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SAM C20/C21

5. Signal Descriptions List

The following tables provide the details on signal names classified by peripheral.

Table 5-1. Signal Descriptions List - SAM C20/C21

Analog Comparators - AC
AIN[7:0]

CMPI[2:0]

Analog Digital Converter - ADCx
AIN[19:0]

VREFA

Digital Analog Converter - DAC
VOUT[1:0]

VREFA

Sigma-Delta Analog Digital Converter - SDADC
INN[2:0]

INP[2:0]

VREFB

External Interrupt Controller - EIC
EXTINT[15:0]

NMI

Generic Clock Generator - GCLK
GCLK_IO[7:0]

Custom Control Logic - CCL

IN[11:0]

OUTI[3:0]

Power Manager - PM

RESETN

Serial Communication Interface - SERCOMx
PAD[3:0]

Oscillators Control - OSCCTRL

XIN

XOuT

32 kHz Oscillators Control - OSC32KCTRL
XIN32

XOUT32

Timer Counter - TCx

WO[1:0]

AC Analog Inputs

AC Comparator Outputs

ADC Analog Inputs

ADC Voltage External Reference A

DAC Voltage output

DAC Voltage External Reference
SDADC Analog Negative Inputs
SDADC Analog Positive Inputs

SDADC Voltage External Reference B

External Interrupts inputs

External Non-Maskable Interrupt input

Generic Clock (source clock inputs or generic clock
generator output)

Logic Inputs

Logic Outputs

Reset input

SERCOM Inputs/Outputs Pads

Crystal or external clock Input

Crystal Output

32 kHz Crystal or external clock Input
32 kHz Crystal Output

Waveform Outputs

Analog
Digital

Analog
Analog

Analog

Analog
Analog
Analog

Analog

Digital
Digital

Digital

Digital
Digital

Digital Low

Digital

Analog/Digital
Analog

Analog/Digital
Analog

Digital
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10.3

10.3.1

10.3.2

SAM C20/C21

Peripheral Source NVIC Line

TC6 — Timer Counter 6

TC2 — Timer Counter 2 22
TC7 — Timer Counter 7

TC3 — Timer Counter 3Reserved 23
TC4 — Timer Counter 4Reserved 24
ADCO — Analog-to-Digital Converter 0 25
Reserved 26
AC — Analog Comparator 27
Reserved 28
Reserved 29
PTC — Peripheral Touch Controller 30
Reserved 31

Micro Trace Buffer

Features
*  Program flow tracing for the Cortex-MOQ+ processor
« MTB SRAM can be used for both trace and general purpose storage by the processor
*  The position and size of the trace buffer in SRAM is configurable by software
*  CoreSight compliant

Overview

When enabled, the MTB records changes in program flow, reported by the Cortex-M0+ processor over
the execution trace interface shared between the Cortex-M0+ processor and the CoreSight MTB-MO+.
This information is stored as trace packets in the SRAM by the MTB. An off-chip debugger can extract the
trace information using the Debug Access Port to read the trace information from the SRAM. The
debugger can then reconstruct the program flow from this information.

The MTB simultaneously stores trace information into the SRAM, and gives the processor access to the
SRAM. The MTB ensures that trace write accesses have priority over processor accesses.

The execution trace packet consists of a pair of 32-bit words that the MTB generates when it detects the
processor PC value changes non-sequentially. A non-sequential PC change can occur during branch
instructions or during exception entry. See the CoreSight MTB-MO0+ Technical Reference Manual for more
details on the MTB execution trace packet format.

Tracing is enabled when the MASTER.EN bit in the Master Trace Control Register is 1. There are various
ways to set the bit to 1 to start tracing, or to 0 to stop tracing. See the CoreSight Cortex-M0+ Technical
Reference Manual for more details on the Trace start and stop and for a detailed description of the MTB’s
MASTER register. The MTB can be programmed to stop tracing automatically when the memory fills to a
specified watermark level or to start or stop tracing by writing directly to the MASTER.EN bit. If the
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SAM C20/C21

The Quality of Service (QoS) level is independently selected for each master accessing the RAM. For any
access to the RAM the RAM also receives the QoS level. The QoS levels and their corresponding bit
values for the QoS level configuration is shown in below.

Table 10-8. Quality of Service Level Configuration

e Name omserpion

0x0 DISABLE Background (no sensitive operation)
0x1 LOW Sensitive Bandwidth

0x2 MEDIUM Sensitive Latency

0x3 HIGH Critical Latency

If a master is configured with QoS level DISABLE (0x0) or LOW (0x1) there will be minimum latency of
one cycle for the RAM access.

The priority order for concurrent accesses are decided by two factors. First, the QoS level for the master
and second, a static priority given by Table 10-7. The lowest port ID has the highest static priority.

The MTB has fixed QoS level HIGH (0x3) and the DSU has fixed QoS level LOW (0x1).
The CPU QoS level can be written/read at address 0x41007110, bits [1:0]. Its reset value is 0x0.

Refer to different master QOSCTRL registers for configuring QoS for the other masters (for SAM C21:
CAN, DMAC; for SAM C20: DMAC).
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16.6.3.4

16.6.4
16.6.4.1

16.6.5
16.6.5.1

SAM C20/C21

PCHCTRL22, PCHCTRL23, PCHCTRL24, PCHCTRL25, PCHCTRL26, PCHCTRL27, PCHCTRL2S,
PCHCTRL29, PCHCTRL30, PCHCTRL31, PCHCTRL32, PCHCTRL33, PCHCTRL34, PCHCTRL35,
PCHCTRL36, PCHCTRL37, PCHCTRL38, PCHCTRL39, PCHCTRL40, PCHCTRL41, PCHCTRLA42,
PCHCTRL43, PCHCTRL44, PCHCTRL45

Configuration Lock

The peripheral clock configuration can be locked for further write accesses by setting the Write Lock bit in
the Peripheral Channel Control register PCHCTRLmM.WRTLOCK=1). All writing to the PCHCTRLm
register will be ignored. It can only be unlocked by a Power Reset.

The Generator source of a locked Peripheral Channel will be locked, too: The corresponding GENCTRLn
register is locked, and can be unlocked only by a Power Reset.

There is one exception concerning the Generator 0. As it is used as GCLK_MAIN, it cannot be locked. It
is reset by any Reset and will start up in a known configuration. The software reset (CTRLA.SWRST) can
not unlock the registers.

In case of an external Reset, the Generator source will be disabled. Even if the WRTLOCK bit is written to
'1" the peripheral channels are disabled (PCHCTRLmM.CHEN set to '0') until the Generator source is
enabled again. Then, the PCHCTRLm.CHEN are set to '1' again.

Related Links
CTRLA

Additional Features

Peripheral Clock Enable after Reset

The Generic Clock Controller must be able to provide a generic clock to some specific peripherals after a
Reset. That means that the configuration of the Generators and Peripheral Channels after Reset is
device-dependent.

Refer to GENCTRLN.SRC for details on GENCTRLn reset.
Refer to PCHCTRLmM.SRC for details on PCHCTRLmM reset.

Sleep Mode Operation

SleepWalking
The GCLK module supports the SleepWalking feature.

If the system is in a sleep mode where the Generic Clocks are stopped, a peripheral that needs its clock
in order to execute a process must request it from the Generic Clock Controller.

The Generic Clock Controller receives this request, determines which Generic Clock Generator is
involved and which clock source needs to be awakened. It then wakes up the respective clock source,
enables the Generator and Peripheral Channel stages successively, and delivers the clock to the
peripheral.

The RUNSTDBY bit in the Generator Control register controls clock output to pin during standby sleep
mode. If the bit is cleared, the Generator output is not available on pin. When set, the GCLK can
continuously output the generator output to GCLK_|O. Refer to External Clock for details.

Related Links

PM — Power Manager
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SAM C20/C21

The Sign bit in the Frequency Correction register (FREQCORR.SIGN) determines the direction of the
correction. A positive value will add counts and increase the period (reducing the frequency), and a
negative value will reduce counts per period (speeding up the frequency).

Digital correction also affects the generation of the periodic events from the prescaler. When the
correction is applied at the end of the correction cycle period, the interval between the previous periodic
event and the next occurrence may also be shortened or lengthened depending on the correction value.
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SAM C20/C21

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.

24.10.7 Synchronization Busy in COUNT16 mode (CTRLA.MODE=1)

Name: SYNCBUSY

Offset: 0x10
Reset: 0x00000000
Property: -
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
Access
Reset
Bit 15 14 13 12 11 10 9 8
COUNTSYNC
Access R
Reset 0
Bit 7 6 5 4 3 2 1 0
COMPN COMPN PER COUNT FREQCORR ENABLE SWRST
Access R R R R R R R
Reset 0 0 0 0 0 0 0

Bit 15 — COUNTSYNC: Count Read Sync Enable Synchronization Busy Status

Value Description
0 Write synchronization for CTRLA.COUNTSYNC bit is complete.
1 Write synchronization for CTRLA.COUNTSYNC bit is ongoing.

Bits 6:5 — COMPn: Compare n Synchronization Busy Status [n = 1..0]

Value Description

0 Write synchronization for COMPn register is complete.
1 Write synchronization for COMPn register is ongoing.

Bit 4 — PER: Period Synchronization Busy Status

Value Description

0 Write synchronization for PER register is complete.
1 Write synchronization for PER register is ongoing.
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SAM C20/C21

25.8.19

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Writing a '1' to this bit resets the channel registers to their initial state. The bit can be set when the
channel is disabled (ENABLE=0). Writing a '1' to this bit will be ignored as long as ENABLE=1. This bit is
automatically cleared when the reset is completed.

Value Description

0 There is no reset operation ongoing.
1 The reset operation is ongoing.

Channel Control B

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

Name: CHCTRLB
Offset: 0x44 [ID-00001ece]
Reset:  0x00000000

Property: PAC Write-Protection, Enable-Protected

31 30 29 28 27 26 25 24
CMDJ1:0]
RIW RIW
0 0
23 22 21 20 19 18 17 16
TRIGACT[1:0]
RIW RIW
0 0
15 14 13 12 11 10 9 8
TRIGSRC[5:0]
RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0
7 6 5 4 3 2 1 0
LVL[1:0] EVOE EVIE EVACT[2:0]
RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0

Bits 25:24 — CMD[1:0]: Software Command
These bits define the software commands. Refer to Channel Suspend and Channel Resume and Next
Suspend Skip.

These bits are not enable-protected.

I
0x0 NOACT No action

0x1 SUSPEND Channel suspend operation

0x2 RESUME Channel resume operation

0x3 - Reserved
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28.3

28.4

28.5

28.5.1

SAM C20/C21

Block Diagram
Figure 28-1. PORT Block Diagram

PORT

Peripheral Mux Select

Port Line
Bundles

Pad
Connections

PERIPHERALS

Digital Controls of Analog Blocks

ANALOG
BLOCKS

Signal Description
Table 28-1. Signal description for PORT

Pxy Digital 1/0 General-purpose I/O pin y in group x

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

Related Links
I/O Multiplexing and Considerations

Product Dependencies

In order to use this peripheral, other parts of the system must be configured correctly as following.

/0 Lines

The I/O lines of the PORT are mapped to pins of the physical device. The following naming scheme is
used:

Each line bundle with up to 32 lines is assigned an identifier 'xy', with letter x=A, B, C... and two-digit
number y=00, 01, ...31. Examples: A24, C03.

PORT pins are labeled 'Pxy' accordingly, for example PA24, PC03. This identifies each pin in the device
uniquely.

Each pin may be controlled by one or more peripheral multiplexer settings, which allow the pad to be
routed internally to a dedicated peripheral function. When the setting is enabled, the selected peripheral
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29.

291

29.2

29.3

SAM C20/C21

EVSYS - Event System

Overview

The Event System (EVSYS) allows autonomous, low-latency and configurable communication between
peripherals.

Several peripherals can be configured to generate and/or respond to signals known as events. The exact
condition to generate an event, or the action taken upon receiving an event, is specific to each peripheral.
Peripherals that respond to events are called event users. Peripherals that generate events are called
event generators. A peripheral can have one or more event generators and can have one or more event
users.

Communication is made without CPU intervention and without consuming system resources such as bus
or RAM bandwidth. This reduces the load on the CPU and other system resources, compared to a
traditional interrupt-based system.

Features
* 12 configurable event channels, where each channel can:
— Be connected to any event generator.
— Provide a pure asynchronous, resynchronized or synchronous path
« 87 event generators.
* 47 event users.
»  Configurable edge detector.
*  Peripherals can be event generators, event users, or both.
»  SleepWalking and interrupt for operation in sleep modes.
»  Software event generation.
*  Each event user can choose which channel to respond to.

Block Diagram
Figure 29-1. Event System Block Diagram

Clock Request [m:0]

! USER x+1
Event Channel 0 USER x
Asynchronous Path [ user craneLx |
| [T [[craneropan
SleepWalking Synchronized Path Channel EVT_m
Detector 0 a EVT Channel EVT_0 f To Peripheral x
PERIPHERALO Edge Detector R
t i a Peripheral x
: : P EVIACK) 7 @D Qb Event Acknowledge
[PeRPHERALN | o~ Ev——— '
esynchronized Pal
< 4| .4
R R
[[cranneroeveen | [ swevrcnawnewo | [crannecoGseL | L=
GCLK_EVSYS_0 Ll
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SAM C20/C21

Bit 31 30 29 28 27 26 25 24
EVDn EVon | EVDn | EVDn |
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 23 22 21 20 19 18 17 16
EVDn EVDn EVDn EVDn EVDn EVDn EVDn EVDn
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
OVRn OVRn OVRn OVRn
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
OVRn OVRn OVRn OVRn OVRn OVRn OVRn OVRn
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

29.8.4

Bits 27:16 — EVDn: Event Detected Channel n Interrupt Enable [n = 11..0]
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the Event Detected Channel n Interrupt Enable bit, which disables the Event
Detected Channel n interrupt.

Value Description

0 The Event Detected Channel n interrupt is disabled.
1 The Event Detected Channel n interrupt is enabled.

Bits 11:0 — OVRn: Overrun Channel n Interrupt Enable[n = 11..0]
Writing '0' to this bit has no effect.

Writing '1' to this bit will clear the Overrun Channel n Interrupt Enable bit, which disables the Overrun
Channel n interrupt.

Value Description

0 The Overrun Channel n interrupt is disabled.
1 The Overrun Channel n interrupt is enabled.
Related Links

PAC - Peripheral Access Controller

Interrupt Enable Set

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

Name: INTENSET

Offset: 0x14 [ID-0000120d]
Reset:  0x00000000
Property: PAC Write-Protection
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0x19
Ox1A
0x1B
0x1C
0x1D
Ox1E
Ox1F
0x20
0x21

0x22

0x23
0x24
0x25
0x26
0x27
0x28
0x29
0x2A
0x2B
0x2C
0x2D
O0x2E
Ox2F
0x30
0x31

0x32
0x33
0x2A
0x34
0x35
0x36
0x37

- 0x33

EIC EXTINT11
EIC EXTINT12
EIC EXTINT13
EIC EXTINT14
EIC EXTINT15
TSENS WINMON-
DMAC CHO
DMAC CH1
DMAC CH2
DMAC CH3
TCCO OVF
TCCO TRG
TCCO CNT
TCCO MCO
TCCO MC1
TCCO MC2
TCCO MC3
TCC1 OVF
TCC1 TRG
TCC1 CNT
TCC1 MCO
TCC1 MC1
TCC2 OVF
TCC2 TRG
TCC2 CNT
TCC2 MCO
TCC2 MC1
TCO OVF

TCO MCO

TCO MC1

TC1 OVF

External Interrupt 11
External Interrupt 12
External Interrupt 13
External Interrupt 14
External Interrupt 15
Window MonitorReserved
Channel 0
Channel 1
Channel 2
Channel 3

Overflow

Trig

Counter
Match/Capture 1
Match/Capture 1
Match/Capture 2
Match/Capture 3
Overflow

Trig

Counter
Match/Capture 0
Match/Capture 1
Overflow

Trig

Counter
Match/Capture 0
Match/Capture 1
Reserved
Overflow/Underflow
Match/Capture 0
Match/Capture 1
Overflow/Underflow
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SAM C20/C21

Figure 33-9. 10-bit Address Transmission for a Read Transaction
MB INTERRUPT

S 11110 addr[9:8] W A addr[7:0] A W» S

This implies the following procedure for a 10-bit read operation:

1. Write the 10-bit address to ADDR.ADDR[10:1]. ADDR.TENBITEN must be '1', the direction bit
(ADDR.ADDR][0]) must be '0' (can be written simultaneously with ADDR).

2. Once the Master on Bus interrupt is asserted, Write ADDRJ[7:0] register to 11110 address[9:8]
1'. ADDR.TENBITEN must be cleared (can be written simultaneously with ADDR).

3. Proceed to transmit data.

-

11110 addr[9:8] | R | A

33.6.2.5 I2C Slave Operation

The I2C slave is byte-oriented and interrupt-based. The number of interrupts generated is kept at a
minimum by automatic handling of most events. The software driver complexity and code size are
reduced by auto-triggering of operations, and a special smart mode, which can be enabled by the Smart
Mode Enable bit in the Control A register (CTRLA.SMEN).

The I2C slave has two interrupt strategies.

When SCL Stretch Mode bit (CTRLA.SCLSM) is '0', SCL is stretched before or after the acknowledge bit.
In this mode, the I12C slave operates according to 12C Slave Behavioral Diagram (SCLSM=0). The circles
labelled "Sn" (S1, S2..) indicate the nodes the bus logic can jump to, based on software or hardware
interaction.

This diagram is used as reference for the description of the 12C slave operation throughout the document.

Figure 33-10. I2C Slave Behavioral Diagram (SCLSM=0)

AMATCH INTERRUPT DRDY INTERRUPT

o omess e

® @

T DATA

PREC INTERRUPT

(I Interrupton STOP
Condition Enabled

--------.{g;-----'

|
! 1
: @ Software interaction I
1
I i
l The master provides data :
| on the bus 1
1
! l
} Addressed slave provides |
: data on the bus I
1

In the second strategy (CTRLA.SCLSM=1), interrupts only occur after the ACK bit is sent as shown in
Slave Behavioral Diagram (SCLSM=1). This strategy can be used when it is not necessary to check
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Value Description
0 Time-out disabled.
1 Time-out enabled.

Bits 29:28 — INACTOUT[1:0]: Inactive Time-Out

If the inactive bus time-out is enabled and the bus is inactive for longer than the time-out setting, the bus
state logic will be set to idle. An inactive bus arise when either an I2C master or slave is holding the SCL
low.

Enabling this option is necessary for SMBus compatibility, but can also be used in a non-SMBus set-up.
Calculated time-out periods are based on a 100kHz baud rate.

These bits are not synchronized.

Value Name Description

0x0 DIS Disabled

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

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

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

This bit is not synchronized.

Value Description
0 SCL stretch according to Figure 33-5.
1 SCL stretch only after ACK bit, Figure 33-6.

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

These bits are not synchronized.

0x0 Standard-mode (Sm) up to 100 kHz and Fast-mode (Fm) up to 400 kHz
0x1 Fast-mode Plus (Fm+) up to 1 MHz

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

0x3 Reserved

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

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

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

This bit is not synchronized.

Value Description
0 Time-out disabled
1 Time-out enabled
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omet | wame Jowreel | | | | | | | |

0xB6 23:16 F1PI[5:0]
0xB7 31:24 DMS[1:0] RF1L F1F
0xB8 7:0 F1AI[5:0]
0xB9 15:8
RXF1A
0xBA 23:16
0xBB 31:24
0xBC 7:0 F1DS[2:0] FODS[2:0]
0xBD 15:8 RBDSJ[2:0]
RXESC
0xBE 23:16
0xBF 31:24
0xCO0 7:0 TBSA[7:0]
0xC1 15:8 TBSA[15:8]
TXBC
0xC2 23:16 NDTB[5:0]
0xC3 31:24 TFQM TFQS[5:0]
0xC4 7:0 TFFL[5:0]
0xC5 15:8 TFGI[4:0]
TXFQS
0xC6 23:16 TFQF TFQPI[4:0]
0xC7 31:24
0xC8 7:0 TBDS[2:0]
0xC9 15:8
TXESC
0xCA 23:16
0xCB 31:24
0xCC 7:0 TRPn TRPn TRPn TRPn TRPn TRPn TRPn TRPn
0xCD 15:8 TRPn TRPn TRPn TRPn TRPn TRPn TRPn TRPn
TXBRP
0xCE 23:16 TRPn TRPn TRPn TRPn TRPn TRPn TRPn TRPn
O0xCF 31:24 TRPn TRPn TRPn TRPn TRPn TRPn TRPn TRPn
0xD0 7:0 ARnN ARn ARn ARnN ARnN ARnN ARn ARn
0xD1 15:8 ARn ARn ARn ARn ARnN ARnN ARnN ARn
TXBAR
0xD2 23:16 ARn ARnN ARnN ARn ARn ARn ARn ARnN
0xD3 31:24 ARn ARn ARn ARnN ARnN ARnN ARn ARn
0xD4 7:0 CRn CRn CRn CRn CRn CRn CRn CRn
0xD5 15:8 CRn CRn CRn CRn CRn CRn CRn CRn
TXBCR
0xD6 23:16 CRn CRn CRn CRn CRn CRn CRn CRn
0xD7 31:24 CRn CRn CRn CRn CRn CRn CRn CRn
0xD8 7:0 TOn TOn TOn TOn TOn TOn TOn TOn
0xD9 15:8 TOn TOn TOn TOn TOn TOn TOn TOn
TXBTO
0xDA 23:16 TOn TOn TOn TOn TOn TOn TOn TOn
0xDB 31:24 TOn TOn TOn TOn TOn TOn TOn TOn
0xDC 7:0 CFn CFn CFn CFn CFn CFn CFn CFn
0xDD 15:8 CFn CFn CFn CFn CFn CFn CFn CFn
TXBCF
0xDE 23:16 CFn CFn CFn CFn CFn CFn CFn CFn
O0xDF 31:24 CFn CFn CFn CFn CFn CFn CFn CFn
O0xEOQ 7:0 TIEn TIEn TIEn TIEn TIEn TIEn TIEn TIEn
OxE1 15:8 TIEn TIEn TIEn TIEn TIEn TIEn TIEn TIEn
TXBTIE
0xE2 23:16 TIEn TIEn TIEn TIEn TIEn TIEn TIEn TIEn
OxE3 31:24 TIEn TIEn TIEn TIEn TIEn TIEn TIEn TIEn
OxE4 TXBCIE 7:0 CFIEn CFIEn CFIEn CFIEn CFIEn CFIEn CFIEn CFIEn
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Bit 31 30 29 28 27 26 25 24
TOP[15:8] |
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
Bit 23 22 21 20 19 18 17 16
TOP[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 1 1 1 1 1 1 1 1
Bit 15 14 13 12 1 10 9 8
Access
Reset
Bit 7 6 5 4 3 2 1 0
TOS[1:0] ETOC
Access R/W R/W R/W
Reset 0 0 0

Bits 31:16 — TOP[15:0]: Timeout Period
Start value of the Timeout Counter (down-counter). Configures the Timeout Period.

Bits 2:1 — TOS[1:0]: Timeout Select

When operating in Continuous mode, a write to TOCV presets the counter to the value configured by
TOCC.TOP and continues down-counting. When the Timeout Counter is controlled by one of the FIFOs,
an empty FIFO presets the counter to the value configured by TOCC.TOP. Down-counting is started
when the first FIFO element is stored.

Value
0x0
0x1
0x2
0x3

Name Description

CONT Continuous operation.

TXEF Timeout controlled by TX Event FIFO.
RXFO Timeout controlled by Rx FIFO 0.
RXF1 Timeout controlled by Rx FIFO 1.

Bit 0 — ETOC: Enable Timeout Counter

Value Description

0
1

Timeout Counter disabled.
Timeout Counter enabled.

34.8.12 Timeout Counter Value

Note: A write access to TOCV reloads the Timeout Counter with the value of TOCV.TOP.

Name:
Offset:
Reset:

TOCV
0x2C [ID-0000a4bb]
O0x0000FFFF

Property: Read-only
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36.5.5

36.5.6

36.5.7

36.5.8

36.5.9

36.6

36.6.1

SAM C20/C21

Interrupts

The interrupt request line is connected to the Interrupt Controller. In order to use interrupt requests of this
peripheral, the Interrupt Controller (NVIC) must be configured first. Refer to Nested Vector Interrupt
Controller for details.

Related Links
Nested Vector Interrupt Controller

Events
The events of this peripheral are connected to the Event System.

Related Links
EVSYS — Event System

Debug Operation

When the CPU is halted in debug mode, this peripheral will halt normal operation. This peripheral can be
forced to continue operation during debugging - refer to the Debug Control (DBGCTRL) register for
details.

Refer to DBGCTRL register for details.

Register Access Protection
Registers with write-access can be optionally write-protected by the Peripheral Access Controller (PAC),
except for the following:

* Interrupt Flag register (INTFLAG)

»  Status register (STATUS)

»  Period and Period Buffer registers (PER, PERBUF)

*  Compare/Capture and Compare/Capture Buffer registers (CCx, CCBUFx)

»  Control Waveform register (WAVE)

*  Control Waveform Buffer register (WAVEBUF)

»  Pattern Generation Value and Pattern Generation Value Buffer registers (PATT, PATTBUF)

Note: Optional write-protection is indicated by the "PAC Write-Protection" property in the register
description.

When the CPU is halted in debug mode, all write-protection is automatically disabled. Write-protection
does not apply for accesses through an external debugger.

Analog Connections
Not applicable.

Functional Description

Principle of Operation
The following definitions are used throughout the documentation:
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Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

23 22 21 20 19 18 17 16
MCx MCx | MCx | MCx |
RIW RIW RIW RIW
0 0 0 0
15 14 13 12 11 10 9 8
FAULTx FAULTx FAULTB FAULTA DFS UFS
RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0
7 6 5 4 3 2 1 0
ERR CNT TRG OVF
RIW RIW RIW RIW
0 0 0 0

Bits 19,18,17,16 — MCx: Match or Capture Channel x Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the corresponding Match or Capture Channel x Interrupt Disable/Enable bit,
which enables the Match or Capture Channel x interrupt.

Value Description
0 The Match or Capture Channel x interrupt is disabled.
1 The Match or Capture Channel x interrupt is enabled.

Bits 15,14 — FAULTx: Non-Recoverable Fault x Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Non-Recoverable Fault x Interrupt Disable/Enable bit, which enables the
Non-Recoverable Fault x interrupt.

Value Description
0 The Non-Recoverable Fault x interrupt is disabled.
1 The Non-Recoverable Fault x interrupt is enabled.

Bit 13 — FAULTB: Recoverable Fault B Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Recoverable Fault B Interrupt Disable/Enable bit, which enables the
Recoverable Fault B interrupt.

Value Description
0 The Recoverable Fault B interrupt is disabled.
1 The Recoverable Fault B interrupt is enabled.

Bit 12 — FAULTA: Recoverable Fault A Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Recoverable Fault A Interrupt Disable/Enable bit, which enables the
Recoverable Fault A interrupt.

Value Description
0 The Recoverable Fault A interrupt is disabled.
1 The Recoverable Fault A interrupt is enabled.
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38.6.2.13 Window Monitor
The window monitor feature allows the conversion result in the RESULT register to be compared to
predefined threshold values. The window mode is selected by setting the Window Monitor Mode bits in
the Control C register (CTRLC.WINMODE). Threshold values must be written in the Window Monitor
Lower Threshold register (WINLT) and Window Monitor Upper Threshold register (WINUT).

If differential input is selected, the WINLT and WINUT are evaluated as signed values. Otherwise they are
evaluated as unsigned values. The significant WINLT and WINUT bits are given by the precision selected
in the Conversion Result Resolution bit group in the Control C register (CTRLC.RESSEL). This means
that for example in 8-bit mode, only the eight lower bits will be considered. In addition, in differential
mode, the eighth bit will be considered as the sign bit, even if the ninth bit is zero.

The INTFLAG.WINMON interrupt flag will be set if the conversion result matches the window monitor
condition.

38.6.2.14 Offset and Gain Correction
Inherent gain and offset errors affect the absolute accuracy of the ADC.

The offset error is defined as the deviation of the actual ADC transfer function from an ideal straight line
at zero input voltage. The offset error cancellation is handled by the Offset Correction register
(OFFSETCORR). The offset correction value is subtracted from the converted data before writing the
Result register (RESULT).

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

To correct these two errors, the Digital Correction Logic Enabled bit in the Control C register
(CTRLC.CORREN) must be set.

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

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

Figure 38-8. ADC Timing Correction Enabled
START

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

Lo

CORRO CORR1 CORR2 CORR3
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39.6.7

39.6.8

SAM C20/C21

Writing a one to an Event Output bit in the Event Control Register (EVCTRL.xXEO) enables the
corresponding output event. Writing a zero to this bit disables the corresponding output event. Refer to
the Event System chapter for details on configuring the event system.

The SDADC can take the following actions on an input event:

»  Start conversion (START): Start a conversion. Refer to SWTRIG for details.
»  Conversion flush (FLUSH): Flush the conversion. Refer to SWTRIG for details.

Writing a one to an Event Input bit into the Event Control register (EVCTRL.xxEI) enables the
corresponding action on input event. Writing a zero to this bit disables the corresponding action on input
event.

The SDADC uses only asynchronous events and asynchronous Event System channel path must be
configured. By default, the SDADC will detect a rising edge on the incoming event. If the SDADC action
must be performed on the falling edge of the incoming event, the event line must be inverted first, by
writing to one the corresponding Event Invert Enable bit in Event Control register (EVCTRL.XINV).

Note that If FLUSH and START events are available at the same time, the FLUSH event has higher
priority.

Related Links

EVSYS — Event System

Sleep Mode Operation

The ONDEMAND and RUNSTDBY bits in the Control A register (CTRLA) control the behavior of the
SDADC during standby sleep mode, in cases where the SDADC is enabled (CTRLA.ENABLE = 1). Note
that when CTRLA.ONDEMAND is one, the analog

block is powered-off when the conversion is complete. When a start request is detected, the system
returns from sleep and starts a new conversion after the start-up time delay.

Table 39-1. SDADC Sleep Behavior

CTRLA.RUNSTDBY | CTRLA.ONDEMAND CTRLA.ENABLE
X X 0

Disabled

0 0 1 Run in all sleep modes except
STANDBY.

0 1 1 Run in all sleep modes on request,
except STANDBY.

1 0 1 Run in all sleep modes.

1 1 1 Run in all sleep modes on request.

Synchronization

Due to the asynchronicity between CLK_SDADC_APB and CLK_GEN_SDADC some registers must be
synchronized when accessed. A register can require:

*  Synchronization when written

*  Synchronization when read

*  Synchronization when written and read
*  No synchronization
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Table 48-4. Package Reference
MS-026

e3

JEDEC Drawing Reference
JESD97 Classification

48.2.2 64 pin TQFP
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1. This drawing is for general information only. Refer to JEDEC Drawing MS-026, Variation ACD.

2. Dimensions D1 and E1 do not include mold protrusion. Allowable protrusion is 0.25mm per side.
Dimensions D1 and E1 are maximum plastic body size dimensions including mold mismatch.

3. Lead coplanarity is 0.10mm maximum. 05/03/2013

Notes :

Atmel TITLE GPC DRAWING NO.| REV.
MF, 64 Lds - 0.50mm Pitch, 10x10x1.0mm Body size
Package Drawing Contact:
. . Thin Profile Plastic Quad Flat Package (TQFP) AIN MF D

mel.com

Table 48-5. Device and Package Maximum Weight

300 mg
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