EXFL

Microchip Technology - ATSAMC21E17A-AUT Datasheet

Details

Product Status

Core Processor

Core Size

Speed

Connectivity

Peripherals

Number of I/O

Program Memory Size
Program Memory Type
EEPROM Size

RAM Size

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

Package / Case

Supplier Device Package

Purchase URL

Active

ARM® Cortex®-MO+
32-Bit Single-Core
48MHz

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"

CANbDus, I2C, LINbus, SPI, UART/USART

Brown-out Detect/Reset, DMA, POR, WDT

26

128KB (128K x 8)
FLASH

16K x 8

2.7V ~ 5.5V

A/D 10x12b, 1x16b; D/A 1x10b

Internal

-40°C ~ 85°C (TA)
Surface Mount
32-TQFP

32-TQFP (7x7)

https://www.e-xfl.com/product-detail/microchip-technology/atsamc2lel7a-aut

Email: info@E-XFL.COM

Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/atsamc21e17a-aut-4404709
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers
https://www.e-xfl.com/product/filter/embedded-microcontrollers

SAM C20/C21

Table of Contents

FRATUIES. ...ttt e e e e e s e e e e e e e e e e e e e e e nnree s 1
1. Configuration SUMMaAry.........c.co i 14
2. Ordering INfOrmMation..............uuiuiii e aa e ebesrararraarraae 19
G T =11 Tl QI =T =1 o 1P 20
S T T | PP 22
4.1, SAM C21E /T SAM C20E..... .ottt ettt ettt et st nbe e st e e steeembe e s beeebeesaeeenteeeneeeees 22
4.2, SAM C21G [ SAM C20G.......oiiitiiiiieiee ettt ettt ettt ettt ebe et e s sn e saneenee e 23
4.3, SAM C21J 7 SAM C20J.....eiiiietiiiteeeie ettt ettt ettt et e b ene e 24
4.4, SAM C2TN / SAM C20N......uiiiiieiiieiee ittt ettt ettt sb et e e sae e b e e saeeebeesabearaeesabeesbeesanee e 26
5. Signal Descriptions LiSt..........coiiiiiiiiiiiiiie e 27
6. 1/0 Multiplexing and Considerations...............couiiiiiiiiiiiiiee e 29
6.1, MUItIPIEXEA SIGNAIS.......eiiiiiieeiie ettt et e e et e e et e e s e e et e e e ane e e eneeeeanaeeeanee 29
6.2, Other FUNCHONS. ... .ottt e e e e ettt e e e et e e e e e annereeaeeeanntneeaaeanees 35
7. Power Supply and Start-Up Considerations.............ccccccvvviiiiiiiiiiee 38
7.1, PoWEr DOMEain OVEIVIEW. ... ...oiiiiiiieiiie ettt et e st e e et e e et e e smaeeeeeeeesaneeeeanneeean 38
7.2.  Power Supply ConSIiderations............oo it e e e e e e e e e e e neeeeeas 39
7.3 POWET-UD ..ttt 41
7.4.  Power-On Reset and Brown-Out DeteCtOr.........ccoouiiiiiiiiiiieee e 42
LS T o (o T [H o Y/ =Y o o [ Vo PP 43
S T 1V 1= o g 1= 47
9.1, EmMbedded MEMOKIES. .......eeiiiiieiie ettt e et e e e e ettt e e e e e anae e e e e e e e annreeeeeeaneaeeans 47
9.2, PhysSiCal MEMOIY MaP........ciiiiiiiiiieeeitie ettt e ettt et e e bt e e ente e e nnnees 47
9.3, NVM USEr ROW MaPPiNg. .. ceeeeeeeiiiiiietee ittt e e st e e e e st e e e s e annneeeeeeaneee 48
9.4. NVM Software Calibration Area Mapping.........ccoeoiiuiiiriiiiii e 49
9.5. NVM Temperature Calibration Area Mapping, SAM C21.........ccoiiiiiiiiiiiiie e 50
9.6, Seral NUMDET ......ciiitiii ettt et et e et e eae e e s e e ene e e e naneas 51
10. Processor and Architecture. ... 52
10.1. COrtEX MO+ PrOCESSO . ... ieiieiiee ettt e e ettt e e e et e e e e e ettt e e e e e aaeeeeaeeaaneeeeaaeaasneeeaaeaaanneeeaaaannn 52
10.2. Nested Vector INterrupt CONrOllEr..........oooiiiiiiie s 54
10.3. MiICIO TracCe BUITE ..ottt e ettt e e et e e sneee e snneeean 57
10.4. High-Speed BUS SYSTEM.....cuiiiiiiieii et e e e st e e s e e enee e e nnneas 58
11. PAC - Peripheral Access Controller.............oooviiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeee e 61
PRt R O 1= OSSN 61
O Y | (U= TSP 61
G T = 1o o [ DI F= o = 1 4 SRS 61

© 2017 Microchip Technology Inc. Datasheet Complete DS60001479B-page 4



SAM C20/C21

25.10. Register Description - SRAM..... ... it e e et e e e et e e e e e e naeeeaaeaaas 376
26. EIC — External Interrupt Controller.............eeeeeeiieiiiiiiieiiiieeeeeeeeeeeeeeeee e 383
2 T O Y= T OSSP 383
26.2. FRAMUIES. ... .ottt e e ettt e e e e e et e e e e haee e e e e e e nteeeeeeaanreeeaeeaannae 383
26.3. BIOCK DIGGIam...ccouiiiiiiiie ittt ettt sttt n et n 383
26.4. SiGNAl DESCIIPLON. ...ttt e bt e ettt s bt e sbb e e e et e e snee e e nnbeeean 384
P24 ST T o oo [8 o B 1= oY= o To 1= o o =Y PR 384
26.6. FUNCLioNal DESCIPLION........uuiiiiiiiiiiiieieiee e e e e e e e e e e e e e e e e e e e e e e e sannennnrnnees 385
26.7. ReGISIEr SUMIMAIY....cooitiiiiiiii ittt et e eat e s bt e e b e e nnn e e neee s 392
PR T S (= Te [151 (=T T ] o (o] PSPPSR 393
27. NVMCTRL — Non-Volatile Memory Controller................ccccc 406
D T O 1Y = o 1= PSPPSR 406
272, FRAIUIES ...ttt h e bbbttt st e bt 406
P TR =1 o Yo QI =T =T o PSPPI 406
DA S Yo a1 D =T T o o TS 407
27.5. ProduCt DEPENUENCIES. ........eiiiiiiiiiiii ittt et e e st e e e e e e sneee s 407
27.6. FUNCHONAI DESCIIPTION. ... .ttt ettt e et sbe e san e e e abeeenans 408
27.7. REQISIEr SUMIMAIY.....oii ittt e e e e e e e et e e e e e seatbeeeeeseasaaseeaeeesnraeeeeeaannes 416
27.8. Register DEeSCIIPLON. ... ... et e e e et e e e enaeeeas 417
28. PORT - /O Pin Controller........coo e 428
P4 T T O Y= T VT SR 428
28.2. FAIUIES. ... ettt e ettt e e e e et e e e et e e e e e e neeee e e e e anreneeeeannae 428
P4 TR T = 1o ol [q BT F= o = o o TR ERR SO 429
28.4. SiGNAl DESCIIPLON. .....eeiiiiti ettt st e ra e e e e e an 429
28.5. Product DEPENAENCIES. ......cceiieeiiiiee ettt e et e et e e e e et e e e e et e e e e s e eanae e e e e e sasseeeeessnsaeeas 429
28.6. FUNCHONAI DESCHIPLON.......uuiiiiiiiiiiiieeeee e e e e e e e e aaeaeeeeeeeeeessesnnnnsnnnrnrees 431
28.7. ReEQISTEr SUMIMAIY.....ooi ittt e e ettt e e e e e aaateeea e e s ntbeeeaaeaannnseaaeaaanseeeaaeaannns 437
28.8. PORT Pin Groups and Register Repetition............cccooviiiiiiiiiiiii e 439
28.9. Register DESCHIPLON........ueiiii i e e e e e e a e e e e e e e e enraees 439
29. EVSYS — EVENE SYSIEML...ciiiiiiiiiiiiiiiiieieeeeeeeeeeeeeee ettt e e e e e e e e e e e e e e e eeeeeees 457
D24 B B © Y= =R 457
20.2. FRAIUIES. ..ttt ettt h bbb e et e e hb e e anbe e nnes 457
p4e IR T = 1o o3 [q B I F= o =T o T PP UPPR PP 457
29.4. SigNal DESCIIPHON. ...ttt ettt ettt e e e e ettt e e e e et n e e e e e e nnne e e e e e e nnneeeas 458
29.5. ProduCt DEPENUENCIES. .......ueiiiiiieiiiii ettt ettt st e it e e s 458
29.6. FUNCHONAI DESCIIPTION. ... ettt ettt st e e bt e e eab e e sbt e e e snneeeanbeeenans 459
DA A S (= Te 1151 (=T RS T [ 4]0 T SO 463
29.8. Register DEeSCHIPLON. ... ... ittt e e et e e e e e e e e e enaeeeas 464
30. SERCOM — Serial Communication Interface.............ccuveveeiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeee, 480
10 Ry B @ =Y 1RSSR PRSI 480
30.2. FRAIUIES. ...ttt ettt ettt e e e ettt e e e e et e et e e e e ne e e e e e e e nnnreeeeeeannee 480
30.3. BlOCK DIBGIam........ociuieiiiiiie ettt ettt e et e eb e e s et e nr e e e e e e e nae 481
30.4.  SigNal DESCIIPHION. ... .eeeiiitiie ettt ettt s et e ek e e eb e e s ne e e e aabe e e e 481
30.5. Product DEPENUENCIES. .....ccc ittt e e e e e e e e e e e e s e st e e e e e e e e e aeaaaaeeeeeeaeaaaaannn 481

© 2017 Microchip Technology Inc. Datasheet Complete DS60001479B-page 8



SAM C20/C21

6. I/0 Multiplexing and Considerations

6.1 Multiplexed Signals

Each pin is by default controlled by the PORT as a general purpose I/O and alternatively it can be
assigned to one of the peripheral functions A, B, C, D, E, F, G, H, or |. To enable a peripheral function on
a pin, the Peripheral Multiplexer Enable bit in the Pin Configuration register corresponding to that pin
(PINCFGn.PMUXEN, n = 0-31) in the PORT must be written to one. The selection of peripheral function
A to H is done by writing to the Peripheral Multiplexing Odd and Even bits in the Peripheral Multiplexing
register (PMUXn.PMUXE/O) in the PORT.

Table 6-1. PORT Function Multiplexing for SAM C21 N

Finfuopil swpy | & | e g T T e e R
|| Ec | wer [Aoco | oci [somvc| Ac | ic | oAc| seeoow | semcomAr | To | oo | cow | Acieoik | coi |

1 | PAOO |VDDANA| EXTINTIO] SERCOM1/PADI0] | TC2/WO[0] CMP[2]
2 | PAOT VDDANA EXTINT[1] SERCOM1/PAD[1] TC2/WO[1] CMP[3]
3 | PCOO |VDDANA | EXTINT[8] AIN[8]
4 | PCO1 | VDDANA EXTINT[9] AIN[9]
5 | PCO2 |VDDANA EXTINT[10] AIN[10]
6 | PCO3 | VDDIO EXTINT[11] AIN[11] SERCOM?7/PAD[0] TCC2/WO[0]
7 | PAO2 |VDDANA| EXTINT[2] AIN[O] AIN[4]| Y[0] |vouT
8 | PAO3 VDDANA EXTINT[3] ADC/VREFA | AIN[1] Yi1]

DAC/VREFB
9 | PBO4 |VDDANA | EXTINT4] AIN[6] AIN[5] | Y[10]
10  PB05 VDDANA EXTINT(5] AIN[7] AINB] Y[11]
13 | PB06 | VDDIO | EXTINTI6] AIN[8] | INN[2] | AIN[7] | Y[12] SERCOM7/PAD[1] CCL2/IN[E]
14  PBO7 = VDDIO | EXTINT[7] AIN[9] | INP[2] Y[13] SERCOM?7/PAD[3] SERCOM7/PAD[2] CCL2/IN[7]
15 | PB08 | VDDIO | EXTINTI8] AIN[2] | AIN[4] | INN[1] Y[14] SERCOM7/PAD[2] SERCOM7/PAD[3] | TC4/WOI0] CCL2/IN[8]
16  PB09 VDDANA EXTINT9] AIN[3] | AIN[5] | INP[1] Y[15] SERCOMA4/PAD[1] TC4/WO[1] CCL2/0UT[2]
17 | PAO4 |VDDANA| EXTINT[4] SDADC/VREFB| AIN[4] AINO] | Y[2] SERCOMO/PADI0] | TCO/WO[0] CCLO/IN[O]
18  PAO5 VDDANA EXTINT(5] AIN[5] AIN[1] Y[3] SERCOMO/PAD[1] TCO/WO[1] CCLO/IN[1]
19 | PAO6 |VDDANA| EXTINTI6] AIN[6] INN[O] | AIN2] | Y[4] SERCOMO/PADI[2] | TC1/WO[0] CCLO/IN[2]
20 | PAO7 VDDANA EXTINT[7] AIN[7] INP[0] AIN[3]  Y[5] SERCOMO/PAD[3] TC1/WO[1] CCLO/OUT(0]
21 | PCO5 |VDDANA EXTINT[13] SERCOM6/PADI[3] TCC2/WO[1]
22 | PCO6 | VDDANA EXTINT[14] SERCOMB6/PAD[0]
23 | PCO7 |VDDANA EXTINT[15] SERCOM6/PADI[1]
26 PA08 VDDIO NMI AIN[10] X[O)Y[16] SERCOMO/PAD[0] SERCOM2/PAD[0] | TCO/WO[0] TCCO/WO[0] CCL1/IN[3]
27 | PA09 | VDDIO | EXTINT[9] AIN[11] XUIY[17] SERCOMO/PAD[1]| SERCOM2/PAD[1] | TCO/WO[1] TCCO/WO[1] CCL1/IN[4]
28 | PA10 | VDDIO EXTINT[10] X[2/Y[18] SERCOMO/PAD[2] SERCOM2/PAD[2] TC1/WO[0] TCCO/WO[2] GCLK_IO[4] CCLA/IN[5]
29 | PA11 | VDDIO |EXTINT[11] X[3)/Y[19] SERCOMO/PADI[3] SERCOM2/PAD[3] | TC1/WO[1] TCCO/WO[3] GCLK_IO[5] CCL1/0UT[1]
30 PB10 VDDIO EXTINT[10] SERCOMA4/PAD[2] TC5/WO[0] TCCO_WO4 GCLK_IO[4] CCLA/IN[5]
31| PB11 | VDDIO |EXTINT[1] SERCOM4/PADI[3] TC5/WO[1] TCCO_WO5 GCLK_IO[5] CCL1/0UT[1]
32 PB12 VDDIO EXTINT[12] X[12)/Y[28] SERCOMA4/PAD[0] TC4/WO[0] TCCO_WO6 CAN1/TX GCLK_lO[6]
33 | PB13 | VDDIO |EXTINT[13] X[13)/Y[29] SERCOM4/PAD[1] TC4/WO[1]| TCCO_WO7 CAN1/RX GCLK_IO[7]
34 PB14 VDDIO EXTINT[14] X[14)/Y[30] SERCOMA4/PAD[2] TC5WO[0] CAN1/TX GCLK_IO[0] CCL3/IN[9]
35 | PB15 | VDDIO |EXTINT[15] X(15)/Y[31] SERCOM4/PADI[3] TC5/WO[1] CAN1/RX GCLK_IO[1]| CCL3/IN[10]
38 PCO8 VDDIO = EXTINT[O] SERCOMB6/PAD[0] SERCOM7/PAD[0]
39 | PCO9 | VDDIO | EXTINT[1] SERCOM6/PAD[1]| SERCOM7/PAD[1]
40 | PC10 | VDDIO | EXTINT[2] SERCOM6/PAD[2] SERCOM7/PAD[2]
41| PC11 | VDDIO | EXTINT[3] SERCOM6/PADI[3] SERCOM7/PAD[3]
42 | PC12 | VDDIO | EXTINT4] SERCOM?7/PAD[0]
43 | PC13 | VDDIO | EXTINT[5] SERCOM7/PAD[1]
44 | PC14 | VDDIO | EXTINT[6] SERCOM7/PAD[2]
45 | PC15 | VDDIO | EXTINT[7] SERCOM7/PADI[3]
46 | PA12 | VDDIO EXTINT[12] SERCOM2/PAD[0] SERCOMA4/PAD[0] TC2/WO[0] TCCO_WO6 CMP[0]
47 | PA13 | VDDIO |EXTINT[13] SERCOM2/PAD[1] SERCOM4/PAD[1]| TC2/WO[1] | TCCO_WO7 CMP[1]
48 | PA14 | VDDIO EXTINT[14] SERCOM2/PAD[2] SERCOMA4/PAD[2] TC3/WOI0] GCLK_IO[0]
49 | PA15 | VDDIO |EXTINT[15] SERCOM2/PADI[3] SERCOM4/PAD[3] | TC3/WOI1] GCLK_IO[1]
52 PA16 VDDIO | EXTINT[O] X[4)/Y[20] SERCOM1/PAD[0] SERCOM3/PAD[0] TC2/WO[0] TCC1/WO[0] GCLK_IO[2] CCLO/IN[0]
53 | PA17 | VDDIO | EXTINT[1] X[5)/Y[21] SERCOM1/PAD[1] | SERCOM3/PAD[1]| TC2/WO[1] TCC1/WO[1] GCLK_IO[3] CCLO/IN[1]
54 PA18  VDDIO | EXTINT[2] X[6)/Y[22] SERCOM1/PAD[2] SERCOM3/PAD[2] TC3/WO[0] TCC1/WO[2] CMP[0] = CCLO/IN[2]
55 | PA19 | VDDIO | EXTINT[3] X[7)IY[23] SERCOM1/PADI[3] SERCOM3/PAD[3] | TC3/WO[1] TCC1/WO[3] CMP[1] | CCLO/OUT(0]
56 PC16 VDDIO = EXTINT8] SERCOMB6/PAD[0]
57 | PC17 | VDDIO | EXTINT[9] SERCOM6/PADI[1]
58 PC18 VDDIO EXTINT[10] SERCOM6/PAD[2]
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23.6.2
23.6.2.1

23.6.2.2

23.6.2.3

SAM C20/C21

Table 23-1. WDT Operating Modes

CTRLA.ENABLE |CTRLAWEN | Interrupt Enable _
0 X

X Stopped
1 0 0 Normal mode
1 0 1 Normal mode with Early Warning interrupt
1 1 0 Window mode
1 1 1 Window mode with Early Warning interrupt

Basic Operation

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

*  Control A register (CTRLA), except the Enable bit (CTRLA.ENABLE)
»  Configuration register (CONFIG)
*  Early Warning Interrupt Control register (EWCTRL)

Enable-protected bits in the CTRLA register can be written at the same time as CTRLA.ENABLE is
written to '1', but not at the same time as CTRLA.ENABLE is written to '0'.

The WDT can be configured only while the WDT is disabled. The WDT is configured by defining the
required Time-Out Period bits in the Configuration register (CONFIG.PER). If Window mode operation is
desired, the Window Enabile bit in the Control A register must be set (CTRLA.WEN=1) and the Window
Period bits in the Configuration register (CONFIG.WINDOW) must be defined.

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

Configurable Reset Values
After a Power-on Reset, some registers will be loaded with initial values from the NVM User Row.

This includes the following bits and bit groups:

*  Enable bit in the Control A register, CTRLA.ENABLE
*  Always-On bit in the Control A register, CTRLA.ALWAYSON
*  Watchdog Timer Windows Mode Enable bit in the Control A register, CTRLA.WEN

*  Watchdog Timer Windows Mode Time-Out Period bits in the Configuration register,
CONFIG.WINDOW

»  Time-Out Period bits in the Configuration register, CONFIG.PER
«  Early Warning Interrupt Time Offset bits in the Early Warning Interrupt Control register,
EWCTRL.EWOFFSET
Related Links
NVM User Row Mapping

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

The WDT can be disabled only if the Always-On bit in the Control A register (CTRLA.ALWAYSON) is '0".
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2453

2454

2455

24.5.6

24.5.7

24.5.8

SAM C20/C21

PM — Power Manager

Clocks

The RTC bus clock (CLK_RTC_APB) can be enabled and disabled in the Main Clock module MCLK, and
the default state of CLK_RTC_APB can be found in Peripheral Clock Masking section.

A 32KHz or 1KHz oscillator clock (CLK_RTC_OSC) is required to clock the RTC. This clock must be
configured and enabled in the 32KHz oscillator controller (OSC32KCTRL) before using the RTC.

This oscillator clock is asynchronous to the bus clock (CLK_RTC_APB). Due to this asynchronicity,
writing to certain registers will require synchronization between the clock domains. Refer to
Synchronization for further details.

Related Links
OSC32KCTRL - 32KHz Oscillators Controller
Peripheral Clock Masking

DMA
Not applicable.

Related Links
DMAC — Direct Memory Access Controller

Interrupts

The interrupt request line is connected to the Interrupt Controller. Using the RTC interrupt requires the
Interrupt Controller to be configured first.

Related Links

Nested Vector Interrupt Controller

Events
The events are connected to the Event System.

Related Links
EVSYS — Event System

Debug Operation

When the CPU is halted in debug mode the RTC will halt normal operation. The RTC can be forced to
continue operation during debugging. Refer to DBGCTRL for details.

Register Access Protection

All registers with write-access are optionally write-protected by the peripheral access controller (PAC),
except the following registers:

* Interrupt Flag Status and Clear (INTFLAG) register

Write-protection is denoted by the "PAC Write-Protection" property in the register description.

Write-protection does not apply to accesses through an external debugger. Refer to the PAC - Peripheral
Access Controller for details.

Related Links
PAC - Peripheral Access Controller

© 2017 Microchip Technology Inc. Datasheet Complete DS60001479B-page 284
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Bit 15 14 13 12 11 10 9 8
OVF | ompn | cmPn |
Access R/W R/W R/W
Reset 0 0 0
Bit 7 6 5 4 3 2 1 0
PERn PERn PERn PERn PERn PERn PERn PERn
Access RIW RIW R/W RIW R/W RIW R/W R/W
Reset 0 0 0 0 0 0 0 0

24.10.5

Bit 15 — OVF: Overflow Interrupt Enable
Writing a '0' to this bit has no effect. Writing a '1' to this bit will set the Overflow Interrupt Enable bit, which
enables the Overflow interrupt.

Value Description

0 The Overflow interrupt is disabled.
1 The Overflow interrupt is enabled.

Bits 9:8 — CMPn: Compare n Interrupt Enable [n =1..0]
Writing a '0' to this bit has no effect. Writing a '1' to this bit will set the Compare n Interrupt Enable bit,
which and enables the Compare n interrupt.

Value Description

0 The Compare n interrupt is disabled.
1 The Compare n interrupt is enabled.

Bits 7:0 — PERN: Periodic Interval n Interrupt Enable [n = 7..0]
Writing a '0' to this bit has no effect. Writing a '1' to this bit will set the Periodic Interval n Interrupt Enable
bit, which enables the Periodic Interval n interrupt.

Value Description

0 Periodic Interval n interrupt is disabled.
1 Periodic Interval n interrupt is enabled.

Interrupt Flag Status and Clear in COUNT16 mode (CTRLA.MODE=1)

Name: INTFLAG
Offset: 0x0C
Reset: 0x0000
Property: -

Datasheet Complete DS60001479B-page 307
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Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
TICKON
Access RwW
Reset 0
Bit 15 14 13 12 " 10 9 8
STATESX PRESCALERXx[2:0] STATESx PRESCALERXx[2:0]
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
STATESXx PRESCALERXx[2:0] STATESXx PRESCALERXx[2:0]
Access RW RW RW RW RW RW RW RW
Reset 0 0 0 0 0 0 0 0

Bit 16 — TICKON: Pin Sampler frequency selection
This bit selects the clock used for the sampling of bounce during transition detection.

Value Description

0 The bounce sampler is using GCLK_EIC.
1 The bounce sampler is using the low frequency clock.

Bits 3,7,11,15 — STATESx: Debouncer number of states x

This bit selects the number of samples by the debouncer low frequency clock needed to validate a
transition from current pin state to next pin state in synchronous debouncing mode for pins
EXTINT[7+(8x):8x].

Value Description

0 The number of low frequency samples is 3.
1 The number of low frequency samples is 7.

Bits 2:0,6:4,10:8,14:12 - PRESCALERXx: Debouncer Prescaler x
These bits select the debouncer low frequency clock for pins EXTINT[7+(8x):8x].

Value Name Description

0x0 F/2 EIC clock divided by 2
0x1 F/4 EIC clock divided by 4
0x2 F/8 EIC clock divided by 8
0x3 F/16 EIC clock divided by 16
Ox4 F/32 EIC clock divided by 32
0x5 F/64 EIC clock divided by 64
0x6 F/128 EIC clock divided by 128
0x7 F/256 EIC clock divided by 256

26.8.13 Pin State

Datasheet Complete DS60001479B-page 404
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30.5.9

30.6

30.6.1

30.6.2
30.6.2.1

SAM C20/C21

*  Address register (ADDR)

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

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

Related Links
PAC - Peripheral Access Controller

Analog Connections
Not applicable.

Functional Description

Principle of Operation

The basic structure of the SERCOM serial engine is shown in Figure 30-2. Labels in capital letters are
synchronous to the system clock and accessible by the CPU; labels in lowercase letters can be
configured to run on the GCLK_SERCOMx_CORE clock or an external clock.

Figure 30-2. SERCOM Serial Engine

Transmitter Address Match

SEIeCtable _ _
Internal Clk
(GCLK) By
baud rate generator ‘
Ext Clk % g
1/-12- 116

v
tx shift register ‘

i A

—————
Receiver v
rx shift register ‘

v

> status rx buffer
Baud Rate Generator

The transmitter consists of a single write buffer and a shift register.

The receiver consists of a two-level receive buffer and a shift register.

The baud-rate generator is capable of running on the GCLK_SERCOMx_CORE clock or an external
clock.

Address matching logic is included for SPI and I12C operation.

Basic Operation

Initialization

The SERCOM must be configured to the desired mode by writing the Operating Mode bits in the Control
A register (CTRLA.MODE). Refer to table SERCOM Modes for details.
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Register Summary - 12C Slave

oren tene e L

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07
0x08

0x13
0x14
0x15
0x16
0x17
0x18
0x19
Ox1A
0x1B
0x1C
0x1D
Ox1E
Ox1F
0x20

0x23
0x24
0x25
0x26
0x27
0x28
0x29

33.8

RUNSTDBY MODE[2:0] ENABLE SWRST
15:8
CTRLA
23:16 SEXTTOEN SDAHOLDI[1:0] PINOUT
31:24 LOWTOUT SCLSM SPEEDI[1:0]
7:0
15:8 AMODE[1:0] AACKEN GCMD SMEN
CTRLB
23:16 ACKACT CMDI[1:0]
31:24
Reserved
INTENCLR 7:0 ERROR DRDY AMATCH PREC
Reserved
INTENSET 7:0 ERROR DRDY AMATCH PREC
Reserved
INTFLAG 7:0 ERROR DRDY AMATCH PREC
Reserved
7:0 CLKHOLD = LOWTOUT SR DIR RXNACK COLL BUSERR
STATUS
15:8 LENERR HS SEXTTOUT
7:0 ENABLE SWRST
15:8
SYNCBUSY
23:16
31:24
Reserved
7:0 ADDR][6:0] GENCEN
15:8 TENBITEN ADDRI[9:7
ADDR
23:16 ADDRMASK]6:0]
31:24 ADDRMASK[9:7]
7:0 DATA[7:0]
DATA
15:8

Register Description - I12C Slave

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

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

Some registers are synchronized when read and/or written. Synchronization is denoted by the "Write-
Synchronized" or the "Read-Synchronized" property in each individual register description. For details,
refer to Synchronization.
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Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
TFQF TFQPI[4:0]
Access R R R R
Reset 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TFGI[4:0]
Access R R R
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
TFFL[5:0]
Access R R R
Reset 0 0 0 0 0 0

Bit 21 — TFQF: Tx FIFO/Queue Full

Value Description

0 Tx FIFO/Queue not full.
1 Tx FIFO/Queue full.

Bits 20:16 — TFQPI[4:0]: Tx FIFO/Queue Put Index
Tx FIFO/Queue write index pointer, range 0 to 31.

Bits 12:8 — TFGI[4:0]: Tx FIFO/Queue Get Index
Tx FIFO read index pointer, range 0 to 31. Read as zero when Tx Queue operation is configured
(TXBC.TFQM = ‘1).

Bits 5:0 — TFFL[5:0]: Tx FIFO Free Level
Number of consecutive free Tx FIFO elements starting from TFGI, range 0 to 32. Read as zero when Tx
Queue operation is configured (TXBC.TFQM = ‘1°).

34.8.37 Tx Buffer Element Size Configuration
This register is write-restricted and only writable if bit fields CCCR.CCE =1 and CCCR.INIT = 1.

Configures the number of data bytes belonging to a Tx Buffer element. Data field sizes >8 bytes are
intended for CAN FD operation only.

Name: TXESC

Offset: 0xC8 [ID-0000a4bb]
Reset:  0x00000000
Property: Write-restricted
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Bit 7 6 5 4 3 2 1 0
| WAVEGEN[1:0] |
Access R/W R/W
Reset 0 0

Bits 1:0 —- WAVEGEN([1:0]: Waveform Generation Mode

These bits select the waveform generation operation. They affect the top value, as shown in Waveform
Output Operations. They also control whether frequency or PWM waveform generation should be used.
The waveform generation operations are explained in Waveform Output Operations.

These bits are not synchronized.

Value Operation Top Value Output Output Waveform
Waveform on Wraparound
on Match

NFRQ Normal frequency PER'/ Max Toggle No action
0x1 MFRQ Match frequency CCo Toggle No action
0x2 NPWM Normal PWM PER'/ Max Set Clear
0x3 MPWM Match PWM CCo Set Clear

1) This depends on the TC mode: In 8-bit mode, the top value is the Period Value register (PER). In 16-
and 32-bit mode it is the respective MAX value.

35.7.1.10 Driver Control

Name: DRVCTRL

Offset: 0x0D

Reset: 0x00

Property: PAC Write-Protection, Enable-Protected

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

Bit 0 — INVENx: Output Waveform x Invert Enable
Bit x of INVEN[1:0] selects inversion of the output or capture trigger input of channel x.

Value Description

0 Disable inversion of the WO[x] output and 10 input pin.
1 Enable inversion of the WO[x] output and IO input pin.

35.7.1.11 Debug Control
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This bit is set when the synchronization of ENABLE bit between clock domains is started.
Bit 0 —- SWRST: SWRST Synchronization Busy
This bit is cleared when the synchronization of SWRST bit between the clock domains is complete.
This bit is set when the synchronization of SWRST bit between clock domains is started.
35.7.3.13 Counter Value, 32-bit Mode
Note: Prior to any read access, this register must be synchronized by user by writing the according TC

Command value to the Control B Set register (CTRLBSET.CMD=READSYNC).

Name: COUNT

Offset: 0x14 [ID-00001cd8]

Reset: 0x00

Property: PAC Write-Protection, Write-Synchronized, Read-Synchronized

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

Bits 31:0 — COUNT[31:0]: Counter Value
These bits contain the current counter value.

35.7.3.14 Period Value, 32-bit Mode

Name: PER

Offset: 0x1A [ID-00001cd8]
Reset: OxFFFFFFFF
Property: Write-Synchronized
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36.5.1

36.5.2

36.5.3

36.5.4

SAM C20/C21

T T R

TCCx/WO[WO_NUM-1] Digital output Compare channel n waveform output

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

Related Links
/O Multiplexing and Considerations

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

/0 Lines

In order to use the I/O lines of this peripheral, the 1/0 pins must be configured using the 1/O Pin Controller
(PORT).

Related Links

PORT: IO Pin Controller

Power Management

This peripheral can continue to operate in any sleep mode where its source clock is running. The
interrupts can wake up the device from sleep modes. Events connected to the event system can trigger
other operations in the system without exiting sleep modes.

Clocks

The TCC bus clock (CLK_TCCx_APB, with x instance number of the TCCx) is enabled by default, and
can be enabled and disabled in the Main Clock.

A generic clock (GCLK_TCCx) is required to clock the TCC. This clock must be configured and enabled
in the generic clock controller before using the TCC. Note that TCCO and TCC1 share a peripheral clock
generator.

The generic clocks (GCLK_TCCx) are asynchronous to the bus clock (CLK_TCCx_APB). Due to this
asynchronicity, writing certain registers will require synchronization between the clock domains. Refer to
Synchronization for further details.

Related Links

Peripheral Clock Masking
GCLK - Generic Clock Controller

DMA

The DMA request lines are connected to the DMA Controller (DMAC). In order to use DMA requests with
this peripheral the DMAC must be configured first. Refer to DMAC — Direct Memory Access Controller for
details.

Related Links

DMAC — Direct Memory Access Controller
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Bit 20 — INVEI: Inverted Event Input Enable

Value Description
0 Incoming event is not inverted.
1 Incoming event is inverted.

Bit 7 — EDGESEL: Edge Selection

Value Description
0 Edge detector is disabled.
1 Edge detector is enabled.

Bits 5:4 — FILTSEL[1:0]: Filter Selection
These bits select the LUT output filter options:

Filter Selection

Value Name Description

0x0 DISABLE Filter disabled

0x1 SYNCH Synchronizer enabled
0x2 FILTER Filter enabled

0x3 - Reserved

Bit 1 — ENABLE: LUT Enable

Value Description
0 The LUT is disabled.
1 The LUT is enabled.

Bits 19:16,15:12,11:8 — INSELx: LUT Input x Source Selection
These bits select the LUT input x source:

Value Name Description

0x0 MASK Masked input

0x1 FEEDBACK Feedback input source

0x2 LINK Linked LUT input source
0x3 EVENT Event input source

Ox4 10 I/O pin input source

0x5 AC AC input source

0x6 TC TC input source

0x7 ALTTC Alternative TC input source
0x8 TCC TCC input source

0x9 SERCOM SERCOM input source
O0xA ALT2TC Alternative 2 TC input source
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When executing an operation that requires synchronization, the corresponding synchronization bit is set
in Synchronization Busy register (SYNCBUSY) and cleared when synchronization is complete.

If an operation that require synchronization is executed while its busy bit is on, the operation is discarded
and a bus error is generated.

The following bits need synchronization when written:

»  Software Reset bit in Control A register (CTRLA.SWRST)
*  Enable bitin Control A register (CTRLA.ENABLE)

Write-synchronization is denoted by the Write-Synchronized property in the register description.
The following registers need synchronization when written:

* Input Control register (INPUTCTRL)

» Reference Control register (REFCTRL)

«  Control C register (CTRLC)

*  Window Monitor Lower Threshold register (WINLT)
*  Window Monitor Upper Threshold register (WINUT)
»  Offset correction register (OFFSETCORR)

«  Gain correction register (GAINCORR)

»  Shift correction register (SHIFTCORR)

»  Software Trigger register (SWTRIG)

* Analog Control Register (ANACTRL)

Write-synchronization is denoted by the Write-Synchronized property in the register description.
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41.8.10 Synchronization Busy

Name: SYNCBUSY
Offset:  0x10 [ID-00000bc7]
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
Access
Reset

Bit 7 6 5 4 3 2 1 0

DATABUF DATA ENABLE SWRST
Access R R R R
Reset 0 0 0 0

Bit 3 —- DATABUF: Data Buffer DACO
This bit is set when DATABUF register is written.

This bit is cleared when DATABUF synchronization is completed.

Value Description

0 No ongoing synchronized access.
1 Synchronized access is ongoing.

Bit 2 - DATA: Data
This bit is set when DATA register is written.

This bit is cleared when DATA synchronization is completed.

Value Description

0 No ongoing synchronized access.
1 Synchronized access is ongoing.

Bit 1 —- ENABLE: DAC Enable Status
This bit is set when CTRLA.ENABLE bit is written.

This bit is cleared when CTRLA.ENABLE synchronization is completed.
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S T BT

Vemin Input common mode voltage CTRLC.R2R=1 VREF-0.2
CTRLC.R2R=0 VREF/2-0.2 - VREF/2+0.2 \Y
CSAMPLE | Input sampling capacitance - 1.6 4.5 pF
RSAMPLE | Input sampling on-resistance For a sampling rate at 1 Msps - 1000 1715 Q
Rref Reference input source resistance 0 - 1000 kQ

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

Figure 45-4. ADC Analog Input AINx

' VDDANA/2
| T
Analog Input |
AINx M CsampLE
Rsource RsampLE

|
|
1I“"lN |
|

The minimum sampling time tsamplehold for @ given Rsource Can be found using this formula:

tsamplehold = (Rsample + Rsource) X Csample X (n + 2) X ln(2)
For 12-bit accuracy:

tsamplehold = (Rsample + Rsource) X Csample X 9.7
1

where tsamplehold = 2 X fADC :

Table 45-19. Differential Mode(?)

]
-———mm-

ENOB@ Effective Number Fadc = 500 ksps Vddana=5.0V 10.0 10.7 bits
of bits Vref=Vddana
Vddana=2.7V 10.3 10.5 10.9
Vref=2.0V
Fadc = 1 Msps Vddana=5.0V 10.5 10.8 1.1
Vref=Vddana
Vddana=2.7V 9.9 10.0 10.6
Vref=2.0V
TUE Total Unadjusted | Fadc = 500 ksps Vddana=5.0V - 7.8 17.0 | LSB
Error Vref=Vddana
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INL

DNL

Gain

TCgqg

Offset

Integral Non
Linearity

Differential Non
Linearity

Gain Error (1)

Gain Drift

Offset Error (1)

Conditions

Fadc = 1 Msps

Fadc = 500 ksps

Fadc = 1 Msps

Fadc = 500 ksps

Fadc = 1 Msps

Fadc = 1 Msps

Fadc = 1 Msps

Fadc = 1 Msps

Vddana=2.7V
Vref=2.0V

Vddana=5.0V
Vref=Vddana

Vddana=2.7V
Vref=2.0V

Vddana=5.0V
Vref=Vddana

Vddana=2.7V
Vref=2.0V

Vddana=5.0V
Vref=Vddana

Vddana=2.7V
Vref=2.0V

Vddana=5.0V
Vref=Vddana

Vddana=2.7V
Vref=2.0V

Vddana=5.0V
Vref=Vddana

Vddana=2.7V
Vref=2.0V

Vddana=2.7V
Vref=2.0V

Vddana=5.0V
Vref=4.096V

Vddana=3.0V
Vref=Vddana

Vddana=5.0V
Vref=Vddana

Vddana=5.0V
Vref=Vddana

Vddana=2.7V
Vref=2.0V

Vddana=5.0V
Vref=4.096V

Vddana=3.0V
Vref=Vddana

-250

9.0

10.5

+/-1.6

+/-1.9

+/-1.5

+/-3.2

-0.8/+1

-0.7/+1.3

-0.8/+1.1

-0.9/+1.3

+/-18

+/-41

+-17

+/-39

-210

+/-1.4

+/-6

+/-2

Measurement

]
[me ]
8.0 32.0

20.0

+/-3

+/-3

+/-5

-1/+2

-1/+2.1

-1/+3.3

-1/+3.2

+/-57

+/-100

+/-66

+/-81

-170

+/-11

+/-18

+/-9

LSB

LSB

mV

uVv/°C

mV
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oo Parmeer Comaions Wi Tt

XOSC.GAIN=2

F = 16MHz - 108  18.1
CL=20pF

XOSC.GAIN=3

F = 32MHz - 87 154
CL=18pF

XOSC.GAIN=4

1. These are based on characterization.

Table 45-41. Power Consumption (1)

N R R R K KT

Current consumption F = 2MHz Max 85°C 150
CL=20pF Typ 25°C
XOSC.GAIN=0
VDD = 5.0V
AGC=0FF

AGC=ON 138 192
F = 4MHz 220 288
CL=20pF

XOSC.GAIN=1

VDD = 5.0V

AGC=OFF

AGC=0ON 175 = 260
F = 8MHz 350 416
CL=20pF

XOSC.GAIN=2

VDD = 5.0V

AGC=OFF

AGC=0ON 247 321
F = 16MHz 663 843
CL=20pF

XOSC.GAIN=3

VDD = 5.0V
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49.7.4 Calculating the Correct Crystal Decoupling Capacitor

49.8

The model shown in Figure 49-10 can be used to calculate correct load capacitor for a given crystal. This
model includes internal capacitors C, ,, external parasitic capacitance Cg|, and external load capacitance
Cpn.

Figure 49-10. Crystal Circuit With Internal, External and Parasitic Capacitance

External

|_

CELZ

T TT
[

Using this model the total capacitive load for the crystal can be calculated as shown in the equation
below:

Z _ (Cpy +Cpy + Crpy)(Cpp + Cpp + Cip)
tot

€+ Cpy+Cpy+Crp+ Cpy+ Cgpyp

where Cyy is the total load capacitance seen by the crystal. This value should be equal to the load
capacitance value found in the crystal manufacturer datasheet.

The parasitic capacitance Cg|,, can in most applications be disregarded as these are usually very small. If
accounted for, these values are dependent on the PCB material and PCB layout.

For some crystal the internal capacitive load provided by the device itself can be enough. To calculate the
total load capacitance in this case. Cg , and Cp,, are both zero, C 1 = C,» = C,, and the equation reduces
to the following:

C
L
thot =

See the related links for equivalent internal pin capacitance values.

Related Links
Crystal Oscillator Characteristics

Programming and Debug Ports

For programming and/or debugging the SAM C20/C21 the device should be connected using the Serial
Wire Debug (SWD) interface. Currently the SWD interface is supported by several Microchip and third
party programmers and debuggers, like the SAM-ICE, JTAGICE3 or SAM C21 Xplained Pro (SAM C21
evaluation kit) Embedded Debugger.
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