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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
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computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
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within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
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range of applications.

Applications of "Embedded -
Microcontrollers"

CANbus, I2C, LINbus, SPI, UART/USART

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

52

128KB (128K x 8)
FLASH

16K x 8

2.7V ~ 5.5V

A/D 20x12b, 3x16b; D/A 1x10b

Internal

-40°C ~ 105°C (TA)
Surface Mount
64-TQFP

64-TQFP (10x10)

https://www.e-xfl.com/product-detail/microchip-technology/atsamc21jl7a-ant

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



https://www.e-xfl.com/product/pdf/atsamc21j17a-ant-4405807
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

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

50.8. REV H = 05/2016........cuiiiiiieiiieiieieieie ettt 1097
50.7. REV G = 04/2015.......ooeeeeeeeeeeeeeeee ettt sttt 1098
50.8. REV F = 02/2015.... oottt ettt et e et et e e e e et e e et e e nnreeas 1100
50.9. REV E = 12/2075......ouiieiiieeeeiieieieie ettt 1101
50.10. REV D = 09/2075.......ouiuiieiieeieieeieie ettt 1101
50.11. REV C = 09/2015........ovieiieeieieeie ettt 1101
50.12. REV B - 0B/2015...... ettt ettt ettt et st e e n e et e e e e anreeeanee 1102
50.13. REV A = 04/2015. ...ttt 1102
The Microchip Web Site.........u et 1103
Customer Change Notification ServiCe..............eeeiiiiiiiiiiiii e 1103
L1013 (o]0 0 1= RS TU] o] o T o VR 1103
Product Identification SYStem..........coooiiiiiii 1104
Microchip Devices Code Protection Feature..........cccccooiiiiiiiiiiiiiies 1104
[I=To T= 1IN N\ o) (o T PRSPPI 1104
=T [T . =T 3 RSP 1105
Quality Management System Certified by DNV........oooiiiiiiiiiee e 1105
Worldwide Sales and SErVICE..........ooiiiiiiiiiiiiie et e e 1107

© 2017 Microchip Technology Inc. Datasheet Complete DS60001479B-page 13



10.

10.1

10.1.1

10.1.2

SAM C20/C21

Processor and Architecture

Cortex MO0+ Processor

The SAM C20/C21 implement the ARM® Cortex " -MO+ processor, based on the ARMv6 Architecture and
Thumb®-2 ISA. The Cortex MO+ is 100% instruction set compatible with its predecessor, the Cortex-MO

core, and upward compatible to Cortex-M3 and M4 cores. The implemented ARM Cortex-M0+ is revision
rOp1. For more information refer to http://www.arm.com.

Cortex M0+ Configuration

Table 10-1. Cortex M0+ Configuration

m Cortex-M0+ options SAM C20/C21 configurations

Interrupts

Data endianness

SysTick timer

Number of watchpoint comparators
Number of breakpoint comparators
Halting debug support

Multiplier

Single-cycle 1/O port

Wake-up interrupt controller
Vector Table Offset Register
Unprivileged/Privileged support
Memory Protection Unit

Reset all registers

Instruction fetch width

External interrupts 0-32
Little-endian or big-endian
Present or absent

0,1,2

0,1,2,3,4

Present or absent

Fast or small

Present or absent
Supported or not supported
Present or absent
Present or absent

Not present or 8-region
Present or absent

16-bit only or mostly 32-bit

The ARM Cortex-M0+ core has two bus interfaces:

32
Little-endian
Present

2

4

Present

Fast (single cycle)
Present

Not supported
Present
Present
8-region
Absent

32-bit

»  Single 32-bit AMBA-3 AHB-Lite system interface that provides connections to peripherals and all
system memory, which includes flash and RAM.

»  Single 32-bit I/O port bus interfacing to the PORT and DIVAS with 1-cycle loads and stores.

Cortex-M0+ Peripherals
»  System Control Space (SCS)

— The processor provides debug through registers in the SCS. Refer to the Cortex-MO+
Technical Reference Manual for details (http://www.arm.com).
*  Nested Vectored Interrupt Controller (NVIC)
— External interrupt signals connect to the NVIC, and the NVIC prioritizes the interrupts.
Software can set the priority of each interrupt. The NVIC and the Cortex-MO+ processor core
are closely coupled, providing low latency interrupt processing and efficient processing of late

© 2017 Microchip Technology Inc.
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Peripheral
Name

Base [3{e] AHB Clock APB Clock Generic Events
Address Line Clock

Enabled Enabled Prot at Generator Sleep
at Reset at Reset Reset Walking

DAC 0x42005400 38:START | 78:EMPTY | 45:EMPTY
PTC 0x42005800 = 30 22 N 37 2 N 39: 79: EOC EOC: 46
STCONV = 80: WCOMP  WCOMP: 47
SEQ: 48
ccL 0x42005C00 23 N 38 23 | N 40-43 : 781-84: Y
LUTINO-3 |  LUTOUTO-3
DIVAS 0x48000000 12 Y N/A

Table 12-4. Peripherals Configuration Summary SAM C20 E/G/J

Peripheral
Name

AHB-APB
Bridge A
PAC
PM
MCLK
RSTC
OSCCTRL

OSC32KCTRL
SUPC
GCLK

WDT
RTC

EIC

FREQM

AHB-APB
Bridge B
PORT
DSU
NVMCTRL
DMAC
MTB

AHB-APB
Bridge C
EVSYS

SERCOMO

SERCOM1

SERCOM2

Base
Address

0x40000000

0x44000000
0x40000400
0x40000800
0x40000C00
0x40001000

0x40001400
0x40001800
0x40001C00
0x40002000
0x40002400

0x40002800

0x40002C00

0x41000000

0x41000000
0x41002000
0x41004000
0x41006000
0x41008000

0x42000000

0x42000000

0x42000400

0x42000800

0x42000C00

IRQ

Line

NMI

10

1

AHB Clock APB Clock Generic
Clock

Enabled Enabled Prot at Generator Sleep
at Reset at Reset Reset Walki

10

<

A WO N = O

© 0o N o u»

10

<< <|<|<

<

0: FDPLL96M
clk source
1: FDPLL96M
32kHz

3: Measure
4: Reference

39

6-17: one per
CHANNEL
19: CORE
18: SLOW

20: CORE
18: SLOW

21: CORE
18: SLOW

© 0o N o O

1"

w N =~ O

zZ ZzZ zZ2 zZz Z

z2 zZzZ zZz zZ2 Z

85 : ACCERR

0: XOSC_FAIL

1: XOSC32K_FAIL

2: CMPO/ALARMO
3: CMP1
4: OVF
5-12: PERO-7

13-28: EXTINTO-15

1-4 : EVO-3

5-8: CHO-3
44: START
45: STOP

30-33: CHO-3

N/A
N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A
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Name: DIVIDEND

Offset: 0x08
Reset: 0x0000
Property: -
Bit 31 30 29 28 27 26 25 24
DIVIDEND[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
DIVIDEND[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
DIVIDEND[15:8]
Access R/W R/W RW 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
DIVIDEND[7:0]
Access R/W R/W RW R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

14.8.4

Bits 31:0 — DIVIDEND[31:0]: Dividend Value
Holds the 32-bit dividend for the divide operation. If the Signed bit in Control A register (CTRLA.SIGNED)
is zero, DIVIDEND is unsigned. If CTRLA.SIGNED = 1, DIVIDEND is signed two’s complement. Refer to
Performing Division, Operand Size and Signed Division.

Divisor

Name: DIVISOR

Offset: 0x0C
Reset:  0x0000
Property: -
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Bit 1 - SERCOMO0: SERCOMO0 APBC Mask Clock Enable

Value Description
0 The APBC clock for the SERCOMO is stopped.
1 The APBC clock for the SERCOMO is enabled.

Bit 0 — EVSYS: EVSYS APBC Clock Enable

Value Description
0 The APBC clock for the EVSYS is stopped.
1 The APBC clock for the EVSYS is enabled.

17.8.10 APBD Mask

Name: APBDMASK

Offset: 0x20

Reset:  0x00000000
Property: PAC Write-Protection

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 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
TC7 TC6 TC5 SERCOM7 SERCOM6
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit4 — TC7: TC7 APBD Mask Clock Enable

Value Description
0 The APBD clock for the TC7 is stopped.
1 The APBD clock for the TC7 is enabled.

Bit 3 - TC6: TC6 APBD Mask Clock Enable

Value Description

0 The APBD clock for the TC6 is stopped.
1 The APBD clock for the TCG6 is enabled.
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19.5.4

19.5.5

19.5.6

19.5.7

19.5.8

19.6

19.6.1

19.6.1.1

19.6.2

19.6.3
19.6.3.1

SAM C20/C21

DMA
Not applicable.

Interrupts
The interrupt request line is connected to the interrupt controller. Using the PM interrupt requires the
interrupt controller to be configured first.

Events
Not applicable.

Debug Operation

When the CPU is halted in debug mode, the PM continues normal operation. If standby sleep mode is
requested by the system while in debug mode, the power domains are not turned off. As a consequence,
power measurements while in debug mode are not relevant.

Hot plugging in standby mode is supported.

Register Access Protection
Registers with write-access can be write-protected optionally by the peripheral access controller (PAC).

Optional PAC Write-Protection is denoted by the "PAC Write-Protection" property in each individual
register description.

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

Analog Connections
Not applicable.

Functional Description

Terminology

The following is a list of terms used to describe the Power Managemement features of this
microcontroller.

Sleep Modes
The device can be set in a sleep mode. In sleep mode, the CPU is stopped and the peripherals are either
active or idle, according to the sleep mode depth:

* Idle sleep mode: The CPU is stopped. Synchronous clocks are stopped except when requested.
The logic is retained.

»  Standby sleep mode: The CPU is stopped as well as the peripherals.

Principle of Operation

In active mode, all clock domains and power domains are active, allowing software execution and
peripheral operation. The PM Sleep Mode Controller allows to save power by choosing between different
sleep modes depending on application requirements, see Sleep Mode Controller.

The PM Power Domain Controller allows to reduce the power consumption in standby mode even further.

Basic Operation

Initialization
After a power-on reset, the PM is enabled, the device is in ACTIVE mode.
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Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
LEVEL[5:0]
Access R/W R/W R/W R/W R/W R/W
Reset X X X X X X
Bit 15 14 13 12 11 10 9 8
PSEL[3:0] ACTCFG
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
RUNSTDBY STDBYCFG ACTION[1:0] HYST ENABLE
Access R/W R/W R/W R/W R/W R/W
Reset 0 0 X X X X

Bits 21:16 — LEVEL[5:0]: BODVDD Threshold Level on VDD
These bits set the triggering voltage threshold for the BODVDD when the BODVDD monitors the VDD.

These bits are loaded from NVM User Row at start-up.

This bit field is not synchronized.

Bits 15:12 — PSEL[3:0]: Prescaler Select
Selects the prescaler divide-by output for the BODVDD sampling mode. The input clock comes from the

OSCULP32K 1KHz output.

Value Name
0x0 DIV2

0x1 DIV4

0x2 DIV8

0x3 DIV16
0x4 DIV32
0x5 DIV64
0x6 DIV128
0x7 DIV256
0x8 DIV512
0x9 DIV1024
OxA DIV2048
0xB DIV4096
0xC DIV8192
0xD DIV16384
OxE DIV32768
OxF DIV65536

Description

Divide clock by 2
Divide clock by 4
Divide clock by 8
Divide clock by 16
Divide clock by 32
Divide clock by 64
Divide clock by 128
Divide clock by 256
Divide clock by 512
Divide clock by 1024
Divide clock by 2048
Divide clock by 4096
Divide clock by 8192
Divide clock by 16384
Divide clock by 32768
Divide clock by 65536

Bit 8 - ACTCFG: BODVDD Configuration in Active Sleep Mode

This bit is not synchronized.

© 2017 Microchip Technology Inc.
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Name: BTCNT

Offset: 0x02
Property: -
Bit 15 14 13 12 11 10 9 8
BTCNT[15:8]
Access
Reset
Bit 7 6 5 4 3 2 1 0
BTCNTI[7:0]
Access
Reset

Bits 15:0 — BTCNT[15:0]: Block Transfer Count
This bit group holds the 16-bit block transfer count.

During a transfer, the internal counter value is decremented by one after each beat transfer. The internal
counter is written to the corresponding write-back memory section for the DMA channel when the DMA
channel loses priority, is suspended or gets disabled. The DMA channel can be disabled by a complete
transfer, a transfer error or by software.

25.10.3 Block Transfer Source Address
The SRCADDR register offset is relative to (BASEADDR or WRBADDR) + Channel Number * 0x10

Name: SRCADDR
Offset: 0x04
Property: -
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26.6.2
26.6.2.1

26.6.2.2

SAM C20/C21

Related Links
External Pin Processing

Basic Operation

Initialization
The EIC must be initialized in the following order:

1. Enable CLK_EIC_APB
2. If required, configure the NMI by writing the Non-Maskable Interrupt Control register (NMICTRL)
3. Enable GCLK_EIC or CLK_ULP32K when one of the following configuration is selected:

— the NMI uses edge detection or filtering.

— one EXTINT uses filtering.

— one EXTINT uses synchronous edge detection.

— one EXTINT uses debouncing.

GCLK_EIC is used when a frequency higher than 32KHz is required for filtering.
CLK_ULP32K is recommended when power consumption is the priority. For CLK_ULP32K write a

1" to the Clock Selection bit in the Control A register (CTRLA.CKSEL).

4. Configure the EIC input sense and filtering by writing the Configuration n register (CONFIGO,
CONFIG1, CONFIG2, CONFIG3).

5. Optionally, enable the asynchronous mode.
6. Optionally, enable the debouncer mode.
7. Enable the EIC by writing a ‘1’ to CTRLA.ENABLE.

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

*  Clock Selection bit in Control A register (CTRLA.CKSEL)
The following registers are enable-protected:

«  Event Control register (EVCTRL)

»  Configuration n register (CONFIG...)

«  External Interrupt Asynchronous Mode register (ASYNCH)
*  Debouncer Enable register (DEBOUNCEN)

*  Debounce Prescaler register (DPRESCALER)

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

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

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

The EIC is reset by setting the Software Reset bit in the Control register (CTRLA.SWRST). All registers in
the EIC will be reset to their initial state, and the EIC will be disabled.

Refer to the CTRLA register description for details.
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26.6.4

26.6.4.1

26.6.4.2

SAM C20/C21

Figure 26-2. Interrupt Detection Latency by modes (Rising Edge)
GCLK_EIC

EXTINTX A _I__

intreq_extint[x]
(level detection / no filter)

intreq_extint[x] No interrupt
(level detection / filter)

intreq_extint[x] |_

(edge detection / no filter)
No interrupt

(edge detection / filter)

clear INTFLAG.EXTINT[x]

The detection latency depends on the detection mode.

Table 26-2. Detection Latency

Detection mode Latency (worst case)

Level without filter Five CLK_EIC_APB periods

Level with filter Four GCLK_EIC/CLK_ULP32K periods + five CLK_EIC_APB periods
Edge without filter Four GCLK_EIC/CLK_ULP32K periods + five CLK_EIC_APB periods
Edge with filter Six GCLK_EIC/CLK_ULP32K periods + five CLK_EIC_APB periods
Related Links

GCLK - Generic Clock Controller

Additional Features

Non-Maskable Interrupt (NMI)

The non-maskable interrupt pin can also generate an interrupt on edge or level detection, but it is
configured with the dedicated NMI Control register (NMICTRL). To select the sense for NMI, write to the
NMISENSE bit group in the NMI Control register (NMICTRL.NMISENSE). NMI filtering is enabled by
writing a '1" to the NMI Filter Enable bit (NMICTRL.NMIFILTEN).

If edge detection or filtering is required, enable GCLK_EIC or CLK_ULP32K.

NMI detection is enabled only by the NMICTRL.NMISENSE value, and the EIC is not required to be
enabled.

When an NMl is detected, the non-maskable interrupt flag in the NMI Flag Status and Clear register is set
(NMIFLAG.NMI). NMI interrupt generation is always enabled, and NMIFLAG.NMI generates an interrupt
request when set.

Asynchronous Edge Detection Mode (No Debouncing)

The EXTINT edge detection can be operated synchronously or asynchronously, selected by the
Asynchronous Control Mode bit for external pin x in the External Interrupt Asynchronous Mode register
(ASYNCH.ASYNCH]Ix]). The EIC edge detection is operated synchronously when the Asynchronous
Control Mode bit (ASYNCH.ASYNCH]Ix]) is '0' (default value). It is operated asynchronously when
ASYNCH.ASYNCH]Ix] is written to '1".

In Synchronous Edge Detection Mode, the external interrupt (EXTINT) or the non-maskable interrupt
(NMI) pins are sampled using the EIC clock as defined by the Clock Selection bit in the Control A register
(CTRLA.CKSEL). The External Interrupt flag (INTFLAG.EXTINT[x]) or Non-Maskable Interrupt flag
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Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

28.94

31 30 29 28 27 26 25 24
DIRSET[31:24] |
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
23 22 21 20 19 18 17 16
DIRSET[23:16]
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
DIRSET[15:8]
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0
7 6 5 4 3 2 1 0
DIRSET[7:0]
RW RW RW RW RW RW RW RW
0 0 0 0 0 0 0 0

Bits 31:0 — DIRSET[31:0]: Port Data Direction Set

Writing '0' to a bit has no effect.

Writing '1' to a bit will set the corresponding bit in the DIR register, which configures the 1/0 pin as an

output.

Value Description

0 The corresponding I/O pin in the PORT group will keep its configuration.
1 The corresponding I/O pin in the PORT group is configured as an output.

Data Direction Toggle

This register allows the user to toggle the direction of one or more I/O pins, without doing a read-modify-
write operation. Changes in this register will also be reflected in the Data Direction (DIR), Data Direction
Set (DIRSET) and Data Direction Clear (DIRCLR) registers.

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. For example, the register address offset for the Data Direction (DIR) register for group
0 (PAOO to PA31) is 0x00, and the register address offset for the DIR register for group 1 (PB00

to PB31) is 0x80.

Name: DIRTGL

Offset: 0x0C

Reset:  0x00000000
Property: PAC Write-Protection
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Name: SWEVT
Offset: 0x1C [ID-0000120d]
Reset:  0x00000000
Property: PAC Write-Protection
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 1 10 9 8
CHANNELn | CHANNELn | CHANNELn | CHANNELn
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CHANNELn | CHANNELn | CHANNELn | CHANNELn | CHANNELn | CHANNELn | CHANNELn | CHANNELn
Access R/W R/W R/W R/W R/W RW R/W R/W
Reset 0 0 0 0 0 0 0 0
Bits 11:0 - CHANNELN: Channel n Software [n=11..0] Selection
Writing '0' to this bit has no effect.
Writing '1' to this bit will trigger a software event for the channel n.
These bits will always return zero when read.
Related Links
PAC - Peripheral Access Controller
29.8.7 Channel

This register allows the user to configure channel n. To write to this register, do a single, 32-bit write of all
the configuration data.

Name: CHANNELnN
Offset:  0x20+n*0x4 [0..11n=0..11] [ID-0000120d]
Reset:  0x00000000

Property: PAC Write-Protection
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Disabling the Receiver
Writing '0' to the Receiver Enable bit in the CTRLB register (CTRLB.RXEN) will disable the receiver, flush
the two-level receive buffer, and data from ongoing receptions will be lost.

Error Bits

The USART receiver has three error bits in the Status (STATUS) register: Frame Error (FERR), Buffer
Overflow (BUFOVF), and Parity Error (PERR). Once an error happens, the corresponding error bit will be
set until it is cleared by writing ‘1’ to it. These bits are also cleared automatically when the receiver is
disabled.

There are two methods for buffer overflow notification, selected by the Immediate Buffer Overflow
Notification bit in the Control A register (CTRLA.IBON):

When CTRLA.IBON=1, STATUS.BUFOVF is raised immediately upon buffer overflow. Software can then
empty the receive FIFO by reading RxDATA, until the receiver complete interrupt flag (INTFLAG.RXC) is
cleared.

When CTRLA.IBON=0, the buffer overflow condition is attending data through the receive FIFO. After the
received data is read, STATUS.BUFOVF will be set along with INTFLAG.RXC.

Asynchronous Data Reception
The USART includes a clock recovery and data recovery unit for handling asynchronous data reception.

The clock recovery logic can synchronize the incoming asynchronous serial frames at the RxD pin to the
internally generated baud-rate clock.

The data recovery logic samples and applies a low-pass filter to each incoming bit, thereby improving the
noise immunity of the receiver.

Asynchronous Operational Range

The operational range of the asynchronous reception depends on the accuracy of the internal baud-rate
clock, the rate of the incoming frames, and the frame size (in number of bits). In addition, the operational
range of the receiver is depending on the difference between the received bit rate and the internally
generated baud rate. If the baud rate of an external transmitter is too high or too low compared to the
internally generated baud rate, the receiver will not be able to synchronize the frames to the start bit.

There are two possible sources for a mismatch in baud rate: First, the reference clock will always have
some minor instability. Second, the baud-rate generator cannot always do an exact division of the
reference clock frequency to get the baud rate desired. In this case, the BAUD register value should be
set to give the lowest possible error. Refer to Clock Generation — Baud-Rate Generator for details.

Recommended maximum receiver baud-rate errors for various character sizes are shown in the table
below.

Table 31-3. Asynchronous Receiver Error for 16-fold Oversampling

D RsLow [%] | REasT [%] | Max. total error [%] | Recommended max. Rx error [%]
(Data bits+Parity)

5 94.12 107.69 +5.88/-7.69 2.5
6 94.92 106.67 +5.08/-6.67 2.0
7 95.52 105.88 +4.48/-5.88 2.0
8 96.00 105.26 +4.00/-5.26 2.0
9 96.39 104.76 +3.61/-4.76 1.5
10 96.70 104.35 +3.30/-4.35 1.5
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Case 2: Data sent

When a byte transmission is successfully completed, the INTFLAG.DRDY interrupt flag is set. If NACK is
received, indicated by STATUS.RXNACK=1, the I2C slave must expect a stop or a repeated start to be
received. The I2C slave must release the data line to allow the 12C master to generate a stop or repeated
start. Upon detecting a stop condition, the Stop Received bit in the Interrupt Flag register
(INTFLAG.PREC) will be set and the I2C slave will return to IDLE state.

High-Speed Mode

When the I2C slave is configured in High-speed mode (Hs, CTRLA.SPEED=0x2) and CTRLA.SCLSM=1,
switching between Full-speed and High-speed modes is automatic. When the slave recognizes a START
followed by a master code transmission and a NACK, it automatically switches to High-speed mode and
sets the High-speed status bit (STATUS.HS). The slave will then remain in High-speed mode until a
STOP is received.

10-Bit Addressing

When 10-bit addressing is enabled (ADDR.TENBITEN=1), the two address bytes following a START will
be checked against the 10-bit slave address recognition. The first byte of the address will always be
acknowledged, and the second byte will raise the address interrupt flag, see 10-bit Addressing.

If the transaction is a write, then the 10-bit address will be followed by N data bytes.

If the operation is a read, the 10-bit address will be followed by a repeated START and reception of 11110
ADDR[9:8] 1', and the second address interrupt will be received with the DIR bit set. The slave matches
on the second address as it it was addressed by the previous 10-bit address.

Figure 33-12. 10-bit Addressing

AMATCH INTERRUPT AMATCH INTERRUPT

S 11110 addr[9:8] | W A addr[7:0] W A | Sr|11110 addr[9:8] | R »@

PMBus Group Command

When the PMBus Group Command bit in the CTRLB register is set (CTRLB.GCMD=1) and 7-bit
addressing is used, INTFLAG.PREC will be set if the slave has been addressed since the last STOP
condition. When CTRLB.GCMD=0, a STOP condition without address match will not be set
INTFLAG.PREC.

-

The group command protocol is used to send commands to more than one device. The commands are
sent in one continuous transmission with a single STOP condition at the end. When the STOP condition
is detected by the slaves addressed during the group command, they all begin executing the command
they received.

PMBus Group Command Example shows an example where this slave, bearing ADDRESS 1, is
addressed after a repeated START condition. There can be multiple slaves addressed before and after
this slave. Eventually, at the end of the group command, a single STOP is generated by the master. At
this point a STOP interrupt is asserted.
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Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
ACKACT CMD[1:0]
Access R/W R/W R/W
Reset 0 0 0
Bit 15 14 13 12 " 10 9 8
AMODE[1:0] AACKEN GCMD SMEN
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
Access
Reset

Bit 18 — ACKACT: Acknowledge Action

This bit defines the slave's acknowledge behavior after an address or data byte is received from the
master. The acknowledge action is executed when a command is written to the CMD bits. If smart mode
is enabled (CTRLB.SMEN=1), the acknowledge action is performed when the DATA register is read.

This bit is not enable-protected.

Value Description

0 Send ACK
1 Send NACK

Bits 17:16 — CMD[1:0]: Command

This bit field triggers the slave operation as the below. The CMD bits are strobe bits, and always read as
zero. The operation is dependent on the slave interrupt flags, INTFLAG.DRDY and INTFLAG.AMATCH,
in addition to STATUS.DIR.

All interrupt flags (INTFLAG.DRDY, INTFLAG.AMATCH and INTFLAG.PREC) are automatically cleared
when a command is given.

This bit is not enable-protected.

Table 33-3. Command Description

T

0x0 X (No action)
0x1 X (Reserved)
0x2 Used to complete a transaction in response to a data interrupt (DRDY)

0 (Master write) Execute acknowledge action succeeded by waiting for any start (S/Sr)
condition

1 (Master read) Wait for any start (S/Sr) condition

Datasheet Complete DS60001479B-page 575

© 2017 Microchip Technology Inc.



Value Description
Interrupt disabled.
Interrupt enabled.
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Bit 26 — WDIE: Watchdog Interrupt Enable

Value Description
0 Interrupt disabled.
1 Interrupt enabled.

Bit 25 — BOE: Bus_Off Status Interrupt Enable

Value Description
0 Interrupt disabled.
1 Interrupt enabled.

Bit 24 — EWE: Error Warning Status Interrupt Enable

Value Description
0 Interrupt disabled.
1 Interrupt enabled.

Bit 23 — EPE: Error Passive Interrupt Enable

Value Description
0 Interrupt disabled.
1 Interrupt enabled.

Bit 22 — ELOE: Error Logging Overflow Interrupt Enable

Value Description
0 Interrupt disabled.
1 Interrupt enabled.

Bit 21 — BEUE: Bit Error Uncorrected Interrupt Enable.

Value Description
0 Interrupt disabled.
1 Interrupt enabled.

Bit 20 — BECE: Bit Error Corrected Interrupt Enable

Value Description
0 Interrupt disabled.
1 Interrupt enabled.

Bit 19 — DRXE: Message stored to Dedicated Rx Buffer Interrupt Enable

Value Description
0 Interrupt disabled.
1 Interrupt enabled.

Bit 18 —- TOOE: Timeout Occurred Interrupt Enable
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0 The On Demand is disabled. If On Demand is disabled, the TC will continue to request the
clock when its operation is stopped (STATUS.STOP=1).
1 The On Demand is enabled. When On Demand is enabled, the stopped TC will not request

the clock. The clock is requested when a software re-trigger command is applied or when an
event with start/re-trigger action is detected.

Bit 6 — RUNSTDBY: Run in Standby
This bit is used to keep the TC running in standby mode.

This bit is not synchronized.

Value Description
0 The TC is halted in standby.
1 The TC continues to run in standby.

Bits 5:4 —- PRESCSYNC[1:0]: Prescaler and Counter Synchronization
These bits select whether the counter should wrap around on the next GCLK_TCx clock or the next
prescaled GCLK_TCx clock. It also makes it possible to reset the prescaler.

These bits are not synchronized.

Value Name Description

0x0 GCLK Reload or reset the counter on next generic clock

0x1 PRESC Reload or reset the counter on next prescaler clock

0x2 RESYNC | Reload or reset the counter on next generic clock. Reset the prescaler counter
0x3 - Reserved

Bits 3:2 — MODE[1:0]: Timer Counter Mode
These bits select the counter mode.

These bits are not synchronized.

Value Name Description

0x0 COUNT16 Counter in 16-bit mode
0x1 COUNTS8 Counter in 8-bit mode
0x2 COUNT32 Counter in 32-bit mode
0x3 - Reserved

Bit 1 - ENABLE: Enable

Due to synchronization, there is delay from writing CTRLA.ENABLE until the peripheral is enabled/
disabled. The value written to CTRLA.ENABLE will read back immediately, and the ENABLE
Synchronization Busy bit in the SYNCBUSY register (SYNCBUSY.ENABLE) will be set.
SYNCBUSY.ENABLE will be cleared when the operation is complete.

This bit is not enable protected.

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

Bit 0 - SWRST: Software Reset
Writing a '0' to this bit has no effect.
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Name: CTRLBCLR

Offset:  0x04 [ID-00002e48]

Reset: 0x00

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

Bit 7 6 5 4 3 2 1 0
CMD[2:0] IDXCMDI[1:0] ONESHOT LUPD DIR
Access R/wW R/W R/W R/wW R/wW R/wW R/W R/wW
Reset 0 0 0 0 0 0 0 0

Bits 7:5 — CMD[2:0]: TCC Command

These bits can be used for software control of re-triggering and stop commands of the TCC. When a
command has been executed, the CMD bit field will read back zero. The commands are executed on the
next prescaled GCLK_TCC clock cycle.

Writing zero to this bit group has no effect.

Writing a '1' to any of these bits will clear the pending command.

Value Name Description

0x0 NONE No action

0x1 RETRIGGER Clear start, restart or retrigger

0x2 STOP Force stop

0x3 UPDATE Force update of double buffered registers
0x4 READSYNC Force COUNT read synchronization

Bits 4:3 — IDXCMDI[1:0]: Ramp Index Command

These bits can be used to force cycle A and cycle B changes in RAMP2 and RAMP2A operation. On
timer/counter update condition, the command is executed, the IDX flag in STATUS register is updated
and the IDXCMD command is cleared.

Writing zero to these bits has no effect.

Writing a '1' to any of these bits will clear the pending command.

Value Name Description

0x0 DISABLE  DISABLE Command disabled: IDX toggles between cycles A and B
0x1 SET Set IDX: cycle B will be forced in the next cycle

0x2 CLEAR Clear IDX: cycle A will be forced in next cycle

0x3 HOLD Hold IDX: the next cycle will be the same as the current cycle.

Bit 2 — ONESHOT: One-Shot
This bit controls one-shot operation of the TCC. When one-shot operation is enabled, the TCC will stop
counting on the next overflow/underflow condition or on a stop command.

Writing a '0' to this bit has no effect

Writing a '1' to this bit will disable the one-shot operation.

Value Description

0 The TCC will update the counter value on overflow/underflow condition and continue
operation.
1 The TCC will stop counting on the next underflow/overflow condition.
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Figure 45-7. SPI Timing Requirements in Master Mode
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Figure 45-8. SPI Timing Requirements in Slave Mode
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45.13.2 External Reset
Table 45-53. External Reset Characteristics(1)

texT Minimum reset pulse width
1. These are based on simulation. These values are not covered by test or characterization

45.13.3 CAN Timing
Table 45-54. CAN Physical Layer Timing(!)

e G e

TXcan output delay VDD = 2.7V
Load = 20pF
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