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SAM C20/C21

+  Two 24-bit Timer/Counters and one 16-bit Timer/Counter for Control (TCC), with extended functions:
— Up to four compare channels with optional complementary output
— Generation of synchronized pulse width modulation (PWM) pattern across port pins

— Deterministic fault protection, fast decay and configurable dead-time between complementary
output

— Dithering that increase resolution with up to 5 bit and reduce quantization error
*  Frequency Meter (The division reference clock is only available in the SAM C21N)
»  32-bit Real Time Counter (RTC) with clock/calendar function
+  Watchdog Timer (WDT)
*+ CRC-32 generator
*  Up to two Controller Area Network (CAN) interfaces:
— CAN 2.0A/B
— CAN-FD 1.0

» Each CAN interface have two selectable pin locations to switch between two external CAN
transceivers (without the need for an external switch)

*  Up to eight Serial Communication Interfaces (SERCOM), each configurable to operate as either:
— USART with full-duplex and single-wire half-duplex configuration
— I2C up to 3.4 MHz (Except SERCOM6 and SERCOM?7)
- SPI
— LIN master/slave
— RS-485
— PMBus
*  One Configurable Custom Logic (CCL)

*  Up to Two 12-bit, 1 Msps Analog-to-Digital Converter (ADC) with up to 12 channels each (20 unique
channels)

— Differential and single-ended input
— Automatic offset and gain error compensation
— Oversampling and decimation in hardware to support 13-, 14-, 15- or 16-bit resolution
+  One 16-bit Sigma-Delta Analog-to-Digital Converter (SDADC) with up to 3 differential channels
*  10-bit, 350 ksps Digital-to-Analog Converter (DAC)
*  Up to four Analog Comparators (AC) with Window Compare function
* Integrated Temperature Sensor
»  Peripheral Touch Controller (PTC)
— 256-Channel capacitive touch and proximity sensing

/10
*  Up to 84 programmable 1/O pins

Packages
*+ 100-pin TQFP
e  64-pin TQFP, QFN
+  56-pin WLCSP
*  48-pin TQFP, QFN
+  32-pin TQFP, QFN

General
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SAM C20/C21

Peripheral Source

EVSYS - Event System

SERCOMO - Serial Communication Controller O
SERCOMG6 — Serial Communication Controller 6

SERCOM1 — Serial Communication Controller 1
SERCOM7 — Serial Communication Controller 7
SERCOM2 — Serial Communication Controller 2
SERCOM3 — Serial Communication Controller 3
SERCOM4 — Serial Communication Controller 4
SERCOMS — Serial Communication Controller 5
CANO - Controller Area Network 0

CAN1 — Controller Area Network 1

TCCO — Timer Counter for Control 0

TCC1 — Timer Counter for Control 1

TCC2 — Timer Counter for Control 2

TCO — Timer Counter 0

TC5 — Timer Counter 5

TC1 — Timer Counter 1
TC6 — Timer Counter 6

TC2 — Timer Counter 2
TC7 — Timer Counter 7

TC3 — Timer Counter 3Reserved
TC4 — Timer Counter 4Reserved

ADCO — Analog-to-Digital Converter O
ADC1 — Analog-to-Digital Converter 1Reserved

AC — Analog Comparator
DAC - Digital-to-Analog Converter

SDADC - Sigma-Delta Analog-to-Digital Converter 1

PTC — Peripheral Touch Controller

Reserved

NVIC Line
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SAM C20/C21

Writing a one to this bit will clear the corresponding INTFLAGC interrupt flag.

Name: INTFLAGC
Offset:  0x1C [ID-00000a18]
Reset:  0x000000

Property: —
Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
CCL PTC DAC AC SDADC ADC1 ADCO TC4
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
TC3 TC2 TC1 TCO TCC2 TCC1 TCCO
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CANO SERCOM5 SERCOM4 SERCOM3 SERCOM2 SERCOM1 SERCOMO EVSYS
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 — CCL: Interrupt Flag for CCL

Bit 22 — PTC: Interrupt Flag for PTC

Bit 21 — DAC: Interrupt Flag for DAC

Bit 20 — AC: Interrupt Flag for AC

Bit 19 — SDADC: Interrupt Flag for SDADC

Bits 17, 18 — ADC: Interrupt Flag for ADCn [n=1..0]

Bits 12, 13, 14, 15, 16 — TC: Interrupt Flag for TCn [n = 4..0]
Bits 9, 10, 11 — TCC: Interrupt Flag for TCCn [n = 2..0]

Bit 7 — CAN: Interrupt Flag for CAN

Bits 1, 2, 3, 4, 5, 6 — SERCOM: Interrupt Flag for SERCOMn [n = 5..0]
Bit 0 — EVSYS: Interrupt Flag for EVSYS

11.7.9  Peripheral Interrupt Flag Status and Clear D
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SAM C20/C21

Bit 31 30 29 28 27 26 25 24
DATA[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
DATA[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
DATA[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
DATA[7:0]
Access RIW RIW RIW RIW RIW RIW RIW RIW
Reset 0 0 0 0 0 0 0 0

13.13.9

Bits 31:0 — DATA[31:0]: Data

Data register.

Device Identification

The information in this register is related to the Ordering Information.

Name: DID
Offset: 0x0018

Property: PAC Write-Protection
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15.4

15.5

SAM C20/C21

Enabling a Peripheral
To enable a peripheral clocked by a generic clock, the following parts of the system needs to be
configured:

* Arunning clock source.

» A clock from the Generic Clock Generator must be configured to use one of the running clock
sources, and the generator must be enabled.

»  The generic clock, through the Generic Clock Multiplexer, that connects to the peripheral needs to
be configured with a running clock from the Generic Clock Generator, and the generic clock must
be enabled.

*  The user interface of the peripheral needs to be unmasked in the PM. If this is not done the
peripheral registers will read as all 0’s and any writes to the peripheral will be discarded.

On-demand, Clock Requests
Figure 15-3. Clock request routing

Clock request

Clock request Clock request

Generic Clock Generic Clock
Generator Periph. Channel

= = =

All the clock sources in the system can be run in an on-demand mode, where the clock source is in a
stopped state when no peripherals are requesting the clock source. Clock requests propagate from the
peripheral, via the GCLK, to the clock source. If one or more peripheral is using a clock source, the clock
source will be started/kept running. As soon as the clock source is no longer needed and no peripheral
have an active request the clock source will be stopped until requested again. For the clock request to
reach the clock source, the peripheral, the generic clock and the clock from the Generic Clock Generator
in-between must be enabled. The time taken from a clock request being asserted to the clock source
being ready is dependent on the clock source startup time, clock source frequency as well as the divider

used in the Generic Clock Generator. The total startup time from a clock request to the clock is available
for the peripheral is:

0sc48

Peripheral

Delay start max = Clock source startup time + 2 * clock source periods + 2 * divided clock
source periods

Delay start min = Clock source startup time + 1 * clock source period + 1 * divided clock
source periodDelay start min = Clock source startup time + 1 * clock source period + 1 *
divided clock source period

The delay for shutting down the clock source when there is no longer an active request is:

Delay stop_min
Delay stop max

1 * divided clock source period + 1 * clock source period
2 * divided clock source periods + 2 * clock source periods

The On-Demand principle can be disabled individually for each clock source by clearing the ONDEMAND
bit located in each clock source controller. The clock is always running whatever is the clock request. This
has the effect to remove the clock source startup time at the cost of the power consumption.

In standby mode, the clock request mechanism is still working if the modules are configured to run in
standby mode (RUNSTDBY bit).
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17.6.2.4

17.6.2.5

17.6.2.6

SAM C20/C21

Selecting the Synchronous Clock Division Ratio

The main clock GCLK_MAIN feeds an 8-bit prescaler, which can be used to generate the synchronous
clocks. By default, the synchronous clocks run on the undivided main clock. The user can select a
prescaler division for the CPU clock domain by writing the Division (DIV) bits in the CPU Clock Division
register CPUDIV, resulting in a CPU clock domain frequency determined by this equation:

f main

feru = ChuDIV

If the application attempts to write forbidden values in CPUDIV register, registers are written but these
bad values are not used and a violation is reported to the PAC module.

Division bits (DIV) can be written without halting or disabling peripheral modules. Writing DIV bits allows a
new clock setting to be written to all synchronous clocks belonging to the corresponding clock domain at
the same time.

Figure 17-2. Synchronous Clock Selection and Prescaler
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Clock Ready Flag
There is a slight delay between writing to CPUDIV until the new clock settings become effective.

During this interval, the Clock Ready flag in the Interrupt Flag Status and Clear register
(INTFLAG.CKRDY) will return zero when read. If CKRDY in the INTENSET register is set to '1', the Clock
Ready interrupt will be triggered when the new clock setting is effective. The clock settings (CLKCFG)
must not be re-written while INTFLAG. CKRDY reads '0'. The system may become unstable or hang, and
a violation is reported to the PAC module.

Related Links

PAC - Peripheral Access Controller

Peripheral Clock Masking
It is possible to disable/enable the AHB or APB clock for a peripheral by writing the corresponding bit in
the Clock Mask registers (APBxMASK) to '0'/'1". The default state of the peripheral clocks is shown here.

Table 17-1. Peripheral Clock Default State

CPU Clock Domain
Peripheral Clock Default State

CLK_AC_APB Disabled
CLK_ADCO_APB Disabled
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SAM C20/C21

Name: INTENCLR

Offset: 0x08

Reset:  0x0000

Property: PAC Write-Protection

Bit 15 14 13 12 11 10 9 8
OVF CMPO
Access R/W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
PERn PERN PERn PERN PERn PERNn PERn PERNn
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

24.8.4

Bit 15 — OVF: Overflow Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Overflow Interrupt Enable bit, which disables the Overflow interrupt.

Value Description

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

Bit 8 — CMP0: Compare 0 Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Compare 0 Interrupt Enable bit, which disables the Compare 0
interrupt.

Value Description

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

Bits 7:0 — PERNn: Periodic Interval n Interrupt Enable [n = 7..0]
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will clear the Periodic Interval n Interrupt Enable bit, which disables the Periodic
Interval n interrupt.

Value Description

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

Interrupt Enable Set in COUNT32 mode (CTRLA.MODE=0)

This register allows the user to enable an interrupt without doing a read-modify-write operation. Changes
in this register will also be reflected in the Interrupt Enable Clear (INTENCLR) register.
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SAM C20/C21

Name: INTENSET

Offset: O0x0A

Reset:  0x0000

Property: PAC Write-Protection

Bit 15 14 13 12 11 10 9 8
OVF CMPO
Access R/W R/W
Reset 0 0
Bit 7 6 5 4 3 2 1 0
PERn PERN PERn PERN PERn PERNn PERn PERNn
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

24.8.5

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.

Bit 8 — CMP0: Compare 0 Interrupt Enable
Writing a '0' to this bit has no effect.

Writing a '1' to this bit will set the Compare 0 Interrupt Enable bit, which enables the Compare 0 interrupt.

Value Description

0 The Compare 0 interrupt is disabled.
1 The Compare 0 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 COUNT32 mode (CTRLA.MODE=0)

Name: INTFLAG

Offset: 0x0C
Reset: 0x0000
Property: -
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SAM C20/C21

Name: INTENSET

Offset: O0x0A

Reset:  0x0000

Property: PAC Write-Protection

Bit 15 14 13 12 11 10 9 8
OVF ALARMO

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

PERn PERN PERn PERN PERn PERNn PERn PERNn

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 — 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.

Bit 8 — ALARMO: Alarm 0 Interrupt Enable
Writing a '0' to this bit has no effect. Writing a '1' to this bit will set the Alarm 0 Interrupt Enable bit, which
enables the Alarm 0 interrupt.

Value Description

0 The Alarm 0 interrupt is disabled.
1 The Alarm 0 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.

24.12.5 Interrupt Flag Status and Clear in Clock/Calendar mode (CTRLA.MODE=2)

Name: INTFLAG

Offset: 0x0C
Reset: 0x0000
Property: -
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25.6.3.7

SAM C20/C21

The corresponding DMAC Enabile bit in the Control register is cleared (CTRL.DMAENABLE=0) when the
entire DMAC module is disabled.

CRC Operation

A cyclic redundancy check (CRC) is an error detection technique used to find errors in data. It is
commonly used to determine whether the data during a transmission, or data present in data and
program memories has been corrupted or not. A CRC takes a data stream or a block of data as input and
generates a 16- or 32-bit output that can be appended to the data and used as a checksum.

When the data is received, the device or application repeats the calculation: If the new CRC result does
not match the one calculated earlier, the block contains a data error. The application will then detect this
and may take a corrective action, such as requesting the data to be sent again or simply not using the
incorrect data.

The CRC engine in DMAC supports two commonly used CRC polynomials: CRC-16 (CRC-CCITT) and
CRC-32 (IEEE 802.3). Typically, applying CRC-n (CRC-16 or CRC-32) to a data block of arbitrary length
will detect any single alteration that is <n bits in length, and will detect the fraction 1-2-n of all longer error
bursts.

« CRC-16:
—  Polynomial: x'6+ x12+ x5+ 1
— Hex value: 0x1021
+ CRC-32:
—  Polynomial: x32+x26+ x23+ x224x164 x124 x 114 x104 x84 x7+ x5+ x4+ x2+ x + 1
— Hex value: 0x04C11DB7

The data source for the CRC engine can either be one of the DMA channels or the APB bus interface,
and must be selected by writing to the CRC Input Source bits in the CRC Control register
(CRCCTRL.CRCSRC). The CRC engine then takes data input from the selected source and generates a
checksum based on these data. The checksum is available in the CRC Checksum register
(CRCCHKSUM). When CRC-32 polynomial is used, the final checksum read is bit reversed and
complemented, as shown in Figure 25-16.

The CRC polynomial is selected by writing to the CRC Polynomial Type bit in the CRC Control register
(CRCCTRL.CRCPOLY), the default is CRC-16. The CRC engine operates on byte only. When the DMA is
used as data source for the CRC engine, the DMA channel beat size setting will be used. When used
with APB bus interface, the application must select the CRC Beat Size bit field of CRC Control register
(CRCCTRL.CRCBEATSIZE). 8-, 16-, or 32-bit bus transfer access type is supported. The corresponding
number of bytes will be written in the CRCDATAIN register and the CRC engine will operate on the input
data in a byte by byte manner.
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26.6.4.3

SAM C20/C21

(NMIFLAG.NMI) is set when the last sampled state of the pin differs from the previously sampled state. In
this mode, the EIC clock is required.

The Synchronous Edge Detection Mode can be used in Idle and Standby sleep modes.

In Asynchronous Edge Detection Mode, the external interrupt (EXTINT) pins or the non-maskable
interrupt (NMI) pins set the External Interrupt flag or Non-Maskable Interrupt flag (INTFLAG.EXTINT[x] or
NMIFLAG) directly. In this mode, the EIC clock is not requested.

The asynchronous edge detection mode can be used in Idle and Standby sleep modes.

Interrupt Pin Debouncing

The external interrupt pin (EXTINT) edge detection can use a debouncer to improve input noise immunity.
When selected, the debouncer can work in the synchronous mode or the asynchronous mode, depending
on the configuration of the ASYNCH.ASYNCH][x] bit for the pin. The debouncer uses the EIC clock as
defined by the bit CTRLA.CKSEL to clock the debouncing circuitry. The debouncing time frame is set with
the debouncer prescaler DPRESCALER.DPRESCALERN, which provides the low frequency clock tick
that is used to reject higher frequency signals.

The debouncing mode for pin EXTINT x can be selected only if the Sense bits in the Configuration y
register (CONFIGy.SENSEX) are set to RISE, FALL or BOTH. If the debouncing mode for pin EXTINT x is
selected, the filter mode for that pin (CONFIGy.FILTENX) can not be selected.

The debouncer manages an internal “valid pin state” that depends on the external interrupt (EXTINT) pin
transitions, the debouncing mode and the debouncer prescaler frequency. The valid pin state reflects the
pin value after debouncing. The external interrupt pin (EXTINT) is sampled continously on EIC clock. The
sampled value is evaluated on each low frequency clock tick to detect a transitional edge when the
sampled value is different of the current valid pin state. The sampled value is evaluated on each EIC
clock when DPRESCALER.TICKON=0 or on each low frequency clock tick when
DPRESCALER.TICKON=1, to detect a bounce when the sampled value is equal to the current valid pin
state. Transitional edge detection increments the transition counter of the EXTINT pin, while bounce
detection resets the transition counter. The transition counter must exceed the transition count threshold
as defined by the DPRESCALER.STATESN bitfield. In the synchronous mode the threshold is 4 when
DPRESCALER.STATESNn=0 or 8 when DPRESCALER.STATESn=1. In the asynchronous mode the
threshold is 4.

The valid pin state for the pins can be accessed by reading the register PINSTATE for both synchronous
or asynchronous debouncing mode.

Synchronous edge detection In this mode the external interrupt (EXTINT) pin is sampled continously on
EIC clock.

1. A pin edge transition will be validated when the sampled value is consistently different of the
current valid pin state for 4 (or 8 depending on bit DPRESCALER.STATESN) consecutive ticks of
the low frequency clock.

2. Any pin sample, at the low frequency clock tick rate, with a value opposite to the current valid pin
state will increment the transition counter.

3. Any pin sample, at EIC clock rate (when DPRESCALER.TICKON=0) or the low frequency clock tick
(when DPRESCALER.TICKON=1), with a value identical to the current valid pin state will return the
transition counter to zero.

4. When the transition counter meets the count threshold, the pin edge transition is validated and the
pin state PINSTATE.PINSTATE[x] is changed to the detected level.

5. The external interrupt flag (INTFLAG.EXTINT[x]) is set when the pin state PINSTATE.PINSTATE[X]
is changed.
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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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32.8.5

SAM C20/C21

Value Description

0 Data Register Empty interrupt is disabled.
1 Data Register Empty interrupt is enabled.

Interrupt Enable Set

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

Name: INTENSET

Offset: 0x16 [ID-00000e74]
Reset:  0x00

Property: PAC Write-Protection

Bit 7 6 5 4 3 2 1 0
ERROR SSL RXC TXC DRE
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bit 7 — ERROR: Error Interrupt Enable
Writing '0' to this bit has no effect.

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

Value Description

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

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

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

Value Description

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

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

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

Value Description

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

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

Writing '1' to this bit will set the Transmit Complete Interrupt Enable bit, which enables the Transmit
Complete interrupt.
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SAM C20/C21

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

Bit

Access
Reset

33.8.9

31 30 29 28 27 26 25 24
ADDRMASKI9:7] |
RIW RIW RIW
0 0 0
23 22 21 20 19 18 17 16
ADDRMASKI6:0]
RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0
15 14 13 12 11 10 9 8
TENBITEN ADDRI9:7]
RIW RIW RIW RIW
0 0 0 0
7 6 5 4 3 2 1 0
ADDR[6:0] GENCEN
RIW RIW RIW RIW RIW RIW RIW RIW
0 0 0 0 0 0 0 0

Bits 26:17 — ADDRMASK]9:0]: Address Mask
These bits act as a second address match register, an address mask register or the lower limit of an
address range, depending on the CTRLB.AMODE setting.

Bit 15 — TENBITEN: Ten Bit Addressing Enable

Value Description

0 10-bit address recognition disabled.
1 10-bit address recognition enabled.

Bits 10:1 — ADDR[9:0]: Address
These bits contain the 12C slave address used by the slave address match logic to determine if a master
has addressed the slave.

When using 7-bit addressing, the slave address is represented by ADDR[6:0].
When using 10-bit addressing (ADDR.TENBITEN=1), the slave address is represented by ADDR[9:0]
When the address match logic detects a match, INTFLAG.AMATCH is set and STATUS.DIR is updated to

indicate whether it is a read or a write transaction.

Bit 0 — GENCEN: General Call Address Enable
A general call address is an address consisting of all-zeroes, including the direction bit (master write).

Value Description

0 General call address recognition disabled.
1 General call address recognition enabled.
Data
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bus by waiting for the occurrence of a sequence of 11 consecutive "recessive” bits (= Bus_ldle) before it
can take part in bus activities and start the message transfer.

Access to the CAN configuration registers is only enabled when both bits CCCR.INIT and CCCR.CCE are
set (protected write).

CCCR.CCE can only be set/reset while CCCR.INIT = ‘1". CCCR.CCE is automatically reset when
CCCR.INIT is reset.

The following registers are reset when CCCR.CCE is set

HPMS - High Priority Message Status

* RXFOS - Rx FIFO 0 Status

* RXF1S - Rx FIFO 1 Status

+ TXFQS - Tx FIFO/Queue Status

+  TXBRP - Tx Buffer Request Pending

*  TXBTO - Tx Buffer Transmission Occurred
*  TXBCF - Tx Buffer Cancellation Finished
 TXEFS - Tx Event FIFO Status

The Timeout Counter value TOCV.TOC is preset to the value configured by TOCC.TOP when
CCCR.CCE is set.

In addition the state machines of the Tx Handler and Rx Handler are held in idle state while CCCR.CCE =
‘1'.

The following registers are only writable while CCCR.CCE = ‘0’

*  TXBAR - Tx Buffer Add Request
*  TXBCR - Tx Buffer Cancellation Request

CCCR.TEST and CCCR.MON can only be set by the CPU while CCCR.INIT = ‘1" and CCR.CCE = ‘1.
Both bits may be reset at any time. CCCR.DAR can only be set/reset while CCCR.INIT = ‘1" and
CCCR.CCE="1".

Normal Operation
Once the CAN is initialized and CCCR.INIT is reset to ‘0’, the CAN synchronizes itself to the CAN bus
and is ready for communication.

After passing the acceptance filtering, received messages including Message ID and DLC are stored into
a dedicated Rx Buffer or into Rx FIFOO or Rx FIFO1.

For messages to be transmitted dedicated Tx Buffers and/or a Tx FIFO or a Tx Queue can be initialized
or updated. Automated transmission on reception of remote frames is not implemented.

CAN FD Operation

There are two variants in the CAN FD frame format, first the CAN FD frame without bit rate switching
where the data field of a CAN frame may be longer than 8 bytes. The second variant is the CAN FD
frame where control field, data field, and CRC field of a CAN frame are transmitted with a higher bit rate
than the beginning and the end of the frame.

The previously reserved bit in CAN frames with 11-bit identifiers and the first previously reserved bit in
CAN frames with 29-bit identifiers will now be decoded as FDF bit. FDF = recessive signifies a CAN FD
frame, FDF = dominant signifies a Classic CAN frame. In a CAN FD frame, the two bits following FDF, res
and BRS, decide whether the bit rate inside of this CAN FD frame is switched. A CAN FD bit rate switch
is signified by res = dominant and BRS = recessive. The coding of res = recessive is reserved for future
expansion of the protocol. In case the CAN receives a frame with FDF = recessive and res = recessive, it
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Access

Reset

Access

Reset

Bit 31 30 29 28 27 26 25 24
Bit 23 22 21 20 19 18 17 16
Bit 15 14 13 12 11 10 9 8
TXP EFBI PXHD BRSE FDOE
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
TEST DAR MON CSR CSA ASM CCE INIT
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 1

Bit 14 — TXP: Transmit Pause
This bit field is write-restricted and only writable if bit fields CCE = 1 and INIT = 1.

Value Description
0 Transmit pause disabled.
1 Transmit pause enabled. The CAN pauses for two CAN bit times before starting the next

transmission after itself has successfully transmitted a frame.

Bit 13 — EFBI: Edge Filtering during Bus Integration

Value Description

0 Edge filtering is disabled.
1 Two consecutive dominant tq required to detect an edge for hard synchronization.

Bit 12 — PXHD: Protocol Exception Handling Disable
Note: When protocol exception handling is disabled, the CAN will transmit an error frame when it
detects a protocol exception condition.

Value Description

0 Protocol exception handling enabled.
1 Protocol exception handling disabled.

Bit 9 — BRSE: Bit Rate Switch Enable
Note: When CAN FD operation is disabled FDOE = 0, BRSE is not evaluated.

Value Description

0 Bit rate switching for transmissions disabled.
1 Bit rate switching for transmissions enabled.

Bit 8 — FDOE: FD Operation Enable
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CCL - Configurable Custom Logic

Overview

The Configurable Custom Logic (CCL) is a programmable logic peripheral which can be connected to the
device pins, to events, or to other internal peripherals. This allows the user to eliminate logic gates for
simple glue logic functions on the PCB.

Each LookUp Table (LUT) consists of three inputs, a truth table, an optional synchronizer/filter, and an
optional edge detector. Each LUT can generate an output as a user programmable logic expression with
three inputs. Inputs can be individually masked.

The output can be combinatorially generated from the inputs, and can be filtered to remove spikes.
Optional sequential logic can be used. The inputs of the sequential module are individually controlled by
two independent, adjacent LUT (LUTO/LUT1, LUT2/LUTS3 etc.) outputs, enabling complex waveform
generation.

Features
*  Glue logic for general purpose PCB design
*  Up to 4 programmable LookUp Tables (LUTSs)

*  Combinatorial logic functions:
AND, NAND, OR, NOR, XOR, XNOR, NOT

*  Sequential logic functions:
Gated D Flip-Flop, JK Flip-Flop, gated D Latch, RS Latch

*  Flexible LUT inputs selection:
- 1/Os
— Events
— Internal peripherals
— Subsequent LUT output
*  Output can be connected to the 1/O pins or the Event System
»  Optional synchronizer, filter, or edge detector available on each LUT output
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39.6.2.7

39.6.2.8
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Figure 39-2. SDADC Prescaler Diagram.
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SDADC Resolution
The SDADC provides 16-bit resolution.

Automatic Sequences

The SDADC has the ability to automatically sequence a series of conversion. This means that each time
the SDADC receives a start-of-conversion request, it can perform multiple conversions automatically. All
of the three inputs can be included in a sequence, by writing to the Sequence Control register
(SEQCTRL). The order of the conversion in a sequence is the lower positive input pair selection to upper
positive input pair (AINNO, AINPO, AINN1, AINP1 ...).

When a sequence starts, the Sequence Busy status bit in Sequence Status register
(SEQSTATUS.SEQBUSY) will be set to one. When the sequence is complete, the Sequence Busy status
bit will be cleared.

Each time a conversion is completed, the Sequence State status in Sequence Status register
(SEQSTATUS.SEQSTATE) will store the input number from which the conversion is done. The result will
be stored in RESULT register and the Result Ready Interrupt Flag (INTFLAG.RESRDY) is set.

If additional inputs must be scanned, the SDADC will automatically start a new conversion on the next
input present in the sequence list.

Note that if SEQCTRL register has no bits set to one, the conversion is done with the selected
INPUTCTRL input.

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 writing the Window Monitor Mode bits in
the Window Monitor Control register (WINCTRL.WINMODE). Threshold values must be written in the
Window Monitor Lower Threshold register (WINLT) and Window Monitor Upper Threshold register
(WINUT).

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

STANDBY, Mode SAMPL VDD = 2.7V
VDD = 5.0V 3.5 4.9

Note:
1. These values are based on characterization.

Table 46-4. BODVDD Characteristics (see Note 2)

symbor—paramsors ——oniiors ———bin T ax unit

VBOD+ (see Note 1) BODVDD high threshold VDD level, BOD setting = - 1286 298 V
Level 8 (default)
VDD level, BOD setting = - 292 3.01
9
VDD level, BOD setting = - 1457 4.82
44
VBOD- / VBOD (see BODVDD low threshold Level VDD level, BOD setting= 2.71 2.8 2.90
Note 1) 8 (default)
VDD level, BOD setting= 2.75 2.85 2.96
9
VDD level, Bod setting = 4.37 4.51 4.66
44
Step size - | 60 - mV
VHys (see Note 1)  Hysteresis (VBOD+ - VBOD-) VDD 40 - 75 mV
BODVDD.LEVEL = 8 to 48
Tstart (see Note 3) | Startup time Time from enable to RDY | - | 3.1 - V&S
Note:

1. These values are based on characterization.
2. BODVDD in Continuous mode.
3. These values are based on simulation, and are not covered by test or characterization.

Related Links
NVM User Row Mapping
NVM User Row Mapping

Analog-to-Digital Converter (ADC) Characteristics
Table 46-5. Power Consumption(!)

symbol—paramers — Gonaions sy e i

IDD Differential fs = 1 Msps / Reference buffer Max 105°C 905 1034 pA
VDDANA mode disabled / BIASREFBUF = '111", Typ 25°C
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