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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

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

16KB (16K x 8)

FLASH

4K x 8

2.7V ~ 3.63V

A/D 14x12b; D/A 1x10b
Internal

-40°C ~ 105°C (TA)

Surface Mount

48-VFQFN Exposed Pad
48-QFN (7x7)
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SAM DA1

Three 24-bit Timer/Counters for Control (TCC), with extended functions:
»  Up to four compare channels with optional complementary output
*  Generation of synchronized pulse width modulation (PWM) pattern across port pins

» Deterministic fault protection, fast decay and configurable dead-time between
complementary output

» Dithering that increase resolution with up to 5 bit and reduce quantization error
32-bit Real Time Counter (RTC) with clock/calendar function
Watchdog Timer (WDT)
CRC-32 generator
One full-speed (12Mbps) Universal Serial Bus (USB) 2.0 interface controller
* Device 2.0 and reduced-host low speed and full speed
*  Flexible end-point configuration and management with dedicated DMA channels
*  On-chip transceivers including pull-ups and serial resistors
»  Crystal-less operation in device mode
Up to six Serial Communication Interfaces (SERCOM), each configurable to operate as either:
*  USART with full-duplex and single-wire half-duplex configuration
*  12C up to 3.4MHz
« SPI
One two-channel Inter-IC Sound (I2S) interface
One 12-bit, 350ksps Analog-to-Digital Converter (ADC) with up to 20 channels
« Differential and single-ended input
* 1/2x to 16x programmable gain stage
« Automatic offset and gain error compensation
* Oversampling and decimation in hardware to support 13-, 14-, 15- or 16-bit resolution
10-bit, 350ksps Digital-to-Analog Converter (DAC)
Two Analog Comparators (AC) with window compare function
Peripheral Touch Controller (PTC)
»  256-Channel capacitive touch and proximity sensing

1/0

— Up to 52 programmable I/O pins
Packages

— 64-pin TQFP

— 48-pin TQFP, QFN

— 32-pin TQFP, QFN
Operating Voltage

2.7V - 3.63V

Temperature range

-40°C to +105°C
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13.1.4.2

13.2

13.2.1

13.2.2

SAM DA1

— The System Timer is a 24-bit timer that extends the functionality of both the processor and the

NVIC. Refer to the Cortex-M0+ Technical Reference Manual for details (www.arm.com).
*  Nested Vectored Interrupt Controller (NVIC)

— External interrupt signals connect to the NVIC, and the NVIC prioritizes the interrupts.
Software can set the priority of each interrupt. The NVIC and the Cortex-MO+ processor core
are closely coupled, providing low latency interrupt processing and efficient processing of late
arriving interrupts. Refer to Nested Vector Interrupt Controller and the Cortex-M0+ Technical
Reference Manual for details (www.arm.com).

»  System Control Block (SCB)

— The System Control Block provides system implementation information, and system control.
This includes configuration, control, and reporting of the system exceptions. Refer to the
Cortex-M0+ Devices Generic User Guide for details (www.arm.com).

*  Micro Trace Buffer (MTB)

— The CoreSight MTB-MO0+ (MTB) provides a simple execution trace capability to the Cortex-
MO+ processor. Refer to section Micro Trace Buffer and the CoreSight MTB-MO+ Technical
Reference Manual for details (www.arm.com).

Cortex-M0+ Address Map
Table 13-2. Cortex-M0+ Address Map

OxEOOOEO000 System Control Space (SCS)

OxEOOOE010 System Timer (SysTick)

0xEOOOE100 Nested Vectored Interrupt Controller (NVIC)
OxEOOOEDOO System Control Block (SCB)

0x41006000 (see also Product Mapping) Micro Trace Buffer (MTB)

1/O Interface

Overview

Because accesses to the AMBA® AHB-Lite™ and the single cycle 1/O interface can be made concurrently,
the Cortex-MO+ processor can fetch the next instructions while accessing the I/Os. This enables single
cycle I/O accesses to be sustained for as long as needed. Refer to CPU Local Bus for more information.

Description
Direct access to PORT registers.

Nested Vector Interrupt Controller

Overview

The Nested Vectored Interrupt Controller (NVIC) in the SAM DA1 supports 32 interrupt lines with four
different priority levels. For more details, refer to the Cortex-M0+ Technical Reference Manual
(www.arm.com).

Interrupt Line Mapping

Each of the 28 interrupt lines is connected to one peripheral instance, as shown in the table below. Each
peripheral can have one or more interrupt flags, located in the peripheral’s Interrupt Flag Status and Clear
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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 [ID-00000a18]
Reset: 0x000002

Access

Reset

Access

Reset

Access

Reset

Property: —
Bit 31 30 29 28 27 26 25 24
Bit 23 22 21 20 19 18 17 16
Bit 15 14 13 12 " 10 9 8
Bit 7 6 5 4 3 2 1 0
MTB USB DMAC PORT NVMCTRL DSU
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 1
Bit 6 - MTB

Writing a zero to these bits has no effect.
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14.

Table 14-1. Peripherals Configuration Summary

AHB Clock APB Clock Generic Clock PAC

Enabled

Periph.

Name

AHB-APB
Bridge A
PACO

PM
SYSCTRL

GCLK
WDT
RTC

EIC

AHB-APB
Bridge B

PAC1

DSU
NVMCTRL
PORT
DMAC
uUsB

MTB
AHB-APB

Bridge C
PAC2
EVSYS
SERCOMO
SERCOM1
SERCOM2
SERCOM3
SERCOM4

SERCOM5

TCCO

TCC1

TCC2

TC3

TC4

SAM DA1

Peripherals Configuration Summary

0x40000000

0x40000000
0x40000400
0x40000800

0x40000C00
0x40001000
0x40001400

0x40001800

0x41000000

0x41000000
0x41002000
0x41004000
0x41004400
0x41004800
0x41005000
0x41006000
0x42000000

0x42000000

0x42000400

0x42000800

0x42000C00

0x42001000

0x42001400

0x42001800

0x42001C00

0x42002000

0x42002400

0x42002800

0x42002C00

0x42003000

Base IRQ
Address Line

NMI,

10

1

12

13

14

15

16

17

18

19

at Reset

0 Y
1 Y
3 Y
4 Y
5 Y
6 Y
2 Y

a A W N =2 O

10

1

12

<

<< << <<

0: DFLL48M

reference

1: FDPLL96M clk source
2: FDPLL96M 32kHz

7-18: one per CHANNEL
20:
19:

21:
19:

22:
19:

23:
19:

24:
19:

25:
19:

26

26

27

27

28

CORE
SLOW

CORE
SLOW

CORE
SLOW

CORE
SLOW

CORE
SLOW

CORE
SLOW

o g Bs W N =

z z z z z <

0-3: CHO-3

4-5: EV0-1
6-9: MCO0-3

10-11: EV0-1
12-13: MCO0-1

14-15: EV0-1
16-17: MCO0-1

18: EV

19: EV

1: CMPO/ALARMO
2: CMP1

3: OVF

4-11: PERO-7

12-27: EXTINTO0-15

30-33: CHO-3

34: OVF
35: TRG

36: CNT
37-40: MC0-3

41: OVF
42: TRG

43: CNT
44-45: MC0-1

46: OVF
47: TRG

48: CNT
49-50: MCO0-1
51: OVF
52-53: MC0-1

54: OVF
55-56: MCX0-1

Prot. Generator Sleep
at Reset Walking

Y
Y
Y
Y
Y
Y
Y

1: RX Y

2:TX

3: RX Y

4:TX

5: RX Y

6: TX

7: RX Y

8: TX

9: RX Y

10: TX

11: RX Y

12: TX

13: OVF Y

14-17: MCO0-3

18: OVF Y

19-20: MCO0-1

21: OVF Y

22-23: MCO0-1

24: OVF Y

25-26: MC0-1

27: OVF Y

28-29: MCO0-1
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19.6.8
19.6.8.1

19.6.8.2

19.6.8.3

SAM DA1

FDPLL96M - Fractional Digital Phase-Locked Loop Controller (DFLL96M)

Overview

The FDPLL96M controller allows flexible interface to the core digital function of the Digital Phase Locked
Loop (DPLL). The FDPLL96M integrates a digital filter with a proportional integral controller, a Time-to-
Digital Converter (TDC), a test mode controller, a Digitally Controlled Oscillator (DCO) and a PLL
controller. It also provides a fractional multiplier of frequency N between the input and output frequency.

The CLK_FDPLL96M_REEF is the DPLL input clock reference. The selectable sources for the reference
clock are XOSC32K, XOSC and GCLK_DPLL. The path between XOSC and input multiplexer integrates
a clock divider. The selected clock must be configured and enabled before using the FDPLL96M. If the
GCLK is selected as reference clock, it must be configured and enabled in the Generic Clock Controller
before using the FDPLL96M. Refer to GCLK — Generic Clock Controller for details. If the GCLK_DPLL is
selected as the source for the CLK_FDPLL96M_REF, care must be taken to make sure the source for
this GCLK is within the valid frequency range for the FDPLL96M.

The XOSC source can be divided inside the FDPLL96M. The user must make sure that the
programmable clock divider and XOSC frequency provides a valid CLK_FDPLL96M_REF clock
frequency that meets the FDPLL96M input frequency range.

The output clock of the FDPLL96M is CLK_FDPLL96M. The state of the CLK_FDPLL96M clock only
depends on the FDPLL96M internal control of the final clock gater CG.

The FDPLL96M requires a 32kHz clock from the GCLK when the FDPLL96M internal lock timer is used.
This clock must be configured and enabled in the Generic Clock Controller before using the FDPLLO6M.
Refer to GCLK — Generic Clock Controller for details.

Table 19-3. Generic Clock Input for FDPLL96M
FDPLL96M 32kHz clock GCLK_DPLL_32K for internal lock timer
FDPLL96M GCLK_DPLL for CLK_FDPLL96M_REF

Related Links
GCLK - Generic Clock Controller

Block Diagram
Figure 19-2. FDPLL96M Block Diagram

GCLK_DPLL_32K User
Interface |—
XOSC32K —
CLK_FDPLL96M |REF l = CK CLK_FDPLL96M

TDC Digital |, | DCO l?l

XOSC Filter =]

GCLK_DPLL — F ?\—_I‘i
| =N

Principle of Operation

The task of the FDPLL96M is to maintain coherence between the input reference clock signal
(CLK_FDPLL96M_REF) and the respective output frequency CK via phase comparison. The FDPLL96M
supports three independent sources of clocks; XOSC32K, XOSC and GCLK_DPLL. When the
FDPLL96M is enabled, the relationship between the reference clock (CLK_FDPLL96M_REF) frequency
and the output clock (CLK_FDPLL96M) frequency is defined below.
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19.8 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 require synchronization when read and/or written. Synchronization is denoted by the
"Read-Synchronized" and/or "Write-Synchronized" property in each individual register description.

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

19.8.1 Interrupt Enable Clear

Name: INTENCLR

Offset:  0x00 [ID-00003d5d]
Reset:  0x00000000
Property: Write-Protected

Bit 31 30 29 28 27 26 25 24
Access 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 11 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 Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will clear the DPLL Lock Timeout Interrupt Enable bit, which disables the DPLL
Lock Timeout interrupt.

Value Description

0 The DPLL Lock Timeout interrupt is disabled.
1 The DPLL Lock Timeout interrupt is enabled, and an interrupt request will be generated
when the DPLL Lock Timeout Interrupt flag is set.

Bit 16 —- DPLLLCKF: DPLL Lock Fall Interrupt Enable
Writing a zero to this bit has no effect.
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Name: READREQ
Offset:  0x02 [ID-00003035]
Reset: 0x0010

Property: -
Bit 15 14 13 12 11 10 9 8
RREQ RCONT
Access W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
ADDR[5:0]
Access R R
Reset 0 1 0 0 0 0

21.8.5

Bit 15 — RREQ: Read Request
Writing a zero to this bit has no effect.

Writing a one to this bit requests synchronization of the register pointed to by the Address bit group
(READREQ.ADDR) and sets the Synchronization Busy bit in the Status register (STATUS.SYNCBUSY).

Bit 14 —- RCONT: Read Continuously
Writing a zero to this bit disables continuous synchronization.

Writing a one to this bit enables continuous synchronization of the register pointed to by
READREQ.ADDR. The register value will be synchronized automatically every time the register is
updated. READREQ.RCONT prevents READREQ.RREQ from clearing automatically.

This bit is cleared when the register pointed to by READREQ.ADDR is written.

Bits 5:0 — ADDR[5:0]: Address

These bits select the offset of the register that needs read synchronization. In the RTC only COUNT and
CLOCK, which share the same address, are available for read synchronization. Therefore, ADDR is a
read-only constant of 0x10.

Event Control - MODEO

Name: EVCTRL

Offset:  0x04 [ID-00003035]

Reset:  0x0000

Property: Enable-Protected, Write-Protected
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Name: CHINTFLAG
Offset: 0x4E [ID-00001ece]

Reset: 0x00
Property: -
Bit 7 6 5 4 3 2 1 0
SUSP TCMPL TERR
Access R/W R/W R/W
Reset 0 0 0

22.8.23

Bit 2 — SUSP: Channel Suspend
This flag is cleared by writing a '1' to it.

This flag is set when a block transfer with suspend block action is completed, when a software suspend
command is executed, when a suspend event is received or when an invalid descriptor is fetched by the
DMA.

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

Writing a '1' to this bit will clear the Channel Suspend interrupt flag for the corresponding channel.
For details on available software commands, refer to CHCTRLB.CMD.

For details on available event input actions, refer to CHCTRLB.EVACT.

For details on available block actions, refer to BTCTRL.BLOCKACT.

Bit 1 —- TCMPL: Channel Transfer Complete

This flag is cleared by writing a '1' to it.

This flag is set when a block transfer is completed and the corresponding interrupt block action is
enabled.

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

Writing a '1' to this bit will clear the Transfer Complete interrupt flag for the corresponding channel.
Bit 0 — TERR: Channel Transfer Error

This flag is cleared by writing a '1' to it.

This flag is set when a bus error is detected during a beat transfer or when the DMAC fetches an invalid
descriptor.

Writing a '0' to this bit has no effect.
Writing a '1' to this bit will clear the Transfer Error interrupt flag for the corresponding channel.

Channel Status
This register affects the DMA channel that is selected in the Channel ID register (CHID.ID).

Name: CHSTATUS

Offset: 0x4F [ID-00001ece]
Reset: 0x00

Property: -
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Figure 24-3. NVM Memory Organization

Calibration and

Auxillary Space NVM Base Address + 0x00800000
RWWEE
Address Space NVM Base Address + 0x00400000

NVM Base Address + NVM Size

NVM Main
Address Space

NVM Base Address

The lower rows in the NVM main address space can be allocated as a boot loader section by using the
BOOTPROT fuses, and the upper rows can be allocated to EEPROM, as shown in the figure below.

The boot loader section is protected by the lock bit(s) corresponding to this address space and by the
BOOTPROT[2:0] fuse. The EEPROM rows can be written regardless of the region lock status.

The number of rows protected by BOOTPROT is given in Boot Loader Size, the number of rows allocated
to the EEPROM are given in EEPROM Size.
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register (INTFLAG.DRDY), indicating data are needed for transmit. If a NACK is sent, the I2C slave will
wait for a new start condition and address match.

Typically, software will immediately acknowledge the address packet by sending an ACK/NACK bit. The
I2C slave Command bit field in the Control B register (CTRLB.CMD) can be written to '0x3' for both read
and write operations as the command execution is dependent on the STATUS.DIR bit. Writing ‘1’ to

INTFLAG.AMATCH will also cause an ACK/NACK to be sent corresponding to the CTRLB.ACKACT bit.

Case 2: Address packet accepted — Write flag set

The STATUS.DIR bit is cleared, indicating an 12C master write operation. The SCL line is forced low,
stretching the bus clock. If an ACK is sent, the 12C slave will wait for data to be received. Data, repeated
start or stop can be received.

If a NACK is sent, the 12C slave will wait for a new start condition and address match. Typically, software
will immediately acknowledge the address packet by sending an ACK/NACK. The I2C slave command
CTRLB.CMD = 3 can be used for both read and write operation as the command execution is dependent
on STATUS.DIR.

Writing ‘1’ to INTFLAG.AMATCH will also cause an ACK/NACK to be sent corresponding to the
CTRLB.ACKACT bit.

Receiving Address Packets (SCLSM=1)
When SCLSM=1, the I2C slave will stretch the SCL line only after an ACK, see Slave Behavioral Diagram
(SCLSM=1). When the I12C slave is properly configured, it will wait for a start condition to be detected.

When a start condition is detected, the successive address packet will be received and checked by the
address match logic.

If the received address is not a match, the packet will be rejected and the I2C slave will wait for a new
start condition.

If the address matches, the acknowledge action as configured by the Acknowledge Action bit Control B
register (CTRLB.ACKACT) will be sent and the Address Match bit in the Interrupt Flag register
(INTFLAG.AMATCH) is set. SCL will be stretched until the 12C slave clears INTFLAG.AMATCH. As the
12C slave holds the clock by forcing SCL low, the software is given unlimited time to respond to the
address.

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

If the Transmit Collision bit in the Status register (STATUS.COLL) is set, the last packet addressed to the
12C slave had a packet collision. A collision causes the SDA and SCL lines to be released without any
notification to software. The next AMATCH interrupt is, therefore, the first indication of the previous
packet’s collision. Collisions are intended to follow the SMBus Address Resolution Protocol (ARP).

After the address packet has been received from the 12C master, INTFLAG.AMATCH be set to ‘1’ to clear
it.

Receiving and Transmitting Data Packets

After the I2C slave has received an address packet, it will respond according to the direction either by
waiting for the data packet to be received or by starting to send a data packet by writing to DATA.DATA.
When a data packet is received or sent, INTFLAG.DRDY will be set. After receiving data, the I12C slave
will send an acknowledge according to CTRLB.ACKACT.

Case 1: Data received

INTFLAG.DRDY is set, and SCL is held low, pending for SW interaction.
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30.8.3

Access
Reset

SAM DA1

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 [ID-00001bb3]
Reset: 0x00

Property: PAC Write-Protection

7 6 5 4 3 2 1 0
ERROR DRDY AMATCH PREC
R/wW R/W R/W R/W
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.

Bit 2 —- DRDY: Data Ready Interrupt Enable
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the Data Ready bit, which disables 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 clear the Address Match Interrupt Enable bit, which disables 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 clear the Stop Received Interrupt Enable bit, which disables the Stop Received
interrupt.

Value Description
0 The Stop Received interrupt is disabled.
1 The Stop Received interrupt is enabled.
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Writing '1' to this bit location will clear this bit. This flag is automatically cleared when writing to the ADDR
register.

Writing '0' to this bit has no effect.

This bit is not write-synchronized.

Bits 5:4 — BUSSTATE[1:0]: Bus State
These bits indicate the current I2C bus state.

When in UNKNOWN state, writing 0x1 to BUSSTATE forces the bus state into the IDLE state. The bus
state cannot be forced into any other state.

Writing BUSSTATE to idle will set SYNCBUSY.SYSOP.

Value Name Description

0x0 UNKNOWN The bus state is unknown to the 12C master and will wait for a stop condition to
be detected or wait to be forced into an idle state by software

0x1 IDLE The bus state is waiting for a transaction to be initialized

0x2 OWNER The 12C master is the current owner of the bus

0x3 BUSY Some other I2C master owns the bus

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

Writing '0' to this bit has no effect.
Writing '1' to this bit has no effect.

This bit is not write-synchronized.

Value Description

0 Slave responded with ACK.
1 Slave responded with NACK.

Bit 1 — ARBLOST: Arbitration Lost

This bit is set if arbitration is lost while transmitting a high data bit or a NACK bit, or while issuing a start or
repeated start condition on the bus. The Master on Bus interrupt flag (INTFLAG.MB) will be set when
STATUS.ARBLOST is set.

Writing the ADDR.ADDR register will automatically clear STATUS.ARBLOST.

Writing '0' to this bit has no effect.

Writing '1' to this bit will clear it.

This bit is not write-synchronized.

Bit 0 - BUSERR: Bus Error

This bit indicates that an illegal bus condition has occurred on the bus, regardless of bus ownership. An
illegal bus condition is detected if a protocol violating start, repeated start or stop is detected on the 12C

bus lines. A start condition directly followed by a stop condition is one example of a protocol violation. If a
time-out occurs during a frame, this is also considered a protocol violation, and will set BUSERR.

If the I2C master is the bus owner at the time a bus error occurs, STATUS.ARBLOST and INTFLAG.MB
will be set in addition to BUSERR.

Writing the ADDR.ADDR register will automatically clear the BUSERR flag.
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32.6.4.1

32.6.4.2

SAM DA1

Condition Interrupt Event output | Event input DMA request |DMA request
request is cleared
YES

Capture
Overflow Error

Synchronizatio YES

n Ready

Start Counter YES
Retrigger YES
Counter

Increment / YES
Decrement

counter

Simple Capture YES
Period Capture YES
Pulse Width YES
Capture

Note: 1. Two DMA requests lines are available, one for each compare/capture channel.

DMA Operation
The TC can generate the following DMA requests:

*  Overflow (OVF): the request is set when an update condition (overflow, underflow) is detected. The
request is cleared on next clock cycle.

*  Channel Match or Capture (MCx): for a compare channel, the request is set on each compare
match detection and cleared on next clock cycle. For a capture channel, the request is set when
valid data is present in CCx register, and cleared when CCx register is read.

When using the TC with the DMA OVF request, the new value will be transferred to the register after the
update condition. This means that the value is updated after the DMA and synchronization delay, and if
the COUNT value has reached the new value before PER or CCx is updated, a match will not happen.

When using the TC with the DMA MCx request and updating CCx with a value that is lower than the
current COUNT when down-counting, or higher than the current COUNT when up-counting, this value
could cause a new compare match before the counter overflows. This will trigger the next DMA transfer,
update CCx again, and the previous value is disregarded from the output signal WOI[x].

Interrupts
The TC has the following interrupt sources:
*  Overflow/Underflow (OVF)
*  Match or Capture Channel x (MCx)
*  Capture Overflow Error (ERR)
*  Synchronization Ready (SYNCRDY)

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear register (INTFLAG) is set when the interrupt condition occurs.
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Bit 7 6 5 4 3 2 1 0
ENABLE | SWRST |
Access R R
Reset 0 0

34.8.1.3

Bit 1 — ENABLE: Synchronization Enable status bit
This bit is cleared when the synchronization of ENABLE register between the clock domains is complete.

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

Bit 0 — SWRST: Synchronization Software Reset status bit

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

QOS Control

Name: QOSCTRL

Offset:  0x03 [ID-0000306¢€]
Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
DQOSI1:0] CQOS[1:0]
Access R/W R/W R/W R/W
Reset

Bits 3:2 — DQOS[1:0]: Data Quality of Service
These bits define the memory priority access during the endpoint or pipe read/write data operation. Refer
to SRAM Quality of Service.

Bits 1:0 — CQOSJ[1:0]: Configuration Quality of Service
These bits define the memory priority access during the endpoint or pipe read/write configuration
operation. Refer to SRAM Quality of Service.

34.8.1.4 Finite State Machine Status
Name: FSMSTATUS
Offset:  0x0D [ID-0000306¢]
Reset: OxXXXX
Property: Read only
Bit 7 6 5 4 3 2 1 0
FSMSTATE[6:0]
Access R R R R R R R
Reset 0 0 0 0 0 0 1

Bits 6:0 —- FSMSTATE[6:0]: Fine State Machine Status
These bits indicate the state of the finite state machine of the USB controller.
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« If the positive input may go below the negative input, the differential mode should be used in order
to get correct results.

» If the positive input is always positive, the single-ended conversion should be used in order to
have full 12-bit resolution in the conversion.

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

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

Related Links
CTRLB

Conversion Timing

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

Figure 35-3. ADC Timing for One Conversion in Differential Mode without Gain

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

ST A o B o I B B B
START _i .
SAMPLE _£_| :
INT g :[
Converting Bit ; @naﬂ‘aanna‘@ ;

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

Figure 35-4. ADC Timing for One Conversion in Differential Mode without Gain, but with Increased
Sampling Time

j1|2|3§4|5|6|7|8|9|1o|11|
RSSO Y Y

INT 2 -
Converting Bit XX X X X e X X e e X Xe=)
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(OFFSETCORR). The offset correction value is subtracted from the converted data before writing the
Result register (RESULT).

The gain error is defined as the deviation of the last output step’s midpoint from the ideal straight line,
after compensating for offset error. The gain error cancellation is handled by the Gain Correction register
(GAINCORR).

To correct these two errors, the Digital Correction Logic Enabled bit in the Control B register
(CTRLB.CORREN) must be setto ".

Offset and gain error compensation results are both calculated according to:
Result = (Conversion value+ — OFFSETCORR) - GAINCORR

The correction will introduce a latency of 13 CLK_ADC clock cycles. In free running mode this latency is
introduced on the first conversion only, since its duration is always less than the propagation delay. In
single conversion mode this latency is introduced for each conversion.

Figure 35-8. ADC Timing Correction Enabled
START

X CONVO >< CONV1 >< CONV2 >< CONV3 ><

Lo

CORRO CORR1 CORR2 CORR3

DMA Operation
The ADC generates the following DMA request:

* Result Conversion Ready (RESRDY): the request is set when a conversion result is available and
cleared when the RESULT register is read. When the averaging operation is enabled, the DMA
request is set when the averaging is completed and result is available.

Interrupts

The ADC has the following interrupt sources:
* Result Conversion Ready: RESRDY
*  Window Monitor: WINMON
*  Overrun: OVERRUN

Each interrupt source has an interrupt flag associated with it. The interrupt flag in the Interrupt Flag Status
and Clear (INTFLAG) register is set when the interrupt condition occurs. Each interrupt can be
individually enabled by writing a one to the corresponding bit in the Interrupt Enable Set (INTENSET)
register, and disabled by writing a one to the corresponding bit in the Interrupt Enable Clear (INTENCLR)
register. An interrupt request is generated when the interrupt flag is set and the corresponding interrupt is
enabled. The interrupt request remains active until the interrupt flag is cleared, the interrupt is disabled, or
the ADC is reset. An interrupt flag is cleared by writing a one to the corresponding bit in the INTFLAG
register. Each peripheral can have one interrupt request line per interrupt source or one common interrupt
request line for all the interrupt sources. This is device dependent.
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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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Symoor i Ty ox U

DFLLVAL.COARSE = DFLL48M
COARSE CAL

DFLLVAL.FINE = 512
DFLLCTRL.BPLCKC = 1
DFLLCTRL.QLDIS =0
DFLLCTRL.CCDIS =1
DFLLMUL.FSTEP = 10

Note:

1. All parts are tested in production to be able to use the DFLL as main CPU clock whether in DFLL
closed loop mode with an external OSC reference or the internal OSC8M.

2. To ensure that the device stays within the maximum allowed clock frequency, any reference clock
for DFLL in close loop must be within a 2% error accuracy.

39.11.4 32.768kHz Internal oscillator (OSC32K) Characteristics
Table 39-42. 32kHz RC Oscillator Characteristics

symool | in— o x| i

Calibrated against a 32.768kHz
reference at 25°C,

over [-40, +105]C,

over [2.7, 3.63]V

26.214 32.768 @ 39.321

Calibrated against a 32.768kHz
Output frequency . fout kHz
reference at 25°C, 32.113  32.768 33.423

at VDD = 3.3V
Calibrated against a 32.768kHz

reference at 25°C, 31.457 @ 32.768 @ 34.079
over [2.7, 3.63]V

Current consumption loscazk 0.67 4.06 MA
Startup time tsTaRTUP 1 2 cycle
Duty Cycle Duty 50 %

39.11.5 Ultra Low Power Internal 32kHz RC Oscillator (OSCULP32K) Characteristics
Table 39-43. Ultra Low Power Internal 32kHz RC Oscillator Characteristics

Calibrated against a 32.768kHz

G fout 24576 | 32.768 & 40.960 kHz

Output frequency
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S e o e

tsoss MISO setup after SS Slave
low

tsosH MISO hold after SS Slave
high

1. These values are based on simulation. These values are not covered by test limits in production.

2. See |I/O Pin Characteristics.

39.14.3 SERCOM in I12C Mode Timing

This section describes the requirements for devices connected to the I2C Interface Bus.

Figure 39-15. I12C Interface Bus Timing

HIGH

— ¢« loF
4\ tow |/
SCL
ISUSTA [¢s|e—

HD;STA

HD;DAT

fLow \

|| Qu.pAT

SDA —\l\

/

Table 39-50. 12C Interface Timing

«—

Su;sTO

¢ > | tBUF

S e T A

Rise time for both SDA Standard /
and SCL Fast Mode
Fast
Mode +
High Speed
Mode
tor Output fall time from Standard /
VHmin tO VILmax Fast Mode
Fast
Mode +
High Speed
Mode
typ.sta | Hold time (repeated)
START condition
tLow Low period of SCL Clock

Cp@ = 400pF

Cp = 550pF

Co@ = 100pF
10pF < C,) < 400pF

10pF < C,(@ < 550pF
10pF < Cy,@ < 100pF
fscL > 100kHz, Master | t ow-9

fscL > 100kHz 113

230 350 |ns
60 100

30 60

25 50

20 30

10 20
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Figure 41-12. 10-pin JTAGICE3 Compatible Serial Wire Debug Interface

10-pin JTAGICE3 Compatible

Serial Wire Debug Header PP

SWDCLK

Table 41-11. 10-pin JTAGICE3 Compatible Serial Wire Debug Interface

SWDCLK Serial wire clock pin

SWDIO Serial wire bidirectional data pin

RESET Target device reset pin, active low

VTG Target voltage sense, should be connected to the device Vpp
GND Ground

41.7.3 20-pin IDC JTAG Connector
For debuggers and/or programmers that support the 20-pin IDC JTAG Connector, e.g. the SAM-ICE, the
signals should be connected as shown in the next figure with details described in the table.
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