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6.2.6 SERCOM I2C Configurations
The SAM D5x/E5x has up to eight instances of the serial communication interface (SERCOM) peripheral.
All instances support USART, including RS485 and ISO7816, SPI and I²C protocols. The following table
lists the I²C pins location.

Table 6-8. SERCOM I²C Pinout

Package Pin Count Supply I/O pins with I²C Support

128 VDDIOB PA08, PA09

VDDIO PA12, PA13, PA16, PA17, PA22,
PA23, PD08, PD09

120 VDDIOB PA08, PA09

VDDIO PA12, PA13, PA16, PA17, PA22,
PA23, PD08, PD09

100 VDDIOB PA08, PA09

VDDIO PA12, PA13, PA16, PA17, PA22,
PA23

64 VDDIO PA12, PA13, PA16, PA17, PA22,
PA23

48 VDDIO PA12, PA13, PA16, PA17, PA22,
PA23

6.2.7 TCC Configurations
The SAM D5x/E5x has five instances of the Timer/Counter for Control applications (TCC) peripheral,
TCC[4:0]. The following table lists the features for each TCC instance.

Table 6-9. TCC Configuration Summary

TCC# Channels
(CC_NUM)

Waveform
Output

(WO_NUM)

Counter
size

Fault Dithering Output
matrix

Dead Time
Insertion

(DTI)

SWAP Pattern
generation

0 6 8 24-bit Yes Yes Yes Yes Yes Yes

1 4 8 24-bit Yes Yes Yes Yes Yes Yes

2 3 3 16-bit Yes - Yes - - -

3 2 2 16-bit Yes - - - - -

4 2 2 16-bit Yes - - - - -

Note:  The number of CC registers (CC_NUM) for each TCC corresponds to the number of compare/
capture channels, so that a TCC can have more Waveform Outputs (WO_NUM) than CC registers.

6.2.8 IOSET Configurations
The SAM D5x/E5x has multiple peripheral instances, mapped to different IO locations. Each peripheral IO
location is called IOSET and for a given peripheral, signals from different IOSET cannot be mixed.

For a given peripheral with two pads PAD0 and PAD1:
• Valid: PAD0 and PAD1 in the same IOSETn.

 SAMD5x/E5x Family Data Sheet
I/O Multiplexing and Considerations

© 2018 Microchip Technology Inc.  Datasheet DS60001507B-page 39



7.4.2 Power-On Reset on the main supply VDD (VDDANA/VDDIO)
The Main supply VDD (VDDANA/VDDIO) is monitored by POR. Monitoring is always activated, including
startup and all sleep modes. If VDD goes below the threshold voltage, all I/Os supplied by VDDIO are
reset.

7.4.3 Brown-Out Detector on VSWOUT/VBAT
BOD33 monitors VSWOUT or VBAT depending on configuration.

Related Links
19.  SUPC – Supply Controller

7.4.4 Brown-Out Detector on VDDCORE
Once the device has started up, BOD12 monitors the internal VDDCORE.

Related Links
19.  SUPC – Supply Controller

 SAMD5x/E5x Family Data Sheet
Power Supply and Start-Up ...
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Offset Name Bit Pos.         

0x1FE8 PID2

7:0 REVISION[3:0] JEPU JEPIDCH[2:0]

15:8         

23:16         

31:24         

0x1FEC PID3

7:0 REVAND[3:0] CUSMOD[3:0]

15:8         

23:16         

31:24         

0x1FF0 CID0

7:0 PREAMBLEB0[7:0]

15:8         

23:16         

31:24         

0x1FF4 CID1

7:0 CCLASS[3:0] PREAMBLE[3:0]

15:8         

23:16         

31:24         

0x1FF8 CID2

7:0 PREAMBLEB2[7:0]

15:8         

23:16         

31:24         

0x1FFC CID3

7:0 PREAMBLEB3[7:0]

15:8         

23:16         

31:24         

12.13 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 12.5.7  Register Access Protection.

 SAMD5x/E5x Family Data Sheet
DSU - Device Service Unit
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18. PM – Power Manager
Related Links
39.6.9  Sleep Mode Operation

18.1 Overview
The Power Manager (PM) controls the sleep modes and the power domain gating of the device.

Various sleep modes are provided in order to fit power consumption requirements. This enables the PM
to stop unused modules in order to save power. In active mode, the CPU is executing application code.
When the device enters a sleep mode, program execution is stopped and some modules and clock
domains are automatically switched off by the PM according to the sleep mode. The application code
decides which sleep mode to enter and when. Interrupts from enabled peripherals and all enabled reset
sources can restore the device from a sleep mode to active mode.

The user manually controls which power domains will be turned on and off in standby, hibernate and
backup sleep mode.

In backup and hibernate mode, the PM allows retaining the state of the I/O lines, preventing I/O lines from
toggling during wake-up.

18.2 Features
• Power management control

– Sleep modes: Idle, Hibernate, Standby, Backup, and Off
– SleepWalking available in standby mode.
– I/O lines retention in Backup mode

18.3 Block Diagram
Figure 18-1. PM Block Diagram

SLEEP MODE
CONTROLLER SUPPLY

CONTROLLER
MAIN CLOCK

CONTROLLER
SLEEPCFG

POWER DOMAIN
CONTROLLER

POWER MANAGER

STDBYCFG

POWER LEVEL SWITCHES
FOR POWER DOMAINS

18.4 Signal Description
Not applicable.

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

 SAMD5x/E5x Family Data Sheet
PM – Power Manager
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21.10.7 Debug Control

Name:  DBGCTRL
Offset:  0x0E
Reset:  0x00
Property:  PAC Write-Protection

Bit 7 6 5 4 3 2 1 0  
        DBGRUN  

Access R/W  
Reset 0  

Bit 0 – DBGRUN Debug Run
This bit is not reset by a software reset.

This bit controls the functionality when the CPU is halted by an external debugger.

Value Description
0 The RTC is halted when the CPU is halted by an external debugger.
1 The RTC continues normal operation when the CPU is halted by an external debugger.

 SAMD5x/E5x Family Data Sheet
RTC – Real-Time Counter
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21.12.16 Tamper ID

Name:  TAMPID
Offset:  0x68
Reset:  0x00000000

Bit 31 30 29 28 27 26 25 24  
 TAMPEVT         

Access R/W  
Reset 0  

Bit 23 22 21 20 19 18 17 16  
          

Access  
Reset  

Bit 15 14 13 12 11 10 9 8  
          

Access  
Reset  

Bit 7 6 5 4 3 2 1 0  
    TAMPID4 TAMPID3 TAMPID2 TAMPID1 TAMPID0  

Access R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0  

Bit 31 – TAMPEVT Tamper Event Detected
Writing a '0' to this bit has no effect. Writing a '1' to this bit clears the tamper detection bit.

Value Description
0 A tamper input event has not been detected
1 A tamper input event has been detected

Bits 0, 1, 2, 3, 4 – TAMPID Tamper on Channel n Detected
Writing a '0' to this bit has no effect. Writing a '1' to this bit clears the tamper detection bit.

Value Description
0 A tamper condition has not been detected on Channel n
1 A tamper condition has been detected on Channel n

 SAMD5x/E5x Family Data Sheet
RTC – Real-Time Counter
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Conditional Transfer
The event input is used to trigger a conditional transfer on peripherals with pending transfer requests. As
example, this type of event can be used for peripheral-to-peripheral transfers, where one peripheral is the
source of event and the second peripheral is the source of the trigger.

Each peripheral trigger is stored internally when the event is received. When the peripheral trigger is
stored internally, the Channel Pending status bit is set (CHSTATUS.PEND), the respective Pending
Channel n Bit in the Pending Channels register is set (PENDCH.PENDCHn), and the event is
acknowledged. A software trigger will now trigger a transfer.

The figure below shows an example where conditional event is enabled with peripheral beat trigger
requests.

Figure 22-14. Conditional Event with Burst Peripheral Triggers

BURST BURST

Event

Peripheral Trigger

PENDCHn

Data Transfer Block Transfer

Conditional Block Transfer
The event input is used to trigger a conditional block transfer on peripherals.

Before starting transfers within a block, an event must be received. When received, the event is
acknowledged when the block transfer is completed. A software trigger will trigger a transfer.

The figure below shows an example where conditional event block transfer is started with peripheral beat
trigger requests.

Figure 22-15. Conditional Block Transfer with Burst Peripheral Triggers

BURST BURST

Block Transfer

BURST BURST

Block Transfer

Data Transfer

Peripheral Trigger

Event

PENDCHn

Channel Suspend
The event input is used to suspend an ongoing channel operation. The event is acknowledged when the
current AHB access is completed. For further details on Channel Suspend, refer to 22.6.3.3  Channel
Suspend.

 SAMD5x/E5x Family Data Sheet
DMAC – Direct Memory Access Controller
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23.8.9 External Interrupt Asynchronous Mode

Name:  ASYNCH
Offset:  0x18
Reset:  0x00000000
Property:  PAC Write-Protection, Enable-Protected

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  
 ASYNCH[15:8]  

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  
 ASYNCH[7:0]  

Access RW RW RW RW RW RW RW RW  
Reset 0 0 0 0 0 0 0 0  

Bits 15:0 – ASYNCH[15:0] Asynchronous Edge Detection Mode
The bit x of ASYNCH set the Asynchronous Edge Detection Mode for the interrupt associated with the
EXTINTx pin.

Value Description
0 The EXTINT x edge detection is synchronously operated.
1 The EXTINT x edge detection is asynchronously operated.

 SAMD5x/E5x Family Data Sheet
EIC – External Interrupt Controller
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31.  EVSYS – Event System

24.6 Functional Description

24.6.1 Media Access Controller
The Transmit Block of the Media Access Controller (MAC) takes data from FIFO, adds preamble, checks
and adds padding and frame check sequence (FCS). Both half duplex and full duplex Ethernet modes of
operation are supported.

When operating in half duplex mode, the MAC Transmit Block generates data according to the Carrier
Sense Multiple Access with Collision Detect (CSMA/CD) protocol. The start of transmission is deferred if
Carrier Sense (CRS) is active. If Collision (COL) is detected during transmission, a jam sequence is
asserted and the transmission is retried after a random back off. The CRS and COL signals have no
effect in full duplex mode.

The Receive Block of the MAC checks for valid preamble, FCS, alignment and length, and presents
received frames to the MAC address checking block and FIFO. Software can configure the GMAC to
receive jumbo frames of up to 10240 Bytes. It can optionally strip CRC (Cyclic Redundancy Check) from
the received frame before transferring it to FIFO.

The Address Checker recognizes four specific 48-bit addresses, can recognize four different types of ID
values, and contains a 64-bit Hash register for matching multicast and unicast addresses as required. It
can recognize the broadcast address all-'1' (0xFFFFFFFFFFFF) and copy all frames. The MAC can also
reject all frames that are not VLAN tagged, and recognize Wake on LAN events.

The MAC Receive Block supports offloading of IP, TCP and UDP checksum calculations (both IPv4 and
IPv6 packet types supported), and can automatically discard bad checksum frames.

24.6.2 IEEE 1588 Time Stamp Unit
The IEEE 1588 time stamp unit (TSU) is implemented as a 94-bit timer.

• The 48 upper bits [93:46] of the timer count seconds and are accessible in the GMAC 1588 Timer
Seconds High Register” (TSH) and GMAC 1588 Timer Seconds Low Register (TSL).

• The 30 lower bits [45:16] of the timer count nanoseconds and are accessible in the GMAC 1588
Timer Nanoseconds Register (TN).

• The lowest 16 bits [15:0] of the timer count sub-nanoseconds.

The 46 lower bits roll over when they have counted to 1s. The timer increments by a programmable
period (to approximately 15.2fs resolution) with each MCK period and can also be adjusted in 1ns
resolution (incremented or decremented) through APB register accesses.

24.6.3 AHB Direct Memory Access Interface
The GMAC DMA controller is connected to the MAC FIFO interface and provides a scatter-gather type
capability for packet data storage.

The DMA implements packet buffering where dual-port memories are used to buffer multiple frames.

24.6.3.1 Packet Buffer DMA
• Easier to guarantee maximum line rate due to the ability to store multiple frames in the packet

buffer, where the number of frames is limited by the amount of packet buffer memory and Ethernet
frame size

• Full store and forward, or partial store and forward programmable options (partial store will cater for
shorter latency requirements)

 SAMD5x/E5x Family Data Sheet
GMAC - Ethernet MAC
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128 to 255 Byte Frames Transmitted Register 1024 to 1518 Byte Frames Received Register

256 to 511 Byte Frames Transmitted Register 1519 to Maximum Byte Frames Received
Register

512 to 1023 Byte Frames Transmitted Register Undersize Frames Received Register

1024 to 1518 Byte Frames Transmitted Register Oversize Frames Received Register

Greater Than 1518 Byte Frames Transmitted
Register

Jabbers Received Register

Transmit Underruns Register Frame Check Sequence Errors Register

Single Collision Frames Register Length Field Frame Errors Register

Multiple Collision Frames Register Receive Symbol Errors Register

Excessive Collisions Register Alignment Errors Register

Late Collisions Register Receive Resource Errors Register

Deferred Transmission Frames Register Receive Overrun Register

Carrier Sense Errors Register IP Header Checksum Errors Register

Octets Received Low Register TCP Checksum Errors Register

Octets Received High Register UDP Checksum Errors Register

Frames Received Register

These registers reset to zero on a read and stick at all ones when they count to their maximum value.
They should be read frequently enough to prevent loss of data.

The receive statistics registers are only incremented when the receive enable bit (RXEN) is set in the
Network Control register.

Once a statistics register has been read, it is automatically cleared. When reading the Octets Transmitted
and Octets Received registers, bits 31:0 should be read prior to bits 47:32 to ensure reliable operation.

 SAMD5x/E5x Family Data Sheet
GMAC - Ethernet MAC
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28.8.6 External Multipurpose Crystal Oscillator Control

Name:  XOSCCTRL
Offset:  0x14 + n*0x04 [n=0..1]
Reset:  0x00000080
Property:  PAC Write-Protection

Bit 31 30 29 28 27 26 25 24  
     CFDPRESC[3:0]  

Access R/W R/W R/W R/W  
Reset 0 0 0 0  

Bit 23 22 21 20 19 18 17 16  
 STARTUP[3:0]   SWBEN CFDEN  

Access R/W R/W R/W R/W R/W R/W  
Reset 0 0 0 0 0 0  

Bit 15 14 13 12 11 10 9 8  
 ENALC IMULT[3:0] IPTAT[1:0] LOWBUFGAIN  

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  
 ONDEMAND RUNSTDBY    XTALEN ENABLE   

Access R/W R/W R/W R/W  
Reset 1 0 0 0  

Bits 27:24 – CFDPRESC[3:0] Clock Failure Detector Prescaler
These bits select the prescaler for the clock failure detector.

The DFLL48 oscillator is used to clock the CFD prescaler.

The CFD safe clock frequency is the DFLL48 frequency divided by 2^CFDPRESC.

Bits 23:20 – STARTUP[3:0] Start-Up Time
These bits select start-up time for the oscillator XOSCn according to the table below.

The OSCULP32K oscillator is used to clock the start-up counter.

Table 28-6. Start-UpTime for External Multipurpose Crystal Oscillator

STARTUP[3:0] Number of
OSCULP32K Clock
Cycles

Number of XOSC
Clock Cycles

Approximate
Equivalent Time(

0x0 1 3 31µs

0x1 2 3 61μs

0x2 4 3 122μs

0x3 8 3 244μs

 SAMD5x/E5x Family Data Sheet
OSCCTRL – Oscillators Controller
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38.8.1.3 QOS Control

Name:  QOSCTRL
Offset:  0x03
Reset:  0x0F
Property:  PAC Write-Protection

Bit 7 6 5 4 3 2 1 0  
     DQOS[1:0] CQOS[1:0]  

Access R/W R/W R/W R/W  
Reset 1 1 1 1  

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 – CQOS[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.

 SAMD5x/E5x Family Data Sheet
USB – Universal Serial Bus
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38.8.1.5 Descriptor Address

Name:  DESCADD
Offset:  0x24
Reset:  0x00000000
Property:  PAC Write-Protection

Bit 31 30 29 28 27 26 25 24  
 DESCADD[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  
 DESCADD[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 11 10 9 8  
 DESCADD[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  
 DESCADD[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 – DESCADD[31:0] Descriptor Address Value
These bits define the base address of the main USB descriptor in RAM. The two least significant bits
must be written to zero.

 SAMD5x/E5x Family Data Sheet
USB – Universal Serial Bus
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40. SD/MMC Host Controller (SDHC)

40.1 Overview
The SD/MMC Host Controller (SDHC) supports the embedded MultiMedia Card (e.MMC) Specification,
the SD Memory Card Specification, and the SDIO Specification. It is compliant with the SD Host
Controller Standard specifications. Refer to 40.1.1  Reference Documents for details.

The SDHC includes the register set defined in the “SD Host Controller Simplified Specification V3.00” and
additional registers to manage e.MMC devices and enhanced features.

The SDHC is clocked by up to three clocks (bus clock, SDHC core clock, and a slow clock for certain
functions). Both the MCLK and GCLK must be configured before the SDHC can be used.

The SAM D5x/E5x provides two instances of the SDHC, SDHC0 and SDHC1.

Related Links
40.3.1  Block Diagram

40.1.1 Reference Documents

Name Link

SD Host Controller Simplified Specification V3.00 https://www.sdcard.org

SDIO Simplified Specification V3.00

Physical Layer Simplified Specification V3.01

Embedded MultiMedia Card (e.MMC) Electrical
Standard 4.51

http://www.jedec.org

40.2 Features
• Compatibility:

– SD Host Controller Standard Specification
– MultiMedia Card Specification
– SD Memory Card Specification
– SDIO Specification Version

Refer to 40.1.1  Reference Documents for details.
• Support for 1-bit/ 4-bit SD/SDIO Devices
• Support for 1-bit/4-bit e.MMC Devices
• Support for SD/SDIO Default Speed (Maximum SDCLK Frequency = 25 MHz)
• Support for SD/SDIO High Speed (Maximum SDCLK Frequency = 50 MHz)
• Support for e.MMC Default Speed (Maximum SDCLK Frequency = 26 MHz)
• e.MMC Boot Operation Mode Support
• Support for Block Size from 1 to 512 bytes
• Support for Stream, Block and Multi-block Data Read and Write – Advanced DMA and SDMA

Capability

 SAMD5x/E5x Family Data Sheet
SD/MMC Host Controller ...
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42.8.5 Interrupt Flag Status and Clear

Name:  INTFLAG
Offset:  0x07
Reset:  0x00

Bit 7 6 5 4 3 2 1 0  
       GFMCMP ENCCMP  

Access R/W R/W  
Reset 0 0  

Bit 1 – GFMCMP GF Multiplication Complete
This flag is cleared by writing a '1' to it.

This flag is set when GHASH value is available on the Galois Hash Registers (GHASHx) in GCM mode.

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

This flag is also automatically cleared in the following cases.

1. Manual encryption/decryption occurs (START in CTRLB register).
2. Reading from the GHASHx register.

Bit 0 – ENCCMP Encryption Complete
This flag is cleared by writing a '1' to it.

This flag is set when encryption/decryption is complete and valid data is available on the Data Register.

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

This flag is also automatically cleared in the following cases:

1. Manual encryption/decryption occurs (START in CTRLA register). (This feature is needed only if we
do not support double buffering of DATA registers).

2. Reading from the data register (DATAx) when LOD = 0.
3. Writing into the data register (DATAx) when LOD = 1.
4. Reading from the Hash Key register (HASHKEYx).

 SAMD5x/E5x Family Data Sheet
AES – Advanced Encryption Standard
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• HashVal the hash value beforehand generated and filled (pointed by {pu1HashBase,u2MaxLength
+4})

• The Public Key point is filled in “mixed” coordinates (X,Y) with the affine values and Z = 1 (pointed
by {nu1PointPublicKeyGen, (3*(u2ModLength + 4)) * (2(WB-2))})

• The input signature (R,S), even if it is not a Point, is represented in memory like a point in affine
coordinates (X,Y) (pointed by {nu1PointSignature, 2*u2ScalarLength + 8})

The operation consists of obtaining a V value with all input parameters and checks that V equals the
provided R. If all is correct and the signature is the good one, the status is set to PUKCL_OK. If all is
correct and the signature is wrong, the status is set to PUKCL_WRONG_SIGNATURE. If an error occurs,
the status is set to the corresponding error value (see Status Returned Values below).

43.3.6.13.4 Parameters Definition
To place the parameters correctly the maximum of u2ModLength and u2ScalarLength must be calculated:
u2MaxLength = max(u2ModLength, u2ScalarLength)

WA is the Point A window size and WB is the Point Public Key window size (see Options below for
details).

Important:  Please calculate precisely the length of areas with the formulas and the max()
service which takes the maximum of two values. Ensure that the pu1 type is a pointer on 4
bytes and contains the full address (see 43.3.3.4  Aligned Significant Length for details).

Table 43-89. ZpEcDsaQuickVerify Service Parameters

Parameter Type Direction Location Data Length Before
Executing
the Service

After
Executing
the Service

pu1ModCnsBase pu1 I Crypto
RAM

u2ModLength + 4 +
u2MaxLength + 12

Base of
modulus P

Base of
modulus P

u2Option u2 I – – Option
related to the
called service
(see below)

–

u2ModLength u2 I – – Length of
modulus P

Length of
modulus P

pu1OrderPointBase pu1 I Crypto
RAM

u2ScalarLength
+ 4

Order of the
Point A in the
elliptic curve

Unchanged

pu1PointSignature pu1 I Any RAM 2*u2ScalarLength
+ 8

Signature(r,
s)

Corrupted

pu1HashBase (see
Note 1)

pu1 I Crypto
RAM

u2MaxLength + 4 Base of the
hash value
resulting from
the previous
SHA

Corrupted
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When the comparators are configured for window mode and single-shot mode, measurements are
performed simultaneously on both comparators. Writing '1' to either Start Comparison bit in the Control B
register (CTRLB.STARTx) will start a measurement. Likewise either peripheral event can start a
measurement.

Figure 46-4. Comparators in Window Mode
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46.6.5 VDD Scaler
The VDD scaler generates a reference voltage that is a fraction of the device’s supply voltage, with 64
levels. One independent voltage channel is dedicated for each comparator. The scaler of a comparator is
enabled when the Negative Input Mux bit field in the respective Comparator Control register
(COMPCTRLx.MUXNEG) is set to 0x5 and the comparator is enabled. The voltage of each channel is
selected by the Value bit field in the Scaler x registers (SCALERx.VALUE).
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Figure 48-6. Match PWM Operation
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The table below shows the update counter and overflow event/interrupt generation conditions in different
operation modes.

Table 48-4. Counter Update and Overflow Event/interrupt Conditions in TC

Name Operation TOP Update Output Waveform OVFIF/Event

On Match On Update Up Down

NFRQ Normal Frequency PER TOP/ ZERO Toggle Stable TOP ZERO

MFRQ Match Frequency CC0 TOP/ ZERO Toggle Stable TOP ZERO

NPWM Single-slope PWM PER TOP/ ZERO See description above. TOP ZERO

MPWM Single-slope PWM CC0 TOP/ ZERO Toggle Toggle TOP ZERO

Related Links
32.  PORT - I/O Pin Controller

48.6.2.7 Double Buffering
The Compare Channels (CCx) registers, and the Period (PER) register in 8-bit mode are double buffered.
Each buffer register has a buffer valid bit (CCBUFVx or PERBUFV) in the STATUS register, which
indicates that the buffer register contains a new valid value that can be copied into the corresponding
register. As long as the respective buffer valid status flag (PERBUFV or CCBUFVx) are set to '1', related
syncbusy bits are set (SYNCBUSY.PER or SYNCBUSY.CCx), a write to the respective PER/PERBUF or
CCx/CCBUFx registers will generate a PAC error, and access to the respective PER or CCx register is
invalid.

When the buffer valid flag bit in the STATUS register is '1' and the Lock Update bit in the CTRLB register
is set to '0', (writing CTRLBCLR.LUPD to '1'), double buffering is enabled: the data from buffer registers
will be copied into the corresponding register under hardware UPDATE conditions, then the buffer valid
flags bit in the STATUS register are automatically cleared by hardware.
Note:  The software update command (CTRLBSET.CMD=0x3) is acting independently of the LUPD
value.

A compare register is double buffered as in the following figure.
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Bit 8 – OVFEO Overflow/Underflow Output Event Enable
This bit is used to enable the Overflow/Underflow event. When enabled, an event will be generated when
the Counter overflows/underflows.

Value Description
0 Overflow/Underflow event is disabled and will not be generated.
1 Overflow/Underflow event is enabled and will be generated for every counter overflow/

underflow.

Bits 7:5 – EVEI[2:0] Event Input Enable
This bit is used to enable asynchronous input event to the counter.

Value Description
0 Incoming events are disabled.
1 Incoming events are enabled.

Bits 4:2 – EVINV[2:0] Inverted Event Input Enable
This bit inverts the asynchronous input event to the counter.

Value Description
0 Input event source is not inverted.
1 Input event source is inverted.

Bits 1:0 – EVACT[1:0] Event Action
These bits have an effect only when COUNTER operation mode is selected, and ignored in all other
operation modes.

These bits define the event action the counter will perform on an event.

Value Name Description
0 OFF Event action disabled
1 RETRIGGER Start, restart or retrigger on event
2 COUNT Count on event
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Figure 56-7. External Reset Circuit Schematic
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A pull-up resistor makes sure that the Reset does not go low and unintentionally causing a device Reset.
An additional resistor has been added in series with the switch to safely discharge the filtering capacitor,
i.e. preventing a current surge when shorting the filtering capacitor which again can cause a noise spike
that can have a negative effect on the system.

Table 56-3. Reset Circuit Connections

Signal Name Recommended Pin Connection Description

RESET Reset low level threshold voltage
VDDIO = 1.71V - 2.0V: Below 0.33 * VDDIO

VDDIO = 2.7V - 3.6V: Below 0.36 * VDDIO

Decoupling/filter capacitor 100nF(1)

Pull-up resistor 10kΩ(1,2)

Resistor in series with the switch 330Ω(1)

Reset pin

1. These values are only given as a typical example.

2. The SAM D5x/E5x features an internal pull-up resistor on the RESET pin, hence an external pull-up is
optional.

56.5 Unused or Unconnected Pins
For unused pins the default state of the pins will give the lowest current leakage. Thus there is no need to
do any configuration of the unused pins in order to lower the power consumption.

56.6 Clocks and Crystal Oscillators
The SAM D5x/E5x can be run from internal or external clock sources, or a mix of internal and external
sources. An example of usage can be to use the internal 48MHz DFLL as source for the system clock
and an external 32.768kHz watch crystal as clock source for the Real-Time counter (RTC).
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