refer to GCLK — Generic Clock Controller for details.

2. Select the maximum step size allowed in finding the Coarse and Fine values by writing the
appropriate values to the DFLL Coarse Maximum Step and DFLL Fine Maximum Step bit groups
(DFLLMUL.CSTEP and DFLLMUL.FSTEP) in the DFLL Multiplier register. A small step size will
ensure low overshoot on the output frequency, but will typically result in longer lock times. A high
value might give a large overshoot, but will typically provide faster locking. DFLLMUL.CSTEP and
DFLLMUL.FSTEP should not be higher than 50% of the maximum value of DFLLVAL.COARSE and
DFLLVAL.FINE, respectively.

3. Select the multiplication factor in the DFLL Multiply Factor bit group (DFLLMUL.MUL) in the DFLL
Multiplier register. Care must be taken when choosing DFLLMUL.MUL so that the output frequency
does not exceed the maximum frequency of the DFLL. If the target frequency is below the minimum
frequency of the DFLL48M, the output frequency will be equal to the DFLL minimum frequency.

4. Start the closed loop mode by writing a one to the DFLL Mode Selection bit (DFLLCTRL.MODE) in
the DFLL Control register.

The frequency of CLK_DFLL48M (Fkgmiasm) IS given by:

Fxamagm = DFLLMUL - MUL X F . 1a8mref

where Fqkqfiasmret iS the frequency of the reference clock (CLK_DFLL48M_REF). DFLLVAL.COARSE and
DFLLVAL.FINE are read-only in closed-loop mode, and are controlled by the frequency tuner to meet
user specified frequency. In closed-loop mode, the value in DFLLVAL.COARSE is used by the frequency

tuner as a starting point for Coarse. Writing DFLLVAL.COARSE to a value close to the final value before
entering closed-loop mode will reduce the time needed to get a lock on Coarse.

Using "DFLL48M COARSE CAL" from NVM Software Calibration Area Mapping for DFLL.COARSE will
start DFLL with a frequency close to 48 MHz.

Following Software sequence should be followed while using the same.

1. load "DFLL48M COARSE CAL" from NVM User Row Mapping in DFLL.COARSE register
2. Set DFLLCTRL.BPLCKC bit
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Offset: 0x04
Reset:  0x00000000
Property: Write-Protected

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
EXTINTEO17 | EXTINTEO16
Access R/W R/W
Reset 0 0
Bit 15 14 13 12 1 10 9 8
EXTINTEO15 | EXTINTEO14 | EXTINTEO13 | EXTINTEO12 | EXTINTEO11 | EXTINTEO10 | EXTINTEO9 EXTINTEOS8
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
EXTINTEO7 EXTINTEO6 EXTINTEO5 EXTINTEO4 EXTINTEO3 EXTINTEO2 EXTINTEO1 EXTINTEOO
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 17,16,15,14,13,12,11,10,9,8,7,6,5,4,3,2,1,0 — EXTINTEOXx : External Interrupt x Event Output
Enable [x=17..0]

These bits indicate whether the event associated with the EXTINTX pin is enabled or not to generated for
every detection.

Value Description

0 Event from pin EXTINTX is disabled.
1 Event from pin EXTINTX is enabled.

21.8.6 Interrupt Enable Clear

Name: INTENCLR
Offset: 0x08

Reset: 0x00000000
Property: Write-Protected

Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
EXTINT17 EXTINT16
Access R/W R/W
Reset 0 0
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N AN I N N N N A

0x5C PINCFG28 DRVSTR PULLEN INEN PMUXEN
0x5D PINCFG29 7.0 DRVSTR PULLEN INEN PMUXEN
Ox5E PINCFG30 7.0 DRVSTR PULLEN INEN PMUXEN
OX5F PINCFG31 7.0 DRVSTR PULLEN INEN PMUXEN
23.8 Register Description
Registers can be 8, 16, or 32 bits wide. Atomic 8-, 16- and 32-bit accesses are supported. In addition, the
8-bit quarters and 16-bit halves of a 32-bit register, and the 8-bit halves of a 16-bit register can be
accessed directly.
Some registers are optionally write-protected by the Peripheral Access Controller (PAC). Optional PAC
write-protection is denoted by the "PAC Write-Protection" property in each individual register description.
For details, refer to Register Access Protection.
23.8.1 Data Direction
This register allows the user to configure one or more I/O pins as an input or output. This register can be
manipulated without doing a read-modify-write operation by using the Data Direction Toggle (DIRTGL),
Data Direction Clear (DIRCLR) and Data Direction Set (DIRSET) registers.
Name: DIR
Offset: 0x00
Reset:  0x00000000
Property: PAC Write-Protection
Bit 31 30 29 28 27 26 25 24
DIR[31:24]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
DIR[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
DIR[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DIR[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — DIR[31:0]: Port Data Direction
These bits set the data direction for the individual I/O pins in the PORT group.
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Value Description
0 The lower 16 pins of the PORT group will be configured.
1 The upper 16 pins of the PORT group will be configured.

Bit 30 - WRPINCFG: Write PINCFG
This bit determines whether the atomic write operation will update the Pin Configuration register
(PINCFGy) or not for all pins selected by the WRCONFIG.PINMASK and WRCONFIG.HWSEL bits.

Writing '0' to this bit has no effect.

Writing '1' to this bit updates the configuration of the selected pins with the written WRCONFIG.DRVSTR,
WRCONFIG.PULLEN, WRCONFIG.INEN, WRCONFIG.PMUXEN and WRCONFIG.PINMASK values.

This bit will always read as zero.

Value Description

0 The PINCFGy registers of the selected pins will not be updated.
1 The PINCFGy registers of the selected pins will be updated.

Bit 28 - WRPMUX: Write PMUX
This bit determines whether the atomic write operation will update the Peripheral Multiplexing register
(PMUXn) or not for all pins selected by the WRCONFIG.PINMASK and WRCONFIG.HWSEL bits.

Writing '0' to this bit has no effect.

Writing '1' to this bit updates the pin multiplexer configuration of the selected pins with the written
WRCONFIG. PMUX value.

This bit will always read as zero.

Value Description

0 The PMUXn registers of the selected pins will not be updated.
1 The PMUXn registers of the selected pins will be updated.

Bits 27:24 — PMUX[3:0]: Peripheral Multiplexing

These bits determine the new value written to the Peripheral Multiplexing register (PMUXn) for all pins
selected by the WRCONFIG.PINMASK and WRCONFIG.HWSEL bits, when the WRCONFIG.WRPMUX
bit is set.

These bits will always read as zero.
Bit 22 — DRVSTR: Output Driver Strength Selection

This bit determines the new value written to PINCFGy.DRVSTR for all pins selected by the
WRCONFIG.PINMASK and WRCONFIG.HWSEL bits, when the WRCONFIG.WRPINCFG bit is set.

This bit will always read as zero.
Bit 18 — PULLEN: Pull Enable

This bit determines the new value written to PINCFGy.PULLEN for all pins selected by the
WRCONFIG.PINMASK and WRCONFIG.HWSEL bits, when the WRCONFIG.WRPINCFG bit is set.

This bit will always read as zero.
Bit 17 — INEN: Input Enable

This bit determines the new value written to PINCFGy.INEN for all pins selected by the
WRCONFIG.PINMASK and WRCONFIG.HWSEL bits, when the WRCONFIG.WRPINCFG bit is set.

© 2017 Microchip Technology Inc. Datasheet Complete 40001882A-page 359



24.7

32-bit ARM-Based Microcontrollers

Some event generators can generate an event when the system clock is stopped. The generic clock
(GCLK_EVSYS_CHANNELX) for this channel will be restarted if the channel uses a synchronized path or
a resynchronized path, without waking the system from sleep. The clock remains active only as long as
necessary to handle the event. After the event has been handled, the clock will be turned off and the
system will remain in the original sleep mode. This is known as SleepWalking. When an asynchronous
path is used, there is no need for the clock to be activated for the event to be propagated to the user.

On a software reset, all registers are set to their reset values and any ongoing events are canceled.

Register Summary

Table 24-1. Event System Register Summary

0x00
0x01

0x03
0x04
0x05
0x06
0x07
0x08
0x09
0x0A
0x0B
0x0C
0x0D
0xO0E
OxOF
0x10
0x11

0x12
0x13
0x14
0x15
0x16
0x17
0x18
0x19
Ox1A
0x1B

24.8

Bit
Pos.
7:0

CTRL GCLKREQ SWRST

Reserved
7:0 CHANNEL[3:0]
15:8 SWEVT
CHANNEL
23:16 EVGENI6:0]
31:24 EDGSEL[1:0] PATH[1:0]
7:0 USER[4:0]
USER
15:8 CHANNEL[4:0]
Reserved
Reserved
7:0 USRRDY7 USRRDY6 USRRDY5 USRRDY4 USRRDY3 USRRDY2 USRRDY1 USRRDYO
CHSTATUS 15:8 CHBUSY7 CHBUSY®6 CHBUSY5 CHBUSY4 CHBUSY3 CHBUSY2 CHBUSY1 CHBUSYO
23:16 USRRDY11 = USRRDY10 | USRRDY9 USRRDY8
31:24 CHBUSY11 = CHBUSY10 A CHBUSY9 CHBUSY8
7:0 OVR7 OVR6 OVR5 OVR4 OVR3 OVR2 OVR1 OVRO
15:8 EVD7 EVD6 EVD5 EVD4 EVD3 EVD2 EVD1 EVDO
INTENCLR
23:16 OVR1M1 OVR10 OVR9 OVR8
31:24 EVD11 EVD10 EVD9 EVD8
7:0 OVR7 OVR6 OVR5 OVR4 OVR3 OVR2 OVR1 OVRO
15:8 EVD7 EVD6 EVD5 EVD4 EVD3 EVD2 EVD1 EVDO
INTENSET
23:16 OVR1M1 OVR10 OVR9 OVR8
31:24 EVD11 EVD10 EVD9 EVD8
7:0 OVR7 OVR6 OVR5 OVR4 OVR3 OVR2 OVR1 OVRO
15:8 EVD7 EVD6 EVD5 EVD4 EVD3 EVD2 EVD1 EVDO
INTFLAG
23:16 OVR1M1 OVR10 OVR9 OVR8
31:24 EVD11 EVD10 EVD9 EVD8

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.
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These bits control the clock generation, as described in the SERCOM Clock Generation — Baud-
Rate Generator section.

* Bits 12:0 - BAUD[21:0]: Baud Value

These bits control the clock generation, as described in the SERCOM Clock Generation — Baud-
Rate Generator section.

26.8.4 Receive Pulse Length Register
Name: RXPL
Offset: OxOE
Reset: 0x00
Property: PAC Write-Protection
Bit 7 6 5 4 3 2 1 0
RXPL[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 7:0 — RXPL[7:0]: Receive Pulse Length
When the encoding format is set to IrDA (CTRLB.ENC=1), these bits control the minimum pulse length
that is required for a pulse to be accepted by the IrDA receiver with regards to the serial engine clock
period.
PULSE > (RXPL+1) - SE,,,
26.8.5 Interrupt Enable Clear
This register allows the user to disable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Set register (INTENSET).
Name: INTENCLR
Offset: 0x14
Reset: 0x00
Property: PAC Write-Protection
Bit 7 6 5 4 3 2 1 0
ERROR RXBRK CTSIC RXS RXC TXC DRE
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

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

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

Value Description

0 Error interrupt is disabled.
1 Error interrupt is enabled.
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Register Description - I2C Master

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

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

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

28.10.1 Control A
Name: CTRLA
Offset: 0x00
Reset: 0x00000000
Property: PAC Write-Protection, Enable-Protected, Write-Synchronized
Bit 31 30 29 28 27 26 25 24
LOWTOUT INACTOUTI[1:0] SCLSM SPEEDI[1:0]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
SEXTTOEN | MEXTTOEN SDAHOLD[1:0] PINOUT
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
RUNSTDBY MODE[2:0] ENABLE SWRST
Access R/IW RIW R/IW R/W R/IW R/W
Reset 0 0 0 0 0 0

Bit 30 - LOWTOUT: SCL Low Time-Out
This bit enables the SCL low time-out. If SCL is held low for 25ms-35ms, the master will release its clock
hold, if enabled, and complete the current transaction. A stop condition will automatically be transmitted.

INTFLAG.SB or INTFLAG.MB will be set as normal, but the clock hold will be released. The
STATUS.LOWTOUT and STATUS.BUSERR status bits will be set.

This bit is not synchronized.
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Bit 18 — ACKACT: Acknowledge Action

This bit defines the 12C master's acknowledge behavior after a data byte is received from the 12C slave.
The acknowledge action is executed when a command is written to CTRLB.CMD, or if smart mode is
enabled (CTRLB.SMEN is written to one), when DATA.DATA is read.

This bit is not enable-protected.

This bit is not write-synchronized.

Value Description

0 Send ACK.
1 Send NACK.

Bits 17:16 — CMD[1:0]: Command

Writing these bits triggers a master operation as described below. The CMD bits are strobe bits, and
always read as zero. The acknowledge action is only valid in master read mode. In master write mode, a
command will only result in a repeated start or stop condition. The CTRLB.ACKACT bit and the CMD bits
can be written at the same time, and then the acknowledge action will be updated before the command is
triggered.

Commands can only be issued when either the Slave on Bus interrupt flag (INTFLAG.SB) or Master on
Bus interrupt flag (INTFLAG.MB) is '1".

If CMD 0x1 is issued, a repeated start will be issued followed by the transmission of the current address
in ADDR.ADDR. If another address is desired, ADDR.ADDR must be written instead of the CMD bits.
This will trigger a repeated start followed by transmission of the new address.

Issuing a command will set the System Operation bit in the Synchronization Busy register
(SYNCBUSY.SYSOP).

Table 28-4. Command Description

ot oiresion n
0x0 X

(No action)
0x1 X Execute acknowledge action succeeded by repeated Start
0x2 0 (Write) No operation

1 (Read) Execute acknowledge action succeeded by a byte read operation

0x3 X Execute acknowledge action succeeded by issuing a stop condition
These bits are not enable-protected.

Bit 9 — QCEN: Quick Command Enable
This bit is not write-synchronized.

Value Description

0 Quick Command is disabled.
1 Quick Command is enabled.

Bit 8 — SMEN: Smart Mode Enable
When smart mode is enabled, acknowledge action is sent when DATA.DATA is read.

This bit is not write-synchronized.
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Name: CCx

Offset:  0x18+i*0x2 [i=0..1]
Reset:  0x0000

Property: Write-Synchronized

Bit 15 14 13 12 1 10 9 8
CC[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CCI[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — CC[15:0]: Channel x Compare/Capture Value
These bits contain the compare/capture value in 16-bit TC mode. In Match frequency (MFRQ) or Match
PWM (MPWM) waveform operation (CTRLA.WAVEGEN), the CCO register is used as a period register.

30.8.14.3 Channel x Compare/Capture Value, 32-bit Mode

Name: CCx

Offset: 0x18+i*0x4 [i=0..1]
Reset:  0x00000000
Property: Write-Synchronized

Bit 31 30 29 28 27 26 25 24
CC[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
CC[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 1 10 9 8
CC[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
CCl7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

Bits 31:0 — CC[31:0]: Channel x Compare/Capture Value
These bits contain the compare/capture value in 32-bit TC mode. In Match frequency (MFRQ) or Match
PWM (MPWM) waveform operation (CTRLA.WAVEGEN), the CCO register is used as a period register.
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Bit

Access
Reset

Bit

Access
Reset

32.8.4.5

Offset: 0x08
Reset:  OXxxxxxxx
Property: NA
15 14 13 12 11 10 9 8
VARIABLE[10:4]
R/W R/W R/W R/W R/W R/W R/W
0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
VARIABLE[3:0] SUBPID[3:0]
RW R/W RIW R/W R/W R/W R/W R/W
0 0 0 X 0 0 0 X

Bits 14:4 — VARIABLE[10:0]: Variable field send with extended token

These bits define the VARIABLE field of a received extended token. These bits are updated when the
USB has answered by an handshake token ACK to a LPM transaction. See Section 2.1.1 Protocol
Extension Token in the reference document “ENGINEERING CHANGE NOTICE, USB 2.0 Link Power
Management Addendum”.

To support the USB2.0 Link Power Management addition the VARIABLE field should be read as
described below.

VARIABLE[3:0] bLinkState (1)
VARIABLE[7:4] BESL (2)
VARIABLE[8] bRemoteWake (1)
VARIABLE[10:9] Reserved

1. For a definition of LPM Token bRemoteWake and bLinkState fields, refer to "Table 2-3 in the
reference document ENGINEERING CHANGE NOTICE, USB 2.0 Link Power Management
Addendum".

2. For a definition of LPM Token BESL field, refer to "Table 2-3 in the reference document
ENGINEERING CHANGE NOTICE, USB 2.0 Link Power Management Addendum" and "Table X-
X1 in Errata for ECN USB 2.0 Link Power Management.

Bits 3:0 — SUBPID[3:0]: SUBPID field send with extended token

These bits define the SUBPID field of a received extended token. These bits are updated when the USB
has answered by an handshake token ACK to a LPM transaction. See Section 2.1.1 Protocol Extension
Token in the reference document “ENGINEERING CHANGE NOTICE, USB 2.0 Link Power Management
Addendum”.

Device Status Bank

Name: STATUS BK
Offset: O0x0A & 0x1A
Reset:  Oxxxxxxxx
Property: NA
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32.8.5.4 Host Frame Number

Name: FNUM

Offset: 0x10

Reset:  0x0000

Property: PAC Write-Protection

Bit 15 14 13 12 11 10 9 8
FNUM[10:5]
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
FNUMI[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 13:3 — FNUM[10:0]: Frame Number
These bits contains the current SOF number.

These bits can be written by software to initialize a new frame number value. In this case, at the next
SOF, the FNUM field takes its new value.

As the FNUM register lies across two consecutive byte addresses, writing byte-wise (8-bits) to the FNUM
register may produce incorrect frame number generation. It is recommended to write FNUM register
word-wise (32-bits) or half-word-wise (16-bits).

32.8.5.5 Host Frame Length

Name: FLENHIGH
Offset: 0x12
Reset: 0x00
Property: Read-Only

Bit 7 6 5 4 3 2 1 0
FLENHIGH[7:0]
Access R
Reset 0 0 0 0 0 0 0 0

Bits 7:0 — FLENHIGH[7:0]: Frame Length
These bits contains the 8 high-order bits of the internal frame counter.

Table 32-9. Counter Description vs. Speed

Host Register | Description
STATUS.SPEED

Full Speed With a USB clock running at 12MHz, counter length is 12000 to ensure a SOF
generation every 1 ms.
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33.8.6 Window Monitor Control
Name: WINCTRL
Offset: 0x08
Reset: 0x00
Property: Write-Protected, Write-Synchronized
Bit 7 6 5 4 3 2 1 0
WINMODE[2:0]
Access R/W R/W R/W
Reset 0 0 0
Bits 2:0 —- WINMODE[2:0]: Window Monitor Mode
These bits enable and define the window monitor mode.
0x0 DISABLE No window mode (default)
0x1 MODE1 Mode 1: RESULT > WINLT
0x2 MODE2 Mode 2: RESULT < WINUT
0x3 MODE3 Mode 3: WINLT < RESULT < WINUT
0x4 MODE4 Mode 4: (WINLT < RESULT < WINUT)
0x5-0x7 Reserved
33.8.7 Software Trigger
Name: SWTRIG
Offset: 0x0C
Reset: 0x00
Property: Write-Protected, Write-Synchronized
Bit 7 6 5 4 3 2 1 0
START FLUSH
Access R/W R/W
Reset 0 0

Bit 1 — START: ADC Start Conversion
Writing this bit to zero will have no effect.

Value Description

0 The ADC will not start a conversion.
1 The ADC will start a conversion. The bit is cleared by hardware when the conversion has
started. Setting this bit when it is already set has no effect.

Bit 0 —- FLUSH: ADC Conversion Flush
After the flush, the ADC will resume where it left off; i.e., if a conversion was pending, the ADC will start a
new conversion.
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Writing a one to this bit clears the Synchronization Ready interrupt flag.
Bit 2 — WINMON: Window Monitor
This flag is cleared by writing a one to the flag or by reading the RESULT register.

This flag is set on the next GCLK_ADC cycle after a match with the window monitor condition, and an
interrupt request will be generated if INTENCLR/SET.WINMON is one.

Writing a zero to this bit has no effect.

Writing a one to this bit clears the Window Monitor interrupt flag.
Bit 1 —- OVERRUN: Overrun

This flag is cleared by writing a one to the flag.

This flag is set if RESULT is written before the previous value has been read by CPU, and an interrupt
request will be generated if INTENCLR/SET.OVERRUN is one.

Writing a zero to this bit has no effect.

Writing a one to this bit clears the Overrun interrupt flag.

Bit 0 — RESRDY: Result Ready

This flag is cleared by writing a one to the flag or by reading the RESULT register.

This flag is set when the conversion result is available, and an interrupt will be generated if INTENCLR/
SET.RESRDY is one.

Writing a zero to this bit has no effect.

Writing a one to this bit clears the Result Ready interrupt flag.

Status

Name: STATUS

Offset: 0x19
Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
SYNCBUSY
Access R
Reset 0

33.8.14

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.

Result

Name: RESULT
Offset: Ox1A
Reset: 0x0000
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Table 37-13. Typical USB Host Full Speed mode Current Consumption

Wait connection GCLK_USB is off, using USB wakeup asynchronous interrupt. 0.10 pA
USB bus not connected.

Wait connection GCLK _USB is on. 0.19 mA
USB bus not connected.

Suspend GCLK_USB is off, using USB wakeup asynchronous interrupt. 201 pA
USB bus in suspend mode.

Suspend GCLK_USB is on. 0.83 mA
USB bus in suspend mode.

IDLE Start Of Frame is running. 1.17 'mA
No packet transferred.

Active OUT Start Of Frame is running. 217 mA
Bulk OUT on 100% bandwidth.

Active IN Start Of Frame is running. 10.3 mA
Bulk IN on 100% bandwidth.

37.8 I/0 Pin Characteristics

37.8.1 Normal I/O Pins
Table 37-14. Normal I/O Pins Characteristics

S S T S

Rpyr. | Pull-up - Pull- All pins except for PA24 and PA25
down resistance

Vi Input low-level Vpp=1.62V-2.7V - - 0.25*Vpp V
voltage Vpp=2.7V-3.63V - - 0.3*Vpp

Vi Input high-level  Vpp=1.62V-2.7V 0.7*Vpp - -
voltage Vpp=2.7V-3.63V 0.55*Vpp - ;

VoL Output low-level  Vpp>1.6V, lp. maxl - 0.1*Vpp 0.2*Vpp
voltage

VOH OUtpUt high-level VDD>1 6V, IOH maxl| 0-8*VDD O-Q*VDD -
voltage
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Figure 37-11. Power Consumption [pA]
100 sensors, noise countermeasures disabled, f=48MHz, Vcc=3.3V
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Figure 37-12. Power Consumption [uA]
100 sensors, noise countermeasures Enabled, f=48MHz, Vcc=3.3V
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INT Interrupt

MBIST Memory built-in self-test
MEM-AP Memory Access Port

MTB Micro Trace Buffer

NMI Non-maskable interrupt

NVIC Nested Vector Interrupt Controller
NVM Non-Volatile Memory
NVMCTRL Non-Volatile Memory Controller
0SC Oscillator

PAC Peripheral Access Controller
PC Program Counter

PER Period

PM Power Manager

POR Power-on reset

PORT I/O Pin Controller

PTC Peripheral Touch Controller
PWM Pulse Width Modulation

RAM Random-Access Memory

REF Reference

RTC Real-Time Counter

RX Receiver/Receive

SERCOM Serial Communication Interface
SMBus™ System Management Bus

SP Stack Pointer

SPI Serial Peripheral Interface
SRAM Static Random-Access Memory
SUPC Supply Controller

SWD Serial Wire Debug

TC Timer/Counter

TCC Timer/Counter for Control Applications
TRNG True Random Number Generator
X Transmitter/Transmit
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Updated Vpp max from 3.63V to 3.63V in Absolute Maximum Ratings.
Updated VDDIN pin from 57 to 56 in GPIO Clusters.

Power Consumption: Updated Max values for STANDBY from 190.6uA and 197.3pA to 100pA in Table
37-7.

Added Peripheral Power Consumption.

I/O Pin Characteristics: tRISE and tFALL updated with different load conditions depending on the
DVRSTR value in .

I/O Pin Characteristics: Correct typo IOL and IOH Max values inverted between
PORT.PINCFG.DRVSTR=0 and 1, tRISE and tFALL updated with different load conditions depending
on the DVRSTR value in Table 37-14.

Analog Characteristics: Removed note from Table 37-18.

Analog-to-Digital (ADC) characteristics: Added Max DC supply current (Ipp), RsampLe Maximum value
changed from 2.8kW to 3.5kW, Conversion time Typ value change to Min Value in Table 37-22.

Digital to Analog Converter (DAC) Characteristics: Added Max DC supply current (Ipp) in Table 37-30.

Analog Comparator Characteristics: Added Min and Max values for VSCALE INL, DNL, Offset Error and
Gain Error in Table 37-34.

Internal 1.1V Bandgap Reference Characteristics: Added Min and Max values, removed accuracy row in
Table 37-36.

SERCOM in 12C Mode Timing: Add Typical values for tg in Table 37-62.
Removed Asynchronous Watchdog Clock Characterization.

32.768kHz Internal oscillator (OSC32K) Characteristics: Added Max current consumption (Ioscaok) in
Table 37-53.

Updated Crystal Oscillator Characteristics (XOSC32K) ESR maximum values, Crystal Oscillator
Characteristics.

Updated Crystal Oscillator Characteristics (XOSC) ESR maximum value, Crystal Oscillator
Characteristics from 348kQ to 141kQ.

Digital Frequency Locked Loop (DFLL48M) Characteristics: Updated presentation, now separating
between Open- and Closed Loop Modes. Added frer Min and Max values to Table 37-50.

Updated typical Startup time ( tstarTup) from 6.1us to 8us in Table 37-51.
Updated typical Fine lock time (t fine) from 700us to 600us in Table 37-51.

Fractional Digital Phase Locked Loop (FDPLL96M) Characteristics: Added Current consumption
(IrppLLgem), Period Jitter (Jp), Lock time (i ock), Duty cycles parameters in Table 37-56.

Added USB Characteristics.
Timing Characteristics: Added SCK period (tsck) Typ value in Table 37-60.

Errata

Errata for revision B added.
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