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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M0+

32-Bit Single-Core

48MHz

12C, SCI, SPI, UART/USART, USB
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
38

32KB (32K x 8)

FLASH

4K x 8

2.7V ~ 3.63V

A/D 14x12b; D/A 1x10b
Internal

-40°C ~ 105°C (TA)

Surface Mount

48-TQFP

48-TQFP (7x7)
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1.  Some products have different number of SERCOM instances, Timer/Counter instances, PTC
signals and ADC signals. Refer to the Configuration Summary for details.
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SAM DA1

This bit is set when Hot-Plugging is enabled.

This bit is cleared when Hot-Plugging is disabled. This is the case when the SWCLK function is changed.
Only a power-reset or a external reset can set it again.

Bits 3,2 —- DCCDx: Debug Communication Channel x Dirty [x=1..0]
Writing a '0' to this bit has no effect.

Writing a '1' to this bit has no effect.

This bit is set when DCCx is written.

This bit is cleared when DCCx is read.

Bit 1 - DBGPRES: Debugger Present

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

Writing a '1' to this bit has no effect.

This bit is set when a debugger probe is detected.

This bit is never cleared.

Bit 0 — PROT: Protected

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

Writing a '1' to this bit has no effect.

This bit is set at power-up when the device is protected.

This bit is never cleared.

15.13.4 Address

Name: ADDR

Offset:  0x0004 [ID-00001c14]
Reset:  0x00000000
Property: PAC Write-Protection
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Figure 16-2. Example of SERCOM clock
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Synchronous and Asynchronous Clocks

As the CPU and the peripherals can be in different clock domains, i.e. they are clocked from different
clock sources and/or with different clock speeds, some peripheral accesses by the CPU need to be
synchronized. In this case the peripheral includes a SYNCBUSY status register that can be used to check
if a sync operation is in progress.

For a general description, see Register Synchronization. Some peripherals have specific properties
described in their individual sub-chapter “Synchronization”.

In the datasheet, references to Synchronous Clocks are referring to the CPU and bus clocks, while
asynchronous clocks are generated by the Generic Clock Controller (GCLK).

Register Synchronization

There are two different register synchronization schemes implemented on this device: common
synchronizer register synchronization and distributed synchronizer register synchronization.

The modules using a common synchronizer register synchronization are: GCLK, WDT, RTC, EIC, TC,
ADC, AC and DAC.

The modules adopting a distributed synchronizer register synchronization are: SERCOM USART,
SERCOM SPI, SERCOM I2C, 12S, TCC, USB.

Common Synchronizer Register Synchronization

Overview

All peripherals are composed of one digital bus interface connected to the APB or AHB bus and running
from a corresponding clock in the Main Clock domain, and one peripheral core running from the
peripheral Generic Clock (GCLK).

Communication between these clock domains must be synchronized. This mechanism is implemented in
hardware, so the synchronization process takes place even if the peripheral generic clock is running from
the same clock source and on the same frequency as the bus interface.

All registers in the bus interface are accessible without synchronization. All registers in the peripheral
core are synchronized when written. Some registers in the peripheral core are synchronized when read.
Each individual register description will have the properties "Read-Synchronized" and/or "Write-
Synchronized" if a register is synchronized.

As shown in the figure below, the common synchronizer is used for all registers in one peripheral.
Therefore, status register (STATUS) of each peripheral can be synchronized at a time.
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16.3.1.4

16.3.1.5

16.3.1.6

SAM DA1

stall. APB registers can also be read while the synchronization is ongoing without causing the peripheral
bus to stall.

Read-Synchronization

Reading a read-synchronized peripheral core register will cause the peripheral bus to stall immediately
until the read-synchronization is complete. STATUS.SYNCBUSY will not be set. Refer to Synchronization
Delay for details on the synchronization delay. Note that reading a read-synchronized peripheral core
register while STATUS.SYNCBUSY is one will cause the peripheral bus to stall twice; first because of the
ongoing synchronization, and then again because reading a read-synchronized core register will cause
the peripheral bus to stall immediately.

Completion of synchronization

The user can either poll STATUS.SYNCBUSY or use the Synchronisation Ready interrupt (if available) to
check when the synchronization is complete. It is also possible to perform the next read/write operation
and wait, as this next operation will be started once the previous write/read operation is synchronized
and/or complete.

Read Request
The read request functionality is only available to peripherals that have the Read Request register
(READREQ) implemented. Refer to the register description of individual peripheral chapters for details.

To avoid forcing the peripheral bus to stall when reading read-synchronized peripheral core registers, the
read request mechanism can be used.

Basic Read Request

Writing a '1' to the Read Request bit in the Read Request register (READREQ.RREQ) will request read-
synchronization of the register specified in the Address bits in READREQ (READREQ.ADDR) and set
STATUS.SYNCBUSY. When read-synchronization is complete, STATUS.SYNCBUSY is cleared. The
read-synchronized value is then available for reading without delay until READREQ.RREQ is written to "1’
again.

The address to use is the offset to the peripheral's base address of the register that should be
synchronized.

Continuous Read Request

Writing a '1' to the Read Continuously bit in READREQ (READREQ.RCONT) will force continuous read-
synchronization of the register specified in READREQ.ADDR. The latest value is always available for
reading without stalling the bus, as the synchronization mechanism is continuously synchronizing the
given value.

SYNCBUSY is set for the first synchronization, but not for the subsequent synchronizations. If another
synchronization is attempted, i.e. by executing a write-operation of a write-synchronized register, the read
request will be stopped, and will have to be manually restarted.

Note:
The continuous read-synchronization is paused in sleep modes where the generic clock is not running.
This means that a new read request is required if the value is needed immediately after exiting sleep.

Enable Write-Synchronization

Writing to the Enable bit in the Control register (CTRL.ENABLE) will also trigger write-synchronization and
set STATUS.SYNCBUSY. CTRL.ENABLE will read its new value immediately after being written. The
Synchronisation Ready interrupt (if available) cannot be used for Enable write-synchronization.

When the enable write-synchronization is ongoing (STATUS.SYNCBUSY is one), attempt to do any of the
following will cause the peripheral bus to stall until the enable synchronization is complete:
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18.8.5 APBB Clock Select

Name: APBBSEL

Offset:  O0xOA [ID-00001b7b]
Reset: 0x00

Property: Write-Protected

Bit 7 6 5 4 3 2 1 0
APBBDIV[2:0]
Access R/W R/W R/W
Reset 0 0 0

Bits 2:0 — APBBDIV[2:0]: APBB Prescaler Selection
These bits define the division ratio of the APBB clock prescaler (2M).

0x0 DIV1 Divide by 1
0x1 DIV2 Divide by 2
0x2 DIVv4 Divide by 4
0x3 DIV8 Divide by 8
Ox4 DIV16 Divide by 16
0x5 DIV32 Divide by 32
0x6 DIV64 Divide by 64
0x7 DIV128 Divide by 128

18.8.6 APBC Clock Select

Name: APBCSEL

Offset: 0x0B [ID-00001b7b]
Reset:  0x00

Property: Write-Protected

Bit 7 6 5 4 3 2 1 0
APBCDIV[2:0]
Access R/W R/W R/W
Reset 0 0 0

Bits 2:0 — APBCDIV[2:0]: APBC Prescaler Selection
These bits define the division ratio of the APBC clock prescaler (2").

0x0 DIV1 Divide by 1
0x1 DIV2 Divide by 2
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Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
CALIB[6:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 1 1 1 1 1 1
Bit 15 14 13 12 " 10 9 8
WRTLOCK STARTUP[2:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 7 6 5 4 3 2 1 0
ONDEMAND | RUNSTDBY EN32K ENABLE
Access R/W R/W R/W R/W
Reset 1 0 0 0

Bits 22:16 — CALIB[6:0]: Oscillator Calibration
These bits control the oscillator calibration.

This value must be written by the user.
Factory calibration values can be loaded from the non-volatile memory.

Bit 12 — WRTLOCK: Write Lock
This bit locks the OSC32K register for future writes to fix the OSC32K configuration.

Value Description
0 The OSC32K configuration is not locked.
1 The OSC32K configuration is locked.

Bits 10:8 — STARTUP[2:0]: Oscillator Start-Up Time
These bits select start-up time for the oscillator.

The OSCULP32K oscillator is used as input clock to the startup counter.
Table 19-7. Start-Up Time for 32kHz Internal Oscillator

STARTUP[2:0] Number of OSC32K clock cycles Approximate Equivalent Time
(OSCULP= 32 kHz)

0x0 3 92us
0x1 4 122ps
0x2 6 183ps
0x3 10 305us
Ox4 18 549us
0x5 34 1038us
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_ fGCLK_RTC
fPERIODIC - 2n+3

facLk_Rrtc is the frequency of the internal prescaler clock, GCLK_RTC, and n is the position of the
EVCTRL.PEREON bit. For example, PERO will generate an event every eight CLK_RTC_OSC cycles,
PER1 every 16 cycles, etc. This is shown in the figure below. Periodic events are independent of the
prescaler setting used by the RTC counter, except if CTRL.PRESCALER is zero. Then, no periodic
events will be generated.

Figure 21-4. Example Periodic Events
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21.6.9.2 Frequency Correction

The RTC Frequency Correction module employs periodic counter corrections to compensate for a too-
slow or too-fast oscillator. Frequency correction requires that CTRL.PRESCALER is greater than 1.

The digital correction circuit adds or subtracts cycles from the RTC prescaler to adjust the frequency in
approximately 1ppm steps. Digital correction is achieved by adding or skipping a single count in the
prescaler once every 1024 GCLK_RTC cycles. The Value bit group in the Frequency Correction register
(FREQCORR.VALUE) determines the number of times the adjustment is applied over 976 of these
periods. The resulting correction is as follows:

FREQCORR.VALUE
1024 - 976

This results in a resolution of 1.0006PPM.

-10°PPM

Correction in PPM =

The Sign bit in the Frequency Correction register (FREQCORR.SIGN) determines the direction of the
correction. A positive value will speed up the frequency, and a negative value will slow down 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.

21.7 Register Summary

The register mapping depends on the Operating Mode bits in the Control register (CTRL.MODE). The
register summary is presented for each of the three modes.
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Bit 31 30 29 28 27 26 25 24
CRCDATAIN[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
CRCDATAIN[23:16]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8
CRCDATAIN[15:8]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
CRCDATAIN[7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

22.8.4

Bits 31:0 — CRCDATAIN[31:0]: CRC Data Input
These bits store the data for which the CRC checksum is computed. A new CRC Checksum is ready

(CRCBEAT+ 1) clock cycles after the CRCDATAIN register is written.

CRC Checksum

The CRCCHKSUM represents the 16- or 32-bit checksum value and the generated CRC. The register is
reset to zero by default, but it is possible to reset all bits to one by writing the CRCCHKSUM register
directly. It is possible to write this register only when the CRC module is disabled. If CRC-32 is selected
and the CRC Status Busy flag is cleared (i.e., CRC generation is completed or aborted), the bit reversed
(bit 31 is swapped with bit 0, bit 30 with bit 1, etc.) and complemented result will be read from
CRCCHKSUM. If CRC-16 is selected or the CRC Status Busy flag is set (i.e., CRC generation is
ongoing), CRCCHKSUM will contain the actual content.

Name: CRCCHKSUM
Offset: 0x08 [ID-00001ece]
Reset: 0x00000000

Property: PAC Write-Protection, Enable-Protected
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Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
EXTINTx EXTINTX
Access R/W R/W
Reset 0 0
Bit 15 14 13 12 " 10 9 8
EXTINTx EXTINTX EXTINTx EXTINTX EXTINTx EXTINTX EXTINTx EXTINTX
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
EXTINTx EXTINTX EXTINTx EXTINTX EXTINTx EXTINTX EXTINTx EXTINTX
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 17,16,15,14,13,12,11,10,9,8,7,6,5,4,3,2,1,0 — EXTINTx : External Interrupt x Enable [x=17..0]
Writing a zero to this bit has no effect.

Writing a one to this bit will clear the External Interrupt x Enable bit, which enables the external interrupt.

Value Description

0 The external interrupt x is disabled.
1 The external interrupt x is enabled.

23.8.7 Interrupt Enable Set

Name: INTENSET

Offset: 0x0C [ID-00001959]
Reset:  0x00000000
Property: Write-Protected
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Bit 31 30 29 28 27 26 25 24
Access
Reset
Bit 23 22 21 20 19 18 17 16
WAKEUPENx | WAKEUPENXx
Access R/W R/W
Reset 0 0
Bit 15 14 13 12 " 10 9 8
WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx | WAKEUPENx
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0

Bits 17,16,15,14,13,12,11,10,9,8,7,6,5,4,3,2,1,0 - WAKEUPENX : External Interrupt x Wake-up
Enable [x=17..0]

This bit enables or disables wake-up from sleep modes when the EXTINTxX pin matches the external
interrupt sense configuration.

Value Description

0 Wake-up from the EXTINTXx pin is disabled.
1 Wake-up from the EXTINTX pin is enabled.

23.8.10 Configuration n

Name: CONFIG

Offset: 0x18 + n*0x04 [n=0..2]
Reset:  0x00000000
Property: Write-Protected
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Bit 31 30 29 28 27 26 25 24
SAMPLING[31:24] |

Access w w w w w w w w

Reset 0 0 0 0 0 0 0 0

Bit 23 22 21 20 19 18 17 16
SAMPLING|[23:16]

Access w W w w w w w W

Reset 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8
SAMPLING[15:8]

Access w W w w W W w \W

Reset 0 0 0 0 0 0 0 0

Bit 7 6 5 4 3 2 1 0

SAMPLINGI7:0]
Access w W w w w W w \W
Reset 0 0 0 0 0 0 0 0

25.8.11

Bits 31:0 — SAMPLING[31:0]: Input Sampling Mode
Configures the input sampling functionality of the I/O pin input samplers, for pins configured as inputs via

the Data Direction register (DIR).

The input samplers are enabled and disabled in sub-groups of eight. Thus if any pins within a byte
request continuous sampling, all pins in that eight pin sub-group will be continuously sampled.

Value Description

0 The 1/O pin input synchronizer is disabled.
1 The 1/O pin input synchronizer is enabled.

Write Configuration

This write-only register is used to configure several pins simultaneously with the same configuration

and/or peripheral multiplexing.

In order to avoid side effect of non-atomic access, 8-bit or 16-bit writes to this register will have no effect.

Reading this register always returns zero.

The I/O pins are assembled in PORT groups with up to 32 pins. Group 0 consists of the PA pins, group 1
is for the PB pins, etc. Each PORT group has its own set of PORT registers with offset 0x80. The

available number of PORT groups may depend on the package/pin number of the device.

Name: WRCONFIG

Offset: 0x28 [ID-000011ca]
Reset:  0x00000000
Property: PAC Write-Protection
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0x2A 23:16
0x2B 31:24
0x2C 7:0
0x2D 15:8
INTFLAG
0x2E 23:16
0x2F 31:24
0x30 7:0
0x31 15:8
STATUS
0x32 23:16
0x33 31:24
0x34 7:0
0x35 15:8
COUNT
0x36 23:16
0x37 31:24
0x38 7:0
PATT
0x39 15:8
0x3A
Reserved
0x3B
0x3C 7:0
0x3D 15:8
WAVE
0x3E 23:16
0x3F 31:24
0x40 7:0
0x41 15:8
PER
0x42 23:16
0x43 31:24
0x44 7:0
0x45 15:8
Ccco
0x46 23:16
0x47 31:24
0x48 7:0
0x49 15:8
CC1
0x4A 23:16
0x4B 31:24
0x4C 7:0
0x4D 15:8
Ccc2
0x4E 23:16
Ox4F 31:24
0x50 7:0
0x51 15:8
CC3
0x52 23:16
0x53 31:24
0x54
Reserved
0x63
0x64 PATTB 7:0

FAULTx FAULTx

PERBV WAVEBV
FAULTx FAULTx

CIPEREN

PER[1:0]

CCI1:0]

CCI1:0]

CCI1:0]

CCI1:0]

1 ] [ e T e e
MCx MCx MCx

MC

X

ERR CNT TRG OVF
FAULTB FAULTA DFS
MCx MCx MCx MCx
PATTBV DFS IDX STOP
FAULTB FAULTA FAULT1IN FAULTOIN FAULTBIN FAULTAIN
CCBVx CCBVx CCBVx CCBVx
CMPx CMPx CMPx CMPx
COUNT[7:0]
COUNT[15:8]
COUNT[23:16]
PGEO[7:0]
PGVO0[7:0]
RAMP[1:0] WAVEGEN[2:0]

CICCEN3 CICCEN2 CICCENT1 CICCENO

POL3 POL2 POL1 POLO
SWAP3 SWAP2 SWAP1 SWAPO
DITHER[5:0]
PER[9:2]
PER[17:10]
DITHER[5:0]
cClo:2]
CC[17:10]
DITHER[5:0]
cClo:2]
CC[17:10]
DITHER[5:0]
cClo:2]
CC[17:10]
DITHER[5:0]
cClo:2]
CC[17:10]
PGEBO[7:0]
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Value Name Description
0x3 UPDATE Force update of double buffered registers
0x4 READSYNC Force a read synchronization of COUNT

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 a zero to these bits has no effect.

Writing a valid value to these bits will set a command.

Value Name Description

0x0 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 in one-shot operation, the TCC will stop counting
on the next overflow/underflow condition or a stop command.

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

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

Value Description

0 The TCC will count continuously.
1 The TCC will stop counting on the next underflow/overflow condition.

Bit 1 — LUPD: Lock Update
This bit controls the update operation of the TCC buffered registers.

When CTRLB.LUPD is set, no any update of the registers with value of its buffered register is performed
on hardware UPDATE condition. Locking the update ensures that all buffer registers are valid before an
hardware update is performed. After all the buffer registers are loaded correctly, the buffered registers
can be unlocked.

This bit has no effect when input capture operation is enabled.
Writing a '0' to this bit has no effect.
Writing a '1' to this bit will lock updating.

Value Description

0 The CCBx, PERB, PGVB, PGOB, and SWAPBXx buffer registers values are copied into the
corresponding CCx, PER, PGV, PGO and SWAPXx registers on hardware update condition.
1 The CCBx, PERB, PGVB, PGOB, and SWAPBXx buffer registers values are not copied into

CCx, PER, PGV, PGO and SWAPXx registers on hardware update condition.
Bit 0 — DIR: Counter Direction
This bit is used to change the direction of the counter.
Writing a '0' to this bit has no effect

Writing a '1' to this bit will clear the bit and make the counter count up.
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33.8.5 Fault Control A and B
Name: FCTRLA, FCTRLB
Offset: 0x0C + n*0x04 [n=0..1]
Reset:  0x00000000
Property: PAC Write-Protection, Enable-Protected
Bit 31 30 29 28 27 26 25 24
FILTERVAL[3:0]
Access R/W R/W R/W R/W
Reset 0 0 0 0
Bit 23 22 21 20 19 18 17 16
BLANKVAL([7:0]
Access R/W R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
CAPTURE[2:0] CHSEL[1:0] | HALT[1:0]
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
RESTART BLANK][1:0] QUAL KEEP SRC[1:0]
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0

Bits 27:24 — FILTERVAL[3:0]: Recoverable Fault n Filter Value
These bits define the filter value applied on MCEXx (x=0,1) event input line. The value must be set to zero
when MCEXx event is used as synchronous event.

Bits 23:16 — BLANKVAL[7:0]: Recoverable Fault n Blanking Value
These bits determine the duration of the blanking of the fault input source. Activation and edge selection
of the blank filtering are done by the BLANK bits (FCTRLn.BLANK).

When enabled, the fault input source is internally disabled for BLANKVAL* prescaled GCLK_TCC periods
after the detection of the waveform edge.

Bits 14:12 - CAPTURE[2:0]: Recoverable Fault n Capture Action
These bits select the capture and Fault n interrupt/event conditions.
Table 33-8. Fault n Capture Action

oveameDeserpion

0x0 | DISABLE | Capture on valid recoverable Fault n is disabled

0x1 CAPT  Onrising edge of a valid recoverable Fault n, capture counter value on channel

selected by CHSEL[1:0].

INTFLAG.FAULTN flag rises on each new captured value.
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For isochronous endpoints, EPSTATUS.BK1RDY is cleared and EPINTFLAG.TRCPT1 is set.

For all non-isochronous endpoints the USB module waits for an ACK handshake from the host. If an ACK
handshake is not received within 16 bit times, the USB module returns to idle and waits for the next token
packet. If an ACK handshake is successfully received EPSTATUS.BK1RDY is cleared,
EPINTFLAG.TRCPT1 is set and EPSTATUS.DTGLIN is toggled.

34.6.2.10 Multi-Packet Transfers for IN Endpoint
The total number of data bytes to be sent is written to PCKSIZE.BYTE_COUNT as for normal operation.
The Multi-packet size register (PCKSIZE.MULTI_PACKET _SIZE) is used to store the number of bytes
that are sent, and must be written to zero when setting up a new transfer.

When an IN token is received, PCKSIZE.BYTE_COUNT and PCKSIZE.MULTI_PACKET_SIZE are
fetched. If PCKSIZE.BYTE_COUNT minus PCKSIZE.MULTI_PACKET_SIZE is less than the endpoint
PCKSIZE.SIZE, endpoint BYTE_COUNT minus endpoint PCKSIZE.MULTI_PACKET_SIZE bytes are
transmitted, otherwise PCKSIZE.SIZE number of bytes are transmitted. If endpoint
PCKSIZE.BYTE_COUNT is a multiple of PCKSIZE.SIZE, the last packet sent will be zero-length if the
AUTOZLP bit is set.

If a maximum payload size packet was sent (i.e. not the last transaction), MULTI_PACKET _SIZE will be
incremented by the PCKSIZE.SIZE. If the endpoint is not isochronous the EPSTATUS.DTLGIN bit will be
toggled when the transaction has completed. If a short packet was sent (i.e. the last transaction),
MULTI_PACKET_SIZE is incremented by the data payload. EPSTATUS.BKO/1RDY will be cleared and
EPINTFLAG.TRCPTO0/1 will be set.

34.6.2.11 Ping-Pong Operation
When an endpoint is configured for ping-pong operation, it uses both the input and output data buffers
(banks) for a given endpoint in a single direction. The direction is selected by enabling one of the IN or
OUT direction in EPCFG.EPTYPEO/1 and configuring the opposite direction in EPCFG.EPTYPE1/0 as
Dual Bank.

When ping-pong operation is enabled for an endpoint, the endpoint in the opposite direction must be
configured as dual bank. The data buffer, data address pointer and byte counter from the enabled
endpoint are used as Bank 0, while the matching registers from the disabled endpoint are used as Bank
1.

Figure 34-6. Ping-Pong Overview

Endpoint
Without Ping Pong . single bank

Endpoint
dual bank
4 4 Bank0
With Ping Pong >t

- USB data packet

+—> Available time for data processing by CPU
to avoid NACK
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Value Description

0 The Received Setup interrupt is disabled.
1 The Received Setup interrupt is enabled and an interrupt request will be generated when the
Received Setup Interrupt Flag is set.

Bit 2 — TRFAIL: Transfer Fail x Interrupt Enable
The user should look into the descriptor table status located in ram to be informed about the error
condition : ERRORFLOW, CRC.

Writing a zero to this bit has no effect.

Writing a one to this bit will clear the Transfer Fail x Interrupt Enable bit and disable the corresponding
interrupt request.

Value Description

0 The Transfer Fail bank x interrupt is disabled.
1 The Transfer Fail bank x interrupt is enabled and an interrupt request will be generated when
the Transfer Fail x Interrupt Flag is set.

Bit 0 — TRCPT: Transfer Complete x interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will clear the Transfer Complete x interrupt Enable bit and disable the
corresponding interrupt request.

Value Description

0 The Transfer Complete bank x interrupt is disabled.
1 The Transfer Complete bank x interrupt is enabled and an interrupt request will be generated
when the Transfer Complete x Interrupt Flag is set.

34.8.3.7 Device Interrupt EndPoint Set n
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 Endpoint Interrupt Enable Set (EPINTENCLR) register. This
register is cleared by USB reset or when EPEN[n] is zero.
Name: EPINTENSETn
Offset: 0x109 + (n x 0x20) [ID-0000306e€]
Reset:  0x0000
Property: PAC Write-Protection
Bit 7 6 5 4 3 2 1 0
STALL RXSTP TRFAIL TRCPT
Access R/W R/W R/W R/W
Reset 2 0 2 2

Bit 5 — STALL: Transmit Stall x Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will enable the Transmit bank x Stall interrupt.

Value Description

0 The Transmit Stall x interrupt is disabled.
1 The Transmit Stall x interrupt is enabled.
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Bit 4 —- RXSTP: Received Setup Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will enable the Received Setup interrupt.

Value Description

0 The Received Setup interrupt is disabled.
1 The Received Setup interrupt is enabled.

Bit 2 — TRFAIL: Transfer Fail bank x Interrupt Enable
Writing a zero to this bit has no effect.

Writing a one to this bit will enable the Transfer Fail interrupt.

Value Description

0 The Transfer Fail interrupt is disabled.
1 The Transfer Fail interrupt is enabled.

Bit 0 — TRCPT: Transfer Complete bank x interrupt Enable
Writing a zero to this bit has no effect.
Writing a one to this bit will enable the Transfer Complete x interrupt.

0.2.4 Device Registers - Endpoint RAM

Value Description

0 The Transfer Complete bank x interrupt is disabled.
1 The Transfer Complete bank x interrupt is enabled.
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Writing this bit to zero will have no effect.

Value Description

0 No flush action.

1 "Writing a '1' to this bit will flush the ADC pipeline. A flush will restart the ADC clock on the
next peripheral clock edge, and all conversions in progress will be aborted and lost. This bit
will be cleared after the ADC has been flushed.

After the flush, the ADC will resume where it left off; i.e., if a conversion was pending, the
ADC will start a new conversion.

35.8.8 Input Control
Name: INPUTCTRL
Offset:  0x10 [ID-00002049]
Reset:  0x00000000
Property: Write-Protected, Write-Synchronized
Bit 31 30 29 28 27 26 25 24
GAIN[3:0]
Access R/W R/W R/W R/wW
Reset 0 0 0 0
Bit 23 22 21 20 19 18 17 16
INPUTOFFSET[3:0] INPUTSCAN[3:0]
Access R/W RW RIW R/W RIW R/W R/W R/W
Reset 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8
MUXNEGI[4:0]
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
MUXPOS[4:0]
Access R/W R/W R/W R/W R/W
Reset 0 0 0 0 0

Bits 27:24 — GAIN[3:0]: Gain Factor Selection
These bits set the gain factor of the ADC gain stage.

T S

0x0 1X 1x
0x1 2X 2x
0x2 4X 4x
0x3 8X 8x
0x4 16X 16x
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Table 39-15. Injection Current()

linj1 @ |O pin injection current
linj2 ©) IO pin injection current 15 +15 mA
linjtotal Sum of 10 pins injection current -45 +45 mA

1. Injecting current may have an effect on the accuracy of Analog blocks
2. Conditions for Vin: Vpin < GND-0.6V or 3.6V<V;;<4.2V.

Conditions for VDD: 3V<VDDS3.6V.

If Vpin is lower than GND-0.6V, a current limiting resistor is required. The negative DC injection
current limiting resistor R is calculated as R = [(GND-0.6V — Vin)/linj1].

If Vin is greater than Vpp+0.6V, a current limiting resistor is required. The positive DC injection
current limiting resistor R is calculated as R = (Vjin-(Vpp*0.6))/linj1-

3. Conditions for Viy: Vpin < GND-0.6V or V;,<3.6V.
Conditions for Vpp: Vpp<3V.

If Vpin is lower than GND-0.6V, a current limiting resistor is required. The negative DC injection
current limiting resistor R is calculated as R = [(GND-0.6V — Vi )/linj2|-

If Vpin is greater than Vpp+0.6V, a current limiting resistor is required. The positive DC injection
current limiting resistor R is calculated as R = (Vjin-(Vpp*0.6))/linj2.

Analog Characteristics

Voltage Regulator Characteristics
Table 39-16. Voltage Regulator Electrical Characteristics

Smaa i e

DC calibrated output voltage Voltage regulator normal mode Vppcore | 1.1 1 1.23

Note: Supplying any external components using Vppcore pin is not allowed to assure the integrity of the
core supply voltage.

Table 39-17. Decoupling Requirements

e e e

Input regulator capacitor, between Vppny and GND

Output regulator capacitor, between Vppcore and GND Cour 08 1 - uF

Power-On Reset (POR) Characteristics
Table 39-18. POR Characteristics

Symool i, . . Ui

Voltage threshold level on Vppj, rising Vpor+ (1.27 143 159 V
Vpp falls at 1V/ms or slower
Voltage threshold level on Vppj, falling Vpor. 0.69 0.97 132 V
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Die Revision F

DFLL48M

FDPLL

12S

All capture will be done as expected.

5 — In RAMP 2 mode with Fault keep, qualified and restart:

If a fault occurred at the end of the period during the qualified state, the
switch to the next ramp can have two restarts.

Errata reference: 13262

Fix/Workaround:

Avoid faults few cycles before the end or the beginning of a ramp.

1 — The DFLL clock must be requested before being configured
otherwise a write access to a DFLL register can freeze the device.
Errata reference: 9905

Fix/Workaround:

Write a zero to the DFLL ONDEMAND bit in the DFLLCTRL register before
configuring the DFLL module.

2 — The DFLL status bits in the PCLKSR register during the USB clock
recovery mode can be wrong after a USB suspend state.

Errata reference: 11938

Fix/Workaround:

Do not monitor the DFLL status bits in the PCLKSR register during the USB
clock recovery mode.

3 — If the DFLL48M reaches the maximum or minimum COARSE or
FINE calibration values during the locking sequence, an out of bounds
interrupt will be generated. These interrupts will be generated even if
the final calibration values at DFLL48M lock are not at maximum or
minimum, and might therefore be false out of bounds interrupts.
Errata reference: 10669

Fix/Workaround:

Check that the lockbits: DFLLLCKC and DFLLLCKF in the SYSCTRL
Interrupt Flag Status and Clear register (INTFLAG) are both set before
enabling the DFLLOOB interrupt.

1 — When changing on-the-fly the FDPLL ratio in DPLLNRATIO register,
STATUS.DPLLNLDRTO will not be set when the ratio update will be
completed.

Errata reference: 15753

Fix/Workaround:

Wait for the interruption flag INTFLAG.DPLLNLDRTO instead.

1 - 12S RX serializer in LSBIT mode (SERCTRL.BITREV set) only works
when the slot size is 32 bits.

Errata reference: 13320

Fix/Workaround:
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