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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®-M4F

32-Bit Single-Core

120MHz

CANbus, EBI/EMI, I2C, IrDA, LINbus, MMC/SD, QSPI, SPI, UART/USART, USB
Brown-out Detect/Reset, DMA, 125, POR, PWM
51

512KB (512K x 8)

FLASH

192K x 8

1.71V ~ 3.63V

A/D 24x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-VFQFN Exposed Pad

64-VQFN (9x9)
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15.8.3

Access
Reset

SAMD5x/E5x Family Data Sheet
MCLK — Main Clock

Interrupt Enable Set

Name: INTENSET
Offset: 0x02
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear (INTENCLR) register.

7 6 5 4 3 2 1 0
| | | | | CKRDY
RIW

Bit 0 — CKRDY Clock Ready Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Clock Ready Interrupt Enable bit and enable the Clock Ready interrupt.

Value Description

0 The Clock Ready interrupt is disabled.
1 The Clock Ready interrupt is enabled.
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SAMD5x/E5x Family Data Sheet
GMAC - Ethernet MAC

24.9.34 GMAC PTP Event Frame Transmitted Seconds High Register

Name: EFTSH
Offset: Ox0ES8
Reset: 0x00000000

Property: Read-only

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

Bits 15:0 — RUD[15:0] Register Update
The register is updated with the value that the IEEE 1588 timer seconds register held when the SFD of a
PTP transmit primary event crosses the Ml interface. An interrupt is issued when the register is updated.
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SAMD5x/E5x Family Data Sheet
ICM - Integrity Check Monitor

26.8.6 Interrupt Mask Register

Name: IMR
Offset: 0x18
Reset: 0x00000000
Property: Read-Only
Bit 31 30 29 28 27 26 25 24
URAD
Access R
Reset 0
Bit 23 22 21 20 19 18 17 16
RSU[3:0] REC[3:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 " 10 9 8
RWCI[3:0] RBE[3:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RDM[3:0] RHC[3:0]
Access R R R R R R R R
Reset 0 0 0 0 0 0 0 0

Bit 24 —- URAD Undefined Register Access Detection Interrupt Mask

Value Description

0
1

The interrupt is disabled.
The interrupt is enabled.

Bits 23:20 — RSU[3:0] Region Status Updated Interrupt Mask

Value
0
1

Description
When RSUJi] is reading '0', the interrupt is disabled for region i.
When RSUJi] is reading '1', the interrupt is enabled for region i.

Bits 19:16 — REC[3:0] Region End bit Condition Detected Interrupt Mask

Value
0
1

Description
When REC]i] is reading '0', the interrupt is disabled for region i.
When REC]i] is reading '1', the interrupt is enabled for region i.

Bits 15:12 — RWC[3:0] Region Wrap Condition Detected Interrupt Mask
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27.2

27.3

27.4

2741

27.4.2

SAMDS5x/E5x Family Data Sheet

PAC - Peripheral Access Controller

PAC - Peripheral Access Controller

Overview

The Peripheral Access Controller provides an interface for the locking and unlocking of peripheral
registers within the device. It reports all violations that could happen when accessing a peripheral: write
protected access, illegal access, enable protected access, access when clock synchronization or
software reset is on-going. These errors are reported in a unique interrupt flag for a peripheral. The PAC
module also reports errors occurring at the slave bus level, when an access to a non-existing address is
detected.

Features
* Manages write protection access and reports access errors for the peripheral modules or bridges.

Block Diagram
Figure 27-1. PAC Block Diagram

PAC

J RQ Slave ERROR SLAVES
APB INTFLAG

Peripheral ERROR

BUSn

PERIPHERAL 0
WRITE CONTROL

Peripheral ERROR

BUSO

WRITE CONTROL PERIPHERAL 0

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

10 Lines
Not applicable.

Power Management

The PAC can continue to operate in any Sleep mode where the selected source clock is running. The
PAC interrupts can be used to wake up the device from Sleep modes. The events can trigger other
operations in the system without exiting sleep modes.
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SAMD5x/E5x Family Data Sheet
EVSYS - Event System

o me e

0x0141 USER33 CHANNEL][7:0]
0x0142 USER34 7:0 CHANNEL][7:0]
0x0143 USER35 7:0 CHANNEL[7:0]
0x0144 USER36 7.0 CHANNEL[7:0]
0x0145 USER37 7.0 CHANNEL][7:0]
0x0146 USER38 7:0 CHANNEL][7:0]
0x0147 USER39 7:0 CHANNEL[7:0]
0x0148 USER40 7.0 CHANNEL[7:0]
0x0149 USER41 7.0 CHANNEL][7:0]
0x014A USER42 7:0 CHANNEL][7:0]
0x014B USER43 7:0 CHANNEL[7:0]
0x014C USER44 7.0 CHANNEL[7:0]
0x014D USER45 7.0 CHANNEL][7:0]
0x014E USER46 7:0 CHANNEL][7:0]
0x014F USER47 7:0 CHANNEL[7:0]
0x0150 USER48 7.0 CHANNEL[7:0]
0x0151 USER49 7.0 CHANNEL][7:0]
0x0152 USER50 7:0 CHANNEL][7:0]
0x0153 USERS51 7:0 CHANNEL[7:0]
0x0154 USERS52 7.0 CHANNEL[7:0]
0x0155 USERS53 7.0 CHANNEL][7:0]
0x0156 USER54 7:0 CHANNEL][7:0]
0x0157 USERS55 7:0 CHANNEL[7:0]
0x0158 USERS56 7.0 CHANNEL[7:0]
0x0159 USER57 7.0 CHANNEL][7:0]
0x015A USER58 7:0 CHANNEL][7:0]
0x015B USER59 7:0 CHANNEL[7:0]
0x015C USER60 7.0 CHANNEL[7:0]
0x015D USERG61 7.0 CHANNEL][7:0]
0x015E USERG62 7:0 CHANNEL][7:0]
0x015F USERG63 7:0 CHANNEL[7:0]
0x0160 USERG64 7.0 CHANNEL[7:0]
0x0161 USERG5 7.0 CHANNEL][7:0]
0x0162 USERG6 7:0 CHANNEL][7:0]

31.7 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.

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

Refer to Register Access Protection and PAC - Peripheral Access Controller.

Related Links
27. PAC - Peripheral Access Controller
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SAMD5x/E5x Family Data Sheet
EVSYS - Event System

m = 55 ADCO START ADCO start conversion A, S R
m = 56 ADCO SYNC Flush ADCO A'S, R
m = 57 ADC1 START ADCA1 start conversion A S, R
m = 58 ADC1 SYNC Flush ADC1 A'S,R
m = 59..60 AC_SOC 0..1 AC SOC x A
m = 61..62 DAC_STARTO..1 DACO..1 start conversion A
m = 63..66 CCL_LUTIN 0..3 CCL input A
others Reserved - -

1) A = Asynchronous path, S = Synchronous path, R = Resynchronized path

Value Description

0x00 No channel selected
0x01 Channel 0 selected
0x02 Channel 1 selected
0x03 Channel 2 selected
0x04 Channel 3 selected
0x05 Channel 4 selected
0x06 Channel 5 selected
0x07 Channel 6 selected
0x08 Channel 7 selected
0x09 Channel 8 selected
0x0A Channel 9 selected
0x0B Channel 10 selected
0x0C Channel 11 selected
0x0D Channel 12 selected
0x0E Channel 13 selected
0x0F Channel 14 selected
0x10 Channel 15 selected
0x11 Channel 16 selected
0x12 Channel 17 selected
0x13 Channel 18 selected
Ox14 Channel 19 selected
0x15 Channel 20 selected
0x16 Channel 21 selected
0x17 Channel 22 selected
0x18 Channel 23 selected
0x19 Channel 24 selected
0x1A Channel 25 selected
0x1B Channel 26 selected
0x1cC Channel 27 selected
0x1D Channel 28 selected
0x1E Channel 29 selected
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SAMD5x/E5x Family Data Sheet
PORT - 1/O Pin Controller

32.9.12 Event Input Control

Name: EVCTRL
Offset: 0x2C
Reset: 0x00000000

Property: PAC Write-Protection

Tip: The I/O pins are assembled in pin groups ("PORT groups”) with up to 32 pins. Group 0
consists of the PA pins, group 1 is for the PB pins, etc. Each pin group has its own PORT
registers, with a 0x80 address spacing. For example, the register address offset for the Data
Direction (DIR) register for group 0 (PA0O to PA31) is 0x00, and the register address offset for
the DIR register for group 1 (PB0O to PB31) is 0x80.

There are up to four input event pins for each PORT group. Each byte of this register addresses one
Event input pin.

Bit 31 30 29 28 27 26 25 24
| PORTEIx | EVACTX[1:0] PIDx[4:0]
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0
Bit 23 22 21 20 19 18 17 16
PORTEIx EVACTX[1:0] | PIDx[4:0]
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
PORTEIx EVACTX[1:0] | PIDx[4:0]
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
PORTEIXx EVACTX[1:0] | PIDx[4:0]
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

Bits 31,23,15,7 — PORTEIx PORT Event Input Enable x [x = 3..0]

Value Description

0 The event action x (EVACTXx) will not be triggered on any incoming event.
1 The event action x (EVACTXx) will be triggered on any incoming event.

Bits 30:29, 22:21,14:13,6:5 — EVACTx PORT Event Action x [x = 3..0]
These bits define the event action the PORT will perform on event input x. See also Table 32-4.

Bits 28:24,20:16,12:8,4:0 — PIDx PORT Event Pin Identifier x [x = 3..0]
These bits define the 1/0 pin on which the event action will be performed, according to Table 32-5.
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SAMD5x/E5x Family Data Sheet

SERCOM USART - SERCOM Synchronous and Asyn...

34.8.9

Bit

Access
Reset

Bit

Access
Reset

Status
Name: STATUS
Offset: Ox1A
Reset: 0x0000
Property: -
15 14 13 12 11 10 9 8
7 6 5 4 3 2 1 0
ITER TXE COLL ISF CTS BUFOVF FERR PERR
R/W R/W R/W R/W R R/W R/W R/W
0 0 0 0 0 0 0 0

Bit 7 — ITER Maximum Number of Repetitions Reached
This bit is set when the maximum number of NACK repetitions or retransmissions is met in ISO7816 T=0
mode.

Writing '0' to this bit has no effect.
Writing '1' to this bit will clear it.
Bit 6 — TXE Transmitter Empty

When CTRLA.FORM is set to LIN master mode, this bit is set when any ongoing transmission is complete
and TxDATA is empty.

When CTRLA.FORM is not set to LIN master mode, this bit will always read back as zero.
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear it.

Bit 5 — COLL Collision Detected

This bit is cleared by writing '1' to the bit or by disabling the receiver.

This bit is set when collision detection is enabled (CTRLB.COLDEN) and a collision is detected.
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear it.

Bit 4 — ISF Inconsistent Sync Field

This bit is cleared by writing '1' to the bit or by disabling the receiver.

This bit is set when the frame format is set to auto-baud (CTRLA.FORM) and a sync field not equal to
0x55 is received.

Writing '0' to this bit has no effect.
Writing '1' to this bit will clear it.
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35.8.6

Access
Reset

SAMD5x/E5x Family Data Sheet
SERCOM SPI — SERCOM Serial Peripheral Interface

Interrupt Enable Set

Name: INTENSET
Offset: 0x16
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to disable an interrupt without read-modify-write operation. Changes in this
register will also be reflected in the Interrupt Enable Clear register (INTENCLR).

7 6 5 4 3 2 1 0
| ERROR | | SSsL | RXC | TXC DRE
RIW RIW RIW RIW RIW

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 set the Error Interrupt Enable bit, which enables the Error interrupt.

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

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

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

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

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

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

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

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

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

Value Description
0 Transmit Complete interrupt is disabled.
1 Transmit Complete interrupt is enabled.
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36.6.4.2

36.6.4.3

36.6.5

SAMDS5x/E5x Family Data Sheet
SERCOM I2C - Inter-Integrated Circuit

in the transaction from 0 to 255. DMA is then used to transfer ADDR.LEN bytes followed by an
automatically generated NACK (for master reads) and a STOP.

If a NACK is received by the slave for a master write transaction before ADDR.LEN bytes, a STOP will be
automatically generated and the length error (STATUS.LENERR) will be raised along with the
INTFLAG.ERROR interrupt.

The 12C master generates the following requests:

* Read data received (RX): The request is set when master read data is received. The request is
cleared when DATA is read.

*  Write data needed for transmit (TX): The request is set when data is needed for a master write
operation. The request is cleared when DATA is written.

Interrupts
The I2C slave has the following interrupt sources. These are asynchronous interrupts. They can wake-up
the device from any sleep mode:

*  Error (ERROR)

» Data Ready (DRDY)

*  Address Match (AMATCH)
»  Stop Received (PREC)

The 12C master has the following interrupt sources. These are asynchronous interrupts. They can wake-
up the device from any sleep mode:

*  Error (ERROR)
»  Slave on Bus (SB)
*  Master on Bus (MB)

Each interrupt source has its own interrupt flag. The interrupt flag in the Interrupt Flag Status and Clear
register (INTFLAG) will be set when the interrupt condition is meet. Each interrupt can be individually
enabled by writing ‘1’ to the corresponding bit in the Interrupt Enable Set register (INTENSET), and
disabled by writing ‘1’ to the corresponding bit in the Interrupt Enable Clear register (INTENCLR). An
interrupt request is generated when the interrupt flag is set and the corresponding interrupt is enabled.
The interrupt request active until the interrupt flag is cleared, the interrupt is disabled or the I2C is reset.
See the INTFLAG register for details on how to clear interrupt flags.

The value of INTFLAG indicates which interrupt is executed. Note that interrupts must be globally
enabled for interrupt requests. Refer to Nested Vector Interrupt Controller for details.

Related Links

10.2 Nested Vector Interrupt Controller

Events
Not applicable.

Sleep Mode Operation
I2C Master Operation
The generic clock (GCLK_SERCOMx_CORE) will continue to run in idle sleep mode. If the Run In

Standby bit in the Control A register (CTRLA.RUNSTDBY) is '1', the GLK_SERCOMx_CORE will also run
in standby sleep mode. Any interrupt can wake up the device.

© 2018 Microchip Technology Inc. Datasheet DS60001507B-page 1055
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SERCOM I2C - Inter-Integrated Circuit

36.8.5

Bit

Access
Reset

Interrupt Enable Set

Name: INTENSET
Offset: 0x16
Reset: 0x00

Property: PAC Write-Protection

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear register (INTENCLR).

7 6 5 4 3 2 1 0
| ERROR | | | DRDY | AMATCH | PREC
RIW RIW RIW RIW

0 0 0 0

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.
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SERCOM I2C - Inter-Integrated Circuit

Value Name Description

0x0 DIS Disabled

0x1 55US 5-6 SCL cycle time-out (50-60ps)

0x2 105US 10-11 SCL cycle time-out (100-110us)
0x3 205US 20-21 SCL cycle time-out (200-210us)

Bit 27 — SCLSM SCL Clock Stretch Mode
This bit controls when SCL will be stretched for software interaction.

This bit is not synchronized.

Value Description
0 SCL stretch according to Figure 36-5.
1 SCL stretch only after ACK bit, Figure 36-6.

Bits 25:24 — SPEED[1:0] Transfer Speed
These bits define bus speed.

These bits are not synchronized.

0x0 Standard-mode (Sm) up to 100 kHz and Fast-mode (Fm) up to 400 kHz
O0x1 Fast-mode Plus (Fm+) up to 1 MHz

0x2 High-speed mode (Hs-mode) up to 3.4 MHz

0x3 Reserved

Bit 23 —- SEXTTOEN Slave SCL Low Extend Time-Out

This bit enables the slave SCL low extend time-out. If SCL is cumulatively held low for greater than 25ms
from the initial START to a STOP, the master will release its clock hold if enabled, and complete the
current transaction. A STOP will automatically be transmitted.

SB or MB will be set as normal, but CLKHOLD will be release. The MEXTTOUT and BUSERR status bits
will be set.

This bit is not synchronized.

Value Description
0 Time-out disabled
1 Time-out enabled

Bit 22 - MEXTTOEN Master SCL Low Extend Time-Out

This bit enables the master SCL low extend time-out. If SCL is cumulatively held low for greater than
10ms from START-to-ACK, ACK-to-ACK, or ACK-to-STOP the master will release its clock hold if
enabled, and complete the current transaction. A STOP will automatically be transmitted.

SB or MB will be set as normal, but CLKHOLD will be released. The MEXTTOUT and BUSERR status
bits will be set.

This bit is not synchronized.

Value Description
0 Time-out disabled
1 Time-out enabled
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371

37.2

SAMDS5x/E5x Family Data Sheet
QSPI - Quad Serial Peripheral Interface

QSPI - Quad Serial Peripheral Interface

Overview

The Quad SPI Interface (QSPI) circuit is a synchronous serial data link that provides communication with
external devices in Master mode.

The QSPI can be used in “SPI mode” to interface serial peripherals, such as ADCs, DACs, LCD
controllers and sensors, or in “Serial Memory Mode” to interface serial Flash memories.

The QSPI allows the system to execute code directly from a serial Flash memory (XIP) without code
shadowing to SRAM. The serial Flash memory mapping is seen in the system as other memories (ROM,
SRAM, DRAM, embedded Flash memories, etc.,).

With the support of the quad-SPI protocol, the QSPI allows the system to use high performance serial
Flash memories which are small and inexpensive, in place of larger and more expensive parallel Flash
memories.

Features
«  Master SPI Interface:
— Programmable Clock Phase and Clock Polarity

— Programmable transfer delays between consecutive transfers, between clock and data,
between deactivation and activation of chip select (CS)

SPI Mode:

— To use serial peripherals, such as ADCs, DACs, LCD controllers, CAN controllers, and
sensors

—  8-bit, 16-bit, or 32-bit programmable data length
*  Serial Memory Mode:
— To use serial Flash memories operating in single-bit SPI, Dual SPI and Quad SPI

— Supports “execute in place” (XIP). The system can execute code directly from a Serial Flash
memory.

— Flexible Instruction register, to be compatible with all Serial Flash memories

— 32-bit Address mode (default is 24-bit address) to support Serial Flash memories larger than
128 Mbit

— Continuous Read mode

— Scrambling/Unscrambling “On-the-Fly”

— Double data rate support
*  Connection to DMA Channel Capabilities Optimizes Data Transfers

— One channel for the receiver and one channel for the transmitter
* Register Write Protection

3
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SAMD5x/E5x Family Data Sheet
QSPI - Quad Serial Peripheral Interface

37.8.5 Transmit Data

Name: TXDATA
Offset: 0x10
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
DATA[15:8]
Access W w W W W w W w
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
DATA[7:0]
Access W w W w w W W w
Reset 0 0 0 0 0 0 0 0

Bits 15:0 — DATA[15:0] Transmit Data
Data to be transmitted by the QSPI is stored in this register. Information to be transmitted must be written
to the transmit data register in a right-justified format.
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41.6.1

41.6.2
41.6.2.1

41.6.2.2

41.6.2.3

SAMD5x/E5x Family Data Sheet
CCL - Configurable Custom Logic

Functional Description

Principle of Operation

Configurable Custom Logic (CCL) is a programmable logic block that can use the device port pins,
internal peripherals, and the internal Event System as both input and output channels. The CCL can
serve as glue logic between the device and external devices. The CCL can eliminate the need for
external logic component and can also help the designer overcome challenging real-time constrains by
combining core independent peripherals in clever ways to handle the most time critical parts of the
application independent of the CPU.

Operation

Initialization
The following bits are enable-protected, meaning that they can only be written when the corresponding
even LUT is disabled (LUTCTRLx.ENABLE=0):

«  Sequential Selection bits in the Sequential Control x (SEQCTRLx.SEQSEL) register

The following registers are enable-protected, meaning that they can only be written when the
corresponding LUT is disabled (LUTCTRLx.ENABLE=0):

*  LUT Control x (LUTCTRLX) register, except the ENABLE bit

Enable-protected bits in the LUTCTRLXx registers can be written at the same time as LUTCTRLx.ENABLE
is written to '1', but not at the same time as LUTCTRLx.ENABLE is written to '0'".

Enable-protection is denoted by the Enable-Protected property in the register description.

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

Each LUT is enabled by writing a '1' to the Enable bit in the LUT Control x register (LUTCTRLx.ENABLE).
Each LUT is disabled by writing a '0' to LUTCTRLX.ENABLE.

The CCL is reset by writing a '1' to the Software Reset bit in the Control register (CTRL.SWRST). All
registers in the CCL will be reset to their initial state, and the CCL will be disabled. Refer to 41.8.1 CTRL
for details.

Lookup Table Logic

The lookup table in each LUT unit can generate any logic expression OUT as a function of three inputs
(IN[2:0]), as shown in Figure 41-2. One or more inputs can be masked. The truth table for the expression
is defined by TRUTH bits in LUT Control x register (LUTCTRLx. TRUTH).
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All overlapping between {nu1ModBase, u2ZModLength + 4}, {nu1CnsBase, u2ModLength +8},
{nu1PointABase, 3*'u2ModLength + 12}, {nu1ABase, u2ModLength + 4} and {nu1Workspace,
4*u2ModLength + 28}

43.3.6.4.7 Status Returned Values

PUKCL_OK - The computation passed without problem.

43.3.6.5 Fast Multiplying by a Scalar Number of a Point

43.3.6.5.1 Purpose
This service is used to multiply a point by an integral constant K on a given elliptic curve over GF(p).

43.3.6.5.2 How to Use the Service

43.3.6.5.3 Description
These two services process the Multiplying by a scalar number:

PfC =

K x Pty

In this computation, the following parameters need to be provided:

A the input point is filled in projective coordinates (X,Y,Z) (pointed by {nu1PointABase,
3*u2ModLength + 12}). This point can be the Infinite Point.

Cns the Fast Modular Constant filled (pointed by {nu1CnsBase,u2ModLength +8})

P the modulus filled (pointed by {nu1ModBase,u2ModLength +4})

The workspace not initialized (pointed by {nu1WorkSpace, 8*u2ModLength +44}

The a parameter relative to the elliptic curve (pointed by {nu1ABase,u2ModLength +4})
K the scalar number (pointed by {nu1ScalarNumber,u2ScalarLength +4})

The resulting C point is represented in projective coordinates (X,Y,Z) and is stored at the very same place
than the input point A. This point can be the Infinite Point.

The service name for this operation is ZpEccMulFast. This service uses Fast mode and Fast Modular
Reduction for computations.

Note: Before using this service, ensure that the constant Cns has been calculated with the setup of the
Fast Modular Reduction service.

43.3.6.5.4 Parameters Definition
Table 43-73. ZpEccMulFast Service Parameters

Parameter Type Location |Data Length Before After
Executing the Executing the
Service Service

nui1ModBase Crypto u2ModLength + 4 | Base of modulus | Base of
RAM P modulus P
nuiCnsBase nul | Crypto u2ModLength + 8 Base of Cns Base of Cns
RAM
u2ModLength | u2 I — - Length of Length of
modulus P modulus P
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46.8.4

Access
Reset

SAMD5x/E5x Family Data Sheet

AC - Analog Comparators

Interrupt Enable Clear

Name: INTENCLR
Offset: 0x04
Reset: 0x00

Property: PAC Write-Protection

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).

7 6 5 4 3 2 1 0
| | WINO | | | compx COMPx
RIW RIW RIW
0 0 0

Bit 4 — WINO Window 0 Interrupt Enable
Reading this bit returns the state of the Window 0 interrupt enable.

Writing a '0' to this bit has no effect.
Writing a '1' to this bit disables the Window 0 interrupt.

Value Description

0 The Window O interrupt is disabled.
1 The Window 0 interrupt is enabled.

Bits 1,0 - COMPx Comparator x Interrupt Enable
Reading this bit returns the state of the Comparator x interrupt enable.
Writing a '0' to this bit has no effect.

Writing a '1' to this bit disables the Comparator x interrupt.

Value Description

0 The Comparator x interrupt is disabled.
1 The Comparator x interrupt is enabled.
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SAMD5x/E5x Family Data Sheet
I12S - Inter-IC Sound Controller

0x0 RIGHT Data is right adjusted in slot
0x1 LEFT Data is left adjusted in slot

Bit 5 — CLKSEL Clock Unit Selection.

0x0 CLKO Use Clock Unit 0
0x1 CLK1 Use Clock Unit 1

Bit 4 —- TXSAME Transmit Data when Underrun.

0x0 ZERO Zero data transmitted in case of underrun

Ox1 SAME Last data transmitted in case of underrun

Bits 3:2 — TXDEFAULT[1:0] Line Default Line when Slot Disabled
This field defines the default value driven on the SDn output pin during all disabled Slots.

0x0 ZERO Output Default Value is 0

0x1 ONE Output Default Value is 1

0x2 Reserved

0x3 HIZ Output Default Value is high impedance

Bits 1:0 —- SERMODE[1:0] Serializer Mode

0x0 RX Receive

0x1 TX Transmit

0x2 PDM2 Receive one PDM data on each serial clock edge
0x3 Reserved
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54.5

SAMD5x/E5x Family Data Sheet

Electrical Characteristics at 85°C

limiting resistor is calculated as R = |(GND - 0.6V - Vp|y) / Inj2]. If Vp)y is greater than Vpp + 0.6V, a
current limiting resistor is required. The positive DC injection current limiting resistor is calculated
as R=(Vpn - (Vpp + 0.6)) / Inj2.

Supply Characteristics
Table 54-4. Supply Characteristics
Voltage

Symbol Conditions

Vbbio Full Voltage Range | 1.71 3.63

<i

Vbpios
VbpaNA

Veat

Table 54-5. Supply Rates(")

Vppio DC Supply 50 0.2 100 mV/us
Vv Peripheral 1/Os,
ERIOE Internal
VDDANA Regulator, and
Vv Analog Supply
BAT Voltage

Note: 1. These values are based on simulation. They are not covered by production test limits or
characterization.

Table 54-6. Power Supply Current Requirement

Symbol Conditions Current

7

linput Power-up Maximum Current mA

Note: liypyt is the minimum requirement for the power supply connected to the device.
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SAMD5x/E5x Family Data Sheet

Acronyms and Abbreviations

Acronyms and Abbreviations
The below table contains acronyms and abbreviations used in this document.

Table 58-1. Acronyms and Abbreviations

AC Analog Comparator

ADC Analog-to-Digital Converter

ADDR Address

AES Advanced Encryption Standard

AHB Advanced High-performance Bus

AMBA® Advanced Microcontroller Bus Architecture
APB AMBA Advanced Peripheral Bus

AREF Analog reference voltage

BLB Boot Lock Bit

BOD Brown-out Detector

CAL Calibration

CcC Compare/Capture

CCL Configurable Custom Logic

CLK Clock

CRC Cyclic Redundancy Check

CTRL Control

DAC Digital-to-Analog Converter

DAP Debug Access Port

DFLL Digital Frequency Locked Loop

DPLL Digital Phase Locked Loop

DMAC DMA (Direct Memory Access) Controller
DSU Device Service Unit

EEPROM Electrically Erasable Programmable Read-Only Memory
EIC External Interrupt Controller

EVSYS Event System

FDPLL Fractional Digital Phase Locked Loop, also DPLL
FREQM Frequency Meter

GCLK Generic Clock Controller
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